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INSTRUCTIONS TO AUTHORS

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 Pediatric Endocrinology and 
Diabetes Society 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 EBSCO, SCOPUS, EMBASE, Engineering Village, Reaxys, 
Index Copernicus, CINAHL, GALE, Turk Medline, Tübitak Ulakbim TR Index, 
Index Medicus/PubMed, Turkiye Citation Index, PubMed Central (PMC), 
Science Citation Index-SCI-E and PubMed/MEDLINE.

JCRPE has an impact factor 1.163 in 2017.

The journal is printed on an acid-free paper.

Permissions
Requests for permission to reproduce published material should be sent to 
the publisher.
Publisher: Erkan Mor
Adress: Molla Gürani mah. Kaçamak Sok. 21/1 Fatih, Istanbul, Turkey
Telephone: +90 212 621 99 25
Fax: +90 212 621 99 27 
Web page: http://www.galenos.com.tr/en
E-mail: info@galenos.com.tr

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 
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. The payment of $75 per article 
should be made if the author(s) wish their articles in color. For payment details, 
please contact the Editorial Office.

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 
5000 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 address important 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 6000 
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 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 
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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 Assignment & Affirmation of Originality form. This 
form should be filled in thoroughly and faxed to the JCRPE Editorial Office at 
+90 212 621 99 27.

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.

JCRPE does not charge any fee for article submission or processing.

MANUSCRIPT PREPARATION

General Format
The Journal requires that all submissions be submitted according to these 
guidelines:
• Text should be double spaced with 2.5 cm margins on both sides using 
12-point type in Times Roman font.
• All tables and figures must be placed after the text and must be labeled.
• Each section (abstract, text, references, tables, figures) should start on a 
separate page.
• Manuscripts should be prepared as word document (*.doc) or rich text 
format (*.rtf).

Title Page
The title page should include the following:
• Full title 
• Authors’ names and institutions.
• Short title of not more than 40 characters for page headings
• At least three and maximum eight key words. Do not use abbreviations in 
the key words
• Word count (excluding abstract, figure legends and references)
• Corresponding author’s e-mail and post address, telephone and fax numbers
• Name and address of person to whom reprint requests should be addressed
• Any grants or fellowships supporting the writing of the paper
• 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://www.
clinicaltrials.gov.

Experimental Animals
A statement confirming that all animal experimentation described in the 
submitted manuscript was conducted in accord with accepted standards of 
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 committe, approval number should be stated.

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. 

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.
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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.

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: AI, 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 should be expressed in metric units.

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.

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. Upon acceptance of your manuscript for publication, a completed Copyright 
Assignment & Affirmation of Originality Form will be faxed to the JCRPE 
Editorial Office (Fax: +90 212 621 99 27)
5. 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.
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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.

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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Abnormal uterine bleeding (AUB) is the most common gynecologic complaint of adolescents admitted to hospital. Heavy menstrual 
bleeding (HMB) is the most frequent clinical presentation of AUB. Anovulatory cycles, owing to immature hypothalamic-pituitary-ovarian 
axis, is the leading etiology of HMB and there is an accompanying bleeding disorder in almost 20% of patients with HMB. Additionally, 
endocrine disorders such as hypothyroidism, hyperprolactinemia and polycystic ovary syndrome are possible causes of AUB. Exclusion 
of bleeding disorders, especially of von Willebrand disease is important for diagnosis and treatment of HMB, particularly in cases with 
AUB, which has been present since menarche. Management of HMB is based on the underlying etiology and severity of the bleeding. 
After other causes are excluded, anovulatory heavy bleeding can be treated successfully with combined oral contraceptives and iron 
supplementation either as an outpatient or in hospital depending on the clinical findings and level of anemia. The epidemiology, clinical 
presentation, diagnostic approach and treatment of HMB is discussed and our clinical experience in this field is presented in this review.
Keywords: Abnormal uterine bleeding, heavy menstrual bleeding, adolescents

Introduction

Abnormal uterine bleeding (AUB) is defined as bleeding from 
the uterine corpus that is abnormal in duration, volume, 
frequency and/or regularity. AUB accounts for half of the 
gynecologic problems among adolescents (1,2). Also, some 
adolescents maybe unaware that their bleedings patterns 
are abnormal, as menstrual cycles are known to often be 
irregular during adolescence. The underlying factors that 
cause AUB and/or AUB itself may have potential for long term 
health consequences, decrease life quality and affect school 
attendance. Evaluation of the menstrual cycle should be an 
additional vital sign to be looked into in any female adolescent 
during all routine pediatrician visits (3). Beginning with 
definition of normal menstrual cycle, evaluation, approach to 
diagnosis and treatment of AUB will be discussed in this paper.

Normal Menstrual Cycles in Adolescents

Menarche usually occurs between the ages of 12-13 years 
(4,5). The normal cycle of an adolescent female occurs 

every 21-45 days with bleeding lasting between two and 
seven days (6,7,8). The frequency of cycles decreases at 
higher postmenarchal ages (7). Menstrual cycles are 21-34 
days, similar to adults, in 60-80% of adolescents by the third 
year after menarche (8,9). The average blood loss during a 
normal menstrual cycle is 30-40 mL, requiring the use of 3-6 
pads or tampons per day or 10-15 soaked pads or tampons 
per cycle (10). More than 50% of the total menstrual loss is 
an endometrial transudate and 30-50% consists of whole 
blood components (11). Chronic loss of ≥80 mL blood is 
associated with anemia (12).

Abnormal Uterine Bleeding

The International Federation of Gynecology and Obstetrics 
(FIGO) recommends the use of the term AUB to describe any 
aberration of menstrual volume, regulation, duration and/or 
frequency in a woman who is not pregnant (Table 1). FIGO 
also proposes to discard some definitions from accepted 
terminology, such as “menorrhagia”, “metrorrhagia”, 
“hyper/hypomenorrhea”, “polymenorrhea” and 
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“dysfunctional uterine bleeding” as they are controversial, 
confusing and poorly defined (13,14).

Heavy menstrual bleeding (HMB) is the most common 
clinical presentation of AUB. Formerly called “dysfunctional 
uterine bleeding”, refers to AUB which is not caused by 
structural lesions of the uterus (15).

FIGO defines the etiology of AUB using the PALM-COEIN 
classification [Polyp, Adenomyosis, Leiomyoma, Malignancy, 
Hyperplasia (structural causes); Coagulopathy, Ovulatory 
dysfunction, Endometrial, Iatrogenic and Not yet classified 
(non-structural causes)] system (1). AUB is very rarely due 
to structural problems (1.3-1.7%) in adolescents (16,17). 
Anovulatory cycles, discussed separately below, which 
may manifest as amenorrhea, oligomenorrhea or HMB 
owing to immature hypothalamic-pituitary-ovarian axis are 
the most common cause of AUB among adolescents (18). 
As another leading etiology, coagulopathy prevalence is 
reported to vary between 5% and 28% among hospitalized 
adolescents with HMB in different studies (17,19,20,21,22). 
In a systematic review gathering data of 988 women (15-55 
years) with HMB, the incidence of von Willebrand disease 
(vWD) was found to be 13% (23). Coagulopathy may also 

be due to other coagulation factor deficiencies, immune 
thrombocytopenia, platelet dysfunction, thrombocytopenia 
secondary to malignancy or due to treatments for 
malignancy (17,22,24,25). Coagulopathy may be an 
isolated or accompanying disorder. More than one cause 
may exacerbate or aggravate AUB. The differential diagnosis 
of HMB in adolescents is summarized in Table 2 (26).

Anovulatory Cycles

Occurrence of ovulatory menstrual cycles require the 
regular interaction of hypothalamus, hypophysis, ovary and 
endometrium. Gonadotropin releasing hormone (GnRH) 
pulses from the hypothalamus induce follicle stimulating 
hormone (FSH) and luteinizing hormone (LH) secretion 
from the hypophysis and these gonadotropins induce the 
development of a dominant follicle from one of the antral 
follicle candidates for ovulation. LH stimulates the thecal 
cells to divide and produce androgens. FSH stimulates the 
granulosa cells to divide and convert androgens to estradiol 
(E2) and E2 level continue to rise through the follicular 
phase. When E2 exceeds a critical level (>200 pg/mL for 
two days) GnRH rises with positive feedback and causes 
an LH surge. This LH surge activates proteolytic enzymes 
which leads to follicular rupture and causes luteinization of 
the granulosa and theca cells, resulting in a marked increase 
in progesterone production.

E2 induces endometrial epithelial cell proliferation, gland 
growth and vascularization and production of both E2 and 
progesterone receptors thus preparing the endometrium to 
respond to luteal production of progesterone. Progesterone 
stabilizes the thickening endometrium by influencing the 
production of key proteins such as matrix metalloproteinase 
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Table 2. Differential diagnosis of heavy menstrual 
bleeding in adolescents

Endocrine causes
Anovulatory bleeding
PCOS
Thyroid disease
Other
Bleeding disorders
von Willebrand disease
Platelet dysfunction
Thrombocytopenia
Clotting factor deficiency
Pregnancy
Abortion
Ectopic pregnancy
Gestational trophoblastic disease

Infections
Cervicitis
Adenomyosis
Disorders of the uterus
Myoma
Intrauterine device
Polyps
Cancer
Medications
Depot medroxyprogesterone
Anticoagulants
Trauma
Foreign body
Hemorrhagic ovarian cysts

PCOS: polycystic ovary syndrome

Table 1. Abnormal uterine bleeding-The International 
Federation of Gynecology and Obstetrics 
recommendations for menstrual terminology

Category Definition

Disorders in regularity

Irregular menstrual 
bleeding

Variation >20 days over a period 
of one year

Absent menstrual 
bleeding (amenorrhea)

No bleeding in a 90-day period

Disorders in frequency

Infrequent menstrual 
bleeding (oligomenorrhea)

One or two episodes in a 90-day 
period

Frequent menstrual 
bleeding

More than four episodes in a 90-
day period

Disorders in amount of flow

Heavy menstrual bleeding Excessive blood loss which 
interferes with the woman’s 
physical, emotional, social and 
material quality of life and which 
can occur alone or with other 
symptoms

Heavy and prolonged 
menstrual bleeding

Excessive blood loss exceeding 
eight days 

Light menstrual bleeding Bleeding less than 5 mL in a period

Disorders of duration of flow

Prolonged menstrual 
bleeding

Menstrual periods that exceed 
eight days on a regular basis

Shortened menstrual 
bleeding

Menstrual bleeding lasting less 
than two days



1, 3, and 9 which degrade extravascular and stromal matrix 
(27). Progesterone also stimulates production of tissue 
factor and plasminogen activator inhibitor 1, expediting 
coagulation and clot stabilization (28,29).

Pituitary potential to respond to GnRH stimulation and the 
positive feed-back effect of E2 progressively improve after 
menarche (30,31). During the first two postmenarchal 
years, approximately half of menstrual cycles are 
anovulatory. However, at five years post-menarche 75% 
of cycles are ovulatory and this increases further over the 
next several years, reaching an 80% rate (31). Delayed or 
absent ovulation, either physiological or due to polycystic 
ovary syndrome (PCOS), results in lack of progesterone 
and excessive E2 production from ovarian follicles, causing 
the endometrium to proliferate and to become prone 
to unpredictable menstrual bleeding in both timing and 
amount. For these reasons anovulatory cycles are the 
leading cause of HMB during adolescence.

Evaluation

The focus of initial evaluation of a patient with HMB is 
to determine whether the bleeding is acute and causing 
hemodynamic instability, through careful history taking, 
physical examination, laboratory testing and radiologic 
imaging.

History should be taken both with and without the parents 
being present because some of the questions asked would 
be difficult for patients to answer candidly in the presence 
of their parents, especially those relating to sexual activity, 
while asking with the parents present may help to clarify 
the details in some cases. History should include; menstrual 
history (age of menarche, regularity, duration, number of 
pads/tampons per day), sexual history, past medical history 
(systemic illness, current/recent medication), systemic 
review (symptoms associated with systemic causes of HMB 
such as obesity, PCOS, hypothyroidism, hyperprolactinemia, 
hypothalamic or adrenal disorder) and family history 
(coagulopathy, hormone sensitive cancers). A history of 
heavy menses since menarche, surgery related bleeding, 
bleeding associated with dental work, bruising or epistaxis 
with a frequency of at least once per month, frequent gum 
bleeding and bleeding symptoms in the family point to an 
underlying bleeding disorder (32).

Once hemodynamic stability is established, vital signs 
should be checked and systematic physical examination 
should be completed. Presence of goiter, pallor, bruising, 
petechiae and/or signs of androgen excess may clarify 
the underlying diagnosis (33). Pelvic examination with 

a speculum or transvaginal ultrasonography may not be 
possible in sexually inexperienced adolescents. It is possible 
to postpone this exam until a trial of medical therapy has 
been attempted, as structural lesions in adolescents are 
very rare. Pelvic ultrasonography provides non-invasive 
information about genital tract structural lesions, especially 
in adolescents in whom the physical examination is limited. 
It also gives additional information about endometrial 
thickness and PCOS.

Laboratory tests are aimed at determining the severity 
of the bleeding and to investigate potential etiologies 
of HMB. The minimum laboratory evaluation should 
include; human chorionic gonadotropin, complete 
blood count, peripheral blood smear, ferritin level, 
prothrombin time, activated partial thromboplastin time 
and fibrinogen. Adolescents at risk of bleeding disorders 
should undergo testing for vWD. The von Willebrand 
panel should include; plasma von Willebrand factor 
(vWF) antigen and functional tests for vWF and factor VIII 
activity (32,34). Those with a blood type O will have lower 
levels of vWF than those who have blood type A or B. 
So, vWF antigen reference values should be used which 
are appropriate for each patient’s blood type (35). The 
Committee on Adolescent Health Care of the American 
College of Obstetricians and Gynecologists recommends 
obtaining a vWF panel either before or seven days after 
ceasing exogenous estrogen treatment (36). Estrogen 
replacement therapy has been shown to increase plasma 
vWF antigen (37) thus the rationale for the timing of the 
vWF panel which allows the levels to stabilize in respect 
to any medical estrogen therapy which may be being 
used. Additional tests include exclusion of infection in 
sexually active adolescents and evaluation of thyroid 
functions in patients with accompanying hypothyroid 
symptoms. Patients with a significant bleeding history 
and non-diagnostic initial testing should be referred to a 
hematologist for further investigation (38).

Treatment

Providing hemodynamic stability, correction of anemia 
and maintenance of normal cycles constitute the main 
goals in management of HMB. Treatment options include 
iron supplementation, combined oral contraceptives 
(COCs), progesterone, nonsteroidal anti-inflammatory 
drugs (NSAIDs), antifibrinolytics, desmopressin and GnRH 
analogues. Management is largely based on severity of 
the bleeding and anemia (39). If an underlying cause is 
identified, specific treatment is given additionally. As HMB 
in adolescents is mostly due to anovulatory cycles, treatment 
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is focused on anovulatory uterine bleeding. Classification of 
severity is given in Table 3.

Mild Anovulatory Uterine Bleeding: For girls with mild 
bleeding with normal hemoglobin, observation is enough, 
unless they report a negative change in their life quality. 
NSAIDs, such as ibuprofen and naproxen sodium, may 
help to decrease flow. If the hemoglobin is 10-12 g/dL, 
both observation and hormonal therapy are acceptable 
alternatives, as long as iron supplementation with 60 mg 
elemental iron per day is given. If hormonal therapy is 
decided on as the treatment choice, the possible regimens 
are the same as those for moderate anovulatory uterine 
bleeding, discussed below in detail. Re-evaluation should be 
made at three months or sooner if the bleeding persists or 
becomes more severe.

Moderate Anovulatory Uterine Bleeding: These patients 
can also be managed on an outpatient basis. In addition 
to iron supplementation, hormonal therapy is necessary to 
stabilize endometrial proliferation and shedding. There is 
no consensus on whether to treat with COCs or progestin-
only regimens (40). In adolescents with moderate anemia 
who are actively bleeding, COCs are a better choice, as 
estrogen improves hemostasis (39). Monophasic COCs, 
containing at least 30 mcg of ethinyl E2, are preferred to 
prevent breakthrough bleeding. We recommend taking 
one pill every 8-12 hours until the bleeding stops, then to 
continue with one pill per day for a total of at least 21 days. 
If bleeding starts again dosing may be increased to twice a 
day for a total 21 days. 4-8 mg of ondansetron can be given 
if nausea occurs with high doses of E2 (30). At the end of 21 
days, seven days of placebo or pause should be given. COCs 
treatment is continued for 3-6 months until the hemoglobin 
level reaches ≥12 g\dL. Different COCs regimens have been 
suggested in the literature (32,33,41). 

Progestin-only hormone therapy can be an alternative 
to COCs for adolescents with moderate anemia who are 
not currently bleeding or have a contraindication for 
estrogen therapy, such as arterial/venous thromboembolic 
disease, hepatic dysfunction, migraine with aura and/
or estrogen dependent tumors (42,43). Progestin-only 

options are; micronized oral progesterone (200 mg/day), 
medroxyorigesterone (10 mg/day), norethindrone acetate 
(2.5-5 mg/day), depot-medroxyprogesterone acetate (DMPA) 
or a levonorgestrel-releasing intrauterine device. The last 
two options are not suitable for acute management but can 
be preferable for those who need contraception or cannot 
take pills. Micronized oral progesterone contains peanut 
oil and there must be caution for allergy. Also, there is no 
sufficient evidence to date to state that it is safer to use this 
progesterone than using synthetic progestin (44). However, 
micronized oral progesterone is chemically identical to 
endogenous progestin and this is more physiological. In 
some studies, it was also shown to have fewer side effects 
than synthetic progestin pills (45,46). Oral progestin is given 
for 12 days every month and bleeding occurs 2-7 days after 
cessation. If bleeding does not start within one week the 
patient should be re-evaluated.

Severe Anovulatory Uterine Bleeding: Patients with 
hemoglobin levels <7 g/dL and those with hemoglobin 
levels <10 g/dL but who have active heavy bleeding and 
hemodynamic instability (tachycardia, hypotension, 
orthostatic vital signs) must be hospitalized. They must be 
promptly evaluated in case blood transfusion is necessary. 
Patients with hemoglobin levels of 8-10 g/dL with parents 
who can reliably be contacted by telephone can be followed 
on an ambulatory basis (47). All patients with severe anemia 
due to menstrual bleeding must be assessed for bleeding 
disorders. Supplementation of 60-120 mg elemental iron 
must be started as soon as the patient is stable enough to 
take oral pills. 

Hormone therapy recommended for patients with 
hemoglobin levels of 8-10 g/dL consists of monophasic COCs 
containing 30-50 mcg ethinyl E2, given once every six hours 
for 2-4 days, followed by the same dose given every eight 
hours for three days and then every 12 hours for the next 14 
days. Additional anti-emetic treatment may be necessary. 
For patients with hemoglobin levels <7 g/dL or <10 g/dL 
with heavy bleeding, COCs are given every four hours until 
bleeding slows down, followed with one pill every six hours 
for 2-3 days, every eight hours for three days and then every 
12 hours for 2 weeks and continue with one pill a day until 
a hemoglobin level of ≥10 g/dL is reached and at least for a 
total of 21 days. When the hemoglobin level exceeds 10 g/
dL, COCs are used in a cyclic pattern for three to six months 
until a hemoglobin level of ≥12 g/dL is attained (47).

If bleeding continues heavily after 24-hour administration 
of COCs or the patient is unable to take oral pills, 25 mg IV 
conjugated estrogen is given every 4-6 hours up to 2-3 times 
until the bleeding lessens. Then treatment is continued with 
oral COCs as described above. Physicians should remember 
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Table 3. Severity classification

Mild Longer menses (>7 days) or shorter cycles (<3 
weeks) for two months in succession, with slightly 
or moderately increased bleeding, a usually 
normal (≥12 g/dL) or mildly decreased (10-12 g/dL) 
hemoglobin value

Moderate Moderately prolonged or frequent (every 1-3 
weeks) menses, with moderate to heavy bleeding 
and a hemoglobin level of ≥10 g/dL

Severe Heavy bleeding with a hemoglobin level of <10 g/dL



the increased risk for thromboembolism with this therapy 
(48). Progestin-only therapies may be an option for 
patients who have a contraindication for COCs. For acute 
management, oral progestins are better than either DMPA 
or a levonorgestrel-releasing uterine device.

There may be a need for hemostatic agents such as 
tranexamic acid, aminocaproic acid and desmopressin, if 
bleeding exceeds 24 hours despite high dose COCs or there 
is a known platelet dysfunction. Tranexamic acid 3.9-4 g/
day in three doses for 4-5 days is an effective treatment for 
HMB and is more effective than placebo (49). Although there 
is no evidence for increased incidence of thrombotic events 
associated with tranexamic acid, having a history of or active 
thromboembolic disease or an intrinsic risk for thrombosis 
are contraindications for tranexamic acid use. Concomitant 
usage of COCs increase the risk of thrombosis (49).

If hormonal and hemostatic treatment fail to lessen bleeding 
in 24-36 hours, examination under anesthesia, endometrial 
sampling and therapeutic curettage may be necessary 
(47,50). 

Follow-up

If irregular menses or HMB persists under hormone therapy 
for three months or recurs after cessation of therapy, 
the patient should be assessed for possible problems of 
hypothalamic-pituitary-ovarian axis, PCOS and structural 
causes. Adolescents with a history of untreated anovulatory 
cycles for 2-3 years should be evaluated by endometrial 
biopsy, as there is an increased risk for endometrial 
carcinoma in such patients (32). 

Experience of a Single Center

We evaluated the data of 22 patients with HMB referred 
to our adolescent outpatient clinic within a time period 
of 18 months. The mean age (range) of the patients was 
13.9 years (11.3-16.9 years) and of menarche was 12.2 
years (10.5-14.0 years) respectively, which is similar to 
the mean age of menarche in healthy Turkish girls. Half 
of the patients had been having heavy bleeding at each 
menses since menarche. Among those whose HMB began 
after menarche, the longest period between menarche and 
initiation of heavy bleeding was 3.3 years. Three of these 
patients had been given erythrocyte transfusions due to the 
degree of HMB prior to their admission to our hospital. The 
severity of bleeding was assessed as mild in five patients, 
moderate in three and severe in 14 patients. Seven of the 
severe patients had hemoglobin levels <8 g/dL. None of 
these patients were found to have platelet dysfunction 

or structural problems. One patient was diagnosed with 
hypothyroidism. Pelvic ultrasonography was compatible 
with PCOS in five patients. vWF antigen and activity was 
normal in all of the 18 patients who were assessed for vWF 
abnormalities. 

All patients were given oral iron supplementation. Treatment 
with a monophasic COC containing 0.15 mg desogestrel and 
30 mcg ethinyl E2 was initiated in all patients with moderate 
and severe anemia, in accordance with the guidelines 
given above, except for two patients who were treated with 
oral tranexamic acid initially and then switched to COCs 
because of recurrent bleeding. Among patients with mild 
anemia, two patients were also treated with COCs, one with 
a two years history of irregularity predicting a lengthened 
anovulatory phase and one with endometrial hyperplasia. 
Two patients with a hemoglobin level of 5.8 g/dL and 5.9 g/
dL required erythrocyte transfusions. Treatment with iron 
supplementation and/or COCs was successful in all patients 
over the short term (Table 4).

Thus, AUB is one of the major problems of adolescent 
gynecology and anovulatory HMB is the commonest 
presentation of AUB. Anovulatory cycles are generally 
physiologic and resolve spontaneously in most adolescents 
as the hypothalamic-pituitary-ovarian axis matures. 
Additionally, HMB may be due to coagulopathy and each 
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Table 4. Clinical characteristics of our patients with 
heavy menstrual bleeding and their treatment

Parameter

Number of patients 22

Mean age at admission (years) 13.9±1.7

Mean age at menarche (years) 12.2±0.9

Timing of HMB n (%) 

     Since menarche 11 (50.0)

     Initially normal menses 11 (50.0)

Severity of HMB n (%)

     Mild (hemoglobin ≥12 g/dL) 5 (22.7)

     Moderate (hemoglobin 10-12 g/dL) 3 (13.6)

     Severe (hemoglobin <10 g/dL) 14 (63.7)

Hyperprolactinemia n (%) 0 (0.0)

Hypothyroidism n (%) 1 (4.5)

Low vWF antigen and/or activity n (%) 0 (0.0)

Treatment n (%)

     Iron supplementation 22 (100.0)

     Hormonal therapy with COCs 19 (86.0)

     Tranexamic acid 3 (13.6)

     Erythrocyte transfusion 2 (9.1)

HBM: heavy menstrual bleeding, COC: combined oral contraceptives, vWF: 
von Willebrand factor



adolescent with HMB should be questioned for bleeding 
disorders. Once hemodynamic stability is controlled and 
provided, the patient must be evaluated for severity of 
anemia and possible causes of HMB. Severity of anemia 
and its underlying cause determines the treatment. 
Beside iron supplementation, COCs, progestin only drugs, 
intravenous estrogen and\or hemostatic agents can be used 
for treatment. After treatment is stopped the patient should 
be followed for persisting anovulation. 
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Objective: In this study, we evaluated the frequency of euthyroid sick syndrome (ESS) among patients with childhood cancer and its 
association with the stage of disease, nutritional parameters and cytokines levels. 
Methods: Eighty newly diagnosed children were included in the study. ESS was assessed in two different ways. According to criteria 1 
ESS was present if free triiodothyronine (fT3) was below the lower limit and free thyroxine was within the normal or low limits, thyroid-
stimulating hormone (TSH) was in the normal range. According to criteria 2, in addition to the above, it was required that reverse 
triiodothyronine (rT3) be performed and was higher than normal limits. 
Results: Three of our pediatric patients had subclinical hypothyroidism and two had subclinical hyperthyroidism. Out of 75 patients, 
ESS was identified in 14 (17.3%) according to criteria 1 and in eight (10.6%) according to criteria 2. Only fT3 levels were significantly 
different in the ESS (+) and ESS (-) groups (p<0.05) according to criteria 1. A significantly negative correlation between interleukin (IL)-
6 and fT3 was found, according to both sets of criteria. tumor necrosis factor alpha was negatively correlated with fT3 levels only in the 
criteria 1 group. There were no correlations between IL-1β and fT3, free thyroxine, rT3 and TSH levels. 
Conclusion: ESS may occur in childhood cancer and thyroid function testing should be performed routinely when cancer is diagnosed. 
Keywords: Euthyroid sick syndrome, children, cancer, interleukin 6, interleukin 8, tumor necrosis factor alpha

Introduction 

Euthyroid sick syndrome (ESS), also known as non-thyroidal 

illness syndrome or low triiodothyronine (T3) syndrome, 

is characterized by alterations in the levels of thyroid 

hormones due to non-thyroidal diseases in the absence of 

any disorder related to the hypothalamic-hypophysial axis 

or thyroid gland (1,2). An imbalance between the activities 

of types I and II deiodinase, decreased sensitivity of the 

hypothalamus and pituitary gland to thyroid hormones 
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and reduced T4 protein binding and cellular uptake have 
been proposed for the pathogenesis of the syndrome, 
which is not well understood as yet (3,4). Oxidative stress 
and increased cytokines such as interleukin (IL)-6 and 
tumor necrosis factor-alpha (TNF-α), are among the factors 
possibly contributing to the development of the syndrome 
(5,6).

It has been much debated whether ESS represents a 
physiological adaptive response to systemic illness or 
conversely a maladaptive state at the tissue level (3). ESS 
has been described in liver disease, renal failure, after 
stress or surgery, in the sick elderly, in malnutrition and in 
malignancies (7). It is also reported that the presence of ESS 
is not associated with the type of the underlying disease but 
instead on its severity (7,8). 

There is scant knowledge about cancer and ESS in adult 
patients (9,10,11,12,13). Mohn et al (14) have investigated 
ESS prevalence in seven children with Hodgkin disease. 
However, no research to date has focused on the incidence 
of ESS in childhood cancer. 

In the present study, we aimed to determine the frequency of 
ESS, to identify its relation with hematological parameters, 
with body mass index (BMI) and with serum albumin levels. 
A further aim was to investigate its association with the 
stage of the disease and the relationship between cytokine 
levels, IL-6, TNF-α and IL-1β in childhood cancer patients.

Methods

Eighty consecutive patients with histologically diagnosed 
childhood cancer from three pediatric oncology centers 
presenting between January 2015 and December 2016 were 
enrolled in this study. Exclusion criteria were the following: 
intrinsic thyroid or pituitary-hypothalamic disease, use 
of special drugs known to affect serum thyroid hormone 
concentration such as glucocorticoids, amiodorone,  
β blockers, sucralfate, phenytoin, salicylates and rifampin, 
and presence of diseases such as secondary malignancy, 
diabetes mellitus, nephrotic syndrome, chronic hepatic 
or renal disease and other systemic infectious diseases 
associated with thyroid function anomalies. The subjects 
underwent thyroid function tests, nutritional evaluation and 
staging of the disease.

This study was approved by the Ethics Committee of Mersin 
University (grant no: 290-2015). Written informed consent 
was obtained from each patient/patient’s family.

Blood samples were obtained between 08.00 and 10.00 
am after overnight fasting and the serum samples were 

stored, frozen at -70 °C, until analysis. Free T3 (fT3), free 
thyroxine (fT4) and thyroid stimulating hormone (TSH) 
parameters were measured by electro chemiluminescence 
immunoassay kits (Modular Cobas 6000, Roche 
Diagnostics, GmbH, Mannheim, Germany). Serum IL-1β, 
IL-6, TNF-α and reverse T3 (rT3) was assayed by enzyme-
linked immunosorbent assay (ELISA) (DSX Automated 
ELISA, Dynex Technologies, GmbH, Denkendorf, 
Germany). Reference ranges are 1.71-3.7 pg/mL for fT3, 
0.7-1.48 ng/dL for fT4, and 0.34-5.6 mIU/mL for basal 
serum TSH. Normative value for rT3 was obtained from 
the manufacturers as being in the range 2.4-33.6 ng/dL. 
Patients with normal fT3, fT4 and TSH were considered 
euthyroid and those who did not have normal fT3, fT4 
and TSH were diagnosed as cases of thyroid dysfunction. 
Thyroid function abnormalities were categorized 
according to serum TSH and free thyroid hormone levels 
as follows; i) euthyroidism: normal fT3, fT4 and TSH 
levels, ii): hypothyroidism: TSH elevation with decreased 
fT3 and fT4 levels, iii) hyperthyroidism: elevated fT3 and 
fT4 with suppressed TSH, iv): subclinical hypothyroidism: 
TSH elevation with normal fT3 and fT4, v): subclinical 
hyperthyroidism: low TSH with normal fT3 and fT4. Age 
specific reference values were used to assess fT3, fT4 and 
TSH levels (15). Thyroid hormone levels were reassessed 
in patients diagnosed with subclinical hypothyroidism in 
order to confirm the diagnosis and similar results were 
obtained. 

