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AIMS AND SCOPE

The Journal of Clinical Research in Pediatric Endocrinology (JCRPE) publishes
original research articles, reviews, short communications, letters, case reports
and other special features related to the field of pediatric endocrinology.
JCRPE is published in English by the Turkish Society for Pediatric Endocrinology
and Diabetes quarterly (March, June, September, December). The target
audience is physicians, researchers and other healthcare professionals in all
areas of pediatric endocrinology.

JCRPE is indexed in PubMed/MEDLINE, Index Medicus/PubMed, PubMed
Central (PMC), British Library, EBSCO, SCOPUS, EMBASE, Engineering Village,
Reaxys, Index Copernicus, CINAHL, ProQuest, GALE, Turk Medline, Tiibitak
Ulakbim TR Index, Turkiye Citation Index, Science Citation Index-SCI-E, Hinari,
GOALI, ARDI, OARE, AGORA, J-GATE, IdealOnline and DOAJ.

JCRPE has an impact factor 2.016 in 2021.
**The 5-year impact factor 2.323 in 2021.

The journal is printed on an acid-free paper.

Permissions

Requests for permission to reproduce published material should be sent to
the publisher.
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Copyright Notice

The author(s) hereby affirms that the manuscript submitted is original, that all
statement asserted as facts are based on author(s) careful investigation and
research for accuracy, that the manuscript does not, in whole or part, infringe
any copyright, that it has not been published in total or in part and is not being
submitted or considered for publication in total or in part elsewhere.
Completed Copyright Assignment&Affirmation of Originality Form will be
faxed to the JCRPE Editorial Office (Fax: +90 212 621 99 27).

By signing this form,

1. Each author acknowledge that he/she participated in the work in a
substantive way and is prepared to take public responsibility for the work.

2. Each author further affirms that he or she has read and understands the
“Ethical Guidelines for Publication of Research”.

3. The author(s), in consideration of the acceptance of the manuscript for
publication, does hereby assign and transfer to the Journal of Clinical Research
in Pediatric Endocrinology all of the rights and interest in and the copyright
of the work in its current form and in any form subsequently revised for
publication and/or electronic dissemination.

Open Access Policy

This journal provides immediate open access to its content on the principle
that making research freely available to the public supports a greater global
exchange of knowledge.

This work is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

GENERAL INFORMATION

Manuscripts must be written in English and must meet the requirements of
the journal. Papers that do not meet these requirements will be returned to
the author for necessary revision before the review. Manuscripts submitted
to JCRPE are evaluated by peer reviewers. Authors of manuscripts requiring
modifications have two months to resubmit a revised paper. Manuscripts
returned after this deadline will be treated as new submissions. The journal
is in compliance with the uniform requirements for manuscripts submitted
to biomedical journals published by the International Committee of Medical

INSTRUCTIONS TO AUTHORS

Journal Editors (NEJM 1997; 336:309-315, updated 2001). Upon submission
of the manuscript, authors are to indicate the type of trial/research and
provide the checklist of the following guidelines when appropriate: Consort
statement for randomized controlled trials (Moher D, Schultz KF, Altman D,
for the CONSORT Group. The CONSORT statement revised recommendations
for improving the quality of reports of parallel group randomized trials. JAMA
2001 ; 285 : 1987 - 91), the QUOROM statement for meta-analysis and systemic
reviews of randomized controlled trials (Moher D, Cook DJ, Eastwood S, Olkin
I, Rennie D, Stroup DF. Improving the quality of reports of meta-analyses of
randomized controlled trials: the QUOROM statement. Quality of Reporting
of Meta-Analyses. Lancet 1999; 354 : 1896 — 900) and the MOOSE guidelines
for meta-analysis and systemic reviews of observational studies (Stroup
DF, Berlin JA, Morton SC, et al. Meta-analysis of observational studies in
epidemiology: a proposal for reporting Meta-analysis of observational studies
in Epidemiology (MOOSE) group. JAMA 2000; 283: 2008 — 12). Keywords are
included according to MeSH (Medical Subject Headings) National Library of
Medicine.

Once the manuscript is accepted to be published in The Journal of Clinical
Research in Pediatric Endocrinology, it receives a Digital Object Identifier (DOI)
number. Uncorrected full text files can be reached online via PubMed and Ahead
of Print section of the journal’s website (http:/www.jcrpe.org/ahead-of-print).
All contents will be printed in black and white.

NEW

Article Publication Charges for accepted case reports is $100. Please contact the
editorial office for detailed information by the following link:

info@jcrpe.org

In case of exceeding 4000 word limit, the author is charged with $50 for each
page.

All other forms of articles are free of publication charge.

MANUSCRIPT CATEGORIES

All manuscripts must adhere to the limitations, as described below, for text
only; the word count does not include the abstract, references, or figure/
table legends. The word count must be noted on the title page, along with
the number of figures and tables. Original Articles should be no longer than
4000 words and include no more than six figures and tables and 50 references.

Short Communications are short descriptions of focused studies with important,
but very straightforward results. These manuscripts should be no longer than
2000 words, and include no more than two figures and tables and 20 references.

Brief Reports are discrete, highly significant findings reported in a shorter
format. The abstract of the article should not exceed 150 words and the text/
article length should not exceed 1200 words. References should be limited to
12, a maximum of 2 figures or tables.

Clinical Reviews addressimportant topics in the field of pediatric endocrinology.
Authors considering the submission of uninvited reviews should contact the
editors in advance to determine if the topic that they propose is of current
potential interest to the Journal. Reviews will be considered for publication only
if they are written by authors who have at least three published manuscripts in
the international peer reviewed journals and these studies should be cited in
the review. Otherwise only invited reviews will be considered for peer review
from qualified experts in the area. These manuscripts should be no longer
than 5000 words and include no more than four figures and tables and 120
references.

Case Reports are descriptions of a case or small number of cases revealing
novel and important insights into a condition’s pathogenesis, presentation,
and/or management. These manuscripts should be 2500 words or less, with
four or fewer figures and tables and 30 or fewer references.

Consensus Statements may be submitted by professional societies. All
such submission will be subjected to peer review, must be modifiable in
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response to criticisms, and will be published only if they meet the Journal’s
usual editorial standards. These manuscripts should typically be no longer
than 4000 words and include no more than six figures and tables and 120
references.

Letters to the Editor may be submitted in response to work that has been
published in the Journal. Letters should be short commentaries related to
specific points of agreement or disagreement with the published work.
Letters should be no longer than 500 words with no more than five complete
references, and may not include any figures or tables.

Note on Prior Publication

The journal publishes original research and review material. Material previously
published in whole or in part shall not be considered for publication. At the
time of submission, authors must report that the manuscript has not been
published elsewhere. Abstracts or posters displayed at scientific meetings need
not be reported.

MANUSCRIPT SUBMISSION PROCEDURES

JCRPE only accepts electronic manuscript submission at the web site www.
jcrpe.org

After logging on to the website www.jcrpe.org click ‘online manuscript
submission’ icon. All corresponding authors should be provided a password
and a username after providing the information needed. If you already
have an account from a previous submission, enter your username and
password to submit a new or revised manuscript. If you have forgotten
your username and/or password, e-mail the editorial office for assistance.
After logging on the article submission system with your own password
and username please read carefully the directions of the system to provide
all needed information. Attach the manuscript, tables and figures and
additional documents.

All Submissions Must Include:

1. A cover letter requesting that the manuscript be evaluated for publication
in JCRPE and any information relevant to your manuscript. Cover letter should
contain address, telephone, fax and e-mail address of the corresponding
author.

2. Completed Copyright and Disclosure of Potential Conflicts of Interest Form.
The corresponding author must acquire all of the authors’ completed forms
and mail to info@galenos.com.tr / yayin@galenos.com.tr or submit to the
Manuscript Manager.

3. Completed Disclosure of Potential Conflict of Interest Form. The
corresponding author must acquire all of the authors’ completed disclosure
forms and fax them to the editorial office at +90 212 621 99 27.

Authors must complete the online submission forms. If unable to successfully
upload the files please contact the editorial office by e-mail.

MANUSCRIPT PREPARATION

General Format

The Journal requires that all submissions be submitted according to these

guidelines:

o Text should be double spaced with 2.5 cm margins on both sides using
12-point type in Times Roman font.

o All tables and figures must be placed after the text and must be labeled.

e Each section (abstract, text, references, tables, figures) should start on a
separate page.

e Manuscripts should be prepared as word document (*.doc) or rich text

format (*.rtf).

INSTRUCTIONS TO AUTHORS

Title Page

The title page should include the following:

e Full title

e Short title of not more than 40 characters for page headings

* Authors’ names, and institutions, and e-mail addresses

e Corresponding author’s e-mail and post address, telephone and fax numbers

e At least five and maximum eight keywords. Do not use abbreviations in the
keywords

¢ Word count (excluding abstract, figure legends and references)

¢ Name and address of person to whom reprint requests should be addressed
¢ Any grants or fellowships supporting the writing of the paper

¢ The acknowledgements, if there are any

o If the content of the manuscript has been presented before, the time and
place of the presentation

® The ORCID (Open Researcher and Contributor ID) number of the all authors
should be provided while sending the manuscript. A free registration can be
done at http://orcid.org.

Structured Abstracts (According to the The Journal of the American Medical
Association)

Original Articles should be submitted with structured abstracts of no more
than 250 words. All information reported in the abstract must appear in the
manuscript. The abstract should not include references. Please use complete
sentences for all sections of the abstract. Structured abstract should include
background, objective, methods, results and conclusion.

What is already known on this topic?

What this study adds?

These two items must be completed before submission. Each item should
include at most 2-3 sentences and at most 50 words focusing on what is known
and what this study adds.

Review papers do not need to include these boxes.

Introduction
The article should begin with a brief introduction stating why the study was
undertaken within the context of previous reports.

Experimental Subjects

All clinical investigations described in submitted manuscripts must have been
conducted in accordance with the guidelines in the Declaration of Helsinki
and has been formally approved by the appropriate institutional review
committees. All manuscripts must indicate that such approval was obtained and
that informed consent was obtained from subjects in all experiments involving
humans. The study populations should be described in detail. Subjects must be
identified only by number or letter, not by initials or names. Photographs of
patients’ faces should be included only if scientifically relevant. Authors must
obtain written consent from the patient for use of such photographs.

Clinical Trials Registration

For clinical trial reports to be considered for publication in the Journal,
prospective registration, as endorsed by the International Conference of
Medical Journal Editors, is required. We recommend use of http://iwww.
clinicaltrials.gov.

Experimental Animals
A statement confirming that all animal experimentation described in the
submitted manuscript was conducted in accord with accepted standards of
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humane animal care, according to the Declaration of Helsinki and Genova
Convention, should be included in the manuscript.

Materials and Methods

These should be described and referenced in sufficient detail for other
investigators to repeat the work. Ethical consent should be included as stated
above.

The name of the ethical committee, approval number should be stated. At
the same time, the Ethics Committee Approval Form should be uploaded with
the article.

Results

The Results section should briefly present the experimental data in text, tables,
and/or figures. Do not compare your observations with that of others in the
results section.

The raw results of weight, length/height, body mass index, and blood pressure
measurements can not be compared among groups since they normally
change with age and according to gender. Instead, standard deviation scores
of those values should be reported and compared.

Discussion

The Discussion should focus on the interpretation and significance of the
findings with concise objective comments that describe their relation to other
work in that area and contain study limitations.

Study Limitations

Limitations of the study should be detailed. In addition, an evaluation of the
implications of the obtained findings/results for future research should be
outlined.

Conclusion
The conclusion of the study should be highlighted.

Acknowledgments (Not Required for Submission)
An acknowledgment is given for contributors who may not be listed as
authors, or for grant support of the research.

Authorship Contribution
The kind of contribution of each author should be stated.

References

References to the literature should be cited in numerical order (in parentheses)
in the text and listed in the same numerical order at the end of the manuscript
on a separate page or pages. The author is responsible for the accuracy of
references.

Number of References: Case Report max 30/ Original Articles max 50
Examples of the reference style are given below. Further examples will be
found in the articles describing the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals (Ann Intern Med.1988; 208:258-265, Br Med
J. 1988; 296:401-405). The titles of journals should be abbreviated according to
the style used in the Index Medicus.

Journal Articles and Abstracts: List all authors. The citation of unpublished
observations, of personal communications is not permitted in the bibliography.
The citation of manuscripts in press (i.e., accepted for publication) is permitted
in the bibliography; the name of the journal in which they appear must be
supplied. Citing an abstract is not recommended.

Books: List all authors or editors.

INSTRUCTIONS TO AUTHORS

Sample References

Papers Published in Periodical Journals: Gungor N, Saad R, Janosky J, Arslanian
S. Validation of surrogate estimates of insulin sensitivity and insulin secretion
in children and adolescents. J Pediatr 2004;144:47-55.

Papers Only Published with DOI Numbers: Knops NB, Sneeuw KC, Brand R, Hile
ET, de Ouden AL, Wit JM, Verloove-Vanhorick SP. Catch-up growth up to ten
years of age in children born very preterm or with very low birth weight. BMC
Pediatrics 2005 doi: 10.1186/1471-2431-5-26.

Book Chapters: Darendeliler F. Growth Hormone Treatment in Rare
Disorders: The KIGS Experience. In: Ranke MB, Price DA, Reiter EO (eds).
Growth Hormone Therapy in Pediatrics: 20 Years of KIGS. Basel, Karger,
2007;213-239.

Books: Practical Endocrinology and Diabetes in Children. Raine JE, Donaldson
MDC, Gregory JW, Savage MO. London, Blackwell Science, 2001;37-60.

Tables

Tables must be constructed as simply as possible. Each table must have a
concise heading and should be submitted on a separate page. Tables must
not simply duplicate the text or figures. Number all tables in the order
of their citation in the text. Include a title for each table (a brief phrase,
preferably no longer than 10 to 15 words). Include all tables in a single file
following the manuscript.

Figures Legends

Figure legends and titles should be submitted on a separate page. Figure
legends and titles should be clear and informative. Tables and figures
should work under “windows”. Number all figures (graphs, charts,
photographs, and illustrations) in the order of their citation in the text.
Include a title for each figure (a brief phrase, preferably no longer than
10 to 15 words).

Figures & Images

At submission, the following file formats are acceptable: Al, EMF, EPS, JPG, PDF,
PPT, PSD, TIF. Figures may be embedded at the end of the manuscript text file
or loaded as separate files for submission purposes.

All images MUST be at or above intended display size, with the following
image resolutions: Line Art 800 dpi, Combination (Line Art + Halftone) 600 dpi,
Halftone 300 dpi. See the Image quality specifications chart for details. Image
files also must be cropped as close to the actual image as possible.

Units of Measure

Results/Tables should be expressed in metric units. If needed please apply this
usage in your manuscript.

If p values are significant in the tables you have prepared, the relevant p values
should be indicated in bold font.

Validation of Data and Statistical Analysis

Assay validation: Bioassay and radioimmunoassay potency estimates should be
accompanied by an appropriate measure of the precision of these estimates.
For bioassays, these usually will be the standard deviation, standard error
of the mean, confidence limits. For both bioassays and radioimmunoassays,
it is necessary to include data relating to within-assay and between-assay
variability. If all relevant comparisons are made within the same assay, the
latter may be omitted. Statistical analysis should be done accurately and with
precision. Please consult a statistician if necessary.
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Proofs and Reprints

Proofs and a reprint order are sent to the corresponding author. The author
should designate by footnote on the title page of the manuscript the name
and address of the person to whom reprint requests should be directed. The
manuscript when published will become the property of the journal.

Page and Other Charges

Archiving

The editorial office will retain all manuscripts and related documentation
(correspondence, reviews, etc.) for 12 months following the date of publication
or rejection.

Submission Preparation Checklist

As part of the submission process, authors are required to check off their

submission’s compliance with all of the following items, and submissions may

be returned to authors that do not adhere to these guidelines.

1. The submission has not been previously published, nor is it before another
journal for consideration (or an explanation has been provided in Comments
to the Editor).

2. The submission file is in Microsoft Word, RTF, or WordPerfect document file
format. The text is double-spaced; uses a 12-point font; employs italics,
rather than underlining (except with URL addresses); and all illustrations,
figures, and tables are placed within the text at the appropriate points,
rather than at the end. Please do not send the manuscript in docx.

3. Where available, URLs for the references have been provided.

4. A completed Copyright ve Disclosure of Potential Conflicts of Interest
Form must be uploaded with other files during the submission. The
corresponding author must acquire all of the authors’ completed forms
and mail to info@galenos.com.tr / yayin@galenos.com.tr or submit to the
Manuscript Manager.

wv

. The text adheres to the stylistic and bibliographic requirements outlined in
the Author Guidelines, which is found in About the Journal.

6. Completed Disclosure of Potential Conflict of Interest Form. The
corresponding author must aquire all of the authors” completed disclosure
forms and fax them, together, to the editorial office along with the Author
Disclosure Summary.

Privacy Statement

The names and email addresses entered in this journal site will be used
exclusively for the stated purposes of this journal and will not be made
available for any other purpose or to any other party.

INSTRUCTIONS TO AUTHORS

Peer Review Process

1. The manuscript is assigned to an editor, who reviews the manuscript and
makes an initial decision based on manuscript quality and editorial
priorities.

2. For those manuscripts sent for external peer review, the editor assigns
reviewers to the manuscript.

3. The reviewers review the manuscript.

4. The editor makes a final decision based on editorial priorities, manuscript
quality, and reviewer recommendations.

5. The decision letter is sent to the author.

The Reviewer is Asked to Focus on the Following Issues:
1. General recommendation about the manuscript

How original is the manuscript?

Is it well presented?

How is the length of the manuscript?

2. Publication timing, quality, and priority
How important is the manuscript in this field?
Does it present original data?

Does it carry priority in publishing?

3. Specific questions regarding the quality of the manuscript
Does the title describe the study accurately?

Is the abstract informative and clear?

Do the authors state the study question in the introduction?
Are the methods clear?

Are ethical guidelines met?

Are statistical analyses appropriate?

Are the results presented clearly?

Does the discussion cover all of the findings?

Are the references appropriate for the manuscript?

4. Remarks to the editor

Accepted in its present form

Accepted after modest revisions

Reconsidered for acceptance after major changes
Rejected

5. Remarks to the author

What would be your recommendations to the author?

Conflict of interest statement for the reviewer (Please state if a conflict of
interest is present)

For further instructions about how to review, see Reviewing Manuscripts for
Archives of Pediatrics & Adolescent Medicine by Peter Cummings, MD, MPH;
Frederick P. Rivara, MD, MPH in Arch Pediatr Adolesc Med. 2002;156:11-13.
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Abstract

Obesity derives from impaired central control of body weight, implying interaction between environment and an individual genetic
predisposition. Genetic obesities, including monogenic and syndromic obesities, are rare and complex neuro-endocrine pathologies
where the genetic contribution is predominant. Severe and early-onset obesity with eating disorders associated with frequent
comorbidities make these diseases challenging. Their current estimated prevalence of 5-10% in severely obese children is probably
underestimated due to the limited access to genetic diagnosis. A central alteration of hypothalamic regulation of weight implies that the
leptin-melanocortin pathway is responsible for the symptoms. The management of genetic obesity has so far been only based, above all,
on lifestyle intervention, especially regarding nutrition and physical activity. New therapeutic options have emerged in the last years for
these patients, raising great hope to manage their complex situation and improve quality of life. Implementation of genetic diagnosis in
clinical practice is thus of paramount importance to allow individualized care. This review describes the current clinical management of

genetic obesity and the evidence on which it is based. Some insights will also be provided into new therapies under evaluation.
Keywords: Genetic obesity, syndromic obesity, personalized medicine, setmelanotide

Introduction

Obesity is a multifactorial and complex disease defined as
an excess of body fat resulting from an inadequate energy
balance over the long term. It is driven by the interaction
between genetic predisposition and environmental factors
and can manifest in early childhood with a lifelong burden
(1).

Obesity is a major public health issue in our modern society,
and its incidence has been increasing significantly among
children in recent decades. According to the World Health
Organization (WHO) in 2020, 12% of children aged 7-9
years in the 33 participating countries of the European
Region can be considered obese (2). Worldwide, WHO has
estimated the number of overweight or obese children
under the age of 5 to be 39 million (3).

Obesity derives from impaired central control of body weight
with a high genetic heritability (up to 80 %) in populations
developing severe and early obesity, before the age of six
years (4,5). Within this genetic susceptibility, frequent
polygenic variants with small effects may be distinguished
from rare pathogenic variants with large effects causing
monogenic and syndromic obesities. Regarding the latter,
most of these genes are part of the leptin-melanocortin
pathway, which is crucial in central nervous system
regulation of body weight. Patients affected by these
genetics anomalies show major eating disorder, such as
impaired satiety and disruptive food-seeking behavior, from
the first years of life resulting in severe early-onset obesity.
Some of these patients may also suffer from childhood from
neuropsychological and psychiatric disorders, endocrine
comorbidities, and complications deriving from obesity.
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Thus, the clinical considerations in these obesities are often
complex and challenging. The treatment of genetic obesity
has so far been based on environmental control, starting as
early as possible, to avoid obesity progression and to help
the acquisition of appropriate eating and exercise behavior.
The recent development of new therapeutic options for the
management of these genetic obesities has made early
diagnosis crucial to avoid massive weight gain in childhood
and its negative effects on the health of affected children.

In this review, we will briefly describe the principal clinical
pictures observed in patients with genetic obesity and then
we will outline the distinct aspects of its current management,
with a special focus on innovative therapeutics targeting
hyperphagia.

Clinical Features of Genetic and Syndromic Obesities

Monogenic and syndromic obesities are part of the same
spectrum of hypothalamic pathologies affecting the satiety

signal. Both show early-onset obesity, defined for children
by body mass index (BMI) higher than the International
Obesity Task Force curve corresponding to BMI 30 kg/m?
in adulthood before six years of age. A very early adiposity
rebound before three years of age, or the lack of rebound,
is regularly observed. This is related to eating behavior
disorders which can be observed from the first months of
life. Parents often describe a lack of satiety, intolerance of
food restriction, and conflicts about limiting food intake.
Later on, patients may have obsessions with food that
interfere with other activities, and foraging strategies
that may include stealing and night-time feeding (6).
An important phenotypic variability is evident between
patients with similar genetic disorders. It is partly explained
by its interaction with environmental factors such as family
and social conditions, ethnicity, and gender. Most common
syndromic and monogenic obesities with associated genetic
alteration and specific clinical features besides severe early-
onset obesity are summarized in Table 1. They are mainly

Table 1. Most prevalent syndromic and monogenic obesities including the specific clinical features, and genetic alterations

Affected gene

Specific clinical features

Syndromic obesity

Prader Willi syndrome Abnormal parental genomic imprinting

of paternal 15q11-q13 region.

Autosomal dominant transmission, small
region of chromosome 16.

16p11.2 microdeletion
syndrome

X-linked dominant transmission,
CGG trinucleotide expansion of
FMR1 promotor leading to a lack of
transcription.

Fragile X syndrome

Autosomal recessive transmission, 22
genes known.

Bardet-Biedl syndrome

Autosomal recessive transmission,
ALMS1 gene.

Alstréom syndrome

Autosomal dominant transmission, GNAS
gene.

Pseudohypoparathyroidism

MYTIL Autosomal dominant transmission,

MYTIL gene.

Monogenic obesity

LEP LEP, LEPR, POMC, PCSK1, MC4R genes:

LEPR Autosomal recessive transmission: severe,
early-onset obesity and eating disorders
with related signs (see beside). Milder

POMC phenotype in heterozygous patients
without related signs and more metabolic

PCSK1 obesity complications.

MC4R

Neonatal hypotonia, suckling disorders in the first months, hyperphagia
and food impulsivity around 4 years, moderate intellectual disability,
social interaction and behavioral disorders, endocrine abnormalities
(growth hormone deficiency, hypogonadism), dysmorphia, scoliosis.

Developmental delay, intellectual disability.

Intellectual deficiency and dysmorphic features of varying degree, more
severe and frequent in males. 40 % of obesity with some PWS-like
phenotypes.

Retinal dystrophy, polydactyly, renal abnormalities, hypogonadism,
hepatic fibrosis, learning disabilities.

Retinal dystrophy, dysmorphic features, short stature, central deafness,
endocrine abnormalities (central or peripheral hypogonadism and
hypothyroidism, polycystic ovary syndrome) dilated cardiomyopathy,
liver and renal fibrosis and no intellectual disability.

Dysmorphia, shot bones, short stature, subcutaneous ossifications,
variable developmental delay, hypocalcemia, hypothyroidism, pubertal
delay, epilepsy.

Developmental and language delay, intellectual disability, behavioral
disorders and dysmorphic features.

Endocrine abnormalities (gonadotropic and thyrotropic insufficiency).

Endocrine abnormalities (gonadotropic, somatotropic and thyrotropic
insufficiency).

Endocrine abnormalities (corticotropic, gonadotropic, somatotropic and
mild thyrotropic insufficiency), red hair.

Severe neonatal diarrhea, endocrine abnormalities (corticotropic,
gonadotropic, somatotropic and thyrotropic insufficiency),
hypoglycemia.

Increased height growth in childhood.

ALMSI: Alstrém syndrome associated protein 1, FMR1: fragile x messenger ribonucleoprotein 1, LEP: leptin, LEPR: leptin receptor, POMC: proopiomelanocortin, PCSK1:
prohormone subtilisin/kexin 1 convertase, MC4R: melanocortin receptor type 4, MYT1L: myelin transcription factor 1 like
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related to dysfunction of the leptin-melanocortin pathway, a
main contributor to the satiety signal and energy expenditure
regulated in the hypothalamic arcuate and paramedian
nuclei (Figure 1). This pathway involves the hormone
leptin, synthesized by the leptin gene (LEP) in adipocytes,
that activates its receptor (LEPR) inducing, in anorexigenic
neurons, prohormone subtilisin/kexin 1 convertase (PCSK1)
activity which converts proopiomelanocortin (POMC) to
alpha-melanocyte stimulating hormone (o-MSH). The latter
is the natural ligand of the melanocortin receptor type 4
(MC4R) which induces a satiety signal by its activation
(7). Other genes are also implicated in the regulation
of this pathway including MRAP2 encoding for the
melanocortin receptor accessory protein 2 (8,9), ADCY3
encoding for adenylate cyclase 3 which transmits the
MC4R activation signal intracellularly (10). Several genes
involved in development of the hypothalamus or MC4R
regulation have been reported to influence this signaling,
including semaphorin 3A-G (SEMA3A-G), plexinAl-4
(PLXNA1-4), neuropilin1 -2 (NRP1-2) (11), kinase suppressor

POMC anorexigenic neuron

White
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Entero-
endocrine
cells
LEPR

GLP1R

AgRP orexigenic neuron

Arcuate nucleus

%
;}\% i /m

of ras 2 (KSR2) (12), and the steroid-receptor co-activator 1
(SRC-1) (13). Genetic alterations in these genes lead to the
phenotype described in both monogenic obesity and also in
syndromic obesity.

Monogenic obesity (ORPHANET 98267) is due to a pathogenic
variant on a gene involved in the leptin-melanocortin
pathway (14-16). Most variants in the genes described above
(LEP, LEPR, POMC, PCSK1, MC4R mainly) lead to severe and
early obesity with eating disorders when the mutation is
homozygous or compound heterozygous, with inconstant
association to various endocrine disorders. Cohort studies
have shown that heterozygous variant bearers in the same
genes display milder phenotypes with a frequency of 10-
12 % of heterozygous variants in severe early-onset obesity
cohorts, especially among children (17,18). Of these, MC4R
variants are known to be frequent with an incidence of
0.3% in the general population from a cohort of screened
newborns in the UK (19), and more than 5% in children
with severe obesity (20). Besides these five genes, the other

N\
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Figure 1. Schematic representation of the leptin-melanocortin pathway in the hypothalamic nuclei.

Peak-ended arrows represent stimulation, circle-ended arrows represent inhibition.

SH2B1 and SRC are activated secondary to leptin liaison on its receptor and potentialize its effect on POMC and PCSK1 in anorexigenic neurons,
and SH2B1 potentialize LEPR inhibition effect on Agouti-related protein in orexigenic neuron. GLPI-R activation facilitates LEPR activation in
both neuron populations. BBSome is an octameric complex composed of BBS1, BBS2, BBS4, BBS5, BBS7, BBS8 and BBS9 proteins which mediates
transmembrane proteins localization in the primary cilium, including ADCY3. MRAP2 addresses MC4R to the cellular membrane.

a-MSH: melanocyte stimulating hormone type o, BBSome: Bardet-Biedl syndrome associated protein complex, BDNF: brain-derived neurotrophic

Sfactor, GLP1: glucagon-like peptide 1, GLP1-R: GPLI receptor, LEPR: leptin receptor, MC4R: melanocortin receptor type 4, MRAP2: melanocortin
receptor accessory protein 2, NTRK2: neurotrophic receptor tyrosine kinase 2, PCSK1: prohormone convertase subtilisin-kexin 1, POMC: pro-
opiomelanocortin, SH2B1: SRC homology 2 B adapter protein 1, SRC1.: steroid receptor coactivator 1

110



] Clin Res Pediatr Endocrinol
2023;15(2):108-119

Faccioli N et al.
Genetic Obesity Treatments

genes cited above have been reported to cause obesity in
human in cases series or in rodent models but the frequency
of mutations in cohorts of patients with early and severe
obesity remains currently unknown.

Syndromic obesities (ORPHANET 240371) are characterized
by association with malformations, dysmorphic features
and/or  neurodevelopmental disorders  (psychomotor
development delay, intellectual disability, autism spectrum
disorders). Around 80 syndromes have been identified to
date, some without elucidated genetic cause (21). The leptin
melanocortin pathway is involved in several of them.

The Prader-Willi syndrome (PWS) is the most extensively
studied form of syndromic obesity with an incidence
of about 1/15000 births. It is often diagnosed in the
neonatal period in the presence of severe hypotonia with
feeding difficulties and dysmorphic traits. The evolution
in childhood is marked by the appearance of challenging
hyperphagia with an intense impulsivity which lead to early
morbid obesity. The combination of obesity with interaction
and behavioral disorders makes these symptoms even more
problematic for care management (22). This syndrome
also has a major impact on the quality of life and is also
associated with an important mortality at all ages, with an
average life expectancy of 30 years (23,24). The impact of
severe obesity is most frequently involved in the cause of
death, showing the great importance of its control in this
specific population. PCSK1 deficiency and alterations of
the orexigenic Agouti-related protein hypothalamic neurons
have been described in PWS (25) as the inactivation of
MAGEL2 with decreased density of MSH neurons in rodents
(26).

Bardet-Bied! syndrome (BBS), with a prevalence of about
1/125000 births, is also associated with severe early-onset
obesity and with retinal dystrophy, polydactyly, renal
abnormalities, dysmorphism, and learning disabilities.
It is caused by a genetic alteration in the function of the
primary cilium, with more than 20 involved genes identified
to date. Current evidence suggests that the impairment of
the primary cilium induces a hypothalamic dysfunction in
the leptin-melanocortin pathway and partly explains the
obesity phenotype with severe hyperphagia (27,28,29).

TO HEREThe 16pll.2 microdeletion syndrome has
been more recently described and is the most frequent
syndromic obesity known to date, with an estimated
incidence of 1/2000 births. It is characterized by an altered
satiety responsiveness leading to early-onset obesity, with
developmental delay, neurodevelopmental disorders and
is even more prevalent in patients with autism spectrum
disorder. This syndrome is sometimes associated with

non-specific malformations or dysmorphism (30,31). The
mechanism related to obesity may be the deletion of SH2B1
contained in this chromosomal region, which is involved
in regulation of the melanocortin pathway. The specific
deletion of SH2B1 leads to hyperphagia and early obesity
(32).

Another recently described genetic disorder is due to
myelin transcription factor 1-like (MYT1L) variants. MYT1L
is involved in development of the hypothalamus and its
heterozygous variants are associated with syndromes
showing severe obesity with abnormal feeding behavior,
intellectual disability, neurobehavioral disorders and
dysmorphic features (33).

All together, these descriptions illustrate the blurred
distinction between syndromic and non-syndromic
monogenic obesity and the overlap of phenotypes, also with
similarity to those of hypothalamic obesity.

Lifestyle Modification Therapies in Genetic Obesities

In common obesity, the cornerstone of clinical management
is to provide appropriate nutritional, behavioral and exercise
intervention with the help of trained health professionals.
The intervention of dieticians, psychologists and teachers
of adapted physical activity is recommended for every
patients suffering from genetic or syndromic obesity or
at-risk of severe obesity later in life, in cases with early
diagnosis (6,14). The instruction of caregivers is essential
to enable environmental control. These measures should
be implemented as early as possible in childhood, as they
limit the development and aggravation of obesity and eating
behavior disorders and maintained throughout life with
increased vigilance during the transition from childhood to
adulthood.

Concerning diet, the overall measures focus on avoiding
uncontrolled food intake. Restricting food access, establishing
a reassuring eating routine, and ritualization of food intake
help to limit the impulsivity that leads to hyperphagia and
disruptive food-seeking behavior. If dietary autonomy is
seldom possible in genetic obesity with eating disorders,
this strategy still improves the quality of life of patients and
facilitates their social integration by easing their relationship
with food. In monogenic obesities, absence of satiety is
extremely severe, life-long and responsible for stigma and
suffering for the patients (34). On the other hand, the early
restriction of food intake through environment control
has been shown to benefit PWS patients by slowing the
progression of obesity (35).

Itis also crucial to begin adapted physical activity. In patients
with PWS, a decrease in baseline physical activity is noticed
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compared to patients with non-syndromic obesity (36). Two
recent systematic reviews about exercise in PWS showed
improvement of physical capacities (maximum oxygen
uptake, muscle strength, walking distance) but no weight
or fat loss without associated dietary intervention (37,38).
Children with pathogenic MC4R variants who received
nutritional, physical, psychological, and family intervention
for one year were able to lose as much weight as matched
obese children without MC4R variation, approximately 0.4
BMI-standard deviation score (SDS) (39). Unfortunately, they
were unable to maintain weight loss, unlike their mutation-
free counterparts. Multicomponent lifestyle interventions
thus have a positive effect on the health outcome of these
patients but need to be intensive and sustained to remain
effective over time.

Holistic and comprehensive approaches are essential to
improve patients’ clinical conditions and need expertise in
specialized centers. Psychological follow-up is beneficial,
both to manage the frequent neuropsychiatric comorbidities
and the major psychosocial repercussions of these obesities
and the resulting stigma. Neuropsychological evaluation
may identify cognitive dysfunction or other specific
learning disability to guide and improve psychological and
educational support. Screening and treatment of specific
comorbidities associated with the genetic defect (Table
1) may also prevent further complications and should
thus be given special attention. Genetic obesity is often
associated with hormonal deficiency, with better outcomes
if treated before becoming symptomatic. Sleep disorders,
digestive disorders, and orthopedic deformations, as well
as associated congenital malformations, require additional
attention and often assistance from other specialized
physicians. Complications of obesity may also arise and
necessitate additional treatment.

Transition between pediatric and adult care may also be a
critical period in such complex patients. In a retrospective
cohort study, PWS patients which received transitional
care had a lower BMI by 10 kg/m? and less antidepressant
treatments (40). All these supports allow patients’ quality
of life improvement and help them to integrate with social
structures and build their own lifestyle.

Pharmacological Treatments

Even though not widely used in practice and often of
modest efficacy, some treatments are now approved to
treat common obesity (41). In the future, these treatments
could be proposed for use in patients with syndromic or
monogenic obesity, but only after careful clinical evaluation.
GLP1 analogs are, amongst these treatments, probably the
most promising molecules being investigated. Human GLP-

12

1, an incretin secreted by entero-endocrine cells in response
to food intake, enhances insulin secretion by the pancreatic
B-cell and improves insulin sensitivity. It reduces appetite
through a reduction of gastric emptying and central effects
on satiety signaling. These mechanisms allow improvements
of glucose metabolism and body weight. GLP-1 analogs
were first developed for type 2 diabetes before being
explored as a treatment for obesity. Reported side effects
include frequent nausea, dizziness, pain or local reaction
at the injection site, abdominal pain and low blood sugar.
Other rare serious side effects have been reported, including
anaphylactic reactions, pancreatitis, gallbladder and biliary
diseases (42) and acute renal failure. Close attention is
needed regarding the tolerance of these treatments given
the 2-to-3-fold higher doses used in obesity compared to
diabetes. Furthermore, less is known about their long-term
safety, and these treatments may need to be prolonged to
maintain a significant effect on weight.

Among GLP-1 analogs, liraglutide is supported by the most
extensive scientific reports. A double-blind randomized
controlled trial (RCT) was conducted for treatment of
common obesity in 251 adolescents (12-17 years) with
liraglutide combined with lifestyle intervention (43).
The assessment after 56 weeks of treatment revealed
a significant decrease in BMI-SDS of -0.22 compared to
placebo. BMI reduction of more than 5% was completed
more frequently with liraglutide than placebo (43.3% vs
18.7%). These results are consistent with data available
for adults with a body weight change of about -5% (44).
Afterwards, liraglutide (Saxenda®) was approved by the Food
and Drug Association (FDA) in 2020 and by the European
Medicines Agency at a dose of 3 mg per day subcutaneously
for the treatment of obesity in adolescents aged 12-17 years.
Given these significant but modest effects on weight loss
and the mode of administration (e.g., daily subcutaneous
injection), the appropriateness of using this treatment in
adolescent obesity remains controversial (45,46,47).

Exenatide, another GLP-1 analog with weekly injections,
showed comparable results in a double-blinded RCT against
placebo in 44 obese adolescents. Six months of treatment
combined with lifestyle intervention permitted a significant
but mild reduction in BMI-SDS (-0.09), BMI (-0.8 kg/m?) and
weight (-3 kg) (48). Exenatide has not been approved for the
treatment of obesity to date.

More recently, semaglutide showed promising results for
common obesity in two RCT investigating adults on the
one hand and adolescents on the other (49,50). Concerning
adolescents, a double-blind RCT published in 2022 analyzed
weekly subcutaneous injection of semaglutide for 68 weeks
against placebo in 201 obese adolescents with at least
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one weight-related comorbidity. Lifestyle intervention
was proposed in both groups. The treatment resulted in a
major mean change in BMI of -16.1 % (against + 0.6 % with
placebo) at the end of the study period. Moreover, 73 % of
patients had lost >5% of weight and 62 % had lost >10%
of weight after 68 weeks on semaglutide, against 18%
and 8% in the placebo group, respectively. There was a
significant improvement of weight-related quality of life and
dyslipidemia in the semaglutide group. Semaglutide has
been shown to be significantly more effective in weight loss
than other GLP-1 analogues. It could pave the way for new
therapeutic strategies against obesity in the years to come.

Regarding syndromic obesities, daily liraglutide combined
with diet and exercise intervention was administrated
to 55 adolescents and children with PWS in a 52 weeks
multicenter RCT. There was no significant change in BMI
SDS from baseline with an estimated difference around
-0.1 SDS. A significant reduction in hyperphagia score
was observed at week 52 for liraglutide compared to no
treatment in adolescents but not in children (51). No RCT
assessing PWS and the other GLP-1 agonists are available to
date. The effect of GPL-1 agonists thus appears uncertain in
PWS, the only syndromic obesity studied in regard of these
treatments so far.

Among patients with monogenic obesity, a trial compared
daily 3 mg liraglutide efficacy in 14 carriers of MC4R
pathogenic variants against 28 non-mutated patients. An
equivalent weight loss between the two groups of about
6% of body weight after 16 weeks of treatment was
observed with similar improvement in body fat mass,
waist circumference, and glucose tolerance (52). These
data suggest a preserved efficacy of GLP-1 agonists for
genetic obesity with decreased MC4R signaling. There is
no available evidence for other types of monogenic obesity
and GLP-1 agonists to date. Further studies are now needed
given the substantial expected benefit for these patients,
especially considering its promising results in hypothalamic
obesity (53).

PWS has benefited from the most intense therapeutic
research among syndromic obesity due to its severity
and frequency (41,54). PWS leads to a hypothalamic
dysfunction involved in satiety deficiency but also results
in impaired oxytocin (OXT) signaling and growth hormone
(GH) deficiency (55). GH supplementation is recommended
for PWS patients from diagnosis and throughout the growth
phase. It has been shown to normalize height growth
in children, increase lean mass, decrease body fat and
improve psychomotor development (56). Continuation
of the treatment during adulthood may help patients
maintaining a better BMI, body composition and exercise

capacity (57,58). Contradictory outcomes emerged from
RCT on intranasal OXT supplementation for PWS patients
(59,60), but it recently showed promising results, specifically
in the youngest ones (61). The ghrelin pathway is indeed
impaired in PWS and provides a potential therapeutic
target. Livoletide, a non-acylated ghrelin analog, provided
promising results concerning food behavior in a RCT of 40
PWS patients undergoing 14 days of treatment (62). Ghrelin
O-acyltransferase (GOAT) is the enzyme catalyzing the
conversion of ghrelin into its inactive form. A GOAT inhibitor
is currently being evaluated in PWS (63).

Targeting the leptin melanocortin pathway has also led to
development of successful innovative therapeutics, taking
a great step towards personalized medicine in genetic
obesity. Montague et al. (64) described the first human
cases of congenital leptin deficiency, an exceptionally rare
condition secondary to homozygous pathogenic variants
in the LEP gene. When treated with recombinant leptin
(metreleptin), these patients exhibited great weight loss
with normalization of metabolic and neuroendocrine
alterations (65,66,67). This success raised great hope for
the treatment of common obesity. Unfortunately, common
obesity is associated with leptin-resistance and its treatment
with leptin monotherapy did not lead to sufficient efficacy
(68,69,70). In addition, recombinant leptin is not indicated
in other types of monogenic obesity with signal interruption
downstream in the leptin-melanocortin pathway as in LEPR
or POMC deficiency (71,72,73).

Since then, intense research efforts have led to the
development of several MC4R agonists. Unfortunately, the
first ones were responsible for cardiovascular side-effects.
Recently, a better tolerated, highly selective MC4R agonist
was discovered, setmelanotide (Imcivree, also initially
known as RM-493). Indeed, due to the pivotal role of MC4R
in weight, appetite, and energy expenditure regulation, this
G protein-coupled receptor is a key target to increase energy
expenditure and reduce food intake, causing a negative
energy balance when activated. Daily subcutaneous
injection of setmelanotide for one year resulted in significant
appetite control, consequently resulting in weight loss in a
trial assessing POMC and LEPR deficient patients stemming
from POMC and PCSKI or LEPR homozygous mutations
(74). In the POMC deficient group (10 patients), the mean
weight loss was 25.6 % with 80 % losing at least 10 % of initial
weight and induced an important decrease in the hunger
score of 27 % . Regarding the 11 LEPR deficient patients, the
efficiency was also significant with 12.6 % of mean weight
loss, 45% of them losing more than 10% of weight and a
decrease in hunger score of 44%. The safety profile was
characterized by frequent cutaneous hyperpigmentation,
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but no other serious adverse events were reported. Transient
digestive manifestations and local cutaneous reaction after
injection were also frequently reported. These effects seem
sustainable in the two first POMC deficient patients treated
for more than 7 years with setmelanotide (75). The FDA
approved setmelanotide in 2020, followed by the EMA in
2021, in the treatment of obesity in adults and children
aged six years and older with confirmed genetic diagnosis
of POMC, PCSK1 and LEPR deficiency.

The effects of setmelanotide in MC4R variant carriers are
more controversial. Setmelanotide is a markedly more
powerful MC4R agonist than the endogenous ligand (0-MSH).
In cellular models, this increased affinity allowed the rescue
of intracellular signaling despite defective MC4R mutants.
The study of rodent models has shown an intermediate
response of MC4R heterozygous mutant to setmelanotide.
These mice had less weight gain under high fat diet than the
control MC4R heterozygous mice injected with saline. The
beneficial effect of setmelanotide was less pronounced than
in wild-type mice, while MC4R homozygous knock-out mice
showed no effect of this molecule. A phase 1 RCT evaluated
continuous subcutaneous infusion of setmelanotide during
28 days in eight patients carrying MC4R heterozygous
pathogenic variants compared to 49 obese patients
free of mutation. A significant change in weight loss for
setmelanotide compared to placebo were observed for both
MC4R heterozygous and obese control groups, with a similar
effect of -3.48 kg and -3.07 kg, respectively (76). Further
studies are required to decipher whether setmelanotide can
efficiently induce significant weight loss in subjects with
MC4R deficiency.

Concurrently, setmelanotide was studied in BBS patients
because of its proven impaired leptin-melanocortin signaling
associated to hyperphagia (28) in a 52 weeks multicenter
phase 3 RCT that included 32 BBS obese patients more
than six years old. The primary endpoint was significant,
showing 32.3 % of patients with BBS losing more than 10 %
of bodyweight after 52 weeks of setmelanotide, associated
with a reduction in hunger scores (77). As a result of this
trial, the EMA approved setmelanotide in 2021 as treatment
for BBS patients older than six years, followed by the FDA
in 2022.

One phase 3 RCT is in progress to assess setmelanotide
treatment in Smith Magenis syndrome and 16pll.2
deletion (NCT03013543). Concerning the younger pediatric
populations, a phase 3 open-label clinical trial assessing
setmelanotide in PCSK1, POMC and LEPR deficient,
and BBS child between 2 and 6 years of age is ongoing
(NCT04966741).
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Several pharmacologic therapies are now emerging,
implying different affected molecular pathways. Some trials
targeting hypothalamic obesity may also advance the field
for genetic and syndromic obesity, given their similarities.
Non-pharmacologic interventions such as deep brain
stimulation are also being evaluated.

Bariatric Surgery

Presently, the most common surgical techniques are sleeve
gastrectomy (SG) and Roux-en-Y gastric bypass (RYGB).
These interventions result in a sustainable weight reduction
and remission of comorbidities in most of patients with
common obesity (78,79). Bariatric surgery has regularly
been undertaken for syndromic and monogenic obesity due
to their severity, as the most effective treatment for patients
with complicated severe obesity (80). These intervention
outcomes remain, however, uncertain over the long term,
as the evidence on its use in syndromic obesity are limited
and heterogenous.

In syndromic obesity, SG has been studied in one
monocentric pediatric study of 24 PWS patients with a
mean BMI of 46.2 kg/m? compared to 72 children with
common obesity matched for age, gender, and BMI. The
PWS group started regaining weight from the fourth year
of follow-up, with a BMI loss of 11 kg/m? after 5 years (7
patients’ data) significantly lower than the 19 kg/m? loss
observed in children without PWS. More than 80% of
PWS patients experienced remission of their obesity
comorbidities, mainly obstructive sleep apnea, and the
safety was good with no major surgical complication (81).
A recent systematic review assessed bariatric surgery
outcomes for 202 adults and pediatrics patients with obesity
associated with hyperphagia (114 patients with PWS, 43
with MC4R mutations, 38 with hypothalamic obesity and
7 with BBS). Statistical analysis included 96 PWS patients
with a median age of 17 years, median weight of 97 kg and
median BMI of 49 kg/m? with duration of follow up from 6
months to 14 years. These patients had a median weight
loss of 24% within one year of surgery, but showed an
important weight regain leading to a non-significant weight
change five years after surgery. Surgical morbidity was also
problematic with 10 deaths reported out of 104 patients
with PWS, including five who died within one year after
surgery. Moreover, 13 PWS patients underwent a second
bariatric surgery. Long-term outcomes in other hyperphagic
obesities were heterogenous but showed a trend towards
less weight loss and increased surgical reinterventions (82).
These finding suggests that PWS patients may be more
likely to regain weight long-term and more prone to surgical
complications. In other type of syndromic obesity, isolated
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cases of patients undergoing bariatric surgery have been
reported, with varying interventions, follow-up and results.
It is worth pointing out that no study assessed psychiatric
and nutritional complications, more frequent in these
particularly vulnerable patients. Caution should be required
as patients with syndromic obesity show severe behavioral
disorders, developmental disorders and compulsive food
behavior which could interfere with lifestyle changes
mandatory after bariatric surgery and might lead to worse
outcomes. Syndromic obesity therefore appears to be an
inadequate indication for bariatric surgery.

Regarding monogenic non-syndromic obesity, the most
evidence concerns long-term outcome of bariatric surgery
in terms of retrospective genetic analyses. The most
important of these published studies assessed the effect of
heterozygous variants in the leptin-melanocortin pathway
on the long-term outcomes after RYGB in a retrospective
case-control study with 50 heterozygous variant carriers and
seven genes were analyzed: LEPR, PCSK1, POMC, SH2BI,
SRCI, MC4R, and SIM1, while 100 matched (sex, age, BMI,
and time since surgery) controls free of mutation were also
assessed. Mean age was 51 + 11 years and BMI 46 + 7 kg/
m? at the time of surgery. The percentage weight loss 15
years after surgery was-16.6+10.7% for variant carriers
against-28.7 + 12.9 % in matched controls. The weight regain
after maximum weight loss was also greater in heterozygous
patients with 52.7 + 29.7 kg compared to 29.8 + 20.7 kg for
non-carriers. These data show a lower long-term efficiency

of RYGB in heterozygous variant carriers secondary to more
weight regain, possibly due to eating behavior disorders (83).
These results were consistent with a former retrospective
genetic analysis in 131 obese adults who underwent SG
surgery, showing that the 10 patients carrying heterozygous
variants in the leptin-melanocortin pathway had less weight
loss over both the short-term and long-term (84). However,
another study of 1014 patients who underwent bariatric
surgery which included 30 patients with a heterozygous
variant in the leptin-melanocortin pathway (12 in POMC, 11
in MC4R, 5 in PCSKI) showed similar weight loss among
mutation carriers and controls after a short follow-up of
two years (85). A recent multicenter case-control study also
compared outcomes of 35 patients with heterozygous likely-
pathogenic MC4R variants compared with 70 mutation-free
controls matched for age, sex, BMI and surgical procedure.
Five years after bariatric surgery, a trend towards greater
weight regain after nadir was observed for the MC4R variant
carriers, which was greater after SG than after RYGB (86).

Concerning homozygous variant carriers, the largest case
series available to date reported eight patients with POMC,
LEPR, and MC4R mutations. Long-term outcomes were
unsatisfactory and experienced by every patient with a
median weight regain of 24.1 kg after an initial median
weight loss of 21.5 kg (87).

Thus, melanocortin pathway heterozygous variants, in the
absence of major eating or neurodevelopmental/psychiatric
disorders, are not an absolute contraindication to bariatric

Specialized Bariatric To avoid as far
Clinical picture initial surgery as possible
evaluation .
Pharmaceutical
treatments: Second intention
Molecular - GLP1 analog management if
genetics - MC4R agonist if needed (most of
analysis genetic variant (5-10%)  cases)
Endocrine
disorder Adapted hormone supplementation
Early-onset severe obesity assessment
Eating behavior disorders
Neuro-developmental and Obesity S 1
dysmorphic features complications tep
research (T2D, Complications treatment management

hypertension,
0SA...)

Lifestyle
evaluation

for every patient

Diet, adapted physical activity,
psychological support

Figure 2. Emerging strategy for management of genetic and syndromic obesity.

OSA: obstructive sleep apnea, T2D: type 2 diabetes
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surgery. However, with the emergence of new effective
treatments, caution and multidisciplinary discussion to
accurately judge the benefit-risk balance are warranted
before opting for surgery (Figure 2).

Conclusion and Perspectives

Until recently, only multicomponent lifestyle interventions
were proposed for patients with syndromic or monogenic
obesity. While it remains the basis of their clinical
management, the emergence of innovative, targeted
treatments in recent years has changed this reality and
paved the way for personalized medicine for these diseases
in the future. Bariatric surgery now has pharmaceutical
challengers for weight loss, which should probably be
preferred in these situations to avoid irreversible anatomical
changes and uncertain outcomes. However, further efforts
are still needed to clarify the position of each treatment in
each of these rare and complex clinical conditions. Early
genetic diagnosis remains a major concern for these patients
while it permits access to specialized multidisciplinary care,
new molecules, and ongoing clinical trials to optimize their
management. Genetic analyses should be offered to every
child with rapid weight gain and additional clinical suggestive
features. This population, confronting a lifelong struggle
with obesity and its complications, certainly require special
attention, which may prevent the development of obesity
related complications, avoid the failure of conservative
treatment approaches, and reduces the stigmatization of
patients and their families. Intensive lifestyle intervention
may help to improve these features, particularly when held
on an outpatient basis as close to home as possible. Specific
healthcare pathways are currently available in France to
explore this hypothesis. This management will hopefully
lead to a better prognosis for these patients in adulthood.