ESS can be defined in two different ways. In order to be 
able to determine which of these two different definitions 
are more effective, we used two different ESS definitions; 
i): decreased fT3, normal or decreased fT4 and normal TSH 
[fT3 based definition (criteria 1)] (10,11), ii): decreased fT3, 
normal or decreased fT4, normal TSH and elevated rT3 [rT3 
based definition (criteria 2)] (16).

Nutritional and Biochemical Evaluation 

Anthropometric and biochemical measurements were 
performed to assess the nutritional and biochemical 
state of the cases. For anthropometric measurement, 
weight and height were measured and BMI [weight (kg)/
height (m2)] was calculated. Weight, height and BMI data 
were expressed as standard deviation scores (SDS) and 
compared with age- and sex-matched charts for Turkish 
children (17). Biochemical measurements included albumin 
and hemoglobin concentrations and leukocyte and platelet 
count. Serum albumin levels were measured using Abbot-
labeled kits (catalog no: 30-3050/R2) in a Beckman Coulter-
Synchron LX-20 chemistry auto analyzer device in the 
biochemistry laboratory of our hospital.



Tumor Staging 

Cases with cancer were staged according to their diagnosis. 
Hodgkin disease was staged according to the Ann–Arbor 
classification system (18). For non-Hodgkin lymphoma, the 
Murphy classification was used (19). International Neuroblastoma 
Staging System was used for patients with neuroblastoma 
(20). Patients with hepatoblastoma and hepatocellular cancer 
were staged using the PRETEXT system of the International 
Society of Pediatric Oncology (SIOP) (21). Wilms tumor was 
staged using the SIOP 2001 clinical staging system (22). Ewing 
sarcoma and osteosarcoma were staged according to the 
Enneking system (23). Patients with retinoblatoma were staged 
according to the international retinoblastoma staging system 
(24). Patients with nasopharyngeal carcinoma were staged 
by using the Tumor Node Metastasis system proposed by the 
“American Joint Committee on Cancer” (25).

Treatment Response

The response criteria were defined as follows: 

Complete response: Disappearance of all clinical and 
radiological evidence of disease. 

Very good partial response: Primary mass reduced by 
more than 90%, no evidence of distant disease. 

Partial response: Reduction of at least 50% of tumor size 
without evidence of new lesions. 

Stable disease: Decrease of tumor size less than 50% or 
increase of tumor size less than 25%. 

Progressive disease: More than 25% increase in any tumor 
size and/or appearance of new lesions.

Statistical Analysis 

The data were analyzed using the MedCalc Packet program. 
Normality of the data was checked by using the Shapiro-Wilk 
test. The data were evaluated using descriptive statistical 
methods (mean ± standard deviation, median, frequencies, 
and percentages). For intergroup comparison of categorical 
variables, a chi-square test was used. Comparisons between 
groups were done by Mann-Whitney U test or independent 
sample t test where appropriate. Spearman’s and Pearson 
correlation coefficient was used to assess relationships 
between thyroid hormone levels and IL-1, IL-6 and TNF-α. 
Significant differences (two-tailed p values) of <0.05 were 
regarded as significant.

Results

A total of 80 children (47 boys, 33 girls) with a mean age 
of 7.07±5.04 (range: 2 months-16 years) were included 

in the study. The patients had different types of childhood 
cancers of different stages. Patient characteristics and 
laboratory findings of the study group are shown in Table 1. 
No patient had an elevation in thyroid autoantibody levels 
(anti-thyroid peroxidase and anti-thyroglobulin antibodies) 
and all patients had normal thyroid ultrasonography 
findings. In this series, three children were diagnosed 
as subclinical hypothyroidism and two as subclinical 
hyperthyroidisms. Thyroid hormone levels of children with 
subclinical hypothyroidism and subclinical hyperthyroidism 
are presented in Table 2. The remaining 75 children were 
clinically euthyroid. In the total group, fT3 (pg/mL), fT4 (ng/
dL), TSH (mIU/mL) and rT3 (ng/dL) levels were 2.81±1.10, 
1.24±0.35, 3.13±1.83 and 32.72±11.97, respectively. Out 
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Table 1. Dermographic and laboratory features of the 
patients

Age [years, mean ± SD (range)] 7.07±5.04 (2 
months-17 years)

Gender [n, (%)]

     Male
     Female

47 (58.8%)
33 (41.2%)

Primary disease [n, (%)]

     Non-Hodgkin lymphoma
     Neuroblastoma
     Hodgkin disease
     Wilms tumor
     Hepatoblastoma
     Osteosarcoma
     Ewing sarcoma
     Nasopharyngeal carcinoma
     Rhabdomyosarcoma
     Retinoblastoma
     Hepatocellular carcinoma

19 (23.8%)
12 (15%)
11 (13.8%)
9 (11.3%)
9 (11.3%)
6 (7.5%)
5 (6.2%)
4 (5.0%)
3 (3.7%)
1 (1.2%)
1 (1.2%)

Stage [n, (%)]

     I
     II
     III
     IV

8 (10.0%)
37 (46.3%)
25 (31.2%)
10 (12.5%)

Height (cm) 113.97±32.79

Height SDS 0.32±0.81

Weight (kg) 24.17±15.51

Weight SDS -0.06±1.09

Body mass index (kg/m2) 17.16±4.35

Body mass index SDS 0.41±1.41

Hemoglobin level (g/dL, mean ± SD) 10.27±1.63

White blood cell count (x109/L, mean ± SD) 8.74±5.15

Platelet count (x109/L, mean±SD) 283.76±153.77

Albumin (g/dL) 3.53±0.78

SD: standard deviation, SDS: standard deviation score



of 75 patients, ESS was identified in 14 (17.3%) according to 
criteria 1 and in eight (10.6%) according to criteria 2. It was 
found that there was no statistically difference between fT4 
and TSH levels according to criteria 1 (p>0.05) but fT3 level 
was a statistically lower in the ESS (+) group according to 
criteria 1 (p<0.05) (Table 3). Also, there were no statistically 
significant differences in serum albumin and hemoglobin 
concentrations and in the white blood cell and platelet 
counts of patients with or without ESS in either group (Table 
4). At the same time, there was no statistical difference 
in patients with or without ESS in terms of sex, stage of 
disease, weight, weight SDS, height, height SDS, BMI, and 
BMI SDS when comparing according to criteria (Table 4).

Thyroid hormone levels of nine out of 14 patients who were 
diagnosed as ESS by criteria 1 reverted to normal values 
after induction therapy. In five patients, recurrent/refractory 
disease was detected at follow-up. One of these patients 
was refractory Hodgkin’s lymphoma and was evaluated 
as progressive disease after two cycles of treatment. The 
others were relapsed neuroblastoma, Ewing sarcoma, 
osteosarcoma and rhabdomyosarcoma, respectively. These 
patients were found to respond partially to treatment when 
assessed after induction therapy. Patients without ESS were 
found to have complete or very good partial response after 
induction therapy according to criteria 1. The only relapsed 
case was one patient without ESS, and this patient was 
followed up with a diagnosis of neuroblastoma. Seven of 

eight ESS patients identified according to criteria 2 had 
normal thyroid hormone levels after induction therapy but 
only one patient with neuroblastoma was diagnosed as ESS 
according to criteria 2 and did not have a normal level of 
thyroid hormone after induction therapy and had recurrent 
disease at follow-up. IL-6, IL-1β and TNF-α levels for each 
criteria are shown in Table 5. We observed a significant 
negative correlation, using Pearson’ correlation coefficient 
between IL-6 and fT3 (r=-0.733, p=0.003) in patients 
with ESS according to criteria 1. There was a similar 
correlation between IL-6 and fT3 (r=-0.836, p=0.01) in 
patients with ESS according to criteria 2. Likewise, TNF-α 
was negatively and significantly correlated with lowered 
fT3 levels according to criteria 1 (r=-0.744, p=0.002) but 
no significant correlation was found according to criteria 2 
(r=-0.195 and p=0.64). Also, there were no correlations 
between IL-1β and fT3, fT4, rT3 and TSH levels. 

Discussion

ESS can be described as abnormal thyroid function test 
results that occur in the setting of a non-thyroidal illness and 
in the absence of pre-existing hypothalamo-pituitary and 
thyroid gland dysfunction. ESS may be regarded as an acute 
phase response of the organism that serves as one of the 
major mechanisms to restore homeostasis in severe illness. 
The most typical alterations are low T3, low or normal T4, or 
elevated rT3 in the presence of normal TSH levels. However, 
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Table 2. Thyroid function in patients with subclinical hypothyroidism and subclinical hyperthyroidism

Patient Tumor type Diagnosis fT3 (pg/mL) fT4 (ng/dL) TSH (mIU/mL)

1 Neuroblastoma Subclinical hypothyroidism 2.31 1.42 12.3

2 Hepatoblastoma Subclinical hypothyroidism 1.83 0.90 14.1

3 Non-Hodgkin lymphoma Subclinical hypothyroidism 3.10 1.21 10.6

4 Ewing sarcoma Subclinical hyperthyroidism 1.98 1.3 0.12

5 Non-Hodgkin lymphoma Subclinical hyperthyroidism 2.43 0.96 0.18

fT3: free triiodothyronine, fT4: free thyroxine, TSH: thyroid stimulating hormone

Table 3. Thyroid function in children according to groups

Criteria fT3 (pg/mL) fT4 (ng/dL) TSH (mIU/mL) rT3 (ng/dL)

Criteria 1
     ESS (+)
     ESS (-)

1.11±0.28
3.15±0.88a

1.11±0.25
1.26±0.36

3.06±1.38
3.15±1.92

38.29±19.52
31.53±9.47

Criteria 2 
     ESS (+)
     ESS (-)

1.25±0.19
2.69±1.04a

1.12±0.24
1.25±0.36

2.81±1.22
3.17±1.89

49.55±18.58
30.85±9.48b

With euthyroid sick syndrome versus without euthyroid sick syndrome; ap<0.01, bp<0.001.

Values are expressed as mean ± standard deviation, independent samples t-test was used for free triiodothyronine, free thyroxine, thyroid stimulating 
hormone and reverse triiodothyronine. Criteria 1: free triiodothyronine-based euthyroid sick syndrome, Criteria 2: reverse triiodothyronine-based euthyroid 
sick syndrome.

ESS: euthyroid sick syndrome, fT3: free triiodothyronine, fT4: free thyroxine, TSH: thyroid stimulating hormone, rT3: reverse triiodothyronine



it has been noted that fT3-based definitions are used for 
ESS diagnosis rather than rT3-based definitions (16). While 
evaluating an entity about which there is no consensus on 
identification and even given name (ESS or non-thyroidal 
illness), we decided to assess two different diagnostic criteria 
that were present in our study. In the studies, the presence 
of ESS was reported as an adverse factor to prognosis in 
different diseases. There is no consensus on whether this 
disease should be treated. For this reason, we wanted to 
determine the differences between the two diagnostic 
criteria in the diagnosis, follow-up, and prognosis of the 
underlying disease, and which diagnostic criteria would be 
more appropriate for children. 

ESS has been investigated in critically ill patients and also 
in adult cancer patients, especially those with lung cancer. 
Cengiz et al (13) found that 35% of patients had ESS in 
non-small cell lung cancer. Yasar et al (10) investigated 
120 lung cancer patients and ESS was identified in 30 (42 
%) of 71 non-small cell lung cancer patients and 22 (44 
%) of 49 small-cell lung cancer patients. Tellini et al (26) 
investigated thyroid hormone levels in 220 cases with 
malignancy in different organs and found ESS in 58% of 
the patients. Gao et al (9) reported the incidence of ESS in 
188 cases with diffuse large B cell lymphoma as 12.8%. 
ESS ratios throughout these studies were determined at the 
time of diagnosis. Knowledge pertaining to ESS in childhood 
cancer is scarce. To our knowledge, the frequency of ESS in 
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Table 4. Comparison of demographic and laboratory features of patients by two ESS criteriaa

Criteria Criteria 1 Criteria 2

ESS (+) ESS (-) ESS (+) ESS (-)

Gender [n, (%)]

     Male
     Female

8 
6 

34
27

5 
3 

37
30

Stage

     I
     II
     III
     IV

3 
5 
5 
1 

5
29
20
7

2 
3 
1 
2 

6
30
23
8

Weight (kg) 20.84±13.12 24.87±15.97 20.65±12.01 24.55±16.38

Weight SDS -0.14±1.16 -0.05±1.08 -0.18±1.3 -0.04±1.11

Height (cm) 107.38±26.05 115.35±34.06 108.36±24.98 115.64±33.96

Height SDS 0.11±1.23 0.34±0.78 0.47±1.23 0.28±0.84

BMI (kg/m2) 16.61±1.98 17.28±4.7 16.01±1.95 17.28±4.61

BMI SDS 0.50±1.40 0.42±1.38 0.43±1.10 0.45±1.12

Serum albumin (g/dL) 3.6±0.62 3.51±0.81 3.72±0.68 3.49±0.81

Hemoglobin (g/dL) 10.34±1.75 10.25±1.62 10.05±1.68 10.32±1.61

White blood cell count (x109/L) 8.78±4.57 8.72±5.29 7.78±2.73 8.86±5.39

Platelet count (x109/L) 254.38±154.16 289.92±154.22 244.00±162.67 89.18±153.01
a: for all parameters p>0.05, ESS: euthyroid sick syndrome, SDS: standard deviation score, BMI: body mass index

Table 5. Serum IL-6, IL-1β and TNF-α levels in patients with or without ESS according to groups

IL-6 (pg/mL) IL-1β (pg/mL) TNF-α (pg/mL)

Criteria 1 
     ESS (+)
     ESS (-)

15.34±10.15a

7.21±6.91
9.40±1.13
9.11±2.06

108.74±56.53a

26.80±41.91

Criteria 2 
     ESS (+)
     ESS (-)

15.14±7.219.29
7.91±7.77a

9.10±0.62
9.17±2.02

91.38±39.02a

35.55±53.10

With euthyroid sick syndrome versus without euthyroid sick syndrome; ap<0.0001.

Values are expressed as mean ± standard deviation, independent samples t-test was used for interleukin-6, interleukin-1β and tumor necrosis factor alpha. 
Criteria 1: free triiodothyronine-based euthyroid sick syndrome; Criteria 2: reverse triiodothyronine-based euthyroid sick syndrome.

ESS: euthyroid sick syndrome, IL: interleukin, TNF-α: tumor necrosis factor alpha
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childhood cancers has only been investigated in one study 
on one type of cancer. Mohn et al (14) investigated ESS 
prevalence in a small group of seven children with Hodgkin 
disease and found that five had ESS at the time of diagnosis 
giving an incidence of 71.4%. ESS was identified in 17.3% 
of the cases in this study according to criteria 1 and 12% 
of cases according to criteria 2. Our findings on incidence 
of ESS was lower than those reported by Tellini et al (26), 
Cengiz et al (13) and Yasar et al (10) but comparable to 
results reported by Gao et al (9). While our results indicate a 
much smaller incidence than was found by Mohn et al (14), 
this may be due to differences in type of childhood cancer 
or small group sizes in both our and Mohn’s studies.

Several mechanisms are responsible for ESS. The most 
important of these is the inhibition of the 5′-deiodinating 
process in peripheral conversion of T4 to T3 (27,28). ESS is 
thought to be a result of impaired or decreased peripheral 
conversion of T4 to T3. However, either an increased 
conversion of T4 to rT3, and/or a decrease in the ability 
to degrade rT3 could result in ESS. Since the formation 
of T3 from T4 and the degradation of rT3 both require 
5′-deiodinase, an impairment in the function of this enzyme 
would result in a decreased ability to form T3 and a reduced 
ability to further deiodinate rT3 (28). The answer to the 
questions of what is responsible for low T3 syndrome, 
whether low T3 syndrome constitutes an adaptive, and thus 
beneficial response, or whether it aggravates a patient’s 
condition, is still a matter of debate.

ESS has been reported in a limited number of studies in adult 
cancer patients and has been considered as an independent 
predictor of poor prognosis (9,10,13). As the stage of 
disease increased, ESS was diagnosed more frequently in 
patients with cancer (9,10,13). In this present study, we saw 
that thyroid hormone levels did not return to normal value 
after induction therapy in five patients with ESS who were 
diagnosed according to fT3 values (criteria 1) and these 
patients had resistant/relapsed disease. These data show 
that the event free survival of patients with ESS is worse 
than non-ESS patients. In addition, our results suggest that 
patients who did not show a reversion to normal thyroid 
hormone levels after induction therapy are prone to have 
relapsed disease. In our opinion patients who are diagnosed 
as ESS and who do not have normal thyroid hormone levels 
after induction therapy should be monitored more closely. 
We cannot comment on the effects of ESS on overall survival 
because of the short follow-up time in our study.

With only a few exceptions, notably uremia and human 
immunodeficiency virus (HIV) infection and the closely 
associated acquired immunodeficiency syndrome (AIDS), 
serum rT3 concentrations are elevated in ESS (29,30,31). 

This is thought to be due to a decrease in the conversion of 
T4 to T3 and rT3 in the catabolic process. We found that the 
rT3-based ESS was less frequent in our study compared to 
the group in which ESS was fT3-based. We think that this 
may be due to the catabolic state of patients diagnosed with 
cancer. Measurements of TNF levels vary in patients with 
AIDS and they often have low levels of TNF (32,33). It is 
thought that this may be related to low rT3 levels in ESS 
in HIV-positive patients. In our study, we found that TNF-α 
levels did not correlate with T3 levels in patients with ESS 
according to criteria 2 (rT3-based ESS). This result may 
suggest that a low TNF-α level prevents elevation, as in ESS 
in HIV positive patients. Also, in our study, more relapsing 
cases were observed in the ESS group based on fT3. These 
results suggest that fT3-based ESS may be more clinically 
helpful, as our study and other studies indicate.

Loss of appetite, increased catabolism, feeding disorders 
and nutritional insufficiencies are thought to be responsible 
for the development of ESS in cancer patients (9,10,13). 
Schulte et al (34), in their study on ESS incidence among 
bone marrow transplant patients, found that ESS cases 
had lower BMI and serum albumin levels. Tellini et al (26) 
reported a correlation between ESS and albumin level 
and degree of weight loss in oncology patients. Cengiz 
et al (13) showed significant correlations between ESS 
and nutritional parameters including BMI and serum 
albumin level. Gao et al (9) showed reduced albumin levels 
significantly correlated with low T3 syndrome. In contrast 
to these findings Dişel et al (12) reported that there was 
no significant difference in weight loss and BMI score 
between their groups. Reliance on weight measurement 
can be misleading because of the potential for large 
tumor mass (>10% body weight) in children with solid 
tumors (35). This can lead to misinterpretation of weight-
based measurements, such as weight for age, weight 
for height and BMI. In our study, most patients had an 
intra-abdominal mass, so we could not demonstrate any 
significant difference in BMI between patients with ESS 
and those without ESS.

The etiology of ESS is multifactorial. Cytokines, especially 
pro-inflammatory cytokines such as IL-6, TNF-α and IL-
1β, have been suggested as putative mediators of ESS 
(36,37). It has been shown that these cytokines inhibit the 
5’-deiodinase enzyme responsible for the conversion of T4 
into T3 in peripheral tissues (36). Investigation of the effects 
of administering TNF-α and IL-1β to experimental animals 
and humans confirmed a possible role in the pathogenesis 
of ESS, with each cytokine inducing critical illness and 
inducing low serum T3 (36,37,38). Both cytokines also 
induce IL-6 production. IL-6 is known to exert regulatory 



effects upon many endocrine systems, either independently, 
or acting with other cytokines (36,37,38). Acute decreases 
in T3 and TSH after IL-6 administration have been 
demonstrated (39). During prolonged administration of IL-
6, these effects seemed to be transient. These findings show 
that IL-6 may, at least in part, mediate the development 
of ESS, whereas factors other than IL-6 contribute to the 
persistence of changes in thyroid hormone levels during the 
chronic phase. TNF-α may also play an important role in 
pathogenesis of ESS. Administration of recombinant TNF-α 
to healthy individuals was reported to reproduce thyroid 
hormone profile resembling ESS (37).

In the present study serum IL-6 and TNF-α levels were higher 
in patients with ESS. Our results thus support their possible 
role as endocrine cytokines with a regulatory effect on the 
thyroid gland. IL-6 and TNF-α levels negatively correlated 
with fT3 concentration in criteria 1 patients with ESS (fT3 
based). However, there was no correlation between TSH 
and IL-6 and TNF-α. This was not surprising since TSH 
was maintained within the reference values. Boelen et al 
(40) measured IL-6 and soluble cytokine receptors for IL-1 
and TNF-α in patients with ESS and noted a significant 
negative correlation between these and circulating T3 
levels. Our results corroborate this finding. According to 
our results, these cytokines may have a role in the onset 
of ESS in childhood cancer. van der Poll et al (41) showed, 
even though injection of endotoxin in 18 healthy humans 
mimicked the thyroid hormone profile of ESS, that the co-
infusion of an IL-1 receptor antagonist did not affect the 
endotoxin-induced changes. This result showed IL-1 may 
not contribute to the development of ESS. We could not 
find any correlation between IL-1β and thyroid hormone 
levels in ESS groups in our study. We therefore suggest that 
there is no contribution of IL-1β to the development of ESS.

Study Limitations

There are some limitations of our study that should be 
noted. The study had a cross-sectional design and had a 
small sample size. Also, diagnostic heterogeneity makes 
it difficult to make comparisons between studies and to 
generalize about the results of our study. Also, we used BMI 
and serum albumin levels to investigate nutritional status 
and these have limitations as noted previously. Despite 
these limitations, to our knowledge this is the first report of 
ESS in a range of childhood cancers. 

Conclusion

ESS can be present at diagnosis in a range of childhood 
cancers and thyroid functions should be assessed routinely 

in pediatric cancer patients at diagnosis. Further studies 
with larger sample size are needed to confirm the incidence 
of ESS and the prognostic contribution in childhood cancer.
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Objective: 17α-hydroxylase/17,20 lyase deficiency (17OHD) is a rare form of congenital adrenal hyperplasia (CAH), characterized by 
hypertension and varying degrees of ambiguous genitalia and delayed puberty. The disease is associated with bi-allelic mutations in 
the CYP17A1 gene located on chromosome 10q24.3. We aimed to present clinical and genetic findings and follow-up and treatment 
outcomes of 17OHD patients.
Methods: We evaluated six patients with 17OHD from five families at presentation and at follow up. Standard deviation score of all 
auxological measurements was calculated according to national data and karyotype status. CYP17A1 gene sequence alterations were 
investigated in all patients. 
Results: The mean (±standard deviation) age of patients at presentation and follow-up time was 14.6±4.2 and 5.0±2.7 years 
respectively. Five patients were referred to us because of delayed puberty and primary amenorrhea and four for hypertension. One novel 
single nucleotide insertion leading to frame shift and another novel variant occurring at an ultra rare position, leading to a missense 
change, are reported, both of which caused 17OHD deficiency. Steroid replacement was started. The three patients with 46,XY karyotype 
who were raised as females underwent gonadectomy. Osteoporosis was detected in five patients. Four patients needed antihypertensive 
treatment. Improvement in osteoporosis was noted with gonadal steroid replacement and supportive therapy.
Conclusion: 17OHD, a rare cause of CAH, should be kept in mind in patients with pubertal delay and/or hypertension. Patients with 
46,XY who are raised as females require gonadectomy. Due to late diagnosis, psychological problems, gender selection, hypertension 
and osteoporosis are important health problems affecting a high proportion of these patients.
Keywords: Congenital adrenal hyperplasia, CYP17A1, disorder of sex development, hypertension, primary amenorrhea

A Rare Cause of Congenital Adrenal Hyperplasia: Clinical and 
Genetic Findings and Follow-up Characteristics of Six Patients with 
17-Hydroxylase Deficiency Including Two Novel Mutations
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What is already known on this topic?

What this study adds?

17-hydroxylase deficiency is a rare cause of congenital adrenal hyperplasia that presents with hypergonadotropic hypogonadism, 
primary amenorrhea, hypertension and hypokalemia. Data on long term follow-up of patients with 17-hydroxylase deficiency is scarce. 
Whether genotype and phenotype are correlated is unclear.

This study provides information about long term follow-up of patients with 17-hydroxylase deficiency and their therapeutic outcomes. 
We describe two novel mutations which both abolish CYP17A1 protein expression. Neither a significant similarity nor a significant 
difference was found between the genotype and phenotype of the study group. 
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Introduction

17-hydroxylase deficiency (17OHD) is a rare form of 
congenital adrenal hyperplasia (CAH). It has an estimated 
incidence of 1 in 50 000 newborns and accounts for 1% of 
all CAH cases. It is the second most common form of CAH in 
Brazil (1), Japan (2) and China (3,4). The disease is caused by 
biallelic mutations in the CYP17A1 gene, encoding the enzyme 
17α-hydroxyprogesterone (OHP) aldolase (Cytochrome 
P450c17) catalyzing the conversion of pregnenolone and 
progesterone to their 17-alpha-hydroxylated products 
and subsequently to dehydroepiandrosterone (DHEA) 
and androstenedione (Δ4A) via 17α-hydroxylation and 
the 17,20-lyase reaction. It is the key enzyme for cortisol 
synthesis that is essential for sex steroid production. 
Absence of enzyme activity drives overproduction of 
pregnenolone, progesterone, 11-deoxycorticosterone (DOC) 
and corticosterone that leads to the mineralocorticoid effect, 
resulting in hypertension and hypokalemia. Excess DOC 
with low renin concentration causes hypertension and the 
lack of androgens and estrogens cause sexual infantilism 
and pubertal failure. The absence of 17,20 lyase activity in 
the adrenal gland also results in deficiency of DHEA sulfate 
(DHEA-S), causing failure of adrenarche and pubic and 
axillary hair development (5,6). Although 46,XY patients 
have impaired steroid synthesis, they have normal Sertoli 
cell function producing anti-Mullerian hormone and causing 
regression of Mullerian structures (7).

Complete deficiency typically causes female external genitalia, 
delayed puberty, hypergonadotrophic hypogonadism, primary 
amenorrhea, hypertension, hypokalemia and absence of 
pubic hair. Differential diagnosis must include cytochrome 
P450 oxidoreductase  deficiency and androgen insensitivity 
syndrome in complete deficiency (5).

The CYP17A1 gene is located on chromosome 10q24.3, 
reference transcript (NM_000102) and contains eight exons 
with a length of 1870 bp, translating into a 508 amino acid 
polypeptide (NP_000093) containing a cytochrome p450 
domain encoded between codons 28 to 493. The disease 
is inherited in an autosomal recessive manner and hence 
parental consanguinity becomes an important risk factor 
(8).

Currently over 100 mutations in the CYP17A1 gene have 
been identified (including point mutations, small deletions/
insertions, duplications, frame shift mutations and, rarely, 
large deletions). Founder effects may also contribute to 
the high prevalence of the disease in some countries. In 
Brazil c.1084C>T (p.R362C) and c.1216T>C (p.W406R) 
mutations had the founder effect (1) while in China nonsense 
mutation, c.987C>A (p.Y329*), and in frame deletion of 

p.(D487_F489) due to c.1459_1467delGACTCTTTC, affected 
more than 80% of the patients (4). In spite of this founder 
effect, phenotype and genotype correlation is still unknown 
and a remarkable variation in the severity of the disorder 
was noted even with the same mutation (8). Interestingly, 
large gene deletion, namely complete exon 1-6 deletion 
has been identified in two families from South East Turkey 
which suggests that this mutation may have a founder effect 
for Turkey (9,10).

We report the genotypes and phenotypes of six Turkish 
patients with 17OHD. We aimed to identify the clinical 
manifestations, genetic findings and follow-up and 
treatment results of 17-OHD patients.

Methods

Six Turkish patients, from five families, were included in 
the study. We followed these patients from 1999 to 2016 
in the Pediatric Endocrinology Unit of İstanbul Faculty of 
Medicine. In most patients, clinical diagnosis was suspected 
because of the absence of secondary sex characteristics, 
mostly associated with the presence of hypertension and 
hypokalemia. The diagnosis of complete 17-OHD was 
established based on typical laboratory findings of reduced 
cortisol, plasma renin activity (PRA) and aldosterone and 
elevated gonadotropins and progesterone with almost absent 
sex steroids. All patients had been genotyped and specific 
CYP17A1 mutations were identified. The data, collected 
retrospectively, consisted of physical examination, auxological 
findings, hormone assays, biochemical and radiological 
findings, additional features at follow-up and surgical and 
medical treatment. Height and weight measurements of the 
patients were taken by the same auxologist. The parental 
heights were measured and an estimated target height, 
in keeping with the karyotype was calculated. Body mass 
index was calculated. At presentation for evaluation of 
hypertension, ambulatory blood pressure measurement was 
performed in all patients. At follow-up blood pressure was 
evaluated by a manual sphygmomanometer in the seated 
position or digital measurements at home. Hypertension 
in children and adolescents was defined as systolic and/or 
diastolic blood pressure, that is, on repeated measurement, 
≥95th percentile (11). All patients were evaluated for peripheral 
effects of hypertension including fundus evaluation, 
echocardiographic evaluation and microalbuminuria. Bone 
age was evaluated using the Greulich-Pyle method according 
to karyotype. Predicted adult height was calculated according 
to Bayley Pinneau method. Standard deviation score (SDS) 
of all auxological measurements were calculated according 
to national data (12) and karyotype status.
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The blood samples were collected in the morning after 
eight hours of fasting. Hormonal evaluation included 
baseline 17OHP, progesterone, cortisol, Δ4A, DHEA-S, 
adrenocorticotropic hormone (ACTH), luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), estradiol (E2), 
testosterone, PRA, aldosterone levels. Δ4A, and 17OHP levels 
were analyzed by radioimmnoassay. ACTH, PRA, aldosterone, 
LH, FSH, E2, progesterone, cortisol, DHEA-S were measured 
using the IMMULITE 2000 system (Siemens AG, Berlin and 
Munich, Germany), immunochemiluminescence assay; 
ICMA, Siemens. Baseline and stimulated progesterone and 
cortisol levels with ACTH (0.25 mg, IV Synacthen, Ciba-
Geigy, Basel, Switzerland), were measured to diagnose the 
adrenal enzyme defect. 