Research is thankfully still producing new solutions. Patients
with monogenic forms of obesity may benefit in the future
from CriSPr-mediated gene editing via induced pluripotent
stem cell technologies (88) or direct defective gene repairing
(89). Given the clinical severity of these patients, involvement
and cooperation from both physicians and scientists is still
required to improve their conditions and outcomes.

Ethics

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Concept: Nathan Faccioli, Christine Poitou, Karine Clément,
Béatrice Dubern, Design: Nathan Faccioli, Christine Poitou,
Karine Clément, Béatrice Dubern, Literature Search: Nathan
Faccioli, Christine Poitou, Karine Clément, Béatrice Dubern,
Writing: Nathan Faccioli, Christine Poitou, Karine Clément,
Béatrice Dubern.

116

Financial Disclosure: NF benefited from a fellowship from
the French Pediatric Society (Société Francaise de Pédiatrie)
cofunded by Novo-Nordisk laboratory.

References

1. Bouchard C. Genetics of Obesity: What We Have Learned Over Decades
of Research. Obesity (Silver Spring) 2021;29:802-820.

2. Childhood obesity in European Region remains high: new WHO report
presents latest country data [Internet]. 2020 [cited 2022 Dec 23].
Available from: https://www.who.int/europe/news/item/08-11-2022-
childhood-obesity-in-european-region-remains-high--new-who-report-
presents-latest-country-data

3. WHO. Obesity and overweight [Internet]. 2019 [cited 2022 Dec 21].
Available  from: https://www.who.int/news-room/fact-sheets/detail/
obesity-and-overweight

4. Silventoinen K, Jelenkovic A, Sund R, Hur YM, Yokoyama Y, Honda C,
Hjelmborg Jv, Méller S, Ooki S, Aaltonen S, Ji E Ning E, Pang Z, Rebato
E, Busjahn A, Kandler C, Saudino K], Jang KL, Cozen W, Hwang AE,
Mack TM, Gao W, Yu C, Li L, Corley RP, Huibregtse BM, Christensen
K, Skytthe A, Kyvik KO, Derom CA, Vlietinck RE, Loos RJ, Heikkild K,
Wardle ], Llewellyn CH, Fisher A, McAdams TA, Eley TC, Gregory AM,
He M, Ding X, Bjerregaard-Andersen M, Beck-Nielsen H, Sodemann
M, Tarnoki AD, Tarnoki DL, Stazi MA, Fagnani C, D’Ippolito C, Knafo-
Noam A, Mankuta D, Abramson L, Burt SA, Klump KL, Silberg JL,
Eaves L], Maes HH, Krueger RE, McGue M, Pahlen S, Gatz M, Butler
DA, Bartels M, van Beijsterveldt TC, Craig |M, Saffery R, Freitas DL,
Maia JA, Dubois L, Boivin M, Brendgen M, Dionne G, Vitaro F, Martin
NG, Medland SE, Montgomery GW, Chong Y, Swan GE, Krasnow R,
Magnusson PK, Pedersen NL, Tynelius P, Lichtenstein P, Haworth CM,
Plomin R, Bayasgalan G, Narandalai D, Harden KP, Tucker-Drob EM,
Oncel SY, Aliev E, Spector T, Mangino M, Lachance G, Baker LA, Tuvblad
C, Duncan GE, Buchwald D, Willemsen G, Rasmussen F, Goldberg JH,
Serensen Tla, Boomsma DI, Kaprio J. Genetic and environmental
effects on body mass index from infancy to the onset of adulthood: an
individual-based pooled analysis of 45 twin cohorts participating in the
COllaborative project of Development of Anthropometrical measures
in Twins (CODATwins) study. Am | Clin Nutr 2016;104:371-379. Epub
2016 Jul 13

5. Wardle J, Carnell S, Haworth CM, Plomin R. Evidence for a strong
genetic influence on childhood adiposity despite the force of the
obesogenic environment. Am | Clin Nutr 2008;87:398-404.

6. Poitou C, Mosbah H, Clément K. Mechanisms in Endocrinology: Update
on treatments for patients with genetic obesity. Eur J Endocrinol
2020;183:149-166.

7. Brouwers B, de Oliveira EM, Marti-Solano M, Monteiro FBF, Laurin SA,
Keogh JM, Henning E, Bounds R, Daly CA, Houston S, Ayinampudi
V, Wasiluk N, Clarke D, Plouffe B, Bouvier M, Babu MM, Farooqi IS,
Mokrosinski J. Human MC4R variants affect endocytosis, trafficking
and dimerization revealing multiple cellular mechanisms involved in
weight regulation. Cell Rep 2021;34:108862.

8. Baron M, Maillet J, Huyvaert M, Dechaume A, Boutry R, Loiselle H,
Durand E, Toussaint B, Vaillant E, Philippe J, Thomas ], Ghulam A, Franc
S, Charpentier G, Borys JM, Lévy-Marchal C, Tauber M, Scharfmann R,
Weill ], Aubert C, Kerr-Conte |, Pattou F, Roussel R, Balkau B, Marre M,
Boissel M, Derhourhi M, Gaget S, Canouil M, Froguel P, Bonnefond A.
Loss-of-function mutations in MRAP2 are pathogenic in hyperphagic
obesity with hyperglycemia and hypertension. Nat Med 2019;25:1733-
1738. Epub 2019 Nov 7

9. Bernard A, Ojeda Naharros I, Yue X, Mifsud E Blake A, Bourgain-
Guglielmetti F, Ciprin J, Zhang S, McDaid E, Kim K, Nachury MV,



] Clin Res Pediatr Endocrinol
2023;15(2):108-119

Faccioli N et al.
Genetic Obesity Treatments

10.

16.

17.

19.

20.

21.

22.

23.

Reiter JE, Vaisse C. MRAP2 regulates energy homeostasis by promoting
primary cilia localization of MC4R. JCI Insight 2023;8:€155900.

Saeed S, Bonnefond A, Tamanini F Mirza MU, Manzoor ], Janjua
OM, Din SM, Gaitan ], Milochau A, Durand E, Vaillant E, Haseeb A,
De Graeve F, Rabearivelo I, Sand O, Queniat G, Boutry R, Schott DA,
Ayesha H, Ali M, Khan WI, Butt TA, Rinne T, Stumpel C, Abderrahmani
A, Lang ], Arslan M, Froguel P. Loss-of-function mutations in ADCY3
cause monogenic severe obesity. Nat Genet 2018;50:175-179. Epub
2018 Jan 8

. van der Klaauw AA, Croizier S, Mendes de Oliveira E, Stadler LK], Park

S, Kong Y, Banton MC, Tandon P, Hendricks AE, Keogh JM, Riley SE,
Papadia S, Henning E, Bounds R, Bochukova EG, Mistry V, O’Rahilly
S, Simerly RB; INTERVAL; UK10K Consortium; Minchin JEN, Barroso
I, Jones EY, Bouret SG, Farooqi IS. Human Semaphorin 3 Variants
Link Melanocortin Circuit Development and Energy Balance. Cell
2019;176:729-742. Epub 2019 Jan 17

. Pearce LR, Atanassova N, Banton MC, Bottomley B, van der Klaauw

AA, Revelli JP, Hendricks A, Keogh JM, Henning E, Doree D, Jeter-Jones
S, Garg S, Bochukova EG, Bounds R, Ashford S, Gayton E, Hindmarsh
PC, Shield JP, Crowne E, Barford D, Wareham NJ; UK10K consortium;
O’Rahilly S, Murphy MP, Powell DR, Barroso I, Faroogi IS. KSR2
mutations are associated with obesity, insulin resistance, and impaired
cellular fuel oxidation. Cell 2013;155:765-777.

. Cacciottolo TM, Henning E, Keogh JM, Bel Lassen P, Lawler K, Bounds

R, Ahmed R, Perdikari A, Mendes de Oliveira E, Smith M, Godfrey
EM, Johnson E, Hodson L, Clément K, van der Klaauw AA, Farooqi IS.
Obesity Due to Steroid Receptor Coactivator-1 Deficiency Is Associated
With Endocrine and Metabolic Abnormalities. J Clin Endocrinol Metab
2022;107:2532-2544.

. Huvenne H, Dubern B, Clément K, Poitou C. Rare Genetic Forms of

Obesity: Clinical Approach and Current Treatments in 2016. Obes
Facts 2016;9:158-173. Epub 2016 Jun 1

. van der Klaauw AA, Farooqi IS. The hunger genes: pathways to obesity.

Cell 2015;161:119-132.

Loos RJE, Yeo GSH. The genetics of obesity: from discovery to biology.
Nat Rev Genet 2022;23:120-133. Epub 2021 Sep 23

Courbage S, Poitou C, Le Beyec-Le Bihan ], Karsenty A, Lemale ],
Pelloux V, Lacorte JM, Carel |JC, Lecomte N, Storey C, De Filippo G,
Coupaye M, Oppert JM, Tounian P, Clément K, Dubern B. Implication of
Heterozygous Variants in Genes of the Leptin-Melanocortin Pathway in
Severe Obesity. ] Clin Endocrinol Metab 2021;106:2991-3006.

. Nalbantoglu O, Hazan F, Acar S, Girsoy S, Ozkan B. Screening of non-

syndromic early-onset child and adolescent obese patients in terms
of LEP, LEPR, MC4R and POMC gene variants by next-generation
sequencing. | Pediatr Endocrinol Metab 2022;35:1041-1050.

Wade KH, Lam BYH, Melvin A, Pan W, Corbin L], Hughes DA, Rainbow
K, Chen JH, Duckett K, Liu X, Mokrosifski ], Morseburg A, Neaves S,
Williamson A, Zhang C, Farooq;i IS, Yeo GSH, Timpson NJ, O’Rahilly S.
Loss-of-function mutations in the melanocortin 4 receptor in a UK birth
cohort. Nat Med 2021;27:1088-1096. Epub 2021 May 27

Farooqi IS, Keogh JM, Yeo GS, Lank EJ, Cheetham T, O’Rahilly S. Clinical
spectrum of obesity and mutations in the melanocortin 4 receptor
gene. N Engl ] Med 2003;348:1085-1095.

Kaur Y, de Souza R], Gibson WT, Meyre D. A systematic review of
genetic syndromes with obesity. Obes Rev 2017;18:603-634. Epub
2017 Mar 27

Butler MG, Miller JL, Forster JL. Prader-Willi Syndrome - Clinical
Genetics, Diagnosis and Treatment Approaches: An Update. Curr
Pediatr Rev 2019;15:207-244.

Butler MG, Manzardo AM, Heinemann |, Loker C, Loker J. Causes of
death in Prader-Willi syndrome: Prader-Willi Syndrome Association

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

(USA) 40-year mortality survey. Genet Med 2017;19:635-642. Epub
2016 Nov 17

Pacoricona Alfaro DL, Lemoine P, Ehlinger V, Molinas C, Diene G,
Valette M, Pinto G, Coupaye M, Poitou-Bernert C, Thuilleaux D, Arnaud
C, Tauber M. Causes of death in Prader-Willi syndrome: lessons from
11 years’ experience of a national reference center. Orphanet | Rare
Dis 2019;14:238.

Burnett LC, LeDuc CA, Sulsona CR, Paull D, Rausch R, Eddiry S,
Carli JE Morabito MV, Skowronski AA, Hubner G, Zimmer M, Wang
L, Day R, Levy B, Fennoy I, Dubern B, Poitou C, Clement K, Butler
MG, Rosenbaum M, Salles JP, Tauber M, Driscoll D], Egli D, Leibel
RL. Deficiency in prohormone convertase PC1 impairs prohormone
processing in Prader-Willi syndrome. ] Clin Invest 2017;127:293-305.
Epub 2016 Dec 12

Maillard ], Park S, Croizier S, Vanacker C, Cook JH, Prevot V, Tauber M,
Bouret SG. Loss of Magel2 impairs the development of hypothalamic
Anorexigenic circuits. Hum Mol Genet 2016;25:3208-3215. Epub 2016
Jun 10

Tsang SH, Aycinena ARP, Sharma T. Ciliopathy: Bardet-Bied! Syndrome.
Adv Exp Med Biol 2018;1085:171-174.

Vaisse C, Reiter JF, Berbari NE Cilia and Obesity. Cold Spring Harb
Perspect Biol 2017;9:a028217.

Chennen K, Scerbo M], Dollfus H, Poch O, Marion V. Syndrome de
Bardet-Biedl: cils et obésité - de la génétique aux approches intégratives
[Bardet-Biedl syndrome: cilia and obesity - from genes to integrative
approaches]. Med Sci (Paris) 201430:1034-1039. Epub 2014 Nov 10

Maillard AM, Hippolyte L, Rodriguez-Herreros B, Chawner SJ, Dremmel
D, Agliera Z, Fagundo AB, Pain A, Martin-Brevet S, Hilbert A, Kurz S,
Etienne R, Draganski B, Jimenez-Murcia S, Mannik K, Metspalu A,
Reigo A, Isidor B, Le Caignec C, David A, Mignot C, Keren B; 16p11.2
European Consortium; van den Bree MB, Munsch S, Fernandez-Aranda
E Beckmann JS, Reymond A, Jacquemont S. 16p11.2 Locus modulates
response to satiety before the onset of obesity. Int J Obes (Lond)
2016;40:870-876. Epub 2015 Dec 1

Chung WK, Roberts TP, Sherr EH, Snyder LG, Spiro JE. 16p11.2 deletion
syndrome. Curr Opin Genet Dev 2021;68:49-56. Epub 2021 Mar 2

Doche ME, Bochukova EG, Su HW, Pearce LR, Keogh JM, Henning
E, Cline JM, Saeed S, Dale A, Cheetham T, Barroso [, Argetsinger LS,
O’Rahilly S, Rui L, Carter-Su C, Faroogi IS. Human SH2B1 mutations
are associated with maladaptive behaviors and obesity. ] Clin Invest
2012;122:4732-4736. Epub 2012 Nov 19

Coursimault J, Guerrot AM, Morrow MM, Schramm C, Zamora
FM, Shanmugham A, Liu S, Zou E Bilan E Le Guyader G, Bruel AL,
Denommeé-Pichon AS, Faivre L, Tran Mau-Them F, Tessarech M, Colin
E, El Chehadeh S, Gérard B, Schaefer E, Cogne B, Isidor B, Nizon M,
Doummar D, Valence S, Héron D, Keren B, Mignot C, Coutton C, Devillard
E Alaix AS, Amiel |, Colleaux L, Munnich A, Poirier K, Rio M, Rondeau
S, Barcia G, Callewaert B, Dheedene A, Kumps C, Vergult S, Menten B,
Chung WK, Hernan R, Larson A, Nori K, Stewart S, Wheless |, Kresge
C, Pletcher BA, Caumes R, Smol T, Sigaudy S, Coubes C, Helm M, Smith
R, Morrison J, Wheeler PG, Kritzer A, Jouret G, Afenjar A, Deleuze JE
Olaso R, Boland A, Poitou C, Frebourg T, Houdayer C, Saugier-Veber
P, Nicolas G, Lecoquierre E MYT1L-associated neurodevelopmental
disorder: description of 40 new cases and literature review of clinical
and molecular aspects. Hum Genet 2022;141:65-80. Epub 2021 Nov 8

Wabitsch M, Fehnel S, Mallya UG, Sluga-O’Callaghan M, Richardson D,
Price M, Kihnen P. Understanding the Patient Experience of Hunger
and Improved Quality of Life with Setmelanotide Treatment in POMC
and LEPR Deficiencies. Adv Ther 2022;39:1772-1783. Epub 2022 Feb
22

Kimonis VE, Tamura R, Gold JA, Patel N, Surampalli A, Manazir |, Miller
JL, Roof E, Dykens E, Butler MG, Driscoll DJ. Early Diagnosis in Prader-

17



Faccioli N et al.

Gen

etic Obesity Treatments

] Clin Res Pediatr Endocrinol
2023;15(2):108-119

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

18

Willi Syndrome Reduces Obesity and Associated Co-Morbidities. Genes
(Basel) 2019;10:898.

Bellicha A, Coupaye M, Hocquaux L, Speter F, Oppert JM, Poitou C.
Increasing physical activity in adult women with Prader-Willi syndrome:
A transferability study. ] Appl Res Intellect Disabil 2020;33:258-267.
Epub 2019 Oct 2

Morales JS, Valenzuela PL, Pareja-Galeano H, Rincon-Castanedo C,
Rubin DA, Lucia A. Physical exercise and Prader-Willi syndrome: A
systematic review. Clin Endocrinol (Oxf) 2019;90:649-661. Epub 2019
Mar 18

Bellicha A, Coupaye M, Mosbah H, Tauber M, Oppert JM, Poitou C.
Physical Activity in Patients with Prader-Willi Syndrome-A Systematic
Review of Observational and Interventional Studies. J Clin Med
2021;10:2528.

Reinehr T, Hebebrand |, Friedel S, Toschke AM, Brumm H, Biebermann
H, Hinney A. Lifestyle intervention in obese children with variations in
the melanocortin 4 receptor gene. Obesity (Silver Spring) 2009;17:382-
389. Epub 2008 Nov 6

Paepegaey AC, Coupaye M, Jaziri A, Ménesguen F, Dubern B, Polak M,
Oppert JM, Tauber M, Pinto G, Poitou C. Impact of transitional care on
endocrine and anthropometric parameters in Prader-Willi syndrome.
Endocr Connect 2018;7:663-672. Epub 2018 Apr 17

Kihnen P, Biebermann H, Wiegand S. Pharmacotherapy in Childhood
Obesity. Horm Res Paediatr 2022;95:177-192.

He L, Wang ], Ping F, Yang N, Huang J, Li Y, Xu L, Li W, Zhang H.
Association of Glucagon-Like Peptide-1 Receptor Agonist Use With Risk
of Gallbladder and Biliary Diseases: A Systematic Review and Meta-
analysis of Randomized Clinical Trials. JAMA Intern Med 2022;182:513-
519.

Kelly AS, Auerbach P, Barrientos-Perez M, Gies I, Hale PM, Marcus
C, Mastrandrea LD, Prabhu N, Arslanian S; NN8022-4180 Trial
Investigators. A Randomized, Controlled Trial of Liraglutide for
Adolescents with Obesity. N Engl | Med 2020;382:2117-2128. Epub
2020 Mar 31

Pi-Sunyer X, Astrup A, Fujioka K, Greenway F, Halpern A, Krempf M,
Lau DC, le Roux CW, Violante Ortiz R, Jensen CB, Wilding JP; SCALE
Obesity and Prediabetes NN8022-1839 Study Group. A Randomized,
Controlled Trial of 3.0 mg of Liraglutide in Weight Management. N Engl
] Med 2015;373:11-22.

Anker MS, Butler ], Anker SD. Liraglutide for Adolescents with Obesity.
N Engl ] Med 2020;383:1192.

Page LC, Freemark M. Role of GLP-1 Receptor Agonists in Pediatric
Obesity: Benefits, Risks, and Approaches to Patient Selection. Curr
Obes Rep 2020;9:391-401. Epub 2020 Oct 21

Kelishadi R. Liraglutide for management of adolescent obesity. Nat Rev
Endocrinol 2020;16:405-406.

Weghuber D, Forslund A, Ahlstrém H, Alderborn A, Bergstrém
K, Brunner S, Cadamuro ], Ciba I, Dahlbom M, Heu V, Hofmann ],
Kristinsson H, Kullberg |, Ladinger A, Lagler FB, Lidstrom M, Manell
H, Meirik M, Mérwald K, Roomp K, Schneider R, Vilén H, Widhalm K,
Zsoldos F, Bergsten P. A 6-month randomized, double-blind, placebo-
controlled trial of weekly exenatide in adolescents with obesity. Pediatr
Obes 2020;15:e12624. Epub 2020 Feb 16

Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay
I, McGowan BM, Rosenstock ], Tran MTD, Wadden TA, Wharton S,
Yokote K, Zeuthen N, Kushner RF; STEP 1 Study Group. Once-Weekly
Semaglutide in Adults with Overweight or Obesity. N Engl ] Med
2021;384:989-1002. Epub 2021 Feb 10

Weghuber D, Barrett T, Barrientos-Pérez M, Gies I, Hesse D, Jeppesen
OK, Kelly AS, Mastrandrea LD, Serrig R, Arslanian S; STEP TEENS

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Investigators. Once-Weekly Semaglutide in Adolescents with Obesity.
N Engl ] Med 2022;387:2245-2257. Epub 2022 Nov 2

Diene G, Angulo M, Hale PM, Jepsen CH, Hofman PL, Hokken-Koelega
A, Ramesh C, Turan S, Tauber M. Liraglutide for Weight Management
in Children and Adolescents With Prader-Willi Syndrome and Obesity.
J Clin Endocrinol Metab 2022;108:4-12.

lepsen EW, Zhang |, Thomsen HS, Hansen EL, Hollensted M, Madsbad
S, Hansen T, Holst JJ, Holm JC, Torekov SS. Patients with Obesity
Caused by Melanocortin-4 Receptor Mutations Can Be Treated with a
Glucagon-like Peptide-1 Receptor Agonist. Cell Metab 2018;28:23-32.
Epub 2018 May 31

Roth CL, Perez FA, Whitlock KB, Elfers C, Yanovski JA, Shoemaker AH,
Abuzzahab M]. A phase 3 randomized clinical trial using a once-weekly
glucagon-like peptide-1 receptor agonist in adolescents and young
adults with hypothalamic obesity. Diabetes Obes Metab 2021;23:363-
373. Epub 2020 Oct 25

Tan Q, Orsso CE, Deehan EC, Triador L, Field CJ, Tun HM, Han JC,
Muller TD, Hagq AM. Current and emerging therapies for managing
hyperphagia and obesity in Prader-Willi syndrome: A narrative review.

Obes Rev 2020;21:€12992. Epub 2019 Dec 30

Grugni G, Sartorio A, Crino A. Growth hormone therapy for Prader-
willi syndrome: challenges and solutions. Ther Clin Risk Manag
2016:;12:873-881.

Wolfgram PM, Carrel AL, Allen DB. Long-term effects of recombinant
human growth hormone therapy in children with Prader-Willi
syndrome. Curr Opin Pediatr 2013;25:509-514.

Vogt KS, Emerick JE. Growth Hormone Therapy in Adults with Prader-
Willi Syndrome. Diseases 2015;3:56-67.

Oto Y, Tanaka Y, Abe Y, Obata K, Tsuchiya T, Yoshino A, Murakami
N, Nagai T. Exacerbation of BMI after cessation of growth hormone
therapy in patients with Prader-Willi syndrome. Am ] Med Genet A
2014;164A:671-675. Epub 2014 Jan 17

Kuppens R], Donze SH, Hokken-Koelega AC. Promising effects of
oxytocin on social and food-related behaviour in young children
with Prader-Willi syndrome: a randomized, double-blind, controlled
crossover trial. Clin Endocrinol (Oxf) 2016;85:979-987. Epub 2016 Aug
26

Einfeld SL, Smith E, McGregor IS, Steinbeck K, Taffe ], Rice LJ, Horstead
SK, Rogers N, Hodge MA, Guastella AJ. A double-blind randomized
controlled trial of oxytocin nasal spray in Prader Willi syndrome. Am ]
Med Genet A 2014;164A:2232-2239.

Tauber M, Boulanouar K, Diene G, Cabal-Berthoumieu S, Ehlinger V,
Fichaux-Bourin P, Molinas C, Faye S, Valette M, Pourrinet |, Cessans
C, Viaux-Sauvelon S, Bascoul C, Guedeney A, Delhanty P, Geenen V,
Martens H, Muscatelli F Cohen D, Consoli A, Payoux P, Arnaud C,
Salles JP. The Use of Oxytocin to Improve Feeding and Social Skills in
Infants With Prader-Willi Syndrome. Pediatrics 2017;139:€20162976.

Allas S, Caixas A, Poitou C, Coupaye M, Thuilleaux D, Lorenzini F, Diene
G, Crino A, lllouz E Grugni G, Potvin D, Bocchini S, Delale T, Abribat
T, Tauber M. AZP-531, an unacylated ghrelin analog, improves food-
related behavior in patients with Prader-Willi syndrome: A randomized
placebo-controlled trial. PLoS One 2018;13:€0190849.

Miller JL, Lacroix A, Bird LM, Shoemaker AH, Haqq A, Deal CL,
Clark KA, Ames MH, Suico ]G, de la Pena A, Fortier C. The Efficacy,
Safety, and Pharmacology of a Ghrelin O-Acyltransferase Inhibitor
for the Treatment of Prader-Willi Syndrome. | Clin Endocrinol Metab
2022;107:2373-2380.

Montague CT, Farooqi IS, Whitehead JP, Soos MA, Rau H, Wareham NJ,
Sewter CP, Digby JE, Mohammed SN, Hurst JA, Cheetham CH, Earley
AR, Barnett AH, Prins JB, O’Rahilly S. Congenital leptin deficiency



] Clin Res Pediatr Endocrinol
2023;15(2):108-119

Faccioli N et al.
Genetic Obesity Treatments

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

is associated with severe early-onset obesity in humans. Nature
1997;387:903-908.

Farooqi IS, Jebb SA, Langmack G, Lawrence E, Cheetham CH, Prentice
AM, Hughes IA, McCamish MA, O’Rahilly S. Effects of recombinant
leptin therapy in a child with congenital leptin deficiency. N Engl ] Med
1999;341:879-884.

Farooqi IS, Matarese G, Lord GM, Keogh M, Lawrence E, Agwu C,
SannaV, Jebb SA, Perna F, Fontana S, Lechler RI, DePaoli AM, O’Rahilly
S. Beneficial effects of leptin on obesity, T cell hyporesponsiveness,
and neuroendocrine/metabolic dysfunction of human congenital leptin
deficiency. J Clin Invest 2002;110:1093-1103.

Licinio J, Caglayan S, Ozata M, Yildiz BO, de Miranda PB, O’Kirwan F,
Whitby R, Liang L, Cohen P, Bhasin S, Krauss RM, Veldhuis JD, Wagner
AJ, DePaoli AM, McCann SM, Wong ML. Phenotypic effects of leptin
replacement on morbid obesity, diabetes mellitus, hypogonadism,
and behavior in leptin-deficient adults. Proc Natl Acad Sci U S A
2004;101:4531-4536. Epub 2004 Mar 9

Hukshorn CJ, Saris WH, Westerterp-Plantenga MS, Farid AR, Smith FJ,
Campfield LA. Weekly subcutaneous pegylated recombinant native
human leptin (PEG-OB) administration in obese men. J Clin Endocrinol
Metab 2000;85:4003-4009.

Zelissen PM, Stenlof K, Lean ME, Fogteloo ], Keulen ET, Wilding ],
Finer N, Rossner S, Lawrence E, Fletcher C, McCamish M; Author
Group. Effect of three treatment schedules of recombinant methiony!
human leptin on body weight in obese adults: a randomized, placebo-
controlled trial. Diabetes Obes Metab 2005;7:755-761.

Scarpace PJ, Zhang Y. Leptin resistance: a prediposing factor for diet-
induced obesity. Am | Physiol Regul Integr Comp Physiol 2009;296:493-
500. Epub 2008 Dec 17

Clément K, Vaisse C, Lahlou N, Cabrol S, Pelloux V, Cassuto D,
Gourmelen M, Dina C, Chambaz ], Lacorte JM, Basdevant A, Bougneres
P, Lebouc Y, Froguel P, Guy-Grand B. A mutation in the human leptin
receptor gene causes obesity and pituitary dysfunction. Nature
1998;392:398-401.

Krude H, Biebermann H, Luck W, Horn R, Brabant G, Grlters A. Severe
early-onset obesity, adrenal insufficiency and red hair pigmentation
caused by POMC mutations in humans. Nat Genet 1998;19:155-157.

Vaisse C, Clement K, Guy-Grand B, Froguel P. A frameshift mutation in
human MC4R is associated with a dominant form of obesity. Nat Genet
1998;20:113-114.

Clement K, van den Akker E, Argente ], Bahm A, Chung WK, Connors
H, De Waele K, Farooqi IS, Gonneau-Lejeune |, Gordon G, Kohlsdorf K,
Poitou C, Puder L, Swain ], Stewart M, Yuan G, Wabitsch M, Kthnen P;
Setmelanotide POMC and LEPR Phase 3 Trial Investigators. Efficacy
and safety of setmelanotide, an MC4R agonist, in individuals with
severe obesity due to LEPR or POMC deficiency: single-arm, open-label,
multicentre, phase 3 trials. Lancet Diabetes Endocrinol 2020;8:960-
970. Epub 2020 Oct 30

Kidhnen P, Clément K. Long-Term MC4R Agonist Treatment in POMC-
Deficient Patients. N Engl ] Med 2022;387:852-854.

Collet TH, Dubern B, Mokrosinski J, Connors H, Keogh JM, Mendes
de Oliveira E, Henning E, Poitou-Bernert C, Oppert JM, Tounian P,
Marchelli E Alili R, Le Beyec |, Pépin D, Lacorte M, Gottesdiener A,
Bounds R, Sharma S, Folster C, Henderson B, O’Rahilly S, Stoner E,
Gottesdiener K, Panaro BL, Cone RD, Clément K, Farooqi IS, Van der
Ploeg LHT. Evaluation of a melanocortin-4 receptor (MC4R) agonist
(Setmelanotide) in MC4R deficiency. Mol Metab 2017;6:1321-1329.
Epub 2017 Jul 8

Haqq AM, Chung WK, Dollfus H, Haws RM, Martos-Moreno GA,
Poitou C, Yanovski JA, Mittleman RS, Yuan G, Forsythe E, Clément

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

K, Argente |. Efficacy and safety of setmelanotide, a melanocortin-4
receptor agonist, in patients with Bardet-Biedl syndrome and Alstrém
syndrome: a multicentre, randomised, double-blind, placebo-
controlled, phase 3 trial with an open-label period. Lancet Diabetes
Endocrinol 2022;10:859-868. Epub 2022 Nov 7

Poirier P, Cornier MA, Mazzone T, Stiles S, Cummings S, Klein
S, McCullough PA, Ren Fielding C, Franklin BA; American Heart
Association Obesity Committee of the Council on Nutrition, Physical
Activity, and Metabolism. Bariatric surgery and cardiovascular risk
factors: a scientific statement from the American Heart Association.
Circulation 2011;123:1683-1701. Epub 2011 Mar 14

Sjostrom L. Review of the key results from the Swedish Obese Subjects
(SOS) trial - a prospective controlled intervention study of bariatric
surgery. ] Intern Med 2013;273:219-234. Epub 2013 Feb 8

Vos N, Oussaada SM, Cooiman MI, Kleinendorst L, Ter Horst KW,
Hazebroek EJ, Romijn JA, Serlie MJ, Mannens MMAM, van Haelst
MM. Bariatric Surgery for Monogenic Non-syndromic and Syndromic
Obesity Disorders. Curr Diab Rep 2020;20:44.

Algahtani AR, Elahmedi MO, Al Qahtani AR, Lee |, Butler MG.
Laparoscopic sleeve gastrectomy in children and adolescents with
Prader-Willi syndrome: a matched-control study. Surg Obes Relat Dis
2016;12:100-110. Epub 2015 Jul 22

Gantz MG, Driscoll DJ, Miller JL, Duis |B, Butler MG, Gourash L, Forster
], Scheimann AO. Critical review of bariatric surgical outcomes in
patients with Prader-Willi syndrome and other hyperphagic disorders.
Obesity (Silver Spring) 2022;30:973-981. Epub 2022 Apr 13

Campos A, Cifuentes L, Hashem A, Busebee B, Hurtado-Andrade MD,
Ricardo-Silgado ML, McRae A, De la Rosa A, Feris F, Bublitz JT, Hensrud
D, Camilleri M, Kellogg TA, Eckel-Passow JE, Olson ], Acosta A. Effects
of Heterozygous Variants in the Leptin-Melanocortin Pathway on Roux-
en-Y Gastric Bypass Outcomes: a 15-Year Case-Control Study. Obes
Surg 2022;32:2632-2640. Epub 2022 Jun 3

Li Y, Zhang H, Tu Y, Wang C, Di J, Yu H, Zhang P, Bao Y, Jia W, Yang
J, Hu C. Monogenic Obesity Mutations Lead to Less Weight Loss After
Bariatric Surgery: a 6-Year Follow-Up Study. Obes Surg 2019;29:1169-
1173.

Cooiman MI, Kleinendorst L, Aarts EO, Janssen IMC, van Amstel
HKP, Blakemore Al, Hazebroek EJ, Meijers-Heijboer HJ, van der
Zwaag B, Berends FJ, van Haelst MM. Genetic Obesity and Bariatric
Surgery Outcome in 1014 Patients with Morbid Obesity. Obes Surg
2020;30:470-477.

Cooiman MI, Alsters SIM, Duquesnoy M, Hazebroek E], Meijers-
Heijboer HJ, Chahal H, Le Beyec-Le Bihan ], Clément K, Soula H,
Blakemore Al, Poitou C, van Haelst MM. Long-Term Weight Outcome
After Bariatric Surgery in Patients with Melanocortin-4 Receptor Gene
Variants: a Case-Control Study of 105 Patients. Obes Surg 2022;32:837-
844. Epub 2022 Jan 4

Poitou C, Puder L, Dubern B, Krabusch P, Genser L, Wiegand S, Verkindt
H, Kéhn A, von Schwartzenberg R], Fliick C, Pattou F, Laville M, Kihnen
P, Clément K. Long-term outcomes of bariatric surgery in patients with
bi-allelic mutations in the POMC, LEPR, and MC4R genes. Surg Obes
Relat Dis 2021;17:1449-1456. Epub 2021 May 8

Rajamani U, Gross AR, Hjelm BE, Sequeira A, Vawter MP, Tang |,
Gangalapudi V, Wang Y, Andres AM, Gottlieb RA, Sareen D. Super-
Obese Patient-Derived iPSC Hypothalamic Neurons Exhibit Obesogenic
Signatures and Hormone Responses. Cell Stem Cell 2018;22:698-712.
Epub 2018 Apr 19

Zhu L, Yang X, Li ], Jia X, Bai X, Zhao Y, Cheng W, Shu M, Zhu Y, Jin S.
Leptin gene-targeted editing in ob/ob mouse adipose tissue based on
the CRISPR/Cas9 system. | Genet Genomics 2021;48:134-146. Epub
2021 Mar 30

19



REVIEW

DOI: 10.4274/jcrpe.galenos.2022.2022-6-4
J Clin Res Pediatr Endocrinol 2023;15(2):120-126

Frequently Asked Questions and Evidence-Based Answers on
Medical Nutritional Therapy in Children with Type 1 Diabetes for
Health Care Professionals

@ Beyza Eliuz Tipicil, @ Yasemin Atik Altinok2, @ Alev Keser3

Ijstanbul University, istanbul Faculty of Medicine, Department of Pediatrics, Istanbul, Turkey
2Ege University Faculty of Medicine, Department of Pediatric Endocrinology, izmir, Turkey
3Ankara University Faculty of Health Sciences, Department of Nutrition and Dietetics, Ankara, Turkey

Abstract

Medical nutrition therapy is a cornerstone in type 1 diabetes management and is based on the principles of healthy eating. The
recommendations presented are valid for all children and their families. A number of frequently asked questions will be addressed in this
article. Although carbohydrates are the main nutrient that affects postprandial blood glucose in individuals with type 1 diabetes, intake
of carbohydrates (type and amount), protein and fat content of the meal, and glycemic index affect the postprandial glycemic response.
In recent years, the relative increase in studies about Ramadan fasting for individuals with type 1 diabetes has indicated that health
professionals should be informed about this issue. The difficulties in nutritional management of preschool children should be solved
with a professional approach. The increasing frequency of celiac disease in people with type 1 diabetes and an increasing interest in a
gluten-free diet for non-celiac reasons (popular diet trends for weight loss or healthy eating) further complicate diabetes management.
This review provides evidence-based approaches to frequently encountered problems on medical nutrition therapy in children and

adolescents with type 1 diabetes.

Keywords: Type | diabetes, medical nutrition therapy, nutritional management

Introduction

Type 1 diabetes is caused by autoimmune damage to the
insulin-producing B-cells of the pancreatic islets, leading
to endogenous insulin deficiency (1). The aim of diabetes
care and management is to support individuals with type
1 diabetes to live a long and healthy life. In addition to
complex insulin regimens, sufficient knowledge and skills
are required to prevent hypoglycemia and hyperglycemia
and to maintain euglycemia (2).

The main goal in diabetes management is to maintain
normoglycemia for as long as possible. National and
international guidelines accepted that proper nutrition
therapy is an important part of diabetes management
(3,4). The purpose of nutrition therapy of type 1 diabetes is
multiple: to improve general health and to encourage people

with diabetes to gain healthy eating habits; to achieve/
maintain a healthy body weight; to provide metabolic
control; to prevent/delay diabetes-related acute/chronic
complications; and to determine nutritional needs based
on individual and cultural preferences, health literacy level
and access to healthy food options. An individualized meal
plan with prandial insulin dose adjustments is important
for improving glycemic control (4). In the meal plan, it is
important to provide practical information to children and
adolescents with diabetes and their family, to match the
insulin doses with the composition of the meal, and to apply
the advanced carbohydrate counting method.

However, implementation of appropriate nutritional
intervention and eventual adherence to the plan remains
a challenge for several reasons. One of the most important
problems is the availability of nutritional information
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from many sources for individuals with diabetes, their
parents, and health professionals (5). Individuals with
type 1 diabetes should be referred to a dietitian who has
knowledge and experience in providing diabetes-specific,
individualized nutritional recommendations in line with
diabetes technology (1). Medical nutrition therapy given by
an experienced dietitian has been found to provide a 1.0-
1.9% (11-21 mmol/mol) reduction in hemoglobin Alc when
integrated into general diabetes management (4). However,
there is no consensus on the best nutrition therapy for
people with diabetes, and an ongoing debate in the popular
press may confuse people with diabetes, diabetes care
providers, and healthcare professionals (5). The aim of this
review is to answer frequently asked questions concerning
medical nutrition therapy in children with type 1 diabetes,
based on the latest evidence.

How much Carbohydrates should Children and Adolescents with
Type 1 Diabetes Intake?

Energy requirement varies greatly in children and
adolescents with type 1 diabetes, depending on age, growth
rate, gender, physical activity and, unsurprisingly, is similar
to their healthy peers. Energy intake should be sufficient to
maintain optimal growth and maintain ideal body weight
(3,6). About half of daily energy requirement should come
from carbohydrates as they are the main energy source
for the body. Foods containing carbohydrates are also
important sources of dietary fiber and some vitamins and
minerals (7,8). The American Diabetes Association (ADA)
recommends nutrient-dense carbohydrate sources that are
high in fiber and minimally processed, regardless of the
amount of carbohydrates in the diet. Both children and
adults with diabetes should be encouraged to minimize
intake of added sugars and instead focus on carbohydrates
from vegetables, legumes, fruits, dairy products (milk and
yogurt), and grains (4).

While the ADA makes no recommendation about the ideal
distribution of carbohydrates, proteins, and fats for all people
with diabetes (4), the International Society of Pediatric and
Adolescents Diabetes (ISPAD) suggests that, although the
optimal macronutrient distribution varies depending on
individualized targets of children and adolescents with type
| diabetes, carbohydrate should supply approximately 45-
55% of energy (3).

Since the energy needs of children and adolescents with
type 1 diabetes will increase with increased growth or
physical activity, the amount of carbohydrates that should
be taken will need adjustment. For example, if the daily
energy requirement of a 17-year-old boy who exercises
regularly is estimated to be 2,800 kcal/d, the recommended

carbohydrate intake is 315-385 gram/d (45-55% of energy),
while the recommended amount of carbohydrate for a girl
with a sedentary lifestyle at the same age is 180-220 g/d
(45-55% of energy) for 1600 kcal/d energy needs. Therefore,
when evaluating the daily carbohydrate intake of children
and adolescents with diabetes, not only the amount but
also the proportion of the energy they provide should be
considered.

The effectiveness of carbohydrate restriction in nutrition
therapy of type 1 diabetes has been an active and
controversial issue in recent years. With increasing media
attention about low-carb/carbohydrate-restricted diets,
healthcare professionals and people with diabetes and their
families can implement this approach as part of diabetes
management (9). If carbohydrate intake causes postprandial
glycemic excursions, “lower carbohydrate intake produces a
lower glycemic response or less insulin is better” beliefs are
accepted by some families and health care professionals.

The definition of a “low carbohydrate diet” varies. The ADA
defines a carbohydrate intake of <130 g/d or <26% of
energy from carbohydrates as a “low-carb diet”. Feinman et
al. (10) defined three categories of low-carbohydrate diets: (a)
25-50 grams carbohydrate/day or < 10% of the 2000 kcal/d
diet as a “very-low-carbohydrate ketogenic diet”; (b) <130
gl/day or <26 % total energy as “low-carbohydrate diet”; and
(c) “moderate carbohydrate diets” in which carbohydrates
are limited to 130-225 g per day or, 26-45% of total energy
intake. De Bock et al. (11) published a case series showing
that carbohydrate restriction in children with diabetes may
cause growth and developmental retardation and increase
the cardiovascular disease risk profile due to increased fat
intake. Lennerz et al. (12) reported that the height z-score
of 34 children who were on a low-carbohydrate diet for an
average of 2.3 years, which was 0.41 at diagnosis, decreased
to 0.2 after a low-carbohydrate diet. Franceschi et al. (13)
reported growth and developmental retardation in two
children who continued to be fed with a low-carbohydrate
diet (12% and 17 % of total energy) after the honeymoon
period. If the energy deficit caused by the low carbohydrate
intake is not compensated by increased fat and protein
intake, the reduction in total energy intake together with the
loss of body weight will result in a potentially negative effect
on growth in children and adolescents (14). Although low-
carbohydrate diets seem like a rational approach to lower
postprandial glucose levels, carbohydrate restriction is not
recommended in children and adolescents with diabetes
because of the evidence that this negative effect on growth
(3). In addition, low carbohydrate diets have the potential
to increase the risk of hypoglycemia and/or reduce the
effect of glucagon in the treatment of hypoglycemia (15).
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Excessive dietary restriction can contribute to impaired
glycemic control, causing binge eating disorders, and make
accurate insulin dose adjustment difficult. In addition,
low carbohydrate diets can cause social isolation during
mealtimes with peers (9,11). Given the increasing popularity
of low-carb diets for improving glycemic control among
children and adolescents with type 1 diabetes, diabetes
team members should inform them and their families on
medical and psychosocial risks of these diets and investigate
the reasons to follow a low-carbohydrate diet (3,9).

Can a Low Glycemic Index Food be Freely Consumed in the Diet?

The glycemic index (Gl) is defined as the ratio of the glycemic
response of the test food containing 50 g carbohydrate
within 2 hours to the reference food (glucose or white bread)
containing the same amount of carbohydrate. Foods are
classified as low (0-55), medium (56-69), and high (=70) Gls
(16). There are various factors that affect the GI of a food.
Physical characteristics of the food (grated, pureed, squeezed
juice), degree of ripeness, degree of food processing, type of
starch (amylose/amylopectin ratio, resistant starch), method
of preparation (cooking method, time), presence of other
nutrients (fat, protein) or non-nutrient components (phytate,
lectin, tannin, phenolic compounds, a-amylase inhibitors,
some organic acids, saponin) affect the Gl of foods. Contrary
to popular belief, the GI value decreases as fruits ripen.
Unripe fruits have a higher starch and lower sugar content,
while ripe or over-ripe fruit typically have a lower starch and
higher sugar content (17). Another method used to predict
the postprandial glucose response is the concept of Glycemic
Load (GL). The GL takes into account both the Gl and serving
size of a carbohydrate-containing food. The GL of the meal
can be classified low (0-10), medium (11-19), and high (>20)
depending on the portion of consumed foods. GI and GL
should be evaluated together in achieving good metabolic
control. A low GI value of a food does not mean that it is a
healthy food, similarly, a high GI value of a food is not proof
that it is unhealthy food. Although chocolate (GI=40) is a
low GI food, it should not be consumed freely in the diet.
One carbohydrate exchange of watermelon (15 g), which
is a high GI fruit (Gl =72), is 220 grams. If half, one, and
two exchanges are consumed, it causes low, medium, and
high GL in the diet, respectively. Therefore, carbohydrate-
rich foods should be evaluated according to the type
of carbohydrate and the amount consumed. In a study
conducted on children with diabetes in which the effects
of diet quality and macronutrient distribution on glycemic
control was found that both general diet quality (natural
sugar, fiber, low GI, low saturared fat) and macronutrient
distribution were associated with optimal glycemic control
(18). The use of GI provides additional benefit to glycemic
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control, when total carbohydrate is considered alone.
In type 1 diabetes, the Gl concept should not be used in
isolation but should be used with a carbohydrate assay
method. In a controlled study in children using low-GlI
foods instead of high-GI foods, a lower GI diet was found
to improve glycemic control after 12 months compared to
a higher GI diet. In clinical practice, Gl is used as a tool to
minimize postprandial glucose excursions and to enhance
the quality of the diet (3). In practice the mismatch between
the rapid glucose absorption due to consumption of a high-
GI meal and the relatively delayed action of subcutaneous
insulin may be difficult to overcome. Therefore, there are
some recommendations for adjusting prandial insulin
doses according to the GI of foods. Increasing the prandial
insulin dose is not a solution to reduce the rapid rise in
blood glucose after high GI food consumption and may
increase the risk of hypoglycemia. In addition, it may lead
to excessive insulinization in the postprandial period. In
this case, bolus insulin 15-20 minutes before a meal or the
use of the “Super bolus” option in those receiving insulin
pump therapy is recommended to provide a better match
between insulin action and glucose absorption following
consumption of foods with a high GI (19).

How should the Nutrition Program be Arranged for Adolescents
with Type 1 Diabetes Who want to Fast during Ramadan?

As per Islamic rules, all healthy adolescents and adults
can fast during Ramadan, but those who think that fasting
will adversely affect their health and have a chronic illness
are exempt from fasting. However, despite being aware of
the potential complications, many adolescents with type
1 diabetes fast during Ramadan to match their peers and
avoid social stigma. This poses a challenge for pediatric
diabetes teams to ensure blood glucose regulation of
adolescents with type 1 diabetes who wish to fast during
Ramadan (20,21).

There are limited studies focusing on Ramadan fasting of
adolescents with type 1 diabetes (22,23). The lack of pre-
fasting assessment and appropriate/adequate diabetes
education in adolescents with type 1 diabetes are considered
to be major barriers to “safe Ramadan fasting” (24,25). In
the consensus report published in 2020, ISPAD stated that
adolescents with type 1 diabetes can fast on the condition
that they receive education related to fasting before the
month of Ramadan with their families (20).

Pre-Ramadan fasting focused diabetes education should
include: 1) emergency management of hypoglycemia,
hyperglycemia and diabetic ketoacidosis and adjustment
of nutrition, physical activity, and insulin adjustment; ii)
medical assessment, including assessment of hypoglycemia
awareness; iii) optimization of glycemic control to reduce
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potential risks associated with fasting and minimize glucose
fluctuations; and iv) frequent blood glucose monitoring or
continuous glucose monitoring systems and interpretation
of results. However, adolescents with type 1 diabetes
wishing to fast should be counseled on the permissibility
and necessity of interventions that disrupt the integrity
of the skin for blood glucose level monitoring and insulin
injection during fasting (20,21).

To ensure the safety of young people who are planning to
fast, it is essential to evaluate nutrition therapy and provide
advanced nutrition education before Ramadan. In addition,
an individualized medical nutrition therapy should be
created according to the energy needs of the adolescent,
the foods commonly consumed in Ramadan, the timing
of sahur and iftar meals, insulin, and exercise regimen.
To help prevent hypoglycemia and hyperglycemia, food
consumption should be constantly monitored by adjusting
the appropriate insulin dose during Ramadan. It should
be recommended to consume liquids, such as water or
unsweetened beverages, at regular intervals during non-
fasting hours to prevent dehydration. Meals should include
low-GI carbohydrate sources, vegetables, fruit, yogurt,
and protein sources such as lean meat, chicken, and
fish. The quality and quantity of foods consumed during
Ramadan should be carefully monitored to prevent acute
complications, excessive body weight gain, and adverse
changes in lipid profile. Therefore, sweets and fried foods
should be limited, sugary foods and beverages should be
avoided, and mono-unsaturated and polyunsaturated fats
should be used instead of saturated fats in cooking. Sahur
(the pre-dawn meal) should be eaten as late as possible to
reduce the duration of fasting during the day. Hypoglycemia/
hyperglycemia can be prevented by accurate carbohydrate
counting at sahur and iftar meals. Preprandial bolus insulin
should be preferred to insulin administered during or after
meals, and consistency in carbohydrate intake should be
ensured for those who inject insulin twice daily. Consistent
snacking throughout the night between iftar and sahur
should be avoided (20,21).

When should the Fat and Protein Content of the Meal be
Considered? How should the Insulin Dose be Adjusted in High-fat
and High-protein Meals?

Postprandial hyperglycemia, plays a significant role in the
emergence of late macrovascular complicationsinindividuals
with diabetes. Recent studies with type 1 diabetics receiving
intensive insulin therapy show that high-protein or high-fat
foods affect blood glucose levels and the peak time of blood
glucose in the long term, especially in the postprandial
6-hour period (26,27). While protein affects the blood

glucose at a minimum level in the presence of sufficient
insulin, it increases the glucose level rapidly through the
gluconeogenesis pathway in insulin deficiency (28). In a
study investigating postprandial glycemia in children using
intensive insulin therapy and consuming low-protein (5 g)
and high-protein (40 g) meals with a fixed carbohydrate
content, it was reported that after a high-protein meal high
glycemic excursions occurred for the first postprandial 3-5
hours and increased insulin requirement. In the same study,
it was found that a high protein meal reduced the risk of
hypoglycemia (29). A high-fat meal, on the other hand,
decreases the postprandial glucose response in the early
period (2-3 hours), delays stomach emptying and results
in a later timing of peak postprandial glucose (postprandial
>3 hours) (28,30,31). A high-fat meal is usually defined as a
meal containing more than 40 grams of fat, while a high-fat
and high-protein meal is often defined as a meal containing
more than 40 grams of fat and 25 grams of protein (19,32).
In a systematic review, it was stated that when 35 g fat was
added to the meal, there was an increase in blood glucose of
2.3 mmol/L, while the insulin requirement doubled when 50
g fat was added (19). Thus, there is increasing evidence that
the effect of the fat and protein content of a meal should
be taken into account in determining the bolus insulin dose
and mode of administration (29,33,34,35,36). Pankowska
et al. (33) developed an algorithm for protein and fat
counting in 2003 (37) and this algorithm has been tested in
many studies. However, in some clinical studies conducted
using the Pankowska algorithm, hypoglycemia (~70 mg/
dL) was observed, especially in the postprandial 6-8 hour
period and therefore this method may be insufficient to
manage meals containing high-fat and high-protein (32,38).
To provide postprandial normoglycemia after consumption
of high-fat and high-protein meals, the preprandial insulin
dose should be adjusted according to the amount of fat and
protein as well as carbohydrates. However, there is still no
simple and easy-to-use insulin dose calculation algorithm
for fats and proteins (4). ISPAD guidelines recommend a 15-
20% increase in the prandial bolus dose adjusted for the
carbohydrate amount of the meal for a controlled starting
point (3). However, the glycemic response to high-fat and
high-protein meals shows individual variation. Therefore,
in clinical practice, individualized modifications should be
made by evaluating each diabetic individual’s blood glucose
diaries and food consumption records together (39).

What are the Possible Solutions for the Nutritional Problems
Encountered in Preschool Children with Type 1 Diabetes?

Lifestyle choices and food preferences in the pre-school
period provide an opportunity for children to acquire
healthy habits that will be maintained throughout their life.
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Variable or inconsistent appetites, unpredictable food
preferences, and food refusal in preschoolers with type
I diabetes often make mealtimes difficult for parents/
caregivers. In addition, the lack of ability of daytime
caregivers (nursery staff, grandparents, etc.) to determine the
amount of carbohydrates intake and fear of hypoglycemia
can result in force-feeding, grazing continually through
the day, and postprandial insulin administration, causing
prolonged periods of hyperglycemia (40). Poor glycemic
control is notable in children who have irregular eating
behavior and frequent meals (41).