Pelvic ultrasonography (USG) was performed by a pediatric 
radiologist using a SonoSite Titan ultrasound machine 
(Bothell, WA, USA) with a 5 MHz probe. 

Bone mineral density (BMD) was evaluated using dual-
energy X-ray absorptiometry (DXA) (Hologic QDR 4500A 
Fan Beam X-ray Bone Densitometer, Hologic, Bedford, MA, 
USA) and analyzed using software version 12.3. BMD was 
measured in the spine (L1-L4). Volumetric measurements 
were done according to national data (13). Lumbar spine 
BMD z-scores between -1.0 and -2.0 define osteopenia and 
less than -2.0 define osteoporosis (14).

High resolution banding technique was used for 
karyotyping in the blood lymphocytes of all patients. 
Twenty metaphases were analyzed for each patient. DNA 
samples isolated from venous blood were investigated 
for disease causing mutations in all of the eight exons 
and exon-intron boundaries of the CYP17A1 gene by 
Sanger sequencing (ABI 3500). Pathogenicity of the novel 
nonsynonymous mutation was analysed via in silico 
prediction programs (MutationTaster, Polyphen, SIFT). 
qPCR was performed in one patient because of failure to 
obtain PCR product for exon 1-6 of the CYP17A1 gene. 
Primer pairs for inhouse validated control gene (CENPJ 
exon 3, 6, 12) and CYP17A1 gene (exon 1, 6 and 7) 
were designed to produce a minimum of 150 bp and 
maximum of 250 bp products with identical melting point 
temperature. Performance of the designed primers were 
first tested by cold PCR, before the qPCR reaction with 
EvaGreen fluorescent dye was operated in three parallel 
runs concurrently for index, parental and control samples 
for each region on CFX96 Thermal Cylcler (Bio-Rad 
Laboratories, Inc., CA, USA). Double delta Ct method was 
used for the analysis of the quantification.

Written informed consent was obtained from all patients. 
The study protocol was approved by the Clinical Research 

Ethics Committe of İstanbul University (approval number: 
2016/728).

Statistical Analysis

Statistical analysis was performed by using the SPSS 22 
(IBM, Chicago, ILL, USA). 

Results

Clinical Findings

All patients presented as phenotypical females and all 
had complete enzyme deficiency. Parents of Patient 4 had 
second degree, while others had first degree consanguineous 
marriage. Patients were referred to our clinic at a mean ± 
standard deviation (SD) (range) age of 14.6±4.2 (6.2-17.8) 
years. Except for one, all of them were in adolescence. Mean 
± SD (range) follow-up period was 5.0±2.7 (2.2-8.9) years. 
Five patients presented with lack of pubertal development 
and primary amenorrhea (83.3%) and four patients with 
hypertension (66.7%). Three patients (50%) had short 
stature and Patient 1 and Patient 3 had severe short stature. 
Bone age was retarded in all patients. All patients were 
prepubertal, only Patient 5 was Tanner 2, because of previous 
use of estrogen. All patients, regardless of chromosomal sex, 
were raised as female. Three patients were 46,XX and three 
were 46,XY. 46,XY patients had a female appearance with 
palpable testes. The clinical findings of 17OHD patients at 
presentation are summarized in Table 1. 

LH and FSH levels were significantly elevated, whereas 
T or E2 production were blunted. Patients’ baseline 
progesterone and ACTH levels were high while cortisol, 
17OHP and PRA were supressed. The DOC levels of 
three patients were measured and all were above the 
normal ranges. Three patients had hypokalemia during 
presentation (Table 1). All patients had pelvic and gonadal 
USG and the 46,XY patients lacked Mullerian structures. 
Response to ACTH stimulation test were consistent with 
the diagnosis of 17OHD (Table 1). 

During follow-up hydrocortisone replacement therapy 
was started. Three 46,XY patients raised as females 
underwent gonadectomy. Mean (±SD) age at gonadectomy 
was 13.5±5.7 years. Transdermal E2 replacement was 
started to induce puberty in all patients. Subsequently, oral 
contraceptives were given to 46,XX patients to achieve 
regular menstrual cycles. Breast development reached stage 
4-5 at 18.7±1.8 age (duration of estrogen replacement: 
2.2±1.4 years). Menarche occurred at age 17.6±0.7 years 
in 46,XX patients. DHEAS and Δ4A levels were low in all 
patients and two of them did not have adrenarche (Patient 1 
and Patient 2), although two patients (Patient 3 and Patient 
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Table 1. Clinical and laboratory findings of patients at presentation. Biochemical findings are given with (units) or 
(units) followed by (normal range)

Patient 1 
(Family 1) 
(V:6)

Patient 2 
(Family 2) 
(IV:2)

Patient 3 
(Family 2) 
(IV:4)

Patient 4 
(Family 3) 
(V:8)

Patient 5 
(Family 4) 
(index)

Patient 6 
(Family 5) 
(index)

Age (years) 15.3 14.9 16.7 16.6 17.8 6.2

Presenting features Primary 
amenorrhea

Primary 
amenorrhea, 
hypertension

Primary 
amenorrhea, 
hypertension

Primary
amenorrhea, 
hypertension

Primary
amenorrhea

Hypertension

Consanguinity (degree) 1 1 1 2 1 1

Birth weight SDS 1.1 -2.3 0.1 -1.2 - -0.5

Weight SDS -2.8 - -3.3 -2.3 -3.5 0.7

Height SDS -3.1 - -3.2 -2.2 -0.7 1.9

Blood pressure mmHg 115/70 150/100 160/100 190/110 110/70 160/100

External genitalia appearance Female Female Female 
(palpable 
testes)

Female 
(palpable 
testes)

Female Female 
(palpable 
testes)

Pubertal stage (Tanner) B1/1PH1 B1/1PH1 B1/1PH2 B1/1PH1 B2/2PH1 B1/1PH1

Bone age (years) 10-11 8.8 11.5 13 14 6

CA-BA 4.7 6.1 5.1 3.6 3.8 0.2

Target height SDS -1.5 1 0.8 -1.2 -1.6 -1.8

PAH SDS -0.2 - 1.8 1.0 -0.1 -

Karyotype 46,XX 46,XX 46,XY 46,XY 46,XX 46,XY

ACTH (pg/mL) (0-60) 385 1619 354 - 375 176

Cortisol (µg/dL) (6.7-22.6) - - - - - -

Baseline 1.8 4.3 5.4 1.3 1.4 1.1

Peak# 2.0 4.8 3.6 1.7 2.0 3.0

Progesterone (ng/mL) (0.3-1.5) - - - - - -

Baseline 6.6 5.7 7.5 4.5 7.3 6.8

Peak# 7.9 6.3 9.1 10.5 8.4 12

11-DOC (pmol/mL) (0.12-0.6) 7.1 - - 1.1 - 9.5

17-OHP (ng/mL) (0.2-1.3) 0.4 0.2 0.7 0.4 0.8 0.8

DHEA-S (µg/dL) (35-430) 1.8 0.4 1.1 31.2 1.7 3.3

Androstenedione (ng/mL) (0.75-3.1) 0.3 - 0.3 0.1 0.3 0.3

Na/K (mEq/L) 140/3.7 139/3.1 142/4.4 149/3.6 137/2.2 138/3.4

Aldosteron (pg/mL) (38-313) 219.7 278.5 426 95.7 84.6 836

PRA (ng/mL/hr) (1.5-6.5) 0.2 0.8 0.1 2.7 0.6 0.3

LH (mU/mL) 21.4 9.1 29.8 27.7 47.6 0.2

FSH (mU/mL) 65.4 51.8 111 14.8 48.2 14.7

E2 (pg/mL) 18.9 5 12.5 1.1 5 5

Testosterone (ng/mL) (0.1-0.75) 0.06 - 0.03 0.29 - 0.04

Mutations

Zygosity Homozygous Homozygous Homozygous Homozygous Homozygous

Nucleotide (NM_000102) Ex.1-6 del c.177_178insA c.1226C>T c.1085G>A c.1306G>A

Protein (NP_000093) NA p.Y60Ifs*29 p.P409L p.R362H p.G436R

Reference Turkkahraman 
et al. (9)

This study This Study Nájera et al. 
(31)

Küçükemre-
Aydın et al. 
(32)

PAH: predicted adult height, SDS: standard deviation score, ACTH: adrenocorticotropic hormone, B: breast, PH: pubic hair, #: ACTH stimulation, 
CA: chronological age, BA: bone age, E2: estradiol, LH: luteinizing hormone, FSH: follicle stimulatinghormone, PRA: plasma renin activity, DHEA-S: 
dehydroepiandrosterone sulfate, OHP: hydroxyprogesterone, DOC: deoxycorticosterone



6) had sparse pubic hair and two patients (Patient 4 and 
Patient 5) had pubic hair consistent with Tanner stage 3-4. 

Four patients had hypertension at presentation and were 
started on antihypertensive treatment (calcium channel 
blocker and aldosterone antagonist) (Table 2). In all patients, 
continuation of antihypertensive pharmacotherapy was 
needed, even after adrenal precursor levels decreased 
on hydrocortisone replacement. Echocardiography for 
hypertensive cardiomyopathy was normal in all patients and 
only Patient 2 had ASD at cardiac evaluation. Three patients 
had grade 1 hypertensive retinopathy (Patients 3, 4 and 6) 
and none of them had microalbuminuria. Antihypertensive 
doses were adjusted according to blood pressure monitoring. 
Despite attempts to wean the patients off antihypertensive 
therapy, this was not possible and therapy was continued.

BMD measurement revealed osteoporosis in five patients. 
In addition to sex steroid replacement, vitamin D and 
calcium treatment were initiated. Only Patient 4 needed 
bisphosphonate treatment, due to severe osteoporosis, and 
alendronate was given between the ages of 17 and 21 years. 
Improvement in osteoporosis was noted with sex steroid 
replacement and supportive therapy.

At final evaluation four patients had reached final height. 

Only Patient 3 with a 46,XY karyotype had short stature with 

a height SDS of -2.8 (final height 163.5 cm). Two patients 

who did not reach final height also had short stature (Patient 

2 and Patient 6). Height SDS of Patient 6 was -2.0, while that 

of Patient 2 was -0.3. Patient 2 had short stature according 

to the difference between height SDS and target height SDS 

which was equal to -1.3. Currently these two patients are 

continuing to increase in height. 

Genetic Findings

Molecular analysis revealed five different homozygous 

mutations, one of which is novel and was found in 

two patients from the same family, c.177_178insA 

(p.Y60Ifs*29). Another very rare alteration, 1 in 246.050 

allele, c.1226C>T (p.P409L, rs367833709) was found in 

one further patient (see Figures 1, 2 and 3). Parental testing 

showed heterozygosity for the alterations, supporting 

autosomal recessive inheritance. In silico analyses findings 

predicted that the c.1226C>T alteration would be disease 

causing (Table 1) (Figure 3). 
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Table 2. Clinical findings of the patients at follow-up 

Patient 1 
(Family 1) 
(V:6)

Patient 2  
(Family 2)  
(IV:2)

Patient 3 
(Family 2) 
(IV:4)

Patient 4 
(Family 3) 
(V:8)

Patient 5 
(Family 4) 
(index)

Patient 6  
(Family 5)  
(index)

Gonadectomy age (years) - - 17.2 16.4 - 7

E2 replacement age 
(years)

16.3 15.2 17.8 16.6 14.7 14

Age of menarche 18.3 16.9 - - 18.5

BMD L1-L4 z score

     First (age-years) -0.5 (15.3) -5.3(14.8) -3.4 (16.9) -4.4 (16.7) -3.2 (18.3) -2.6 (11.3)

     Recent (age-years) -1.6 (24.6) -2.6 (16.3) -0.85 (22) 0.6 (31) -2.5 (20.8) -3.9 (15.7)

Recent evaluation

     Age (years) 19.2 17.1 21 23.7 20.4 15.1

     Weight SDS -1.4 -2.1 -1.0 -0.2 -1.5 0.5

     Height SDS -1.9 -0.3 -2.8 -1.3 0 -2.0

     BMI SDS -0.2 -2.4 0.5 0.5 -2.0 1.8

     Bone age (years) 16 12 16-17 16 17 12.5

     PAH SDS -0.9 2.3 -0.3 -0.7 0.6 0.4

     Height SDS-TH SDS -0.4 -1.3 -3.6 -0.1 1.6 0.2

     Pubertal stage B5/5PH1 B3/3PH1 B4/4PH2 B5/5PH4 B5/5PH3 B3/3PH2-3

     Treatment HC+OCS HC+OCS
Ca channel blocker
Ca+vitamin D

HC+E2
Ca channel 
blocker
Ca+vitamin D

Dex+E2
Aldosteron
antagonist
Ca+vitamin D

HC+OCS 
Ca+vitamin D

HC+E2
Ca channel blocker
Ca+vitamin D

BMI: body mass index, PAH: predicted adult height, BMD: bone mineral density, TH: target height, SDS: standard deviation score, B: breast, PH: pubic hair, HC: 
hydrocortisone, Dex: dexamethasone, E2: estradiol, OCS: oral contraceptive (E2+Progesterone), Ca: calcium 



Discussion

In this study we report the clinical and genetic findings 
and follow-up characteristics of 17OHD patients from a 
single center. Six patients from five families, all born to 
consanguineous parents, presented at adolescent ages, 
mostly with symptoms of pubertal delay and hypertension. 
17OHD, a rare form of CAH, usually presents in adolescence 
(8). In this study, four patients (66.7%) had hypertension 
and three had hypokalemia (50%) while others had not 
developed the symptoms of mineralocorticoid excess at 
presentation. Patients who suffer from this condition may 
develop hypertension and hypokalemia at any age, which 
makes the diagnosis difficult.

All six patients reported here, who had absent sex steroid 
activity and pubertal development, presented with 
complete deficiency. All patients had hypergonadotropic 

hypogonadism. However the defect may be partial or 
complete. Partial 17OHD patients have some degree of 
estrogenic and androgenic function. In partial forms patients 
have normal 17α-hydroxylase activity, while 17,20 lyase 
activity is absent. Patients may have spontaneous breast 
and pubic hair development, oligomenorrhea or secondary 
amenorrhea while complete forms have absent pubarche 
and adrenarche. Furthermore, patients with partial forms 
may be normokalemic and normotensive (15). 

At presentation four of our patients were hypertensive 
and three patients had hypokalemia. Hydrocortisone 
replacement at physiologic doses (8-10 mg/m2/day) 
is required for treatment. Hydrocortisone supresses 
precursor concentrations and improves symptoms. The 
dose is titrated to normalise blood pressure and potassium 
levels. In this cohort, following hydrocortisone treatment, 
hypokalemia resolved while hypertensive patients needed 
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Figure 1. Pedigree of Family 1 and CYP17A1 gene exon 1-6 
deletion

Figure 2. Pedigree of Family 2 and sequencing 
electropherograms of the CYP17A1 gene. The upper lane 
shows the mutation of c.177_178insA (p.Y60Ifs*29)



antihypertensive medication in addition to hydrocortisone to 
achieve blood pressure control. Calcium channel blockers or 
spironolactone may be required for hypertension refractory 
to hydrocortisone. Reports suggest that 10-15% of 17OHD 
patients may be normotensive (16). Some patients have 
been diagnosed during investigation for hypertension (8). 
In a Chinese cohort with twenty six 17OHD patients, two 
patients with the complete form were normotensive (3). 
Varying degrees of hypertension in the 17OHD patients 
suggests that other factors other than the degree of P450c17 
activity may be involved in the regulation of hypertension 
(17). Because high levels of circulating DOC saturate the 
mineralocorticoid receptor under most circumstances, the 
severity of clinical features and the age onset of hypertension 
and hypokalemia appear to vary, even among patients with 
the same mutation (5,8). Patient 1 (del exon 1-6) and Patient 
5 (p.R362H) never had hypertension. It remains unclear 
whether this is due to the suppression of mineralocorticoid 

precursors by hydrocortisone, or whether it is simply 
because 10-15% of patients will be normotensive. 

Four of our patients reached adult height and, after sex 
steroid replacement, only one of these had short stature at 
final evaluation. The other two patients have not yet reached 
their final height. The short stature in our patients may be due 
to sex steroid deficiency. After sex steroid replacement height 
velocity and thus final height increased. Short stature is an 
unexpected finding in 17 OHD patients because sex steroid 
deficiency causes failure of epiphyseal fusion and bone age 
retardation, which is known to result in tall stature. 17OHD 
patients generally have normal or tall stature (6,8,18). Despite 
this, Ross et al (19) reported that low levels of estrogens in 
prepubertal Turner syndrome patients, have a positive impact 
on height. Sex steroids have beneficial effects on linear growth 
(19). While the patients in this study had normal target height 
SDS, 50% had short stature at presentation according to 
genotypic sex. All patients had delayed bone age. Although 
bone age retardation suggests that linear growth potential in 
17OHD patients will lead to improved final height, there is no 
data in the literature on this issue. Interestingly Schwab et al 
(18) reported two German sisters, one of whom was 46,XX 
and the other 46,XY. At the age of ten years the 46,XY sibling 
had a predicted height of 203 cm. Treatment with high dose 
estrogens for a 13 month period resulted in a final height of 
186.3 cm (18). Although tall stature may be seen in patients, 
especially in those with 46,XY karyotype, none of our patients 
had tall stature. Turkkahraman et al (9) reported three siblings 
with exon 1-6 deletion on the CYP17A1 gene, the same variant 
found in Patient 1. One sibling had tall stature with a height 
SDS of 3.5 while the other two siblings had height SDS of 
-1.6 and -1.3 respectively (9). Patient 1 had short stature at 
presentation, but went on to have an improved height SDS of 
-1.9 on follow-up. Thus linear growth may differ even among 
patients with the same mutation. 

We had three patients with severe mutations (exon 1-6 
deletion and p.Y60Ifs*29 mutation). Height at presentation 
remains unknown for one of these patients, while the 
others had severe short stature. One patient with a point 
mutation (Patient 4) presented with milder short stature. 
Our remaining two patients had point mutations and 
they did not have short stature. Four of these patients had 
reached their adult height and two of them with the exon 
1-6 deletion and one with p.Y60Ifs*29 mutation, were 
short while the other two patients had point mutations and 
normal heights. It was interesting that the heights of the 
patients with point mutations were less severely affected. 
Patient 6 was diagnosed at an early age and had a high SDS 
for height for age at presentation. However, the most recent 
examination revealed a retarded bone age and borderline 
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Figure 3. Pedigree of Family 3 and sequencing 
electropherograms of the CYP17A1 gene. The upper lane 
shows the mutation of c.1226C>T(p.P409L) 



short stature although this patient has not yet reached adult 
height. Data on long term follow up of growth of patients 
with 17OHD is scarce in the literature. 

Sex steroid replacement should be started at the time 
of puberty, in keeping with the patient’s phenotypic 
sex. Estrogen replacement should be followed by oral 
contraceptives in 46,XX patients. High levels of progesterone 
have negative effects on endometrium and breast tissue. 
Thus, some patients show breast tissue unresponsiveness 
despite high dose E2 treatment (20,21). In this study, 
breast development of the patients was at Tanner stage 1 
at presentation and progressed to Tanner stage 4-5 after 
sex steroid replacement. Due to genetic differences, some 
patients had less progesterone influence on breast tissue 
while other tissues, such as the endometrium, were affected 
more extensively. This area requires further study.

In this cohort, Patient 4 reached pubic hair stage 4 at final 
evaluation. This patient had a DHEA-S level just below 
normal, which was higher than the values of the other 
patients all of whom had very low DHEA-S concentrations. It 
is reported that extreme adrenarche may develop after E2 
replacement despite low androgen and DHEA-S (21). Use of 
dermal ointments containing estrogen have been reported 
to cause the growth of pubic hair in both males and females 
ranging from four months to two years of age (22). In light 
of this finding, we can speculate that estrogens also may 
have a stimulatory effect on hair follicles, either directly 
or by increasing local androgen production. In some cases 
adrenarche can reach the adult stage. 

Three 46,XY patients underwent gonadectomy shortly 
after diagnosis. These patients carry the risk of developing 
gonadal tumours, requiring gonadectomy at the appropriate 
age. Soveid and colleagues reported myelipoma of adrenal 
glands in addition to gonadal tumours (23). The etiology 
of myelipoma in CAH is still unclear, but exposure to high 
levels of ACTH may play a role (24). Screening of adrenals 
and gonadectomy at the appropriate age are important for 
the future health of 17OHD patients. 

In this cohort, five patients had osteoporosis at presentation. 
After sex steroid replacement and hydrocortisone treatment 
most of them improved. Cortisol and estrogen deficiency 
during adolescence has been associated with osteoporosis 
(25,26). In contrast, Wu et al (27) reported patients with 
17OHD to be osteoporotic and they suggested that this may 
be due to the negative effect of corticosteroid replacement 
on bone tissue. Osteoporosis worsened with hydrocortisone 
and sex steroid treatment in one of our patients (Patient 
6), a finding which may be due to long-term corticosteroid 
replacement.

We present one novel and one ultra rare gene variant with 
17-OH deficiency, both described for the first time, in this 
study. A single base insertion in Exon 1 led to frameshift 
and caused premature termination of translation in Patients 
2 and 3 (p.Y60Ifs*29) expected to abolish the total activity 
of the 17-OH enzyme. 

The missense variant (p.P409L) identified in Patient 4, 
affecting the Cytochrome P450 domain by altering a non-
polar aliphatic amino acid proline to a non-polar amino 
acid leucine, resulting in an isobutyl side chain that may 
cause abnormal protein structure with a 3-carbon chain that 
loops to incorporate into the molecular backbone, is also 
novel. A different nucleotide alteration at the same position 
causing a missense change (c.1226C>G;p.P409R) has been 
previously reported in a few Chinese cases (15,28,29,30).

The other molecular findings, the exon 1-6 deletion in 
Patient 1 (9), p.R362H in Patient 5 (31) and p.G436R in 
Patient 6 (32) were previously reported mutations. MLPA 
testing is a reliable and convenient method for the diagnosis 
of gross deletion/duplications and is widely used when a 
large number of sample sets are required to be tested in a 
single run. qPCR is also reliable when a single patient needs 
to be tested for deletion and duplication and is also cost 
effective despite being a “boutique” test. 

Our clinical findings, together with CYP17A1 genotypes 
of the patients, did not correlate with biochemical and 
hormone results, reflecting the expressional variation 
of bi-allelic mutations. Clinical and hormonal findings 
of two siblings (one 46,XX, the other 46,XY) with the 
same mutation (c.177_178insA; p.Y60Ifs*29) were also 
somewhat different. Findings in siblings with the same 
mutation revealed that the 46,XX sibling had hypokalemia 
and breasts at Tanner stage 3, while the 46,XY sibling 
was normokalemic and was at Tanner stage 4 for breast 
development. Moreover, the 46,XX sibling had more severe 
osteoporosis. Bee et al (29) reported that phenotype may 
vary even amongst siblings with the same mutation. 46,XY 
individuals have more pronounced clinical symptoms than 
their 46,XX siblings (29). 

Patient 1 was 46,XX and had the same mutation as three 
previously reported siblings (two 46,XY and one 46,XX) 
of Kurdish origin from Turkey. All four patients reported 
with this variant patients had gross partial deletion of the 
CYP17A1 gene, encompassing exons 1-6 and all of them 
had the same hormonal profile of complete defect of 
17OHD. However, severity of the disease was different. The 
previously reported index patient had hypertension and 
hypokalemia at presentation while our patient had neither. 
Siblings of the index patients did not develop hypertension 
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or hypokalemia either (9). This finding also supports the 
previous observations that the presence and onset of 
hypertension may be variable even in patients with the 
same genotype (8,9,29,33). In addition, exon 1-6 deletion 
was found in another patient of Kurdish origin from Turkey 
(10). The carriers of this mutation (exon 1-6 deletion) 
originated from Southeastern Turkey, a finding which 
suggests exon 1-6 deletion could be a founder mutation in 
Turkey. 

The homozygous mutation of Patient 5 with XX 
chromosomal sex had the same homozygous mutation as 
a patient reported from Mexico (31). The Mexican case was 
a compound heterozygote with (R362H) and (p.K110*), 
presenting with severe hypertension and hypokalemia. 
While our patient did not have hypertension, hypokalemia 
was present. In our opinion it is hard to attribute 
hypertension to the truncating effect of the stop codon 
mutation. Further cases or functional analyses are needed 
to draw a conclusion on genotype-phenotype correlations of 
the mutations described thus far.

Study Limitations

Limitations of this study include the small sample size, 
however it is still one of the largest pediatric cohorts, 
supporting to the disease has being rare. 

Conclusion

17-OHD is a rare cause of CAH and should be kept in 
mind in patients with pubertal delay/primary amenorrhea, 
hypertension and hypokalemia. Here we describe two novel 
mutations which both abolish CYP17A1 protein expression 
in adrenal and gonadal tissue. In our experience short 
stature is particularly evident at presentation. Some patients 
may have full blown adrenarche and E2 replacement may 
increase the progression of adrenarche. Gonadectomy 
at the appropriate age is necessary in 46,XY patients 
who are raised as female because of the high risk of later 
malignancy. Due to late diagnosis, psychological problems, 
gender selection, hypertension and osteoporosis constitute 
important health problems among these patients.
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Objective: Disorders of sex development (DSD) is a nomenclature intended to defeat the discomfort of families and patients and has 
found worldwide usage. The aim of this study was to address the perception and usage of terminology among the parents of DSD 
patients in a tertiary center in western Turkey. 
Methods: The records of the DSD council (multidisciplinary team where each patient with DSD is discussed) between years 2008-2015 
were reviewed retrospectively. Data including details of the management process, patient characteristics and follow-up details were 
noted. Then inquiries reflecting parental perception about terminology were implemented during clinical visits. 
Results: In total, 121 patients were evaluated in monthly meetings of the DSD council and 79 inquiries were completed. Fifty-one 
percent of the families admitted knowing the terms DSD, ambiguous genitalia, “dubious genitals” and intersex. However, only 2% 
preferred using DSD, 6% intersex and 14% ambiguous genitalia. Fifty-two percent of the parents used a disease name in Latin (mostly 
hypospadias) addressing the disorder. The offspring of 69% of the parents who were familiar with the name “dubious genitals” were 
diagnosed in the neonatal period. The preferred terminology used by parents was strongly associated with the terminology used most 
commonly in the medical speciality their child most often attended.
Conclusion: Each country has its own social norms. We suggest therefore that local committees including medical professionals, patients 
and families should be employed to develop proper terminology.
Keywords: Disorders of sex development, intersex conditions, ambiguous genitalia, terminology

Introduction

Disorders of sex development (DSD) are “congenital 
conditions in which development of chromosomal, gonadal, 
or anatomic sex is atypical” (1). Assigning an appropriate 

name to this condition has always been controversial (2) 
and medical professionals are not the only group with an 
interest in getting this right for everyone. The confusing 
nature of the disease draws the attention of health 
professionals, sociologists and activists. All these groups 
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have published many papers (3,4,5,6,7), solely debating 
nomenclature usage. However, few have focused on 
patients’ families wishes and understanding. In our opinion 
families’ perception of the disease affects their child in 
two ways; by affecting their decision-making and through 
the environment the child will grow-up in. In the era of 
patient-centered medicine, questioning families’ opinion is 
important and necessary in order to conduct a responsible 
and ethical management of the condition. The aim of this 
study was to address the perception and use of terminology 
among the parents of DSD patients attending a tertiary 
center in western Turkey. 

Methods

In our centre the evaluation and management of DSD patients 
is conducted by a multidisciplinary team. Each patient 
with DSD is discussed at the monthly joint meetings. The 
department mostly involved in the management changes 
according to the primary diagnosis of the patient although 
in most cases this is pediatric endocrinology. Every critical 
decision influencing the management process is also taken 
in these meetings. Our core team consists of a pediatric 
urologist, a pediatric endocrinologist, a child psychiatrist, 
and a geneticist. Adult endocrinologists and psychiatrists, as 
well as pathologists, neonatologists, gynecologists and social 
workers are consulted when necessary. 

After approval of the Ege University, Clinical Research 
Ethics Committee (2016; decision number: 16-2.1/1), the 
records of the DSD council of our institution between years 
2008-2015 were reviewed. After much thought, we decided 
to exclude families who were presumably unaware of the 
terminology with regard to their child’s diagnosis (patients 
with Mayer-Rokitansky-Küster-Hauser (MRKH) syndrome, 
severe hypospadias, bilateral undescended testes). The 
reasoning for this was that it was felt that inclusion of 
these cases would risk unnecessary bias into the study. 
A retrospective analysis of the data including details of 
the management process, demographics, patient history 
and follow-up details was performed. Then parents were 
contacted to obtain their consent and to conduct inquiries 
focusing on the terminology the parents knew and tend to 
use (Appendix 1). The questionnaire consisted of closed 
questions and short answer open questions concerning 
their knowledge and preference about the terms, their first 
contact with the disorder and details about the management. 
To understand their knowledge about the terms, families 
were first questioned about the terms they know regarding 
their child’s condition. The interviewer was careful not to 
use any disorder names, simply calling it “the illness” during 

the entire interview in order not to influence their answers. 
At the end of the interview, if they did not recall, they were 
told the commonly used terms in Turkey (DSD, intersex, 
ambiguous genitals, dubious genitals) and asked which ones 
they had ever heard of. To evaluate which terms they were 
comfortable with, they were asked which names they use 
while talking to others, such as their spouses, their doctors 
and their relatives. They were also asked the term their 
doctors use and if different doctors use different names. 

There were some difficulties while translating the study into 
English. In Turkish, there is no term as an exact translation 
of “intersex”. Instead, “çift cinsiyet” is in use (which can 
be translated as double sex in English). As “çift cinsiyet” is 
used as a translation of intersex in Turkish, implementing 
a meaning close to a third sex, the word intersex will be 
used in the text for ease of reading. Another interesting 
term in Turkish is “kuşkulu genital yapı” which is a distorted 
translation of “ambiguous genitals”. It will be used with its 
exact translation which is “dubious genitals” in the text. Our 
perinatologists tend to use this term, which is an acceptable 
catch-all phrase which avoids naming a specific diagnosis 
before consulting the DSD council. The term “ambiguous 
genitals” is included in the study as a different heading 
because it is used in Turkey in Latin form without being 
translated and therefore generates a different perception. 
The families mostly use it as ambiguous solely without 
understanding the meaning. In daily Turkish language, most 
medical terms are used in Latin, French or English, either 
in the original or slightly corrupted forms. Therefore, unlike 
parents in English-speaking countries, the word ambiguous 
probably appears as another disease name in Latin for them. 
Besides the evaluation of terminology, the parents knew 
and tend to use, the results were analyzed to assess the 
effects of different parameters on the terminology families 
used. These parameters included primary diagnosis, age at 
diagnosis (in the newborn period or later), duration of follow-
up (less or more than five years), year of diagnosis (before 
or after 2006-year of the Chicago consensus meeting), 
appearance of external genitals, need for sex reassignment, 
need for name change, having a sibling with the disease, 
family history, history of admission to different hospitals 
and the department mostly involved in the management. 

To evaluate if the appearance of external genitals had an 
impact on families’ preference for the terminology, we 
divided patients into two groups; those who have atypical 
genitals and those that do not (8). Atypicality of genitals 
was defined as relative to the gender of rearing before 
reconstructive surgery. For patients reared as female, normal 
female and Prader Stage 1 were considered typical; Prader 
Stage 5 and normal male atypical. Likewise, for patients 
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reared as males, Prader 5 and normal male were considered 
typical; normal female and Prader 1 atypical. Prader 2, 3 
and 4 were grouped as atypical for both.

Statistical Analysis 

It was carried out using the SPSS statistical package (SPSS 
for windows V.16, SPSS, Chicago, IL, USA). To evaluate the 
effect of different variables on the terminology families 
used, comparisons were made using logistic regression 
analysis after transforming the data into dichotomous 
variables. Hosmer-Lemeshow goodness of fit test was used 
to assess model fit. A 5% type-1 error level was used to infer 
statistical significance.

Results

In total 121 patients were evaluated at monthly meetings 
of the DSD council during the study period. Twenty-five 
patients with diagnoses such as MRKH, severe hypospadias 
and bilateral undescended testes (whose families were 
presumably not familiar with any of the DSD terminology) 
were excluded from the study. Among the rest, nine families 
could not be reached and four families had two affected 
offspring, both followed in our institution. Therefore, 79 
inquiries were completed.

Median (range) age at diagnosis was 1 year (0-16 years) and 
41% of the patients were diagnosed in the newborn period. 
Median (range) follow-up was 5 years (1-19 years). Follow 
up period was longer than five years in 56%. Reasons for 
admission at the time of diagnosis were atypical genital 
appearance in 55 (70%), delayed puberty in 12 (15%), 
inguinal hernia in seven (8%), short stature in three (4%), 
symptoms of salt depletion in one (1%) and incidentally 
during the evaluation of a syndromic child in one (1%). 

Seven patients (9%) had a history of sex reassignment and 
six of these also had their names changed. Four families had 
more than one affected child and nine parents, including 
these, had a family history. Forty-seven parents (41%) had 
been admitted to another center before referral to our 
institution. The majority of the parents (73%) indicated that 
endocrinology was the department mostly involved in the 
management of their children. Fifty-six (71%) children had 
atypical external genitalia for the gender they were reared as.

Sixty (75%) parents stated that they thought they had 
enough knowledge about the disease and 27 (34%) parents 
thought that their child knew what his/her disease was. It 
was noted that parents were comfortable while using the 
terms hypospadias or congenital adrenal hyperplasia (CAH). 
However, they avoided using the word “sex” during the 
questionnaire. An interesting observation was that some 

parents only said CAH when they were asked the names they 
know and used only CAH during the entire questionnaire. 
At the end, when they were asked about their knowledge 
of the remaining nomenclature, they first explained the 
pathology in the adrenal gland in detail and that the genital 
abnormality was secondary to it.

When asked about the terms that they could recall about 
the disease, 40 parents said specific disease names, 
mostly with Latin origin (which were hypospadias, adrenal 
insufficiency, testicular feminization, androgen insensitivity, 
CAH and 5-alpha reductase deficiency), 14 said chromosomal 
abnormality, 11 used the word ambiguous, seven referred to 
the name of the syndrome their child had, five said intersex 
and only two parents mentioned DSD. Seven parents said that 
they did not know any terms related to their child’s condition 
(Figure 1). The parents who referred to the disease as a 
chromosomal abnormality were the parents of children who 
had chromosome-gender mismatch. One parent mentioned 
an old Turkish word of Arabic origin (hünsâ; khunsa) which 
is not in daily use (9). When they were asked if they ever 
heard of the terms commonly used; 42 mentioned intersex, 
40 DSD, 39 dubious genitals and 36 ambigious (Figure 2).
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Figure 1. The terms parents expressed (answer to question #8)

Figure 2. The terms parents were familiar with (answers to 
question #15) 

DSD: disorders of sex development



There were also questions from which we were not able 
to collect any comparable data. Parents were asked which 
terms they use when talking to their spouse, to the doctor 
and to relatives. The majority replied that they did not use 
any terms while talking to their spouse or with the doctor 
because everybody knew what the issue was. They also 
stated that they do not talk to their relatives or friends 
about the disease at all. They were also asked for any ideas 
for a new terminology, but none of the parents made any 
suggestions.

When the state of knowledge about each term was evaluated 
using independent variables, statistically significant 
differences were revealed between the following pairs: 
the term “chromosomal abnormality” or “expression of a 
specific disease name” and the department mostly involved 
in the management; the term “dubious genitals” and the 
diagnosis in the newborn period. 

Fourteen parents (24%) whose children were mainly 
followed by the endocrinology department stated the 
disease was a chromosomal abnormality while none of 
the parents who were followed by pediatric urology did 
(p=0.024). Expression of a specific disease name was 
also found relevant to the department mostly involved in 
the management (p=0.048). Twenty-three parents (41%) 
whose children were mainly followed by the endocrinology 
department used a specific disease name while 16 parents 
(80%) who were followed by pediatric urology did so.

Twenty-two of 32 (69%) parents whose children were 
diagnosed in the newborn period knew the term dubious 
genitals versus 17 of 47 (36%) who were diagnosed later 
(p=0.046). No statistically significant difference was found 
between the remaining parameters.

Discussion

Gender is one of the major aspects of personality. 
Construction of a scientific terminology about a disease that 
interferes with gender, which is not pejorative but definitive 
is difficult. As Feder and Karkazis (2) perfectly describe, 
there is probably no terminology that can eradicate the 
stigma and no nomenclature that can position this group of 
conditions in the usual medical way. Unfortunately, parents’ 
perception of the terminology has a direct impact on their 
perception of the disease which affects how they and their 
child cope with the disease. 

Changing the terminology to DSD with the consensus 
statement in 2006 received widespread acceptance among 
clinicians (3). However, its perception was not the same for 
everyone. Linguistic, religious and cultural factors influence 

how the lexicon is understood. One major criticism about 
DSD was the disturbing effect of the word “disorder” (4). 
Besides the worldwide debates around it, as in German the 
Turkish equivalent of the word “disorder” in the phrase DSD 
is probably more disturbing than the English version (10). 
It has a meaning closer to failure or defect than disorder. It 
also does not have a widespread use in medical terminology. 
Not only the nomenclature, but also the perception and 
management of DSD are prone to intercultural differences 
(11). Some cultures do not allocate sex at birth with the 
belief that it can change later (12). However, gender is the 
major determinant of a human’s entire life in many Eastern 
countries. Islam has a comprehensive attitude towards DSD 
including prayers, obligations and gender roles in society 
(9). Turkey is a multicultural country where the majority of 
inhabitants have a social life influenced both by modern 
European society and Islamic beliefs. In our country, 
any problem related to sex will cause shame, can hinder 
a marriage and even affect one’s work life. Therefore, 
nomenclature of DSD is perhaps even more important to 
prevent stigmatization. Our study confirmed the importance 
of this issue by revealing the parents’ tendency to avoid the 
word “sex” during the interview.

Doctors and activists play the main roles in constituting 
the terminology (1,2,4,13). Affected people (children with 
the disease and their families) who are at the center of the 
arguments are mostly not a part of decision-making. Few 
studies have been conducted to consider the perspective of 
families (3,5,14,6). 

JH Davies, who is one of the proponents of the new 
terminology, evaluated the acceptability of the new 
terminology among 19 parents of children with DSD. 
The majority stated they preferred DSD over intersex 
although few found it an adequate term (3). Lin-su et al (14) 
interviewed a larger group (128 CAH patients, 408 parents) 
and stated that the majority of the patients did not like the 
new terminology and that it caused negative connotations. 
An activist, Davis, conducted interviews with patients and 
clinicians and argued that the patients do not like the term 
and the doctors’ insistence on the DSD terminology was a 
reassertion of their medical authority (6,7). She says the 
patients who embrace the new terminology are the ones 
who are not contented with themselves and who find 
themselves abnormal (7). Ellie Magritte (5), the mother of 
a child with DSD, used the acronym DSD when referring 
to the disease writing both forms (disorder/difference of 
sex development) and emphasized how disturbing the 
ambiguity was.

Our study was consistent with earlier ones showing a lack 
of acceptance of the term DSD by the families despite the 
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worldwide use of it among clinicians (6,7,14,15). Half of the 
families admitted they knew the term and only two parents 
recalled it before being reminded by the interviewer. 

Lin-Su et al (14) thought that health professionals did not 
use the term in their daily routine with their patients. This 
probably has an effect but even the families who admitted 
knowing it did not use the term. Most of the families in our 
study tended to use specific disease names mostly of Latin 
origin. This supports Karzakis’ ideas (16) which emphasize 
the importance of recasting diverse diagnoses rather than 
keeping them as types of people whose care is directed at 
correcting sexual difference. Davies et al (3) and Dreger et al 
(17) also recommended temporary usage of the term DSD 
until specific diagnoses have been made. 

There is no consensus on the terminology for DSD in 
Turkey. International Classification of Diseases-10 still 
refers to the disease as hermaphroditism. Doctors use 
intersex or DSD while talking to each other, prefer to use 
çift cinsiyet (double sex) while talking to media, and mostly 
avoid using any specific term while communicating with 
their patients. They can also use specific disease names 
or some jargon such as kuşkulu genital yapı (ambiguous 
genitalia). There is no common patient-oriented language. 
We have discussed the issue in our multidisciplinary 
council and decided to use DSD. However, our study 
revealed probable lack of compliance with this decision 
and reflected the effect of doctors’ use of terminology on 
parents. When asked, the parents stated that their doctors 
did not use any names for the disease. The findings show 
that the department mostly involved in the management 
was a factor affecting their preferences. Eighty percent 
of patients whose parents named the disease as 
“hypospadias” were mainly followed by pediatric urology, 
and all the parents who referred to the disease as a 
“chromosomal abnormality” were mainly followed by 
endocrinologists. This can be attributed to the need for 
fewer endocrinology consultations for patients without 
chromosome to gender mismatch but also reflects the 
preferences of the doctors. 

We believe that specific disease names of Latin origin 
enhance acceptance of the subject as a medical problem, not 
a social one. We understand that this may not be acceptable 
to an adult with DSD, however families’ perception and 
therefore attitude towards the disease designates the adult 
that the child would become. None of the current terms 
are adequate and a terminology covering the will of both 
patients and families has yet to be developed.

Another interesting finding of our study is the significant 
difference in those knowing the term dubious genitals 
(kuşkulu genital yapı) if the condition was diagnosed as a 

newborn. After referral to the DSD council, families probably 
do not hear this term again. However, half of the families 
who were diagnosed in the newborn period recalled it. This 
not only shows the effect of doctors’ preferences but also 
emphasizes the persisting impact from their first contact 
with the disease. 

Genital atypicality, sex of rearing and the gender 
reassignment process were reported to cause more 
stigmatization of parents (8). Therefore, the effect of these 
variables on parents’ choice of terminology was also 
analyzed although no relationship was found.

Unlike other studies (3), parents stated they were satisfied 
with their level of knowledge about the condition. This may 
be due to close communication with their doctors or less 
expectation due to cultural motivations. DSD is a subject 
that is very hard to discuss in our country. Long explanations 
of the DSD council given by each department individually 
may be more than enough for the families who have never 
heard of and may even be trying to ignore the subject.

Study Limitations

This study tried to evaluate the parental perception about 
the nomenclature of DSD; however, it was performed as 
a single center study in Western Turkey. Therefore, it may 
not reflect the opinion of all population. Also, there were 
semantic losses while translating the study to English. The 
authors tried to cover these shortcomings with a detailed 
methods section.

Conclusion

Introduced with the hope of defeating the discomfort of 
patients and families, the term DSD does not seem to 
find use among the parents of patients. Parents of our 
DSD patients avoid using any word containing “sex” 
and prefer the specific disease names mostly with Latin 
origin instead. Their preferences were also found to be 
influenced by their doctors. Each country has its own social 
norms; therefore, local studies reflecting the linguistic and 
cultural differences and their uniform usage by doctors are 
mandatory to avoid negative connotations in the families’ 
minds. 
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Appendix 1: Questionnaire

Name: ....................................................................................  DOB: ......................................................................

Hospital ID#: ...........................................................................  Phone Number: ......................................................

Diagnosis: ................................................................................................................................................................

1. When and how was your child diagnosed?

............................................................................................................................................................................................

2. With what gender your child was raised before admission? Was it changed? Was also the name changed? When?

............................................................................................................................................................................................

3. Do you have any other child affected? Anyone else in your family?

............................................................................................................................................................................................

4. Which institutions were you referred to for your child’s condition? If you changed your doctor in the process, was it 
your choice?

............................................................................................................................................................................................

5. Do you think you have enough knowledge about your child’s disease?

............................................................................................................................................................................................

6. Does your child know about his/her condition?

............................................................................................................................................................................................

7. Do you talk to your child about the condition?

............................................................................................................................................................................................

8. There are many terms used to refer to this condition. Which ones do you know?

............................................................................................................................................................................................

9. Which department is the one most involved in your child’s management? Do you know the terms your doctors use?

............................................................................................................................................................................................

10. Do different doctors use different terms?

............................................................................................................................................................................................

11. Which term do you prefer to use when talking to your husband/wife?

............................................................................................................................................................................................

12. Which term do you prefer to use when talking to your child’s doctor?

............................................................................................................................................................................................

13. Which term do you prefer to use when talking to your relatives or friends?

............................................................................................................................................................................................

14. Do you have a suggestion for a more proper term?

............................................................................................................................................................................................

15. Have you ever heard of the terms listed below?

............................................................................................................................................................................................

DSD, intersex, dubious genitals, ambiguous genitals 



Objective: There have been recent advances in the understanding of the etiology of idiopathic central precocious puberty (iCPP) including 
new genetic associations. The aim of this clinical study was to determine the frequency of MKRN3 mutation in cases of familial iCPP.
Methods: Potential sequence variations in the maternally imprinted MKRN3 gene were evaluated in 19 participants from 10 families 
using next-generation sequencing analysis. 
Results: MKRN3 variation was found in only one of the 19 (5.3%) subjects. The male patient, who had a medical history of precocious 
puberty, had a heterozygous mutation, NM_005664.3:c.630_650delins GCTGGGC (p.P211Lfs*16). The father of this patient also had a 
history of precocious puberty and had the same mutation. p.P211Lfs*16 is a novel variant and it was identified as probably pathogenic 
by in silico analysis, consistent with the clinical findings.
Conclusion: Given that MKRN3 mutation was detected in only one patient, with a paternal history of precocious puberty, this reinforces 
the importance of accurate family history taking. The detected incidence of MKRN3 variants in our case series was much lower than 
reported elsewhere which suggests a need for further studies in Turkish iCPP patients.
Keywords: MKRN3 mutation, familial central precocious puberty, genetic analysis

Introduction 

Central  precocious puberty (CPP) is defined as the 
development of secondary sex characteristics before eight 
years of age in girls and nine years of age in boys, due to early 
activation of the hypothalamic-pituitary-gonadal (HPG) axis 
(1,2). Owing to recent advances in genetics, the underlying 
aetiology has been revealed in some cases of idiopathic CPP 

(iCPP). Gain-of-function mutations in the KISS1 and KISSR1 

genes and loss-of-function mutations in the makorin ring 

finger protein 3 (MKRN3) gene were shown to result in CPP 

(3,4,5). 

The MKRN3 gene product exerts an inhibitory effect on 

gonadotropin releasing hormone (GnRH) neurons. It has 

been proposed that the HPG axis is reactivated by loss-of-

Investigation of MKRN3 Mutation in Patients with Familial Central 
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function mutations in the MKRN3 gene (6). It was reported 
that the frequency of MKRN3 was higher in cases with 
familial iCPP compared with sporadic cases (7,8). However, 
the frequency can vary according to ethnicity (9). The aim of 
this clinical study was to determine the frequency of MKRN3 
mutation in a group of Turkish families with familial iCPP.

Methods

The study included siblings diagnosed with iCPP and iCPP 
cases with a positive family history who presented to the 
Endocrinology Outpatient Clinic of Dr. Sami Ulus Obstetrics 
and Gynaecology, Children’s Health and Disease Training 
and Research Hospital. All parents gave written informed 
consent before participation. The study was approved by 
the Ethics Committee of the Zekai Tahir Burak Maternity 
Teaching Hospital, Ankara, Turkey (46/2015). All children 
included in the study had at least one first or second degree 
relative with documented iCPP. 

The Tanner and Marshall (10,11) criteria were used for 
puberty staging. Girls who had at least Tanner stage 2 breast 
development and stage 2 pubarche before eight years of age 
were assessed as cases of early puberty. Boys who had at 
least Tanner stage 2 testicular volume (>4 mL) or stage 2 
pubarche before nine years of age were assessed as cases 
of early puberty. 

In the girls luteinising hormone (LH), follicle-stimulating 
hormone (FSH) and 17β-estradiol (E2) were measured in a 
morning blood sample. A basal serum LH level ≥0.83 mIU/
mL, with puberty precocious findings described above, was 
accepted as activation of the HPG axis (12). Cases with 
a basal LH level <0.83 mIU/mL underwent the standard 
stimulation test of 100 µg GnRH (Ferring Pharmaceuticals, 
Inc., Parsippany, NJ, USA) by intravenous injection between 
8:00 and 8:30 am to assess early puberty. Blood samples 
were taken at 0, 30, 60, 90, and 120 min to measure serum 
LH and FSH levels. Peak LH ≥3.3 mIU/mL was accepted as 
the diagnostic criterion for activation of the HPG axis in 
girls (13). In boys, LH, FSH and testosterone were measured 
also in a morning blood sample. A basal serum LH level 
≥0.83 mIU/mL, with puberty precocious findings described 
above, was accepted as activation of the HPG axis in boys 
(12). Cases with a basal LH level <0.3 mIU/mL underwent 
the standard stimulation test described above. Peak LH 
≥4.1 mIU/mL was accepted as the diagnostic criterion for 
activation of the HPG axis (13). 

Congenital adrenal hyperplasia was excluded by 
17-hydroxyprogesterone (17-OHP) <1.5 ng/mL in early 
morning samples and/or peak 17-OHP <10 ng/mL following 

an ACTH stimulation test. Cranial magnetic resonance 
imaging (MRI) was performed to exclude any organic lesion 
in all cases diagnosed with CPP. 

Standing height was measured to the nearest 0.1 cm with 
a Harpenden fixed stadiometer (Seritex, North America). 
Body weight was measured on a balance scale (SECA, North 
America) to the nearest 0.1 kg. Height and weight standard 
deviation score (SDS) were calculated by comparison with 
Turkish national reference data (www.ceddcozum.com) 
(14). Adult height prediction was calculated by dividing the 
height by the decimal fraction, using the table for predicting 
adult stature as described by Greulich and Pyle (15).

LH, FSH, and E2  levels were measured with an 
immunochemiluminometric assay using an Advia Centaur 
immunoanalyzer (Bayer Diagnostics, Tarrytown, NY, USA). 
Bone age (BA) was assessed according to the  Greulich and 
Pyle (15) Atlas method.

Genetic Analysis

Genomic DNA was isolated from ethylenediamine 
tetraacetic acid blood sample by Magnesia DNA isolation Kit 
(Anatolia Geneworks, İstanbul, Turkey). Sequencing study 
was done by NGS technology and it was performed using 
the MiSeq next generation sequencing platform (Illumina 
Inc., San Diego, CA, USA). All coding exons of MKRN3 and 
flanking regions were amplified using polymerase chain 
reaction (PCR) primers, designed with PRIMER-Primer 
Designer v.2.0 software (Scientific and Educational Software 
program). Amplicon libraries were prepared with the 
NexteraXT kit (Illumina Inc.). Sequences were aligned to the 
hg19 genome with MiSeq Reporter software (Illumina Inc.). 
Detection of variants was performed with IGV 2.3 (Board 
Institute) software. In silico analysis, database search and 
literature evaluations were done by Varsome, Polyphen2, 
HGMD-Public, PubMed, Google search, Clinvar, EXAC and 
1,000 Genome studies.

Statistical Analysis

The data obtained were evaluated using the SPSS 16.0 
software programme (SPSS Inc., Chicago, IL, USA).

Results

The study included 19 patients with CPP from 10 families. 
In the familial CPP group, there were 17 girls and two boys 
(one boy with a paternal history of precocious puberty) 
from 10 families. Clinical, anthropometric and biochemical 
data of the included patients and their parents are displayed 
in Tables 1 and 2. Among the 17 girls with familial iCPP, 
mean age at the onset of secondary sex characteristics 
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was 6.5±1.5 years, and mean age at treatment onset was 
7.2±1.4 years. In this group, the mean BA was 8.7±2.0 
years, and the BA:CA ratio was 1.2±0.1. The 17-OHP level 
was normal in all cases with pubarche. Therefore, none of 
the patients proceeded to an ACTH stimulation test. Cranial 
MRI was normal in all cases. 

Among the whole group, a novel heterozygous mutation, 
MRKN3 :NM_005664.3:c.630_650del insGCTGGGC 
(p.P211Lfs*16), was detected in only one boy with a 
paternal history of precocious puberty (Figure 1). A flow 
chart of patient and family recruitment into the study is 
shown in Figure 2. MKRN3 gene analysis was performed 
only in this patient’s father. We did not have the 
opportunity to study the genotype in his remaining family 
members. The patient with MKRN3 mutation presented 
with facial hair growth at 11 years and 7 months of age. 
Facial hair growth had appeared 1.5 years earlier. Family 
history revealed that facial hair growth had appeared at the 
same age in his father. The patient’s brother is unaffected 
and was found to be pre-pubertal in the examination 
performed at 10 years of age. The patient’s physical 
examination yielded the following findings: height, 156.5 
cm [+1.27 standard deviation (SD)]; body weight, 44.6 
kg (+0.3 SD); 15 mL testicular volume bilaterally; stage 5 

226

Aycan Z et al.
MKRN3 Mutation in Patients with Familial Central Precocious Puberty

J Clin Res Pediatr Endocrinol
2018;10(3):223-229

Table 2. Anthropometric characteristics of patients’ parents, target and predicted height of patients

Family/
patient 
no.

Current 
age, 
years

Sex Onset of 
puberty, 
years

Mother’s 
height (cm)/
SD

Father’s 
height (cm)/
SD

Target 
height cm/
SD

Predicted 
height 
(cm)/SD

Difference in 
height SD-
target height 
SD

Difference in 
target height 
SD-predicted 
height SD

1.1 10.3 Female 7.4 151/-1.86 168/-1.17 153/-1.55 143.5/-3 2.4 1.45

1.1 6.5 Female 2 151/-1.86 168/-1.17 153/-1.55 - 1 -

2.1 11.3 Female 7 164.9/0.27 171/-0.76 161.5/-0.26 167 /0.6 2.6 0.86

2.2 14.5 Female 5.9 164.9/0.27 171/-0.76 161.5/-0.26 156.1/-1.1 1.7 0.84

3.1 12.3 Female 4.8 149.8/-2.04 164/-1.7 150.4/-1.95 - 1.4 -

3.2 16.3 Female 5.5 149.8/-2.04 164/-1.7 150.4/-1.95 139.5/-3.6 1.7 1.65

4.1 12.1 Male 8.9 149/-2.16 167/-1.3 164.5/-1.65 174 /-0.4 2.65 -1.25

4.2 14.2 Female 7.9 149/-2.16 167/-1.3 151.5/-1.78 158.2/-0.8 3.1 -0.98

5.1 10.7 Female 6.3 153.8/-1.43 173/-0.49 156.9/-0.96 150 /-2 1.2 1.04

5.2 13.1 Female 7.9 153.8/-1.43 173/-0.49 156.9/-0.96 158/-0.8 2.9 -0.16

6.1 10.9 Female 5.6 159/-0.64 167/-1.31 156.5/-1.02 145.2/-2.8 2 1.78

6.2 8.6 Female 6 159/-0.64 167/-1.31 156.5/-1.02 148.5/-2.2 2.4 1.18

7.1 12.3 Female 7 167/0.59 172/-0.6 163/0 153.3/-1.5 0.6 -0.6

7.2 16 Female 7.5 167/0.59 172/-0.6 163/0 157.1/-0.9 1 -1

8.1 11.5 Female 7.5 152.1/-1.7 169/-1 154/-1.4 150.3/-2 0.1 1.5

8.2 14.9 Female 7 152.1/-1.7 169/-1 154/-1.4 160.5/-0.4 1.4 -2.8

9.1 12 Female 8 152/-1.7 175/-0.2 157/-0.9 143.3/-3 0.4 -1.3

9.2 10.5 Female 7 152/-1.7 175/-0.2 157/-0.9 140.5/-3.5 -0.6 -0.3

10.1*/& 13.2 Male 9 167/0.6 159/-2.4 169.5/-1 168.8/-1.1 2.3 -3.3

*: The father had a history of precocious puberty, &: MKRN3-mutation-positive patient, SD: standard deviation

Figure 1. Mutation image of MKRN3 gene of the patient with 
IGV2.3 software [NM_005664.3:c.630_650delins GCTGGGC 
(p.P211Lfs*16)] and Varsome software image 



pubarche; and axillary hair growth. The heights of mother 
and father were 167 (+0.6 SDS) and 159 cm (-2.4 SDS), 
respectively. The patient’s target height and predicted 
height were estimated to be 169.5 cm (-1 SDS) and 168.8 
cm (-1.1 SDS), respectively. Routine biochemistry tests 
and complete blood count were normal. The hormone 
test results were as follows: LH, 5.4 mIU/mL; FSH, 13.7 
mIU/mL; total testosterone: 393.3 ng/dL; 17OHP: 0.6 ng/
mL; and dehydroepiandrosterone sulphate, 60.4 mcg/dL. 
BA 14 years. The same mutation was also detected in his 
father. The physical examination of the other boy with no 
mutation showed height 142.4 cm (1 SDS), weight 35.3 
kg (0.6 SDS); 6 mL testicular volume bilaterally; stage 3 
pubarche; and axillary hair growth. The heights of mother 
and father were 149 cm (-2.16 SDS) and 167 cm (-1.3 SDS), 
respectively. The patient’s target height and predicted 
height were estimated to be 164.5 cm (-1.65 SDS) and 174 
cm (-0.4 SDS), respectively. The patient was followed-up 
without treatment due to slowly progressive puberty.

This mutation is a frame shift variant and causing production 
of a truncated protein with 226 amino acids while the wild 
type protein consists of 507 amino acids. Mutation taster 
predicts this variant as a disease-causing mutation, probably 
due to loss of function. 

Discussion

MRKN3, which encodes the MKRN3, is an intronless gene 
located on chromosome 15q11.2 in the Prader–Willi 
syndrome critical region (16). The imprinted MKRN3 gene 
is expressed only in the paternal allele, and it affects both 
sexes equally, in contrast to female preponderance in iCPP 
cases (16). The presence of a history of paternal precocious 
puberty, shorter final height and detection of MRKN3 

gene mutation confirm paternal inheritance. The MRKN3 
protein, a product of this gene, includes two copies of a C3H 
motif in the N-terminal, a novel Cys–His configuration, a 
C3HC4 RING zinc finger, and a final C3H motif (6). A novel 
frameshift mutation (between C3H motifs in the N-terminal) 
in the imprinted MKRN3 gene was identified in one male 
case and his affected father. In silico analysis suggested that 
this variant would be pathogenic. Scrutiny of human genetic 
variant databases revealed that this variant had not been 
previously reported.

In their study, Abreu et al (5) found a loss-of-function 
mutation in the MKRN3 gene associated with familial 
iCPP. This work led to an investigation of the mechanism 
underlying familial iCPP, which has been important 
not only for understanding iCPP but also for a better 
understanding of the timing of normal puberty in 
humans. Since 2013, MKRN3 mutation has been the 
most frequently identified genetic cause of iCPP. The 
authors screened 40 individuals with familial iCPP 
from 15 families for MKRN3 mutations, and reported 
identifying MKRN3 mutation in 15 individuals from five 
families (37.5%) (5). In another study, MKRN3 mutation 
was detected in 13 of 28 cases (46%) with familial iCPP, 
and in only one of 18 cases with sporadic iCPP (7). In 
a study of 20 boys with iCPP from 17 families, Bessa 
et al (17) detected MKRN3 mutation in eight boys from 
five families. The authors emphasised the importance of 
investigating boys with MKRN3 mutation and a history 
of paternal precocious puberty. In a recent study from 
Turkey, Simsek et al (18) reported that two heterozygous 
frameshift mutations were identified in the MKRN3 gene 
in two probands with familial iCPP and in seven patients 
with iCPP, as well as 11 unaffected family members. We 
investigated 19 individuals from 10 families with iCPP 
and found one novel frameshift (5.3%) mutation. Simsek 
et al (18) reported that due to the imprinted pattern of 
inheritance, the phenotype skipped one generation in one 
family because the proband’s father and paternal uncle 
had inherited the mutated allele from their mothers. They 
also showed that in another family, because the proband’s 
father and affected paternal cousin’s father had inherited 
the mutated allele from the paternal grandfather, 
the phenotype was present in the second and third 
generations. A paternal aunt in the latter family also had 
iCPP, but her children were asymptomatic carriers of the 
same mutation. As those authors suggested, and as the 
history of our patient with MKRN3 mutation highlights, 
an accurate family history is extremely important, as it 
can reveal the paternal inheritance of familial iCPP due 
to a mutation in MRKN3. Physicians should consider this 
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Figure 2. Flow chart of the study recruitment

CPP: central precocious puberty, iCPP: idiopathic central precocious puberty



type of inheritance in patients with iCPP thus allowing 
targeted MKRN3 genetic analysis, thereby providing an 
additional tool for the diagnosis of children with iCPP.