Family-centered meal times are important in establishing
healthy eating behaviors, preventing frequent feeding of the
child throughout the day, and supporting the consumption of
new foods. In addition, it reduces the risk of cardiovascular
disease by improving glycemic control (40,42).

It cannot be overemphasized that nutritional behavior and
food choices acquired in the pre-school period will be carried
over to adulthood. Therefore, family members should be
encouraged to increase the consumption of vegetables
and fruits and reduce the intake of saturated fatty acids in
the child with diabetes in the early stages, and necessary
initiatives should be taken in this regard (43).

Preschool children should be offered regular meals that
include healthy food choices, constant snacking should
be prevented and they should start the meal hungry. The
prandial insulin administration time is also important.
Preprandial bolus insulin should be preferred to insulin
administered during or after meals and should be routinely
recommended for all preschool children with diabetes.
However, in children consuming inconsistent amounts of
food or when new foods are introduced to the child, the
bolus insulin dose may be split between preprandial and
meal times (19,40). During the pre-school period, age-
specific, family-centered nutrition education should be
given to parents/caregivers by a pediatric diabetes dietitian
to achieve metabolic goals. In addition, appropriate glucose
monitoring should be provided with flexible insulin therapy
accompanied by carbohydrate counting.

Should Children and Adolescents with Type 1 Diabetes without a
Diagnosis of Celiac Disease Follow a Gluten-free Diet?

Due to the increased incidence of celiac disease in children
diagnosed with type 1 diabetes, some parents may prefer
a prophylactic gluten-free diet to reduce the risk of celiac
disease. However, there is currently no scientific evidence
that a gluten-free diet can prevent type 1 diabetes or reduce
the risk of developing celiac disease in children with type
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1 diabetes. On the contrary, this approach can cause some
difficulties the diabetes management of children with
type 1 diabetes (44). Although the macronutrient content
of gluten-free foods is different compared to their gluten-
containing counterparts, they often have low fiber and
protein content, and high carbohydrate, fat, and GI values
(45). In children diagnosed with type 1 diabetes and celiac
disease, glucose peaks may be higher in a shorter time (46).
For this reason, insulin dose and time should be determined
by the macronutrient content of gluten-free foods (19,47).
In addition, it is important to give detailed nutritional
counseling to individuals with diabetes who have been
diagnosed with celiac disease. Some gluten-free products
may contain very low carbohydrates, so administering
standard insulin doses can lead to severe hypoglycemia.
Label information of packaged products must be accurate
and must be read and evaluated correctly (47,48).

There is no evidence to support the benefits of a gluten-
free diet in individuals without celiac disease or gluten
intolerance. Furthermore, gluten consumption is necessary
to avoid false negative results on celiac disease testing and
thus enables an appropriate diagnosis in those children
with diabetes who may develop celiac disease in the future.
Therefore, the gluten-free diet should not be a medical
recommendation for children and adolescents with type 1
diabetes (44,49,50).

Conclusion

Individuals with type 1 diabetes merit better, higher-quality
research evidence about what their optimal nutrition therapy
should be. Current evidence suggests that the meal plan
should be individualized to meet the needs of each person
with diabetes, taking into account their lifestyle, habits, socio-
economic factors, cultural backgrounds, and motivations.
The guidance about lifestyle change and support needed
requires teamwork involving an endocrinologist, dietitian,
nurse, and psychologist. Diabetes team members should
use a common language for treatment and management
strategies should adapt to the metabolic goals, wishes, and
use of diabetes technologies of the diabetic individual.
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What is already known on this topic?

Diabetes-induced hearing loss is considered a progressive sensorineural hearing loss with a gradual onset typically occurring at high
frequencies (HFs). However, studies investigating extended HFs (EHFs) in pediatric patients with type 1 diabetes (T1D) are limited.

What this study adds?

There was a higher prevalence of hearing loss at EHFs in children with T1D, although the patients did not complain of hearing loss.
This finding highlights the need for auditory evaluation of children with T1D to be performed both at the frequency range used in
conventional audiometry and at EHFs.

Abstract

Objective: Type 1 diabetes (T1D), one of the most common childhood diseases worldwide, can cause hearing loss through systemic
effects. Diabetes-induced hearing loss is considered a progressive sensorineural hearing loss with a gradual onset, typically occurring
at high frequencies (HFs). Extended HF (EHF) hearing sensitivity in children with T1D who did not complain of hearing loss was
investigated as an early marker for hearing loss at the standard/conventional frequency range of hearing.

Methods: Forty-two children (21 with T1D and 21 healthy controls) were evaluated in a case-control design. Conventional and EHF
(14,000, 16,000, and 18,000 Hz) audiometry were performed. The diabetes group underwent routine blood biochemistry and glycated
hemoglobin Alc measurements. The data were analyzed by the Student’s t-test, Mann-Whitney U test, chi-square test, and logistic
regression analysis.

Results: The mean hearing thresholds were significantly higher (p <0.05) in the diabetes group than in controls at 500, 2,000, 4,000,
and 8,000 Hz [all < 15 decibel hearing level (dB HL)]. The number of ears with thresholds > 15 dB HL at 14,000-18,000 Hz but <15 dB
HL at 500-4,000 Hz was significantly higher in the diabetes group than in the control group (p = 0.049).

Conclusion: Children with diabetes showed normal hearing thresholds within the conventional audiometric frequency range but they
had higher hearing thresholds during EHF audiometry when compared with controls. Audiometry in these children should be performed
using frequencies above 8,000 Hz combined with the conventional frequency range. EHF audiometry may be an effective method for
identifying subclinical hearing loss in children with diabetes. Thus, diabetic children with an EHF mean hearing threshold above 15 dB
HL should be monitored more closely in terms of blood glucose regulation to prevent diabetes-related hearing loss at the conventional
frequency range.
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Introduction

Type 1 diabetes (T1D) is one of the most prevalent long-term
diseases of childhood worldwide. The young population
with documented T1D in Turkey represents ~3% of the
approximately 500,000 T1D cases worldwide (1). Diabetes
is a chronic disorder of carbohydrate metabolism induced
by absolute or relative insulin deficiency that impedes
several organ systems. The multiorgan effects of diabetes
include microangiopathy and/or neuropathy throughout
the disease duration (2). Hearing impairment and loss of
balance due to neuropathy and angiopathy are well-known
clinical manifestations in both type 1 and type 2 diabetes
(3,4,5,6). Neuropathy, vascular thrombosis, and arteriolar
spasm, gradually developing in patients with diabetes,
can cause loss of hearing (3,5,6,7). Diabetes-induced
hearing impairment is characterized by a moderate loss
of sensorineural hearing involving a lack of perception of
high-frequency sounds; it affects both ears and leads to
progressive hearing loss (5,6,8).

Although the underlying mechanism remains controversial,
it is suggested that microangiopathy could lead to hearing
loss in diabetic patients (9,10). Another potential mechanism
involves changes in glucose metabolism (11). It is assumed
that excess free oxygen radicals, formed because of
nonenzymatic glycation in individuals with diabetes, may
cause toxicity in the outer hair cells of the ears, eventually
leading to hearing loss.

Previous studies on the presence, pattern, and severity of
hearing loss and its relationship with metabolic control in
patients with diabetes were inconclusive (12) and mostly
involved adults with type 2 diabetes. To date, only a limited
number of studies have documented marked hearing loss
in young patients with T1D, particularly children with a
relatively short disease duration (13). Hearing loss in adult
patients with diabetes could be related to aging rather than
solely to diabetes-induced neurovascular degeneration,
whereas hearing loss in children with TID most likely
reflects the primary effects of diabetes (14). In their 2017
meta-analysis, Teng et al. (15) revealed a relationship
between T1D and auditory dysfunction and reported that
although hearing loss is mild and subclinical in T1D, the
probability of hearing loss is higher compared with that in
controls.

A young, healthy individual can often hear pure tones up
to approximately 20 kHz. However, clinical audiometry,
the gold standard for detecting hearing loss, typically
measures tonal sensitivity up to 8 kHz (16). This suggests
that achieving a normal pure-tone hearing threshold on
an audiogram does not mean that there is no pathology
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in the cochlea or the central auditory nervous system (17).
Therefore, conventional pure-tone audiometry should be
complemented by extended high-frequency (EHF) (> 8 kHz)
audiometry (17,18,19) to achieve an accurate diagnosis for
people with a normal conventional audiogram who have
listening difficulties or people with history of noise exposure
and/or disorders that affect basal regions of the cochlea, such
as T1D. This type of audiometry may be useful in the early
diagnosis of hearing loss in certain situations, such as the
ototoxic effect of cisplatin-based treatment, noise exposure,
or oral misunderstanding, especially in noisy environments
(20) and with T1D. EHF hearing is important for our
understanding of speech in noise (17), potentially affecting
academic success in school-age children. Therefore, EHF
audiometry could also be a useful tool for the early diagnosis
of hearing impairment in childhood (18,19). To date, only
one study has investigated EHFs in children with T1D (21).
The main difference between this and the present study is
identification of diabetic children with subclinical hearing
loss by using different frequency ranges, especially EHFs.
Thus, we tested the diagnostic value of EHF audiometry in
diabetic children.

Methods

This study was approved by the Ethics Committee of
Trakya University and was conducted as per the tenets
of the Declaration of Helsinki (decision no: 07/08, date:
13.04.2020). Informed consent was obtained from all
subjects and their parents.

Participants

Forty-two children (84 ears from 21 patients with T1D and
21 healthy controls) were included. All subjects were aged
5-18 years and the study had a case-control design. Diabetic
children were recruited from the pediatric endocrinology
department, and the control group comprised healthy
children who were referred to our center for an auditory
evaluation for a school/course application. Our primary
inclusion criterion for children in both groups was the
absence of complaints of hearing loss. The exclusion criteria
were any middle ear pathology, such as acute/chronic otitis
media and otosclerosis, or history of middle ear surgery,
ototoxic medication use, known family history of hearing
loss, severe febrile illness, or previous head trauma.

A detailed pediatric and ear-nose-throat (ENT) physical
examination was performed in both groups. Weight and
height were measured and used to calculate body mass
index (BMI) using the standard formula. Systolic/diastolic
blood pressure (BP) was measured, and individuals with BP
in the 95" percentile or higher were considered hypertensive
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(22). For the diabetes group, we collected baseline venous
blood samples after a 12-hour fasting period to determine
the levels of fasting blood glucose, urea nitrogen, creatinine,
total cholesterol, triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and glycated hemoglobin (HbAlc). HbAlc values
under 7.5% were considered to indicate good metabolic
control, values of 7.5-9.0% indicated moderate metabolic
control, and those above 9% indicated poor metabolic
control (23). Dyslipidemia was diagnosed if one or more
of the following parameters were met: LDL-C >2.6
mmol/L, HDL-C < 1.1 mmol/L or TG >1.5 mmol/L (24).
Microalbuminuria was defined as an albumin excretion rate
of 30-300 mg/24 hours in 2 out of 3 early morning urine
samples within 3-6 months of the first positive urine test
(25). Tests were performed for vibration, pressure sensation,
and proprioception to screen for diabetic polyneuropathy. A
retinal examination was performed by an ophthalmologist
in the diabetes group.

Audiological Evaluations

Otoscopic examination of all children was performed by
the same ENT physician. Children with bilaterally normal
otoscopic examination were included in the study, and
audiological evaluations were made. The same audiologist
performed the audiological tests in all children, which
included pure-tone audiometry and tympanometry.
Tympanometry and acoustic reflex testing were performed
using an Interacoustics AZ26 (Interacoustics, Assens,
Denmark) impedance audiometer. In  immittance
measurements, middle ear pressures and acoustic reflexes
were measured with a probe tone of 226 Hz and an intensity
of 85 dB sound pressure level. In the automatic evaluation,
pressure between + 200 daPa and -400 daPa was applied,
and tympanogram types of all children were obtained. Both
ipsilateral acoustic reflex and contralateral stapes reflex
thresholds were evaluated as present/absent. Pure-tone
audiometry was performed in a sound-treated booth using
an Interacoustics AC40 (Interacoustics, Assens, Denmark)
audiometer and Telephonics TDH-39P (Telephonics, USA)
earphones. Children with normal tympanic membranes,
type A tympanogram [Jerger et al’s (26) classification],
ipsilateral and contralateral stapes reflexes (at 1 kHz) within
normal limits, and without conductive hearing loss on
audiogram were included in the study, as long as they did
not have middle ear pathology. Air and bone conduction
were tested at frequencies of 250-8,000 Hz and 250-4,000
Hz, respectively. An air-bone gap over 10 dB HL is defined
as conductive hearing loss. Children with an air-bone gap
at any frequency above 10 dB HL were excluded. Children
with an airway threshold average above 20 dB HL at speech

frequencies (SF) of 500-4,000 Hz in the audiogram were
also excluded from the study. In addition to using the 250-
8,000 Hz frequency range in conventional audiometry, we
performed auditory evaluations at EHFs of 14,000, 16,000,
and 18,000 Hz in all children included in the study. Koss R/80
(Koss Co., USA) earphones were used for high-frequency
audiometry. Pure-tone audiometry measurements were first
performed at the conventional frequency range, followed by
the EHF range. The ascending method was used to obtain
the pure-tone audiometry thresholds (27). The step size used
to measure the threshold was 5 dB. This step size provides
the opportunity to obtain the hearing threshold more
quickly and to control the accuracy of the threshold in most
children with normal hearing (28). Special care was taken
with each of the young participants as they could potentially
become bored, and they were given breaks if necessary.
Patients who recorded thresholds above 15 dB HL in the
conventional pure-tone audiogram were considered to have
hearing loss (18,19). Based on previous studies, we also
performed statistical evaluations using a threshold value
of 15 dB HL for EHFs (18,19). While analyzing the hearing
measurements, the threshold values for each measured
frequency and the pure-tone average threshold values of
some frequency ranges (500-4,000 Hz as the human SF
range; 4,000-8,000 Hz as the high frequency (HF) range;
14,000-18,000 Hz as the EHF range) were computed and
used to reveal the exact frequency range that could be more
predictive as a diagnostic approach.

Whether there was sensorineural hearing loss at the EHF
in the diabetes group compared with the control group was
investigated. The age at the time of diagnosis, duration
of disease, HbAlc values, and data on microalbuminuria,
dyslipidemia, retinopathy, and neuropathy were evaluated
to investigate whether the potential sensorineural hearing
loss in the diabetes group was related to metabolic control
of TID.

Statistical Analysis

The Shapiro-Wilk test was used to evaluate the normality
of distribution of quantitative variables. Mean + standard
deviation was used as descriptive statistics for normally
distributed quantitative data, median (minimum-maximum)
values were used for non-normally distributed quantitative
data, and numbers (%) were used for categorical variables.

The sample size was calculated as 36 ears for each group
based on an effect size of 0.873 at 16,000 Hz frequency (21)
with an alpha level of 5% and power of 95% . Considering
the possibility of missing data, we included 42 ears in each

group.
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The Student’s t-test was used to compare normally
distributed quantitative data (age and BMI) between the
diabetes and control groups and the Mann-Whitney U test
to compare non-normally distributed quantitative hearing
thresholds and HbA1c (%) between groups (healthy controls
vs diabetes, disease duration <5 vs. 25 years). Comparison
of mean hearing thresholds among frequency ranges was
done using the Freidman test. The Pearson chi-square, Yates
correction, and Fisher’s exact tests were used as appropriate
to compare categorical data (hearing thresholds > 15 vs.
<15 dB HL) between the groups. Potential confounders
were analyzed by logistic regression analysis with the enter
method. A value of p<0.05 was considered statistically
significant. Statistical analysis was done with Statistical

Package for the Social Sciences (SPSS) version 20.0 (IBM
SPSS Statistics for Windows, version 20.0. Armonk, NY: IBM
Corp.).

Results

The general characteristics of the study population are given
in Table 1. Both groups were similar in terms of age, gender
distribution, and BMI.

Table 2 summarizes the audiometric test results. When the
mean differences in frequency-specific hearing thresholds
were analyzed after performing the auditory evaluations
using both conventional and EHF methods, it was found that

Table 1. General characteristics of study groups

Diabetes (n =42 ears) Control (n =42 ears) p
Age, years 11.9+2.6 11.3+2.6 0.448
Sex (male/female) 22120 20/22 1.000
BMI, kg/m? 19.1+£3.1 184+2.0 0.302
BMI SDS -0.030 £ 1.105 -0.162 +£0.721 0.529
HbAlc 9.22+1.56 - -
Microalbuminuria, yes 4(9.5%) - -
Dyslipidemia, yes 16 (38.1%) - -
Disease duration, years 5.19+£2.78 - -
Mean age at the time of diagnosis, years 6.76 £3.17 - -

BMI: body mass index; BMI SDS: BMI standard deviation score, HbA1c: glycated hemoglobin

Table 2. Hearing thresholds (dB HL) of ears and the number of ears with a threshold value above 15 dB HL at each frequency

in the diabetes and control groups

Frequency (Hz) dB HL Diabetes (n =42 ears) Control (n =42 ears) p
250 Mean + SD 11.6+4.2 11.6+5.0 0.924
>15 5(11.9%) 7(16.7%) 0.755
00 Mean + SD 12.0+4.8 9.0+£3.1 0.002
>15 409.5%) 0(0.0%) 0.116
| 000 Mean + SD 7.3+4.8 6.0+23 0.327
’ >15 409.5%) 0(0.0%) 0.116
Mean + SD 8.0+4.5 54+2.1 <0.001
2,000
>15 2 (4.8%) 0(0.0%) 0.494
4,000 Mean + SD 89+5.2 55+1.6 <0.001
>15 3(7.1%) 0(0.0%) 0.241
Mean + SD 11.9+5.6 6.6+3.0 <0.001
8,000
>15 7(16.7%) 0(0.0%) 0.012
Mean + SD 85+12.9 7.2+5.4 0.081
14,000
>15 6 (14.3%) 3(7.1%) 0.483
Mean + SD 11.0+15.0 85+7.3 0.103
16,000
>15 11 (26.2%) 6(14.3%) 0.277
Mean + SD 103+ 11.0 7.2+5.0 0.993
18,000
>15 12 (28.6%) 2(4.8%) 0.008

dB HL: decibel hearing level, SD: standard deviation.
n (%)
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the diabetes group had higher mean hearing thresholds than
the control group at all frequencies except 250 Hz; however,
all the children’s mean hearing thresholds were under 15
dB HL. The mean thresholds of both groups were equal at a
frequency of 250 Hz. The higher mean hearing thresholds in
the diabetes group were statistically significant only at 500,
2,000, 4,000, and 8,000 Hz (Table 2). Table 2 also shows
the number of ears with hearing thresholds above 15 dB HL
at each frequency in the diabetes and control groups. The
number of ears with a threshold value above 15 dB HL was
significantly higher in the diabetes group than in the control
group at frequency ranges of 8,000 Hz (p=0.012), 18,000
Hz (p=0.008), and 14,000-18,000 Hz (p=0.023, Tables 2
and 3). There was no significant between-group difference
in the number of ears with mean hearing threshold values
above 15 dB HL at the 500-4,000 Hz frequency range
(p=0.241, Table 3). Although there was no ear with a mean
hearing threshold value above 15 dB HL at this frequency
range in the control group, there were three ears with
threshold values above 15 dB HL in the diabetes group, all
of which were <20 dB HL (Table 3).

Table 3 shows hearing thresholds and the number of ears
with a threshold value above 15 dB HL at different frequency
ranges. It was found that the mean hearing thresholds at the
SF (500-4,000 Hz), HF (4,000-8,000 Hz), and EHF (14,000-
18,000 Hz) ranges were higher in the diabetes group than in
the control group, but they were statistically significant only
in the SF and HF ranges.

Table 4 shows the number of ears with a normal hearing
threshold (<15 dB HL) at the SF range but above 15 dB HL

at the HF and EHF ranges in both the diabetes and control
groups. According to conventional SF test results, 39 ears in
the diabetes group and 42 ears in the control group were
within normal limits. However, extending the audiometry
to EHF in these healthy ears revealed that 10 (25%) ears
in the diabetes group and 3 (7 %) ears in the control group
had subclinical hearing loss. Additionally, mean hearing
thresholds at the EHF range (25.7+9.3 dB HL) were
significantly higher in the diabetes group (n=10) compared
with the mean hearing threshold at the SF range (8.8 + 2.8
dB HL; p=0.005). In the control group (n=73), there was
no significant difference between mean hearing thresholds
at the EHF (22.2+6.9 dB HL) and those at the SF range
(10.8+4.0 dB HL; p=0.109).

To evaluate the role of age in the hearing thresholds of
children with T1D, the correlation of hearing thresholds
at each frequency with age was investigated. A significant
positive correlation was found between age and threshold
values at 8,000 Hz in the diabetes group (r=0.460;
p=0.036). There was no significant correlation between
mean hearing threshold and age at other frequencies. In the
control group, there was no significant correlation between
age and hearing thresholds at any frequency (data not
shown).

Table 5 gives a comparison of the median hearing thresholds
of patients with T1D at each frequency based on disease
duration. In the diabetes group, the mean duration of disease
for TID was 5.19 +2.78 years. Mean hearing thresholds at
250, 500, 2,000, 4,000, 500-4,000, and 4,000-8,000 Hz
were significantly higher in patients with a disease duration

Table 3. Hearing thresholds (dB HL) and the number of ears with a threshold value above 15 dB HL of ears at different frequency

ranges in diabetes and control groups

Pure-tone audiometry dB HL Diabetes (n =42 ears) Control (n =42 ears) p
Speech frequency (500-4,000 Hz) Mean + SD 9.1+£3.7 6.5+1.8 <0.001
>15n (%) 3(7.1%) 0(0%) 0.241
Mean + SD 10.4+49 6.1+2.0 <0.001
High frequency (4,000-8,000 Hz)
>15,n (%) 5(11.9%) 0(0%) 0.055
Mean + SD 10.0+12.1 7.6+52 0.385
Extended high frequency (14,000-18,000 Hz)
>15,n (%) 12 (28.6%) 3(7.1%) 0.023

dB HL: decibel hearing level, SD: standard deviation

Table 4. The number of ears with normal hearing threshold (<15 dB HL) at speech frequency range but above 15 dB HL at high

and EHF ranges

Diabetes (n =39)

Hearing loss at high frequency (4,000-8,000 Hz) (> 15 dB

Hearing loss at EHF (14,000-18,000 Hz)

HL) (>15 dB HL)
Control (n =42) p Diabetes (n =39) Control (n =42) P
Speech frequency <15 dB HL 2(0B.1%) 00%) 0.229 10 (25.6%) 3(7.1%) 0.049

(500-4,000 Hz)

dB HL: decibel hearing level, EHF: extended high frequency.
n (%)
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of 25 years compared with those with a disease duration of
<5 years (Table 5).

The mean HbA1c value of all diabetic children included in
the study group was 9.22 + 1.56 % . A subgroup analysis was
performed based on HbA1c and compared the HbA1c values
between patients with or without hearing loss at all tested
frequencies (Table 6). It was found that those with thresholds
above 15 dB HL at 2,000 and 4,000 Hz also had significantly
higher HbAlc (p <0.05). Among the patients with a normal
hearing result in the conventional SF range, the mean
HbA1c value was higher in patients with a hearing threshold
> 15 dB HL at the EHF range compared with patients with
a hearing threshold <15 dB HL at the EHF range (9.47 %
vs. 8.94%, respectively). However, this difference failed

to reach significance (p=0.421). In addition, a correlation
analysis was performed between HbA1c and mean hearing
threshold at different frequency ranges. No significant
correlation was identified (Supplementary Table 1).

When patients were grouped according to HbAlc values
(see Methods section), the frequency of hearing thresholds
above 15 dB HL at 500 Hz was significantly higher in the
group with moderate metabolic control than in the good and
poor control groups (p=0.005). There was no significant
difference at other frequencies. The percentage of diabetic
patients with good, moderate, or poor metabolic control was
compared among the hearing threshold groups at different
frequency ranges (Figure 1; p>0.05).

Table 5. Comparison of the median hearing thresholds (dB HL)

disease duration

of patients with type 1 diabetes at each frequency based on

Disease duration p*

Frequency <5 years (n=11) >5 years (n=10)

250 Hz 10 (5-15) 15 (10-20) 0.045
500 Hz 10 (5-15) 15 (10-25) 0.005
1000 Hz 5 (5-10) 5 (5-20) 0.690
2000 Hz 5 (5-5) 7.5 (5-20) 0.009
4000 Hz 5 (5-10) 10 (5-25) 0.014
8000 Hz 10 (5-20) 12.5 (10-25) 0.081
14000 Hz 5 (0-50) 0 (0-45) 0.681
16000 Hz 5 (0-55) 2.5 (0-40) 0.556
18000 Hz 10 (0-30) 10 (0-30) 0.856
500-4000 Hz 6.25 (5.25-7.5) 10 (6.25-18.75) 0.002
4000-8000 Hz 7.5 (5-15) 10 (7.5-25.5) 0.017
14000-18000 Hz 6.67 (0-45) 6.67 (0-38.3) 0.774

dB HL: decibel hearing level.
“Mann-Whitney U test, median (minimum-maximum).

Table 6. Comparison of the HbA1c values of patients with type 1 diabetes based on their hearing thresholds at each frequency

Frequency Hearing <15 dB HL Hearing > 15 dB HL p*

250 Hz 9.2 (6.9-12.6) 8.4 (8.0-12.6) 0.938
500 Hz 9.2 (6.9-12.6) 8.4 (8.0-8.5) 0.230
1000 Hz 9.2 (6.9-12.6) 8.4 (8.0-12.6) 0.864
2000 Hz 9.05 (6.9-11.8) 12.6 (12.6-12.6) 0.018
4000 Hz 8.9 (6.9-11.8) 12.6 (9.6-12.6) 0.024
8000 Hz 9.2 (6.9-11.8) 9.3 (8.0-12.6) 0.457
14000 Hz 9.05 (6.9-12.6) 10.8 (8.0-12.6) 0.098
16000 Hz 8.9 (6.9-11.8) 11.0 (7.3-12.6) 0.063
18000 Hz 9.2 (6.9-11.8) 9.45 (7.3-12.6) 0.419
500-4000 Hz 9.2 (6.9-11.8) 12.6 (8.4-12.6) 0.096
4000-8000 Hz 9.2 (6.9-11.8) 9.6 (8.1-12.6) 0.243
14000-18000 Hz 9.05 (6.9-11.8) 10.4 (7.3-12.6) 0.112

HbA1c: glycated hemoglobin, dB HL: decibel hearing level.
"Mann-Whitney U test, median (minimum-maximum).
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In terms of mean hearing threshold <15 dB HL or > 15 dB
HL at each frequency measured, patients with and without
microalbuminuria and dyslipidemia were comparable.
Presence or absence of microalbuminuria and/or
dyslipidemia was not a distinguishing factor between the
patients who had hearing loss at different frequency ranges
(Figures 2 and 3; p>0.05). There were no patients with
retinopathy or neuropathy in the diabetes group.

The effect of potential confounders (age, BMI, disease
duration, and HbA1c) on hearing loss at different frequency
ranges (SF, HF, and EHF) of pure-tone audiometry was
analyzed by logistic regression, and no significant effect on
hearing loss was found (Table 7).

Discussion

The findings of this study imply that using EHFs during
audiometric evaluation in diabetic children may reveal
hearing impairment, which in turn may be evidence of
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Figure 1. Distribution of metabolic control groups based on
HbAlc levels (1: <7.5%;2: 7.5-9%; 3. >9%) among ears with
a hearing threshold > 15 or <15 dB HL at different frequency
ranges
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Figure 2. Distribution of microalbuminuria groups based on
diagnostic criteria among ears with a hearing threshold > 15 or
<15 dB HL at different frequency ranges
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Figure 3. Distribution of dyslipidemia groups based on diagnostic
criteria among ears with a hearing threshold > 15 or <15 dB HL
at different frequency ranges

dB HL: decibel hearing level, Yes: dyslipidemia present, No: dyslipidemia
absent

Table 7. The effect of potential confounders on hearing loss (> 15 dB HL) at different frequency ranges (speech frequency, high
frequency, and EHF) of pure-tone audiometry by logistic regression

Hearing loss at speech frequency

Hearing loss at high frequency

Hearing loss at EHF

Wald p OR (95% CI) Wald p OR (95% CI) Wald P OR (95% CI)
statistics statistics statistics
Age, years 1.07 0.302 0.57 (0.20-1.66) 0.93 0.334 0.78 (0.47-1.29) 2.53 0.112 0.75(0.52-1.07)
BMI (kg/m?) 1.24 0.266 0.10 (0-5.92) 0.73 0.392 1.16 (0.82-1.65) 1.84 0.175 0.77 (0.53-1.12)
Disease duration, years  1.21 0.271 0.48 (0.13-1.78) 0.01 0.934 1.02 (0.64-1.63) 1.19 0.275 1.24 (0.85-1.81)
HbAlc (%) 0.64 0.424 1.64 (0.49-5.49) 0.63 0.427 1.42 (0.60-3.40) 0.89 0.345 1.31 (0.75-2.28)

OR: odds ratio, CI: confidence interval, BMI: body mass index, HbAlc: glycated hemoglobin, dB HL: decibel hearing level, EHF: extended high frequency
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early changes related to hearing loss. Hearing impairment
in patients with diabetes has been investigated for several
years but previous studies on the presence, pattern, and
severity of hearing loss and its relationship with metabolic
control have been inconclusive (12). Diabetes-induced
hearing loss is considered a progressive sensorineural type
of hearing loss with a gradual onset typically occurring at
HFs (5,6,8). A higher prevalence of hearing loss in EHF was
found in the present study, although there was no complaint
of hearing loss in the children with T1D. Diabetic children
with an EHF mean hearing threshold above 15 dB HL should
be monitored more closely in terms of regulation of blood
glucose levels to prevent diabetes-related hearing loss.

In conventional audiometry, the air conduction pathway
is examined at 250-8,000 Hz and the bone conduction
pathway at 500-4,000 Hz. In our study, the mean hearing
thresholds of patients with T1D were higher than those of
the healthy controls. At frequencies of 500, 2,000, 4,000,
and 8,000 Hz, this difference was statistically significant but
the mean hearing threshold was not higher than 15 dB HL at
any frequency. Among diabetic patients, the number of ears
with a normal mean hearing threshold (<15 dB HL) at the SF
range but a mean hearing threshold above 15 dB HL at the
EHF range was significantly higher compared with that in
the healthy controls. Although the increase in mean hearing
thresholds at the EHF range was not significant in the
diabetes group compared with that in the control group, the
fact that the number of ears with a mean hearing threshold
<15 dB HL at the SF range but > 15 dB HL at the EHF range
was significantly higher in patients with T1D suggests that
these frequencies should be further investigated. These ears
might be overlooked when only conventional audiometry
frequencies are considered while analyzing EHFs could
contribute to early recognition of the pathogenetic process
already initiated in the inner ear in children with T1D.

Most previous studies on T1D and hearing used <8,000 Hz
pure-tone audiometry. Four studies used >8,000 Hz pure-
tone audiometry. Of these, only one was performed in the
pediatricage group (21), and the mean age of casesin the other
three studies was over 20 years (29,30,31). Abd El Dayem
et al. (21) performed pure-tone audiometry (250-18,000 Hz)
and transient-evoked otoacoustic emission (TEOAE). Similar
to our study, the thresholds in patients with diabetes were
higher than those in the controls at all frequencies. However,
significantly higher hearing thresholds were recorded at
8,000, 16,000, 17,000, and 18,000 Hz in the right ear and
at 4,000, 8,000, 16,000, 17,000, and 18,000 Hz in the left
ear. They found no significant difference between patients
with diabetes and controls at low and medium frequencies
<4,000 Hz. Their findings show significant decreases in the
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signal/noise ratio in TEOAE at 4,000 Hz in the right ear and
at 1,000, 1,500, and 4,000 Hz in the left ear in patients
compared with controls, suggesting cochlear pathology. The
authors concluded that audiometric evaluation at HF and
EHF could help detect underlying hearing impairments in
children with diabetes more effectively than conventional
audiometry and our results support this finding. In our study,
in frequency-based comparisons, we found a significant
increase in thresholds of diabetic children at 500, 2,000,
4,000, and 8,000 Hz, but we did not detect a significant
increase in EHE However, the mean hearing values at each
frequency in all of our cases were less than 15 dB HL. We
found a higher prevalence of hearing loss in EHF in type
1 diabetic children with clinically normal hearing. We paid
particular attention to the fact that all patients included in
the study did not have hearing loss complaints. In the study
of Abd El Dayem et al. (21), the average hearing thresholds
were higher than in ours. The lower mean age and mean
HbA1c value of our diabetic patients may have contributed
to this difference.

Two other studies (30,31) investigated auditory involvement
in adults with T1D. Dabrowski et al. (30) reported that the
mean hearing thresholds at frequencies of 3,000, 4,000,
6,000, 8,000, and 12,000 Hz were significantly higher in
patients with T1D. Malucelli et al. (31) also found that the
mean hearing values of both ears at 250, 500, 9,000, 10,000,
11,200, 12,500, 14,000, and 16,000 Hz in the patient group
were significantly higher than in the control group. They
also detected thresholds of under 20 dB at frequencies
<10,000 Hz and above 20 dB at frequencies >10,000 Hz.
Similar to our findings, Dabrowski et al. (30) found that all
mean thresholds were under 20 dB. Their report of higher
mean hearing thresholds could be attributed to the fact that
the mean age of patients in our study was 11.3 + 2.6 years,
whereas both abovementioned studies enrolled adults
aged over 25 years. In 1980, Osterhammel and Christau
(29) evaluated high-frequency hearing and stapedius reflex
thresholds at 250-20,000 Hz in 61 patients with insulin-
dependent diabetes, aged 20-50 years, and compared
their results with normative data of nondiabetic matched
controls. They reported that, unlike in our study, there was
no significant difference between the two groups in the
hearing and stapedius reflex thresholds.

Two meta-analyses revealed the relationship between T1D
and auditory dysfunction (14,15). In one study, the prevalence
of hearing loss was higher in patients with diabetes compared
with controls, even if the hearing impairment was mild and
subclinical (15). The other study reported that hearing loss
indicated subclinical microvascular damage and should
be recognized as equivalent to subclinical neuropathy,
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retinopathy, and nephropathy, which can require a stringent
treatment/management regimen to prevent late disease
complications (14).

Aiming to evaluate functional hearing and general
communication skills in school-age children with T1D,
Rance et al. (32) investigated both cochlear and auditory
neural function using auditory brainstem response (ABR),
pure-tone audiometry at 250-8,000 Hz, otoacoustic
emissions (OAEs), and behavioral testing techniques.
Although the hearing value was <15 dB in both groups,
the hearing thresholds of the patients were significantly
higher than those of the healthy controls. Furthermore,
these authors reported lower mean response amplitudes
in distortion product OAE (DPOAE) and decreased V-wave
amplitudes and prolonged 1-V waves in the ABR of the
patients. Additionally, their patients had impaired bilateral
speech perception in noisy environments, and their
perceptual ability and degree of neural deterioration in the
auditory brainstem were correlated. The authors concluded
that a functional hearing impairment that is severe enough
to limit communication and threaten academic progress is
common in school-age children with T1D and that standard
audiometry was not an effective screening method in their
population. We conclude that EHFs should be included
in the standard follow-up regimens of these children and
auditory screening tests in schools.

The relationship between hearing, duration of disease, and
other metabolic changes in patients with T1D remains
inconclusive. Comparison of diabetic patients with a disease
duration of greater than versus less than 5 years revealed
that hearing thresholds were higher in the group with
longer disease duration. Grouping patients based on HbAlc
levels enabled additional comparisons among patients
with various metabolic control. As indirect evidence from
Figure 1, we suggest that the presence of patients with good
metabolic control in EHF tests and absence of patients with
good metabolic control in conventional frequencies could
indicate the sensitivity of using EHF to detect hearing loss at
early stages. Abd El Dayem et al. (21) found that the rate of
failed OAE in patients with a disease duration of more than
10 years was significantly higher than those with a disease
duration of less than 10 years. However, they did not find a
significant relationship between hearing, disease duration,
and HbAlc at EHFs (16,000, 17,000, and 18,000 Hz).
Dabrowski et al. (30) reported that diabetes duration and
metabolic control were not related to hearing thresholds
and ABR results. Rance et al. (32) found no relationship
between the mean hearing level, age at the time of disease
onset, duration of disease, and HbAlc levels. However,

Mujica-Mota et al. (14) found that the duration of diabetes
contributed markedly to the development of hearing loss
and concluded that the relative risk increases over time. The
fact that the number, mean age, and duration of disease of
diabetic cases were higher in the studies included in Mujica-
Mota et al’s (14) meta-analysis than in other studies may
explain this difference.

Study Limitations

The most important limitation of our study was our inability
to perform other electrophysiological tests (OAE, ABR) to
evaluate hearing. Another limitation could be lack of other
extended frequencies, such as 10 and 12.5 kHz, which would
provide additional information. The relationship between
the metabolic control of T1D and hearing loss remains
controversial, and future studies using electrophysiological
tests in addition to pure-tone audiometry on a greater
number of pediatric patients could contribute significantly to
the current literature. Although the number of patients was
sufficient in the power analysis for the study, the number
was insufficient for the subgroup analysis. If more patients
had been included, the result might be more robust.

Conclusion

In conclusion, our findings suggest that the auditory
evaluation of children with T1D should be performed both
at the frequency range used in conventional audiometry
and at EHFs, although larger-scale studies will be required
in the future to support and confirm these results. Pure-
tone audiometers are more widely used, more accessible,
and cheaper. Therefore, we believe that EHF audiometric
evaluation has potential for early detection of subclinical
hearing impairment in children with T1D. Early detection of
impaired hearing at higher frequencies could be an early and
useful warning sign that will enable intervention which may
aid in preservation of hearing in these children. Diabetic
children with an EHF mean hearing threshold above 15 dB
HL should be monitored more closely in terms of regulation
of blood glucose levels to prevent diabetes-related hearing
loss. Therefore, this approach combined with increased
metabolic control could allow for an improved disease
process and a more stable academic life for these children.
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What is already known on this topic?

Optimal postprandial glycemia depends on matching insulin to the carbohydrate, protein, and fat contents of meal, after a high fat/high
energy density meal in individuals with type 1 diabetes.

What this study adds?
Additional insulin dose (64 %) for high fat/high energy density meal increased time in normoglycemia without hypoglycemia.

Abstract

Objective: This aim of this study was to investigate the effect of additional insulin dosing for high fat/high energy density mixed meal
over 12 hours.

Methods: In this single-center, non-blinded, randomized, cross-over study, a high fat/high energy density test meal was used to study the
impact on glycemic response of either carbohydrate counting (CC) on the first day and the Pankowska algorithm (PA) on the second test
day. The two methods were compared in 20 adolescents with type 1 diabetes (T1D), aged 9-18 years, using insulin pump therapy and
continuous glucose monitoring on postprandial early (0-120 min), late (120-720 min), and total (0-720 min) glycemic response.
Results: There was no difference between groups in the duration of normoglycemia in the early period. Postprandially, 50 % of patients
developed hypoglycemia using the PA at a median of 6.3 (5.6-7.9) hours and the PA was subsequently modified for the remaining ten
patients. Area under the curve (AUC) for the early period decreased non-significantly in the CC group, indicating less normoglycemia.
No significant difference was found in the AUC of the PA (no hypoglycemia n =4) and modified PA groups (no hypoglycemia n = 6) over
the whole period (0-12 hours). AUC for level 2 hyperglycemia was statistically greater in the PA-no hypoglycemia patients compared to
modified PA-no hypoglycemia patients.

Conclusion: There were inter-individual differences in glycemic response to high fat/high energy density meals. An individualized
approach to insulin dosing by evaluating food diary and postprandial glucose monitoring appears to be optimal for children and
adolescents with T1D.

Keywords: High fat, glycemic variability, insulin pump therapy, type 1 diabetes mellitus

glucose levels (1). Thus, carbohydrate counting (CC) is
conventionally recommended for preprandial insulin dose
calculation for individuals with type 1 diabetes mellitus

Introduction

The primary goal of diabetes management is to achieve

normal or near-normal blood glucose levels. Food and
nutrition interventions that reduce postprandial blood
glucose excursions are important in this regard since dietary
carbohydrate is the major determinant of postprandial

(T1ID) on intensive insulin therapy and insulin infusion
pump therapy. Although carbohydrate is the predominant
macronutrient  affecting postprandial blood  glucose
excursions, recent research has shown that dietary fat
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and protein can also significantly impact the postprandial
glycemic profile (2,3,4,5,6,7,8,9).

When consumed separately, both protein and fat may
cause an increase in postprandial glycemia, depending on
the quantity (6,10,11). However, most meals contain both
fat and protein and when a meal containing high levels of
both fat and protein is consumed, the combined impact is
additive and causes significantly higher glucose excursions.
Closed-loop studies have suggested that for high-fat meals
the insulin dose needs to be increased by 42 % and for high
fat/high protein mixed meals by 39% (6,12). However, it
should be noted that the increased insulin requirement
after high-fat meal consumption can show great differences
between individuals. These findings suggest that a change
in insulin dose is warranted and, in most patients, additional
insulin may be required but there is no international
consensus about the preprandial insulin dose estimation for
high fat/high protein mixed meals. The American Diabetes
Association acknowledges that for people with diabetes who
are prescribed a flexible insulin therapy program, education
on how to use CC and on dosing for fat and protein content
should be used to determine mealtime insulin dosing (13).
The International Society for Paediatric and Adolescent
Diabetes (ISPAD) has noted that the optimal insulin bolus
dose and delivery for meals high in fat and protein are
undefined with randomized controlled trials required (14).

A novel insulin dosing algorithm has been proposed which
takes account of the glycemic impact of fat/protein when
calculating mealtime insulin dose. Pankowska et al. (15)
developed an algorithm for calculating the preprandial
insulin dose based on all macronutrients (carbohydrate, fat,
and protein) of the meal and described a “fat/protein unit
(FPU)” as 100 kcal from fat and/or protein.

The aim of the present study was to compare the impact of
additional dosing with extended insulin bolus, as described
by the Pankowska algorithm (PA) versus CC on postprandial
glucose excursions for high fat/high energy density mixed
meal on postprandial glucose excursions for the first 12
hours after the meal in adolescents with T1D using insulin
pump therapy (IPT) and a continuous glucose monitoring
system (CGMS).

Methods

A single-center, non-blinded, randomized, cross-over study
was performed between July 201 7-April 2018.

Participants

Twenty adolescents with T1D were recruited. The inclusion
criteria were: T1D for at least one year and treatment

with IPT for at least six months; body mass index (BMI)
z-score of >-1 <2; and total daily insulin use of >0.5 U/
kg to avoid inclusion of participants in the remission phase
of diabetes. Exclusion criteria were: concomitant dietary
restrictions (eg, Celiac disease or food allergy); cystic
fibrosis; concurrent conditions that can be associated with
delayed gastric emptying or altered digestion; and the use
of any medication that is known to modify glycemia, such
as glucocorticoids or oral antidiabetic drugs.

Study Design

Participants attended the clinic a week before for the
insertion of Guardian™ Connect (Medtronic MiniMed, Inc.,
Northridge, California) CGMS. In the seven days leading up
to the study, participants or their caregivers were contacted
daily by the pediatric endocrinologist to review the CGMS
blood glucose levels of participants, and the food and activity
diary. CGMS readings were used to adjust basal rates, insulin
carbohydrate ratio (ICR), and sensitivity factors so that
normoglycemia was achieved within the week prior to the
study.

On study days, participants were admitted to the hospital,
and meals were served at 6.30 pm. The meal was a high fat/
high energy density test meal containing 80 g carbohydrate
(34%), 70 g fat (66%), and 35 ¢ protein (14%). The total
energy of the meal was 4563 K] (1090 kcal).

The detailed composition and ingredients of the test meal
are given in Supplementary Table 1. Participants should
have no glucose fluctuations in the two hours before study
entry as measured by CGMS, no correction boluses for at
least four hours before test meal consumption, and fasting
glycemia in the range 70-180 mg/dL on both study days.

On the first study day participants calculated the insulin
dose for the test meal by CC. On the second study day,
the insulin dose was calculated using the PA algorithm or
modified PA algorithm. The cross-over design allowed the

Table 1. Characteristics of the study subjects

Participants (n = 20)
Median (min-max)

Female/male (n) 11/9

Age (years) 14.42 (9-21)
BMI z-score 0.13(-1.17-1.9)
Diabetes duration (years) 7 (2.08-17.83)
HbAlc (%) 7.3 (5.7-10.4)
HbA1c (mmol/mol) 56 (39-90)
Insulin (IU/kg/day) 0.8 (0.55-0.97)
Basal insulin to total daily insulin (%) 42 (33-64)

BMI: body mass index, HbA1c: hemoglobin Alc, min-max: minimum-maximum
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comparison of each patient eating the same meal twice but
using the two different counting methods to calculate an
appropriate insulin dose. Consumption of the test meal was
completed in 20 minutes under supervision by a caregiver
and a research team dietician. The flow diagram of the
study is presented in Figure 1.

Algorithm for Calculating and Delivering Preprandial Bolus Insulin

Initially, two insulin algorithms were used to calculate
preprandial insulin dose: CC and PA. However, during the
study half of the patients using the published PA experienced
hypoglycemic events and so the PA was modified for the
remaining patients.

For CC each participant’s individualized ICR was expressed
asinsulin per one carbohydrate unit (CU = 10 g carbohydrate)
and this was used to calculate individual preprandial insulin
doses, which were delivered in a standard bolus.

For PA, the insulin dose was calculated according to the
carbohydrate content (1 CU=10 g carbohydrate) but also
took into account the fat and protein content (1 FPU =100
kcal from fat and protein) of the test meal. The participant’s
individualized ICR was calculated, expressed as insulin per
1 CU and 1 FPU with the same insulin ratio used for 1 CU
or 1 FPU. The total insulin dose was delivered for CU in a
standard bolus and FPU in an extended bolus. According to
Pankowska et al. (15), the extended bolus should be given

[ Enrollment ] [ Approached (n=20) ]

Excluded (n=3) ’

Incompability to study protocol

(n=17)
First study day (CC)

Excluded (n=3)
Due to normoglycemia with CC (n=2)

Due to hypoglycemic event with CC (n=1)

(n=8)
Second study day (PA)
Postprandial hypoglycemia at 30. minutes (n=2)
Postprandial hypoglycemia at 5 h (n=1)
Postprandial hypoglycemia at 6" (n=1)
Postprandial 100% of time in target in range (n=2)

PA has been modified
Due to hypoglycemic events

(n=6)
[ Second study day (modified algorithm)

Figure 1. Flow diagram

CC: carbohydrate counting, PA: Parikowska algorithm
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for eight hours for a meal containing >4 FPU. As the test
meal had 7.7 FPUs, the extended bolus was delivered over
eight hours.

The PA was subsequently modified as follows. The PA
participant’s individualized ICR was calculated, expressed
as insulin per 1 CU and 1 FPU. However, 1 FPU was now
equated to 150 kcal from fat and protein (the same insulin
ratio was used for 1 CU or 1 FPU). The test meal was now
calculated to contain five FPUs, and so still required the
extended bolus to be delivered over eight hours (15).

During the study period, no additional meals, snacks, or
other food and no physical activity were allowed and no
correction boluses were administered.

Measurement of Glycemia

Postprandial glycemia was measured by CGMS during the
subsequent twelve hours. Postprandial glucose excursions
were evaluated by reference to the International Consensus
on Use of Continuous Glucose Monitoring, as described by
Danne et al. (16) level 1 hypoglycemia glucose value of 70-
54 mg/dL (3.9-3.0 mmol/L) with or without symptoms, level
2 hypoglycemia glucose level of <54 mg/dL (< 3.0 mmol/L)
with our without symptoms; level 1 hyperglycemia glucose
value of > 180 mg/dL (10 mmol/L) and glucose <250 mg/
dL (13.9 mmol/L) and level 2 hyperglycemia glucose level
of >250 mg/dL (13.9 mmol/L). If hypoglycemia occurred
during the study period, participants consumed 0.3 g/kg
carbohydrate (white sugar). The data of the participants
experiencing hypoglycemic events with the PA were not
included in the twelve-hour data analysis of the study.

Primary and Secondary Qutcomes

The primary outcomes were glucose area under the curve
(AUC) and % of time in range (TIR) according to CC, PA, and
modified PA algorithms. The secondary outcomes were the
number of hypoglycemic events over the study period which
were verified by capillary blood glucose measurements.

Statement of Ethics

The study protocol was reviewed and approved by the Ege
University Medical Faculty Ethics Committee, approval
number: 16-12.1/44 and the Ministry of Health of Turkey
(date: 22.07.2016). This trial was registered at www.
clinicaltrials.gov as NCT05152121.

Statistical Analysis

SAS” software (SAS system for Windows, version 9.3; SAS
Institute, Cary, NC, USA) was used for statistical analysis.
Significance was assumed with a p value of <0.05. AUC
calculation was performed according to the Trapezoidal
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rule. The Wilcoxon Rank Sums test and Wilcoxon Signed
Rank test were used to compare between and within-group
differences in terms of AUC. The minimum sample size for
p=0.01 and 1-p=0.99 was calculated as 18, with an error
of 4% (d=0.04) at the 95% (0.=0.05) confidence interval
limits for 0.80 power.

Results

Characteristics of the Participants

Twenty adolescents participated in the study. Their ages
ranged from 9-18 years and the sex mix was 11 male
(55%) and nine female (45%). One was excluded due to
incompatibility during the preparation of the study, and two
refused the consumption of the test meal on the second
study day. Seventeen of the participants completed the CC
protocol, while eight of them used the standard PA, and
six of them used the modified algorithm on the second
study day (Figure 1). The study session was not completed
due to one hypoglycemic event and two episodes of
normoglycemia after the test meal on CC as there may be a
risk of hypoglycemia when additional doses are given for fat
and protein on the second study day.

Demographic data of study participants are given in Table
1. Participants median (range) age was 14.4 (9-18) years,
BMI z-score was 0.13 (-1.17-1.9), duration of diabetes was 7
(2-17.8) years, HbA1c was 56 (39-90) mmol/L [equivalent to
7.3% (5.7-10.4 %)], total insulin requirement was 0.8 (0.55-
0.97) IU/kg and basal insulin ratio was 42 % (33-64). The
level of HbA1c was not a criterion for inclusion in the study,
because the doses of insulin were adjusted for seven days
before the study. The median basal insulin dose was 0.34
IU/kg (0.24-0.47).

First Study Day

After consumption of test meal calculating insulin dose by
CC (n=17), one patient was hypoglycemic postprandially at
the second hour and two patients remained normoglycemic
for 12 hours. This resulted in these three patients being

excluded from the second part of the study since the
additional dose of insulin calculated for fat and protein can
cause hypoglycemia. For the first postprandial 12 hours CC
patients were in TIR in 26.4% and experienced level 1 and
level 2 hyperglycemia for 28.5% and 17.4 %, respectively.

Second Study Day

On the second day of the study, 4/8 participants using the
standard PA algorithm developed hypoglycemia at a median
(range) time of 6.25 (5.58-7.91) hours. The PA algorithm
was then modified as previously described. In the six
participants using the modified PA, hypoglycemia did not
develop in the ensuing 12 hours.

There were no significant differences between HbAlc, BMI
z-score, insulin dose/kg, and diabetes duration between
participants who used PA and the modified algorithm. There
was no difference in the time spent in normoglycemia in
the first two hours after meal consumption in the three
groups; median AUC for PA=119.99; modified PA=91.64,
and CC=69.75). The AUC for the initial two hours was
decreased non-significantly in the CC group indicating less
normoglycemia (data not shown).

There was no significant difference between the different
methods of insulin dose calculation during the first 5.58
hours postprandial when the first hypoglycemic event
developed with unmodified PA. Although it was not
statistically significant, the AUC decreased in level 1 and
level 2 hyperglycemia with the modified algorithm (Table 2).

There was no significant difference in the AUC of the
participants who completed the PA algorithm with no
hypoglycemic event (n=4) when compared to participants
who wused the modified algorithm (n=6) over the
postprandial 12 hours. Although not statistically significant,
the median AUC in level 2 hyperglycemia decreased with
the modified algorithm (Table 3).

Although median time spent in normoglycemia was
decreased with the modified PA compared to unmodified
PA, level 2 hyperglycemia was decreased in the modified
algorithm for the postprandial period 2-12 hours (Table 4).