In boys, there may be delay in recognising indicators 
of precocious puberty compared with those (thelarche, 
menarche) in girls (5,8,9,19,20). The findings of precocious 
puberty were not recognised by the family in our MKRN3 
mutation case, and he presented at the hospital at a late 
pubertal stage, when he began to shave his facial hair. In the 
literature, the mean age at onset of puberty was reported as 
8.2 years in 13 boys with MKRN3 mutation (5,17,19). Given 
that age at onset of puberty is approximately six years of 
age in girls with MKRN3 mutation (5,16,20), pubertal onset 
appears to be more precocious in affected girls (around two 
years) than in affected boys (around 0.8 years). In addition, 
the time from the onset of pubertal symptoms to diagnosis 
is longer in boys (5,21). It has been reported that puberty 
can be successfully suppressed by GnRH agonist treatment 
in cases with MKRN3 mutation and that menarche and 
other pubertal indicators show a normal course following 
treatment (5,7,22). 

Study Limitations

The small number of patients and the wide range of criteria 
which were used to diagnose CPP were the limitations of 
this study. 

Conclusion

MKRN3 mutation was detected in only one (5.3%) of 19 
individuals from 10 families with familial CPP. Given the 
fact that the MKRN3 mutation was detected in only one 
patient with a paternal history of precocious puberty in our 
study, the importance of an accurate family history, which 
can reveal the paternal inheritance of familial iCPP due to 
a mutation in MKRN3, must be emphasized. Physicians 
should consider this type of inheritance in patients with 
iCPP thus facilitating targeted genetic analysis and providing 
an additional tool for the diagnosis of children with iCPP.
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Objective: A comprehensive survey was conducted to evaluate the shortcomings of clinical care in patients with Turner syndrome (TS) 
in Turkey. 
Methods: A structured questionnaire prepared by the Turner study group in Turkey, which covered relevant aspects of patient care in TS 
was sent to 44 pediatric endocrinology centers. 
Results: Eighteen centers (41%) responded to the questionnaire. In the majority of the centers, diagnostic genetic testing, screening for 
Y chromosomal material, protocols regarding the timing and posology of growth hormone (GH) and estrogen, thrombophilia screening, 
fertility information and screening for glucose intolerance, thyroid, and coeliac diseases in patients with TS were in line with the 
current consensus. Thirteen centers (72.2%) performed GH stimulation tests. Only four centers (22.2%) used oxandrolone in patients 
with TS with very short stature. The majority of the centers relied on bone age and breast development to assess estrogen adequacy, 
though together with variable combinations of oestrogen surrogates. Two centers (11.1%) reported performing serum estradiol 
measurements. Eight centers (44.4%) routinely conducted cardiac/thoracic aorta magnetic resonance imaging. Screening for hearing, 
dental and ophthalmologic problems were performed by thirteen (72.2%), six (33.3%) and ten (55.6%) centers, respectively. Psychiatric 
assessments were made by four centers (22.2%) at diagnosis, with only one center (5.6%) requiring annual reassessments.
Conclusion: Although we found some conformity between the current consensus and practice of the participating centers in Turkey 
regarding TS, further improvements are mandatory in the multi-disciplinary approach to address co-morbidities, which if unrecognized, 
may be associated with reduced quality of life and even mortality. 
Keywords: Turner syndrome, diagnosis, growth, puberty, oestrogen, oxandrolone, osteoporosis, adult transition, screening, cardiac 
magnetic resonance imaging, thoracic aorta

A Synopsis of Current Practice in the Diagnosis and Management of 
Patients with Turner Syndrome in Turkey: A Survey of 18 Pediatric 
Endocrinology Centers
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ORI GI NAL AR TIC LE

What is already known on this topic?

What this study adds?

International consensus guidelines concerning the diagnosis, treatment and follow-up of patients with Turner syndrome have been 
reviewed and updated in the last few years.

This is the first study to document the shortcomings of current practice in diagnosis, treatment and follow-up of patients with Turner 
syndrome in Turkey.
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Introduction

Turner syndrome (TS) is the most common female sex 
chromosome disorder with an incidence of 1 in 2000 to 1 in 
2500 live female births (1). It is caused by the complete or 
partial loss of a second sex chromosome during embryonic 
development with or without cell line mosaicism.

Individuals may be diagnosed at any age from fetal 
through to adult. TS may be suspected in utero as a result 
of screening for fetal abnormalities, in infancy by the 
presence of lymphedema, often associated with webbed 
neck and coarctation of the aorta, in childhood as a result 
of growth failure, in adolescence as a result of short stature 
with pubertal delay or in adulthood as a result of premature 
ovarian failure (2). Optimal care of this population should 
include proactive screening for co-existing medical 
conditions, including imaging for cardiac and renal 
anomalies, monitoring for obesity and hypertension, 
evaluation of developmental or psychoeducational 
abnormalities, hearing loss, autoimmune diseases and 
short stature. Ovarian dysfunction and a high probability of 
infertility should be anticipated (2). 

Owing to recent advances in the diagnosis and management 
of patients with TS (3,4), the Turner Study Group in Turkey 
set out to establish state-of-the art care for Turkish patients 
with TS in a new consensus statement to include these 
internatioanally endorsed recommendations and guidelines. 

To this end, we sought to determine the current status in 
the diagnosis and management of patients with TS among 
Turkish endocrinologists. 

Methods

All pediatric endocrinology centers in Turkey were invited, 
via email, to respond to a questionnaire. An experienced 
pediatric endocrinologist from each center was asked 
to complete the questionnaire. The questionnaire was 
constructed by an experienced pediatric endocrinologist 
(Atilla Büyükgebiz) in the Turkish Turner Study Group. The 
questionnaire included multiple choice questions (with 
the option to include a comment by the respondent) on 
the following issues in sequence: demographics of the 
participating center, the diagnosis of TS, treatment for short 
stature, hormone replacement therapy, cardiac imaging, 
osteoporosis, fertility, adult transition and screening for co-
existent medical conditions. The questionnaire is available 
at request as a supplementary file. Ethical approval was 
not needed owing to lack of involvement of patients or 
patient data. 

Statistical Analysis 

The data were reported as frequency distributions when 
feasible. 

Results

Eighteen centers (11 university hospitals, five government-
based education and research hospitals, and one 
state hospital; 41.1%) returned the questionnaire. The 
approximate number of patients with newly diagnosed TS 
per year by the attending centers was <5 patients/year in 
ten centers (55.6%), 5 to 10 patients/year in seven centers 
(38.9%), and >10 patients/year in one center (5.6%). The 
total number of patients with TS followed up by the centers 
was >30 patients in nine centers (50%), <10 patients in 
four centers (22.2%), between 10 to 20 patients in three 
centers (16.7%) and between 20 to 30 patients in one 
center (5.6%). 

All but one center reported further attempts to confirm 
the clinical suspicion of TS if standard karyotype analysis 
was reported as normal. The frequency distribution of the 
genetic tests used by the centers if the standard karyotype 
is normal is shown in Table 1. Thirteen centers (72.2%) 
asked the genetics lab for repeat karyotype analysis with 30 
metaphase counts. Of these 13 centers, four (22.2%) also 
requested fluorescent in situ hybridization (FISH) analysis. 
One center (5.6%) ordered repeat karyotype analysis 
with 100 metaphase counts, and three centers (16.7%) 
exclusively ordered FISH analyses. 

Ten centers (55.6%) screened for Y chromosomal material 
only in the presence of virilization. Two centers (11.1%) 
routinely screened for Y chromosomal material, whereas six 
centers (33.3%) did not screen for Y chromosomal material. 

Eight centers (44.4%) performed gonadectomy when 
Y chromosomal material was detected (four centers at 
puberty, three centers in the postpubertal period and one 
center did not provide timing data). Three centers (16.7%) 
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Table 1. Frequencies of the genetic tests applied by the 
18 pediatric endocrinology centers in patients clinically 
suspected as having Turner syndrome but with normal 
standard karyotype analyses 

Tests n (%)

Fluorescein in situ hybridization (FISH) 3 (16.6)

Repeat karyotype with 30 metaphase counts only 9 (50)

Repeat karyotype with 100 metaphase counts only 1 (5.6)

Either FISH or repeat karyotype with 30 metaphase 
counts

4 (22.2) 

None 1 (5.6)



preferred cautioned follow-up in patients with TS with Y 
chromosomal material. 

Thirteen centers (72.2%) reported that due to legal 
procedures, they performed two growth hormone (GH) 
stimulation tests to establish the eligibility of patients to 
receive GH therapy gratis. Six centers (33.3%) reported an 
additonal diagnosis of GH deficiency. Two centers (11.1%) 
also assessed nocturnal GH secretion.

The frequency distribution of the timing of GH treatment in 
patients with TS is depicted in Table 2. The majority of the 
participating centers (n=14, 77.8%) started GH when the 
height of the patient deviated from the growth curve. Four 
centers (22.2%) began treatment when height fell below the 
3rd percentile. Two centers (11.1%) started GH at diagnosis if 
the patient was aged from 4-12 years or older. 

The doses and dosing schedules of GH in patients with 
TS attending the participating centers are shown in Table 
3. Nine centers (50%) started GH at a dose of 0.375 mg/
kg/week and adjusted the dose depending on the clinical 
response of the patient. Of these 9 centers, three centers 
(16.7%) also indicated that they adopted a fixed dosing 

protocol. The other centers (n=9, 50%) adopted an initial 
GH dose of 0.045 mg/kg/day and adjusted the GH dose 
depending on the growth response and/or serum insulin-
like growth factor 1 (IGF1) level. 

The majority of centers (n=14, 77.8%) did not use 
oxandrolone to improve final height in patients with TS. 
Only four centers (22.2%) adopted oxandrolone use, 
one of which also emphasized variable availability of the 
medication in Turkey.

The frequency distribution of the timing of estrogen 
treatment for induction of pubertal development is shown 
in Table 4. Seven centers (38.9%) started estrogen therapy 
at the age of 12 to 13 years, regardless of the age at initiation 
of GH treatment. Of these, one center indicated that they 
also had adopted a protocol involving commencement of 
estrogen at the age of 15 years, if GH was started after the 
age of 11 years. Three centers (16.7%) unconditionally 
withheld estradiol replacement until the age of 15 years, 
if GH was started after the age of 11 years. The timing of 
the start of estrogen therapy was dependent on the timing 
of initiation of GH treatment in four centers (22.2%). Six 
centers (33.3%) waited until the age of 13 years just in 
case spontaneous puberty occurred before commencing 
estrogen. Four centers (22.2%) also indicated that they did 
not favor waiting until the age of 15 years to start estrogen.

Only three (17%) centers used a routine screening protocol 
for potential thrombophilia, prior to oestrogen treatment. 
The remainder stated that they had asked the health care 
providers of the patient to provide information regarding a 
family history of thrombophilia.

Eleven (61.1%) centers used transdermal estrogen. Of these, 
four centers also used oral estrogen. Five centers (33.3%) 
exclusively used oral estrogen and one center used ethinyl 
estradiol. None of the centers used conjugated estrogen. 
One center did not specify the type of estrogen used. 
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Table 2. Frequency distribution of the criteria to start 
growth hormone in treatment-naive patients with Turner 
syndrome among 18 pediatric endocrinology centers in 
Turkey 

Time of initiation of GH therapy n* (%)

When height trajectory shifts down on the growth 
curve

14 (77.8%) 

When height falls below third percentile 4 (22.2%)

Immediately if the patient is diagnosed with 
Turner syndrome at 4 to 12 years of age

1 (5.6%)

Immediately if diagnosed at older ages 1 (5.6%)

*n refers to the number of times a choice was selected by the centres. Note 
that a single centre may have selected several choices at the same time 

GH: growth hormone

Table 3. Frequencies of the initial dose and dosing 
schedule of GH in patients with Turner syndrome among 
18 pediatric endocrinology centers in Turkey

Initial GH 
dose (mg/kg/
week)

n (%) Growth hormone dosing 
schedule

Fixed dose 
n (%)

Growth response 
or IGF1 dependent 
change in dose  
n (%)

0.375 12 (66.7%) 3 (16.7%) 9 (50%)

0.350 3 (16.6%) - 3 (16.6%)

0.294 1 (5.6%) - 1 (5.6%)

0.315 2 (11.1%) - 2 (11.1%)

GH: growth hormone, IGF1: insulin-like growth factor 1

Table 4. Frequency of the timing of estrogen treatment 
in patients with Turner syndrome among 18 pediatric 
endocrinology centers in Turkey

n* (%)

Age at initiation of GH treatment 5 (27.7)

Bone age of 10 years and high FSH 2 (11.1)

At 12-13 years in all patients 7 (38.9)

At 13 years in absence of puberty 6 (33.3)

At 15 years if GH is started later than 11 years 4 (22.2)

Never delay E2 replacement until 15 years 4 (22.2)

*n refers to the number of times a choice was selected by the centres, since 
some centres may have selected more than one choice

GH: growth hormone, FSH: follicle-stimulating hormone, E2: estradiol



The surrogates of estrogen adequacy adopted by the 
centers are shown in Table 5. A variable combination of the 
surrogates was adopted by 16 centers (89%) to monitor 
estrogen adequacy. Breast development, according to 
Tanner staging (n=17, 94%) and bone age (n=16, 89%) 
were the most frequently selected estrogen surrogates. Two 
centers (11%) relied exclusively on the degree of breast 
development to assess estrogen adequacy. However only 
two centers (11%) directly monitored serum estradiol levels 
in addition to monitoring several surrogates of estrogen 
effect. 

Progesterone treatment by the centers was also subject 
to multiple responses, but the majority of centers awaited 
occurrence of withdrawal bleeding (n=11, 61%). Nine 
centers (50%) added progesterone when Tanner’s breast 
stage of 3 or 4 was attained. Three centers (17%) added 
progesterone after either one (n=1) or two years (n=2) of 
estrogen treatment.

Eight centers (44.4%) routinely scheduled patients for 
cardiac/thoracic aorta MRI either at diagnosis of TS or 
when they reached an age when general anesthesia was 
not required. Three centers (17%) ordered cardiac MRI if 
there was a clinical suspicion of cardiac abnormality. Seven 
centers (39%) did not routinely order cardiac/thoracic aorta 
MRI in patients with TS. 

All but two centers (89%) reported routine screening of 
patients with TS for osteoporosis. Ten centers (56%) started 
evaluation for osteoporosis at age 15 years and over. 

Five centers (39%) exclusively informed parents and later 
the patients that infertility in TS was an expected end-point. 
Six centers (33%) performed follow-up with serum anti-
mullerian hormone (AMH) levels as a means of monitoring 
the ovarian reserves of the patients. Eleven centers (61%) 
informed the patients and parents about the possibility of 
ovarian cryopreservation. 

Fifteen centers (83%) transferred patients with TS to adult 
endocrinology outpatient clinics with a medical report and/
or a phone call to the adult endocrinologist. Only two centers 
(11%) conducted an adult transition outpatient clinic. One 
center (5.6%) sent a copy of the patient’s medical file to the 
adult endocrinology clinic.

The distributions of the timing and screening frequencies 
of the parameters regarding co-existent complications in 
patients with TS are shown in Table 6. 

Discussion

This survey of 18 pediatric endocrinology centers in Turkey 
confirmed the need to provide updates to physicians using 
structured protocols reflecting the current international 
consensus in order to provide optimal care to patients 
with TS. While conformity was found among the centers 
regarding genetic tests to diagnose TS, GH use and 
hormone replacement therapy in TS, there were apparent 
discrepancies between centers and the current consensus 
regarding healthcare-related surveillance issues. We believe 
that some of these discrepancies were probably due to the 
variable availability of medical resources/equipment in 
different parts of Turkey.

In line with the suggestions of the American College of 
Medical Genetics (5), almost all the centers performed 
either karyotype analyses with 30 metaphase counts or 
FISH analyses when the index of clinical suspicion for TS 
was high in a patient but was not supported by standard 
karyotype analyses. However, the mean age at diagnosis 
of TS was 10.2 years in a recent national study examining 
the clinical characteristics of patients with TS in Turkey (6). 
Early diagnosis of TS is pivotal for improving preventive 
measures and treatment. To this end, there is ongoing 
promising research for early diagnosis of TS via neonatal 
screening with whole exome sequencing (7) or assessment 
of X chromosome, inactivation-specific, differentially 
methylated CpG sites (8). Such a screening method would 
be extremely beneficial for earlier diagnosis of TS in Turkey 
given the current mean age at diagnosis. The feasibility of 
this form of screening is one of the current areas of focus 
for the Turner Syndrome Study Group in Turkey, along with 
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Table 5. Frequency distribution of the parameters used 
by 18 paediatric endocrinology centers in Turkey to 
assess the adequacy of oestrogen replacement in patients 
with Turner syndrome

n*

Clinical parameters

Growth velocity 10 (55.6)

Breast development based on Tanner staging 17 (94.4)

Bone age 16 (88.9)

Pelvic ultrasonography based parameters 

Uterine size 12 (66.7)

Endometrial thickness  9 (50.0)

Biochemical and hormonal parameters

Serum IGF1 1 (5.6)

Serum E2 2 (11.1)

Serum FSH 6 (33.3)

Plasma lipids 1 (5.6)

*n refers to the number of centres that marked that choice. Note that the 
majority of the centres marked more than one choice

IGF1: insulin-like growth factor 1, FSH: follicle-stimulating hormone, E2: 
estradiol



increasing awareness of TS among health care professionals, 
and to include TS in the differential diagnosis for girls 
with short stature, when baseline work-up does not yield 
definitive cause. 

More than half of the centers in the current survey attempted 
further analysis to investigate for Y chromosomal material 
should they find evidence of virilization in patients with TS, 
whereas one third of the centers did not. Y chromosome 
sequences occur in approximately 6% to 11% of patients 
with TS, which is of concern because approximately 10% 
of these go on to develop gonadoblastoma (9). Due to 
the risk of malignancy, many TS specialists recommend 
prophylactic gonadectomy (10) and cryptic Y material 
should especially be assessed in TS patients with virilization, 
even in the absence of a marker or ring chromosome (11). A 
recent study reported comparable rates of gonadoblastoma 
between patients with cryptic Y chromosome and patients 
with overt Y chromosome and recommended routine 
molecular screening for Y chromosome material for all 
patients with TS (12). The current guidelines recommend 
prophylactic gonadectomy in all patients with TS with 
Y chromosome identified on standard karyotyping (4). 
Molecular screening detection of Y chromosome sequences 

is currently recommended in individuals with TS with 
virilization but negative cytogenetic analyses and negative 
FISH. Gravholt et al (9) reported that careful follow-up with 
close observation of the gonads using ultrasonography 
could be an option in some patients with TS who harbour 
Y chromosomal material emphasizing that in most of 
these patients, malignancy does not occur. Overall, these 
controversial reports indicate the need for further studies 
to reach hard end-point conclusions on gonadectomy 
in patients with TS who are positive for Y chromosomal 
material. 

Despite the fact that current guidelines and reviews (3,4) do 
not recommend GH stimulation tests for patients with TS. 
However, 72% of the centers in the current survey conducted 
GH stimulation tests routinely because the high cost of GH 
treatment would then be covered by Turkish social security. 
Moreover, 33% of the patients were given GH with an 
inappropriate diagnosis of GH deficiency if they were found 
to have reduced response to GH stimulation tests in two tests. 
Although there is some evidence of heterogeneity regarding 
the GH IGF1 axis in patients with TS (13), current guidelines 
(3,4) suggest that GH should be started in patients with TS 
without the need for GH stimulation tests. There is ongoing 
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Table 6. The distribution of the timing and screening frequencies of the parameters regarding co-existent complications 
in patients with Turner syndrome as assessed by 18 pediatric endocrinology centers in Turkey

With clinical 
indication n (%)

At diagnosis of TS  
n (%)

Quarterly  
n (%)

Biannually  
n (%)

Yearly 
n (%)

Blood pressure - 18 (100) 10 (55.5) 4 (22.2) 4 (22.2)

24 h-ambulatory blood pressure monitoring 17 (94.4) 1 (5.6) - - 1 (5.6)

Complete blood count 3 (16.7) 18 (100) 1 (5.6) 3 (16.7) 7 (38.9)

Plasma lipids 3 (16.7) 11 (61.1) - 3 (16.7) 11 (61.1)

Blood glucose - 18 (100) 4 (22.2) 5 (27.8) 9 (50.0)

HbA1c - 14 (77.8) 2 (11.1) 5 (27.8) 7 (38.9)

Thyroid function tests - 18 (100) 3 (16.7) 7 (38.9) 8 (44.4)

Coeliac screening - 17 (94.4) 1 (5.6) 17 (94.4)

Liver function tests - 17 (94.4) 3 (16.7) 2 (11.2) 11 (61.1)

Renal USG 3 (16.7) 17 (94.4) - - -

Serum creatinine, urea - 17 (94.4) 2 (11.1) 5 (27.8) 10 (55.6)

Bone mineral density 10 (55.6) - - - 7 (38.9)

Medical nutrition counselling - 17 (94.4) - - 1 (5.6)

Consultations 

Audiology - 13 (72.2) - - 4 (22.2)

Dental 12 (66.7) 6 (33.3) - - -

Ophthalmology - 10 (55.6) - - 2 (11.1)

Orthopedics 16 (88.9) 2 (11.1) - - 1(5.6)

Dermatology 18 (100) 1 (5.6) - - -

Psychiatry - 4 (22.2) - - 1 (5.6)

HbA1c: hemoglabin A1c, USG: ultrasonography, TS: Turner Syndrome



collaboration between the Turkish Pediatric Endocrinology 
and Diabetes Society and the Turkish Ministry of Health to 
solve this issue. 

The majority of the centers in the current survey chose to 
start GH treatment when the patient with TS had evidence 
of growth failure, i.e., a height velocity <50th percentile 
observed over six months, the child was already short or 
had a high likelihood of short stature, which is in line with 
the recommendation from the current guidelines (3,4). The 
optimal age to start GH has yet to be established.

In the current survey, the dosage of GH practised by the 
centers was around 45 to 53 µg/kg/day, which is closer to 
the lower range of the doses suggested by current guidelines 
(3,4). The Nordinet International Outcome study, which 
was conducted between 2006 and 2016, described real-
life dosing patterns in children using GH owing to various 
pathologies including TS. In the Nordinet study, GH doses 
in patients with TS were found to have a tendency to be 
at the lower end of the recommendations of the practice 
guidelines and label ranges, albeit factors associated with 
this tendency were unclear (14). The reasons for avoiding 
higher doses need to be explored because there is a limited 
time for potential efficacy of GH in patients with TS owing 
to the delayed diagnosis of TS in Turkey (6). 

Only four centers (22.2%) used oxandrolone in patients with 
TS in the current survey. If the diagnosis of TS and subsequent 
GH treatment is delayed, and/or adult height outcome data 
is likely to be unsatisfactory with the standard GH dose 
alone, the current consensus (3) recommends treatment 
with oxandrolone. The uncommon use of oxandrolone in 
Turkey, despite considerably delayed diagnosis of TS, might 
be due to the intermittent availability of the drug in Turkey, 
as in other parts of Europe.

Regarding estrogen replacement for induction of puberty, 
almost 40% of the centers in the current survey started 
estrogen treatment at age 12-13 years, and 20% of the 
centers delayed estrogen until 15 years if GH was started after 
the age of 11. Although there are concerns for compromised 
height potential in patients with TS older than 11 years who 
are GH treatment-naive, if estrogen is started around the age 
of 12 to 13, delay in estrogen replacement was associated 
with very poor outcomes regarding bone mineral density 
(BMD) measurements (15). The current consensus (4) does 
not recommend delaying estrogen in patients with onset 
of GH treatment after the age of 11, and favors estrogen 
replacement initiation around 11 to 12 years. The optimal 
approach to feminization for patients with TS in terms of 
estrogen formulation and estrogen dose progression is not 
clear. Yet, the guideline supports the practice of incremental 

dose increases approximately every six months to mimic 
the normal pubertal tempo until adult dosing is reached 
over a two to three-year period. The use of low-dose 
estrogen in prepubertal ages is still under investigation and 
is discouraged in the current guidelines (4). 

Apart from three centers (16.7%) in the current survey, 
profiling of the coagulation system prior to estrogen 
treatment was uncommon in our survey despite some 
evidence of abnormalities in coagulation in patients with 
TS (16). The current consensus does not recommend 
routine profiling of the coagulation system, but it advises 
investigating for a family history of coagulopathy. 

The route of estrogen administration has been a hot topic 
of research. About 60% of the centers in the current 
survey preferred transdermal estrogen over the oral form, 
in accordance with the recent consensus (4). Transdermal 
estrogen has been preferred over the oral route owing to 
its more physiological form and avoidance of the liver first-
pass metabolism of oral estrogen (17,18). In a 2006 survey 
among physicians from the United States of America, 78% 
were found to prescribe conjugated estrogens (19), whereas 
in a European survey, 39% of the physicians were using 
ethinyl estradiol, 32% used oral micronized estradiol, and 
only 12% used conjugated equine estrogen (20). Only 8% to 
10% of the physicians were found to prescribe transdermal 
estradiol (20). 

Clinical assessment, patient satisfaction, patient age and 
residual growth potential were considered as primary 
determinants of estrogen adequacy in the current 
consensus (4). Except for two centers, which exclusively 
relied on the degree of breast development as a criterion to 
assess estrogen adequacy, the centers in the current survey 
chose various combinations of surrogates of estrogen 
effect. The variables most commonly used by the centers 
were breast development in conjunction with bone age. 
Only two centers selected monitoring serum estradiol as 
a surrogate parameter to judge estrogen adequacy. In fact, 
serum estradiol measurement using an ultrasensitive assay 
may allow for titrating dosage. A protocol involving the 
use of transdermal estradiol (E2) and monitoring with an 
utrasensitive E2 assay does exist and is based on excellent 
studies (21,22), although estradiol concentrations that 
achieve maximal growth probably need further exploration.

The referral of patients with TS for baseline cardiac evaluation 
is well established in Turkey, as suggested in the guidelines. 
Patients with TS have a predilection for aortic dissection, 
which is almost six times more common than in the general 
population (15). Several indices of the aorta such as aortic 
size index as assessed through cardiac/thoracic MRI of the 
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aorta are commonly used to predict possible occurrence of 
such a risk (23). However, MRI studies are expensive and 
carry additional risk in patients aged less than 12 years 
with a frequent need for deep sedation. Accordingly, several 
surrogate markers for dilation of the aorta and vascular 
disease are currently under investigation (24). Unfortunately, 
the present survey showed that only 44% of centers routinely 
performed cardiac/thoracic aorta MRI, either at diagnosis or 
at an age when anesthesia was feasible, which is concordant 
with the current consensus. In our opinion, this is one of 
the aspects of care for girls with TS in Turkey that requires 
particular attention and improvement because aortic 
dissections have been reported as early as age 4 years (25). 
Our survey did not explore the reasons for the significant lack 
of referrals for cardiac/thoracic aorta MRI, but the high cost 
of the procedure and the lack of availability of the required 
device in many centers could possibly be potential causes. 

More than half of centers in the current survey routinely 
evaluated patients with TS for osteoporosis at age 15 yrs 
and over. The current guidelines (4) suggest screening 
patients with TS with DEXA scan after adult hormone 
replacement has been instituted, with moderate levels of 
evidence. Moreover, beginning at age 9 to 11 years, and then 
repeating every 2 to 3 years, serum 25 hydroxyvitamin D 
level measurements are recommended, despite low levels 
of evidence. The degree of vitamin D sufficiency in Turkish 
girls with TS is unknown as levels were not investigated in 
the current survey. Endogeneous and exogeneous estrogen 
exposure is associated with improved BMD, although women 
with TS and normal BMD still have increased fracture risk 
compared with controls (24). Results regarding BMD in 
patients with TS are not consistent owing to differences in 
methodologies and small bone size (4). Most females with 
TS have normal BMD. 

Fertility is one of the major concerns of patients and families 
affected by TS. In the current survey, around 60% of the 
centers informed the parents and the patients regarding the 
possibility of ovarian cryopreservation. Cryopreservation 
of mature oocytes and embryos is a proven fertility 
preservation approach, and cryopreservation of ovarian 
tissue is a promising technique with a growing number 
of live births, but is still at the investigation stage. Oocyte 
cryopreservation has been performed in children with TS 
aged as young as 13 years (3,4). However, the efficacy of 
the procedure needs to be proven on a larger scale. About 
30% of the centers in the current survey reported that they 
regularly checked AMH levels in an effort to predict ovarian 
function. AMH was shown to be effective as a predictor of 
absent puberty, as AMH ≤2 SD for age predicted failure to 
enter puberty in young girls with TS and imminent primary 

ovarian insufficiency in adolescent and adult patients with 
TS (26,27). The use of AMH as a screening tool for ovarian 
function was not recommended in the current consensus. 
However, the use of AMH in conjunction with follicle-
stimulating hormone in the context of fertility issues was 
discussed. 

Unfortunately, only two centers (11.1%) in the current 
survey held an adult transition outpatient clinic and more 
than 80% of the centers in the survey sent young patients 
with TS to the adult clinic with only a medical review report. 
Failures during the transitional phase to adult care may result 
in moderate healthcare outcomes and decreased quality of 
life. To be of help in overcoming problems at transition, 
starting at the age of 11 to 13 years, physicians should 
repeat information directly to the girl about medical and 
health issues that were disclosed to the parents (28). The 
process of transition readiness needs to be followed by the 
health care provider, possibly with the use of questionnaires 
enquiring about healthcare autonomy, self-care and disease 
management as has been described previously (28). 
Unfortunately, it is difficult to find experts in adult care. In 
adult life, less than 4% of patients with TS undergo all the 
recommended medical investigations on a regular basis (29). 
Many reasons have been described for transition failures 
such as poor self-advocacy or self-management, little family 
support or unsatisfactory cooperation between healthcare 
professionals and organizational structures (30,31,32,33). 