Table 2. Postprandial AUC for 5.58™ hour (time first hypoglycemic event detected)

AUC PA hypoglycemia (-) PA hypoglycemia (+) Modified algorithm
Median (min-max) Median (min-max) Median (min-max)
n=4 n=4 n=6

<3 mmol/L (<54 mg/dL) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)

3-3.8 mmol/L (54-69 mg/dL) 0.0 (0.0-0.0) 0.0 (0.0-11.1) 0.0 (0.0-5.6)

3.9-10 mmol/L (70-180 mg/dL) 201.9 (23.5-293.5) 290.9 (237.7-340.7) 186.8 (79.1-285.5)

10.1-13.9 mmol/L (181-250 mg/dL) 39.6 (0.0-96.3) 7.5 (0.0-11.9) 24.9 (0.0-89.5)

>13.9 mmol/L (> 250 mg/dL) 22.5(0.0-69.7) 0.0 (0.0-0.0) 0.0 (0.0-200.2)

AUC: area under the curve (mg/dL x min), PA: Pankowska algorithm, min-max: minimum-maximum
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Table 3. Postprandial glucose AUC with PA and modified algorithm for 0-12 hours

AUC PA with no hypoglycemia Modified algorithm p*
Median (min-max) Median (min-max)
n=4 n=6
<3 mmol/L (<54 mg/dL) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.000
3-3.8 mmol/L (54-69 mg/dL) 0.0 (0.0-7.471) 0.0 (0.0-24.468) 0.667
3.9-10 mmol/L (70-180 mg/dL) 277.950 (202.579-589.268) 218.856 (15.735-461.048) 0.476
10.1-13.9 mmol/L (181-250 mg/dL) 27.446 (0.0-94.126) 84.090 (0.0-295.821) 0.609
> 13.9 mmol/L (> 250 mg/dL) 23.037(0.0-66.296) 0.0 (0.0-259.687) 0.005
*Wilcoxon signed-rank test.
AUC: area under the curve (mg/dL x min), PA: Pankowska algorithm, min-max: minimum-maximum
Table 4. AUC for PA and modified algorithm total time for 2-12 hours
PA with no hypoglycemia Modified algorithm p*
Total time Median (min-max) Median (min-max)
n=4 n=6
<3 mmol/L (<54 mg/dL) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.000
3-3.8 mmol/L (54-69 mg/dL) 0.0 (0.0-11.0) 0.0 (0.0-24.0) 0.666
3.9-10 mmol/L (70-180 mg/dL) 90.0 (69.0-115.0) 80.0 (2.0-104.0) 0.476
10.1-13.9 mmol/L (181-250 mg/dL) 20.5(0.0-28.0) 41.5(0.0-116.0) 0.347
>13.9 mmol/L (> 250 mg/dL) 12.5(0.0-30.0) 0.0 (0.0-76.0) 0.500

*Wilcoxon signed-rank test.

AUC: area under the curve (mg/dL x min), PA: Pankowska algorithm, min-max: minimum-maximum

Discussion

This is the first study to compare traditional mealtime
insulin dose estimation (CC) with one novel (PA) and
one new insulin-dosing algorithm (the modified PA) for
high fat/high energy density meals for the postprandial
12-hour period. Our results showed an increased time
in normoglycemia without hypoglycemia with the new
algorithm but an increased incidence of hypoglycemia using
the PA when compared with the traditional CC. The insulin
dose calculated for PA and the modified algorithm was 94 %
and 64 % higher, respectively, than the insulin dose for the
CC method. This novel modified algorithm achieves better
glycemic control with less hypoglycemia in children and
adolescents with T1D with a longer duration of follow-up
than the PA.

Using PA, 50% of the patients were hypoglycemic at a
median postprandial time of 6.25 hours. This finding was
similar to previous studies which have compared CC and
the unmodified PA for high-fat meals and high protein
meals (4,17,18,19,20). In contrast, Pankowska et al. (4)
reported no difference in hypoglycemia between PA and CC
but postprandial glucose monitoring was only performed
for two hours. In our study, when the insulin dose was
calculated with PA, hypoglycemia occurred around six hours
postprandially. However, no hypoglycemic event occurred
in patients using the modified algorithm for the whole 12
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hours monitoring period and AUC was lower than for CC.
Similar to our modified algorithm experience, Smith et
al. (19) found that an additional 60% of the meal insulin
dose significantly reduces the glycemic excursion up to
postprandial five hours without increasing the incidence
of hypoglycemia. AUC for normoglycemia, and level 1 and
level 2 hyperglycemia was similar during the latter ten
hours of monitoring (2-12 hours postprandial) with both
the modified algorithm and PA, with the caveat that only
patients without hypoglycemia were included. Compared
to the PA, the median time spent in level 2 hyperglycemia
decreased and the time spent in normoglycemia decreased
with the modified algorithm (Table 4). Thus the PA resulted
in more time spent in normoglycemia, but at the cost of an
increased risk of hypoglycemia.

There is no consensus about the insulin dose required
for high fat/high energy density meals. ISPAD guidelines
recommend an increase of 15% to 20 % of the bolus for high
fat/high protein meals (14). A systematic review for high-fat
meals (240 g of fat), recommended bolus dose increase up
to 30-35% accompanied by using combo bolus with 50/50
split over 2-2.5 hours and review late postprandial glucose
and adjust total insulin dose as indicated (21). Wolpert et
al. (6) suggested a mean insulin dose increase of 42 % for a
high-fat meal (60 g fat) compared to a low-fat meal (10 g fat),
with marked significant individual differences, with some
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participants requiring more than twice as much insulin while
others required no extra insulin. We showed non-significant
lower AUC for normoglycemia than CC with the modified
algorithm with an insulin dose increase of 64 % for a high-
fat meal (70 g fat), with no hypoglycemia for 12 hours. In
the current study, a postprandial observation period of 12
hours was chosen. Wolpert et al. (6) demonstrated in their
closed-loop study that after a 60 g high-fat meal, the impact
of added fat continues for at least five hours. We, therefore,
designed a longer observation period to assess the effect of
insulin on meals with high fat/high energy density meals.
Since participants consumed the test meal in the evening,
we were able to follow for a full twelve hours.

Study Limitations

Our study has strengths and limitations. One of the strengths
was that glycemic stability was evaluated daily for one week
before the study and this also allowed the optimization of
individual carbohydrate/insulin ratio and sensitivity factors
for each participant. Another strength of the study was the
extended postprandial monitoring using CGMS. The main
limitation of this study was the small sample size, partly
due to poor adherence to the study protocol in adolescent
participants. However, the findings are of interest and may
provide an improvement on the original PA so we believe
that this warrants confirmation of the findings using larger
group sizes, which should be adequately powered.

This study was also limited to participants using IPT to take
advantage of more sensitive insulin dosing and the use of
the dual-wave bolus option. Therefore, the study should also
be performed in patients using multiple daily injections.

Conclusion

Although carbohydrates are the primary determinant of
postprandial glucose levels, recent research has shown
that insulin dosing based on carbohydrate quantity alone
is inadequate for optimal glycemic control after a high fat/
high energy density meal in individuals with T1D. The
dose and delivery type of preprandial insulin may need
adjustment, not only to carbohydrate quantity but also to
the fat content of the meal to achieve stable postprandial
normoglycemia. However, our study has shown marked
inter-individual differences in response to the test meal.
We, therefore, suggest that, due to these differences and
the lack of large-scale prospective data, an individualized
approach to insulin dosing for high fat/high energy density
meals should be adopted currently. This can be done by
evaluating food diaries and the use of postprandial glucose
monitoring. This may represent the present best practice for
children and adolescents with T1D.
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What is already known on this topic?

Natural and organic nutrition, which parents prefer to support their children’s immunity and development, can sometimes act as
endocrine disruptors due to the constituents of the food and the frequency of consumption.

What this study adds?

This is the first study showing that the use of carob in the prepubertal period causes early puberty and tissue damage by increasing
doses. C. siliqua. preferred by parents for organic nutrition, induces early puberty and increases spermiogenesis and folliculogenesis.
Furthermore, antioxidant mechanisms can come into effect and cause tissue damage at high doses.

Abstract

Objective: This study was planned to determine the effects of carob use on puberty because of the observation of early puberty or
pubertal variants due to the long-term use of carob in our clinic.

Methods: Forty-eight Wistar albino rats, on postnatal day 21, were assigned into two groups female (n=24) and male (n=24). Groups
were divided into four groups Control, and Carob-150, Carob-300, and Carob-600. Ceratonia siliqua L. extract was given to rats ina 0.5 %
carboxymethylcellulose (CMC) solution. CMC (0.5 %) was given to the control, Ceratonia siliqua L. extract was given 150 mg/kg/day to the
Carob-150, 300 mg/kg/day to the Carob-300, 600 mg/kg/day to the Carob-600 by oral gavage. The treatments were performed once daily
until the first sign of puberty. Serum follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol, total testosterone, leptin,
glutathione, glutathione peroxidase (GPx), and malondialdehyde were measured by commercial rat-specific ELISA Kits. Testis, uterus and
ovarian tissue were examined histologically.

Results: The median time of preputial separation in male rats was 38", 31, 31, and 31 days in the Control, Carob-150, Carob-300, and
Carob-600 groups, respectively (p =0.004). The median day of vaginal opening day was the 39", 31, 34" and 31* days in the Control,
Carob-150, Carob-300, and Carob-600 groups, respectively (p = 0.059). FSH, LH, testosterone (male), estradiol (female) and leptin levels
of the groups were similar. However, GPx levels were higher in male and female animals given C. siliqua extract compared to the Control
(male p=0.001 and female p = 0.008). Testicular and ovarian tissues were concordant with the pubertal period in all groups. As the dose
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of Ceratonia siliqua extract increased, it induced spermatogenesis and spermiogenesis, causing abnormal changes, such as ondulation in
the basement membrane, capillary dilatation, and increased congestion in males. In females, edema in the medulla gradually increased
with increased dosage, and granulosa cell connections were separated in Carob-300 and Carob-600 groups.

Conclusion: This study demonstrated that C. siligua caused early puberty and increased spermiogenesis and folliculogenesis. Antioxidant
mechanisms were impaired with increasing dose, possibly leading to tissue damage at high doses.

Keywords: Ceratonia siliqua L., carob, puberty, antioxidant

Introduction

In recent years, chemical substances such as sweeteners,
flavoring, and preservatives have been increasingly used in
foods. These foods are the primary source of chemicals in
our daily lives. Moreover, natural and organic nutrition can
sometimes act as endocrine disruptors due to the content of
the food and the frequency of consumption (1,2,3,4).

After weaning, parents tend to prefer organic foods, such
as carob, for their children. Carob (Harnup-Ceratonia siliqua
L.) is a plant species belonging to the legumes (Fabaceae)
family and grows naturally in a Mediterranean climate (5).
It produces a pod-like fruit, consisting of two parts, fruit
(pod), and seeds. Carob is a sweet fruit considered a healthy
food by families and may be consumed as raw fruit, flour
or syrup. These forms are obtained from the fruity pod of
the carob (6). Carob is also a natural sweetener and a source
of vegetable carbohydrates. C. siliqua is rich in polyphenols
and flavonoids in addition to its carbohydrate, protein, and
fat content (7,8). Due to its rich polyphenol and mineral
content, it is used especially for enhancing immune function.
Several studies have demonstrated the antioxidant, anti-
inflammatory, analgesic, and lipid-lowering effects of C.
siligua and there is also evidence of blood sugar regulation
(9,10,11,12).

When the medical histories of children attending our clinic
because of early puberty and puberty variants, anecdotal
evidence emerged of long-term and regular use of C.
siligua in some cases. This animal study was planned to
experimentally investigate the effects of long-term use of
C. siliqua on puberty. To the best of our knowledge, this is
the first study to examine the effect of C. siliqua on puberty.

Methods

Ceratonia siliqua L. Extract Preparation

Ceratonia siliqua L. fruits were provided from Dogal Kurucu
Gida Sanayi ve Ticaret Limited Sirketi, Malatya, Turkey
as collected fruit material from Tarsus district of Mersin
province, Turkey, in 2021. After the fruits (500 g) were
dried and separated from their seeds and crushed, a 50 %
aqueous-alcoholic extract was prepared. The extract was
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concentrated in a Rotavapor® R-100 (Buchi, Switzerland)
under reduced pressure and at a temperature not exceeding
40 °C. The resulting dry extract was prepared to be given
to rats in a 0.5% carboxymethylcellulose (CMC) aqueous
solution.

When previous in vivo studies on carob was reviewed,
aqueous-alcoholic fruit extracts were administered to
animals by oral gavage at doses of 50 mg/kg to 2000 mg/kg.
In studies on the reproductive system, it has been reported
that the extracts have been studied at dose ranges of 150
mg/kg and 600 mg/kg (13,14). In light of this, the dosing
groups for experimanetal animals were planned to be 0 mg/
kg, 150 mg/kg, 300 mg/kg, and 600 mg/kg and designated
control, Carob-150, Carob-300, and Carob-600, respectively.
According to the guideline, the tested extract doses in rats
(150, 300, 600 mg/kg) can be converted to a human dose
based on body surface area as 0.72 mg, 1.44 mg, 2.88 mg
per day for a child weighing 30 kg (15). The extracts were
prepared and administered to the animals in a 0.5% CMC
aqueous solution. The same volume of the vehicle without
extract (0.5% CMC) was administered orally to the control.

Animals and Study Design

Forty-eight Wistar albino rats weaned on postnatal day 21,
were assigned into two groups female (n=24) and male
(n=24). Animals were kept in a 12-hour light and 12-hour
dark cycle and fed standard rodent chow (Korkuteli Food
Industry, Turkey). Female and male groups were divided
into control, Carob-150, Carob-300, and Carob-600 with six
animals in each group for the male and female sub-groups.
CMC (0.5%) was given to the control, and Ceratonia siliqua
L. extract was given at 150 mg/kg/day to the Carob-150,
300 mg/kg/day to the Carob-300, and 600 mg/kg/day to the
Carob-600 by oral gavage. The treatments were performed
once daily (6 days/week), at the same time (between 8:00
and 10:00 AM), until the first sign of puberty. The first sign of
puberty in male rats is preputial separation and for female
rats is the first oestrus stage following vaginal opening. Body
weights were recorded, and weight gain was calculated by
the formula weight gain (%) = (Last day-First day)/First day.
Vaginal cytology was performed to determine the estrus
stage (cornified epithelial cells) after vaginal opening.
Vaginal secretion was collected with a plastic pipette filled
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with 10 IU of normal saline (NaCl 0.9%) by inserting the
tip into the vagina. The vaginal fluid was dripped onto glass
slides and was evaluated under the light microscope (Leica
CME Microscope, 1349522X, NY, USA, 40x objective lenses)
according to Cora et al. (16). Female rats in the first estrus
stage and preputial separated male rats were euthanized
by taking intracardiac blood under ketamine 45 mg/kg and
xylazine 5 mg/kg anesthesia.

This study was performed in Gazi University Laboratory
Animal Breeding and Experimental Research Center and
approved by the Ethical Animal Research Committee of Gazi
University (protocol no: G.U.ET-21.053, date: 09.07.2021).
The experimental procedures and animal care are conducted
per the EU Directive 2010/63/EU.

Biochemical Methods

Collected blood was centrifuged at 3000 rpm for 10 minutes
at 4 °C and stored at -80 °C.

EAO0015Ra rat follicle-stimulating hormone (FSH), EAOO13Ra
rat luteinizing hormone (LH), EO259Ra rat testosterone,
EO174Ra rat estradiol, EO561Ra rat leptin, E1101Ra rat
glutathione, E1759Ra rat glutathione peroxidase (GPx)
(antioxidative markers), and EO156Rarat malondialchehyche
(MDA) as an oxidative marker were measured (Bioassay
Technology Laboratory, Shangai, China).

Histopathological Methods

In the female rat groups, after euthanasia, ovaries and
uterus were dissected, and ovarian (right and left) and
uterus weights were measured. After euthanasia, testes
(right and left separately) were dissected in male rat groups,
and their lengths were measured. Uterus, ovarian (single),
and testis (single) were fixed in Bouin’s fixative, paraffin
blocks were obtained, and 4-5 micron-thick sections
were taken from the paraffin blocks. Sections taken were
stained with hematoxylin-eosin. Ten sections from each
rat tissue were evaluated, and data were obtained by
examining ten independent fields in each section. The
histomorphological changes in the obtained samples were
examined with light microscopy using the Leica DM4000

(Leica, Wetzlar, Germany) computer-assisted imaging
system. Captured images were evaluated using the Leica-
Qwin program.

Statistical Analysis

Statistical Package for the Social Sciences, version 26 was
used for statistical analysis (IBM Inc., Armonk, NY, USA). The
Kruskal-Wallis test was used when comparing the medians
of four independent groups in the data that did not fit the
normal distribution, and the Mann-Whitney U test and the
Spearman’s correlation test were used when comparing the
medians of two independent groups. Bonferroni correction
was used in post-hoc tests. Statistically, p<0.05 was
considered significant. A power analysis was performed
using GPower version 3.1.9.7 to determine the minimum
sample size required of male and female rat groups to test
the study hypothesis. Results indicated that a sample size
of n=18 is required to achieve 80 % power for detecting a
large effect at a significance of a=0.05.

Results

Male Results

At the beginning of the study, the mean weight of the male
rat groups control, Carob-150, Carob-300, and Carob-600
were 45x2.9, 47x11, 49+10, 48+8.8 ¢, respectively. The
median time of preputial separation in male rats was 38"
(37-39™), 31, (30-35™) 31 (30-34™"), and 31 (30-34") days
in control, Carob-150, Carob-300, and Carob-600. The day
of the beginning of puberty was statistically significantly
earlier in all groups given C. siliqua extract than in the
control group (p = 0.04). The median (minimum-maximum)
of % weight gain was 126% (83-133), 72.5% (53-121),
60% (52-82), and 60.1 % (45-89) in the control, Carob-150,
Carob-300, and Carob-600 groups, respectively. Percentage
weight gain (%) was higher in the control group than in
all groups given C. siliqua extract (p=0.006). A positive
correlation was found between weight gain and the day of
the beginning of puberty (p=0.001 r=0.636). There was no
statistical difference between the groups in terms of FSH,
LH, testosterone and leptin (Table 1).

Table 1. The mean + SD hormone levels of the male groups

FSH (mIU/mL)

LH (mIU/mL)

Testosteron (ng/L) Leptin (ng/mL)

Control 145+7.3 70 + 45
Carob-150 11.6+5 92.2+29.5
Carob-300 6.1+2.8 50.4+38.3
Carob-600 7.6+2.5 68.6 +24.5
p value 0.051 0.273

263 +52 33+£0.3
232.6+255 2.8+0.3
22724733 32+06
285.2+21.5 3.2+0.7
0.136 0.319

FSH: follicle stimulating hormone, LH: luteinizing hormone, SD: standard deviation
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The mean + standard deviation (SD) glutathione level was
166.8+28.8 mg/L, 164.5+27.4 mg/L, 158.9+26.8 mg/L
and 178.2 + 15.8 mg/L in the control, Carob-150, Carob-300,
and Carob-600 groups, respectively, while the MDA levels
were 1 +0.3 nmol/mL, 0.9+0.2 nmol/mL, 1 +0.2 nmol/
mL and 1.2+0.1 nmol/mL in the control, Carob-150,
Carob-300, and Carob-600 groups, respectively. There was
no difference between the groups regarding glutathione
and MDA levels (p=0.612, p=0.144). The mean + SD GPx
level was 85.9+ 11.4 U/mL, 123.4+12.4 U/mL, 128+20.9
U/mL and 144.0+21.7 U/mL in the control, Carob-150,
Carob-300, and Carob-600 groups, respectively. There was
a significantly higher level of GPx in Carob-300 (p=0.042)
and Carob-600 (p=0.001) compared to the control group
(p=0.002) (Figure 1).

Testicular lengths in animals from the control group were
longer than the groups given C. siliqua extract. Although
% weight gain was higher in control animals, a positive
correlation was found between % weight gain and both right
and left testicular length (right testis p=0.038, r=0.425 and
left testis p=0.019, r=0.474). Left testis length was shorter
in Carob-150 and Carob-300 than in the control group and
this was statistically significant (p =0.011) (Table 2).

On histological evaluation, the seminiferous tubules of the
animals from the control group were observed to have the
usual histomorphology with regular contoured basement
membranes. Secondary spermatocytes and spermatids were
observed in some of the tubules, while spermatogonium
and primary spermatocytes were observed in most of the
tubules. No sperm were found in the lumen of any tubule.
These findings indicated that the spermatogenesis process
had just started in the tubules, and cells belonging to
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the later stages of the series did not differentiate. Leydig
cells and capillaries in the interstitial area were in normal
formation (Figure 2A).

In the Carob-150 group, the basement membranes of
seminiferous tubule contours were regular. This group’s
secondary spermatocytes and spermatids distribution were
similar to the control group. Leydig cells and capillaries in
the interstitial area were observed to have normal structure
and distribution (Figure 2B).

In the Carob-300 group, the most striking finding was
ondulation in the basement membranes of the all
seminiferous tubules. The length of the seminiferous
epithelium was elongated in most tubules, and secondary
spermatocytes, spermatids and spermatazoa were present
in all tubules. Congestion and dilatation were detected in
the capillaries. Leydig cells were observed to have normal
structure (Figure 2C).

The seminiferous tubule basement membrane ondulation,
seen in the Carob-300 group, was much more common and
prominent in the Carob-600 group. In all tubules, thickened
seminiferous epithelium containing every cell type of

Table 2. Mean + SD testis lengths of the groups

Right testicular length Left testicular length

(mm) (mm)
Control 14.6+0.9 15+1.1
Carob-150 122422 10+4.8
Carob-300 12.1+1.9 11.8+1.4%
Carob-600 123+1.6 12.242*
p value 0.059 0.011

Values represent mean + SD. *p <0.05 vs. control.
SD: standard deviation

Female
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Figure 1. Glutathione peroxidase of male and female rat groups (*p<0.05)
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the spermatogenic series and sperm were evident. The
seminiferous tubule walls were significantly thicker. In this
group, capillary congestion and dilatation in the interstitial
area were more common and prominent. Leydig cells
were detected with typical histological structure near these
capillaries (Figure 2D).

Testicular tissue was concordant with the pubertal period
in all groups. As the dose of carob extract increased, it was
observed that spermatogenesis and spermiogenesis became
more evident, and although this did not cause structural and

Figure 2. Histological findings of testis. A) Control group:
Sp: spermatogonia, PS: primary spermatocyte, S: secondary
spermatocytes and spermatids, 4: basement membrane
of the seminiferous tubule in normal configuration, L: Leydig
cell, #: normal blood vessel (H&E x200). B) Group 1: Sp:
spermatogonia, PS: primary spermatocyte, 4. basement
membrane of seminiferous tubule in normal configuration, L:
Leydig cell, #: normal blood vessel (H&E x200). C) Group 2:
Sp: spermatogonia, PS: primary spermatocyte, S: secondary
spermatocytes and spermatids, **: tails of sperm in the stage
of spermiogenesis, 4(: the corrugated basement membrane of
the seminiferous tubule, L: Leydig cell, #: congested and dilated
blood vessel (H&E x200). D) Group 3: Sp: spermatogonia,
PS: primary spermatocyte, S: secondary spermatocytes and
spermatids, **: tails of sperm in the stage of spermiogenesis, 44
densely corrugated seminiferous tubule basement membrane,
L: Leydig cell, #: extensively congested and dilated blood vessel
(H&E x200)

numerical changes in Leydig and Sertoli cells there were
abnormal changes, such as ondulation in the basement
membrane, capillary dilatation, and increased congestion.

The mean seminiferous tubule thickness for the groups
(control, Carob-150, Carob-300, and Carob-600) was
2343 +34.5 pm, 25891464 pm, 301+36.2 pm,
383.8+76.4 pm, respectively. The seminiferous tubule
thickness was significantly higher in Carob-300 and Carob-
600 than in control and Carob 150 (p=0.001).

Female Results

At the beginning of the study, the mean weight of the female
ratswas 42.5x4.7, 50£9.5, 49+6.7, 51.1x4.5 g in the control,
Carob-150, Carob-300 and Carob-600 groups, respectively.
The median (minimum-maximum) day of vaginal opening
in female rats was 39" (37-39"), 315 (30-35"™) 31 (30-34"),
and 31%(30-34™) in the control, Carob-150, Carob-300, and
Carob-600 groups, respectively. The day of the beginning
of puberty was earlier in all groups given C. siliqua extract
compared to the control group, but this was not significant.
The median (minimum-maximum) % weight gain was
165 (127-186) mg/L, 151 (127-197) mg/L, 143 (128-184)
mg/L, and 141 (131-156) mg/L in the control group, control,
Carob-150, Carob-300, and Carob-600 groups with % weight
gain being higher in the control group than in all groups
given C. siliqua extract, but again this was not significant.
A positive correlation was found between weight gain and
the time of the beginning of puberty (p=0.001, r=0.682).

There were no statistical differences between the groups in
terms of FSH, LH, estradiol, and leptin levels (Table 3).

The mean + SD glutathione levels were 161.7 + 19.7 mg/L,
162.3+31.1 mg/L, 149.3 +18.8 mg/L and 141.5+9.2 mg/L
in the control, Carob-150, Carob-300, and Carob-600 groups
respectively while the MDA levels were 0.9 + 0.5 nmol/mL,
1.0+ 0.0 nmol/mL, 1.0+ 0.3 nmol/mL and 0.9 + 0.2 nmol/
mL in the same groups. There was no difference between
the groups in terms of mean glutathione and MDA levels
(p=0.277 and p=0.976). The mean + SD GPx levels were
79.1 +14.3 U/mL, 121.4+25.5 U/mL, 123.9+32.1 U/mL
and 113.7 + 25.8 U/mL in the Control, Carob-150, Carob-300,
and Carob-600. GPx levels were higher in all groups given

Table 3. The mean + SD hormone levels of the female groups

FSH (mIU/mL)

LH (mIU/mL)

Estradiol (ng/L) Leptin (ng/mL)

Control 15.8+4 65.7+23
Carob-150 12.3+43 101.3+45.3
Carob-300 6.1+6 56.6 +41.8
Carob-600 11.4+5.9 95.6+33.6
p value 0.051 0.167

99.9+37.4 3.2+0.6
105.9+30 3.3+04
89.7+40.4 32+053
88.6+28 3.1+0.5
0.81 0.963

FSH: follicle stimulating hormone, LH: luteinizing hormone, SD: standard deviation
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C. siliqua extract compared to the control group (p=0.008)
(Figure 1).

There was no difference between the groups in terms of
ovarian length, ovarian weight or uterus weight (p>0.05)
(Table 4).

On histological evaluation, the ovarian tissue of the control
group was observed to exhibit normal histomorphology,
compatible with puberty. While all follicles belonging to the
developmental stage were seen in the sections, no corpus
luteum formation was observed in any section. (Figure 3A).

In the Carob-150 group, vasodilatation and edema were
evident in the medulla. Typical follicle structures at the
developmental stage were observed in the cortex. However,
there was no evidence of corpus luteum in this group (Figure
3B).

In the Carob-300 group, vasodilatation and findings of
edema of the medulla edema were increased compared
to the Carob-150 group (Figure 3C). In the multilaminar
primary follicle structure, separation and pericellular edema
were observed in the junctional units between the granulosa
cells (Figure 3D in 3C). It is possible that these type of
follicles may lead to atresia.

In the Carob-600 group, corpus luteum-like structures
was detected in many areas. Degenerative changes were
detected in the granulosa cell layer in the multilaminar
primary follicle structure. Interstitial edema was observed in
regions containing granulosa cells. Edema and congestion
in the medulla were found most frequently and markedly
in this group. Similarly, corpus luteum was only observed in
this group (Figure 3E).

Ovarian tissue was concordant with the pubertal period
in all groups and primary, antral and tertiary follicles were
observed in all groups but corpus luteum was only seen in
the Carob-600 group. Edema and congestion in the medulla
gradually increased in all groups starting from the group
that received the lowest dose of carob extract. Separation of
granulosa cell connections was detected in the two highest
dose groups (Carob-300 and Carob-600).

Uterine tissue was observed to exhibit normal structure
through all layers in the control and Carob-150 groups
(Figure 4A). However, relatively minor edema was observed
in the lamina propria in Carob-150 animals (Figure 4B). In
Carob-300 vasodilatation and edema in the lamina propria
and congestion in the muscle layer were observed, in
contrast to the control and Carob-150 groups (Figure 4C). In

Figure 3. Histological findings of over. A) Control: Normal
histomorphological ovarian tissue. At various developmental
stages, with their normal structures PF: primary follicle, AF:
antral follicle, TF: tertiary follicle (H&E x40). B) Carob-150:
Vasodilatation in all areas, especially in the medulla (€), edema
in the medulla (#). At various developmental stages, with
their normal structures PF: primary follicle, AF: antral follicle,
TF: tertiary follicle (H&E x40). C) Carob-300: Vasodilatation
increased in all areas, especially in the medulla (€). Common
edema in the medulla (#). At various developmental stages PF:
primary follicle, AF: antral follicle, TF: tertiary follicle, particularly
in primary follicles, separations between granulosa cells (4)
(H&E x40). D) Separation (€) and pericellular edema in the
junctional units between granulosa cells, in the multilaminar
primary follicle structure. E) Carob-600: corpus luteum (CL),
significant vasodilatation and congestion in all areas (€) at
the highest level in this group. Progressive medullary edema
(#). At various developmental stages PF: primary follicle, AF:
antral follicle, TF: tertiary follicle, particularly in primary follicles,
separations between granulosa cells («) (H&E x40)

Table 4. Mean + SD ovarian lengths and ovarian and uterus weights of the groups

Right ovarian (mm)

Left ovarian (mm)

Ovarian weight (mg) Uterus weight (mg)

Control 4.7+0.7 49+0.7
Carob-150 5.1+0.7 52+0.5
Carob-300 4.4+0.9 48+1.4
Carob-600 4.6+0.9 44+04
p value 0.565 0.18

75+33.9 441.7+£240.9
110.8 +17.5 4513+ 114
95.1+32.4 353.7+154.4
97.7+27.7 384+ 163.8
0.22 0.754

p <0.05 vs. control.
SD: standard deviation
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Carob-600, mitosis activation, characteristic of proliferation,
and edema in the lamina propria, were more prominent
in the juxta epithelial region. Due to this proliferation, the
mucosa corrugated towards the lumen. Vasodilatation was
very prominent in this group (Figure 4D). These findings
suggested that carob extract affected the uterine cycle
in a dose-dependent manner, and histological changes
mimicked the proliferation phase in the control, Carob-150
and Carob-300 groups and the secretory phase in the
Carob-600 group. It appeared that high dose carob extract
was especially potent at accelerating the cycle in rat uterus.

Discussion

In this study, the association between ingestion of C. siliqua
and precocious puberty was investigated in an animal
model. C. siligua extract accelerated the time to puberty in
male and female rats. Previous studies have investigated the
relationship between C. siliqgua and the fertility of male and
female adult rats (13,14,17,18). In these studies, C. siliqua
extract was given after exposure to gonadotoxic agents such
as doxorubicin, cyclophosphamide, lead and monosodium
glutamate. Results reported included an increase in

A

g

Figure 4. Histological findings of uterus. A) Control: Epithelium
(E) lamina propria (LP), uterine glands (%*), vascular structures
(#) and muscle layer (Tunica muscularis) (TM) observed with
normal histological structures (H&E x100). B) Carob-150:
Epithelium E, lamina propria (LP), uterine glands (+*),vascular
structures (#) and muscle layer (Tunica muscularis) (TM) were
observed with normal histological structures, minimal edema in
the lamina propria (—) (H&E x100). C) Carob-300: Vasodilatation
and congestion in the vessels in the lamina propria and muscle
layer (#). More prominent edema in the lamina propria (—)
(%): normal uterine glands (H&E x100). D) Carob-600: Relatively
increased mitosis activation in epithelial cells (E) («). Increased
edema in the lamina propria, more prominent in the juxta
epithelial region (—). Corrugated mucosa towards the lumen.
Vasodilatation is very prominent in this group (#). (+*): normal
uterine glands (H&E x100).

gonadotropins, testosterone, and estradiol after different
doses of C. siliqua. In the present study, gonadotropin and
sex steroid levels (total testosterone in males, estradiol in
females) of the control group and the groups given varying
doses of C. siliqua extract were similar. The gonadotropin
levels of the control group and C. siliqua extract-exposed
groups suggest that the onset of puberty was associated
with central activity.

In the male animals exposed to C. siliqua extract, the onset
of puberty was earlier and the day of start of puberty were
the same in all three groups. The histological appearance
of the testicular tissue was concordant with the pubertal
period in all the male animals given C. siliqua extract;
increasing doses of carob extract induced spermatogenesis
and spermiogenesis and increased seminiferous tubule
thickness. Notably, as the dose increased, tissues were more
likely to be damaged.

The onset of puberty was also earlier in all female animals
exposed to C. siligua extract. Ovarian tissue was consistent
with the pubertal period in all female groups given C.
siliqgua extract, and primary, antral and tertiary follicles
were observed in all groups. As the dose increased, the
follicle structures of oogenesis tended to be at a more
advanced stage. It was observed that increasing the dose
of C. siliqua extract accelerated the cycle in the rat uterus.
It is hypothesized that this may have occurred in response
to the increased hormone level due to ovarian-induced
folliculogenesis. In the present study C. siligua caused early
puberty and increased spermiogenesis and folliculogenesis
on histological examination of reporoductive tissues.
Similarly, there are studies reporting that C. siliqua increases
spermiogenesis and folliculogenesis after different doses in
adult rats after exposure to gonadotoxic agents (13,14,18).
Some studies also report an increase in the number of Sertoli
and Leydig cells in the tissue, but this was not observed in
the present study (13,14).

One of the main factors leading to puberty in rats is excess
weight gain. Increasing leptin levels with the increase of
adipose tissue is a trigger to initiate puberty (19,20). Weight
gain percentage was calculated to evaluate the effect of
weight gain on puberty since increasing doses of extract
increased the calories taken. Percentage weight gain in
the control groups was higher in both female and male
rats compared to groups given the extract. However, the
beginning of puberty in the control group was later than the
groups exposed to C. siligua extract (21,22). Leptin is known
to affect the onset of puberty. In humans, weight gain and
an increase in leptin caused delayed puberty in boys and
early puberty in girls (23,24). In the present study, leptin
levels were similar between the groups.
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Fertility markers that were negatively affected at both the
hormonal and tissue levels after exposure to gonadotoxic
agents showed improvement after C. siligua extract was
administered (25). It was suggested that this occured
because of the rich polyphenol, vitamin, and mineral
content of C. siligua and up-regualtion of antioxidant
mechanisms. Arachidonic acid and aspartic acid, present
in C. siliqua, increase the synthesis of annular adenosine
monophosphate and cAMP, stimulating testosterone
production (25). In addition, C. siligua may exert an
antioxidant effect through polyphenols (gallic acid-tannin)
and through iron, manganese, zinc, copper, selenium, and
vitamin E, which are cofactors of antioxidant pathways.
Antioxidants are critical for protection against oxidative
stress created by free radicals. Antioxidants can scavenge
free radicals and prevent cell damage (26). GPX, one of the
enzymatic antioxidants, breaks down hydrogen peroxide
into water in the mitochondria and cytosol. GPX activity is
selenium-dependent, and there are eight identified GPXs
(27). GPX plays a role in cell differentiation and proliferation
in gametes. GPX4 is located primarily in the testis, and
its expression pattern in the testis suggests that it may
be related to the onset of puberty (28). In the rat study of
Roveri et al. (29), it was reported that under stimulation by
gonadotropins, GPX increased in the testicular tissue of rats
and stimulated spermatogenesis.

In the present study, GPX levels were significantly higher in
male and female animals given the extract. Thus, antioxidant
processes may also play a role in the progression of puberty,
as previously suggested (30). In addition to inducing puberty
at high doses, C. siligua also caused histopathological
changes, including ondulation in the basement membrane
in males and degeneration of intercellular junctions in
granulosa cells in females. These findings suggest that high
doses may cause damage to gametes. When antioxidants
are taken in high doses, they may become pro-oxidants in
the tissue and cause tissue damage and death (31,32).

Study Limitations

Limitations of the present study include not analyzing
kisspeptin and neurokinin B levels, both of which are
mediators involved in the onset of puberty. If these markers
had been measured, we hypothesize that there would be
results more supportive of the central onset of puberty. Also,
we were unable to demonstrate hyperplasia of gonadotroph
cells in the rat pituitary histopathologically. This was not
studied because the rats were in a small age group, and
the tissue was difficult to dissect. Another limitation of our
study was C. siliqua fruits are rich in flavonoids, phenolic
acids, carbohydrates, proteins, vitamins and minerals. It
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is not known which of these ingredients induces puberty.
We did not conduct a content analysis in the extract. But in
future studies it will be possible to show the effect of more
specific active ingredients.

Conclusion

Extracts of C. siligua appeared to cause early puberty and
increased spermiogenesis and folliculogenesis in a rat
model. It is suggested that antioxidant mechanisms may
also be involved but may cause tissue damage at high doses.
We caution that foods consumed for their organic nutrition
may become endocrine disruptors when the amount and
duration of use increase.
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What is already known on this topic?

In the Western world, the mean age at menarche (AAM) decreased from the 1800s until the 1950s which was explained by improved
living conditions and nutritional status. Some studies suggest that the AAM has continued to decrease after the 1950s while others
suggest that the downward trend has halted.

What this study adds?

The median menarcheal age was 12.04 years and has declined by 0.7 years during the past 12 years in Istanbul. Sequential studies in
Turkey indicate a decline in the AAM of 0.91 years in the last half-century -a speed of -0.56 years per generation of 30 years. Besides
the strong influence of the maternal menarcheal age, the secular trend towards a younger AAM during the last decade can be mainly
explained by increased rates of obesity in Turkey.

Abstract

Objective: Menarche is the endpoint of a sequence of maturational events of female puberty. The timing of menarche is a strongly
heritable trait. However, secular trends suggest that lifestyle and environmental factors are important. To assess the trend in age at
menarche (AAM), and its associated factors in Istanbul over the last 12 years.

Methods: A cross-sectional study was carried out between March and April 2022 on schoolgirls aged 9-18 years. A predesigned and
self-administered questionnaire was filled out anonymously by the students. The data of AAM was included in the statistical analysis if
the time of AAM is remembered in both months and years. A probit model was used to calculate the median AAM. The findings were
compared with those from a study performed 12 years ago in the same region of istanbul.

Results: Among 9000 girls to whom the questionnaire was distributed, 1749 (19.5%) responded. The median AAM of 1374 girls whose
AAM information was considered valid was 12.04 years (95% confidence interval: 12.01-12.13), 0.7 years lower than was reported 12
years ago (p < 0.0001). AAM was correlated positively with maternal AAM, and negatively with body mass index (BMI) standard deviation
score and maternal educational status (p <0.0001, p<0.0001 and p =0.002), respectively. There was no correlation between the AAM
and birth weight. Girls with BMI percentile 285% (n=251) had earlier menarche than the ones with BMI percentile <85% (n=1072)
(11.5 vs. 12.1 years, p<0.0001). Among the mother-daughter pairs (n=1162), AAM of girls was 0.91 years (median 0.94 years) earlier
than their mothers.

Conclusion: The present study demonstrates a significant downward trend in the menarcheal age in istanbul over the last twelve years.
These findings support a strong contribution from genetic factors and BMI on AAM.

Keywords: Puberty, age at menarche, secular trend, pubertal timing, Turkey
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Introduction

The age at menarche (AAM) displays considerable variation
among girls and has undergone changes over time (1,2).
Secular trend in the timing and tempo of puberty and AAM is
determined by several intrinsic and environmental variables,
such as genetics, lifestyle, nutrition, ethnicity, geographical
and socioeconomic background, and endocrine-disrupting
chemicals (3,4). In Europe, mean AAM has declined over the
past two centuries - from 15-16 years in the early 19" century
to 12-13 years in the late 20™ century (1,3). Furthermore,
early menarche has increased globally by 25-33 % in recent
generations (5,6,7). Longitudinal studies demonstrated a
remarkable increase of early pubertal development and
an increased rate of sexual precocity in children (4,8). Our
observations suggested similar increase in the number of
premature thelarche and precocious puberty cases over the
last decade in our clinic. Since the age of menarche is highly
correlated with the age of pubertal onset (9), the aim was
to revisit the AAM data that we reported 12 years ago in
[stanbul (10).

Methods

In the first part of the study, hospital records and clinical
files were investigated to compare the number of
patients presenting with premature thelarche, premature
menarche, precocious puberty, and other conditions in our
pediatric endocrinology clinic between January 1, 2008 -
December 31, 2009, and January 1, 2020 - December 31,
2021 (Table 1).

In the second part, a cross-sectional study was conducted
between March 2022 and April 2022 on schoolgirls
aged 9-18 years living in the Asian part of Istanbul.
A questionnaire and consent forms were distributed
three days before the study. The predesigned, pretested,
structured and self-administered questionnaire was filled
out anonymously by the girls and their parents. A total of
9,000 female students from 22 schools located in the same
area in Istanbul studied 12 years ago (10) were invited to
participate in the study. Consented girls with no chronic
medical condition were included.

The questionnaire was designed to obtain the information
about menarcheal age of the participants and their mothers,
birth weight, actual weight and height measurements of
schoolgirls, the education status of the parents and the
financial income of the family. The data about AAM was
included only if the time of AAM could be recalled in both
months and years. Body mass index (BMI) percentiles and
BMI- standard deviation (SD) score (SDS) values of the girls
were calculated according to national data (11). Educational
status of the parents were classified as high (high school and
beyond) or low (below high school). Household income was
classified as low (costs > income), middle (costs=income) or
high (costs < income).

The study was performed with the approval of the Ethics
Committee of Marmara University Faculty of Medicine (date:
05.11.2021, protocol no: 09.2021.1251), and the Turkish
Ministry of Education. Participants and parents provided
written informed consent.

In addition, the AAM trends were compared with the
previous cohort studies performed in Turkey.

Statistical Analysis

The statistical analysis was performed using the GraphPad
Prism® V5.0 software (GraphPad Software Inc., San Diego,
California, USA). Results were reported as frequencies and
percentages, mean, and median with minimum-maximum,
interquartile ranges or 95% confidence intervals (CI) as
appropriate. To calculate the median AAM, a probit model
was used. Parametric t-test was used for comparison of
variables. Pearson’s correlation coefficients were used
to investigate the relationship between various data, as
required. The distribution of categorical variables was
compared using chi-square test. Statistical significance was
set at p<0.05.

Results

According to our clinical records, the number of patients
presenting with precocious puberty relative to the patients
with other endocrine disorders was higher in the years
2020-2021 than in 2008-2009 (p < 0.0001) (Table 1).

Table 1. The prevalence of early puberty in girls among the total number of patients presenting to our pediatric endocrinology

clinic

Time interval Total number of  Premature menarche, Premature Precocious Total early pubertal
patients (n) n (%) telarche n (%) puberty n (%) patients n (%)

1 January 2008-31 December 2009 33328 5(0.015) 88 (0.26) 44 (0.13) 137 (0.41)

1 January 2020-31 December 2021 35818 13 (0.036) 95 (0.26) 135 (0.37) 243 (0.67)

Chi-square test p value 0.08 0.97 <0.0001 <0.0001
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The questionnaire was distributed to 9000 girls who
were attending schools located in the area where we
performed the study to determine AAM 12 years ago (10).
Among those, 1749 (19.5%) consented and filled out the
questionnaire. Of them, 1374 recalled the year and month
of the AAM which was a median of 12.04 years (95% CI:
12.01-12.13) and a mean+SD of 12.07 +1.11 years. The
AAM was approximately 0.7 years lower than reported
using the same method 12 years ago in the same region of
[stanbul (p <0.0001) (Table 2, Figure 1a). Maternal AAM was
reported by 1528 mothers and was a median of 12.96 years
(95% CI: 12.92-13.08). There were 1162 mother-daughter
pairs providing AAM data which showed that the daughters
had a mean of 0.91 years (median 0.94) earlier menarche
than their mothers (p <0.0001). However, the AAM of the
girls was positively and significantly correlated with their
mothers’ (R?=0.048, p <0.0001).

The prevalence of overweight (BMI >85% and <95%) and
obesity (BMI 295%) was 9.1% (n=121) and 9.8 % (n=130),
respectively. The overweight/obese girls (n =251) had earlier
menarche than the rest of the cohort (n=1072) [median
(95% CI); 11.54 (11.39-11.77) vs. 12.12 (12.04-12.23) years,
p<0.0001] (Figure 1b). There was a significant negative
correlation between BMI-SDS and AAM (R>=0.066,
p <0.0001).

Maternal educational status was negatively correlated with
AAM. The AAM was lower in girls with mothers of higher
educational status (HES) than the ones with mothers of
lower educational status (LES) [median (95% CI); 11.96
(11.87-12.04) vs. 12.17 (12.03-12.28) years, p=0.002]
(Figure 1c¢).

The correlation between the AAM and birth weight, paternal
educational status or household income were not significant
(p=0.18,0.17, and 0.07, respectively).

Table 2. The number of schoolgirls and the percentage of
those having menarche at the respective ages in two studies
with 12 years intervals in istanbul

Age (years) Atay et al. (10) (2010) Guran et al. (2022)
(current study)
Menarche, n (%) Menarche, n (%)

10 520 (1.5) 31 (12.9)

11 501 (12.6) 213 (19.2)

12 463 (42.5) 232 (49.5)

13 535 (78.3) 230 (84.3)

14 355 (92.7) 283 (94.6)

15 311 (98.1) 377 (98.9)

16 203 (100) 311 (99)

17 124 (100) 51 (100)

18 71 (100) 21 (100)
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The total prevalence of preterm and small for gestational
age (SGA) births was 14.5% in the cohort (n=200). There
was no correlation between AAM and birthweight (r=0.03,
p=0.18). There was no significant difference for AAM
between preterm+/- SGA and term+/- appropriate for
gestational age (AGA) births (mean 12.01 vs. 12.07 years,
p=0.50).

Previous studies reporting AAM in the various regions of
Turkey also showed an ongoing decline in the menarcheal
age since 1970s (Figure 2) (10,12,13,14,15,16,17).

Discussion

This study on a large cohort of schoolgirls demonstrated
that the median AAM was 12.04 years and has declined
by 0.7 years during the past 12 years in istanbul. Current
data presents evidence of a significant shift in menarche to
earlier ages in recent years in Turkey.
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Figure 1. Characteristics of age at menarche (AAM) in Istanbul.
a) Change in the AAM in Istanbul in the last 12 years. The results
of the study by Atay et al. (10) in 2010 are compared with the
current study. Bars indicate the fractions (percentage) of the girls
having menarche at the respective ages. b) Comparison of AAM
between girls with BMI <85% and >85%, ¢) Comparison of

AAM among the girls whose mothers have HES or LES
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AAM: age at menarche

The starting point of our attempt to update our data on AAM
was an observation of increased clinical presentation of
early puberty in recent years in our department. Although
menarche is a relatively late marker of puberty, it is
significantly correlated with age at the onset of thelarche
and is therefore considered to be an indicator of the onset
of puberty (1). Indeed, a higher number of admissions to
our outpatient clinic for premature thelarche, premature
menarche and precocious puberty by 50 % in last 12 years
is in line with the finding of a decline in AAM in Istanbul
schoolgirls. The AAM was found to be 12.74 years in 2011
by Atay et al. (10) in 1732 girls attending schools at the same
region of Istanbul. Not only in Istanbul, in which resides
almost 18% of Turkey’s population (18), but sequential
studies in Turkey indicate a decline in AAM of 0.91 years in
the last half-century -a speed of -0.56 years per generation
of 30 years (12,13,14,15,16,17).

Data published during 1990-2000 on the AAM in different
European countries showed a north-to-south gradient that
ranged from 13.4 years in the north to 12 years in the south
of Europe. There was also an east-to-west gradient that was
reported at 12.6 years in France to lower ages in the Eastern
European/Mediterranean countries such as 12.3 years in
Greece and 12 years in lItaly (1). Geographical, genetic/
ethnic, and environmental similarities between Turkey and
other Mediterranean countries may partly explain earlier
menarche in Turkey compared to Northern/Eastern Europe.
Nevertheless, the rate of decline in AAM is sharper in Turkey
relative to other European and Mediterranean countries.
A study from The Netherlands in 2009 showed a greater
decrease in median AAM in Turkish girls between 1997
and 2009 compared to Dutch girls (from 13.15 to 13.05 in

Dutch vs. from 12.80 to 12.50 years in Turkish girls). These
authors reported that 33 % of Turkish girls younger than 12
years start menstruating in primary school (6). Compared to
Dutch girls they found a faster decrease in AAM in girls of
Turkish descent, even after adjustment for BMI-SDS.

An increased rate of obesity may account for the downward
trend of AAM in Turkey, as childhood obesity figures are also
on the rise in the comaprative period. Between, 2000 and
2010 different regions of Turkey have demonstrated varying
prevalence rates of 10.3-17.6 % and 1.9-7.8 % for overweight
and obesity, respectively, in children aged 6-16 years (19).
In the last decade, the prevalence of overweight (including
obesity) and obesity among children and adolescents aged
10-19 years raised significantly to 27-28% and 9-10%,
respectively (20). Lower AAM in obese/overweight girls and
remarkable negative correlation of BMI and AAM in our
study supports the major influence of obesity on the tempo
of puberty, as shown by several others (21,22,23,24).

Socioeconomic status (SES) may account for variations in
the timing of puberty. However, the results of studies into
the effects of SES on AAM are inconsistent and differentiate
not only between countries but within countries as well
(23,25,26,27). According to a general conception, a low
socioeconomic living environment may involve nutritional
problems, high energy expenditure, insufficient access to
health services, large family size, and social and emotional
injuries and ultimately delayed puberty and menarche. On
the other hand, declining trends in AAM have been reported
from high SES populations (23,25,28,29). Previous studies
indicated that girls of Turkish descent with high SES had an
earlier AAM than girls with low SES (10,14). In the present
study we did not observe a correlation between SES and
AAM. However, income per capita in Turkey declined by
1156 Slyear-nearly 11 % in 2021 compared to that in 2010
(10,743 Slyear in 2010 while it is 9,587 Slyear in 2021)
(https:// www.macrotrends.net/countries/TUR/turkey/gdp-
per-capita), which may have an effect in the decline in AAM.

Similar to SES, parental education has been found to be
associated with AAM in some studies (30,31), but this has
not been replicated in others (29,32). A similar discrepancy
in the effect of parental education on AAM was also observed
in studies from Turkey. Atas Aslan and Untvar et al. (17)
found that LES was associated with earlier menarcheal age
but this was not supported by Ersoy et al. (14). We have
found that higher maternal education was associated with
earlier onset of menarche, as shown in some previous
studies (23,26). Overall, our results and previous studies
suggest that obesity is the major and consistent non-genetic
variable responsible for declining menarcheal age. Besides
the non-genetic factors, we also demonstrated that AAM
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of the mothers was significantly positively correlated with
the AAM of their daughters, which is the most consistent
finding of the majority of the studies reporting AAM (1,3).

SGA children are more prone to have precocious pubarche
and an earlier onset of pubertal development and menarche,
and faster progression of puberty than children born AGA
(33). However, we could not demonstrate a relationship
between birth weight and AAM in our cohort and AAM was
similar between girls born SGA or AGA.

This study also provides the first AAM data after the
Coronavirus disease-2019 (COVID-19) pandemic. There is
some evidence of increased frequency of idiopathic central
precocious puberty in girls during the COVID-19 pandemic
in Turkey and in other countries (34,35,36,37,38,39,40).
Some studies found an association between earlier pubertal
onset and increased body mass, disturbed sleep patterns
or increased screen exposure during COVID-19 lockdown.
The possible increased rate of earlier pubertal onset during
the pandemic may have contributed to the observed decline
in menarcheal age in the present study, and this should be
investigated in the future.

Study Limitations

The main limitation of the study, as in the most of the
studies reporting AAM, is the collection of AAM based on
recall by girls and their mothers, which is susceptible to
various forms of error (1). However, the same method was
used 12 years ago and the AAM data was included only if
both month and year of menarcheal age was remembered
precisely. Utilization of the same method for the collection
of the data, the same statistical analysis for AAM, and doing
the survey in the same area are the strengths of the study.

Conclusion

In conclusion, our data suggests that a downward trend
in the AAM continues and a plateau for AAM has not yet
been reached in Turkey. Besides the strong influence of
the maternal menarcheal age, the secular trend towards
a younger AAM during the last decade can be explained
mainly by increased rates of obesity among children in
Turkey.
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What is already known on this topic?

Approximately 50 % of all normosmic idiopathic hypogonadotropic hypogonadism (nIHH)/Kalman syndrome cases can be explained
by genetic variations reported in more than 50 genes. It has been suggested that gonadotropin releasing hormone receptor variations
account for approximately 40-50 % of familial, autosomal recessive nIlHH and approximately 17 % of sporadic nIHH.

What this study adds?

Many variants of uncertain significance (VUS) were obtained in children with idiopathic hypogonadotropic hypogonadism. In this study
protein models showed that variants interpreted as VUS according to American College of Medical Genetics and Genomics guidelines
could account for the clinical IHH.

Abstract

Objective: Idiopathic hypogonadotropic hypogonadism (IHH) is classified into two groups-Kalman syndrome and normosmic IHH
(nIHH). Half of all cases can be explained by mutations in >50 genes. Targeted gene panel testing with nexrt generation sequencing
(NGS) is required for patients without typical phenotypic findings. The aim was to determine the genetic etiologies of patients with IHH
using NGS, including 54 IHH-associated genes, and to present protein homology modeling and protein stability analyzes of the detected
variations.

Methods: Clinical and demographic data of 16 patients (eight female), aged between 11.6-17.8 years, from different families were
assessed. All patients were followed up for a diagnosis of nIHH, had normal cranial imaging, were without anterior pituitary hormone
deficiency other than gonadotropins, had no sex chromosome anomaly, had no additional disease, and underwent genetic analysis with
NGS between the years 2008-2021. Rare variants were classified according to the variant interpretation framework of the American
College of Medical Genetics and Genomics (ACMG)/Association for Molecular Pathology. Changes in protein structure caused by variations
were modeled using RoseTTAFold and changes in protein stability resulting from variation were analyzed.

Results: Half of the 16 had no detectable variation. Three (18.75%) had a homozygous (pathogenic) variant in the GNRHR gene, one
(6.25%) had a compound heterozygous [likely pathogenic-variants of uncertain significance (VUS)] variant in PROK2 and four (25%)
each had a heterozygous (VUS) variant in HESX1, FGF8, FLRT3 and DMXL2. Protein models showed that variants interpreted as VUS
according to ACMG could account for the clinical IHH.

Conclusion: The frequency of variation detection was similar to the literature. Modelling showed that the variant in five different genes,
interpreted as VUS according to ACMG, could explain the clinical IHH.

Keywords: Protein modelling, hypogonadotropic hypogonadism, genetic analyses
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Introduction

Normal pubertal development depends on the production
and appropriate activity of gonadotropin-releasing
hormone (GnRH) produced by neurons in the ventromedial
hypothalamus (1,2). Isolated GnRH deficiency, also called
idiopathic hypogonadotropic hypogonadism (IHH), is a
group of genetic disorders associated with defects in the
production and/or action of this hypothalamic peptide that
controls human reproduction (3). IHH is divided into two
main groups: Kalman syndrome (KS) and normosmic IHH
(nIHH). IHH can be congenital (congenital heart disease)
or acquired. The majority of hereditary causes of IHH are
congenital (4).

Recently, with advances in genetic techniques, such as next
generationsequencing (NGS), approximately 50 % ofallnIHH/
KS cases can be explained by genetic variations reported
in more than 50 genes (4,5,6). Since the identification of
the role of ANOSI (formerly KALI) in the pathogenesis of
X-linked KS, variants in ANOS!, FGFR1, GNRH/GNRHR and
PROK2/PROKR2 associated with IHH have been reported
in several studies in the Human Gene Mutation Database
as “disease-causing” (7). GNRHR is the first gene found to
be responsible for isolated nIHH with deficiencies in follicle
stimulating hormone (FSH) and luteinizing hormone (LH)
(8,9,10). It has been suggested that GNRHR variations
account for approximately 40-50% of familial, autosomal
recessive nNIHH and approximately 17 % of sporadic nIHH
(11). As a result of genetic studies performed in the last two
decades, it has been found that many genes are associated
with IHH (4). Genetic heterogeneity, variable expression
and incomplete penetrance make it difficult to correlate
the genotype-phenotype of THH (12,13,14). Genetic tests
are recommended for diagnosis of IHH and are necessary
to determine the prognosis of IHH and to provide relevant
genetic counseling (15).

Despite these recent advances in our understanding of the
pathogenesis of IHH, it is likely that many more pathogenic
genes remain to be discovered. While Sanger sequencing
analyzes may be indicative for patients with specific
findings or a family history, multi-gene panel testing NGS
is required for patients who do not have typical phenotypic
findings and/or no family history (16). Perhaps the most
current challenge in the molecular genetic diagnosis of
nlHH is the evaluation of variants of unknown clinical
significance (VUS). Segregation analysis of family members
is very important to reveal the genetic etiology. In addition,
comprehensive in silico analyzes to assess the structural
and functional impact of each genetic change on the protein
product may be useful.

Mutations can cause changes in protein functional
properties and protein-protein interactions by triggering
changes in protein structure and stability. These changes are
the basis of the development mechanism of many diseases
(17,18,19). It should be kept in mind that the changes
caused by mutations will trigger changes not only in the
mutant protein but also in other proteins and structures
with which it interacts. Therefore, elucidating the molecular
mechanism of diseases is a complex and heterogeneous
process. In recent years, in silico tools have significantly
contributed to making many data and findings meaningful
in this complex problem. In particular, computational studies
that reduce the experimental processes that can take years
to brief periods in the development of drugs and vaccines
that can be the solution to global health problems come to
the fore with their high reliability. It has been confirmed
by numerous scientific studies that artificial intelligence-
supported applications that use technical scientific data in
the analysis of protein structure and stability provide high-
reliability data. It has also been shown that computational
tools used in protein homology modeling and stability
analysis produce results that are equal to the data obtained
by experimental methods, and some applications even
produce better results than experimental data (20,21).

This study was conducted to determine the genetic etiology
of patients with ITHH by targeted gene panel including 54
genes known to cause IHH and to present protein homology
modeling and protein stability analyzes of any detected
variations.

Methods

Clinical and demographic data of patients followed up
with the diagnosis of nIHH in the Pediatric Endocrine
Departments of Inént University Faculty of Medicine and
Malatya Training and Research Hospital between the years
of 2008 and 2021 were analyzed.

The diagnosis of nIHH was made according to the following
criteria:

1) Absence or insufficient development of secondary sexual
characteristics after the age of 13 in girls and after the age
of 14 in boys;

2) Clinical signs or symptoms of hypogonadism;

3) Insufficient (low) sex steroid concentrations [testosterone
or estradiol (E2)], and LH and FSH concentrations during
the GnRH test;

4) Normal levels of free thyroxine, thyroid stimulating
hormone, prolactin, insulin-like ~ growth  factor-1,
adrencorticotropic hormone, and cortisol;
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5) No evidence of structural lesions on imaging of the
hypothalamic-pituitary region;

6) No evidence of chronic systemic diseases (such as
uremia, thalassemia, poorly controlled diabetes mellitus),
eating disorders (such as anorexia nervosa, bulimia), or
protein energy malnutrition;

7) No patients reported olfactory problems;

8) None had features typical of Bardet-Biedl, Biemond, or
Prader-Willi syndrome;

9) Absence of sex chromosome abnormalities (6,22,23,24).

GnRH test was done at 08:00 in the morning. Blood samples
for FSH, LH, E2 or testosterone were taken. Then 100 mcg of
GnRH was administered intravenously. Blood samples were
taken for FSH and LH levels at 20, 40, 60 and 90 minutes
after drug administration.

The study was approved by the Ethics Committee of
inéna University Faculty of Medicine (approval number:
2022/2650, date: 11.01.2022). Written consent was
obtained from all patients or their legal guardians, if under
eighteen years.

Clinical and Endocrinological Evaluation

Medical records including, clinical features, sense of
smell, family history, associated anomalies, micropenis-
cryptorchidism history, and laboratory-radiological findings
were retrospectively reviewed. Pubertal development
was graded according to the guidelines recommended by
Marshall and Tanner (11). Testicular volume was measured
with a Prader orchidometer. Olfactory function of the
patients was evaluated by anamnesis, olfactory function test
could not be used to diagnose olfactory abnormalities.

Statistical Analysis

Descriptive statistical method was used in this study. Data
were summarized as count (percentage).

Next Generation Sequencing and Bioinformatics Analysis

Genetic Analyses

Genomic DNA was extracted from peripheral blood and NGS
was performed by capture of the coding regions and splice
sites of the following target genes: ANOS1, CHD7, CYP19A1,
DUSP6, DMXL2, DUSP6, ESR1, FEZF1, FGF8, FGFR1, FSHB,
FGF17, FLRT3, GH1, GLCE, GLI2, GNRH1, GNRHR, HESX]I,
HS6ST1, IHX3, IL17RD, KISS1, KISSIR, LEP, LEPR, LHX3,
LHB, LHX4, LHCGR, NROB1, NR5A1, NSME OTX2, OTUD4,
PNPLA6, POLR3A, POLR3B, POUIFI, PROK2, PROKRZ,
PROPI1, RNF216, SEMA3A, SEMA3E, SOX2, SOX3, SOXIO,
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SPRY4, STUB1, TACR3, TUBB3, TAC3, WDR1I. An lllumina
custom enrichment panel was used for this (Illlumina, San
Diego, CA, USA).

After library enrichment and quality control, the samples
were sequenced on the lllumina MiSeq platform (San
Diego, CA, USA) with 100-bp paired-end reads at an average
sequencing depth of 100 x .

The sequencing reads were aligned to the human reference
genome assembly (GRCh37: Genome Reference Consortium
Human Build 37) using BWA. Then, BAM files were sorted,
indexed and de-duplicated using SAMtools and Picard. For
the filtering process, exonic and splicing variants, including
missense/nonsense variants, and indels were selected.
Annotation of detected variants was performed using
[llumina BaseSpace Variant Interpreter, InterVar, Franklin,
VarSome, Clinvar, OMIM, and Pubmed. Variants with a
frequency higher than 0.1% were filtered out. dbNSFP,
which contains SIFT, PolyPhen-2, LRT, and Mutation Taster,
was used to predict the pathogenicity of variants. Rare
variants were classified according to the American College
of Medical Genetics and Genomics (ACMG)/Association for
Molecular Pathology variant interpretation framework (25).

All variants identified by NGS were confirmed by Sanger
sequencing. Sanger sequencing was performed using the
Applied Biosystems 3130 Genetic Analyzer (Foster City, CA,
USA). Detected variants were classified as “pathogenic”,
“likely pathogenic (LP)”, or “variant of uncertain significance
(VUS)” according to the international guidelines of the
ACMG. To assess the association between any identified
genetic variants and IHH, hypothetical protein structures
were constructed and analyzed in silico (see below).

Protein Homology Modeling

Modeling of changes in protein structure caused by
variations was performed with RoseTTAFold, which uses
deep learning-based, three-track neural network algorithms.
Rosetta provides both ab initio and comparative models
of protein domains. Comparative models are built from
structures detected and aligned by HHSEARCH, SPARKS,
and Raptor. Loop regions are assembled from fragments
and optimized to fit the aligned template structures. De novo
models are built using the Rosetta de novo protocol (26).
Since the protein structures of some of the IHH-related genes
(PROK2, DMXL2 and PROP1) examined in this study were
not previously defined, wild-type protein structures were
also modeled in this study for the first time. Identification
of the reference sequence data for the variants is given in
Table 1. The GNRHR, FLRT3 and FGF8 homology models
were created using templates from the Protein Data Bank:
7BR3, 5CMP and 2FDB. Protein model quality analyzes
were performed with ProSA and OMEANDisco (27,28).
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Topological differences between wild-type and mutant
protein were analyzed by TM-score (29). Superimpositional
and conformational analysis of proteins were performed
with DDS and PyMOL (ver2.4.1).

Protein Stability Analyzes

Changes in protein stability after variation was analyzed with
mCSMstability (30), DUET (31), SDM (32), and DynaMut2
(33) bioinformatics tools. All interatomic contacts calculated
with Arpeggio were displayed using NGL viewer (34,35).

Results

Of 39 patients with IHH whose file data were available, 18
(46 %) were male and 21 (54 %) were female. Of these, 16
unrelated patients (eight female) with the diagnosis of IHH
and whose genetic panel had been performed were included
in the study. Mean age of the patients at presentation was
14.8 years. All of the patients presented with delayed
puberty. None of the patients reported problems with sense
of smell. There was a history of delayed puberty in the
family of six (37.5%) patients.

Six (75%) male patients had micropenis. A patient with a
normal penis size (patient number F15P15) had received six
doses of intramuscular testosterone therapy in an external
center before attending our clinic. Three patients (F1P1,
F2P2 and F3P3) had a history of unilateral cryptorchidism.

No patient had a history of bilateral cryptorchidism. The
pubertal stage of 14 patients (87.5% ; seven girls and seven
boys), was evaluated as Tanner stage 1. One male patient
(6.25 %) was Tanner stage 2, and one female patient (6.25 %)
was at Tanner stage 4 of puberty. Both patients (patients
F15P15 and F12P12) who had started puberty had received
sex steroid replacement therapy in an external center before
attending our clinic. GnRH stimulation test was performed
in all patients. The clinical and laboratory findings of the
patients at presentation are summarized in Table 2.

Molecular Findings

Eight (50 %) had a variation in one of the genes included in
the panel while eight had no detectable variant in the gene
panel used. Three (18.75 %) had a pathogenic, homozygous
variant in the GNRHR gene, one (6.25 %) had LP, compound
heterozygous variant in PROK2, and four (25%) had a VUS
in one each of four different genes, HESX1, FGF8, FLRT3
and DMXL2 (Table 1). The variants detected in the study and
the assessment of pathogenicity are shown in Table 1 (25).

The previously reported hot spot pathogenic variant
c.415C>T in the GNRHR gene, was detected homozygously
in our three index cases. Parents were shown to be carriers
by segregation analyzes, and parents had a history of delayed
puberty. The same variation was present in a homozygous
fashion in two siblings of P1 and the twin of P2. The three
siblings were being followed in our clinic due to delayed

Table 1. The pathogenicity assessment of the detected variants

Patient  Gene Transcript Nucleotide AA change MAF by Zyg Variant Variant Clinvar ACMG ACMG
number number change gnomAD location  type class  pat crit
F1P1 GNRHR ~ NM_000406.3 c.415C>T p.Arg139Cys Hom  Exon 1 Mis NP Pat PS3, PM1,
PM2,
PM5, PP3
F2P2 GNRHR ~ NM_000406.3 c.415C>T p.Arg139Cys Hom  Exon 1 Mis NP Pat PS3, PMI1,
PM2,
PM5, PP3
F3P3 GNRHR NM_000406.3 c.415C>T p.Arg139Cys Hom  Exon 1 Mis NP Pat PS3, PM1,
PM2,
PM5, PP3
F4P4 PROK2  NM_001126128.2 ¢c217C>T  p.Arg73Cys 0.0000716 Het Exon 2 Mis Pat LP PM2,
PP3, PP5
PROK?2 NM_001126128.2 c.1A>C p.MetlLeu - Het Exon 1 Mis NP VUS PVST,
PM2
F5P5 HESX1 NM_003865.3 c.18G>C p.GIn6His - Het Exon 1 Mis VUS VUS PM2,
PM6, PP2
F6P6 FGF8 NM_033163.5 c.476C>T  p.Thri59Met - Het Exon 6 Mis NP VUS PP2, PP3,
BS2, PM6
F7P7 FLRT3 NM_013281.3 Cc.1541A>G p.Asnb14Ser  0.00000798 Het Exon 2 Mis NP VUS PM1,
PM2
F8P8 DMXL2 NM_001174116.3 ¢.5915A>T p.Glu1972val - Het Exon 24 Mis NP VUS PM2

AA: amino acid, MAF: minor allele frequency, Zyg: zygosity, ACMG Class: The American College of Medical Genetics and Genomics Classification, ACMG Pat Crit: ACMG
Pathogenicity Criteria, Het: heterozygous, Hom: homozygous, Del: deletion, Frms: frameshift, Mis: missense, Splc: splicing, NP: not provided, Pat: pathogenic, LP: likely
pathogenic, VUS: variant of uncertain significance
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Table 2. Age, clinical presentation, family history, Tanner stage and GnRH test findings of all patients

Sex Age at Clinical Family history Stretched Tanner stage GnRH test peak
diagnosis presentation penile length of gonads at ESH (mIU/ LH (mIU/mL)
(years) (cm) diagnosis mL)
F1P1 M 11y 9/12 Cryptorchidism, Pubertal delay in 4.5 1 1.88 0.2
micropenis brother, dad and
grandfather.
Sister has no
menstruation
F2P2 M 1y 7/12 Cryptorchidism Pubertal delay in 3.7 1 1.74 0.66
micropenis twins.
Parents had a
child with in vitro
fertilization.
F3P3 M 13y 7/12 Cryptorchidism, Micropenis in 3 1 0.45 0.24
micropenis brother
F4P4 F 14y 9/12 No menstruation - 1 3.56 1.28
F5P5* M 16y 10/12 Pubertal delay Pubertal delay in 8 1 5.3 7.1
father and brother.
F6P6 F 14y 3/12 No menstruation - 1 9.54 2.03
E7P7 M 14y 7112 Micropenis - 4 1 5.98 0.93
F8P8 F 14y 11/12 No menstruation Late menstruation 1 1.66 1.89
in mother
F9P9 F 15y 712 No menstruation - 1 3.64 1.02
FIOP10 F 15y 5/12 No menstruation - 1 3.28 1
F11P11 F 15y 2/12 No menstruation - 1 2.52 0.77
Fi2P12 F Loy 6/12 No menstruation - 4 4.1 3.2
FI3P13 M 10y 4/12 Micropenis - 4 1 5.89 0.8
F14P14 F 16y 10/12 No menstruation - 1 5.2 1.75
F15P15 M 17y 10/12 Pubertal delay Pubertal delay in 2 1.14 0
uncle
F16P16* M 16y 8/12 Pubertal delay - 6 1 3.9 8.4

micropenis

NB brain magnetic resonance imaging of all patients was evaluated as normal.

*The 5™ and 16" patients had late puberty. Pubertal induction therapy was given to them. They were followed up for one year at pediatric endocrinology department and

their testicular volumes remained <4 mL.

y: year, F: family, P: patient, F: female, M: male, N: not detected, GnRH: gonadotropin-releasing hormone, FSH: follicle stimulating hormone, LH: luteinizing hormone

puberty and were receiving pubertal induction therapy.

In one patient, c.1A>C and c.217C>T variants in the
PROR2 gene were detected in a compound heterozygous
fashion. According to the ACMG classification, these
variants are interpreted as VUS/LP. As a result of segregation
analysis, the heterozygous ¢.271C>T variant was found in
the mother of the patient, and the heterozygous c.1A>C
variant was found in the father. There was no history
suggestive of hypogonadism in the parents.

In one patient, a heterozygous variation, ¢.18G>C, was
detected in HESXI, and this was found to be a de novo
mutation.

A c.476C>T, heterozygous variant was detected in FGFS8
in one patient. The segregation analysis showed no such
variant in the mother, while heterozygous variation was
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found in the same gene in the father. It was learned that
the father had puberty tarda and had children without any
therapy.

A c.1541A > G heterozygous variation was detected in FLRT3
in one patient. Genetic analysis could not be performed in
the parents of this patient.

A heterozygous variation, ¢.5915A>T was detected in
DMXL2 in one patient. While heterozygous variation was
detected in the same gene in the mother, no variation was
found in the father. It was learned that the mother had late
menstruation but had children spontaneously.

Protein Structural Analysis

In this study, the relationship between the changes in
protein structure caused by seven variations in six different
genes (GNRHR, PROK2, HESX1, FGF8, FLRT3 and DMXL2)
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and IHH was investigated. Tertiary models of proteins
containing mutant residues were created using deep learning
algorithms. The protein tertiary models created were within
the quality limits of X-ray and NMR. OMEAN scores ranged
from -2.06 to 0.66. The GNRHR.p.Arg139Cys variation is
associated with HH disease. GNRHR is a G-protein-coupled
GnRH receptor, regulates LH and FSH secretion and has
seven transmembrane segments and an extracellular amino
terminus (36). GNRHR.p.Arg139Cys variations were noted
for their highly destabilizing effects (-2.35 and -2.086 kcal.
mol’, respectively) and increased solvent accessibility.
The GNRHR.p.Arg139Cys variation changed the protein
topology (rmsd 0.157 A). The Arg139Cys variation in the
cytoplasmic region may affect the coupling of the G protein
with the receptor. The Arg139 residue in wild-type GNRHR
contributes to cytoplasmic region stability with twenty-one
weak bond interactions (Figure 1a). It was observed that the
number of these interactions decreased to thirteen due to
the changed conformation in the mutant protein, and the
two hydrophobic and one polar interaction with Met76 was
abolished (Figure 1b). Solvent accessibility of residue 139
increased approximately 3-fold after variation.

The PROK2.p.MetlLeu variation resulted in a possible 43
amino acid shortening of the mature protein length and
changed topology (Figure 2a, 2b). The rmsd was 0.930
A in superimpose. The PROK2.p.MetiLeu variation may
have shifted the start signal to the methionine codon
at the 44™ codon. Therefore, stability assessment of
the PROK2.p.MetlLeu variation was performed at the
conformational level, since the mutant protein did not
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contain mutant residue. The rmsd was 0.582 A for the
PROK2.p.Arg73Cys variation at superimpose. The variation
caused a change in conformation (Figure 1c, 1d) and
topology (Figure 2c¢, 2d) of the protein product.

In this paper a three-dimensional model of HESXI is
presented for the first time. The model developed was within
the NMR quality limitations (Z score -4.1). The GIn6His
variation caused limited change in protein structure. The
-NE2 group 5.2 A moved away from the main backbone
(Figure 3a) as a result of the variation, increasing exposure
to solvent accessibility (Table 3). After the variation, the
two hydrophobic and one polar contact created between
residue-1 and residue-6 were abolished (Figure 3b, 3c).
The interaction between residue-3 and -6 with two polar
and three hydrogen bonds was reduced to three polar
interactions after the variation. The conformational change
induced by the variation revealed one van der Waals (vdw)
and one polar interaction between residue-6 and residue-10
that was not present in the wild type. HESXI.p.GIn6His
variation caused a decrease in protein stability (-0.732 kcal.
mol™).

FGF8.p.Thr159Met variation increased protein instability
(-0.444 kcal.mol’). An increase in the solvent accessibility
of the 159" residue after the variation was identified
(Table 3). The variation detected in our patient in protein
modeling caused a putative change in the conformational
structure of FGF8 (rmsd 0.184 A) (Figure 4a). Changes in the
conformation and topology of two consecutive heterodimer
helix-turn-helix motifs located in the N-terminal domain of
the FGF8 protein may result in changes in protein functional
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Figure 1. Surface/stick representation of changes in protein stability and bond formation caused by variations. Green transparent
sphere indicates mutant position. Colors in dashed lines represent-green: hydrophobic, red: hydrogen bond, blue: Van der Waals,
navy blue: carbonyl, orange: polar. a) GNRHR wild-type, b) GNRHR mutant, ¢) PROK2 wild-type, d) PROK2 mutant
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C-terminal -

d

C-terminal .
C-terminal

Figure 2. Superimpose representation of the changes in protein
conformation and topology caused by PROK2 variations

Blue: wild-type PROK2, red: mutant PROK2, yellow arrow:
indicates change, green: mutant residue. a) Cartoon
representation of the PROKZ2.p.Metlleu variation, b) Mesh
topological representation of the PROK2.p.MetlLeu variation,
¢) Cartoon representation of the PROK2.p.Arg73Cys variation,
d) Mesh topological representation of the PROK2.p.Arg73Cys
variation

N-terminal GIné

5.2A |

Figure 3. Representation of the changes in protein congormation
and topology caused by HESX1 variation

a) Superimpose (blue: wild-type, red: mutant, yellow arrow:
indicates change), b) Surface/stick representation of wild-type
HESX1, ¢) Surfacel/stick representation of mutant HESX1 (colors
in dashed lines represent-green: hydrophobic, red: hydrogen
bond, blue: Van der Waals, navy blue: carbonyl, orange: polar)
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properties, protein-protein/DNA, and receptor interaction
(Figure 4b). The interaction between Thr159 and Arg125 in
wild-type FGF8 was abolished in the mutant protein (Figure
4c, 4d).

The FLRT3.p.Asn514Ser variation changed the topology
of the tunnel formation located near the transmembrane
domain (residue 529-549) (Figure 5a, 5b). The two polar
interactions between Asn514 and Glu516 in the wild-type
FLRT3 protein were abolished in the mutant FLRT3 (Figure
5c, 5d). It was observed that the interaction between
wild-type Asn514 and GIn517 with a hydrophobic force
of one hydrogen was provided by two hydrogen bonds
and a polar interaction between Ser514 and GIn517 in
the mutant protein. The interaction between residue 514
and residue 517 was achieved with one hydrogen bond
and one hydrophobic force in wild-type FLRT3, while in
mutant FLRT3 this was changed to two hydrogen bonds
and one polar interaction. The FLRT3.p.Asn514Ser variation
decreased protein stability and solvent accessibility (-0.188
kcal.mol) (Table 3).

The DMXL2.p.Glu1972Val variation increased protein
stability (0.139 kcal.mol'). The p.Glu1972Val variation
abolished the two polar interactions between residue 1973
and Lys2013 (Table 3).

C-terminal
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y S 7123
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Figure 4. Illustration of variation-induced change in FGF8

a) Mesh topological representation of topological changes in
FGF8, b) Cartoon representation of N-terminal domain of FGF8
(blue: wild-type FGF8, red: mutant FGF8, yellow arrow: indicates
change, green: mutant residue), ¢) Surface/stick presentation
of residue interactions of wild-type FGF8, d) Surface/stick
presentation of residue interactions of mutant FGF8 (colors
in dashed lines represent- green: hydrophobic, red: hydrogen
bond, blue: Van der Waals, navy blue: carbonyl, orange: polar)
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Table 3. Effects of mutant residues on protein stability

Protein . Mutation Protein stability (AAG kcal.mol") Output %RSA exchange
mCSMstability DUET SDM DynaMut2

GNRHR.p.Arg139Cys -2.086 -2.267 -1.57 -1.61 Highly destabilizing 09—24
PROKZ2.p.Arg73Cys 0.13 0.104 -0.18 0.56 Stabilizing 45.4 — 68.1
HESX1.pGIn6His -0.732 -0.466 -0.33 -0.26 Destabilizing 60.2 — 74.3
FGF8.p.Thr159Met -0.444 -0.283 0.08 -0.3 Destabilizing 262 — 354
FLRT3.p.Asn514Ser -0.188 -0.002 -0.33 0.29 Destabilizing 99.6 — 81.7
DMXL2.p.Glu1972Val 0.139 0.539 0.78 0.3 Stabilizing 70.7 - 72.3

C-terminal

i Asns14Ser
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'— Leucine rich region

: GLU518
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£ g3LUS16
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Figure 5. Representation of the changes caused by the FLRT3
variation

a) Superimpose cartoon representation of  the
FLRT3.p.Asn514Ser  variation, b) Superimpose mesh
topological representation of the FLRT3.p.Asn514Ser variation
(blue: wild-type FLRT3, red: mutant FLRT3, yellow arrow:
indicates topological change, green: mutant residue, magenta:
transmembrane domain (TD), c) Surface/stick presentation
of residue interactions of wild-type FLRT3, d) Surface/stick
presentation of residue interactions of mutant FLRT3 (colors
in dashed lines represent-green: hydrophobic, red: hydrogen
bond, blue: Van der Waals, navy blue: carbonyl, orange: polar)

Discussion

In this study targeted NGS analysis was used in patients
with nIHH of unknown genetic etiology. We found a genetic
etiology in 50 % (8/16) of cases. The most common variation
was the C.415C>T homozygous variation in the GNRHR
gene, which was interpreted as pathogenic according to
the ACMG Classification. The c.415C>T (p.Arg139Cys)
variant, which was present homozygously in our patients, is
a known hot spot variation in the GNRHR gene. This variant
was first reported by Topaloglu et al. (37) in 2009 and it
was found in two Turkish sisters (aged 16 and 23), whose
parents were first-degree cousins, who presented with
delayed puberty. GNRHR variations are known to account for

approximately 40-50 % of familial nIHH (11) and our results
were compatible with this. Protein models showed that the
GNRHR.p.Arg139Cys variation was highly destabilizing and
increased solvent accessibility. The GNRHR.p.Arg139Cys
variation also changed the protein topology on in silico
modeling. It is possible that these variational changes
decrease intracellular signaling mechanism effectiveness
and lead to reduced activation of phospholipase-C, rather
than receptor binding affinity. De Roux et al. (8) revealed
that variations in the cytoplasmic loop did not change the
binding of GnRH to the receptor, but decreased activation of
the effector macromolecule phospholipase-C.

The PROK2 gene encodes prokinetecin 2, an 81 amino acid
peptide that signals through the G protein-linked product of
the PROKRZ2 gene (38). Variations in PROKR2 and PROK2
are generally seen in combination with other variations
with oligogenic inheritance in IHH (4). In our study,
c.217C>T (p.Arg73Cys), interpreted as LP according to
ACMG classification, and c.1A>C (p.MetlLeu), interpreted
as VUS, were found to be combined in a heterozygous
fashion in one patient in PROKZ2. Protein models showed
that the PROK2.p.MetlLeu variation resulted in a possible
43 amino acid shortening of the mature protein length and
changed topology. The absence of the -AVITGA- sequence,
which is highly conserved across species and thought to be
important for the functional properties of PROK2, may result
in impaired protein function (39,40,41). We hypothesize
that this variation, which is currently interpreted as VUS
according to the ACMG classification, may be associated
with  HH. The PROK2.p.Arg73Cys variation caused a
putative change in conformation and topology of the protein
product. The cysteine residue introduced by the p.Arg73Cys
variation is likely to affect the formation of disulfide bonds
in the protein (42). The decrease in receptor affinity caused
by the changed protein structure with these identified
PROK?2 variations may be the reason for the decrease in
receptor signaling, intracellular calcium mobilization, and
MAPK signaling that will result in the HH phenotype and
lack of GnRH (43,44). The patient’'s mother was carrying
the c.271C>T variant, and her father was heterozygous
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for the c.1A>C variant. There was no history of delayed
puberty in the parents. It was thought that the compound
heterozygous variation in our patient may have caused thier
clinical findings.

The HESX1 gene is part of a family of homeobox genes
that act during early embryonic development to control
the formation of many body structures. HESX1 protein is
a transcription factor that plays an important role in early-
stage brain development. The HESX1 protein is required for
the structural development of the forebrain and pituitary.
HESX1 exerts its effects in combination with PROP1 and
many other proteins during embryonic development to
coordinate the formation of different parts of the brain
through the control of gene expression (45,46,47). It is not
clear whether HESX1 variations cause mild forms of IHH,
or partial or complete absence of puberty due to GnRH
deficiency/impaired gonadotropins (48). Newbern et al.
(48) investigated the presence of HESXI variation in 217
patients, followed up with the diagnosis of KS or IHH and
in whom other anterior pituitary deficiencies were excluded
and a control group of 192 patients. They detected a HESX 1
heterozygous variant in three patients, two of whom were
Turkish. In the control group, no variation was detected and
no variation was found in the 1,000 genomes database. In
our study, one patient was heterozygous for HESX, which
was interpreted as VUS according to ACMG classification.
Segregation analysis confirmed that the variant was de novo.
We evaluated this change, which we believe may explain
the patient’s clinical picture. Protein models showed that
HESX1.p.GIn6His variation caused a decrease in protein
stability. We suggest that heterozygous variations of the
HESX1 gene, whose homozygous variations lead to severe
phenotypes, such as septo-optic dysplasia, may cause
[HH. However, further studies are needed to confirm this
hypothesis.

Studies have shown that there is a 30-50 % decrease in total
GnRH neurons in mice harboring heterozygous FGF8 gene
variations, while a greater reduction in GnRH neurons is
seen in mice with co-variation in FGFRI and FGF8 genes
(32). Olsen et al. (49) showed that variation of Phe32Ala
in the N-terminal region of FGF8b, the isomer of FGFS,
resulted in decreased receptor affinity and changes in
protein functional properties. In the presence of other gene
variations accompanying p.Glul76Lys and p.Arg184Cys
variations in FGF8, in addition to HH, some clinical problems
reflected in the phenotype, such as dental agenesis, hearing
loss and hand malformation, have been reported (32). In our
study, a heterozygous variation of ¢.476C>T, interpreted
as VUS according to the ACMG classification, was detected
in FGF8 in one patient. While no variation was detected in
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the mother of the patient, the same heterozygous variation
was found in her father. It was learned that her father had
delayed puberty but had children spontaneously. It was
thought that this variant may explain the patient’s clinical
picture, but more studies are needed.

The FGF8.p.Thr159Met variation, detected in our patient,
caused a change in the conformational structure of FGF8
(rmsd 0.184 A) on protein modelling. The fact that the
patient and her father had a history of delayed puberty
together with the predicted decreased protein stability of the
detected variant suggest that this variant may explain the
HH in the patient. In this study, we report the association of
the FGF8.p.Thr159Met variation with HH for the first time.

A heterozygous variation of c.1541A > G, interpreted as VUS
according to ACMG classification, was detected in FLRT3 in
one patient. Genetic analysis could not be performed in the
parents of this patient. The variation changed the putative
protein conformation and decreased protein stability in
protein modelling. We suggest that this variation, which
is currently interpreted as VUS according to the ACMG
classification, may be associated with HH.

A heterozygous variation of ¢.5915A>T, was detected in
DMXL2, which was interpreted as VUS according to the
ACMG Classification, in one patient. While heterozygous
variation was detected in the same gene in the mother
of the patient, no variation was found in the father
The mother had a history of late menstruation but had
children spontaneously. The DMXL2.p.Glu1972Val variation
increased protein stability (0.139 kcal.mol”') in protein
modeling. We hypothesize that this variation, which caused
delayed puberty in both mother and the patient, and
abolished two polar interactions on protein modeling, could
be the etiology of our patient’s HH.

Amato et al. (50) performed genetic analyzes of 130
CHH patients using NGS (including 29 known and seven
candidate genes) and detected pathogenic/LP variations in
43 (33%). In this study, as in our study, the most common
variation detected in nIHH patients was in the GNRHR gene.

Study Limitations

The number of our patients was small as we were working
with a rare genetic disease group. Genetic analysis could
not be performed on the parents of a patient whose genetic
variation was determined as VUS according to ACGM.
Olfactory function test were not performed because they
are not available at our hospital. Olfactory function of the
patients was evaluated by anamnesis and this may be
unreliable. Finally, functional analysis was not performed in
variations classified as VUS by the ACGM.
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Conclusion

In this study, pathogenic/LP variation was detected in 25%
of 16 patients and VUS in a further 25 %, while no variation
was detected in 50% using a panel containing 54 genes
associated with IHH. The frequency of detection of variants
is similar to the literature. The most frequently detected
variation was in the GNRHR gene, a finding consistent
with several previous reports. Protein models showed that
variants interpreted as VUS (PROK2, HESX1, FGF8, FLRT3
and DMXL2) according to ACMG could account for the
clinical IHH. Association of the FGF8.p.Thr159Met variation
with HH was reported for the first time in this study. Large-
scale genetic studies are needed to understand the genetic
aspects of nIHH in Turkey and in other populations. Overall,
the practical yield of this study is considerable because it
reflects professional experience gained in a single center
and represents one of the first studies in Turkish children
including molecular analysis of 54 causal IHH-related genes.
Confirmatory genetic testing in patients with suspected
nIHH allows for definitive diagnoses, which may guide
management and provide rationales for screening other
family members presymptomatically. In studies conducted
with NGS, as in our study, through advancing molecular
testing and identification of new genes, the number
of patients with nl[HH may be expected to rise rapidly.
It is reasonable and appropriate to conclude here that
verification of these candidate genes would not only help
treatment plans for these patients, but would also facilitate
further research into GnRH neuronal migration.
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What is already known on this topic?

The daily life of the child with type 1 diabetes mellitus (T1DM) and their family usually functions normally, to the extent that the family is
able to manage the chronic illness and cope with the difficulties experienced. Improving the management of the disease may be possible
by evaluating the possible future effects of the disease.

What this study adds?

High education level, increase in family income, use of an insulin pump and longer duration since diagnosis positively affected the
management of T1DM and the daily life of the child with TIDM. However, the presence of chronic diseases other than T1DM negatively
affects diabetes management.

Abstract

Objective: With the diagnosis of chronic illness in children, a stressful period is likely to begin for both the affected child and their
families. The aim of this study was to investigate the factors affecting chronic disease management by the parents of children diagnosed
with type 1 diabetes mellitus (T1DM).

Methods: The sample consisted of 110 children, aged between 4-17 years and their mothers. The patients had been diagnosed with T1 DM
for at least one year, and had attended pediatric endocrinology outpatients or were hospitalized in a single center. First, sociodemographic
information about the child with TIDM were obtained. Then, the “Family Management Measure” (FaMM) was applied. The FaMM is
constructed to measure family functioning and management in families who have a child with a chronic illness.

Results: Paternal years of education (p = 0.036), family income (p = 0.008), insulin pump use (p=0.011), and time elapsed after diagnosis
(p=0.048) positively affected both the management of T1DM and the child’s daily life. However, presence of chronic diseases in addition
to TIDM (p=0.004) negatively affected diabetes management. Higher maternal education year (p=0.013) and family income level
(p=0.001) increased parental mutuality scores. However, as the time after diagnosis increased, parental mutuality scores decreased.
Conclusion: It is important to evaluate the child with chronic disease with a biopsychosocial approach. This approach aims to evaluate
the problems of the child and his/her family who experience the disease with a holistic approach.

Keywords: Type | diabetes mellitus, chronic disease, children, family management measure

Introduction condition in childhood if: (1) it occurs in children aged 0 up

to 18 years; (2) the diagnosis is based on medical scientific
Mokkink et al. (1) provided a consensus definition of  knowledge and can be established using reproducible and
childhood chronic disease, consisting of four criteria as valid methods or instruments according to professional
follows: “a disease or condition is considered to be a chronic  standards; (3) it is not (yet) curable or, for mental health
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conditions, it is highly resistant to treatment; and (4) it has
been present for longer than three months or it will, very
probably, last longer than three months, or it has occurred
three times or more during the past year and will probably
reoccur”. As stated in the Turkey Chronic Diseases and
Risk Factors Survey, the prevalence of chronic diseases
is increasing rapidly in our country, as well as globally
(2). In recent years, the prevalence of chronic diseases in
children has increased and now affects around 12-16% of
children (3). It is estimated that this frequency is between
10-15% in the population under the age of thirteen years.
If children with mental, emotional, learning and behavioral
problems are included, the incidence of chronic disease can
increase up to 30-40% (4). In the thesis study conducted
by Mustafayev (5) in 2019, investigating the risks impairing
child development in our country, it was reported that
having a chronic disease had the highest risk rate among
the independent risk factors identified.

Type 1 diabetes mellitus (T1DM) is a chronic metabolic
disease  characterized by insulin deficiency and
hyperglycemia, which occurs when beta cells of the
pancreas are affected by autoimmune or non-autoimmune
pathologies (6). The estimated prevalence of diabetes
among children and adolescents has also been increasing
in recent years globally (7). It is estimated that there are
approximately 20,000 children under the age of 18 years
living with TIDM in Turkey, at least 15,000 of these are of
school age and around 1500-1700 children are diagnosed
with TIDM each year (8). The overall mean incidence of
TIDM was 16.7/100000 persons per year. The regional
incidence rates of TIDM are reported to vary from 10.2 to
24.1/100000 persons per year, between 2009 and 2019 (9).

The diagnosis of chronic illness in children is likely to be
accompanied by increased stress, both for the affected
child and their families. Thus, the entire family system
is affected. The daily life of both the child and the family
usually functions normally, to the extent that the family is
able to manage the illness and cope with the difficulties
(10). However, they often need the help of healthcare
professionals in their efforts to manage the disease.
Incorporating the management of a chronic disease into
the mechanisms of family life and making it a natural part
of daily life is possible when the child’s disease care needs
have been fully identified, strategies for the management
of the disease have been developed, routines have been
established and the possible future effects of the disease
have been evaluated.

To date, there is no published study in Turkey concerning
the factors affecting chronic disease management of
families of children with TIDM. The aim of this study, which
was undertaken in Inént University Faculty of Medicine,

Departments of Developmental Pediatrics and Pediatric
Endocrinology, was to investigate the factors affecting
chronic disease management of the parents of children with
T1DM.

Methods

The study center serves as a referral hospital in the East and
Southeast regions of Turkey. Children who were admitted
to the pediatric endocrinology outpatient clinic or who
were hospitalized and diagnosed with TIDM at least one
year previously together with their families were eligible
for the study. A one-year duration since diagnosis ensured
that the child and family had time to understand the reality
of the diagnosis and develop an approach to condition
management. Exclusion criteria were maternal caregivers
who could not read or speak Turkish. Ethics committee
approval for the study was obtained from In6nt University
Health Sciences Research and Publication Ethics Committee
(approval number: E-129717, date: 06/01/2022).

At the beginning of the interview, the principal researcher
explained the purpose, content, duration, and how the
descriptive study would be conducted to the mothers of
the children who met the sampling conditions. The consent
form was read aloud or read to the families, and their
informed written consent was obtained by asking whether
they would like to participate. Subsequently, a face-to-
face interview was conducted by the researcher with the
mothers who consented to participate. It was emphasized
throughout the process that participation was voluntary.
First, sociodemographic information and information about
the child with TIDM were obtained. Then, the “Family
Management Measure” (FaMM) was completed with the
mothers. The duration of the interview was between 22-47
minutes. The author conducted the data collection between
January 2022 and April 2022. In addition, an invitation to
participate in the study was sent to a social media group
for TIDM patients followed in the pediatric endocrinology
outpatient clinic. The invitation to participate included the
contact details of the first and second authors. Parents were
given the option to complete an online or print version
of the questionnaire. If they completed the survey online,
the consent form was issued as part of the online survey.
Parents were encouraged to contact the correspondent
author if they had any questions or concerns. All data were
checked by the researcher and transferred to a database.

Data Collection Tool

Family Management Measure

The FaMM is constructed to measure family functioning and
management in families who have a child with a chronic
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illness. The FaMM has good internal consistency, measured
by Cronbach’s alpha, ranging from 0.72 to 0.90 for mothers
(10). The Turkish validity and reliability studies of the scale,
which was originally in English, were carried out by Ergun
et al. (11). Data were collected from a total of 395 parents
with a child diagnosed with chronic disease. The general
content validity index was 95% and the results were found
to be valid, reliable, appropriate and satisfactory for Turkish
culture and psychometric characteristics. The Turkish
version of the scale, which originally consisted of 53 items
and six sub-dimensions, consists of 42 items and three sub-
dimensions (Table 1). Each item in the scale is scored using
a five-point Likert scale. There are reverse scored items in
each sub-dimension.

High scores in the sub-dimension of disease management
and the child’s daily life (19 questions) indicate a more
normal life and that families find themselves more
capable with disease management. High scores in the sub-
dimension (16 questions) related to life difficulties and the
occurrence of disease effects indicate that the situation is
more serious and more difficulties are experienced. The last
sub-dimension is related to parental mutuality (7 questions).
High scores indicate that parents are working together for
the child’s disease management. The Cronbach’s alpha of
the first dimension was 0.68, while for the second dimension
this was 0.76 and for the third dimension it was 0.80.

The sub-dimensions focus specifically on how chronic
disease management is incorporated into daily life, how
families define family life in the context of a child’s chronic
illness, and key aspects of management. The aim is to
explain the perspectives of families about the management
activities of their children’s disease and how they make
sense of them. The sub-dimensions also contribute to
the development and testing of interventions to change
problematic aspects of family management and strengthen
aspects that support optimal child and family outcomes.

Statistical Analysis

Categorical  (qualitative) ~ variables  were expressed
as numbers (percentage). Quantitative variables are
summarized as mean + standard deviation and median and
interquartile range (25" to the 75™ quartile). Mann-Whitney
U, independent groups t, One-Way ANOVA and Kruskal-
Wallis tests were used where appropriate. Spearman’s
rank correlation coefficient was calculated for the variables
thought to be related to the scale scores. Statistical tests
with a p<0.05 were considered significant. All statistical
analyzes were performed using IBM Statistical Package for
the Social Sciences for Windows, version 26.0 (IBM Inc.,
Armonk, NY, USA) (12).

174

Results

The sample consisted of 110 children, aged between 4-17
years, and their mothers. Of the children, 63 (57.3 %) were
girlsand 47 (42.7 %) were boys. The mean age of the mothers
of the children was 38.5+ 6.0 years, and the mean age of
the fathers was 42.9 + 6.5 years. Other sociodemographic
data is given in Table 2.

The median (interquartile range) time after diagnosis of
TIDM was 29.92 (16.3-54.7) months. Ninety-eight (89.1 %)
of the children were going to school and 87 (79.1 %) of the
families reported that they regularly visited the outpatient
clinic. Most (n=93, 84.5%) of the families had received
diabetes training. Eighteen of the children (16.4%) were
using an insulin pump. Chronic disease other than T1DM
had been diagnosed in 14 of the children (12.7 %). Pubertal
staging at the last hospital visit showed that 47 (42.7 %)
were in the prepubertal stage and 63 (57.3%) were in
the pubertal stage. Hemoglobin Alc (HbAlc¢) levels in the
previous one year were analyzed from file records and
assessed according to The International Society for Pediatric
and Adolescent Diabetes 2018 criteria which are: target
HbAlc <7, therefore below 7% is considered good control,
between 7% and 9% is considered moderate control and
above 9% is considered poor control. Based on these
criteria 27 (24.5 %) patients were in the poor control group,
59 (63.6%) were in the moderate control group and 24
(21.8%) were in the good control group.

When the families were asked what challenges they faced
with TIDM, they reported regulating the diet of their
children (n=76, 69 %), monitoring blood sugar (n=60,
54 %), regulating meals (n=55, 50%), adjusting insulin
doses (n=45, 41 %), exercising (n =45, 41 %) and difficulties
in obtaining drugs and materials (n=31, 28%).

FaMM scale scores are given in Table 3, 4 and 5. There was a
significant difference in condition management and child’s
daily life scores when comparing the groups stratified by
presence or absence of other chronic disease (p=0.004),
the years of education of the father (p=0.036), the income
level of the family (p =0.008), insulin pump use (p=0.011),
and time since diagnosis (p = 0.048) (Table 3). There was no
significant difference between the groups of the variables in
terms of family life difficulty and view of condition impact
score (Table 4). Significant variables affecting parental
mutuality scores were limited to years of education of
the mother (p=0.013) and the income level of the family
(p=0.001) (Table 5).



] Clin Res Pediatr Endocrinol
2023;15(2):172-181

Glven Baysal §$ et al.
Type 1 Diabetes Chronic Disease Management

Table 1. Psychometric properties of Turkish version of the FaAMM (42 items)

Factors and items

Condition management and child’s daily life
1. Our child’s everyday life is similar to that of other children his/her age.

. In the future we expect our child to take care of the condition.

. Taking care of our child’s condition is often overwhelming.

. We have some definite ideas about how to help our child live with the condition.
. Our child is different from other children his/her age because of the condition.

. It is difficult to know when our child’s condition must come first in the family.

. We are looking forward to a happy future with our child.

O 00 N O Ul oA

. Our child’s friendships are different because of the condition.

o

. We feel we are doing a good job taking care of our child’s condition.

11. People with our child’s condition have a normal length of life.

12. We often feel unsure about what to do to take care of our child’s condition.

13. We have not been able to develop a routine for taking care of our child’s condition.
14. Even though our child has the condition, we have a normal family life.

15. We have goals in mind to help us manage our child’s condition.

16. It is difficult to fit care of our child’s condition into our usual family routine.

17. Dealing with our child’s condition makes family life more difficult.

18. We know when our child needs to be a child.

19. I am unhappy about the way my partner and I share the management of our child’s condition.
Family life difficulty and view of condition impact
20. Our child’s condition is like a roller coaster with lots of ups and downs.

21. Our child’s condition is the most important thing in our family.

22. It is very hard for us to take care of our child’s condition.

23. Because of the condition, we worry about our child’s future.

24. We have enough money to manage our child’s condition.

25. A condition like the one our child has makes family life very difficult.
26. Our child’s condition rarely interferes with other family activities.

27. Our child’s condition will be harder to take care of in the future.

28. We think about our child’s condition all the time.

29. It seems as if our child’s condition controls our family life.

30. It is hard to get anyone else to help us with our child’s condition.

31. It takes a lot of organization to manage our child’s condition.

32. We are sometimes undecided about how to balance the condition and family life.
33. It is hard to know what to expect of our child’s condition in the future.
34. Our child would do better in school if he/she didn’t have the condition.

35. A condition like the one our child has makes it hard to live a normal life.
Parental mutuality
36. We are confident that we can take care of our child’s condition.

37. We are a closer family because of how we deal with our child’s condition.

38. 1 am pleased with how my partner and [ work together to manage our child’s condition.
39. My partner and [ argue about how to manage our child’s condition.

40. My partner and I consult with each other before we make a decision about our child’s care.
41. My partner and I have similar ideas about how we should be raising our child.

42. My partner and I support each other in taking care of our child’s condition.

. When something unexpected happens with our child’s condition, we usually know how to handle it.

FaMM: Family Management Measure
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Table 2. Descriptive statistics on children and family

Age of child, (mean + SD) 10.83 +3.81

Order of child 2 (1-2)

Median (25-75% percentiles)

Number of children 3 (2-3)

Median (25-75% percentiles)

Mother education years, (mean + SD) 10.09 + 4.66

Father education years, (mean + SD) 11.30 + 4.31

Mother working status, n (%) Working 19 (17.27)
Not working 91 (82.73)

Father working status, n (%) Working 88 (80)
Not working 22 (20)

Family income level, n (%) Less than minimum wage 25 (22.73)
Minimum wage* 47 (42.73)
More than minimum wage 38 (34.55)

Family structure, n (%) Nuclear family 87 (79.09)
Extended family 16 (14.55)
Broken family 7 (6.36)

Place of residence, n (%) City 67 (60.91)
Suburbs 32 (29.09)
Village 11 (10)

Type of accommodation, n (%) Apartment 82 (74.55)
Other 28 (25.45)

Contact with endocrinologist, n (%) Yes 61 (55.45)
No 49 (44.55)

Health insurance status, n (%) Yes 87 (79.09)
No 23 (20.91)

Access to diabetes nurse, n (%) Yes 94 (85.45)
No 16 (14.55)

*Minimum wage: The lowest wage level that can legally be paid to workers. In January 2022 this was 4,253 TL per month.

SD: standard deviation, FaMM: Family Management Measure

On correlation analysis, two significant relationships were
identified. The first was a negative correlation between
duration since diagnosis (months) and parental mutuality
score [Spearman rank (r)=-0.204, p=0.033]. Thus, as
duration from diagnosis increases there appears to be a
decrease in parental co-operation. Secondly, a positive
correlation was found between HbAlc level and time after
diagnosis (months) (r=0.275, p=0.004).