Our survey revealed that co-morbidity screening in 
patients with TS needs to be improved because there were 
significant deviations from what was suggested in the 
current consensus (4). The screening of the TS patients by 
blood pressure measurements, metabolic parameters such 
as fasting plasma glucose, hemoglobin A1c, lipids, thyroid 
function tests, coeliac antibodies, liver transaminases and 
renal ultrasound evaluation were somewhat in conformity 
with the current consensus. However, the survey results 
displayed significant discordance for audiology, dental, 
ophthalmology, orthopedic and psychiatry consultations. 

Hearing loss is a well-known problem in patients with TS 
(34). Evaluation is indicated in all girls with TS at the time of 
diagnosis and at 2- to 5-year intervals 

(3,4). However, although more than 70% of the centers 
referred the patients for audiometric evaluation at 
diagnosis, follow-up referrals decreased to as low as 22% 
of the centers. In the socially- and bone-disadvantaged TS 
population, addressing hearing problems is of paramount 
importance. Considering the well-established increase in 
accidental falls in people who require hearing aids and the 
increased incidence of bone mineral abnormalities in TS, 
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the importance of regular audiometric evaluation cannot be 
ignored.

Orthopedic, ophthalmologic, and dental evaluations were 
performed either at diagnosis in 11%, 56% and 33% of the 
centers, respectively, or as clinically indicated during the 
course of follow-up. It is recommended by TS experts that 
all these evaluations should be repeated at regular intervals 
(2). 

In the current survey, it is unfortunate that psychiatric 
evaluation of patients with TS was found to be among one of 
the aspects of care that was most lacking. Only 22% of the 
centers in the current survey referred patients with TS to the 
psychiatry outpatient clinic and of these, only one center 
made annual referrals. A full discussion of the psychosocial 
development in patients with TS is beyond the scope of this 
manuscript, there are known to be deficits in mathematical 
abilities, visuospatial processing and verbal skills which 
may worsen over time so that annual developmental and 
behavioral scales are recommended (28). A genetic basis 
rather than phenotype-related shortcomings perceived by 
patients with TS seems to be emerging as a major cause of 
the psychiatric alterations (35).

Study Limitations 

Our survey was not designed to delineate the factors 
associated with shortcomings of clinical care in patients 
with TS in Turkey. Further studies are needed to delineate 
these factors.

Conclusion

The current survey revealed that issues regarding the 
diagnosis of TS, treatment of short stature, pubertal 
management, and fertility-related questions by the patients/ 
parents were addressed by many pediatric endocrinologists 
akin to those of Western countries. Yet, we also identified 
several shortcomings of care for patients with TS in Turkey 
when compared with developed countries, issues that are 
among the current areas of focus by the Turkish Turner 
Study Group. 
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Objective: Data concerning subnormal growth velocity (GV) and factors that influence this during gonadotropin-releasing hormone 
analog (GnRHa) therapy for idiopathic central precocious puberty (ICPP) are scarce. We investigated the incidence of subnormal GV and 
associated factors in patients receiving GnRHa therapy for ICPP. 
Methods: In this retrospective cohort study, the records of 50 girls who had been diagnosed with ICPP and started on GnRHa treatment 
before the age of eight years were investigated. Subnormal GV frequency, related factors during GnRHa therapy and the effect on final 
height were examined.
Results: During the treatment, a significant decrease in the annual GV and GV standard deviation score (SDS) of the patients was 
observed. In 16 (32%) patients GV never declined below -1 SDS, while a decline was noted once and twice in 19 (38%) and 15 (30%) 
patients respectively. The median age of detection of subnormal GV was 9.9 (4.9-10.9) years. Patients with pubic hair at diagnosis were 
found to have an increased risk of subnormal GV (p=0.016). There was a significant negative correlation between diagnostic basal 
luteinizing hormone (LH) level and the first and second year GV SDS (p=0.012 and 0.017 respectively). A significant negative correlation 
between bone age at diagnosis and 3rd year GV SDS, and 4th year GV SDS (p=0.002 and p=0.038) was also observed. LH suppression 
significantly increased during treatment (p=0.001).
Conclusions: In girls with ICPP the risk of subnormal GV appears highest at the 3rd year of GnRHa treatment, particularly in those 
patients with, at the time of diagnosis, pubic hair in conjunction with high baseline and peak LH and advanced BA and excessive LH 
suppression on follow-up.
Keywords: Central precocious puberty, growth velocity, GnRHa therapy

Subnormal Growth Velocity and Related Factors During GnRH 
Analog Therapy for Idiopathic Central Precocious Puberty
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What is already known on this topic?

What this study adds?

Data concerning subnormal growth velocity and factors that influence this during gonadotropin-releasing hormone analog therapy for 
idiopathic central precocious puberty are scarce.

In girls with idiopathic central precocious puberty the risk of subnormal growth velocity appears highest at the 3rd year of gonadotropin-
releasing hormone analog treatment in those patients with, at the time of diagnosis, pubic hair in conjunction with high baseline and 
peak luteinizing hormone (LH) and advanced bone age and excessive LH suppression on follow-up.
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Introduction

Central precocious puberty (CPP) in girls is usually defined 
as the development of pubertal sex characteristics before the 
age of 8 years, usually as a consequence of the premature 
activation of the hypothalamic-pituitary-gonadal (HPG) axis. 
The pathogenesis of CPP includes early activation of pulsatile 
release of gonadotropin-releasing hormone (GnRH), leading 
to an increase in secretion of gonadotropins and gonadal 
steroids (1). In the majority of CPP cases, the etiology of 
the premature activation of the HPG axis is not clear. CPP in 
the absence of organic disease is known as idiopathic CPP 
(ICPP).

Children with precocious puberty tend to exhibit temporary 
accelerated growth due to increased sex hormones, but 
also a shorter growing period, which may ultimately lead 
to a shorter final height (FH). Early increased sex hormone 
concentrations shorten the growing period by promoting 
growth plate senescence, which refers to the structural 
and functional changes of the epiphyseal growth region 
including decline in chondrocyte proliferation and rate of 
longitudinal bone growth (2,3).

The mainstay of treatment for CPP is GnRH analogs 
(GnRHa). GnRHa bind to the GnRH receptors in the 
gonadotropic cells of anterior pituitary gland, resulting in 
desensitization of these receptors and eventual gonadal 
suppression due to down-regulation of the intrinsic pulsatile 
secretion of the LH and follicle-stimulating hormone (FSH) 
(4). This, in turn, reduces the growth velocity (GV), giving 
the long bones more time to lengthen before the growth 
plates fuse, thus increasing the FH that the child will achieve 
(5). However, in some patients, treatment with GnRHa does 
not just normalize GV but supresses it below the normal 
range (6,7,8,9). Previous studies have not revealed a clear 
hormonal cause for this phenomenon (10,11,12), raising the 
possibility that impaired growth during GnRHa therapy is 
due, at least in part, to premature growth plate senescence 
induced by prior estrogen exposure (13). Until now, during 
GnRHa treatment for ICPP, there is no cohort study for the 
evaluation of GV in which regular follow-up is performed 
from the beginning to the end of treatment. Therefore, 
during GnRH treatment the frequency of subnormal GV, 
time of occurrence, associated factors and the effect on FH 
are unclear.

In this retrospective cohort study, for the patients who had 
GnRHa treatment with ICPP diagnosis, GV records obtained 
at three month periods were investigated from the beginning 
until the end of treatment. The rate and time of occurrence 
of subnormal GV, factors associated with subnormal GV, and 
the effect on FH were investigated.

Methods

The records of 50 girls who had a diagnosis of ICPP in our 
clinic between July 2010 and July 2013, who had been 
started on GnRHa treatment before the age of eight years 
and who had completed the treatment with regular follow-
up were investigated. Since the study was retrospective, 
ethics committee approval and informed consent were not 
taken. 

All subjects experienced breast development, Tanner stage 
B2, as a first sign of puberty before eight years of age and 
all were premenarcheal at presentation. The girls were 
diagnosed with ICPP if chronological age (CA) at onset of 
breast development was <8 years and peak luteinizing 
hormone (LH) level was more than 5 IU/L (5 mIU/mL) in 
response to 2.5 μg/kg (maximum 0.1 mg) GnRH (0.1 
mg Gonadorelin acetate, Ferring®) and if brain magnetic 
resonance imaging was normal. All subjects had recently 
experienced rapid growth in height and/or one or more 
than one year advance in bone age (BA) assessed by the 
method of Greulich and Pyle. Target height was calculated 
by mid parental height minus 6.5 cm. Target height range 
was calculated by target height ±5 cm. Leuprolide acetate 
1-month depot was started as 3.75 mg/dose administered 
intramuscularly every 28 days, at the time of ICPP diagnosis.

Follow-up assessments were performed every three months. 
Follow-up study visits included a physical examination with 
measurement of height and weight, assessment of Tanner 
stage. Determination of LH levels at 30 and 60 minutes after 
the GnRHa injection were performed every 6 months. Height 
and GV standard deviation score (SDS) were determined 
using anthropometric reference data for Turkish children 
(14). GV was considered subnormal if the GV was below -1 
SDS. Patients with suboptimal pubertal suppression (clinical 
pubertal progression and peak LH response to the GnRHa 
>3.3 U/L) were excluded from the study. Treatment was 
discontinued in patients who had a CA of 11 or who had a 
CA of 10.5-11 and in conjunction with a BA of 12 years. 

After drug withdrawal, visits were continued every six 
months until menarche, and then annually until the patient 
reached FH. Girls were considered to be at FH if they were 
growing less than 0.5 cm/year or if BA was greater than or 
equal to age 16 years. 

Exclusion criteria included CPP caused by organic lesions, 
being born small for gestational age, thyroid disease, intake 
of any other medications, presence of chronic diseases or 
growth-affecting medical problems. A drop-out case was 
defined as one who did not complete the follow-up described 
in the protocol, which includes voluntary discontinuation of 
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treatment, irregularity of visits, treatment incompatibility, 
side effects of treatment, detection of additional diseases 
that may affect growth and suboptimal pubertal suppression. 

Serum FSH and LH levels were measured by 
immunofluorometric assays (ARCHITECH System, Abbott 
Laboratory Diagnostics, USA) with detection limits of 0.05 
mIU/mL and 0.07 mIU/mL for FSH and LH, respectively. The 
intraassay and interassay CV was 3.2% in both gonadotropin 
assays. 

Statistical Analysis

The data were entered into the SPSS 21.0 computer package 
program and analyzed. Qualitative data are presented as 
numbers/percentages, while quantitative data are given as 
means, medians and standard deviations. Nonparametric 
tests were used after the normal distribution conformity 
test. For the comparison of two groups Mann-Whitney U 
test was used and for three groups’ comparison the Kruskal-
Wallis test, where p<0.05 was considered statistically 
significant.

Results

A total of data on 808 follow-up visits of 50 female patients 
who had received ICPP treatment before age eight years 
and had been evaluated at regular check-up visits, were 
evaluated. The median follow-up period was 48±10.5 
(33-72) months and 31 patients reached FH. The clinical, 
laboratory and radiological findings of patients are given 
in Table 1. Twenty-four patients were observed to have a 
FH compatible with midparental height (MPH) (MPH ±5 

cm). The FH of five patients was above MPH, and only two 
patients were below MPH.

During the treatment period, a significant decrease in the 
annual GV and GV SDS of the patients was observed (p=0.02 
and p=0.001 respectively) (see Table 2 and Figure 1). 
Although GV of patients did not decline below -1 SDS in the 
first year of treatment, GV dropped below -1 SDS in 28.2% 
(11 of 39) in the second year, 41.7% (20 of 48) in the third 
year, 50% (13 of 26) in the fourth year, 33.3% (2 of 6) in 
the 5th year and in 75% (3 of 4) in the 6th year of treatment. 
The median age of detection of subnormal GV was 9.9 (4.9-
10.9) years. The median time of subnormal GV occurrence 
was the 3rd year of treatment (minimum-maximum 2-6 
years). In the third and fourth years of treatment, CA of 
patients who showed a subnormal GV was 10.12±0.67 and 
10.28±0.77, respectively. The CA of patients who showed a 

241

Muratoğlu Şahin N et al. 
Subnormal Growth Velocity in Precocious Puberty

J Clin Res Pediatr Endocrinol
2018;10(3):239-246

Figure 1. The annual growth velocity standard deviation 
score of patients

GV: growth velocity, SDS: standard deviation score

Table 1. The clinical, laboratory and radiological findings of the patients

n Mean Median SD Minimum Maximum

CA at diagnosis (years) 50 6.7 7.04 1.13 3.0 8.0

Height SDS at diagnosis 50 0.87 0.74 1.13 -1.0 3.5

Weight SDS at diagnosis 50 0.79 0.70 0.86 -0.7 2.8

BMI SDS at diagnosis 50 0.54 0.38 0.91 -1.07 2.83

Basal FSH (IU/L) 50 3.01 2.45 2.11 0.53 9.7

Stimulated FSH (IU/L) 42 19.08 29 7.54 7.29 36.4

Basal LH (IU/L) 50 0.35 0.11 0.59 0.07 3.1

Stimulated LH (IU/L) 42 6.95 5.7 3.12 4.14 18.4

Estradiol (pg/mL) 50 21.11 20 11.1 1.24 54.9

BA (years) 50 8.12 8.08 1.57 4.16 12

BA-CA (years) 50 1.36 1.33 0.92 -0.42 3.41

MPH (cm) 47 158.7 157.9 5.54 146 174.5

FH (cm) 31 159.8 159.3 6.33 144.5 170.3

FH-MPH 31 1.92 2.4 4.24 -9.0 13.2

CA: chronological age, SDS: standard deviation score, BMI: body mass index, FSH: follicle-stimulating hormone, LH: luteinizing hormone, BA: bone age, MPH: 
midparental height, FH: final height



subnormal GV was higher than that of patients who showed 
a normal GV (p=0.005 and p=0.045 respectively) (Table 
3). During the treatment period GV never declined below -1 
SDS in 16 (32%) of the patients, while in 19 patients’ (38%) 
a decline below -1 SDS was noted once and in 15 patients 
(30%) twice. GV of patients who attained a FH below MPH 
never dropped below -1 SDS.

It was found that basal LH levels of patients (0.46±0.69) 
who had at least one subnormal GV episode were higher 
than the basal LH levels of patients (0.12±0.08) who did not 
have subnormal GV episodes (p=0.044). It was found that 
peak LH levels of patients (mean 8.82±3.63) who showed 
two episodes of subnormal GV were considerably higher 
than the peak LH levels of patients (mean 6.59±3.43) who 
showed only one subnormal GV episode (p=0.039).

When the patients were stratified according to age of 
diagnosis, as either between 3.0-6.9 years old group (group 
1) or 7.0-8.0 years old (group 2), it was seen that group 2 
had a lower 3rd and 4th year GV SDS compared to group 1 
(p=0.0001, p=0.011 respectively). However, there was no 
difference in the frequency of declining of GV below -1 SDS.

When the relationship between initial diagnostic 
parameters and the annual GV SDS was examined (Table 
4), it was found that the age of diagnosis was significantly 
negatively correlated with the 3rd year GV SDS, and 4th 
year GV SDS (p=0.0001 and p=0.009 respectively). There 
was also a significant negative correlation between height 
at diagnosis and 3rd year GV SDS (p=0.019). There was 
a significant positive correlation only between basal FSH 
level at diagnosis and 3rd year GV SDS (p=0.046). There 

was a significant negative correlation between basal LH 
level at diagnosis and GV SDS in the first and second years 
(p=0.012 and p=0.017 respectively). Basal estradiol at 
diagnosis was significantly negatively correlated with first 
year and 4th year GV SDS (p=0.020 and p=0.028). It was 
found that there was a significant negative correlation 
between the BA at diagnosis and the 3rd and 4th year GV 
SDS (p=0.002 and p=0.038). Advanced BA (BA-CA) at 
diagnosis was found to be negatively correlated only 
with first year GV SDS (p=0.005). There was a significant 
positive correlation between MPH and 2nd year GV SDS and 
3rd year GV SDS (p=0.014 and p=0.041), but no correlation 
was found between GV SDS, FH and FH-MPH. There was 
a significant positive correlation between the duration 
of treatment and 3rd and 4th year GV SDS (p=0.001 and 
p=0.008).

There was no correlation between breast stage at diagnosis 
and GV SDS. In addition, the incidence of subnormal 
GV was not different according to the breast stage at 
diagnosis. There was no correlation between the pubic 
hair stage at diagnosis and GV SDS. When the relation 
between pubic hair stage at diagnosis and subnormal GV 
was evaluated, in 85.7% (n=18) of patients with no pubic 
hair no subnormal GV SDS occurred, whereas there was 
at least one episode of subnormal GV in 82.4% (n=14) 
of the patients with pubic hair. Patients with pubic hair 
at diagnosis were found to have an increased risk of 
subnormal GV (p=0.016). 

The LH suppression level of all patients was evaluated in 
the first two years of treatment. This evaluation could be 
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Table 2. The annual growth velocity standard deviation score of the patients

n Mean Median SD Minimum Maximum

1st year GV SDS 50 0.75 0.75 1.02 -0.95 3.29

2nd year GV SDS 50 -0.12 -0.05 0.94 -2.00 1.73

3rd year GV SDS 48 -0.59 -0.48 1.11 -2.93 1.53

4th year GV SDS 26 -0.84 -0.87 1.41 -2.93 2.28

5th year GV SDS 8 -0.06 0.05 1.73 -2.54 2.40

6th year GV SDS 4 -0.86 -1.09 0.89 -1.68 0.41

GV: growth velocity, SDS: standard deviation score

Table 3. Chronological age of patients who had normal and subnormal growth velocity standard deviation score by year 

CA 
(years)

Normal GV SDS Subnormal GV SDS p

n Mean Median SD Minimum Maximum n Mean Median SD Minimum Maximum

2nd year 39 8.69 9.00 1.04 6.08 9.83 11 8.68 8.66 1.40 4.91 10.00 0.888

3rd year 28 9.21 9.45 1.25 5.91 10.66 20 10.12 10.25 0.67 8.00 11.00 0.005

4th year 13 9.44 9.83 1.26 6.90 10.90 13 10.28 10.6 0.77 8.41 11.00 0.045

5th year 6 9.67 9.74 1.18 7.90 11.00 2 10.21 10.21 0.54 9.83 10.60 0.739

GV: growth velocity, SDS: standard deviation score, CA: chronological age, SD: standard deviation



performed in only 47 patients in the third year of treatment, 

26 patients in the fourth year of treatment and six patients 

in the fifth year of treatment. It was observed that LH 

suppression increased significantly over the treatment 

years (p=0.001). The second year LH of the patients 

who showed a subnormal GV in the 3rd year of treatment 

was significantly more suppressed (mean=0.87±0.37 

minimum-maximum: 0.49-1.70) than those with normal 

GV values (mean=1.20±0.53 minimum-maximum: 0.40-

2.83) (p=0.030), although no significant correlation was 

found between LH suppression level and GV SDS. 

Discussion

Although some studies have reported subnormal GV in 
some GnRHa-treated patients with ICPP, factors associated 
with subnormal GV were not investigated in these studies 
(6-9) or only one year of treatment was evaluated (13). Our 
study is the first cohort study to investigate the frequency, 
time of occurrence, and factors associated with subnormal 
GV and its effect on FH during GnRHa treatment in patients 
with ICPP.

In this study, the GV and GV SDS significantly decreased 
over the years of GnRHa treatment. Although the GV 
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Table 4. The relationship between annual growth velocity standard deviation score and clinical features

1st year GV SDS 
(n=50) r/p

2nd year GV SDS 
(n=50) r/p

3rd year GV SDS 
(n=48) r/p

4th year GV SDS 
(n=26) r/p

CA at diagnosis (years) -0.055 0.075 -0.508 -0.503

0.705 0.607 0.0001 0.009

Height at diagnosis (cm) -0.136 0.126 -0.337 -0.381

0.350 0.384 0.019 0.055

Height SDS at diagnosis -0.152 0.051 0.180 0.159

0.296 0.723 0.221 0.438

BMI SDS at diagnosis 0.039 -0.113 0.046 0.144

0.788 0.433 0.758 0.484

Basal FSH at diagnosis (IU/L) -0.271 -0.169 0.290 0.066

0.06 0.241 0.046 0.748

Basal LH at diagnosis (IU/L) -0.356 -0.335 0.130 -0.073

0.012 0.017 0.379 0.721

Stimulated FSH (IU/L) 0.239 0.020 0.142 0.224

0.132 0.900 0.376 0.328

Stimulated LH (IU/L) -0.004 0.132 -0.243 -0.274

0.981 0.404 0.125 0.229

Basal estradiol at diagnosis (pg/mL) -0.332 -0.048 -0.150 -0.431

0.020 0.739 0.310 0.028

BA at diagnosis (year) -0.276 -0.094 -0.442 -0.409

0.055 0.515 0.002 0.038

BA-CA (year) -0.392 -0.221 -0.135 -0.064

0.005 0.122 0.360 0.757

Duration of treatment -0.065 0.012 0.450 0.509

0.659 0.931 0.001 0.008

MPH (cm) 0.038 0.357 0.306 0.094

0.802 0.014 0.041 0.663

FH (cm) 0.048 0.124 0.209 0.306

0.797 0.507 0.259 0.288

MPH-FH (cm) 0.088 -0.094 0.005 0.123

0.639 0.617 0.979 0.675

GV: growth velocity, SDS: standard deviation score, CA: chronological age, FSH: follicle-stimulating hormone, LH: luteinizing hormone, BA: bone age, MPH: 
methylphenidate, FH: final height, BMI: body mass index



SDS was within the normal limits during the first year of 
treatment, GV began to decline below -1 SDS, starting from 
the second year and during the treatment interval and in 
58% of the patients, GV dropped below -1 SDS at least 
once. The cause of linear growth impairment during GnRHa 
treatment is unknown. Several investigators have examined 
the effect of gonadal suppression with GnRHa on the 
growth hormone axis and height velocity. Although some 
studies have suggested a subnormal GH secretion during 
treatment with GnRHa (11,15), others have not (10,12,16). 
Evaluation of subpopulations of children with poor growth 
during GnRHa therapy has also not clearly demonstrated 
GH deficiency (8,11,15,17,18,19). Furthermore, studies 
have reported no significant change in IGF-1 and IGFBP-3 
concentrations, despite a decrease in the height velocity 
(20,12). Lack of change in IGF-1 and IGFBP-3 with decrease 
in sex hormones level and height velocity suggests a direct 
effect of sex hormones on growth. In vitro and animal 
studies have shown that sex steroids may act via locally 
produced IGF-1 in the target tissues without significantly 
raising circulating IGF-1 concentrations (4). According to 
Weise et al (13), height velocity SDS is correlated inversely 
with markers of the severity of prior estrogen exposure, 
including duration of precocious puberty before treatment 
start and Tanner breast stage. However, no correlation 
between estradiol and GV was found in this study (13). It is 
known that activation of the hypothalamus-pituitary gonad 
(HHG) axis in puberty results in LH dominant secretion 
rather than FSH in the LHRH test, thus stimulating 
estrogen production in the ovaries. When we examined 
the relationship between GV and the HHG axis there was 
a positive correlation between basal FSH at diagnosis and 
3th year GV SDS, a negative correlation between basal LH 
at diagnosis and 1st and 2nd year GV SDS and a negative 
correlation between estradiol and first year and 4th year 
GV SDS values. Patients whose GV was subnormal at least 
once were found to have higher basal LH levels at diagnosis 
than LH levels of patients with normal GV. Peak LH levels 
of patients who showed subnormal GV twice were higher 
than the peak LH levels of patients who had one subnormal 
GV episode. These findings support the hypothesis that, 
during GHRHa treatment, there was an increased risk of 
subnormal GV as the degree of activation of the HHG axis 
increases. However, there was no correlation between the 
breast stage at diagnosis and GV SDS. In normal pubertal 
development, pubic hair growth also starts not long after 
the onset of breast development. In our study, an increased 
risk of subnormal GV in patients with pubic hair at diagnosis 
also suggests that the initiation of treatment in the later 
stages of puberty may increase the risk of GV decrease. 
Weise et al (13) have shown that height velocity SDS in 

the second year of treatment is correlated inversely with 
BA advancement and that BA was the best independent 
predictor of growth during GnRHa therapy. These authors 
hypothesized that during GnRHa therapy, when hormonal 
concentrations are normalized, this excessive senescence 
would be expected to result in decreased linear growth. 
Similar to these results, in our study we also found that 
BA at diagnosis showed a significantly negative correlation 
with the third and the fourth year GV SDS. Advanced BA 
(BA-CA) at diagnosis was found to be negatively correlated 
only with the 1 year GV SDS. In the study of Weise et al, 
(13) it was suggested that subnormal GV was related to 
the fact that 40% of their patients were postmenarcheal, 
to late onset treatment (maximum 9.4 years) and to an 
advanced BA (maximum BA 14 years, median BA advance 
3.8 years). Of note in our study a correlation was found 
between BA and GV, despite the fact that all of our patients 
were premenarcheal, the treatment was initiated before 
the age of eight years and BA was not greatly advanced 
(maximum BA 12 years, mean BA advance 1.36 years). 
One of the best indicators of estrogenic effect in precocious 
puberty is advanced BA. In addition, the finding that 
advanced CA at diagnosis is correlated with GV and GV SDS 
only in the 1st year of treatment suggests that the effect of 
the removal of estrogenic activity by GnRHa treatment on 
GV SDS is only present at the beginning of the treatment. 
In our study, while advanced BA at diagnosis had no effect 
on GV SDS after the first year of treatment, BA at diagnosis 
appeared to be related to GV SDS at the 3rd and 4th years. 
These results suggest that subnormal GV SDS after the first 
year of treatment was independent of advance in BA and 
associated with only with the level of bone maturation. 
In our study, the negative correlation between age of 
diagnosis and 3rd and 4th year GV SDS also supports this 
conclusion. 

It has also been hypothesized that GnRHa treatment might 
inhibit growth by suppression of estrogen concentrations 
to levels below those of prepubertal children (21). However, 
estrogen measurements using an ultrasensitive recombinant 
cell bioassay are not consistent with this hypothesis (22). 
Possible excessive suppression of estradiol could not be 
demonstrated due to the fact that the estradiol kit used in 
our study was not ultrasensitive. However, the significant 
increase in LH suppression with GnRHa treatment over 
the years and having more suppressed LH levels at the 
second year of patients with subnormal GV at 3 years of 
treatment were considered to be a significant effect of LH 
suppression on GV. However, considering the absence of a 
relationship between treatment dose and LH suppression, 
it was concluded that the degree of LH suppression varied 
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independently from the dose and that excessive suppression 
of LH should be avoided in the management of these 
patients.

The effect of subnormal GV seen in patients receiving 
GnRHa therapy with ICPP on FH is not known exactly. There 
are studies which report that for some patients treated with 
GnRHa, GV decreases so considerably that patients fail 
to reach their target height (23,17). In our study, positive 
correlations between MPH and 2nd and 3rd year GV SDS 
showed that LH suppression with GnRHa in precocious 
puberty provided appropriate growth in accordance with the 
patient’s genetic potential. Subnormal GV was frequently 
observed in patients treated with GnRHa treatment, but the 
FH of the patients was compatible with MPH. FH and MPH-
FH were not different in patients with subnormal GV and 
normal GV. 

In our study, we found that age of diagnosis was negatively 
correlated with 3rd and 4th year GV SDS. A subnormal GV 
was observed in the 3rd year of treatment (median) and the 
median age of detection of subnormal GV was 9.9 (4.9-10.9) 
years. It was seen that patients who started treatment at 
7-8 years had a lower GV and GV SDS than patients who 
started treatment at a younger age. Thus, it was thought that 
patients, who started treatment at age 7-8 years might be at 
risk of subnormal GV when they are 10-10.5 years old.

Study Limitations

The two limitations in our study were, firstly, a possible 
excessive suppression of estradiol could not be demonstrated 
due to the fact that the estradiol kit used in our study was not 
ultrasensitive. Secondly, FH and MPH-FH were not different 
in patients with subnormal GV and normal GV in our study. 
The effect of subnormal GV on FH may have been small 
due to occurrence of subnormal GV that is often observed at 
the end of treatment. New studies are needed to investigate 
the effect of the subnormal GV seen in the first years of 
treatment on FH, since the subnormal GV in our study was 
observed in the last years of treatment in many subjects.

Conclusion

This study shows that that during GnRHa treatment in ICPP, 
the risk of subnormal GV is high in the 3rd year of treatment 
and/or at ages 10-10.5 years, in patients with pubic hair 
at diagnosis, in those in whom the treatment is started 
at ages 7-8 years, in those who have a high baseline level 
and peak LH at diagnosis and in those with advanced BA 
and excessive LH suppression on follow-up. Subnormal GV 
during GnRHa treatment did not affect FH. 
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Objective: Continuation of growth hormone (GH) treatment in adolescents with severe childhood onset idiopathic GH deficiency (IGHD) 
during the transition period, irrespective of achievement of final height, is still debatable. We aimed to prospectively investigate the 
metabolic profile, bone mineral density (BMD) and body composition of patients with IGHD in whom GH treatments were terminated 
after they had reached their final height, six months after the cessation of therapy.
Methods: Twelve patients, six of whom had peak GH levels <5 ng/mL [permanent GH deficiency (GHD), group 1], and six who had peak 
GH levels >5 ng/mL (transient GHD, group 2) after insulin stimulation test were evaluated for anthropometric and laboratory parameters 
including fasting blood glucose (FBG), fasting insulin, lipid profile, BMD, body composition measurements and 24-hour ambulatory blood 
pressure monitoring before (baseline) and at six months after discontinuation of GH.
Results: No differences were found in clinical, laboratory, BMD and body composition measures between groups 1 and 2 at baseline. 
All IGHD patients had significant increments of body weight (BW), body mass index (BMI), BMD, total body fat (TBF), TBF%, truncal fat 
(TF) and TF% after GH cessation. Six months later BW, BMI, BMD and TF% was increased significantly while FBG and lipids showed no 
change in group 1. In group 2, TBF% and TF% were increased, FBG, total cholesterol and high-density lipoprotein decreased after six 
months. Changes in these parameters in group 2 were not statistically different from group1.
Conclusion: TF% increase in both groups after cessation of therapy. We did not observe a clinical condition requiring GH treatment in 
any of the study subjects during the follow-up period.
Keywords: Growth hormone deficiency, transition, childhood

Introduction

Growth hormone (GH) treatment is generally applied 
to stimulate longitudinal skeletal growth in children 
with idiopathic GH deficiency (IGHD) and is terminated 
when final height is attained and epiphyseal closure has 
occurred. However, it has been reported that body mass 

(i.e. muscle and bone mass) of adult patients with severe 
childhood onset GHD who had been treated with GH until 
they achieved their final height, was significantly less 
than the body mass of young adults with adult onset GHD 
(1). Somatic development, including body composition, 
muscle mass maturation and skeletal mineralization is 
completed during the transition from late adolescence to 

Prospective Follow-up of Children with Idiopathic Growth Hormone 
Deficiency After Termination of Growth Hormone Treatment: Is 
There Really Need for Treatment at Transition to Adulthood?
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early adulthood and GH is believed to play a role in this 
process (2).