Discussion

When diagnosed with a chronic illness, sick children and
their families face a variety of challenges (13). The daily
life of both the child and the family functions normally,
as long as the family is able to manage the illness and
cope with the difficulties experienced. It has been shown
that variables, including family demographics, are closely
related to the child’s and family’s adaptation to the disease
and management outcomes (14).
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In addition to the medical problems related to treatment and
care in the period starting with the diagnosis of a chronic
disease, limited economic resources are one of the problems
encountered (15). In the review of Didsbury et al. (16), which
included 6957 children and young patients with T1DM,
it was reported that there was a significant relationship
between at least one socio-economic determinant and
quality of life. These authors showed that low parental
education and low income were associated with low quality
of life in children with chronic diseases (16). In the present
study, low disease management scores were associated with
lower family income levels and when father had fewer years
of education. If the income level is low, it will be difficult
for the parents to adjust the family budget for their child’s
illness and to cope with the difficult treatment process (17).
Having a high level of education will not only make it easier
for fathers to manage the process, but it will also make it
easier to adapt to the life-style changes. Interestingly, no
relationship was found between maternal education level
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Table 3. Comparison of Turkish FaMM subscale scores for condition management and child’s daily life

Condition management and child’s daily life

Mean + SD Median (25*-75™ quantile) p value

Gender Girl 65 (57-70) 0.53*
Boy 67 (55-72)

School status Pre-school 62.1+8.2 0.37%*
School group 652+ 11.5

Presence of other chronic disease Yes 56.8+11.6 0.004**
No 66.0+10.7

Mother education years Eight years and below 63.6+ 11.4 0.25%*
More than 8 years 66.0+10.9

Father education years Eight years and below 61.8+10.5 0.036**
More than 8 years 66.5+11.3

Family income level Lower than minimum wage 59.5 (562-67.5) 0.008***
Minimum wage 65 (54-71)
More than minimum wage 67 (63-75)

Use of insulin pump Yes 71+9.5 0.011%*
No 63.6+11.1

Regular outpatient visits Yes 64.6+10.9 0.63**
No 65.9+12.4

Received diabetes education Yes 65.3+11.6 0.28%*
No 62.2+8.4

Disease control®®*# HbAlc >9.0% (poor control) 62 (56-74) 0.90%%*
HbAlc 7.0 to £9.0% (moderate 67 (55-73)
control)
HbAlc <7.0% (good control) 66.50 (61.5-69)

Pubertal stage Prepubertal period 63.7+9.8 0.34%*
Pubertal period 65.7+12.1

Post diagnosis period Less than three years 63.4+9.5 0.048**
Over three years 67.4+13.3

*Mann-Whitney U test, **Independent sample t-test, ** *Kruskal-Wallis test.
*##%*According to ISPAD 2018.

SD: standard deviation, FaMM: Family Management Measure, ISPAD: The International Society for Pediatric and Adolescent Diabetes

and disease management score, although there was an
association with parental mutuality scores.

Chronic illness of a family member can also affect the
relationship between all family members. When parents
support each other, parents’ trust in each other increases,
but conflict between spouses causes stress and decreases
parental motivation (18). In the present study, there was a
significant difference between the groups when divided by
maternal years of education and the income level of the
family in the parental mutuality score. Parental mutuality
appeared to increase as both the education level of the
mother increased and the income level of the family
increased.

It has been shown that conflicts between spouses, divorce,
financial problems, lack of social support, and problems
that may occur in family functionality may make it difficult

for the child to adapt to their disease (19). Case et al. (20)
conducted a prospective, longitudinal study of 127 children,
aged 5-9 years and their parents, within 12 months of
diagnosis of TIDM at two pediatric diabetes clinics in the
USA and followed participants for 27 months. They found
that as the time after diagnosis increased, parental mutuality
decreased and parental conflict increased. The results of
our study are consistent with these findings, because as the
time after diagnosis increased, the parental mutuality score
decreased. We believe that this is the result of the financial
problems that the family may face as the duration of chronic
illness increases, the increasing anxiety caused by having a
child who requires constant monitoring, and the decrease
in the motivation to cope with the stress of the disease over
time.

When a school-age child is diagnosed with TIDM, one of
the first problems parents face is the difficulties in adapting
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Table 4. Comparison of Turkish FaMM subscale scores for family life difficulty and view of condition impact

Family life difficulty and view of condition impact

Mean + SD Median p value

Gender Girl 56.7+13.2 0.38%*
Boy 545+12.7

School status Pre-school 59.7+12.8 0.26%*
School group 553+ 13.0

Presence of other chronic disease Yes 59.5+13.0 0.25%*
No 55.2+13.0

Mother education year Eight years and below 57 (45-67) 0.943*
More than eight years 55 (48-65)

Father education year Eight years and below 57.5+12.3 0.287*
More than eight years 548+ 13.3

Family income level Lower than minimum wage 58 (46-69) 0.59%#*
Minimum wage 58 (47-66)
More than minimum wage 53.5 (45-65)

Use of insulin pump Yes 56 (41-61) 0.29*
No 57 (47.5-67.5)

Regular outpatient visits Yes 55.66 +13.28 0.81*
No 56.30 + 12.24

Received diabetes education Yes 57 (45-66) 0.392*
No 54 (52-68)

Disease control®* *#* HbAlc >9.0% (poor control) 56.67 + 14.90 0.27%***
HbA1c 7.0 to £9.0% (moderate 53.98 +12.81
control)
HbAlc <7.0% (good control) 58.96 +10.60

Pubertal stage Prepubertal period 57.1+12.3 0.36%*
Pubertal period 54.8+13.5

Post diagnosis period Less than three years 57 (48-68) 0.22*
Over three years 57 (45-63)

*Mann-Whitney U test, **Independent sample t-test, ***Kruskal-Wallis test, ****One-Way ANOVA test.

###**According to ISPAD 2018.

SD: standard deviation, FaMM: Family Management Measure, ISPAD: The International Society for Pediatric and Adolescent Diabetes, HbA1c: hemoglobin Alc

school life to their child’s illness (21). In the qualitative study
of Beacham and Deatrick (22), using FaMM with thirty-two
school-going children aged 8-13 years with chronic illness,
the children mentioned the effort they needed to deal with
their illness, the difficulties in managing the illness during
school days, and the illness disrupting school. Patients stated
that disease management was much easier at weekends
or on non-school days. However, in the present study,
no significant association was observed between school
attendance and disease management. In our country, the
School Diabetes Program was started in 2010 as a part of the
national diabetes program, and the program is continuing
successfully (23,24). It is likely that disease management did
not fail in school in our patient group because of the positive
effect of this program, but the low number of individuals in
the preschool group (n=12, 10.9%) may have affected the
statistical comparison.
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Parents are faced with multiple stressors during and after
the diagnosis process. Life changes can affect family
routines, relationships, and parenting styles, due to the
long-term burden of the disease, dietary restrictions,
medications, and frequent visits to outpatient clinics (25).
In the present study, more than half of the families stated
that they had difficulties in regulating their children’s diet,
blood sugar monitoring and regulating meals during T1DM
follow-up. Given the complexity of prioritizing diabetes
treatment goals in themselves, prioritizing goals in multiple
chronic conditions can be a challenge for families. When
co-management of concurrent chronic diseases is required,
the remaining time and energy to care for diabetes can be
significantly reduced. Even if the combined management
of concurrent chronic diseases is not attempted, the control
of diabetes-specific risk factors may be poorer and this
may negatively affect patients and cause them to miss
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Table 5. Comparison of Turkish FaMM subscale scores for parental mutuality

Parental mutuality

Median (25™-75™ quantile) p value

Gender Girl 27 (23-31) 0.65%
Boy 28 (23-31)

School status Pre-school 29.5 (20.5-31) 0.85%
School group 27 (23-31)

Presence of other chronic disease Yes 24.5 (20-31) 0.28*%
No 28 (23-31)

Mother education year Eight years and below 26 (20.5-30) 0.013*
More than eight years 29 (26-32)

Father education year Eight years and below 26 (23-31) 0.294*
More than eight years 28 (23-31)

Family income level Lower than minimum wage 24 (19.5-27.5) 0.001*%*
Minimum wage 28 (23-31)
More than minimum wage 30.5 (27-33)

Use of insulin pump Yes 27.5 (26-29) 0.87*
No 28 (22-31)

Regular outpatient visits Yes 28 (23-31) 0.51*
No 27 (22-31)

Received diabetes education Yes 28 (23-31) 0.38*
No 27 (22-30)

Disease control®®*# HbAlc >9.0% (poor control) 28 (24-31) 0.85% %%
HbAlc 7.0 to £9.0% (moderate control) 27 (21-31)
HbAlc <7.0% (good control) 27.50 (24.5-30.5)

Pubertal stage Prepubertal period 28 (23-31) 0.84*
Pubertal period 28 (23-31)

Post diagnosis period Less than three years 28 (24-31) 0.25*%
Over three years 27 (21.5-31)

*Mann-Whitney U test, **Independent sample t-test, ** *Kruskal-Wallis test.
#x# %% According to ISPAD 2018.

FaMM: Family Management Measure, ISPAD: The International Society for Pediatric and Adolescent Diabetes, HbA1c: hemoglobin Alc

opportunities to improve their quality of life. In a qualitative
study by Beacham and Deatrick (22), an example was
given of a child athlete with both diabetes and asthma who
had to stop frequently before, during, and after training or
matches to control blood sugar levels or to take inhalation
treatments, and that it was difficult to manage these two
diseases. However, in the study of Al-Hadhrami et al. (26),
in which 210 Omani adults diagnosed with TIDM and the
factors affecting the self-management of diabetes were
evaluated, it was reported that those with additional chronic
diseases had better disease self-management than those
without diabetes. They interpreted the reason for this as
individuals with TIDM affected by other chronic diseases
fear that their condition will progress or worsen and thus
gave higher priority to necessary lifestyle changes. This
contrasts with the findings in the present study, and others
(22,27). The presence of a chronic disease in addition
to diabetes adversely affected disease management of

the families. Considering the difficulty of prioritizing the
treatment goals of diabetes, it seems reasonable to accept
that having more than one chronic disease may pose
an increased challenge for families, which may further
complicate diabetes management.

The insulin treatment option to be used also has an effect
on disease management. Insulin pump therapy can provide
a more comfortable life style for the patient by eliminating
continuous insulin injections during the day. In a cohort
study by Karges et al. (28), among patients younger than
20 years of age with TIDM and a duration of diabetes
greater than one year, insulin pump therapy was associated
with better glycemic control and lower risks of severe
hypoglycemia and diabetic ketoacidosis in the last year of
therapy compared to insulin injection therapy. When the
data obtained from The International Pediatric Registry
SWEET for 25,654 participants with TIDM between the
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ages of 1-18 years were examined, lower HbA1c level, fewer
diabetic ketoacidosis episodes and a lower rate of severe
hypoglycemia were detected in the participants using pumps
(29). Kardas and Gurol (30) found that children using insulin
pumps achieved better metabolic control and their quality
of life increased as HbA1c levels decreased. These findings
provide evidence for improved clinical outcomes associated
with insulin pump therapy compared to injection therapy in
children, adolescents, and young adults with TIDM. These
benefits to young patients are likely to facilitate disease
management by the parents (28). The findings from the
present study, that the use of an insulin pump positively
affected disease management, are consistent with these
earlier studies.

The first period after diagnosis is a period that requires rapid
knowledge and skill acquisition for disease management by
parents and children, including blood glucose monitoring,
insulin administration and carbohydrate counting. This
may complicate the establishment of effective parent-child
cooperation and disease management for diabetes care.
The study of Case et al. (20) showed that children with a
diagnosis of TIDM had significantly higher Diabetes Self-
Management Questionnaire-Summary scores at 27 months,
mostly reported by their mothers. In our study, a significant
increase was found in the disease management scores of the
parents at three years after diagnosis compared to earlier.
This finding suggests that families experience difficulties in
accepting and understanding T1DM in the first years after
diagnosis.

HbAlc measurements are made to evaluate longer-term
glycemic control in the follow-up of diabetes patients.
Nirantharakumar et al. (31) investigated HbAlc levels and
the time elapsed since diagnosis in a study of 4.525 patients
diagnosed with TI1DM from The Health Improvement
Network database, between 1995 and 2015. HbA1lc levels
increased after diagnosis and started to stabilize after an
average of five years after diagnosis. In our study, a positive
correlation was found between HbA1 ¢ level and the duration
(months-years) since diagnosis. This may be due to less
stringent disease management over time, or it may be due
to the result of falsely low assessment of HbA1c levels due
to increased hypoglycemia rates in the early stages of the
disease. Studies evaluating the time spent in target blood
glucose range with devices that measure blood glucose
continuously will give more accurate results in this regard.
Further studies are needed in this area.

Study Limitations

Firstly, all participants were treated in the same large
children’s hospital which may have led to homogeneity of
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participating families experience of disease follow-up and
treatment, which in turn may have affected the FaMM
scores. Secondly, we specifically requested the participation
of mothers in our study, as we hypothesized that mothers
would play an important role in the management of T1DM
in their children. However, the views of other family
members, in particular the patients themselves, but also
their fathers, siblings and other relatives involved in disease
management may have provided additional insights into
disease management in this cohort. Future research to
address the limitations of the current study is needed.

Conclusion

It is important to evaluate the child with chronic disease
using a biopsychosocial approach. Such an approach aims
to evaluate the problems of the child and his/her family who
experience this disease through a holistic approach because
the chronic disease experienced by the child is a complex
and trying process that affects not only the child but also their
families for many years. The aim should be to strengthen
the patients, ensure the functionality of their families, and
provide additional psychological, practical and emotional
support to ameliorate the physical challenges of chronic
illness. The use of FaMM provided a better understanding of
the family unit by identifying the strengths that families and
children develop, as well as their weaknesses, that will help
improve the results of interventions.
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Comparison of Makorin Ring Finger Protein 3 Levels Between
Obese and Normal Weight Patients with Central Precocious
Puberty

® Siimeyye Emel Eren, @ Enver Simsek

Eskisehir Osmangazi University Faculty of Medicine, Department of Pediatrics, Clinic of Pediatric Endocrinology, Eskisehir, Turkey

What is already known on this topic?

Puberty is initiated by the complex interaction of stimulatory and suppressive factors. Obesity in girls can cause early puberty by
affecting the hypothalamic-pituitary-gonadal axis. Makorin ring finger protein 3 (MKRN3) is the primary inhibitor of gonadotropin-
releasing hormone secretion.

What this study adds?

Serum MKRN3 levels were found to be negatively correlated with levels of follicle stimulating hormone and estradiol, and also body
mass index (BMI), uterine length and ovarian volumes. Serum MKRN3 level was lowest in the central precocious puberty (CPP)-obese
group. The negative correlation between BMI and MKRN3, and lower MKRN3 levels in CPP-obese patients, suggest that adipose tissue
has a role in the onset of puberty.

Abstract

Objective: Genetic studies of familial central precocious puberty (CPP) have suggested that makorin ring finger protein 3 (MKRN3) is the
primary inhibitor of gonadotropin-releasing hormone secretion. Obesity in girls can cause early puberty by affecting the hypothalamic-
pituitary-gonadal axis. This study evaluated serum MKRN3 levels of patients with CPP and its relationship with body mass index (BMI).
Methods: The study included 92 CPP and 86 prepubertal healthy controls (HC) aged 6-10 years. The CPP and HC groups were divided
into obese and non-obese subgroups to evaluate whether BMI affects MKRN3. Patients’ presenting complaints, chronological age, height
age, bone age, Tanner stage, standard deviation scores for weight, height, and BMI, levels of follicle-stimulating hormone, luteinizing
hormone, estradiol, and MKRN3, and pelvic ultrasonography findings were recorded.

Results: Serum MKRN3 levels were lower in the CPP group and lowest in the CPP-obese subgroup. There were significant differences in
MKRN3 levels between the CPP-obese and CPP-normal weight (p = 0.02), CPP-obese and HC-obese (p <0.001), and CPP-obese and HC-
normal weight (p = 0.03) groups. MKRN3 and BMI were negatively correlated in all cases (r=-0.326, p <0.001).

Conclusion: The negative correlation between BMI and MKRN3, and lower MKRN3 levels in CPP-obese patients, suggests that adipose
tissue has a role in the onset of puberty. More comprehensive studies are needed to determine the relationship between MKRN3 and
adipose tissue.
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Introduction

Puberty is a period of rapid growth, marking the transition
from sexual immaturity to sexual maturity. It is characterized
by the appearance of secondary sexual characteristics, the
achievement of reproductive capacity, and psychological
changes. Puberty results from complex, co-ordinated,
neuroendocrine mechanisms involving the maturation and
activation of the hypothalamic-pituitary-gonadal (HPG) axis
and pulsatile release of gonadotropin-releasing hormone
(GnRH) (1).

Obesity affects all organ systems, especially the
neuroendocrine system. The interaction of numerous genes
controlling puberty activates the HPG axis and initiates
puberty. The epigenetic effects of adipokines secreted
from adipose tissue affect the functions of these genes.
The ability of adipose tissue to accumulate sex hormones
and inter-convert them enzymatically also affects pubertal
development (2,3). The relationship between obesity and
pubertal timing is thought to be controlled by adipokines,
hyperandrogenism, the aromatase effect of adipose tissue,
insulin resistance, and hyperinsulinemia (4).

Makorin ring finger protein 3 (MKRN3) is an intronless
gene located on chromosome 15q11.2 in the Prader-Willi
syndrome critical region that was first identified by Jong
et al. (5) in 1999. A 2013 study of families with central
precocious puberty (CPP) by Abreu et al. (6) found that
the MKRN3 gene has effects on children entering puberty.
MKRN3 is also a major inhibitor of GnRH secretion in
childhood (6,7). An indirect way to determine the function of
MKRN3 in humans is to investigate serum levels in different
conditions. Studies have shown that serum MKRN3 levels
decrease before puberty (8,9,10,11) and are negatively
correlated with gonadotropin levels (9,12,13). Grandone et
al. (13) and Li et al. (14) observed a negative correlation
between MKRN3 and body mass index (BMI). The present
study examined the relationship between obesity and
MKRN3 in CPP by comparing serum MKRN3 levels between
obese and normal-weight CPP patients.

Methods

Patients and Controls

The study recruited 92 girls with CPP, and 86 age-matched
prepubertal girls as healthy controls (HC), from the Pediatric
Endocrinology Department from June 2019 to July 2021.
To evaluate whether BMI affects MKRN3, the CPP and HC
groups were divided into obese and non-obese subgroups.
The presence of breast development before the age of 8
years, menarche before the age of 10 years, advanced bone

age [a standard deviation (SD) score (SDS) of + 2 relative to
the chronological age], basal luteinizing hormone (LH) >1
mlU/mL or peak LH =5 mIU/mL in the GnRH stimulation
test, uterine length =35 mm, and ovarian volume =2 mL on
obstetric ultrasonography were used to diagnose CPP in the
girls. Obesity was defined as a BMI above the 95" percentile
or +2 SDS (15). In our pediatric endocrinology outpatient
clinic, we obtain a history, perform a physical examination,
examine routine laboratory tests (fasting blood glucose,
insulin, thyroid function tests, triglyceride, cholesterol, and
ALT) and perform abdominal ultrasonography to differentiate
exogenous and endogenous obesity. All examinations
of the patients included in this study were normal. In
addition, obesity due to Cushing’s syndrome, chronic drug
use (for example, corticosteroids), and monogenic obesity
syndromes were excluded. The prepubertal stage was
defined clinically as the absence of breast budding and
pubic hair (Tanner stage 1). Children with tumors, organic
or endocrine disease, premature thelarche, or syndromic
disease, and those taking medications, were excluded.

The study protocol was in line with the Declaration of
Helsinki and was approved by the Eskisehir Osmangazi
University Faculty of Medicine, Non-Interventional Clinical
Research Ethics Committee (protocol no: 10, date:
25.06.2019). Informed consent was obtained from all
individuals included in this study and their parents. This
study was supported by the Eskisehir Osmangazi University
Scientific Research Projects Coordination Unit (project no.
TTU-2021-1630).

Evaluation of Growth and Development

All girls underwent physical examination, including weight
and height, BMI, and Tanner breast development stage. BMI
was calculated as the weight in kilograms divided by the
height in meters squared. Height, weight, and BMI were
expressed as SDS using growth reference percentiles for
Turkish children and adolescents (16,17).

The left wrist was X-rayed to determine bone age according
to the Greulich-Pyle method (18). Gynecological ultrasound
was performed to observe the ovarian volume, uterine
length, and fundus/cervix ratio, as well as for secondary
follicle determination. Pituitary and cranial magnetic
resonance imaging were performed in patients diagnosed
with CPP younger than six years of age.

Biochemical Analysis

All blood samples were drawn between 8.00 a.m. and 10.00
a.m. from an antecubital vein, clotted, and centrifuged,
serum was stored at -80 °C until hormone analyses were
performed. For CPP girls, blood samples were withdrawn
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before GnRH analog treatment was started. The serum LH,
follicle-stimulating hormone (FSH), and estradiol E) levels
were measured by immunochemiluminometric assays using
a COBAS 8000 autoanalyzer (Roche Diagnostics, Mannheim,
Germany). The lowest LH and FSH level determined by this
method is 0.1 mIU/mL, and the lowest E, level is 5 pg/mL.
Gonadorelin acetate (Ferring, Germany) was used for the
GnRH stimulation test, with an injected dose of 2.5 pg/kg
(maximum dose =100 pg). LH and FSH were measured
before the injection, and 20, 40, 60, and 90 min thereafter
(19,20). The serum MKRN3 levels were measured using
human MKRN3 ELISA kits (BT Lab, China), with a 0.019 ng/
mL detection limit. The intra- and inter-assay coefficients of
variation were less than 8% and 10 %, respectively.

Statistical Analysis

Statistical analysis was performed using Statistical Package
for the Social Sciences software (version 21.0; IBM Corp.,
Armonk, NY, USA). Data were tested for normality using
the Shapiro-Wilk test and values >0.05 were considered
normal. For normally distributed continuous variables, the
data are expressed as the mean + SD, and for non-normally
distributed variables, they are expressed as the median and
interquartile range. Independent samples t-tests and analysis
of variance (ANOVA) were utilized to compare normally
distributed continuous variables. The Mann-Whitney and

Kruskal-Wallis non-parametric tests were used to compare
non-normally distributed variables. The chi-square test was
used for categorical variables. One-way ANOVA and the
Kruskal-Wallis test were used to determine whether the
study data differed between the normal weight and obese
groups. To determine which groups were responsible for
differences, the least significant difference post hoc test was
used when variance was homogeneous; Tamhane’s T2 test
was used when the variance was not homogeneous. The
relationships of MKRN3 with other biochemical indicators
were evaluated using Spearman’s correlation. P values
< 0.05 were considered statistically significant.

Results

No secondary sex characteristics were detected in the HC
girls. All CPP girls had bilateral breast development. Of
these girls, 30 (33 %), 43 (47 %), 18 (29%), and 1 (1 %) were
Tanner stages 11, IlI, IV and V, respectively. Nineteen CPP
patients had progressed to menarche. Table 1 summarizes
the girls’ clinical and biochemical characteristics. Bone
age was increased in the CPP patients compared with the
controls. As expected, CPP girls had higher serum LH,
FSH, and E, levels than the HC group (all p<0.001). The
serum MKRN3 levels were lower in the CPP than HC group
(p <0.001) (Figure 1).

Table 1. Clinical and biochemical characteristics of the CPP and HC girls

CPP HC p value
n=92 n=_86
Weight SDS 1.23+1.09 1.06+1.70 0.42
Height SDS 0.63+0.97 0.48 +1.33 0.37
BMI (kg/m.,) 19.72+3.53 19.15+3.97 0.31
BMI SDS 1.17+1.16 1.05+1.59 0.55
CA (years) 8.84+0.74 8.63+0.72 0.58
BA (years) 10.49 +1.07 8.96 + 1.35 <0.001
BA-CA 1.57 +0.80 0.71 +0.84 <0.001
FSH (mIU/mL) 4.03 (2.58-5.57) 1.54 (1.18-2.49) <0.001
LH (mIU/mL) 0.80 (0.30-4.16) 0.10 (0.10-0.10) <0.001
E, (pg/mL) 18.15 (7.70-32.72) 5.00 (5.00-7.19) <0.001
p-ESH (mIU/mL) 12.45 (9.42-16.00)
p-LH (mIU/mL) 13.95 (9.12-23.60)
p-LH/p-FSH 1.18 (0.80-2.10)
MKRN3 (ng/mL) 1.40 (0.76-2.66) 1.68 (1.26-4.60) <0.001
Length of the uterus (mm) 45.5 (39.3-49.8) 27.0 (10.0-34.0) <0.001
Right ovarian volume (mL) 4.0 (3.0-5.9) 1.7 (0.8-1.8) <0.001
Left ovarian volume (mL) 4.0 (3.0-5.4) 1.2 (1.0-1.7) <0.001

The median and interquartile ranges were shown except for weight, height, BMI, age which were expressed as means + SDS.
CPP: central precocious puberty, HC: healthy controls, BMI: body mass index, SDS: standard deviation score, CA: chronological age, BA: bone age, FSH: follicle stimulating
hormone, LH: luteinizing hormone, E,: estradiol, p: peak, MKRN3: makorin ring finger protein 3
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Table 2 shows the clinical and biochemical characteristics
of the obese and non-obese subgroups. Although their
chronological ages were similar, bone age was increased
most in the CPP-obese group. Serum MKRN3 levels were
lower in the CPP-obese group compared to the other groups
(p<0.001).

Serum MKRN3 levels were inversely correlated with BMI
(Figure 1), Tanner stage, FSH, E,, uterus length, and right
and left ovarian volumes, as shown in Table 3.
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Figure 1. Serum MKRN3 concentrations, and negative correlations between serum MKRN3 levels and BMI in all cases

CPP: central precocious puberty, HC: healthy controls, BMI: body mass in

dex, MKRN3: makRorin ring finger protein 3

Table 2. Clinical and biochemical characteristics of the obese and non-obese groups

n CPP CPP HC HC p Post-hoc
Normal weight Obese Normal weight Obese p<0.05
49 43 43 43
BMI (kg/m?) 16.83+1.71 23.0241.67 15.7842.04 2252+2.10 <0.001 25153 45153
BMI SDS 0.24+0.76 2244027 0.32+1.08 2.42+0.40 <0.001 25153, 45153
CA (years) 8.85+0.80 8.83+0.61 8.68+0.82 8.60+0.60 0.281
BA (years) 10.3341.08 10.67 +1.03 9.13+1.51 8.7941.39 <0.001 251534
FSH (mIU/mL) 2.8 (2.21-4.62) 5.00 (2.84-6.32) 1,60 (1.182.74)  1.39(1.062.46)  <0.00 ;:i 1>4.2>3,
LH (mIU/mL) 0.4 (0.3-1.6) 3.1 (0.4-5.9) 0.3 (0.3-0.3) 0.3 (0.3-0.5) <0.001 25153,2>1>4
E, (pg/mL) 18.0 (8.3-30.6) 20.6 (5.3-38.0) 5.0 (5.0-7.0) 5.0 (5.0-7.9) <0.001 ;:Z 1>4,2>3,
MKRN3 (ng/mL) 163 (1.14-3.28) 0.93 (0.50-2.05) 252 (1.40-4.61)  155(1.193.95  <0.001 152,352,452

The median and interquartile ranges were shown except for BMI, age which were expressed as means + SDS.
CPP: central precocious puberty, HC: healthy controls, BMI: body mass index, SDS: standard deviation score, CA: chronological age, BA: bone age, FSH: follicle stimulating
hormone, LH: luteinizing hormone, E,: estradiol, p: peak, MKRN3: makorin ring finger protein 3
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Table 3. Correlations between MKRN3 and other biochemical indicators

All cases CPP group HC group

n r p n r p n r p
BMI 178 -0.326 <0.001 92 -0.349 0.001 86 -0.284 0.008
BMI SDS 178 -0.261 <0.001 92 -0.315 0.002 86 -0.237 0.028
Tanner stage 178 -0.272 <0.001 92 -0.143 0.173
FSH 178 -0.218 0.003 92 -0.133 0.206 86 -0.036 0.739
LH 178 -0.128 0.09 92 -0.099 0.346 86 0.239 0.027
E, 178 -0.175 0.02 92 -0.049 0.644 86 -0.014 0.899
p-FSH 60 0.178 0.174
p-LH 60 0.164 0.211
Length of the uterus 178 -0.206 0.006 92 -0.009 0.930 86 0.057 0.604
Right ovarian volumes 178 -0.194 0.009 92 -0.003 0.976 86 -0.026 0.811
Left ovarian volumes 178 -0.189 0.12 92 -0.004 0.972 86 0.053 0.629

CPP: central precocious puberty, HC: healthy controls, BMI: body mass index, SDS: standard deviation score, FSH: follicle stimulating hormone, LH: luteinizing hormone,

E,: estradiol, p: peak, MKRN3: makorin ring finger protein 3

Discussion

Puberty is a complex developmental process that leads to
sexual maturation and reproductive capacity, resulting in
spermatogenesis in boys and ovulation in girls. This arises
from a coordinated sequence of events controlled by genetic,
neurochemical, metabolic, and environmental factors (21).

In 1970, Frisch and Revelle (22,23) suggested there is
a critical body weight controlling pubertal timing and
menarche in girls. Many studies have shown that girls with
more body fat undergo puberty earlier (4,24,25,26). Several
cross-sectional studies have reported significant correlations
between obesity and earlier menarche (27,28,29). Wang
(30) investigated the relationship between obesity and early
sexual development in 1,501 girls and 1,520 boys aged 8-14
years. In girls, they found positive correlations between early
sexual development and BMI, obesity, and subcutaneous
adipose tissue thickness. The increased risk of early puberty
in girls may be related to the recent increase in childhood
obesity (31).

The MKRN3 gene, located on chromosome 15 in the Prader-
Willi syndrome-associated region (15g11-q13), was found to
be mutated in five families with familial precocious puberty
(6). These included frameshift, nonsense, and missense
mutations (32). MKRN3 is expressed in the hypothalamus
and other tissues (33). MKRN3 expression is also high in
the hypothalamus of prepubertal mice, rats, and primates;
it decreases rapidly before puberty and remains low
thereafter (6,34). Thus, MKRN3 is thought to inhibit the
pathways leading to the onset of puberty. Abreu et al. (34)
reported that MKRN3 is expressed in KISS! neurons of
the mouse hypothalamic arcuate nucleus and that MKRN3
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repressed the promoter activity of human KISS1 and TAC3.
MKRN3 also has ubiquitinase activity, which is reduced by
MKRN3 mutations affecting the RING finger domain; these
mutations compromise the ability of MKRN3 to suppress
KISS1 and TAC3 promoter activity. Thus, MKRN3 is thought
to act at the level of kisspeptin or GnRH neurons.

This study investigated how serum MKRN3 levels change
with obesity in girls with CPP. Previous studies revealed
that the serum MKRN3 level was significantly lower in girls
with CPP than prepubertal girls (11,13,14). We found that
median serum MKRN3 levels were 1.40 (0.76-2.66) ng/
mL in the CPP group and 1.68 (1.26-4.60) ng/mL in the
HC group. The decreased MKRN3 levels in girls with CPP
support the association of MKRN3 with the inhibition of
GnRH secretion and pubertal initiation, and concur with
previous reports of peripubertal changes in serum MKRN3
levels (9,11,12,13,35).

Hagen et al. (9) reported that MKRN3 was negatively
correlated with gonadotropin levels in prepubertal girls.
Grandone et al. (13) reported that MKRN3 was negatively
correlated with gonadotropins and E, in CPP, normal age
prepubertal, and pubertal girls. Ge et al. (12) reported that
MKRN3 was negatively correlated with gonadotropin levels
in girls with premature thelarche and CPP. The prepubertal
decline in MKRN3, and its negative correlation with
gonadotropins, support the notion that MKRN3 is a major
inhibitor of hypothalamic GnRH secretion during childhood.
Inter-individual variation in circulating MKRN3 indicates
that there is no standard threshold with respect to when
MKRN3 initiates puberty. We found that serum MKRN3
levels were negatively correlated with FSH and E,, and non-
significantly correlated with LH. We also found negative



] Clin Res Pediatr Endocrinol
2023;15(2):182-189

Eren SE and Simsek E.
MKRNS3 Levels in Central Precocious Puberty

correlations between MKRN3 and the uterine length and
ovarian volume, also supporting a relationship between
MKRN3 decline and the onset of puberty. FSH and LH are
hormones produced by the anterior pituitary in response
to GnRH from the hypothalamus (36). In men, Leydig cells
produce testosterone under the control of LH. However,
in women, FSH stimulates granulosa cells in the ovarian
follicles to synthesize aromatase, which converts androgens
produced by the thecal cells to E, (37). Our study revealed
that, the effect of the peripubertal decline in MKRN3 on FSH
is more prominent than its effect on LH.

Grandone et al. (13) and Li et al. (14) found negative
correlations between MKRN3 and BMI, while Jeong et al.
(11) did not (35). The BMI and BMI SDS of the patient and
control groups in these studies were within the normal
range. In our study, the MKRN3 level was lowest in the CPP-
obese group, and there was a significant difference between
the CPP-obese and other subgroups (CPP-normal weight,
HC-normal weight, and HC-obese). There was no difference
in MKRN3 level among the CPP-normal weight, HC-normal
weight, and HC-obese groups. Although the MKRN3 level
in the CPP group was lower than in the HC group, the
MKRN3 levels of the CPP-normal weight group did not
differ from the HC-normal weight and HC-obese groups,
which indicates there is a relationship between obesity and
MKRN3. In addition, there was no significant difference
between the HC-normal weight and HC-obese groups; the
median value was higher in the HC-normal weight group.
We hypothesize that MKRN3 levels may decrease due to the
effects of obesity. Finally, MKRN3 levels do not appear to
represent a marker for discriminating precocious puberty
between CPP-normal weight and HC-obese groups. This
suggests that puberty is not only affected by MKRN3 or
obesity and that the mechanisms are complex. There was
also a negative correlation between MKRN3 and BMI. The
relationship between adiposity and the onset of puberty, as
well as between obesity and early menarche, is known (38).
The negative correlation with BMI suggests that MKRN3 in
girls is modulated by nutritional factors and adipokines,
such as leptin.

Leptin is a peptide hormone released from adipose tissue
in proportion to its mass. Leptin levels are associated with
the energy reserve required for pubertal development, and
levels convey this status to the hypothalamus. Leptin acts
in the sensitization of hypothalamic GnRH neurons and
stimulates GnRH by binding to the leptin receptor and
activating Kkisspeptin (39,40). Leptin permits puberty to
progress only if adequate body energy reserves are available
(41), although a recent study showed that the peripubertal
decrease in MKRN3 expression was independent of the

effect of leptin in a leptin-deficient mouse model (42).
Therefore, the interactions and relationships between
neuroendocrine factors and adipokines at the onset of
puberty have not yet been fully elucidated. The negative
correlation between BMI and MKRN?3, and lower MKRN?3
levels in obese patients in early puberty, suggests that
another factor modulates the effect of adipose tissue on the
onset of puberty. Unfortunately, leptin was not measured in
our patients.

Study Limitations

MKRN3 gene analysis was not performed in our study but
selective genetic testing should be performed in patients
with very low or very high MKRN3 values. Since our
study group was divided into obese and non-obese cases,
overweight cases were not evaluated separately. Finally,
the relationship between leptin and MKRN3 has not been
evaluated. In future studies, the limitations of our study
can be eliminated by evaluating a larger sample group and
investigating MKRN3 levels in patients with overweight and/
or morbid obesity. Furthermore, this design would enable
the relationship between leptin and MKRN3 to be evaluated.

Conclusion

In conclusion, serum MKRN3 levels were lower in girls with
CPP than controls, supporting the finding that MKRN3 levels
decrease at the onset of puberty and have a role therein.
The negative correlation between BMI and MKRN3, and
the lower MKRN3 levels in CPP-obese cases, suggest that
another factor modulates the effect of adipose tissue on the
onset of puberty. More comprehensive studies are needed
to determine the relationship between MKRN3 and adipose
tissue.

Ethics

Ethics Committee Approval: The study protocol was in line
with the Declaration of Helsinki and was approved by the
Eskisehir Osmangazi University Faculty of Medicine, Non-
Interventional Clinical Research Ethics Committee (protocol
no: 10, date: 25.06.2019).

Informed Consent: Informed consent was obtained from
all individuals included in this study and their parents.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices - Concept - Design - Data
Collection or Processing - Analysis or Interpretation -
Literature Search - Writing: Stimeyye Emel Eren, Enver
Simsek.

187



Eren SE and Simsek E.
MKRN3 Levels in Central Precocious Puberty

] Clin Res Pediatr Endocrinol
2023;15(2):182-189

Financial Disclosure: This study was supported by the
Eskisehir Osmangazi University Scientific Research Projects
Coordination Unit (project no: TTU-2021-1630).

References

1.

Choi JH, Yoo HW. Control of puberty: genetics, endocrinology, and
environment. Curr Opin Endocrinol Diabetes Obes 2013;20:62-68.

Soliman AT, Yasin M, Kassem A. Leptin in pediatrics: a hormone from
adipocyte that wheels several functions in children. Indian J Endocrinol
Metab 2012;16(Suppl 3):577-587.

Shalitin S, Gat-Yablonski G. Associations of obesity with linear growth
and puberty. Horm Res Paediatr 2022;95:120-136. Epub 2021 Jun 15

Li W, Liu Q, Deng X, Chen Y, Liu S, Story M. Association between
Obesity and Puberty Timing: A Systematic Review and Meta-Analysis.

Int ] Environ Res Public Health 2017;14:1266.

Jong MT, Gray TA, Ji Y, Glenn CC, Saitoh S, Driscoll DJ, Nicholls RD.
A novel imprinted gene, encoding a ring zinc-finger protein, and
overlapping antisense transcript in the Prader-Willi syndrome critical
region. Hum Mol Genet 1999;8:783-793.

Abreu AP, Dauber A, Macedo DB, Noel SD, Brito VN, Gill JC, Cukier P,
Thompson IR, Navarro VM, Gagliardi PC, Rodrigues T, Kochi C, Longui
CA, Beckers D, de Zegher F, Montenegro LR, Mendonca BB, Carroll RS,
Hirschhorn JN, Latronico AC, Kaiser UB. Central precocious puberty
caused by mutations in the imprinted gene MKRN3. N Engl ] Med
2013;368:2467-2475. Epub 2013 Jun 5

Macedo DB, Abreu AP, Reis AC, Montenegro LR, Dauber A, Beneduzzi
D, Cukier P, Silveira LF, Teles MG, Carroll RS, Junior GG, Filho GG, Gucev
Z, Arnhold 1], de Castro M, Moreira AC, Martinelli CE Jr, Hirschhorn JN,
Mendonca BB, Brito VN, Antonini SR, Kaiser UB, Latronico AC. Central
precocious puberty that appears to be sporadic caused by paternally
inherited mutations in the imprinted gene makorin ring finger 3. J Clin
Endocrinol Metab 2014;99:1097-1103. Epub 2014 Mar 14

Busch AS, Hagen CP, Almstrup K, Juul A. Circulating MKRN3 levels
decline during puberty in healthy boys. | Clin Endocrinol Metab
2016;101:2588-2593. Epub 2016 Apr 8

Hagen CP, Serensen K, Mieritz MG, Johannsen TH, Almstrup K, Juul A.
Circulating MKRN3 levels decline prior to pubertal onset and through
puberty: a longitudinal study of healthy girls. ] Clin Endocrinol Metab
2015;100:1920-1926. Epub 2015 Feb 19

. Varimo T, Dunkel L, Vaaralahti K, Miettinen PJ, Hero M, Raivio T.

Circulating makorin ring finger protein 3 levels decline in boys before
the clinical onset of puberty. Eur ] Endocrinol 2016;174:785-790. Epub
2016 Mar 29

. Jeong HR, Lee HJ, Shim YS, Kang MJ, Yang S, Hwang IT. Serum Makorin

ring finger protein 3 values for predicting Central precocious puberty in
girls. Gynecol Endocrinol 2019;35:732-736. Epub 2019 Feb 26

. Ge W, Wang HL, Shao H]J, Liu HW, Xu RY. Evaluation of serum makorin

ring finger protein 3 (MKRN3) levels in girls with idiopathic central
precocious puberty and premature thelarche. Physiol Res 2020;69:127-
133. Epub 2019 Dec 19

. Grandone A, Cirillo G, Sasso M, Capristo C, Tornese G, Marzuillo P,

Luongo C, Rosaria Umano G, Festa A, Coppola R, Miraglia Del Giudice
E, Perrone L. MKRN3 levels in girls with central precocious puberty
and correlation with sexual hormone levels: a pilot study. Endocrine
2018;59:203-208. Epub 2017 Mar 15

. LiM, Chen Y, Liao B, Tang |, Zhong |, Lan D. The role of kisspeptin and

MKRN3 in the diagnosis of central precocious puberty in girls. Endocr
Connect 2021;10:1147-1154.

188

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Lakshman R, Elks CE, Ong KK. Childhood obesity. Circulation

2012;126:1770-1779.

. Neyzi O, Furman A, Bundak R, Gunoz H, Darendeliler F, Bas F. Growth

references for Turkish children aged 6 to 18 years. Acta Paediatr
2006;95:1635-1641.

. Bundak R, Furman A, Gunoz H, Darendeliler E, Bas F, Neyzi O. Body

mass index references for Turkish children. Acta Paediatr 2006;95:194-
198.

. Greulich WW, Pyle SI. Radiographic atlas of skeletal development of

the hand and wrist. 2nd ed ed. Stanford, CA, Stanford University Press,
1971.

. Ab Rahim SN, Omar |, Tuan Ismail TS. Gonadotropin-releasing

hormone stimulation test and diagnostic cutoff in precocious puberty:
a mini review. Ann Pediatr Endocrinol Metab 2020;25:152-155. Epub
2020 Jul 30

Kandemir N, Demirbilek H, Ozén ZA, Géng N, Alikasifoglu A. GnRH
stimulation test in precocious puberty: single sample is adequate
for diagnosis and dose adjustment. | Clin Res Pediatr Endocrinol
2011;3:12-17. Epub 2011 Feb 23

Maione L, Naulé L, Kaiser UB. Makorin ring finger protein 3 and central
precocious puberty. Curr Opin Endocr Metab Res 2020;14:152-159.
Epub 2020 Aug 26

Frisch RE, Revelle R. Height and weight at menarche and a hypothesis
of critical body weights and adolescent events. Science 1970;169:397-
399.

Frisch RE, Revelle R. The height and weight of girls and boys at the
time of initiation of the adolescent growth spurt in height and weight
and the relationship to menarche. Hum Biol 1971;43:140-159.

Wagner IV, Sabin MA, Pféffle RW, Hiemisch A, Sergeyev E, Korner A,
Kiess W. Effects of obesity on human sexual development. Nat Rev
Endocrinol 2012;8:246-254.

Rosenfield RL, Lipton RB, Drum ML. Thelarche, pubarche, and
menarche attainment in children with normal and elevated body mass
index. Pediatrics 2009;123:84-88.

Biro FM, Kiess W. Contemporary trends in onset and completion of
puberty, gain in height and adiposity. Endocr Dev 2016;29:122-133.
Epub 2015 Dec 17

Barcellos Gemelli IF, Farias EDS, Souza OF Age at Menarche and Its
Association with Excess Weight and Body Fat Percentage in Girls in
the Southwestern Region of the Brazilian Amazon. ] Pediatr Adolesc
Gynecol 2016;29:482-488. Epub 2016 Mar 8

Bau AM, Ernert A, Schenk L, Wiegand S, Martus P, Gruters A, Krude
H. Is there a further acceleration in the age at onset of menarche?
A cross-sectional study in 1840 school children focusing on age and
bodyweight at the onset of menarche. Eur ] Endocrinol 2009;160:107-
113. Epub 2008 Oct 30

Wronka 1. Association between BMI and age at menarche in girls from
different socio-economic groups. Anthropol Anz 2010;68:43-52.

Wang Y. Is obesity associated with early sexual maturation? A
comparison of the association in American boys versus girls. Pediatrics
2002;110:903-910.

Obesity and overweight. World Health Organization; 2021. who.
int/news-room/fact-sheets/detail/obesity-and-overweight. Accessed
December 26, 2021.

Valadares LP, Meireles CG, De Toledo IP, Santarem de Oliveira R,
Gongalves de Castro LC, Abreu AP, Carroll RS, Latronico AC, Kaiser
UB, Guerra ENS, Lofrano-Porto A. MKRN3 Mutations in Central
Precocious Puberty: A Systematic Review and Meta-Analysis. ] Endocr
S0 2019;3:979-995.



] Clin Res Pediatr Endocrinol
2023;15(2):182-189

Eren SE and Simsek E.
MKRNS3 Levels in Central Precocious Puberty

33.

34.

35.

36.

37.

Kénsdkoski |, Raivio T, Juul A, Tommiska ]J. A missense mutation in
MKRN3 in a Danish girl with central precocious puberty and her
brother with early puberty. Pediatr Res 2015;78:709-711. Epub 2015
Sep 2

Abreu AP, Toro CA, Song YB, Navarro VM, Bosch MA, Eren A, Liang N,
Carroll RS, Latronico AC, Rennekleiv OK, Aylwin CF, Lomniczi A, Ojeda
S, Kaiser UB. MKRN3 inhibits the reproductive axis through actions
in kisspeptin-expressing neurons. J Clin Invest 2020;130:4486-4500.

Jeong HR, Yoon ]S, Lee HJ, Shim YS, Kang MJ, Hwang IT. Serum level of
NPTX1 is independent of serum MKRN3 in central precocious puberty.
] Pediatr Endocrinol Metab 2021;34:59-63.

Stamatiades GA, Kaiser UB. Gonadotropin regulation by pulsatile GnRH:
Signaling and gene expression. Mol Cell Endocrinol 2018;463:131-141.
Epub 2017 Nov 2

Biro FM, Pinney SM, Huang B, Baker ER, Walt Chandler D, Dorn
LD. Hormone changes in peripubertal girls. | Clin Endocrinol Metab
2014;99:3829-3835. Epub 2014 Jul 16

38.

39.

40.

41.

42.

German A, Shmoish M, Hochberg ZE. Predicting pubertal development
by infantile and childhood height, BMI, and adiposity rebound. Pediatr
Res 2015;78:445-450. Epub 2015 Jul 7

Yu WH, Kimura M, Walczewska A, Karanth S, McCann SM. Role of
leptin in hypothalamic-pituitary function. Proc Natl Acad Sci U S A
1997;94:1023-1028.

Reinehr T, Roth CL. Is there a causal relationship between obesity and
puberty? Lancet Child Adolesc Health 2019;3:44-54. Epub 2018 Nov 14

Tena-Sempere M. Keeping puberty on time: novel signals and
mechanisms involved. Curr Top Dev Biol 2013;105:299-329.

Roberts SA, Abreu AP, Navarro VM, Liang JN, Maguire CA, Kim HK,
Carroll RS, Kaiser UB. The Peripubertal Decline in Makorin Ring Finger
Protein 3 Expression is Independent of Leptin Action. ] Endocr Soc
2020;4:bvaa059.

189



ORIGINAL ARTICLE DOI: 10.4274/jcrpe.galenos.2023.2022-10-1

J Clin Res Pediatr Endocrinol 2023;15(2):190-198

Can Serum 25-Hydroxy Vitamin D Levels Predict the Severity of
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What is already known on this topic?

Serum vitamin D levels are lower in patients with Coronavirus disease-2019 (COVID-19) and multisystem inflammatory syndrome in
children (MIS-C).

What this study adds?

The severity of COVID-19 was associated with low serum vitamin D levels. In MIS-C there was a moderate correlation between the
number of affected organ systems and serum 25-hydroxy vitamin D levels. MIS-C patients who required intensive care had considerably
lower vitamin D levels than those who did not.

Abstract

Objective: To determine the clinical significance of serum 25-hydroxy (OH) vitamin D levels in pediatric patients with multisystem
inflammatory syndrome in children (MIS-C) and compare the vitamin D levels of these patients with those patients with Coronavirus
disease-2019 (COVID-19) and healthy controls.

Methods: This study was designed for pediatric patients aged 1 month to 18 years and conducted between July 14 and December 25,
2021. Fifty-one patients with MIS-C, 57 who were hospitalized with COVID-19, and 60 controls were enrolled in the study. Vitamin
D insufficiency was defined as a serum 25 (OH) vitamin D level of less than 20 ng/mL. Severe MIS-C was classified as necessitating
intensive care due to cardiovascular instability, the necessity for non-invasive or invasive mechanical ventilation, and/or a diminishing
Glasgow coma scale. World Health Organization definition criteria were used to describe the clinical stages of COVID-19 in children and
patients were divided into four groups according to the clinical severity of COVID-19: asymptomatic, mild, moderate, and severe/critical.
Results: The median serum 25 (OH) vitamin D was 14.6 ng/mL in patients with MIS-C, 16 ng/mL in patients with COVID-19, and 21.1
ng/mL in the control group (p <0.001). Vitamin D insufficiency was present in 74.5% (n=38) of patients with MIS-C, 66.7% (n=38)
of patients with COVID-19, and 41.7 % (n=25) of the controls (p=0.001). The percentage of four or more affected organ systems was
39.2% in patients with MIS-C. The correlation between the number of affected organ systems and serum 25 (OH) vitamin D levels was
evaluated in patients with MIS-C and there was a moderate negative correlation (r=-0.310; p=0.027). A weak negative correlation was
found between the severity of COVID-19 and serum 25 (OH) vitamin D (r=-0.320, p=0.015).

Conclusion: Vitamin D levels were insufficient in both the MIS-C and COVID groups. Furthermore, vitamin D levels correlated with the
number of affected organ systems in MIS-C and the severity of COVID-19.
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Introduction

The Coronavirus disease-2019 (COVID-19) pandemic, caused
by Severe acute respiratory syndrome-Coronavirus-2 (SARS-
CoV-2) infection, has spread rapidly worldwide. While the
nature of this disease is gradually being discovered, it has
been observed that the clinical course is milder in children
compared with adults (1). Nevertheless, recent evidence
has shown that children may develop signs of multiorgan
failure several weeks after primary infection, manifesting in
cardiovascular dysfunction leading to life-threatening shock
and even requiring a stay in the intensive care unit (ICU)
due to the systemic inflammatory response (2). This novel
syndrome was later termed multisystem inflammatory
syndrome in children (MIS-C) (3,4). This postinfectious
process is thought to be caused by non-neutralizing
antibodies through antibody-dependent amplification,
causing immune system dysregulation by SARS-CoV-2 with
a racial genetic predisposition (5,6).

Vitamin D is well-known for its role in regulating calcium
and phosphorus metabolism. More recently, the role of
vitamin D in non-skeletal functions, including inflammation
and immune regulation, has also been investigated (7). One
of the mechanistic effects of vitamin D on immune function
is via the vitamin D receptor, which is expressed in most
cell types and can influence genomic and non-genomic
pathways related to the immune system (8). Vitamin D
can induce monocyte differentiation into macrophages,
increase the activity of lysosomal enzymes in macrophages,
and facilitate cytotoxic activity by increasing the rate of
phagocytosis (9). Many studies have provided evidence that
vitamin D reduces the risk of viral infection by suppressing
the release of inflammatory cytokines derived from the
adaptive immune system, particularly interleukin-2 and
interferon-gamma (10,11). Vitamin D has been reported to
inhibit inflammatory processes by stimulating T-regulatory
cells and increasing cellular immunity (10,11). Vitamin D is
also known to exert direct antibacterial and antiviral effects
via cathelicidin. Cathelicidin is an antimicrobial peptide
that promotes the induction of reactive oxygen radical
synthesis, which has direct microbicidal effects and elicits
immunomodulatory responses to pathogen-associated
stimuli by recruiting neutrophils, monocytes, and T cells
to microbial invasion sites (12,13). The effect of vitamin
D in MIS-C is thought to be due to its well-established role
in modulating adaptive and innate immunity, including
regulation of inflammatory cytokine release (5,6).

There are many studies on vitamin D deficiency in children
with various infectious diseases (14,15). However, there

are insufficient studies on vitamin D status in children
with MIS-C. This study aimed to investigate the clinical
significance of serum 25-hydroxy (OH) vitamin D levels
in pediatric patients with MIS-C and to compare 25 (OH)
vitamin D levels in patients hospitalized for COVID-19 and
healthy controls.

Methods

Study Design

This prospective, observational study was designed for
pediatric patients who were aged 1 month to 18 years
and was conducted between July 14" and December 25%,
2021. Hospitalized patients who met the diagnostic criteria
for MIS-C were enrolled in the study. During the study
period, hospitalized pediatric patients with a diagnosis of
COVID-19 confirmed by a positive reverse transcriptase-
polymerase chain reaction (RT-PCR) were included in the
study. Healthy volunteers who were admitted to general
pediatric polyclinics were defined as the control group and
serum samples were during similar months to the patient
group to negate the well-known seasonal effect on vitamin
D levels. The control group was randomly selected, starting
with the 50" patient out of roughly 3000 attendants to
pediatric outpatient clinics, as well as patients who were
multiples of that patient.