GHD adults receiving hormone replacement therapy were 
reported to have increased body fat, insulin resistance 
and dyslipidemia with low-density lipoprotein (LDL), high 
serum triglycerides (TG), and high-density lipoprotein (HDL) 
levels. Increased prevalence of hypertension, premature 
atherosclerosis, mortality from cardiovascular diseases and 
decreased quality of life are also observed in these patients 
(3). These observations suggest that GH may also play a role 
in the prevention of metabolic and cardiovascular diseases.

Initial small-scale trials reported between 1991-1994 have 
demonstrated a reduction in muscle mass and an increase 
in fat mass during the 3-12 months transition period after 
termination of GH therapy (3). Further studies evaluated 
the effects of discontinuation of GH on metabolic profile 
in the transition period. Some of these studies evaluated 
the effects of GH therapy on bone mineralization (4) 
and some on body composition (5) using different study 
protocols. These studies concluded that GH was necessary 
for better adult metabolic profile, peak bone mass and 
body composition in GH deficient adolescents after they 
had attained their final height. In contrast, a more recent 
study concluded that GH deficient patients properly 
treated during childhood could have normal bone mineral 
density (BMD), body composition, cardiac function, muscle 
strength, carbohydrate metabolism, lipid metabolism and a 
good quality of life when they reached their adult height (6). 
These authors also reported that continuation of GH therapy 
for an additional two years did not change any of these 
parameters when compared to placebo-treated or control 
subjects. Continuation of GH treatment in adolescents with 
severe GHD during the transition period, irrespective of 
achievement of final height, is therefore still debatable.

In this study, we aimed to investigate prospectively, six 
months after the cessation of therapy, the metabolic 
profile, BMD and body composition of patients with 
isolated childhood onset GHD in whom GH treatment was 
terminated after they reached their final height.

Methods

This was a single center, prospective clinical study carried 
out in accordance with good clinical practice guidelines, 
with appropriate ethical approval and signed informed 
consent. Ethical approval was given by Ankara University 
Ethical Committee (approval number: 06-240-13).

We evaluated insulin tolerance tests (ITT) in a group of 
patients with childhood onset IGHD who were followed at 

Ankara University, Department of Pediatric Endocrinology, 
who had received GH treatment during their childhood 
and had been off GH when they reached their final height. 
Twelve patients who gave consent were included in the 
study and followed-up prospectively.

All of these twelve patients conformed to the clinical and 
diagnostic criteria for isolated IGHD and had GH peaks 
less than 10 ng/mL following two different provocative 
pharmacological stimuli (levodopa and ITT) prior to 
beginning treatment. None of these patients had any other 
pituitary hormone deficiencies. All patients had received 
subcutaneous recombinant human GH treatment at a dose 
of 0.2 mg/kg/week, over six days out of seven each week until 
they reached their final height. Final height achievement 
was defined as attainment of bone age (BA) ≥14 years for 
girls, ≥16 years for boys, closure of epiphyseal plaques and 
a decreased height velocity <2 cm/year (7). Diagnosis of 
organic GHD, GH neurosecretory dysfunction, multiple 
anterior pituitary hormone deficiencies and requirement for 
any additional treatment for a chronic disease or a complex 
syndrome constituted the criteria for exclusion. 

The study design is given in Figure 1. Twelve patients who 
achieved their final height were prospectively followed-
up. They underwent basal anthropometric and laboratory 
evaluation including measurement of body weight (BW), 
calculation of body mass index (BMI), calculation of BMI 
for height percentage (BMI %), measurement of serum 
insulin like growth factor 1 (IGF-1) level, estimation of IGF-
1 standard deviation score (SDS), measurement of IGF 
binding protein 3 (IGFBP-3) and estimation of IGFBP-3 
concentration SDS, measurement of fasting blood glucose 
(FBG), fasting insulin (FI), fasting total cholesterol (TC), LDL-
cholesterol (C), HDL-C, TG levels just before the cessation 
of GH therapy while they were still being administered GH. 
Besides, a 24-hour ambulatory blood pressure monitoring 
and a dual energy X-ray absorptiometry scan to asses BMD 
were performed in each patient. Z-scores for BMD, both for 
chronological age (CA) and BA were calculated according 
to BMD reference data for healthy Turkish children (8). 
Blood pressure monitoring was interpreted as systolic/
diastolic overload, which was defined as the percentage 
of high blood pressure measurements among all systolic/
diastolic measurements for night and day separately. Body 
composition measurements [total body fat (TBF) mass, 
TBF%, truncal fat (TF) mass, TF%, total body muscle 
(TBM) mass and TBM%] were performed via TANITA Body 
Composition Analyzer, BC-418 MA III. 

GH therapy was discontinued after the baseline evaluations 
in all subjects and six weeks later each patient was re-
evaluated for GHD by ITT and IGF-1, IGFBP-3 levels. A peak 
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serum GH level below 5 ng/mL was defined as GHD (9). 
Peak GH response <5 ng/mL was defined as permanent 
and peak GH response >5 ng/mL was defined as transient 
GHD. Patients were grouped as permanent (group 1, n=6) 
and transient (group 2, n=6) GHD, according to their peak 
GH response.

Six months after discontinuation of GH treatment 
anthropometric and laboratory evaluations similar to 
baseline evaluations were repeated in each patient. These 
parameters and baseline parameters in all patients were 
compared both within each group and between group 1 
(permanent GHD) and group 2 (transient GHD) (9).

Serum IGF-1, IGFBP-3, fasting insulin and growth hormone 
levels were measured using the radioimmunoassay 
method by gamma counter analyser using DSL kit. 
SDS were calculated for IGF-1, IGFBP-3 according to 
the reference data of the analyser. TC, HDL-C, TG and 
fasting glucose were measured by the enzymatic method 
using the “Beckman Coulter Unicel DxC 800” analyser. 
LDL-C was derived from other lipid measurements.
Atherogenesis index (AI) was calculated as TC/HDL-C (10). 
The homeostasis model assessment (HOMA) was used 
to evaluate insulin resistance and HOMA was calculated 
using the following formula: HOMA=[fasting insulin (µU/
mL) X glucose (mg/dL)] /22,5x18 (11). Serum cortisol (for 
insulin tolerance test) was assessed by immunoenzymatic 
method with the Roche E170 analyser.

Statistical Analysis

The data were analyzed using the SPSS software program 
for Windows, version 16.0 (SPSS, Inc., Chicago, IL, USA). 
Continuous variables were compared between groups using 
Mann-Whitney U test. For the repeated measures, we also 
used Mc Nemar or Wilcoxon matched-pair signed-rank test. 
The values for all parameters except for gender and blood 
pressure non-dipping ratio were expressed as mean ± SDS 
(median). P<0.05 was considered as statistically significant.

Results

Patients who had received GH treatment during their 
childhood for IGHD and had been off GH treatment when 
they reached their final height were retested with ITT in 
our pediatric endocrinology department and among them 
12 patients who agreed to participate in the study were 
followed-up prospectively.

All 12 patients demonstrated a significant increase in BW 
(p=0.033) but not in BMI and BMI% six months after 
GH cessation when compared to baseline. IGF-1 and IGF-
1 SDS decreased significantly (p=0.006 and p=0.007, 
respectively). FBG and HDL-C also decreased, while FI and 
other parameters of their lipid profiles did not change. 
Although BMD increased (p=0.01), BMD z-score for CA and 
BA were not different after 6 months. TBF mass, TBF%, TF 
mass and TF% increased significantly (p values respectively 
0.008; 0.028; 0.012; and 0.005). TBM mass decreased but 
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Figure 1. Study design

GH: growth hormone, GHD: growth hormone deficiency, SD: standard deviation, SDS: standard deviation score, BMI: body mass index, RBMI: relatif body 
mass index
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Table 1A. Clinical findings at baseline and after six months in the permanent growth hormone deficiency patients

Mean ± SD (median) Permanent GHD (group 1) n=6
p value

Baseline Six months later

Age (years) 16.10±2.05 (15.47) - -

Bone age (years) 14.83±1.75 (15.00) - -

Sex (female/male) 3/3 - -

Height (cm) 163.21±6.74 (163.50) - -

Height SDS -0.48±0.49 (-0.50) - -

Body weight (kg) 56.9±16.95 (53.85) 60.44±20.26 (56.30) <0.05

Body mass index (BMI) 21.6±7.80 (19.23) 22.76±9.48 (19.99) <0.05

BMI% 101.69±39.6 (90.53) 105.24±44.76 (92.08) NS

Blood pressure Day systolic overload (%) 6.2±8.45 (3.45) 6.02±7.92 (3.70) NS

Night systolic overload (%) 9.6±12.90 (5.55) 4.55±9.10 (0.00) NS

Day diastolic overload (%) 11.45±14.01 (8.6) 8.22±14.09 (1.85) NS

Night diastolic overload (%) 12.5±9.48 (13.90) 9.10±18.20 (0.00) NS

SD: standard deviation, GHD: growth hormone deficiency, SDS: standard deviation score, NS: not significant

Table 1B. Laboratory findings in the permanent growth hormone deficiency (group 1) at baseline and after six months

Mean ± SD (median) Permanent GHD (group 1) n=6
p value

Baseline Six months

IGF-1 (ng/mL) 896.36±285.60 (888.00) 431.76±148.87 (430.30) <0.05

IGF-1 SDS 1.83±1.78 (2.21) -1.44±1.40 (-1.28) <0.05

IGFBP3 (ng/mL) 4761.66±1387.87(4782. 50) 4116.00±1530.96 (3595.00) NS

IGFBP3, SDS -1.33±1.91 (-0.93) -1.85±1.78 (-2.7) NS

Fasting blood glucose (mg/dL) 82.50±6.05(84.50) 80.83±5.74 (80.50) NS

Fasting insulin (µU/mL) 12.61±5.39 (11.25) 11.90±4.43 (10.70) NS

Glucose/insulin ratio 7.46±2.93(7.35) 7.36±1.99 (7.71) NS

HOMA-IR 2.56±1.15 (2.30) 2.36±0.88 (2.19) NS

Total cholesterol (TC) (mg/dL) 148.40±34.06 (142.00) 138.50±25.12(146.00) NS

LDL cholesterol (mg/dL) 86.02±28.10 (83.00) 82.50±26.03 (80.50) NS

HDL cholesterol (mg/dL) 48.38±6.97 (50.60) 44.10±6.29 (44.00) NS

VLDL-cholesterol (mg/dL) 14.00±9.13 (10.00) 12.16±4.30 (11.50) NS

Triglyceride (mg/dL) 70.60±44.96 (52.00) 61.00±21.08 (58.00) NS

Atherogenic index (TC/HDL) 3.06±0.57 (3.25) 3.18±0.65 (3.33) NS

BMD (gr/cm2) 0.764±0.116 (0.797) 0.843±0.146 (0.825) <0.05

BMD z-score (Chronological age) -2.05±1.56 (-1.91) -1.04±1.48 (-1.20)  NS

BMD z-score (bone age) -0.83±0.93 (-0.90) -0.58±1.37 (-1.02)  NS

Body composition

Total body fat mass (kg) 7.98±2.45 (8.00) 9.12±3.17 (10.00) <0.05

Total body fat % 15.94±4.44 (18.40) 17.54±5.18 (18.60) NS

Truncal fat mass (kg) 3.46±1.53 (3.10) 4.48±1.61 (4.00) NS

Truncal fat % 12.04±3.76 (12.10) 13.82±4.52 (14.10) <0.05

Total muscle mass (kg) 40.7±7.96 (43.90) 40.72±7.30 (43.00) NS

Muscle mass % 80.32±4.53 (78.30) 78.30±4.18 (77.50) NS

IGF-1: insulin like growth factor 1, IGFBP3: insulin like growth factor binding protein 3, HOMA-IR: homeostasis model assessment-Insulin resistance, BMD: bone 
mineral density, NS: not significant, GHD: growth hormone deficiency, LDL: low-density lipoprotein, HDL: high-density lipoprotein, VLDL: very low-density lipoprotein
SDS: standard deviation score, SD: standard deviation



TBM% did not change. There were no significant changes 
with respect to blood pressure measurements.

Clinical and Laboratory Characteristics of Group 1 Patients at 
Baseline and Six Months Later

In group1 BW and BMI increased significantly after six 
months from discontinuation of GH (p=0.043 and p=0.043, 
respectively) however BMI% did not change (Table 1A). 
IGF-1 and IGF-1 SDS significantly decreased (p=0.028 and 
p=0.028, respectively) and changes in IGFBP-3 and IGFBP-3 
SDS were not statistically significant. FBG, FI, lipid profile and 
AI showed no change. BMD increased significantly (p=0.043), 
but BMD z-scores for CA and BA did not. TBF mass and TF% 
increased, while TBF%, TF mass, TBM mass and TBM% did 
not change significantly (p=0.043) (Table 1B).

Clinical and Laboratory Characteristics of Group 2 Patients, 
Baseline and Six Months Later

BW, BMI and BMI% did not change significantly from 
baseline in group 2 (Table 2A). IGF-1, IGF-1 SD, IGFBP-3 
and IGFBP-3 SD were not statistically different six months 
after discontinuation of GH therapy. FBG, TC and HDL-C 
decreased by six months after cessation of treatment (p 
values respectively 0.043; 0.046 and 0.046). FI, LDL-C, TG 
and AI, as well as BMD, BMD z-scores for CA and BA were 
statistically similar at baseline and at the six-month follow-
up (Table 2B). TF% increased significantly in this group, 
but other parameters of body composition did not change 
(Table 2B).

Differences Between Groups 1 and 2

At baseline and after six months, group 1 and group 2 were 
similar with respect to all study parameters.

Discussion

It has become clear that GH and GH therapy affect more than 
just linear growth and have additional effect on metabolism, 
bone maturation and body composition. Therefore, the 
consequences of GH discontinuation in childhood onset 
GHD, after achieving final height, have become a concern 
among endocrinologists. There are contradictory results 
concerning the effect of GH on various biochemical and 
anthropometric parameters after discontinuation of GH in 
the literature. Several studies have demonstrated metabolic 
changes, while some others have reported no change. Thus, 
the clinical implication of these changes, if there are any, is 
debatable.

We performed this prospective study in order to evaluate 
the need for continuation of GH during the transition period 
in this group of patients. There are only a small number of 
studies on this topic. Some of them have evaluated effects 
of GH discontinuation on a specific field such as metabolic 
profile, or bone mass, or body composition. Most of these 
studies are multicenter and are made up of a heterogeneous 
group of subjects which include GHD patients with different 
etiologies (3,4,5,12).

In our study, permanent GHD subjects (group 1) had 
significantly increased BW and BMI at six months after 
discontinuation of GH however their BMI% did not change 
at all. In addition, the increase in BW and BMI in group 
1 was not different from the increase observed in the 
transient GHD group, which is consistent with the literature 
(3,6). Johannsson et al (3) have evaluated 40 GHD patients 
(including organic GHD and multiple anterior pituitary 
hormone deficiencies) in 21 GH deficient, 19 GH sufficient 

251

Çamtosun E et al. 
Is There Really Need for Growth Hormone Treatment at Transition Period?

J Clin Res Pediatr Endocrinol
2018;10(3):247-255

Table 2A. Clinical comparison of transient growth hormone deficiency (group 2) at baseline and after six months

Mean ± SD (median) Transient GHD (group 2) n=6
p value

Baseline Six months later

Age (years) 16.51±1.87 (16.55) - -

Bone age (years) 15.16±0.75 (15.00) - -

Sex (female/male) 2/4 - -

Height (cm) 159.93±9.80 (165.10) - -

Height SDS -1.23±0.82 (-1.33) - -

Body weight (kg) 58.21±20.14 (53.35) 59.92±18.36 (55.62) NS

Body mass index (BMI) (kg/m2) 22.3±5.77 (20.27) 22.61±5.04 (21.15) NS

%BMI 108.87±36.23 (94.60) 104.22±21.71 (96.65) NS

Blood pressure Day systolic overload (%) 11.4±8.6 (9.50) 27.90±29.24 (25.80) NS

Night systolic overload (%) 22.33±17.62 (21.45) 32.41±22.65 (34.50) NS

Day diastolic overload (%) 7.73±8.10 (3.65) 16.33±15.98 (9.80) NS

Night diastolic overload (%) 18.83±17.44 (19.85) 38.96±29.68 (43.90) NS

GHD: growth hormone deficiency, SD: standard deviation, SDS: standard deviation score, NS: not significant



and 16 healthy controls annually, after discontinuing GH 
treatment for a follow-up period of two years. They have 
reported increased BMI in both the transient GHD and 
control groups, however BMI did not differ between the 
groups. Also, the BMI did not change in their GH deficient 
group over the follow-up period. Mauras et al (6) studied 
58 childhood onset GHD with heterogeneous etiology after 
GH discontinuation. According to retest, 40 of their patients 
showed transient GHD while18 of their patients were GH 
sufficient. Twenty-five patients with transient GHD were 
treated with GH, 15 treated with placebo. No significant 
differences were found with respect to weight and BMI over 
two years among their study population. It is well known 
that GH itself has a lipolytic effect. Increase in BW in the 
permanent GHD group, and TF% both in the permanent 
and the transient group after cessation of GH therapy may 
be related to reduction of the GH dependent lipolytic effect.

IGF-1 and IGF-1 SDS significantly decreased after 
discontinuation of therapy taking all twelve patients as a 
whole while these values did not differ in the GH sufficient 
group. IGFBP-3 and IGFBP-3 SD did not change statistically 
in either group. Significant decrease in IGF-1 level in the 
permanent GHD group after discontinuation of GH is 
consistent with the literature (3,6,13). Decrease in IGF-1 
level in group 1 can be a representative factor for persisting 
GH deficiency. Probably due to the small sample size, no 
difference with respect to IGF-1 was observed between 
baseline and after six months of GH cessation in group 2.

We also evaluated the metabolic effects in our study 
population. FBG, FI and lipid profile parameters were all 
similar compared to baseline values after six months in the 
permanent GHD group. In group 2 decreases in FBG, TC, 
HDL-C after six months were found but their FI, LDL-C, TG 
and AI values did not change. All parameters were within 
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Table 2B. Comparison of laboratory findings at baseline and after six months in the transient growth hormone 
deficiency (group 2)

Mean ± SD (median) Transient GHD (group 2) n=6
p value

Baseline Six months

IGF-1 (ng/dL) 688.00±213.76 (699.00) 523.6±158.61 (514.20) NS

IGF-1 SDS 0.61±1.61 (0.95) -0.70±1.35 (-0.91) NS

IGFBP-3 (ng/dL) 4881.00±1182.78 (4550.50) 5107.50±1487.15 (4790.00) NS

IGFBP-3 SDS -0.64±1.43 (-0.84) -0.5±1.79 (0.89) NS

Fasting blood glucose (mg/dL) 91.33±10.91 (91.00) 80.66±4.17 (82.50) <0.05

Fasting insulin (mIU/mL) 14.00±6.92 (13.25) 10.46±3.39 (10.80) NS

Glucose/insulin ratio 7.59±2.86 (7.14) 8.33±2.72 (7.59) <0.05

HOMA-IR 3.15±1.67 (2.93) 2.07±0.70 (2.18) NS

Total cholesterol (TC) (mg/dL) 158.33±31.57 (163.50) 143.50±24.76 (145.00) <0.05

LDL-cholesterol (mg/dL) 93.03±20.92 (99.00) 83.83±22.99 (85.50) NS

HDL-cholesterol (mg/dL) 47.73±10.14 (45.45) 42.83±10.28 (37.50) <0.05

VLDL-cholesterol (mg/dL) 17.50±13.04 (12.00) 16.83±9.19 (19.50) NS

Triglyceride (mg/dL) 86.83±64.92 (59.50) 85.5± 46.21 (99.00) NS

Atherogenic index (TC/HDL) 3.41±0.95 (3.10) 3.47±0.95 (3.30) NS

BMD (gr/cm2) 0.804±0.047 (0.822) 0.839±0.044 (0.832) NS

BMD z-score (chronological age) -1.39±0.64 (-1.34) -0.92±0.70 (-0.70) NS

BMD z-score (bone age) -0.58±0.74 (-0.49) -0.25±1.14 (-0.34) NS

Body composition

Total body fat mass (kg) 10.00±6.60 (6.3) 12.16±6.44 (9.70) NS

Total body fat % 16.43±5.02 (15.80) 19.38±4.35 (20.00) NS

Truncal fat mass (kg) 4.13±3.34 (2.15) 6.06±3.54 (5.3) NS

Truncal fat % 11.33±6.67 (8.55) 15.54±6.37 (11.20) <0.05

Total muscle mass (kg) 45.21±13.80 (44.85) 46.32±14.26 (46.90) NS

Muscle mass % 79.80±4.84 (80.05) 76.94±4.31 (76.40) NS

GHD: growth hormone deficiency, SD: standard deviation, SDS: standard deviation score, IGF-1: insulin like growth factor 1, IGFBP-3: insulin like growth factor 
binding protein 3, HOMA-IR: homeostasis model assessment-Insulin resistance, BMD: bone mineral density, HDL: high-density lipoprotein, LDL: low-density 
lipoprotein, VLDL: very low-density lipoprotein, NS: not significant



the normal ranges. Decrease in FBG in the transient group 
after six months, although not observed in group 1, may 
be due to the weaning effect of GH on glucose metabolism. 
In our opinion, no significant negative effects on glucose 
metabolism were observed in either group at six months 
after discontinuation of GH. There are contradictory results 
related to these parameters in the literature. Johannsson et 
al (3) in their study of 21 GHD, 19 GHS patients and 16 
healthy controls reported that TC, LDL-C and apolipoprotein 
B were all higher in the permanent GHD group than the 
other two groups before GH discontinuation. TC and LDL-C 
increased in both GH deficient and GH sufficient groups but 
not in healthy controls at two years after discontinuation 
of GH. After two years the serum levels of these lipids were 
therefore still higher in the GH deficient group than the 
other groups (3). HDL-C increased in healthy controls after 
two years. The permanent GHD group had statistically lower 
HDL-C compared to the GH sufficient group after 2 years 
(3). In the study of Mauras et al (6) there was no significant 
difference with respect to either FG or homeostatic model 
assessment insulin resistance in GH deficient (n=40; 25 
received further GH and 15 placebo) and sufficient (n=18) 
groups at baseline or throughout the 24-month study period. 
Their study also demonstrated no significant difference 
across the groups with respect to TC, LDL-C, HDL-C, TC/HDL 
ratio and TG at baseline, at baseline vs. month 12 and at 
baseline vs. month 24 (6). Carroll et al (13) reported similar 
lipoprotein profiles in GH continuation and discontinuation 
groups at 12 months. 

We observed that BMD increased significantly in GH deficient 
subjects at six months after discontinuation of GH therapy 
whereas BMD Z-scores for CA and BA did not change. Group 
2 demonstrated no change in BMD and BMD z-scores for 
CA and BA after six months. Limited previous studies have 
reported an increase in BMD of GH deficient patients after 
discontinuation of GH treatment at final height (4,12). 
Fors et al (12) reported similar BMD values at baseline and 
after two years among three groups (40 childhood onset 
GHD retested of whom 21 were GH deficient and 19 GH 
sufficient in comparison with 16 healthy controls), after 
discontinuation of GH therapy at or near final height. They 
concluded that bone mass measured by DXA continued 
to rise for two years, but bone markers showed that bone 
formation decreased during the same period. This study 
does not rule out the possibility of slow long-term loss of 
bone in adults with GHD (12). Some studies showed bone 
loss in longitudinal measurements in the same population 
(4,13,14,15). Kaufman et al (14) showed that in childhood-
onset GHD in a group of full-grown men treated with GH, 
they had low adult bone mass, despite prior GH substitution. 

In a large multi-center prospective study of 149 young 
adults with childhood-onset GHD who had completed linear 
growth and who were randomized to receive 12.5 µg/kg/d; 
25 µg/kg/d or no treatment for two years the following 
was reported; over two years, total bone mineral content 
(BMC) and BMD were significantly increased in the control 
group, but increases in both treatment groups were greater 
than that of the controls and that there was no significant 
dose effect (4). The authors suggested that GH treatment 
after attainment of final height should not be discontinued 
for optimal progress to peak bone mass. However, in this 
study BMD z-scores were not evaluated and it was not 
shown whether the increase of BMD in the control group 
was enough for a normal BMD z-score. In our study, BMD 
z-scores did not decrease after six months in either group. 
Moreover, a statistically significant increase was detected in 
the permanent GHD group, this may be due to either small 
number of cases in this group, or the lasting effect of GH on 
bone metabolism. Baroncelli et al (15) showed in16 GHD 
adolescents that lumbar BMD area was <-2 SD in 70% and 
lumbar BMD volume was between 0 and -2 SD of normal 
at final height. They showed that after discontinuation 
of GH the timing of lumbar peak BMD area and volume 
were delayed in GHD patients and that lumbar BMD area 
and volume were increased until peak, then significantly 
decreased two years after peak compared with controls (15). 

We have demonstrated that TF% increased significantly but 
that TBF mass, TBF%, TF mass, TBM mass and TBM% did 
not change in the permanent GHD group six months after 
GH discontinuation. We have also shown that, TF% and TBF 
mass increased significantly but TBF%, TF mass, TBM mass 
and TBM% did not change in the transient GHD group. The 
amount of increase of TF% was not different in the transient 
GHD and permanent GHD groups. In an earlier study, Ogle 
et al (16) compared eight adolescent GHD patients (whose 
GH treatment had ceased) with seven age matched healthy 
subjects for 12 months. They observed that lean body 
mass (LBM) decreased significantly in patients with GHD 
at 12 months whereas there was a non-significant increase 
in LBM in the control group. The percentage of body fat 
increased in all patients with GHD at six and 12 months 
with no significant increase in the control group. The mean 
android (trunk)/gynoid (legs) fat ratio increased, though 
non-significantly, in patients with GHD at 12 months while 
no change was observed in the control group. Vahl et al (17) 
showed that TBF increased and resumption of GH increased 
LBM after discontinuation of GH for 1 year. 

Johannsson et al (3) evaluated 40 GHD patients annually, 
after discontinuing GH treatment for two years. They 
showed that the amount of total body and abdominal fat 
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mass throughout the study and increase in these masses 
were more marked in permanent GHD patients than in the 
transient GHD and control subjects (3). Attanasio et al (5) 
randomized 149 GHD patients who received GH until final 
height as GH treated (58 pediatric dose, 59 adult dose) and 
not treated groups. GH treated patients gained a significant 
amount of LBM and lost significant fat mass compared to 
the no treatment group during two years. There was no dose 
effect (5). A multi-centered study reported similar results for 
one year, with respect to continuation or discontinuation 
GH treatment (18).

The strengths of our study are its prospective design and 
the simultaneous evaluation of many metabolic parameters. 
In addition, our study group consisted of only idiopathic 
isolated GHD patients. This enables us to rule out the effects 
of other hormone deficiencies, probable inappropriate/
non-homogenous replacement therapies and the effects 
of other organic pathologies and their treatments such as 
chemotherapy or radiotherapy.

Study Limitations

The limitations of our study are the short follow-up period 
and small sample size. Thus, in our opinion this study can 
be accepted as a well-designed pilot study which should be 
extended in terms of numbers of subjects and duration of 
follow-up for further and more robust information.