Patient demographics, underlying disease, medication
history, symptoms, laboratory results, system involvement,
and outcomes were extracted from medical records. Clinical
and laboratory parameters (lymphocyte count, neutrophil
count, blood pressure, respiratory rate, and heart rate)
were recorded as age-specific normal ranges. The need
for ICU care due to inotropic support or fluid resuscitation,
the need for invasive/non-invasive mechanical ventilation,
or extracorporeal membrane oxygenation were assessed.
Treatment modalities were recorded. The case definition
of MIS-C was used, as defined by the Centers for Disease
Control and Prevention and the World Health Organization
(3,4). Severe MIS-C was classified as necessitating intensive
care due to cardiovascular instability, the necessity for
non-invasive or invasive mechanical ventilation, and/or a
diminishing Glasgow coma scale. World Health Organization
definition criteria were used to describe the clinical stages
of COVID-19 in children (16). Patients were divided into
four groups according to the clinical severity of COVID-19:
asymptomatic, mild, moderate, and severe/critical.

Cut-off wvalues for serum 25 (OH) vitamin D have
been previously published with global consensus
recommendations from pediatric endocrinologists: Vitamin
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D sufficiency is defined as a serum 25 (OH) vitamin D level
of at least 20 ng/mL (50 nmol/L), whereas insufficiency
is defined as 12 to 20 ng/mL (range, 30-50 nmol/L) and
deficiency is less than 12 ng/mL (<30 nmol/L) (17). Serum
25 (OH) vitamin D levels were measured during the first
three days after hospitalization.

Patients who had taken vitamin supplements, who had
bone metabolism disorders, and who did not want to
participate in the study were excluded. Written informed
consent was obtained from the patients and their parents.
Ethical committee approval was obtained from University of
Health Sciences Turkey, izmir Tepecik Training and Research
Hospital (decision no: 2021/07-14, date: 14.07.2021).

RT-PCR Assay

Combined nasopharyngeal and oropharyngeal swab
specimens were collected from children with suspected
COVID-19 and sent to the medical microbiology laboratory.
SARS-CoV-2 was detected using RT-PCR (Bio-Speedy SARS-
CoV-2 double Gene RT-gPCR Kit). Specifically, two target
genes, including open reading frame 1ab (ORFlab) and
nucleocapsid protein (N), were tested during the RT-PCR
assay.

Vitamin D Assay

Blood samples were placed in gel-containing tubes with
a clot activator (BD Vacutainer SST II Advance, USA) and
centrifuged at 1500 g for 10 minutes to separate serum
from clot. Serum 25 (OH) vitamin D was measured by
chemiluminescence immunoassay on an Advia Centaur
XP analyzer (Siemens Healthineers, Erlangen, Germany).
The intra-assay and inter-assay coefficients of variation for
the 25 (OH) vitamin D assay were less than 8% and 12 %,
respectively.

Statistical Analysis

The median, first quartile, and third quartile [interquartile
range (IQR)] were used to represent continuous variables
that were not normally distributed. Differences between
two or three groups were analyzed using the Mann-
Whitney U test and the Kruskal-Wallis test, respectively.
An independent t-test was used to compare normally
distributed data. Categorical variables were compared using
the chi-square test or Fisher’s exact test. A p<0.05 was
considered significant. Spearman’s rank correlation test
was performed to determine the association between serum
25 (OH) vitamin D and the severity of MIS-C or COVID-19
pneumonia. Spearman’s correlation analysis was used to
determine the correlation between laboratory results and
serum 25 (OH) vitamin D levels. Statistical analyses were
performed using Statistical Package for the Social Sciences
for Windows, version 25 (IBM, Armonk, NY, USA).

Results

This prospective observational study was performed with
51 patients with MIS-C, 57 patients with COVID-19, and 60
controls. When the sex and median age distribution of the
groups were evaluated, there were no statistical differences
between the three groups (p=0.446 and p=0.089,
respectively) (Table 1). The median serum 25 (OH) vitamin
D level was 14.6 ng/mL in patients with MIS-C, 16 ng/mL
in patients with COVID-19, and 21.1 ng/mL in the controls
(p <0.001). In subgroup comparison, serum 25 (OH) vitamin
D levels were significantly lower in patients with MIS-C
compared with controls (MIS-C vs. controls p < 0.001; MIS-C
vs. COVID-19 p=0.240; COVID-19 vs. controls p=0.058).
Vitamin D insufficiency was present in 74.5% (n=38/51)
of patients with MIS-C, 66.7% (n=38/57) of patients with
COVID-19, and 41.7 % (n=25/60) of the controls (Figure 1).

Table 1. Characteristics and serum vitamin D levels between patients with MIS-C, hospitalized COVID-19 and the control group

MIS-C COVID-19 Control group p value p value
MIS-C MIS-C COVID-19
vs. COVID-19 vs. control vs. control
Patient number, n (%) 51 57 60 -
Age, years (IQR) 8.8 (5.6-12.3) 11.8 (3.8-15.7) 10 (6.2-16.4) 0.089 -
Sex, n (%)
Boy 33 (64.7) 30 (52.6) 35 (58.3) 0.446 -
Girl 18 (35.3) 27 (47.4) 25 (41.7)
25 (OH) vitamin D levels (IQR) 14 (9.3-20) 16 (9.1-23.4) 21.1 (13.7-27.5) <0.001* 0.240 <0.001 0.058
Vitamin D status, n (%) 0.001 0.373 <0.001 0.007
Vitamin D sufficiency 13 (25.5) 19 (33.3) 35 (58.3)
Vitamin D insufficiency 38 (74.5) 38 (66.7) 25 (41.7)

*Fisher’s exact probability test was used for cross-classification tables.

IOR: interquartile range, 25 (OH): 25-hydroxy, MIS-C: multisystem inflammatory syndrome in children, COVID-19: Coronavirus disease-2019
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The characteristics of patients with MIS-C according to
adequate/inadequate serum 25 (OH) vitamin D levels are
shown in Table 2. Thirty-eight (74.5 %) patients had vitamin
D insufficiency and 13 (25.5%) had vitamin D sufficiency.
The median (IQR) age of patients with MIS-C was 8.8 (5.6-
12.3) years. Patients with adequate serum 25 (OH) vitamin D
levels were younger compared with patients with inadequate
serum 25 (OH) vitamin D (6 vs. 10.3 years; p =0.034) (Table
2). Thirty-three (64.7%) patients with MIS-C were male
and 28.9% (n=15) were overweight-obese. The median
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40
% 3 . L
2 . ’
=] . .
'E 20 e ° L ° e -
E * ‘ o )
g . . % . L] . ‘. % L .
& oo .' LECL I 2 °
L] . . S e
]
1] 5 10 15
Age (year)
COVID-19
.
40
—_— 30 - L]
= : . . .
—~ 20 - -
% e N . '.' .
= . . . .
2 10 ¢ ‘ N * ‘ . : . ° °
. . . . . LS
. L]
L]
0
[l 5 10 15
Age (year)

Control group

25 (OH) vit D levels

Age (year)
Figure 1. Serum 25-hydroxy vitamin D values in patients with
MIS-C, COVID-19, and healthy controls

COVID-19:  Coronavirus  disease-2019,  MIS-C:
inflammatory syndrome in children, 25 (OH): 25-hydroxy

multisystem

length of hospital stay was eight days in the inadequate
vitamin D group and five days in the adequate vitamin D
group (p = 0.085). In the evaluation of admission symptoms
(fever, fatigue, muscle ache, any gastrointestinal symptoms,
conjunctival inflammation mucous membrane changes,
rash, arthralgia, any respiratory symptoms), there were no
statistically significant differences between the adequate
and inadequate vitamin D groups with MIS-C (p>0.05 for
all).

The affected organ systems (cardiac, renal, respiratory,
hematologic, gastrointestinal, dermatologic, or neurologic)
were assessed in patients with MIS-C. The percentage of four
or more affected organ systems was 39.2 % among patients
with MIS-C. It was found that the prevalence of patients with
>4 involved organ systems was significantly higher in the
group with inadequate vitamin D (47.4 %, n=18) compared
with the group with adequate vitamin D (15.4%, n=2)
(p=0.041). When the correlation between the number of
affected organ systems and serum 25 (OH) vitamin D levels
was evaluated, there was a moderate negative correlation
(r=-0.310; p=0.027). ICU stay was required in 15.7%
(n=8) of patients with MIS-C, and all of these patients were
in the inadequate vitamin D group (p = 0.096). The pediatric
ICU (PICU) group had significantly lower serum 25 (OH)
vitamin D levels compared with the non-PICU group (11.8
vs. 15.1; p=0.039) (Figure 2). Similarly, hypotension was
noted in 34.2% (n=13) of patients, and shock developed
in 26.3% (n=10) of patients; all of these patients were in
the inadequate vitamin D group (p=0.023 and p=0.048,
respectively). There were no deaths in the study population.

The characteristics of patients with COVID-19 are shown in
Table 3. Thirty-eight (66.7 %) of 57 hospitalized COVID-19
patients had vitamin D insufficiency. The median (IQR) age
was 11.8 years (3.8-15.7) and 52.6% (n=30) of patients
were male. When evaluating the clinical characteristics of
the patients, dry cough was significantly more frequent in
the group with inadequate serum vitamin D levels (73.7 %
vs. 47.4%, respectively; p=0.049). When evaluating the
laboratory results, the lymphocyte count was significantly
lower in the group with inadequate serum vitamin D levels
(1300 vs. 2200 cells/uL, p=0.049). When evaluating the
correlation between the severity of COVID-19 and serum
25 (OH) vitamin D, a weak negative correlation was found
(r=-0.320, p=0.015) and this was also found for the length
of hospital stay (r=-0.304, p=0.022). The correlation
between serum 25 (OH) vitamin D levels and laboratory
results was evaluated. There was a moderate positive
correlation between serum 25 (OH) vitamin D levels and
aspartate aminotransferase levels (r=0.530; p<0.001),
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and a weak positive correlation with lactate dehydrogenase
levels (r=0.269, p=0.043).

Discussion

To the best of our knowledge, this is one of the first studies
to analyze vitamin D levels in pediatric patients with
MIS-C and a hospitalized pediatric COVID-19 group. In the
present study, the median serum 25 (OH) vitamin D level
was inadequate in both patients with MIS-C and COVID-19
compared with the control group. It was lowest in the MIS-C
group followed by COVID-19 and then healthy controls.

There are few published studies on vitamin D status in
patients with MIS-C. In a study by Darren etal. (18), 16 of 18
(89 %) patients with MIS-C had vitamin D insufficiency, and

the mean 25 (OH) vitamin D level was 6.8 ng/mL. They also
reported that the PICU group (n=12) tended to have lower
mean 25 (OH) vitamin D levels compared with the non-PICU
group (8.9 vs. 5.6 ng/mL, respectively; p=0.110), but these
results were not significant. Zengin et al. (19) compared the
serum vitamin D levels of 34 MIS-C patients requiring ICU
with those of 34 control patients in a retrospective study.
They reported that patients with MIS-C had considerably
lower serum 25 (OH) vitamin D levels than those without
MIS-C (9 vs. 19 ng/mL). Consistent with previous reports,
75% of patients in the present study with MIS-C had either
vitamin D deficiency or vitamin D insufficiency and all
patients who required ICU stay (n=8/51, 21 %) were in
the vitamin D insufficiency group. The PICU group had
significantly lower 25 (OH) vitamin D levels than the non-

Table 2. Characteristics of the patients with MIS-C according to serum 25-hydroxy vitamin D levels

All patients Vitamin D insufficiency  Vitamin D sufficiency  p value

n=>51 n=38 n=13
Age, years, median (IQR) 8.8 (5.6-12.3) 10.3 (6.1-13) 6 (2.6-10.3) 0.034
Overweight/obese n/total (%) 13/45 (28.9) 10/35 (28.6) 3/10 (30) 0.608
Sex, n (%)
Girl 18 (35.3) 15 (39.5) 3(21.1) 0.336
Boy 33 (64.7) 23 (60.5) 10 (76.9)
25 (OH) vitamin D levels, median (IQR)
Girl 11.6 (6.7-18.2) 9.8 (6.3-12.7) 20.6 (20.5-) -
Boy 14.4 (10.7-20.4) 13.3 (9.3-14.6) 23.1 (20.6-28.6) -
Underlying medical condition, n (%) 17 (33.3) 14 (36.8) 3 (23.1) 0.502
Duration of hospitalization, median (IQR) 7 (4-11) 8 (5-13.2) 5 (3-8.5) 0.085
Number of organ systems involvements
2-3 31 (60.8) 20 (52.6) 11 (84.6) 0.041
>4 20 (39.2) 18 (47.4) 2 (15.4)
Treatment
Intravenous immunoglobulin n (%) 36 (70.6) 28 (73.7) 8 (61.5) 0.487%
Corticosteroids n (%) 31 (60.8) 26 (68.4) 5 (38.5) 0.098*
Anticoagulants n (%) 39 (76.5) 32 (84.2) 7 (563.8) 0.053*
Acetyl salicylic acid n (%) 5(9.8) 3(7.9) 2(15.4) 0.591*
Inotropes n (%) 9(17.6) 8 (21.1) 1.(7.7) 0.417*
Immunomodulatory therapy n (%) 4 (7.8) 4 (10.5) 0 0.561*
Need for oxygen n (%) 10 (19.6) 10 (26.3) 0 0.048*%
Outcomes
Hypotension n (%) 13 (25.5) 13 (34.2) 0 0.023*
Extracorporeal membrane oxygenation n (%) 3(5.9) 3(7.9) 0 0.561*
Prone position n (%) 4 (7.8) 4 (10.5) 0 0.342*
Plasma exchange n (%) 4 (7.8) 4 (10.5) 0 0.295%
NIMV/MV n (%) 4 (7.8) 4 (10.5) 0 0.561*
Shock n (%) 10 (19.6) 10 (26.3) 0 0.048*
Need for ICU n (%) 8 (15.7) 8 (21.1) 0 0.096*

*Fisher’s exact probability test was used for cross-classification tables.
IQR: interquartile range, ICU: intensive care unit, NIMV/MV: non-invasive mechanical ventilation/mechanical ventilation, 25 (OH): 25-hydroxy, MIS-C: multisystem

inflammatory syndrome in children
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ICU group (11.8 vs. 15.1 ng/mL, respectively). This finding
warrants further investigation in larger MIS-C cohorts.

Although studies on vitamin D status in patients with
MIS-C are limited, some studies focused on its relation to
disease severity. In the study by Torpoco Rivera et al. (20),
the authors found that the seriousness of MIS-C, especially
cardiac involvement, was associated with severe vitamin
D deficiency [25 (OH) vitamin D level <10 ng/mL]. In the
study conducted by Mamishi et al. (21), 122 patients with
MIS-C were divided into two groups (mild-moderate and
severe). Mild-to-moderate MIS-C was present in 97, while
severe MIS-C was present in 25. Serum 25 (OH) vitamin D

30,00
2400

18,00

25 (OH) vit D levels

1200

non-PICU group PICU group

Figure 2. The comparison of serum 25-hydroxy vitamin D
levels of patients with MIS-C according to a need for a stay in an
intensive care unit

PICU: pediatric intensive care unit, 25 (OH): 25-hydroxy, MIS-C:
multisystem inflammatory syndrome in children

levels were considerably lower in patients with severe MIS-C
(8.5 vs. 20.5 ng/mL). In a review by Feketea et al. (22), the
authors concluded that serum vitamin D levels might help
predict severe forms of MIS-C and that correction of abnormal
levels in severe MIS-C could influence the progression of the
syndrome. Consistent with these speculations, we found
a moderate negative correlation between serum 25 (OH)
vitamin D and the number of affected organ systems in
patients with MIS-C. These results suggest that patients
with inadequate vitamin D status had a more severe disease
course. However, vitamin D is an acute-phase reactant, and
its blood level might decrease during the inflammatory
process. MIS-C disease is known to occur as a result of
cytokine storms. It is thought that an excess of cytokines
could lead to more severe inflammation and cause a further
decrease in serum vitamin D levels. Similarly, in a study
by Peterson and Heffernan (23), the authors found serum
concentrations of tumor necrosis factor-alpha or C-reactive
protein were inversely correlated with serum vitamin D
concentrations. As another mechanism, it is worth noting
that the need for active vitamin D, which has an anti-
inflammatory effect, increases when a severe inflammatory
process occurs. Therefore, the turnover of vitamin D from
serum and cells involved in immunomodulation increases,
resulting in a decrease of inactive vitamin D from serum.
From this point of view, the low serum vitamin D level in
severe disease could be a consequence of severity and not a
predisposing factor (24).

Apart from the well-known effect of vitamin D on calcium
metabolism in humans, it regulates immune responses by
increasing the production of anti-inflammatory cytokines,

Table 3. Characteristics of hospitalized patients with COVID-19 according to serum 25-hydroxy vitamin D levels

All patients Vitamin D insufficiency ~ Vitamin D sufficiency p value
n=>57 n=38 n=19
Age, years, median (IOR) 11.8 (3.8-15.7) 13.3 (4.8-16.2) 55 (2.2-12.2) 0.007
Sex, n (%) 0.091
Girl 27 (47.4) 21 (55.3) 6 (31.6) -
Boy 30 (52.6) 17 (44.7) 13 (68.4)
25 (OH) vitamin D levels, median (IQR)
Girl 11.2 (8.1-19.5) 9.2 (7.6-13.7) 25.8 (23.5-32.9)
Boy 17.7 (12-25.3) 13.3 (9.8-16.7) 26.2 (22.4-31.6)
Underlying medical condition, n (%) 20 (35.1) 15 (39.5) 5(26.3) 0.326
Duration of hospitalization, median (IQR) 5 (3-7) 5 (.7-7) 4 (3-6) 0.274
Severity of COVID-19 pneumonia n (%) 0.292*
Mild 17 (29.8) 9 (23.7) 8 (42.1) -
Moderate 22 (38.6) 15 (39.5) 7 (36.8)
Severe/critical 18 (31.6) 14 (36.9) 4 (21.1)
Need for oxygen treatment n (%) 18 (31.6) 14 (36.8) 4 (21.1) 0.227
Need for ICU n (%) 5(8.8) 3(7.9) 2 (10.5) 1.000*

*Fisher’s exact probability test was used for cross-classification tables.

IOR: interquartile range, ICU: intensive care unit, COVID-19: Coronavirus disease-2019, 25 (OH): 25-hydroxy
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reducing plasma cells and the release of immunoglobulins,
decreasing the production of proinflammatory cytokines,
and thus stimulating the production of antimicrobial
peptides in the respiratory system (7,25). One such study
by Katz (26) examined 987,849 patients, 887 individuals
tested positive for COVID-19, while 31,950 were diagnosed
with vitamin D deficiency. Additionally, 87 patients had
both vitamin D deficiency and COVID-19. They found
that patients with vitamin D deficiency were 4.6 times
more likely to have positive COVID-19 status than patients
without deficiency [95% confidence interval (Cl), 3.713-
5.783]. Many studies conducted on adult patients showed
a significant association between vitamin D deficiency and
the severity of COVID-19 (26,27,28). In contrast, there are
few studies in children because of the milder clinical course
of COVID-19. A study by Alpcan et al. (29) retrospectively
analyzed serum 25 (OH) vitamin D levels in 75 pediatric
patients with COVID-19 and 80 healthy controls. The
mean serum vitamin D level was significantly lower in the
COVID-19 group than in the control group (21.5 vs. 28.0 ng/
mL). They also showed that 84 % of patients with COVID-19
had vitamin D insufficiency, as in the study by Karakaya
Molla et al. (30), which reported a rate of 82 % (29). Similar
to previous reports, 66.7% of hospitalized patients with
COVID-19 had vitamin D insufficiency in our population.
Although the median serum vitamin D level was lower in
the hospitalized COVID-19 group than in the control group,
this was not significant, although there was a weak negative
correlation between the severity of COVID-19 and serum
vitamin D levels.

In a recent study comparing clinical features associated
with COVID-19, according to vitamin D status, dyspnea,
weakness, anosmia, headache, myalgia, and loss of taste
were significantly more common in the insufficient
vitamin D group (29). Regression analysis showed that
low vitamin D level was a risk factor for the occurrence of
dyspnea (Odds ratio=-0.268, 95% CI: -15.920 to -1.406)
(29). The present study showed that only dry cough was
significantly more frequent in the group with insufficient
vitamin D in patients with COVID-19 (73.7% vs. 47.4%).
In a study evaluating laboratory results and serum vitamin
D levels, vitamin D was positively correlated with leukocyte
count, lymphocyte count, and platelet count. In contrast, it
was negatively correlated with age and length of hospital
stay (30). Our results showed that there was a moderate
positive correlation between serum 25 (OH) vitamin D and
aspartate aminotransferase and a weak positive correlation
with lactate dehydrogenase levels. Importantly, we found a
weak negative correlation between serum 25 (OH) vitamin
D levels and length of hospital stay.
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Study Limitations

First, serum vitamin D levels were taken during the active
inflammation phase. Serum vitamin D levels decrease
during active inflammation in the human body. A more
valid comparison would be possible if these patients’ serum
vitamin D levels before infection and inflammation were
known. However, it is practically impossible to know in
advance which patient will have MIS-C or COVID-19, unless
widespread population studies are performed.

Conclusion

This study sheds light on the relationship between vitamin
D status in patients with MIS-C and COVID-19. Serum 25
(OH) vitamin D levels were correlated with the severity of
MIS-C, as represented by patients with >4 involved organ
systems and severity of COVID-19. However, it is unclear
whether low vitamin D status is more common in patients
with MIS-C than in the general population because there
are no clinical trial data. Our study is the first to compare
vitamin D levels in patients with MIS-C and healthy controls.
Evaluation of serum vitamin D status of patients with MIS-C
and COVID-19 before and during the disease will provide a
better understanding of the pathophysiologic mechanism of
this issue.
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What is already known on this topic?

Primary thyroid diffuse large B-cell lymphoma (DLBCL) is extremely rare in children and an uncommon malignancy in adults. Hashimoto
thyroiditis (HT) is a risk factor for DLBCL. Core needle biopsy is usually required for diagnosis.

What this study adds?

DLBCL should be considered in the differential diagnosis of a thyroid mass in adolescents with a history of HT. Diagnosis is difficult.
Chemotherapy and/or radiology seems to be the most effective treatment, even in children. Surgical removal of the thyroid gland is
limited to cases where chemotherapy fails.

Abstract

Primary thyroid lymphoma (PTL) is a rare thyroid gland cancer, with diffuse large B-cell lymphomas (DLBCL) being extremely rare
in children and adolescents. Thus, optimal therapy is debatable. We describe a rare case of thyroid DLBCL in an adolescent girl with
a history of Hashimoto thyroiditis (HT), the difficulty in diagnosis and the outcome of treatment. A 12-year-old girl with a nine-year
history of HT was admitted with a right-sided painless progressive swelling of the neck. Physical examination and imaging including
ultrasound (US), computed tomography (CT) and positron emission tomography/CT revealed an enlarged thyroid gland with right side
lymphadenopathy and no metastasis. Two fine needle aspirations were done showing suspected lymphoblastic lesions for non-Hodgkin
lymphoma without precise diagnosis. US guided core needle biopsy was finally performed confirming the diagnosis of DLBCL. She was
treated according to LMB 96-group B protocol with no surgical removal of thyroid. The patient responded very well to treatment and 14
months later there is no evidence of relapse or metastases. PTL is an extremely rare cause of thyroid malignancy in children. However, it
should be considered in the differential diagnosis of a thyroid mass in adolescents presenting with a rapidly enlarging neck mass and a
history of HT. It is a treatable condition with a good prognosis, even in aggressive histological subtypes, with no need for thyroidectomy.
Keywords: Primary thyroid lymphoma, diffuse large B-cell lymphoma, children

Introduction incidence of 2 cases per 1 million. PTL is extremely rare in

Studies in adults have shown that primary thyroid lymphoma children, with only a few cases published (1). We describe a

(PTL) accounts for <5% of thyroid malignancies and
<2 % of extranodal lymphomas, with an annual estimated large B-cell lymphoma (DLBCL).

12-year-old girl with Hashimoto thyroiditis (HT) and diffuse
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Case Report

A 12-year-old girl was referred to our department with a
painless right sided enlargement of the neck, which was
evident three weeks prior to presentation. There was a
progressive deterioration, with no other symptoms. An
ultrasound (US) elastography of the thyroid gland performed
at that time showed a 3 cm hypoechoic solid nodule, with
mild lobulated borders. That mass was highly suspicious of
non-Hodgkin lymphoma (NHL), based on the fine needle
aspiration biopsy (FNA) result, which was performed a few
days before her presentation to us. However, no definite
diagnosis could be made.

The patient’s past medical history was remarkable for HT
and she had been under treatment with levothyroxine, since

the age of two years (Table 1). There was a family history
of thyroidopathy in her two older sisters. Her middle sister
had HT since the age of 13 years and the eldest sister had
thyroidectomy at the age of 23 years because of a thyroid
nodule [classified according to the Bethesda System for
Reporting Thyroid Cytopathology (TBSRTC)- category II-
benign].

Physical examination revealed an enlarged thyroid gland
with a notable soft mass (3 cm x 3 cm) on the right side of
the thyroid and ipsilateral cervical lymphadenopathy. After
admission, laboratory tests were performed. Full blood
count, lactate dehydrogenase, and renal and liver function
tests were all normal (Table 1). Her thyroid function tests are
also shown in Table 1.

Table 1. Demographic, clinical and biochemical data of the patient

129/12

Sex Female

Age (years)

Race

Past medical history
Medical treatment
Height

Weight

White Caucasian

Hashimoto thyroiditis since 2 years of age

Thyroxine (1.2 pg/kg/d)
155 cm (50™ percentile)
49 kg (50™ percentile)

Body mass index 19.38 kg/m? (25"-50™ percentile)
Tanner stage 5
Blood tests

Full blood count

Reference range

WBC 6200/uL (NE: 50.2%, LY: 41.1 %, EO: 1.3%) 4.5-13.0x10°
Hb 11.1 gr/dL 11.5-15.5
HBC (MCV) 34% (78.3 fl) 35-45
Platelets 308000/pL 130-400x10°
ESR 5 mm/h <10
Biochemistry

Urea 19 mg/dL 5-45
Creatinine 0.6 mg/dL 0.5-1
CRP 0 mg/dL <5
SGOT 11 U/L 5-45
SGPT 7 UIL 5-45

yGT 6 U/L <26
Lactate dehydrogenase 188 U/L <300
Hormones

TSH 0.603 plUu/mL 0.4-5

T4 1.37 ng/dL 0.9-1.9
T3 1.270 ng/dL 0.83-2.13
T4 8.15 pg/dL 5.6-13.9
Tg 69.94 ng/dL 3.5-31.1
Anti-TPO 278.7 IU/mL <16
Anti-TG 1287 IU/mL <100
Calcitonin 2.2 pg/mL <10

CRP: C-reactive protein, WBC: white blood cell, Hb: hemoglobin, HBC: hemoglobin C, MCV: mean corpuscular volume, ESR: erythrocyte sedimentation rate, EO:

eosinophil, NE: neutrophil, LY: lymphocyte, TSH: thyroid stimulating hormone
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A more detailed US examination of the thyroid gland was
performed and showed an increase in the size, with a
notable solid hypoechoic nodule (3.40 x 2.93 x 4.62 cm),
with two jagged edges, lobulated borders, calcifications
and intranodular vascularization on the right side of the
gland. Furthermore, two hypoechoic nodules, smaller in
size and with well-defined borders, and without internal
vascularization were present on the left side of the gland.
Multiple cervical lymph nodes were also found bilaterally.
However, US was still non-diagnostic. A second FNA was
performed, which showed suspicious lymphoblastic
lesions. Due to the difficulty of making the diagnosis, a
subsequent US-guided core needle biopsy (CNB) was carried
out and confirmed the diagnosis (Figure 1) by histological
examination.

Histopathological examination showed destruction of
thyroid follicles and diffuse growth of lymphocytes (Figure
2a, 2b). Immunohistochemistry was positive for CD20
(Figure 3) with co-expression of PAX-5 transcription
factor, and was positive for CD5, CD23, CD30, cyclinD
and moderately positive for CD3. These markers are key
immunohistochemical features for distinguishing between
DLBCL and mucosa-associated lymphoid tissue (MALT)-
derived subtypes. Antibody testing against antibody/
proteins showed CD10 <30%, bcl-6 <30% and MUM-1/
IRF4 >30%. The Ki-67 index was 60%. Bcl-2 was positive
in >90% of the cell population examined. Fluorescence
in-situ hybridization analysis revealed no translocation of
the MYC, BCL-2, DUSP22 and IRF4 genes, indicating good
prognosis (2).

Staging of the lymphoma included computed tomography
(CT) scan of the neck, chest and abdomen, positron
emission tomography/CT (PET/CT), bone marrow aspiration
and cerebral spinal fluid (CSF) analysis. The CT scan of the

S8

Figure 1. Ultrasound guided core needle biopsy

Figure 2. a, b) Histological examination with hematoxylin and
eosin staining of thyroid follicles destruction and diffuse growth
of lymphocytes

Figure 3. Positive immunohistochemistry stain for CD20
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neck revealed a nodular alteration of 2.95 x 3.9 x 5.2 cm
in the right thyroid gland and multiple lymph nodes in
the neck bilaterally. PET/CT scan confirmed these findings
with SUV__ =16.5 and 2.5 in the right thyroid gland and
lymph nodes, respectively. Chest and abdomen CT scans
were normal. Flow cytometry, morphology and cytogenetic
analysis did not show any evidence of bone marrow
involvement and the CSF was negative for infiltration. The
above findings indicated a categorization in the intermediate

risk group.

Due to the rarity of the disease in children, the optimal
therapy (thyroidectomy or chemotherapy) was debatable. It
was finally decided to start chemotherapy only, according
to the lymphomes malins B (LMB) 96-group B protocol.
This protocol consists of initial induction chemotherapy
with intravenous (IV) COP [cyclophosphamide (300 mg/
m?), vincristine (1 mg/m?, and prednisolone (60 mg/
m?-7 days)] and intrathecal (IT) methotrexate (15 mg) and
hydrocortisone (15 mg), followed by two courses of IV
COPADM [doxorubicin 60 mg/m?, methotrexate 3 g/m?,
cyclophosphamide 500 mg/m?/day-5 days, vincristine (2 mg/
m?), and prednisolone (60 mg/m?-5 days)], IT methotrexate
(15 mg) with hydrocortisone (15 mg) and two courses of IV
CYM (cytarabine 100 mg/m?/day-5 days and methotrexate 3
g/m?) and IT methotrexate (15 mg), hydrocortisone (15 mg)
and cytrabine (30 mg).

The patient responded very well to treatment with a rapid
decrease in the size of the thyroid mass after COP. An US
of the thyroid gland performed after completion of COP
revealed an 80 % decrease in the size of the mass. A follow-

up PET/CT scan after the first course of CYM showed that
the tumor had totally disappeared. At the time of writing,
she was disease-free, 14 months after end of treatment.

Discussion

PTL is an extremely rare malignancy in children (3), and
represents only 1-5% of all malignancies of thyroid gland
in adults (3). To the best of our knowledge, this is only the
second case of a young adolescent with PTL reported in the
literature (1).

A comparison of findings between adults and adolescents is
depicted in Table 2.

Previous studies have shown that most patients were
females aged 50-80 years (4,5,6). PTL presents with
progressive swelling of the neck. Compressive symptoms
(dyspnea, dysphagia, cough, hoarseness) may develop, as
well as general symptoms, such as weight loss, night sweats
and fever in 10% (7). The presented patient, however, had
no such symptoms (Table 2). HT is a well-known risk factor
for PTL with patients having a relative risk of 67-80 times
compared to those without thyroiditis (8). The presented
patient had a nine-year history of HT before the diagnosis
of PTL. Various theories have been proposed to explain the
association between HT and PTL. It has been suggested that
chronic antigen stimulation of lymphocytes may lead to
malignant differentiation (8). In a recent large scale-report of
PTL, 154 out of 171 adult patients (90 %) had HT diagnosed
1-362 months prior to the diagnosis of lymphoma (9).

Table 2. Comparison between adults and children (two cases reported in literature)

Adults Children
Incidence 2/10° per year 2 cases
F/M Five times more common in F 1FA M
Rapid painless enlargement Yes Both
Compressive symptoms Common None
Cervical lymphadenopathy Common None
Hashimoto thyroiditis Common (67-80-fold risk) One
Ultrasound findings:
- Diffuse heterogenous hypoechoic parenchyma Yes (25%) Both
- Hypoechoic mass Yes (67 %) Both
Final diagnosis:
- FNA Yes (50-60 %) One
- Core biopsy In doubtful cases One
Treatment
- Chemotherapy and radiotherapy Yes Both only chemotherapy
- Surgery No None
Prognosis
- Survival at 5 years 74 % Unknown (both are disease-free 2 years
- Survival at 10 years 71% after diagnosis)

FNA: fine needle aspiration, M: male, F: female
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Many previous studies agree that the most common
subtype of PTL is DLBCL followed by MALT lymphoma
mixed type. Histopathologically, it is very important to
distinguish between the above-mentioned subtypes, as
therapeutic management and prognosis are different. On
immunohistochemical staining, CD5, CD10 and CD23 are
negative in MALT cases and CD19, CD20 and CD45 are
usually positive in DLBCL (10). Most DLBCL are Bcl-6 positive
and almost half are Bcl-2 positive (11). The presented case
was positive for Bc-2 and negative for MYC, DUSP22 and
IRF4 translocations.

US is often the first line investigation in patients with
thyroid enlargement and nodules but it is sometimes non
diagnostic for PTL. In DLBCL, US usually shows homogenous
and hypoechoic internal echoes, with indistinct borders
between the lymphomatous and non-lymphomatous tissues.
These findings, however, are also typical of severe chronic
thyroiditis (12). In a retrospective study of 165 patients with
US-suspected malignant thyroid lymphoma based on the US
findings, 79 (47.9 %) were confirmed as having lymphoma
(12). The positive predictive value for diagnosis of diffuse
type was reported to be lower, compared to nodular or
mixed type (12).

US-guided FNA and CNB are the next steps for the diagnostic
strategy. FNA is widely accepted as a diagnostic tool due to
its simplicity, safety and its high sensitivity of 83-98% and
specificity of 70-92% (13). However, FNA results may be
non-diagnostic in 2-24 % (14). CNB has been suggested as a
complimentary method to FNA. CNB is safe, well-tolerated
and reduces the possibility of inconclusive results, as a
larger tissue sample is taken when performed by an expert.
However, a recent meta-analysis by Li et al. (15) found that
FNA and CNB don’t differ significantly in sensitivity and
specificity for the diagnosis of thyroid malignancy. In the
presented case, two FNAs and a CNB were necessary to
confirm the diagnosis.

Previously, open surgical biopsy was used to differentiate
lymphoma from thyroiditis and carcinoma (16). However,
recent advances in immunochemistry have improved the
accuracy of FNA. In 119 patients with thyroid lymphoma,
Matsuzuka et al. (16) showed that only 78.3% who
underwent FNA without immunotyping were diagnosed
correctly, while another 12% had borderline cytologic
results. In another study, FNA results were highly suggestive
of thyroid lymphoma in only five out of 17 (29.4%) (17).
Based on such studies, many specialists recommended
surgical intervention and open biopsy in all patients due
to the perceived limited role of FNA in diagnosing thyroid
lymphoma. More recent studies, however, have shown
that FNA together with immunophenotyping improves the

accuracy of the results. Therefore, CNB or surgical biopsies
are now less often needed (18,19). The expertise of the
physician performing the FNA, the amount of tissue taken
and the pathologist’s experience in interpreting FNA results
are important for accurate diagnosis. Therefore, CNB or open
biopsies (to obtain enough cells) are the most preferable
techniques. CNB and surgical biopsy are comparable
regarding the accuracy, but the latter is usually accompanied
by trauma and possible complications (18,19).

Regarding the treatment, experience in children and
adolescents is limited, since DLBCL is rare in this age group
with sparce data on incidence and treatment. Therefore,
the optimal approach remains controversial (20). For these
reasons the treatment for pediatric/adolescent DLBCL is
generally based on established treatment regimen for other
extra-nodal NHLs (21). According to histology findings and
cancer staging, chemotherapy, loco-regional radiotherapy
and surgery may be combined for successful treatment.
Surgery seems to play a limited role and is only really
necessary in large tumors with compressive symptoms
(21). Surgical biopsy and resection have been used for the
diagnosis and therapeutic management with significant
survival benefit (21). In the presented case, the patient
commenced on chemotherapy based on staging.

Our patient responded very well to the chemotherapy
protocol with rapid decrease in the thyroid mass. The role of
surgical removal of thyroid remains questionable (16). It is
not a first line treatment and is limited only either to cases
that have failed to respond successfully to chemotherapy
or to cases where CNB has failed to establish the precise
diagnosis (20).

The intermediate risk disease group, B-cell-NHL (B-NHL),
is the largest and most heterogeneous. In FAB/LMB studies
70 % of patients can be classified as intermediate risk (group
B) and have a 4-year event free survival of 90 % (20).

Conclusion

A case of NHL which belonged to the DLBCLs is presented.
This was a primary tumor in the thyroid gland, which is
extremely rare in children and adolescents. The case
responded very well to chemotherapy. NHLs should be
considered in the differential diagnosis in children and
adolescents presenting with rapidly increasing, hard, and
painless mass in the neck, especially on a background of
HT.
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What is already known on this topic?

Prolyl endopeptidase-like (PREPL) deficiency (MIM#616224) is a rare congenital disorder characterized by neonatal hypotonia and
feeding difficulties, growth hormone (GH) deficiency and hypergonadotropic hypogonadism. This syndrome is an autosomal recessive
disease resulting from mutations in the PREPL gene (MIM#609557).

What this study adds?

This report describes a novel previously undescribed mutation in PREPL. We also describe a typical presentation of the syndrome, with
early growth impairment in infancy due to GH deficiency and a good response to GH treatment. The description of new patients with
PREPL deficiency syndrome is essential to better delineate the phenotypic and genotypic spectrum of the disease.

Abstract

Prolyl endopeptidase-like (PREPL) deficiency (MIM#616224) is a rare congenital disorder characterised by neonatal hypotonia and
feeding difficulties, growth hormone (GH) deficiency and hypergonadotropic hypogonadism. This syndrome is an autosomal recessive
disease resulting from mutations in the PREPL gene (MIM#609557). Herein we report a 7-year-old female patient with biallelic mutations
in PREPL (c.1528C >T in one allele and whole gene deletion in the other) with early growth impairment in infancy. GH deficiency was
confirmed at 20 months of life. Recombinant GH treatment was introduced with a good response. Her clinical features were similar to
those of previously reported cases. The description of new patients with PREPL deficiency syndrome is essential to better delineate the
phenotypic and genotypic spectrum of the disease.

Keywords: Prolyl endopeptidase-like, growth hormone deficiency, genetics

Introduction HCS is caused by SLC3A1 deficiency, the other symptoms

(neonatal hypotonia, growth impairment and cognitive
The prolyl endopeptidase-like gene (PREPL) is ~ 43 kb long,  problems) arise from PREPL deficiency (2). This second
located in 2p21 and encodes the PREPL protein which is isolated PREPL deficiency is also known as congenital
a cytoplasmatic serine hydrolase belonging structurally to myasthenic syndrome 22 (MIM#616224).

an oligopeptidase family (1). Historically PREPL deficiency date, only fourteen mutations have been described in

was described as part of a recessive contiguous gene the PREPL gene that are associated with HCS or congenital
deletion syndrome involving PREPL and SLC3A1, known as  myasthenic syndrome (3). Here we report a female child
hypotonia cystinuria syndrome (HCS). While cystinuria in ~ with isolated PREPL deficiency, with a single nucleotide
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variant (c.1528 C>T) in PREPL and a 0.031Mb deletion in
2p21 (including PREPL only).

Most of the available literature about PREPL deficiency
focuses on neurological symptoms. In this report, we outline
the hormonal disorders associated with this syndrome.

Case Report

The proband is a 7-year-old female, born to
nonconsanguineous caucasian healthy parents, with
a healthy younger brother. Pregnancy was appropriately
monitored and without major medical problems, teratogenic
exposures or hospitalizations. The patient was born by
C-section for breech presentation at 39 weeks of gestation.
At birth, her weight was 2.855 g [-0.9 standard deviation
(SD)], length 47 ¢cm (-1.5 SD) and cranial perimeter 34.5
cm (+0.2 SD). Dysmorphic features were noted at birth,
including broad nasal root, microretrognatia, mild thenar
hypoplasia and bilateral 5" finger clinodactyly. She
presented with neonatal hypotonia and was poorly reactive
to stimulus. She suffered from neonatal hypoglycaemia
due to feeding problems, so required a nasogastric tube
for nutrition for the first month after birth. Among the
diagnostic possibilities for the neonatal hypotonia, infection,
cardiopathy and toxics were excluded. Additionally, she had
a normal metabolic workup, no cystinuria and a normal
electrocardiogram and brain magnetic resonance imaging
(MRI) at birth. Electromyography at four months of age was
also normal. Muscle biopsy was not performed, but levels of
creatine-kinase were normal. Thyroid hormones were also
normal. Thus, having ruled out other causes, array-CGH and
also MLPA for Prader-Willi syndrome were performed with
neither revealing any alterations.

Neurological evaluation at five months revealed persistence
of global hypotonia with axial dominance, with apparent
improvement over time. She acquired autonomous standing
at one year of life and began autonomous ambulation at 18
months. She needed motor rehabilitation and stimulation in
a specialized center.

Stunted growth became evident with a height of 72 cm
(-3.8 SD) at 20 months of life. The serum insulin-like growth
factor (IGF-1) level was low (27 ng/mL), as was the binding
protein, IGFBP-3 level (1.78 mg/L). Pharmacological testing
with glucagon showed no response, with the highest peak of
growth hormone (GH) at the start (3.22 ng/mL) and only 0.48
ng/mL at 60 minutes. Additionally, she had a delayed bone
age (9 months at a chronological age of 14 months). Celiac
disease and hypothyroidism were excluded as part of the
work-up for GH deficiency and a hypothalamic-hypophyseal
MRI did not reveal any alteration. Being diagnosed with
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GH deficiency, substitutive treatment was started at an
age of 2 years and 8 months. She rapidly responded to GH
treatment, significantly increasing growth velocity from 7
cm/year to 11 cm/year.

Currently, at 7 years and 5 months old, she is still under GH
treatment with a good response (Figure 1), with a weight
of 18 kg (-1.75 SD), a height of 116.5 cm (-1.8 SD) and a
prepuberal Tanner staging (P1S1). Her bone-age is still
younger than her chronological age. She eats all kinds of
food in small quantities without dysphagia. On physical
examination, she only presents left ptosis associated
with fatigue, no hypomimia, and a normal axial tone.
Dysmorphologic evaluation shows epicanthus, mandibular
retrognathia, ogival palate, a notch in the earlobe and mild
clinodactyly of the 5" finger with small but proportionate
feet and hands. Ligament laxity is also evident. She has a
nasal voice. Social development and educational attainment
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Figure 1. Growth chart of our patient. The start of somatotropin
treatment is indicated (GH), with a subsequent good response
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are normal. Her motor exam revealed that the patient has
a normal muscular axial tone and correctly aligned rachis,
with normal osteotendinous reflexes and tendency to toe
walking.

To identify the genetic condition of this patient, we first
performed a next-generation sequencing study including
genes IGF2, IGFIR, IGF1, NPR2, GHI, GHR, GHRHR, IGFALS,
STAT5B, CCDC8 and GHSR without revealing any pathogenic
variant. Furthermore, methylation analysis of the Silver-
Russell syndrome region was also normal. Therefore,
whole-exome sequencing was carried out after obtaining
informed consent from the patient’s family. We identified
an apparently homozygous variant in PREPL ¢c.1528C>T,
recognized as pathogenic in VarSome (4). The progenitor
direct genetic study revealed that this was from paternal
inheritance. Although the explanation for this apparently
homozygous state could be an isodisomy, given that
deletion of PREPL has been frequently described, an array-
CGH (with exonic coverage of PREPL) was performed and it
showed a 0.031Mb deletion in the 2p21 chromosome region
(including the PREPL gene), classified as pathogenic with
a recessive inheritance. The deletion was inherited from
the mother. Therefore, the PREPL deficiency in the patient
was due to a point mutation in one allele and a whole gene
deletion in the other.

Discussion

Hypotonia in early infancy may be a sign of a central
nervous disorder, a primary neuromuscular disorder or a
genetic syndrome associated with hypotonia. However
these signs most frequently occur as a consequence of
common neonatal conditions, such as congenital infections,
hypothyroidism or drug toxicity. In the presented case,
these more common conditions were excluded, so genetic
syndromes were considered.

HCS has been described as a disorder with cystinuria and
congenital myasthenia resulting from the recessive deletions
in SLC3A1 and PREPL (2,5,6,7,8). To date, only 11 patients
(2,3,5,6,8,9) with isolated PREPL deficiency have been
reported. Isolated PREPL deficiency causes an autosomal
recessive inherited congenital myasthenic syndrome
characterized by severe neonatal hypotonia that improves
spontaneously with age, and endocrinology problems,
such as GH hormone deficiency and hypergonadotropic
hypogonadism. In late childhood (6-11 years) obesity can
appear due to hyperphagia. Patients also show mild facial
dysmorphism (9).

In this case, we found a novel heterozygous variant in
c.1528C>T p.(Arg510Ter) in one allele associated with

a whole gene deletion of 0.031Mb in 2p21 in the other.
Further analysis showed that the novel mutation c.1528C >T
p.(Arg510Ter), inherited from the father, results in a change
of an arginine to a premature-stop-codon, resulting in a
truncated protein or the absence of it, thus leading to a loss
of function. This variant has not been identified previously
in the public databases consulted (1000 genomes, exome
variant server, exome aggregation consortium). The other
variant, which was maternally inherited, was a 0.031Mb
deletion in 2p21, implying a PREPL gene abnormality
(Figure 2).

Patients with PREPL deficiency often present with growth
deficiency and GH therapy has a positive effect in the cohort
of cases that exhibit GH deficiency (2,5,6). In the presented
case, the patient has received treatment with GH with a
good response. However, the mechanism of GH deficiency
associated with PREPL deficiency is unknown.

The PREPL gene is located in 2p21 and encodes the
cytoplasmic PREPL protein which is ubiquitously expressed,
with highest levels in brain, kidney, and skeletal muscle, in
descending order (10). PREPL encodes a putative serine
peptidase from the prolyl peptidase family (11). Prolyl
peptidases cleave peptides on the C-terminal side of proline
residues, modulating the levels of different peptides and
hormones. Nonetheless, substrates for PREPL have not
yet been identified and its exact cellular function remains
unknown (1). Some clues might be found in the literature
based on the function of its homologues PREP (prolyl
oligopeptidase) and OpdB (oligopeptidase B) which suggest
a proteolytic activity can be expected of PREPL. However,
PREPL seems to have important cellular and physiological
effects besides peptide cleavage, such as a role in growth
cone development, acting as a binding partner of tubulin
and influencing protein secretion, which are primarily due
to protein-protein interactions (12).

Prolyl peptidases have the potential to participate in a wide
range of cellular regulatory processes, as their substrates
are involved in regulating different signalling pathways
(13). Based on the clinical observation that patients with
isolated PREPL deficiency exhibit GH deficiency, it has been
hypothesized that PREPL might be involved in the secretion
and/or processing of peptide hormones. It is possible that
PREPL plays a role in signalling pathways, leading to, for
instance, GH secretion. In addition, normal downstream
signalling of the GH receptor is apparent from the reported
good response of these patients to GH administration.

Patients with PREPL deficiency often develop obesity due to
hyperphagia in late childhood but at the time of writing at an
age of 7 years and 5 months, our patient has low intake and
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Figure 2. Study of the genetic condition. Whole-exome sequencing identified an apparent homozygous variant in PREPL ¢.1528C>T
from paternal inheritance. The array-CGH (with exonic coverage of PREPL) showed a 0.031Mb deletion in 2p21 chromosome
(including PREPL gene) inherited from the mother. In the array-CGH, the DNA from the patient is signalled with CY3 red, whereas

the DNA from the mother is signalled with CY5 blue
PREPL: prolyl endopeptidase-like gene

a normal body mass index (13.2 kg/m?; eighth percentile,
-1.5 SD). Although hypergonadotropic hypogonadism
has been observed in some patients with isolated PREPL
deficiency (2), sexual hormones have not yet been tested
in the proband because she has not reached a puberal age.

Previous studies (3,14) described moderate intellectual
disability (ID) in PREPL deficient patients. Silva et al. (10)
observed that biallelic PREPL mutations alone (without
involvement of other genes) can cause ID. Besides the
motor delay present in early infancy, the presented patient
does not have developmental delay and has only needed
some logopaedic therapy for diction problems. She also had
the common phenotype associated with PREPL deficiency,
including neonatal hypotonia and feeding problems during
the first months after birth.

Conclusion

Further follow-up of this patient is needed to report longer
term outcomes and evaluate the response to GH treatment
including the final height attained in adulthood.
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What is already known on this topic?

Factor 12-related hereditary angioedema is an autosomal dominant disease with incomplete penetrance. Angioedema attacks in this
syndrome are known to occur more frequently with higher estrogen levels. Polycystic ovary syndrome (PCOS) is a relatively common
disorder and combined oral contraceptives (OCs) which contain estrogen and progesterone are considered first-line drugs in adolescents
with PCOS, for control of symptoms due to hyperandrogenism.

What this study adds?
To the best of our knowledge, this case is the first pediatric case of hereditary angioedema due to factor 12 mutation that is induced by
estradiol-containing OC in the literature.

Abstract

Hereditary angioedema (HAE) is characterized by recurrent angioedema attacks with no urticaria. This disease has a high mortality due
to asphyxia. Level of complement component 4 (C4), C1 esterase inhibitor (C1-INH) level and function, and genetic mutations determine
different endotypes of HAE. Clinical presentation and the triggers of vasogenic edema may change according to the endotypes. An
adolescent girl with oligomenorrhea, obesity, hirsutism, and acanthosis nigricans was diagnosed with polycystic ovary syndrome and
prescribed ethinyl estradiol and cyproterone acetate containing oral contraceptive (OC). On the sixteenth day of treatment, she developed
angioedema of the face, neck, and chest leading to dyspnea. Adrenaline, antihistamine, and corticosteroid treatments were ineffective.
In the family history, the patient’s mother and two cousins had a history of angioedema. C1-INH concentrate was administered with
a diagnosis of HAE. C4 and C1-INH level and activity were normal. Genetic analysis identified a mutation in the factor 12 (F12) gene,
and the diagnosis of F12-related HAE was made. OC treatment was discontinued. She has had no additional angioedema attacks in the
follow-up period of two years. OC containing estrogen may induce the life-threatening first attack of F12-related HAE even in children.
Recurring angioedema attacks in the family should be asked before prescribing estrogen-containing OC pills.
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Introduction

Hereditary angioedema (HAE) is a genetic disorder that
presents with an abrupt swelling caused by bradykinin-
related vasogenic edema. The mechanism of HAE is non-
inflammatory and non-allergic but involves increased
production of bradykinin. Until now, five different genes
have been identified to cause HAE which are serine protease
inhibitor G1 (SERPINGI), factor 12 (FI12), plasminogen
(PLG), angiopoietin (ANGPT1), and kininogen (KNG1) (1,2,3).
Different types of HAE consist of low C1 inhibitor (C1-INH)
activity caused by low production or loss of function of C1-
INH due to SERPINGI gene mutations, or normal level and
activity of C1-INH (HAEnCl) due to mutations of F12, PLG,
ANGPTI, and KNGI genes. HAEnCI presentation is similar
to the other forms of HAE and characterized by recurring
attacks of angioedema without urticaria that can be fatal
due to laryngeal swellings. In this form of the disease, the
most common defective plasma protein is FXII (3,4). Factor
12 is a critical molecule where pathways of coagulation,
complement activation, contact reaction, and fibrinolysis
meet. The promoter region of the FI12 gene carries an
estrogen-responsive element and there are multiple
case reports that associate high levels of estrogen and
HAE attacks (5,6,7). This manuscript describes a patient
presenting with her first angioedema attack after initiation
of oral contraceptive (OC) treatment for polycystic ovary
syndrome (PCOS) who was subsequently diagnosed with
HAENCI with F12 mutation.

Case Report

A thirteen-year-old girl presented to the emergency
department with dyspnea and swelling in her upperbody. Her
medical history was notable for PCOS which was diagnosed
two weeks earlier in another pediatric endocrinology clinic.
She was reported to have irregular menstruation and
hirsutism and diagnosed with PCOS with high androgen
levels (Table 1) and polycystic ovary morphology on pelvic
ultrasound. Ethinyl estradiol and cyproterone acetate-
containing OC pill was initiated. On the sixteenth day of
treatment, she developed periorbital swelling which spread
over the face, the neck, and the upper body in a matter of
hours (Figure 1). With the initial diagnosis of anaphylaxis,
epinephrine, antihistamines, and steroids were administered
but her swellings were unresponsive. Her family history was
positive for recurring angioedema attacks in her mother and
two cousins. Therefore, she was given 500 IU of C1 esterase
inhibitor concentrate with a pre-diagnosis of HAE. She was
hospitalized in the Ko¢ University, Pediatric Intensive Care

Unit due to the possible risk of laryngeal edema. During her
stay in pediatric intensive care, two more doses of 500 IU of
C1 esterase inhibitor concentrate were given. The swellings
began to recede after 12 hours and they had completely
waned within 48 hours. The physical examination was also
remarkable for obesity with a body mass index of 29.7
kg/m? (>99" percentile, +2.51 standard deviation score),
acanthosis nigricans on the neck, and severe hirsutism with
a Ferriman-Gallwey score of 25.

Her laboratory workup showed complement 4 levels of 31
mg/dL (normal range: 10-40 mg/dL) and normal plasma
levels (0.31 g/L, normal range: 0.21-0.39 g/L) and activity
of C1 esterase inhibitor (107.7 %, normal range: 70-130%)
which indicated a diagnosis of HAEnCI. Genetic analysis
of F12 gene revealed a heterozygous mutation in the ninth
exon, C> A variant which resulted in p.Thr328Lys variation.

Table 1. Laboratory tests showing serum hormone levels

Value Normal range
1.4-androstenedion (ng/mL) 2.38 0.24-1.73
Testosterone (ng/mL) 0.24 0.24-1.67
Sex hormone binding globulin (nmol/L) 10.6 11-120
17-alpha hydroxyprogesterone (ng/dL) ~ 107.0 13-185
Fasting blood glucose (mg/dL) 91.0 60-100
Fasting insulin (pU/mL) 66.8 2.6-25

Figure 1. The face of the patient at admission
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The OC pill was discontinued and life-style interventions
were recommended. No attack occurred during her follow-
up over 20 months.

Discussion

We report a female adolescent with a diagnosis of PCOS in
another clinic who presented with an angioedema attack
after OC medication was initiated. The final diagnosis of
HAENCI was made after genetic analysis of the F12 gene
showed a heterozygous mutation. F12-related HAENCI is
an autosomal dominant condition that shows incomplete
penetrance. In most cases, the first symptoms appear
before the third decade. Published series of HAE patients
report a clear female predominance (8). in addition,
women are more likely to be symptomatic than men.
Hormonal factors play an important role in the worsening
of the condition in women. There are differences in the
overall frequency of angioedema symptoms depending
on different female life stages (childhood, adolescence,
menstruation, pregnancy, and menopause). It has also been
reported that administration of estrogen, not progestin, in
women with HAE may lead to the emergence or worsening
of angioedema symptoms (7). A case series conducted in
61 women with Fi2-related HAEnCI showed that 95% of
the women presented with at least one angioedema attack
during periods of high estrogen exposure (OC pill, hormone
replacement therapy, or pregnancy) (4). Estrogen as a
trigger for HAE attacks could not be explained by a single
mechanism. However, the limited literature indicates that
the main culprit could be the estrogen-responsive element
on the 5’ flank of the F12 gene (5,6). Another possible
effect of estrogens in the pathogenesis of HAE is that
estrogen-containing medications can decrease angiotensin-
converting enzyme, which is also a protein responsible for
degradation of bradykinin. Once angiotensin-converting
enzyme activity decreased, accumulation of bradykinin
could occur (7). Although some authors proposed that PCOS
might have a protective role regarding HAE attacks due
to increased levels of androgen and more stable levels of
estradiol in PCOS patients (7), compelling evidence showing
the protective effect of hyperandrogenism is lacking. The
frequent co-occurrence of PCOS and HAE may suggest a
link between the neuroendocrine and immune system,
consisting of the presence of a pathology related with
hypothalamic-pituitary dysregulation and an immunological
disorder (6). However, the relationship between these two
disorders needs to be clarified.

The present case also reminds us of the challenges
associated with the diagnosis of PCOS in adolescence.
Diagnostic criteria for PCOS in adolescence remain
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controversial because the diagnostic pathological features
used in adults, including irregular menses up to two years
beyond menarche, cystic acne, and polycystic ovarian
morphology, may be normal pubertal physiological events
(9). The present case had a history of oligomenorrhea
and hirsutismus. She had presented to another pediatric
endocrinology clinic with these chief complaints. The pelvic
ultrasound which was performed in that center showed PCO
morphology and laboratory tests revealed a high level of 1.4
androstenedione but a normal testosterone level. Although
serum free testosterone level was unavailable, the low level
of sex hormone binding globulin suggested it might be
elevated. After being diagnosed with PCOS she was started
on OC therapy. No pharmacological treatment has yet been
approved by the Food and Drug Administration/European
Medicines Agency for use in adolescents with PCOS but
some pharmacological interventions, including OC, have
been frequently used to manage PCOS symptoms (9).
The treatment approach in this patient was discontinuing
the estrogen-containing OC pill together with life-style
interventions (calorie restricted diet, exercise and behavioral
treatment) to provide weight loss. There are some reports
showing the efficacy of progestin-only OC in decreasing the
attack incidence in HAE (10,11), however the use of these
in adolescence is debatable. Another pillar of treatment
in HAE is patient education. Patients should be advised to
avoid estrogen-containing products and cooperate with their
doctors when planning to become pregnant in the future.

Conclusion

To the best of our knowledge this case is the first pediatric
case of HAE due to F12 mutation induced by estradiol
containing OC to be reported. Individuals with HAE-related
mutations may not have any attack until encountering
a trigger, such as estrogen-containing drugs. Thus, we
highlight the importance of obtaining a thorough family
history regarding any HAE attack before initiation of OC, as
this care may be lifesaving.
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What is already known on this topic?

Nephrogenic syndrome of inappropriate antidiuresis (NSIAD) is a very rare disorder caused by activating mutations in the arginine
vasopressin (AVP) receptor-2 gene (AVPR2). Patients with NSIAD can manifest at any age from birth with euvolemic hyponatremia and
concentrated urine excretion. Undetectable AVP levels distinguish this syndrome from inappropriate antidiuretic hormone secretion.

What this study adds?

In NSIAD, plasma renin activity is suppressed and aldosterone level is relatively low. This profile can be confused with hyporeninemic
hypoaldosteronism, especially in infants with no apparent gross cranial, pulmonary and renal pathology. Diagnosing NSIAD correctly
may prevent complications, such as hyponatremia, and unnecessary treatment with fludrocortisone, which would most likely result in
hypertension.

Abstract

Nephrogenic syndrome of inappropriate antidiuresis (NSIAD) is an X-linked disease caused by activating mutations in the arginine
vasopressin (AVP) receptor-2 (AVPR2) gene. Affected patients excrete concentrated urine despite very low levels of AVP, and consequently
develop euvolemic hyponatremia. Due to its low frequency, patients may be misdiagnosed and treated incorrectly. We report two
related male infants with NSIAD that was initially confused with hyporeninemic hypoaldosteronism (HH). First, a 2-month-old male
presented with hyponatremia, low plasma osmolality, relatively high urine osmolality, and low plasma renin-aldosterone levels. These
clinical and laboratory findings were compatible with syndrome of inappropriate antidiuretic hormone (ADH) secretion without apparent
cause. Consequently, fludrocortisone was initiated with a presumptive diagnosis of HH. While correcting hyponatremia, fludrocortisone
treatment led to hypertension and was discontinued promptly. The second patient, aged one year, was admitted with a history of
oligohydramnios, had been hospitalized four times due to hyponatremia since birth, and had a diagnosis of epilepsy. Similarly, the
second infant had clinical and laboratory findings compatible with syndrome of inappropriate ADH secretion with no apparent cause.
Fluid restriction normalized his serum sodium despite the plasma AVP level being undetectable. In both infants, AVPR2 gene analysis
revealed a known mutation (c.409C > T, p.R137C) and confirmed the diagnosis of NSIAD. In conclusion, NSIAD should be considered
in all patients with unexplained euvolemic hyponatremia despite high urine osmolality. If NSAID is not considered, the plasma renin-
aldosterone profile can be confused with HH, especially in infants.

Keywords: AVPR2 gene, hyponatremia, inappropriate antidiuretic hormone secretion
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Introduction

The vasopressin type 2 receptor (V2R) plays a central role
in the control of water homeostasis by the kidney (1). While
inactivating mutations in the V2R gene (AVPR2) causes
X-linked nephrogenic diabetes insipidus (1,2), activating
mutations result in nephrogenic syndrome of inappropriate
antidiuresis (NSIAD) (3). NSIAD, first described in 2005,
is a rare disorder with about 30 cases reported so far.
It shares the same clinical features with syndrome of
inappropriate antidiuretic hormone secretion (SIADH). Both
syndromes are associated with euvolemic hyponatremia,
decreased serum osmolality, and inappropriate increases
in urine osmolality, but differ in arginine-vasopressin
(AVP) levels, which are high in SIADH and not detectable
in NSIAD (3,4). Increased extracellular volume due to the
excessive effect of AVP induces atrial natriuretic peptide
(ANP) secretion. ANP directly reduces plasma renin activity
(PRA), and thereby decreased aldosterone production
which leads to increased output of urinary sodium and
water (5,6). This compensatory event, which occurs due to
inappropriate antidiuresis, can give a false impression that
the primary pathological process underlying hyponatremia
is hyporeninemic hypoaldosteronism (HH). Therefore, if
NSIAD is not considered in the differential diagnosis of
hyponatremia, this rare disorder can be mistaken for HH.
Presence of chronic hyperkalemia distinguishes HH from
NSIAD (7,8), thus hyponatremic but normokalemic infants
have been reported with a diagnosis of HH (9,10). Here,
we present two related male infants with NSIAD that was
initially confused with HH. The aim of this report is to raise
awareness of NSIAD, which is very rare cause of chronic or
recurrent hyponatremia.

Case Reports

Case 1

A 2-month-old male who was scheduled for inguinal hernia
surgery was seen because of hyponatremia. He was the
second child of non-consanguineous parents. His parents
and older sister were healthy, but his cousins suffered from
hyponatremia (Figure 1). His mother was not taking any
medications. Personal medical history was unremarkable
with a normal pregnancy, birth by cesarean section at
39 weeks of gestation, and a birth weight of 3290 g. He
was exclusively breastfed. On admission, the infant was
an apparently healthy male with normal physical exam
findings. On examination, his weight was 5.83 kg [-0.27
standard deviation score (SDS)], length 59 cm (-0.37 SDS),
temperature 36.5 °C, blood pressure 80/40 mm Hg (49"
percentile/77" percentile). Initial laboratory testing was as

follows: serum sodium 126 mEq/L [reference range (RR):
135-145], potassium 5.7 mEg/L (RR: 3.5-5.5), serum
osmolality 257 mOsm/kg (RR: 275-295), uric acid 1.5
mg/dL (RR: 1.8-5.0), PRA 0.02 ng/mL/h (RR: 0.4-15),
aldosterone 26 ng/dL (RR: 5-90), urine osmolality 132
mOsm/kg (RR: 50-1400) and urine sodium 24 mEq/L
(RR: 54-190). Other laboratory values of the patient are
given in Table 1. When serum sodium was normalized
subsequently by treatment, urinary sodium concentration
increased to 87 mEq/L.

The findings of an inappropriately concentrated urine
(> 100 mOsm/kg), low serum osmolality (<280 mOsm/
kg) and serum sodium (<135 mEg/L) were compatible
with SIADH, but there was no apparent cause to explain
it, including cranial or pulmonary pathologies and drugs.
Kidney ultrasound was also normal. Other hyponatremic
states were also ruled out on the basis of his history,
physical examination and laboratory studies (Table
1). Due to suppressed PRA and relatively low levels of
aldosterone despite hyponatremia and mild hyperkalemia,
a presumptive diagnosis of HH was made. To correct
hyponatremia, fludrocortisone treatment (0.1 mg/day) was
started together with oral sodium chloride supplement (6
mEqg/kg/day). He did not have marked variations in weight.
Subsequently serum sodium increased to 140 mEq/L within
two weeks, sodium chloride was discontinued and the dose
of fludrocortisone was reduced to 0.05 mg/day. At the end
of two-month follow-up, blood pressure was found to be
elevated [100/60 mmHg (96™ percentilep/99" percentile)],
and therefore fludrocortisone was discontinued. During
the subsequent observation period of four months, serum
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Figure 1. Patients pedigree

Black squares with arrows indicate genetically confirmed NSIAD.
Black squares and circles indicate the cases that are followed up
with hyponatremia

NSIAD: nephrogenic syndrome of inappropriate antidiuresis
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sodium level remained in the range of 130-136 mEg/L, and
blood pressure was normalized without intervention.

Case 2

Six months after the first patient’s admission, the second
boy, at the age of one year, was referred to our clinic for
recurrent hyponatremia. He was born weighing 3000 g
at 37 weeks of gestation by emergency C-section due to
oligohydramnios, which developed within the last trimester.
He was treated for diagnoses of hyponatremia and sepsis
for ten days after birth. Subsequently, he was hospitalized
for hyponatremia three more times up to the age of six
months. At the age of 10 months, he had a seizure and
oxcarbazepine treatment was started. When inquiring
about the family history, his non-consanguineous parents
and three sisters were healthy but his maternal uncle had
a history of hyponatremia and epilepsy (Figure 1). On
physical examination, his temperature was 36.8 °C, blood
pressure 85/45 mmHg (60" percentile/85" percentile),
pulse of 75 beats per minute, weight was 9.2 kg (-0.7 SDS)

Table 1. Laboratory values of cases

Laboratory studies Case 1 Case 2  Reference
ranges
Serum/plasma
Sodium (mEq/L) 126 120 135-145
Potassium (mEq/L) 5.7 4.9 3.5-5.5
Chloride (mEq/L) 95.1 93.2 98-106
Glucose (mg/dL) 77 79 70-111
Bicarbonate (mmol/L) 22 21 22-29
Creatinine (mg/dL) 0.22 0.21 0.2-0.4
Urea (mg/dL) 2 2,8 5-18
Uric acid (mg/dL) 1.5 2,1 1.8-5.0
Albumin (g/dL) 3.72 3,6 3.5-5.0
Osmolality (mOsm/kg H,0) 254 236 275-295
Renin activity (ng/mL/h) 0.02 0.02 0.4-15
Aldosterone (ng/dL) 26 84 5-90
Arginine vasopressin (pg/mL) < 0.05 <0.05 1.5-12°
fT4 (ng/dL) 1.69 1.2 0.96-1.77
TSH (pIU/mL) 1.97 2.55 0.7-5.97
ACTH (pg/mL) 22.9 24 25-100
Cortisol (pg/dL) 16.4 22.4 8.5-23
Urine
Osmolality (mOsm/kg H,0) 132 571 50-1400°
Sodium (mEq/L) 24 58 54-190°¢
Potassium (mEq/L) 13 14 20-80
Sweat chloride (mEq/L) 19 ND <60

2Serum osmolality dependent.

°Fluid intake dependent.

‘Diet dependent.

ACTH: adrenocorticotropic hormone, TSH: thyroid stimulating hormone
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and length was 72.8 cm (-1.27 SDS). He appeared well
and euvolemic. Initial serum sodium level was 120 mEq/L,
PRA was 0.02 ng/mL/h and all laboratory findings were
compatible with SIADH, as shown in Table 1. After fluid
restriction to 1000 mL/m?/day, serum sodium concentration
increased up to 141 mEqg/L and PRA 19.2 ng/mL/h. Since
oxcarbazepine was known to cause SIADH and the patient’s
electroencephalography was normal, this treatment was
discontinued. Further studies were conducted to determine
the cause of SIADH. Chest X-ray and magnetic resonance
imaging of the brain were normal. When daily fluid
intake became unrestricted, hyponatremia recurred. After
exclusion of usual causes of SIADH, a nephrogenic origin
of inappropriate antidiuresis was considered and the AVP
level was checked. Plasma AVP level, measured by double-
antibody radioimmunoassay, was undetectable (<0.5 pg/
mL) in the presence of euvolemic hyponatremia (128
mEq/L). Therefore, we switched our clinical diagnosis of
SIADH to NSIAD. The diagnosis of NSIAD was confirmed by
genetic testing, which showed a known mutation in AVPR2
€.409C > T, corresponding to arginine to cysteine mutation
at amino acid 137 (p.R137C). Detailed pedigree analysis
showed that the second case was a relative of the first
case (Figure 1). Plasma AVP level was also measured
in the first case and was also undetectable (< 0.5 pg/
mlL) in the presence of euvolemic hyponatremia (126
mEq/L). Clinical and laboratory data of both cases were
also similar (Table 1). Therefore, genetic analysis was
also performed in the first case, and confirmed the
diagnosis of NSIAD by detecting the same mutation
in the AVPR2 gene. Both patients are continuing to be
followed up with normal serum sodium levels on limited
fluid intake for three years. Their motor and mental
development is normal.

Discussion

We report two consanguineous male infants with a diagnosis
of NSIAD, which was confirmed by genetic analysis which
revealed a known mutation in AVPR2. NSIAD is a very rare
disorder reported in about 30 cases since 2005 when it
was first described (3,11-21). The prevalence of activating
mutation of AVPR2 is unknown. Due to as many as 10%
of patients with SIADH having undetectable levels of AVP,
activating mutations of AVPR2 are likely to account at least
for some of these cases (11). Due to its low frequency, it
is not usually considered in the differential diagnosis of
euvolemic hyponatremia. Therefore, lack of awareness
of this rare disease may cause delay in determining the
etiology of hyponatremia and even misdiagnosis. Indeed,
in our first case with hyponatremia, the laboratory data (low
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renin-aldosterone and borderline-high potassium levels)
were erroneously interpreted as HH. This confusion led
to fludrocortisone treatment. A therapeutic approach to
correct the serum sodium level by increasing renal sodium
and water reabsorption in a patient with elevated plasma
volume naturally resulted in hypertension. This erroneous
management was immediately corrected, but the patient
remained undiagnosed for a while. Luckily, the second case
presented with similar clinical and laboratory findings in a
short time. Even though unable to identify an etiology, we
established a clinical diagnosis of SIADH by observing that
the hyponatremia improved with fluid restriction. Then, it
was shown that the syndrome was of renal origin by way
of undetectable AVP levels. Thus, molecular analysis of the
renal AVP receptor gene confirmed the diagnosis of NSIAD.

HH, the initial diagnosis of our first case, in fact pointed to
the renal origin of underlying defect. Hyporeninemia occurs
in many kidney diseases, including diabetic nephropathy,
lupus nephritis, sickle cell anemia, amyloidosis, urinary
tract obstructions, and due to abuse of drugs impairing renin
production. The typical patient with HH usually presents at
elderly ages with mild renal insufficiency and metabolic
acidosis, and asymptomatic chronic hyperkalemia, without
hyponatremia (7,8). Therefore, a diagnosis of HH does not
seem to be appropriate for a hyponatremic infant without
any apparent renal pathology. On the other hand, HH has
been rarely described in infants who have hyponatremia,
but no hyperkalemia and hyperchloremic acidosis (9,10).
Unlike the clinical picture in adults, this electrolyte profile
in the infants has been related to renal characteristics of
the age period, and the absence of gross renal pathology
(10) but the etiology of HH in these infants has remained
undetermined. Interestingly, as seen in our first case,
fludrocortisone treatment led to hypertension in one of
male siblings described by Landier et al. (10). HH has been
occasionally defined in children with acquired, chronic or
acute kidney diseases (22,23), whereas its congenital form
has been reported only in a few infants (9), and an underlying
genetic defect has not been identified to date. However, in a
retrospective analysis by Storey et al. (24), the prevalence of
genetic defects of the mineralocorticoid pathway including
hypoaldosteronism and pseudohypoaldosteronism was
considerably higher than expected in the hyponatremic
neonates and infants. However, no infant in this large
patient group had HH. As a result, in our infant cases, after
initial confusion with HH, we correctly described NSIAD
as a genetic cause of hyponatremia originating from the
kidney. We also consider that the unusual hyponatremic
infant cases of HH reported before recognition of NSIAD
might be the earliest examples of undiagnosed NSIAD.

NSIAD is a disorder characterized by hyponatremia,
normal or slightly elevated plasma volume, an
inappropriately concentrated urine and normal-to-high
urine sodium (3). SIADH and NSIAD have the same
clinical features of impaired free water excretion (4). In
affected patients, plasma volume increases due to reduced
free water excretion. The volume increment results in high
secretion of natriuretic peptides, leading to suppression
of renin-aldosterone levels. Secondary mineralocorticoid
deficiency causes renal salt wasting and hyponatremia (5,6).
When SIADH or NSIAD are not correctly identified as a
main source, the patients can be mistakenly diagnosed
as HH. Thus, in a patient with suspected SIADH, if its
classical causes of cranial and pulmonary origin or the
use of drugs inducing AVP secretion are not found,
NSIAD should be considered first in the differential
diagnosis. Despite the findings compatible with SIADH,
the demonstration of undetectable plasma AVP levels
makes a clinical diagnosis of NSIAD (3,13,14).

Feldman et al. (3) first reported hemizygous gain of function
point mutations (p.Arg137Cys and p.Arg137Leu) in AVPR2
in two male infants with NSIAD. Almost all the patients with
NSIAD presented in the literature have had one of these
two AVPRZ2 mutations (3,11,12,13,14,20,21). Our NSIAD
patients also had p.Arg137Cys mutation. Functional analysis
reported by previous studies have already shown that this
variant is responsible for a constitutive activation of the AVP
type 2 receptor, leading to inadequate water reabsorption in
spite of low AVP levels.

In our case study, detailed family inquiry revealed that these
two infants who independently presented were related and
also had the five adult relatives with history of hyponatremia
and/or epilepsy. We learned that these adults were not
diagnosed with NSIAD, but consumed limited fluid of their
own free will. Since the cousins of the first infant’s mother
and the second infant’s uncle lived abroad, we could not
perform genetic testing for these family members. While
symptoms in our infant cases began in the neonatal and even
antenatal period, manifested by oligohydramnios due to low
urination, the other family members’ complaints, including
tiredness, headache and seizures, had started at different
ages ranging from childhood to later life. So, the age range
in the seven patients (one female) in our large family varied
from infancy to adulthood. Decaux et al. (11) demonstrated
that NSIAD shows a wide variation of expressivity. It is
not limited to infants, and the diagnosis should also be
considered in adults. Albeit NSIAD is an X-linked genetic
disease, it has been reported in heterozygous females, and
this is explained as random X-inactivation (25).
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Early detection and treatment of NSIAD are essential to
prevent severe hyponatremia, which can have dangerous
effects on neonates and infants, and can potentially
lead to death or, if survived, neurological sequelae. The
goal of therapy is to limit free-water intake (3,11-21).
Since AVP stimulates thirst, low to undetectable levels
of AVP encountered in NSIAD could induce a diminished
thirst sensation and thus explain the good compliance to
water restriction (26). Fludrocortisone treatment rescues
otherwise potentially life-threatening hyponatremia due
to renal salt wasting and the secondary mineralocorticoid
deficiency driven by elevated ANP and/or brain natriuretic
peptide (27). However, long-term use of mineralocorticoids
can lead to hypertension, as seen in our first case. The
vaptans, AVP antagonists that interfere with the hormone’s
antidiuretic effect by competitively binding to AVPR2, are
effective in SIADH but ineffective in NSIAD due to the
receptor’s constitutive activation (11,17). Therefore, fluid
restriction remains the mainstay of therapy, as applied in
the two cases presented herein.

Conclusion

In conclusion, NSIAD should be considered as a diagnosis
in patients presenting at any ages with unexplained
hyponatremia and low plasma osmolality, despite relatively
high urine osmolality. As a first step in the investigation,
plasma AVP levels should be measured. In patients with
undetectable AVP levels, genetic testing of AVPR2 can
simply confirm diagnosis. It should be noted that if NSIAD
is not considered, the plasma renin-aldosterone profile can
be confused with HH, especially in infants.
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An Alternative Route of Treatment in Transient Hypothyroxinemia
of Prematurity: Rectal Administration of Levothyroxine
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What is already known on this topic?

When levothyroxine treatment is indicated in newborns enteral administration is the preferred route. Rectal administration of the drug
has not previously been reported in preterm infants although it has been used successfully in adult patients with poor oral absorbtion.

What this study adds?
In preterm babies with serious gastrointestinal problems rectal administration of levothyroxine tablet may be effective in the treatment
of transient hypothyroxinaemia of prematurity.

Abstract

Transient hypothyroxinaemia of prematurity (THOP) is a disorder encountered particularly in extremely low birth weight and preterm
newborns. In recent years, the survival rates of these babies have increased, owing to the advances in neonatal care, thereby increasing
the incidence of THOP. Controversies about the management of this disorder still continues while accompanying morbidites may create
difficulties in the treatment of these patients. A preterm baby boy, born at 25°7 gestational weeks with a birthweight of 665 g who
developed short bowel syndrome after necrotizing enterocolitis surgery and who was treated with rectal levothyroxine, is presented.
Keywords: Levothyroxine, prematurity, short bowel, rectal

insufficient volume and capacity of the thyroid gland (1,4).
It has been reported that THOP may increase the risk of
perinatal mortality and morbidity but the management
of this thyroid dysfunction in premature infants is still
controversial (2).

Introduction

Transient hypothyroxinemia of prematurity (THOP) is
defined as thyroid dysfunction with low circulating free and
total throxine (T4) without an expected increase in thyroid
stimulating hormone (TSH) (1). It has been reported that
THOP occurs in almost half of the babies born at or less
than 30 weeks of gestation (2,3).

Parallel to the improved survival of more immature preterm
babies, studies concerning THOP have also increased.
Conflicting results have been reported considering
neurodevelopmental, auditory and cognitive outcomes
of very low birth weight babies with or without THOP,

In preterm babies, the TSH surge is delayed and free T4
levels (fT4) remain low due to several factors, including

discontinuation of maternal and placental thyroid hormone
support, immaturity of the hypothalamo-pituitary-thyroid

axis, limitation of iodine intake and retention, and

some showing no significant difference between the two
groups (5). Reports on the effect of treatment of THOP on
neurodevelopmental outcome in preterm babies are also
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controversial. Some studies have shown no significant effect
of treatment, while others have found better language skills,
motor and cognitive functions in the group given thyroxine
treatment (6). Hence, studies comparing the long-term
effects of treatment in preterm babies with a diagnosis of
THOP are still needed (7,8,9). When a treatment decision
is made, serious gastrointestinal problems in some very
low birth weight babies may create difficulties in the
administration of levothyroxine when oral formulation is
the only option.

In this paper, a case of THOP in a preterm baby who
was born at 25°7 gestational week and treated with rectal
levothyroxine is presented. The baby developed short bowel
syndrome after necrotizing enterocolitis (NEC) surgery and
did not respond to oral administration of the drug.

Case Report

A baby boy was born by emergency cesarean section, due
to severe preeclampsia in the mother, at 25°7 gestational
week with a birthweight of 665 g. He was intubated in the
delivery room and transferred to the neonatal intensive care
unit. He was on mechanical ventilation. Total parenteral
nutrition (TPN) and minimal enteral nutrition with breast
milk were started on the postnatal first day. The baby had
delayed meconium passage and developed abdominal
distension with increased gastric residuals. Laboratory and
radiological findings were compatible with NEC. Minimal
enteral feeding was discontinued, gastric free drainage
and broad-spectrum antibiotic therapy were initiated. He
was operated on the postnatal sixth day due to perforated
NEC (Figure 1). As there were multiple areas of perforation
and circulatory disturbances in the intestinal wall, a long
segment including the jejunum and ileum was resected. A
stoma was formed with the proximal end whereas the distal
end was left closed in the abdomen. The baby was on TPN
until the postoperative seventh day when minimal enteral
feeding was started and gradually increased. However TPN
support could not be discontinued as enteral nutrition alone
was insufficient due to short bowel syndrome.

On the fourteenth postnatal day, thyroid screening tests
revealed serum levels of fT4: 0.87 ng/dL and TSH: 0.061
mlU/L, while cortisol was 5.75 pg/dL. Serum total bilirubin
level was 12.12 mg/dL, predominant component being
direct reacting bilirubin (DB: 11.48 mg/dL). One week later,
as the fT4 level was decreasing and close to the lower limit
of normal, enteral levothyroxine 5 pg/kg/day was started.
There was no response to treatment during follow-up and
the enteral dose of levothyroxine was increased to 10 pg/
kg/day (Table 1, Figure 2). However there was still no

increase in fT4 levels which was thought to be the result of
poor absorption of the drug because the main site of oral
thyroxine absorbtion is the duodenum, jejenum and ileum
which were incomplete in this case. Since parenteral and
suppository levothyroxine preparations were not available,
the tablet form of the drug was ground and one tablet (25 pg)
was diluted with 10 mL of saline to be administered rectally
at a dose of 10 pg/kg/day (4 mL/kg) by a 6 Fr feeding tube.
After nine days of rectal levothyroxine treatment fT4 levels
increased and bilirubin levels decreased (Table 1, Figure 2).

Unfortunately the baby died on postnatal 77" day, while
still on rectal levothyroxine treatment; cause of death was
a combination of severe bronchopulmonary dysplasia,
surgical NEC, short bowel syndrome and sepsis. A written
informed consent was obtained from the patient’s family
for publication.

Discussion

Transient hypothyroxinemia is the most common thyroid
dysfunction in preterm infants. Although it is controversial,
it has been reported that some preterm babies can benefit
from treatment of THOP, but issues such as the timing
and duration of therapy are not yet clear (1,2,4). In the
presented case, the gradual decrease in fT4 levels together

Figure 1. The abdomen X-ray of the baby with diffuse distention
in necrotizing enterocolitis
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with increasing TSH levels prompted us to initiate treatment.
However the baby had short bowel syndrome after NEC
surgery, when the main sites of absorbtion of oral thyroxine
had been largely removed and fT4 levels did not respond to
incremental doses of oral levothyroxine.

In a recently published article, alternative routes of
levothyroxine administration were discussed (10). If
refractory hypothyroidism persists despite oral therapy, it
has been suggested to try different formulae. Among these,
it was proposed that since the gastrointestinal transit time

is longer, gel and capsules or in cases where absorption is
not possible, intravenous and rectal forms could be tried.
Since other forms that would prolong the stay of the drug in
the gastrointestinal tract were not available, it was decided
to give a diluted tablet form by the rectal route in this case.

There are a few publications reporting on the use of
levothyroxine rectally. The efficacy of rectal levothyroxine
treatment in suppository form was investigated in a study
which reported both animal and human data. The authors
examined the levels of fT4 after the administration of the
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Figure 2. Thyroid hormone levels and treatment
TSH: thyroid stimulating hormone
.~ Enteral levothyroxine
@ Rectal levothyroxine
Table 1. Thyroid functions, bilirubin values and treatment
Postnatal age, Postmenstrual fT4, ng/dL TSH, mIU/L Cortisol TSB/DB/IB**, mg/dL  Treatment
day age, week Ny Ny pg/dL
14 277 0.87 0.061 5.75 12.12/11.48/0.64 No treatment
0.6-2.2) (0.2-30.3)
21 287 0.65 0.191 18.9/4.4/14.7 5 pg/kg/day levothyroxine, enteral
0.6-3.4) (0.2-20.6)
28 29417 0.65 0.301 9.05/8.24/0.81 10 pg/kg/day levothyroxine, enteral
0.6-3.4) (0.2-20.6)
33 3047 0.68 1.9 6.46/6.17/0.29 10 pg/kg/day levothyroxine, rectal
0.6-3.4) (0.2-20.6)
41 3107 0.95 5.5 8.7/7.89/0.81 10 pg/kg/day levothyroxine, rectal
(1.0-3.8) (0.7-27.9)
48 3307 1.36 0.06 0.51 - 10 pg/kg/day levothyroxine, rectal
(1.0-3.8) (0.7-27.9)
60 3457 1.26 3.73 0.96 8.8/7.4/1.4 10 pg/kg/day levothyroxine, rectal
(1.2-4.4) (1.2-21.6)

*Normal values for postmenstrual age (9).
TSB: total serum bilirubin, DB: direct bilirubin, IB: indirect bilirubin
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drug in suppository form to thyroidectomized rats and
subsequently to six adult patients with hypothyroidism. The
results showed that the bioavailability of levothyroxine was
lower after rectal administration than after receiving oral
medication. However it was suggested that T4 levels can
be maintained if the suppository formulation was used at a
dose 1.8 times higher than that of the oral dose and can be
an alternative route in clinical practice (11).

In another study a 4-month-old baby who developed short
bowel syndrome after multiple surgical operations due to
gastroschisis was diagnosed with hypothyroidism while
being investigated for direct hyperbilirubinemia and reduced
intestinal motility. Since oral absorption was insufficient in
this baby, the levothyroxine tablet was administered rectally.
The initial dose was 12.5 pg/day (5 pg/kg/day) and increased
to 25 pg/day (10 pg/kg/day) after one week. The tablet was
diluted in 3 mL of saline and administered in bolus, with a
size 8 rectal probe, which was flushed with 5 mL of water.
Before each administration the drug was prepared freshly.
Clinical and laboratory recovery was achieved at the end of
four weeks of rectal treatment (12).

In another case report, a 58-year-old adult who had poor
oral intake due to gastrointestinal system malignancy and
who had impaired thyroid function was unresponsive to oral
treatment. Due to the lack of parenteral preparations and
rectal suppositories of levothyroxine, high doses of tablet
formulation were ground and dissolved in 500 mL of normal
saline and administered as a rectal enema for 21 days, after
which thyroid function tests returned to normal (13).

The presented case who had short bowel syndrome, was
unresponsive to oral tablet formulation of levothyroxine
very probably because of poor intestinal absorbtion. Due
to the lack of intravenous and suppository forms of the
drug as alternative formulations, the oral tablet form of
levothyroxine was administered by the rectal route after
being ground and diluted with saline. Laboratory recovery
was determined after nine days of rectal treatment with
increasing fT4 levels and decreasing direct bilirubin levels.

However, the fact that our patient did not survive for a
long time limits our long-term follow-up and interpretation
of THOP and treatment. Nevertheless, to the best of our
knowledge, this case is the first premature infant, or even
newborn infant, who was treated with rectal levothyroxine
to be published.

Conclusion

In conclusion, rectal administration of the diluted oral form
of levothyroxine may be used as an alternative route of drug

administration in the absence of availability of other forms
of the drug in preterm neonates with impaired oral intake
or absorption.
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Liraglutide Treatment in a Morbidly Obese Adolescent with a
MC4R Gene Variant: Side Effects Reduce Success
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What is already known on this topic?

Melanocortin-4 receptor gene (MC4R) defects cause monogenic obesity. In this situation, management of obesity is challenging because
of excessive appetite and standard methods are unlikely to achieve weight loss over the long term. Recently, liraglutide treatment has
been reported to provide weight loss in these patients with only gastrointestinal side effects.

What this study adds?

We present a long (43 weeks) experience of liraglutide treatment in an adolescent patient carrying a MC4R variant. Unfortunately, the
drug could not be tolerated for a longer period due to gastrointestinal side effects, and discontinuation of treatment led to rapid weight
gain.

Abstract

Variants of the melanocortin-4 receptor (MC4R) gene are the most common cause of monogenic obesity. It has been shown that, while
obesity cannot be controlled with diet and exercise, glucagon-like-peptide-1 receptor agonists (GLP-1 RA) provide weight loss in the short
term. In this paper, our experience with liraglutide treatment in an adolescent patient carrying a MC4R gene variant is presented. A
female patient was admitted first at the age of 12.5 years with a complaint of progressive weight gain. She had marked excess of appetite
since infancy. On physical examination of the pubertal female patient with a body mass index (BMI) of 36.1 kg/m* (3.48 standard
deviation score), there was no pathological finding except diffuse acanthosis nigricans. Laboratory examinations revealed only insulin
resistance. Weight loss was not achieved with lifestyle changes, metformin and orlistat treatments. On genetic examination, a sporadic
heterozygous ¢.206T > G(p.169R) variant that had been reported previously, was found in MC4R gene. Treatment with the GLP-1 RA,
liraglutide, was initiated and a 19.2 % reduction was achieved in the body weight and BMI at the end of 32 weeks. However, the patient,
whose treatment compliance was disrupted due to significant gastrointestinal complaints, returned to her former weight within a few
months (13 weeks) after treatment was stopped. In this case with a known pathogenic variant in MC4R gene, decrease of appetite and
weight loss were achieved with liraglutide treatment, but side-effects of this treatment led to discontinuation of therapy. In such cases,
there is need for effective and tolerable treatment options.

Keywords: Melanocortin-4 receptor defect, obesity, treatment, liraglutide, side effect

Introduction

Variants of the melanocortin-4 receptor (MC4R) gene are
the most common cause of non-syndromic monogenic
obesity (1). The interaction of MC4R with alpha-melanin
stimulating hormone causes a decrease in appetite and

food intake. Pathogenic variants of the MC4R gene located
on chromosome 18qg21.32 cause early onset, severe
obesity. Dominant inherited obesity due to variants of the
MC4R gene in humans was first described in 1998 (2).
Today, more than 300 variants in the gene are known (3).
The frequency of variants in the MC4R gene in individuals

did Pediatric Endocrinology, Malatya, Turkey

“Copyright 2023 by Turkish Society for Pediatric Endocrinology and Diabetes

Address for Correspondence: Emine Camtosun MD, inénii University Faculty of Medicine, Department of

Phone: +90 422 341 06 60 (5377) E-mail: epurcuklu@gmail.com ORCID: orcid.org/0000-0002-8144-4409

Conflict of interest: None declared
Received: 25.05.2021
Accepted: 24.09.2021

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

225


https://orcid.org/0000-0002-8144-4409
https://orcid.org/0000-0001-7267-9444
https://orcid.org/0000-0001-8795-3215
https://orcid.org/0000-0002-8203-3572
https://orcid.org/0000-0002-3300-8020

Camtosun E et al.
Liraglutide Treatment in a Case of MC4R Defect

] Clin Res Pediatr Endocrinol
2023;15(2):225-229

with early onset and severe obesity has been reported
to be 5.7-8.6% (1,4,5). Early-onset severe obesity, tall
stature, hyperphagia, increased lean body mass, normal
pubertal age, and normal fertility have been reported in
these individuals (1,4). Hyperinsulinemia is a common
finding of the disease, and no pathology has been found
in other hormones. Farooqi et al. (1) reported that 23 of
29 cases, in whom they detected variants in the MC4R
gene, carried heterozygous variants, while six carried
homozygous variants, and the phenotype was more severe
in cases carrying homozygous variants. Currently, there
are no specific treatment method recommended for the
management of obesity due to MC4R variants. Long-term
success is unlikely with lifestyle changes (diet, exercise,
behavioral therapy) alone (6,7). A study has been published
showing that subcutaneous use of the glucagon-like-
peptide-1 receptor agonist (GLP-1 RA) liraglutide 3 mg/day
for 16 weeks reduced appetite in these cases and provided
associated weight loss compared to obese controls (8). This
study also reported gastrointestinal side effects (nausea,
vomiting, abdominal pain, diarrhea, constipation, reflux)
which were generally mild and transient. Subcutaneous
liraglutide was generally well tolerated in clinical trials
among obese and overweight adults. Most of the side effects
reported during treatment were gastrointestinal complaints.
The most common causes of discontinuation of treatment
were nausea, vomiting and diarrhea (9). In an another study,
conducted on a small number of patients with heterozygous
MC4R variants, weight loss, which was not different from
placebo, was found after four weeks of treatment with the
MC4R agonist Setmelanotide (Phase 1b study) (3). However,
these two drugs have not yet been used in larger patient
groups with MC4R variants, especially in the long-term. In
studies evaluating the efficacy of bariatric surgery in this
patient group, the most frequently used method was gastric
bypass and in most of these studies, similar weight loss
was obtained compared to obese patients without MC4R
variants (10). However, long-term results are contradictory
and there was lower success in some variants compared
to others. In this report, we present our experience with
liraglutide treatment in a morbidly obese, adolescent girl
with a variant in the MC4R gene.

Case Report

The female patient was first admitted at the age of
12.5-years with a complaint of excess weight. She was born
at 3000 g at term, and fed with breast milk until the age of
three, supplementary food was added after six months of
age, her motor-mental development was normal and she
was obese since infancy. She was followed up for cyclical
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neutropenia and recurrent urinary tract infection, and had
tonsillectomy and appendectomy operations. There was no
history of serious obesity in the family. On admission, her
body weight (BW) was 89 kg (> 97" percentile), height was
157 cm (50-75 percentile), and BMI was 36.1 kg/m? [ + 3.48
standard deviation score (SDS)]. On physical examination,
there was no goiter and the pubertal stage was Tanner 3.
Cervical and axillary acanthosis nigricans was present.
She looked obese with a diffuse body fat distribution. Her
mental status was normal. There was no dysmorphism.
Laboratory examinations revealed leukopenia and high
fasting insulin level (Table 1). Hepatosteatosis was not
detected on abdominal ultrasonography. The patient, who
was recommended dietary, exercise, and metformin 2x500
mg (oral) treatments, could not adapt to diet and exercise,
and did not use metformin regularly. In the oral glucose
tolerance test, performed at the age of 13.9 years, serum
glucose and insulin levels at the 120™ minute were 163 mg/
dL and 244 mclU/mL, respectively. Glycohemoglobin was
5.5% (normal range 4.5-6.5). When she was 17.2 years
old, her BMI was 48 kg/m? (+4.5 SDS). She had excessive
appetite, could not stay on diet and did not use metformin
treatment regularly because of nausea and dizziness. She
was recommended orlistat 2x120 mg orally in addition to
diet, exercise, and metformin treatment. Since the patient
had early onset severe obesity and hyperphagia, a gene panel
targeted for genetic obesity was performed. The patient was
heterozygous for the c¢.206T > G(p.169R) (NM_005912.3)
variant in the MC4R gene, which had been previously
described (10,11). Since this variant was not detected in
the parents, it was considered de novo. When the patient
was 17.9 years old, her BMI was 52.87 kg/m? (+ 4.89 SDS),
and upon obtaining the consent of the family, liraglutide
treatment was initiated (8). In the first week of treatment,
a dose of 0.6 mg/day was administered subcutaneously,
then the dose was increased by 0.6 mg once a week, and
increased to the full dose (3 mg/day) in the fifth week. Her
appetite reduced with treatment. Weight loss achieved
after five weeks of treatment was 4.8 % . However, nausea,
bloating, belching, intermittent abdominal pain, and gas-
related pain became more pronounced with the increase to
the full dose. Since gastrointestinal side effects associated
with liraglutide therapy have been described (8,9), the dose
was reduced to 1.8 mg/day, which the patient reported
she could tolerate. During the treatment process, the
menstrual cycle delayed once. When the dose of liraglutide
was increased to 2.4 mg/day, due to slowing of the weight
reduction rate, the gastrointestinal complaints recurred and
the dose was reduced again to 1.8 mg/day. At the end of 32
weeks of regular use of the drug, a 19.2% reduction was
achieved in her BW and BMI (Table 2). Since gastrointestinal
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complaints started with the initiation of the drug and
became more pronounced with increasing the dose, and
were relieved with dose reduction, these gastrointestinal
symptoms were thought very likely to be drug side effects.
The patient, who could not tolerate the gastrointestinal side
effects, was observed to gain weight when she stopped
taking the drug for two weeks. After starting the drug at a

dose of 1.8 mg/day, the weight gain stopped, but the patient
decided to discontinue the drug and did not come to the
follow up visits after 43 weeks of treatment initiation. When
the patient was contacted by phone, it was learned that she
returned to her pre-treatment weight (145 kg) a few months
after she discontinued the drug.

Table 1. Results of laboratory analysis of the patient on first admission

Test Results Reference range
White blood cell count (10°/mL) 2.5 4.3-10.3
Hemoglobin (g/dL) 12.6 13.6-17.2

Mean corpuscular volume (fL) 80.7 80.7-95.5
Platelet count (10°/mL) 242.000 150-400

Alanine aminotransferase (IU/L) 15 0-55

Aspartate aminotransferase (IU/L) 19 5-34

Uric acid (mg/dL) 5.4 2-5.5

Total cholesterol (mg/dL) 151 <170

Low density lipoprotein (mg/dL) 98 <130

High density lipoprotein (mg/dL) 44 40-60
Triglyceride (mg/dL) 45 <150

Free thyroxine (ng/dL) 0.89 0.65-2.3

Thyroid stimulating hormone (ulU/mL) 3.5 0.33-6.0

Cortisol pg/dL (nmol/L) 9.67 (266.8) 5-23 (138-635)
ACTH pg/mL (pmol/L) 23.6 (5.20) 7.2-63.3 (1.6-153.9)
Cortisol after 1 mg dexamethasone pg/dL (nmol/L) 0 (27.6) <1.8(49.7)
Luteinising hormone (IU/L) 0.77 0.1-12 Tanner 3
Follicle stimulating hormone (IU/L) 5.7 1.5-12.8 Tanner 3
Estradiol (pg/mL) 80.2 7-60 Tanner 3
Fasting glucose mg/dL (mmol/L) 97 (5.4) 60-100 (3.3-5.6)
Fasting insulin plU/mL (pmol/L) 50.8 (352.8) 6-27 (41.7-187.5)
Glucohemoglobin (%) 6 4-6

Oral glucose tolerance test

120’ glucose mg/dL (mmol/L) 112 (6.2) <140 (<7.8)
120’ insulin mg/dL (mmol/L) 41.5(288.2) <75 (<520.8)

ACTH: adrenocorticotropic hormone

Table 2. Changes in body weight and body mass index during liraglutide treatment in the follow-up period

Week Dosage Weight Loss of weight BMI Loss of BMI
mg/day s.c kg kg (%) kg/m? kg/m? (%)
0 0.6 144.8 - 52.87 -
5 3% 137.9 6.9 (4.8) 50.32 2.55 (4.8)
8 1.8 134 10.8 (7.5) 48.90 3.97 (7.5)
19 2.4 130.8 14.0 (9.7) 47.75 5.12 (9.7)
26 2.4* 124 20.8 (14.4) 45.27 7.6 (14.4)
32 1.8* 117 27.8 (19.2) 42.72 10.15(19.2)
36 After two weeks of treatment cessation 124 20.8 (14.4) 45.27 7.6 (14.4)
38 1.8 124 20.8 (14.4) 45.27 7.6 (14.4)
43 1.8 126 18.8 (13.0) 46.00 6.87 (13.0)
56 0 (13 weeks after treatment cessation) 145%*

*Significant gastrointestinal side effects. s.c: subcutaneus. **Weight measurement at home was learned over the phone.

BMI: body mass index
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Genetic Methods

DNA obtained from the patient’s peripheral blood sample for
genetic analysis was subjected to fragmentation, barcoding,
library creation, target enrichment and amplification,
and loaded into the next generation sequencing device
according to the protocol suggested by the manufacturer
(MiSeq, Illumina, San Diego, California). A custom panel
containing 41 obesity-related genes (DYRKIB, LEP, LEPR,
MC4R, NROB2, POMC, UCP3, ADRB2, ADRB3, AGRP. MC3R,
NTRK2, PCSKI1, SIM1, CARTPT, ENPPl, PPARB, PFARGC
SDC3, UCP1, ADIPOQ, NAMPT, CFD, RETN, PPARGCIA, CCK,
NPY, SLC2A4, ADDI1, SREBFI, PTPNI1, IRS-1, GHRL, BDNE
NEGR1, SH2B1, GIPR, TMEM18, FTO, SLC22) was used for
sequencing. Bioinformatics analyzes were performed using
Qiagen Bioinformatics solutions (Quiagen, Hilden, Germany)
software (QCI Analyze Universal 1.5.0 and Qiagen Clinical
Insight Interpret) (4). The ¢.206T>G, p.I69R variant in
MC4R gene detected and was also analyzed and confirmed
by Sanger sequencing. The amplicon was analyzed by direct
sequencing with ABI 3500 (Life Technologies, Waltham, MA,
USA). Analysis of the sequence result was performed by
Variant Surveyor Programme (SoftGenetics, USA).

Discussion

In this study, an adolescent obese girl with a heterozygous
variant in MC4R gene who was treated with liraglutide
was presented. She achieved weight loss with liraglutide
treatment, but could not continue therapy due to
gastrointestinal side effects and regained weight after
discontinuing the drug. MCR4 defects are characterized by
early onset severe obesity, hyperphagia (more prominent
especially in younger ages), increased linear growth, and
insulin resistance (1). Our patient had excessive appetite and
hyperphagia from infancy, and her obesity was worsening.
After considering that her obesity may have a genetic cause,
gene panel testing was performed and a heterozygous,
sporadic variant, ¢.206T>G, p.lI69R, was detected in the
MC4R gene This variant was previously reported in two
morbidly obese children of Iraqgi origin (11,12). In keeping
with this previous report, the pubertal development of the
presented case case was normal and menarche age was
13.5 years. In addition to clinical and laboratory findings
of insulin resistance, she also had cyclical neutropenia and
recurrent urinary tract infection. It was thought that these
findings, which were not described in the previous report,
may be incidental.

A standard method for obesity management has not been
defined in obese patients with MC4R variants. In some of
the studies investigating the effect of lifestyle change on
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weight loss in these patients, it was reported that patients
with variants achieved weight loss similar to controls, but
this could not be sustained in the long term (6,13). Trier
et al. (7) reported that BMI SDS could be reduced in the
control group after an average of 1 year of lifestyle change
but not in cases with MC4R variants. Initially, lifestyle
changes and oral metformin were recommended to our
patient for obesity management. However, she could not
limit food intake, continued to binge, and BMI, and BMI SDS
increased at each visit. The addition of orlistat, which is an
Food and Drug Administration (FDA) approved drug in the
treatment of obesity in children, was also not effective. It
has been reported that patients with heterozygous variants
in the MC4R gene experienced a similar weight loss (6 %)
compared to the control group after 16 weeks of treatment
with GLP-1A liraglutide (3 mg/d, subcutaneous) (8). There
were no studies reporting long term data and evaluation
after the discontinuation of the treatment. Bariatric surgery,
especially with gastric bypass, has been reported to have
similar results in terms of weight loss for 1-3 years, in
patients with MC4R defect compared to control obese
patients. In some studies it has been shown that the long-
term effects continued for 5-7 years and in others it was
reported that the patients regained weight at the end of
5 years; notably, some studies have not elucidated the
mechanisms of pathogenicity of the variants (10).

Liraglutide was approved by the FDA in 2014 for the
treatment of obesity in adults. Later, in April 2020, the FDA
approved the use of the drug in adolescents who met the
criteria of age =12 years, BMI =30 kg/m? and BW > 60 kg).
In the presented patient, liraglutide treatment was started
on 20" June 2019, only 1-2 months before she was 18
years of age. In our patient, after 32 weeks of treatment
with liraglutide, a 19.2% reduction was achieved in BW
and BMI. However, the treatment could not be continued
due to intolerable gastrointestinal complaints, especially
at doses above 1.8 mg/day. It was learned that the patient
returned to her initial weight within months after stopping
the treatment. Gastrointestinal complaints were the most
commonly reported side-effects during liraglutide therapy.
In clinical studies of adult obese patients, it was reported
that these side effects were usually well tolerated but also
that they led to discontinuation of treatment in a small
proportion of patients (1.4-2.9%) (9).

Since appetite control is poor due to genetic pathology in this
group of patients, it seems that it is more difficult to maintain
long-term effectiveness of the treatment. Therefore, in order
to increase success in obesity management and to maintain
it for a longer period, the side effects of existing treatment
options should be decreased or surgical and medical
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treatments should be combined or new treatment options
should be investigated.

Conclusion

Monogenic obesity should be considered in patients with
early onset obesity and in whom appetite control cannot be
achieved. In this case with a known MC4R variant, liraglutide
treatment provided a decrease in appetite and 19.2%
reduction in BW and BMI after 32 weeks of treatment.
However, the treatment could not be continued due to
side effects and she returned to her previous weight after
a period of a few months after the discontinuation of the
drug. In such cases, there is a need for effective treatment
options with tolerable side effects for effective long-term
management.
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