Conclusion 

BW, BMI and truncal adiposity increased after cessation 
of GH if GHD was permanent. However, these increases 
were not significant compared to the transient GHD group. 
Despite discontinuation of GH, the pubertal increase in 
BMD continued in GHD patients. Although FBG was not 
high during GH therapy, it decreased to a safer range after 
cessation of therapy while FI showed no change. Although we 
did not observe a clinical condition requiring GH treatment 
in any of the study subjects during the follow-up period, 
which coincided with the transition period, longer follow-
up is needed to assess the need for treatment during the 
transition period. In our opinion, until sufficient evidence 
accumulates, patient follow-up in terms of the above-
mentioned parameters and treatment only of patients with 
a clinical need, instead of routine continuation of GH during 
the transition period, might be a safe and feasible option.
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Objective: We aimed to investigate the prevalence of Turner syndrome (TS) in the Ukrainian population, the frequency of karyotype 
variants, the age of children at diagnosis, the degree of short stature and phenotypic features in TS girls. 
Methods: A retrospective analysis was made in 538 TS girls aged 0.11-18.2 years within the time period of 2005-2015 with detailed 
examination of 150 patients. 
Results: The prevalence of TS in Ukraine is 77.5 in 100.000 live female births. The average age at diagnosis is 9.33±4.93 years. 
The relative proportions of karyotypic abnormalities found were: 45,X (59.3%); mosaicism 45,X/46,XX (22.9%); and structural 
abnormalities in chromosome X (17.8%). The most frequently encountered findings were growth delay (98.8%), shortening of the 4th 
and 5th metacarpal bones (74.6%), abnormal nails (73.3%), broad chest (60.7%), short neck (58.6%), hypertelorism of nipples (51.4%), 
malformations of the cardiovascular (19.6%) and urinary systems (13.8%) and pathology related to vision (20.1%) and hearing (22.0%). 
Conclusion: In the Ukrainian population, the highest proportion of patients with TS had a karyotype 45,X. TS was accompanied by a 
lower frequency of malformations of internal organs compared to other countries.
Keywords: Turner syndrome, prevalence, growth retardation, karyotype, phenotype, malformations

Introduction

Turner syndrome (TS) is one of the most common genetic 
disorders associated with abnormalities of chromosome 
X (1). The incidence of this syndrome has been reported 
to vary from 25 to 210 per 100.000 live female births in 
different populations. This variability has been attributed 
to the prevalence of mosaic forms and the lack of classical 
features of the disease (1,2,3,4,5). A significant delay at 
initial diagnosis of TS has been well documented (3,6,7,8). 
The average age of TS diagnosis varies widely from 4.1±5.1 

years in the United State of America (USA) up to 13.74 years 
old in Albania (6,9,10,11). Diagnosis in patients with a 45,X 
karyotype is usually made at an earlier age than other variants 
(9). Karyotype 45,X has been reported in between 32-74% 
patients, while 9.2-31% patients are carriers of different 
variants of chromosome X structural abnormalities and a 
mosaic karyotype is present in between 9-56.3% of patients 
(12,13,14,15,16,17,18,19). Delay in growth is commonly 
associated with TS and is present in most affected girls. 
Final height in 45,X patients who did not receive treatment 
with recombinant growth hormone (rGH) was typically 
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less than 142-145 cm, which is about 20 cm lower than 
the average height of a healthy female population (20,21). 
The most serious malformations of TS include congenital 
and acquired heart diseases, such as aneurysm and aortic 
dissection, valvular disease, hypertension, thromboembolic 
disease and myocardial infarction (22,23). Sybert and 
McCauley (23) reported cardiac pathology in 56% of TS 
patients. Defects of the urinary tract, including pyelocaliceal 
system defects, horseshoe kidney and other anomalies 
of kidney location are observed in 30-40% of TS patients 
(24,25). Epicanthus, palpebral ptosis and strabismus are 
the major stigmata of disembryogenesis of eyes and eye 
appendages encountered in patients with TS (26,27). 
Hearing defects in patients with TS are characterized by 
a high frequency of otitis media, assumed to be caused 
by abnormalities in the eustachian tube and middle ear 
(20,28,29). Patients with TS are reported to have a higher 
frequency of autoimmune diseases, including autoimmune 
thyroid disease and celiac disease (30,31,32,33). Several 
researchers in Europe have reported increased levels of 
antithyroid antibodies in patients with TS, the frequency 
ranging from 36 to 64.8% (6,30,31,32,33,34,35). Of these, 
21.2-70.4% were reported to have subclinical or clinical 
hypothyroidism (30,31,33,34,35). The aims of our study 
were to investigate the prevalence of TS among children in 
Ukraine. In addition we also aimed to determine age at initial 
diagnosis, frequency of different karyotype variants, degree 
of growth delay and prevalence of different phenotypic 
features of TS.

Methods

In this study the Ukrainian Pediatric TS Registry, created in 
2004, was used. The registry included children diagnosed 
with TS between ages 0.11 and 18.2 years old, identified 
by regional Ukrainian pediatric endocrinologists. TS 
registration cards contained information on date of birth, 
age at diagnosis, karyotype, height (cm), height standard 
deviation (SD) [World Health Organization (WHO), 2007] 
(36), weight (kg), body mass index [BMI (kg/m²)] derived 
from WHO percentile tables for girls of appropriate age 
(36) and Tanner stage of sexual development (37). Data 
on phenotypic features of the girls was also recorded. 
Biochemical and hormonal parameters available from the 
records included: thyroid stimulating hormone (TSH), free 
thyroxine (fT4), thyroid peroxidase antibodies (TPOAb), 
luteinising hormone, follicle stimulating hormone, estradiol, 
insulin-like growth factor-1, results of clonidine stimulation 
test for GH, bone age according to the Greulich and Pyle 
method. A retrospective analysis of 538 registration cards 
of TS girls who were registered between the years 2005 

and 2015 was conducted. Depending on the karyotype’s 
variant, the patients were divided into three groups. 
The first group included patients with 45,X (n=319). 
The second group consisted of patients with the mosaic 
karyotype 45,X/46,XX (n=123) and the third group of girls 
had structural abnormalities of chromosome X, such as 
46,Xi(Xq), 45,X/46,Xİ(Xq), 45,X/46,X+mar, 46,X, del(X)
(Xq) and 45,X/46,Xdel (n=96). The physical development of 
girls with TS were compared with healthy girls in the control 
group aged from 10 months to 18 years old. The control 
group included 525 healthy girls. This group had been under 
observation during the health-care examinations in 2005-
2008. The exams took place in our Clinic and in preschools 
and schools of the Ukraine. All girls in the study and control 
groups were divided into 5 age groups as follows: younger 
than 1 year of age; 1 to 3 years; 4 to 7 years; 8 to 11 years 
and older than 12 years of age. In addition 150 girls with 
TS were examined in the Ukrainian Research Center of 
Endocrine Surgery of the Ministry of Health of Ukraine and 
in the National Children’s Specialized Hospital “OHMATDYT”. 
Diagnosis of TS was confirmed by determination of 
karyotype in blood leukocytes. In these 150 all parameters 
from TS registration cards were re-evaluated. To study 
anomalies of internal organs, these patients underwent 
ultrasound of internal organs and echocardiography. An 
audiogram was performed in all patients with hearing loss. 
Also, all children were examined by an ophthalmologist and 
otolaryngologist to confirm the presence or absence of any 
abnormal features. To assess thyroid function in patients 
with different TS karyotype, thyroid function tests (TSH 
and fT4) and TPOAb concentrations were determined. In 
the scope of our study, we did not assess the prevalence of 
celiac disease.

Statistical Analysis

Statistical analysis of the results was performed by using 
Statistica 10 (StatSoft, USA). Standard non-parametric 
statistical tests and Kruskal-Wallis test or Student’s test in 
the case of normal distribution were used. For the analysis 
of qualitative data (%) for two or more independent groups 
χ2 Pearson was used. One-Way analysis of variance test 
was used for the quantitative data analyses in groups. The 
data are presented as mean values ± SD or as median and 
25th and 75th percentiles (first and third quartiles) [median 
(25; 75)] for parametric and nonparametric distributions 
respectively. A p value of <0.05 was taken as an indicator 
of significant difference. This study was approved by 
the Ethics Committee of Ukrainian Research Center of 
Endocrine Surgery MoH of Ukraine (approval number: 12 
from 14.10.2013). All procedures performed in the studies 
involving patients were in accordance with the ethical 
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standards of the Institution on clinical practice and with 
the 1964 Helsinki Declaration, as amended. The parents or 
legal guardians of patients signed informed consent forms 
in which they agreed to the treatment and all the diagnostic 
procedures required.

Results 

Data from the Ukrainian Pediatric TS Registry shows that 
the prevalence of TS among children aged 0-18 years 
was 77.5 per 100.000 female live births during the study 
period. Over the last five years there were 17-25 new TS 
cases with registered annually (38). Among girls with TS 
(n=538), different karyotype variants were found. However, 
monosomy 45,X was identified most often, in 59.32% of the 
patients (p<0.001), than mosaicism 45,X/46,XX (22.90%) 
and structural abnormalities of chromosome X in 17.78% 
patients. The structural abnormalities were further divided 
as follows: 46,Xi(Xq) in 5.11%; 45,X/46,XX(Xq) in 6.9%; 
45,X/46,X+mar in 3.16%; 46,X,del(X)(Xq) in 1.87%; and 
45,X/46,X,del in 0.74% of patients. In Ukraine the mean 
age of diagnosis of TS in children was 9.33±4.93 years. 
However, age of diagnosis depended on the karyotype and 
was lowest in children with 45,X as compared to children 
with structural abnormalities of chromosome X (p=0.013), 
Age of diagnosis was 8.96±5.28 years in 45,X patients 
(n=303), 10.49±3.95 years in patients with structural 
abnormalities of chromosome X (n=87) and 9.50±4.41 
years in 45,X/46,XX (n=111) patients. TS was diagnosed in 
the first year of life in 1.62%, at ages 1-4 years in 3.60%, at 
ages 5-7 years in 9.46%, at 8-11 years (the age when normal 
puberty is expected to start in girls) in 18.92% and between 
12-17 years, when puberty would be expected to have 
begun in 66.40% of the patients. Phenotypic manifestations 
of TS in children had significant variability. Growth delay 
was a constant feature (98.82% of patients). Shortening of 
4th and 5th metacarpal bones (74.62% patients) followed 
by abnormal nails (73.31%), broad chest (60.67%), short 
neck (58.63%), sexual developmental delay (57.32%) and 
hypertelorism of nipples (51.37%) were the most frequently 

observed findings. These manifestations of TS were most 
frequent in patients with karyotype 45,X and significantly 
less frequent in patients with 45,X/46,XX (p=0.023) and 
structural abnormalities of chromosome X (p=0.035).

Malformations of the cardiovascular system was the most 
common pathology of internal organs in TS patients 
(19.62%). These consisted of aortic stenosis (in 5.32% of the 
patients), coarctation of the aorta and bicuspid aortic valve (in 
2.63% and 2.02% of the cases respectively). Malformations 
of the cardiovascular system were found more often in 
children with mosaicism (26.18%) and in cases of structural 
abnormalities of chromosome X (21.62%) compared to 
the karyotype 45,X (15.85%) (p=0.02). Urinary tract 
malformations were observed less frequently in the patients 
(13.82%) but were significantly more common (p=0.017) 
in patients with karyotype 45,X (14.76%) and less so in 
cases with karyotype 45,X/46,XX (8.28%) and structural 
abnormalities of chromosome X (2.75%). The main 
malformations of urinary tract were doubling pyelocaliceal 
renal system (3.38%), renal hypoplasia (3.36%) and ureter 
malformations (3.31%). Frequency of vision and hearing 
defects were 20.08% and 22.01% respectively. Otitis was 
the most common pathology pertaining to the ears and 
was observed most frequently in children with monosomy 
X (p<0.01). Optic and otic pathologies found are shown 
in Table 1. Frequency of autoimmune thyroid disease in 
TS girls was 48.45%. It was proved by elevated levels of 
TPOAb and appropriate ultrasound changes, and it did not 
differ significantly between karyotypes (p>0.05). Among 
TS girls with elevated TPOAb levels subclinical (48.76%) 
and clinical hypothyroidism (29.14%, p<0.05) were found 
more frequently. 11.87% of patients were euthyroid, and 
10.23% of girls had subclinical hyperthyroidism. Until 
2013, in Ukraine there was no state programme of free 
treatment with rGH for girls with TS, thus most patients 
were untreated. The analysis of growth in girls with TS who 
did not receive treatment with rGH compared to the control 
group of appropriate age revealed a significant difference 
in the growth of children in all age groups (Table 2). The 
difference was noticeable in the first year of life, increased 
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Table 1. The spectrum of pathology of vision and hearing in Turner syndrome girls with different karyotypes

Pathology All TS girls  
n=346

45,X 
n=200

45,X/46,XX  
n=84

Structural abnormalities 
of chromosome X  
n=62

p

Amblyopia, % 5.43 4.91 5.26 4.62 p>0.05

Strabismus, % 6.00 5.32 5.20 8.11 p>0.05

Myopia, % 8.65 8.04 10.57 8.14 p>0.05

Frequent otitis, % 12.62 17.37 10.54 5.46* p<0.01

Hearing loss, % 9.39 10.62 5.28 8.17 p>0.05

TS: Turner syndrome, *: the difference between groups of patients with karyotype 45X and structural abnormalities of chromosome X



with age and was highest in those girls aged 14 years old, 
probably due to the lack of pubertal growth spurt in TS 
patients. The difference in final height between TS girls 
and controls was 24.4±1.7 cm (p<0.001). Analysis of final 
height in girls who did not receive rGH revealed no significant 
difference among patients with different karyotypes (Table 
3). In our TS group of pubertal age, spontaneous (without 
hormonal stimulation) sexual development, assessed by 
the appearance of thelarche, occurred in 14.62% (n=18). 
There was no significant difference in the age of onset of 
puberty among groups with different karyotypes (Table 4). 

Spontaneous menstruations was reported in 38.82% of 
TS girls having signs of sexual development. It is of note 
that among girls with spontaneous puberty and karyotype 
45,X, there were three girls at Tanner stage 2, three at 
Tanner stage 3 after the age of 15 years and three girls 
who had spontaneous menarche at age of 15.1 (14.30; 
16.20) years. The frequency of body weight disorders in 
TS girls was assessed by comparing their BMI values with 
that of girls of similar age in the control group. Most of the 

TS girls (68.1%) had a normal BMI (p=0.021), although 
13.82% were overweight, 6.88% were obese and 11.20% 
were underweight (BMI ˂15th centile). The average BMI in 
patients with TS was 53.23±27.06th percentile that was 
significantly higher (p<0.05) compared to the control group 
(50.62±27.63th percentile) (Table 5). According to our data, 
BMI in patients with TS increased with age and reached 
a maximum in children over the age of 12 years, but did 
not exceed the normal range. The highest BMI values were 
found in girls with structural abnormalities of chromosome 
X (p<0.05) (Table 6).

Discussion

The current study aimed to assess the prevalence, age 
at initial diagnosis, incidence of different variants of 
the karyotype, phenotypic characteristics, presence 
of associated components and physical and sexual 
development in Ukrainian TS patients. It was found that 
in 2015 the prevalence of TS among children 0-18 years 
in Ukraine was 77.5 per 100.000 live female births. The 
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Table 2. Height in Turner syndrome girls (not receiving 
recombinant growth hormone treatment) and in the 
control group, in different age groups 

Age group Height (cm) in 
the TS group, 
mean ± SD, 
n=502

Height (cm) in the 
control group,  
mean ± SD, 
n=525

p

Younger 
than 1 year 

61.45±8.12 66.69±7.02 <0.001 

1-3 years 82.06±7.02 89.38±8.39 <0.001

4-7 years 100.93±8.42 114.21±8.32 <0.001

8-11 years 120.72±8.33 137.99±8.64 <0.001

12-17 years 136.87±7.83 160.58±7.14 <0.001

SD: standard deviation, TS: Turner syndrome

Table 3. Final height in Turner syndrome girls with 
different karyotype

Karyotype Final height (cm) 
median (25; 75)

SD median 
(25; 75)

45,X (n=80) 140.90 
(137.00; 145.00) 

-3.38
(-4.00; -2.70)

45,X/46,XX (n=23) 142.02 
(136.50; 148.00)

-3.12
(-4.10; -2.20)

Structural abnormalities of 
chromosome X (n=26)

140.75 
(137.00; 144.00)

-3.27
(-4.00; -2.60)

All TS patients with closed 
growth plates (n=129)

141.09 
(137.00; 145.00)

-3.31
(-4.00; -2.60)

TS: Turner syndrome, SD: standard deviation

Table 4. Frequency of spontaneous sexual development and age of puberty in Turner syndrome girls with different 
karyotypes 

Karyotype Girls with spontaneous sexual 
development, %

Age of puberty, years median 
(25,75)

45,X (n=61) 11.56 15.76 (13.28; 16.65)

45,X/46,XX (n=31) 25.82 14.20 (13.10; 16.20)

Structural abnormalities of chromosome X (n=31) 9.62 16.11 (14.80; 16.60)

Table 5. Assessment of body weight using percentile tables in children of all ages with Turner syndrome

Investigated groups Age groups, mean ± SD percentile

<1 year 1-3 years 4-7 years 8-11 years 12-17 years

TS girls body weight percentile (n=538) 65.33±29.54 56.48±26.58 49.13±28.25 57.38±27.14 55.17±27.28

Control group body weight percentile (n=525) 67.60±27.03 52.06±29.69 52.14±28.40 50.16±29.97 44.73±22.62

p* 0.84 0.58 0.64 0.06 <0.001

SD: standard deviation, TS: Turner syndrome, *: p value between body mass index in Turner syndrome girls and the control group



incidence rate is consistent with other reports, although is a 
higher figure when compared to some other countries such 
as Denmark (3,5), Germany (9), Albania (6) and Japan (2). 
Age of initial diagnosis of TS was 9.33±4.93 years with a 
maximum frequency of initial registration of the disease in 
puberty, most likely because of the referrals of patients with 
growth delay or delay/absence of sexual development or 
menstruation at normal female pubertal ages. The highest 
proportion of early primary diagnosis of TS in Ukraine was 
found in patients with karyotype 45,X, who were diagnosed 
at a mean age of 8.96±5.28 years, a finding which can 
be explained by the presence of typical features of the 
disease in these girls. Though the age of the diagnosis is 
older than in a Belgian population (where the average age 
of diagnosis in 2003 was 6.6 years (9)), it was lower than 
in a Denmark (where the average age at diagnosis for the 
entire TS group was reported as 15.1 years, or 13.3 years 
for 45, X patients) (11). In Ukraine, the largest proportion 
of patients diagnosed with TS (59.32%) were 45,X, similar 
to patients from Poland, United Kingdom (UK) and USA 
(17,18,19). Diagnosis of different karyotype may vary 
depending on the different methods of analysis and the 
type of biological material that has been used. In our study, 
only cytogenetic analysis of peripheral blood lymphocytes 
was used to determine the karyotype. However, Hook 
and Warburton (39) suggested that all live birth girls with 
karyotype 45,X, actually have a mosaic karyotype because 
some of their organs and tissues will contain more cell lines 
with normal or aberrant sex chromosomes, which cannot 
be determined by peripheral blood sample analysis alone. 
This may be a rationale for further research of karyotype 
in other tissues in 45,X girls, especially in those who have 
signs of spontaneous puberty or mild growth delay. We 
found a lower frequency of cardiovascular and urinary tract 
malformations in TS girls compared to the USA (40,41,42), 

UK (43), Egypt (44), Denmark (45) and France (46). The lower 
frequency of malformations of the cardiovascular system 
may be explained by the lack of routine cardiac magnetic 
resonance imaging (MRI) in girls with TS, in the absence 
of clinical symptoms in our country. Thus we believe that 
these results are in need of further confirmation by focused 
examination to detect the above mentioned pathology. Even 
in the absence of clinical manifestations, presence of aortic 
dilatation and associated abnormalities need to be evaluated 
in pediatric patients with TS. The frequency of pathology 
of vision and hearing was also lower in Ukraine compared 
to other countries (20,27,28,29). The lower frequency of 
hearing defects can be due to the fact that only patients with 
complaints on hearing loss were assesed by audiogram. 
TS girls in the Ukraine appear to have a lower frequency 
of malformations of internal organs. However, we believe 
that the insufficient diagnostics of both the cardiovascular 
system and that of auricular pathology need to be taken into 
account in this conclusion.

Studies on the frequency of autoimmune thyroid disease 
have shown increased TPOAb levels in 48.45% of our 
patients, a finding that is similar to figures reported from Italy 
(32) and Denmark (33), but which is less than in Albania (6) 
and Poland (35). Also, among TS girls with elevated TPOAb 
levels the number of patients with subclinical and clinical 
hypothyroidism was greater (77.9%) as compared to other 
European countries. Thus, researchers reported 31.4% of 
patients with subclinical hypothyroidism in Poland, Silesia 
(30), 21.2% with clinical and subclinical hypothyroidism in 
Italy (31), 33% with clinical hypothyroidism in Denmark 
(33) and 24% with hypothyroidism among all patients with 
TS and 65% patients with positive thyroid antibodies in 
Greece (34); other authors from Poland (Warsaw) reported 
20% of patients with subclinical hypothyroidism (35). 

Height of girls with TS who did not receive treatment 
with rGH shows that they were significantly shorter in all 
age groups, compared with the control group, a finding 
consistent with other studies (21,22). The progression of the 
degree of growth delay increased with age and was more 
pronounced in puberty. Final height in TS patients who 
did not receive treatment with rGH was significantly lower, 
compared to healthy Ukrainian women.

Most girls with TS (68.1%) had normal body weight. However, 
overweight was detected in 13.82% of patients, obesity in 
6.88% and 11.20% of the patients were underweight. The 
frequency of overweight in children with TS was higher than 
in the general population in all age groups with a significant 
difference in puberty, which coincides with the findings of 
other authors (47,48,49). The highest BMI and the highest 
rate of overweight were observed in patients with structural 
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Table 6. Body mass index percentile in children with 
Turner syndrome of different karyotypes

Karyotype BMI percentile, 
mean ± SD

Control group 50.63±27.66 

45,X 53.09±26.73 

45,X/46,XX 54.11±27.23 

Structural abnormalities of chromosome X 62.16±28.40
1p 0.004
2p 0.03
3p <0.001
1: difference among patients with TS karyotype 45,X and X chromosome 
structural abnormalities, 2: difference among patients with TS karyotype 
45,X/46,XX and X chromosome structural abnormalities, 3: difference among 
control group (karyotype 46,XX) and X chromosome structural abnormalities, 
BMI: body mass index, TS: Turner syndrome, SD: standard deviation



abnormalities of chromosome X. To our knowledge, this 
data had not been described previously. It is well known 
that TS is a syndrome of disproportionate anthropometry 
and body composition. Dual-energy X-ray absorptiometry 
(DEXA) can be helpful to estimate the visceral fat and 
skeletal muscle mass. We can hypothesize that TS girls 
with structural abnormalities of chromosome X (especially 
those with isochromosome Xq) might have skewed body 
composition with increased skeletal muscle mass versus 
total fat mass and hence, increased BMI. In Ukrainian 
population among structural abnormalities of chromosome 
X majority patients were girls with isochromosome Xq 
abnormalities. In our study we used BMI only, that may not 
reflect the real body composition, however only few authors 
investigated the effect of karyotype on body composition in 
children (12,50). Further studies (including those with using 
of DEXA) are needed to estimate the total and regional 
distribution of fat and muscle mass in girls with different 
karyotypes.

Study Limitations

There are several limitations to this study. There was 
no national screening for celiac disease. Also we did not 
perform the evaluation of the hearing loss and MRI of the 
heart for all TS patients. DEXA with evaluation of the total 
and regional distribution of fat and muscle mass in girls 
with different karyotype is needed for the appropriate BMI 
evaluation.

Conclusion

Tthe highest proportion of patients with TS in Ukraine had a 
karyotype 45,X. TS was accompanied by a lower frequency 
of malformations of internal organs as compared to figures 
from other countries. This leads us to conclude that more 
widespread use of cardiac MRI, audiogram screening and 
celiac disease in all patients with TS in Ukraine is urgently 
needed. Additionally, the implementation of genetic testing 
to identify genes associated with malformations (ZFYVE9, 
TIMP1, PRKX, KDM6A) can lead to a higher detection 
rate of aortic aneurysm formation, congenital urinary 
malformations and other anomalies (51). Earlier diagnosis 
of TS would allow more timely medical, psychological 
and social assistance for girls with TS and their families. 
It is assumed that pediatricians and family physicians 
will provide an active and targeted search for TS among 
girls, especially in those with a delay of growth and sexual 
development. This targeted approach would contribute 
to the prevention of short stature by earlier rGH therapy. 
Expanded screening for malformations, especially cardiac 
and renal malformation which TS girls are particularly at 

risk of would also serve to ameliorate some of the associated 
morbidity seen in TS patients.
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Objective: Early diagnosis is of proven benefit in Prader-Willi syndrome (PWS). We therefore examined key perinatal features to aid 
early recognition. 
Methods: Data were collected from case records of subjects attending a multi-disciplinary clinic and from a retrospective birth 
questionnaire. 
Results: Ninety patients (54 male-36 female) were seen between 1991-2015, most with paternal deletion (n=56) or maternal isodisomy 
(n=26). Features included cryptorchidism in 94% males, preterm birth (26%), birthweight <2500 g (24%), polyhydramnios (23%), 
breech presentation (23%) and need for nasogastric feeding (83%). Reduced fetal movements (FM) were reported in 82.5% patients 
compared with 4% healthy siblings. Of 35 children born since 1999, 23 were diagnosed clinically within 28 days while diagnosis in 12 
was >28 days: 1-12 months in seven; and 3.75-10.5 years in five. Typical PWS features in these 12 infants included hypotonia (100%), 
feeding difficulties (75%), cryptorchidism (83% males) and reduced FM (66%). Causes other than PWS including neuromuscular disease 
were considered in nine patients. 
Conclusion: Neonatal hypotonia, reduced FM, feeding difficulties and cryptorchidism should immediately suggest PWS, yet late diagnosis 
continues in some cases. Awareness of the typical features of PWS in newborn units is required to allow prompt detection even in the 
presence of confounding factors such as prematurity. 
Keywords: Prader-Willi syndrome, hypotonia, fetal movement, nasogastric feeding

Neonatal Features of the Prader-Willi Syndrome; The Case for 
Making the Diagnosis During the First Week of Life
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What is already known on this topic?

What this study adds?

Early diagnosis in Prader-Willi syndrome allows appropriate management of feeding difficulties to be implemented and is important for 
counselling as well as minimising parental uncertainty and anxiety. The prevalence of preterm birth and low birthweight is increased in 
Prader-Willi syndrome and is a potential source of diagnostic confusion.

Although the prevalence of preterm birth (26%) and low birthweight (24%) is increased in Prader-Willi syndrome, diagnosis in preterm 
infants is not significantly delayed. However, clinical diagnosis in our cohort was made later than 28 days in 34% of the patients despite 
presence of classic features of hypotonia and cryptorchidism in males and need for nasogastric feeding in over 80%. Comparison with 
non-affected siblings shows that mothers detect reduced fetal movement in 80% of patients with Prader-Willi syndrome, a feature which 
can facilitate early diagnosis. 
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Introduction

Prader-Willi syndrome (PWS) is a neurodevelopmental 
disorder resulting from absence of paternally imprinted 
genes in the 15q11-13 region, caused by deletion in the 
paternal chromosome (del15q) in about 70% of cases or 
disomy of the maternal chromosome [maternal uniparental 
disomy of chromosome 15 (mUPD15)] in about 25% 
(1). The natural history of PWS is complex, with different 
phenotypic features developing at different ages (2,3). 

Before the advent of confirmatory molecular genetic testing, 
diagnosis was made solely according to age-related clinical 
criteria (4). Prompt diagnosis of PWS is not only beneficial 
for educating families about the condition but also for 
facilitating early therapeutic interventions such as speech 
therapy, physiotherapy and dietetics to help with feeding 
difficulties and prevent early onset obesity (5,6,7). Moreover, 
timely diagnosis will enable growth hormone (GH) therapy 
to be implemented early so as to improve linear growth and 
motor development (8). So typical are the features of PWS 
that, especially with publications highlighting the phenotype 
(9,10,11,12,13,14) and widely available molecular genetic 
analysis, it might be expected that diagnosis would be made 
at, or shortly after, birth. 

Hypotonia is a relatively common problem in the newborn 
period, affecting not only otherwise healthy preterm infants 
but also those with sepsis, neurological disease and metabolic 
disorders. The challenge to the clinician, therefore, is to 
identify the minority of infants with PWS from the majority 
of babies in whom hypotonia is a transient feature and from 
those who are suffering from a different condition such as 
spinal muscular atrophy (SMA) (15). Our clinical experience 
indicates that the diagnosis of PWS continues to be made 
beyond the newborn period in some cases. 

An increased incidence of preterm birth and low birth 
weight (LBW) has been reported in PWS, together with 
obstetric symptoms such as reduced fetal movement (FM), 
polyhydramnios and malpresentation (16,17,18). Some 
typical features of PWS infants, such as hypotonia and 
inability to suck necessitating tube feeding, are also common 
in unaffected preterm infants. It might be conjectured, 
therefore, that the diagnosis of PWS is more difficult when 
the infant is preterm. 

A multidisciplinary PWS clinic has been held at our centre 
in the Royal Hospital for Children in Glasgow since 1991, 
providing data on a heterogeneous Scottish cohort. The 
aim of the study was to identify key diagnostic features of 
PWS to facilitate early diagnosis. These include obstetric 
and newborn data, feeding difficulties requiring assisted 
feeding and the prevalence of reduced FMs. In addition, we 

looked for an association between prenatal and perinatal 
characteristics and genotype, to further develop previous 
work (16,17,18).

Methods

All patients with proven PWS attending the multidisciplinary 
clinic in Glasgow, Scotland, since its inception in 1991 until 
December 2015 were included. Data on genotype, BW, 
gestation, delivery method, obstetric symptoms, postnatal 
complications and timing of diagnosis were collected 
and analysed from three sources: a birth questionnaire 
completed by the parent(s); the subject’s case records; and 
maternal obstetric records, when available. It was decided, 
however, that the systematic recording of phenotypic 
features such as hair and eye colour, bifrontal narrowing, 
characteristic eyes, small hands and feet and weak cry 
should not be included within the scope of the study. This 
is because these data were recorded inconsistently, if at all, 
during the newborn period and by multiple observers and 
it was felt appropriate to confine this retrospective study to 
the collection of hard data. 

Endocrine problems were documented by detailing the 
number of patients undergoing GH stimulation testing 
either with insulin or arginine and the outcome, and defining 
GH deficiency as peak values <15 mU/L. The numbers of 
patients treated with GH injections as well as the numbers 
of patients diagnosed with either hypothyroidism or cortisol 
deficiency were also documented. 

The questionnaire invited parents with more than one child 
to submit information on the BW, gestation and delivery 
method of their other children. Mothers were also asked to 
retrospectively estimate the degree of in utero FM in their 
affected and unaffected children using a simple 5 point 
scoring system ranging from 1: much less than expected to 
5: much more than expected. 

BW was assessed according to United Kingdom reference 
standards (Least Mean Square Growth program; http://
www.healthforallchildren.com) and expressed in kilograms 
and standard deviations (SD). The incidences of preterm 
birth (gestation <37 completed weeks), LBW, defined as 
BW <2500 g, small for gestational age (SGA), defined as 
BW <10th percentile and operative delivery were compared 
with healthy siblings and contemporary Scottish population 
data (19). 

Statistical Analysis

All analyses were done using Minitab (version 13.1) at a 
significance level of 5%. Data distribution was assessed 
for normality using Anderson-Darling test. Parametric data 
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are presented as mean (± SD) and non-parametric data 
as median (range) or median (range) (interquartile range) 
Quantitative variables were compared using t-tests and 
analysis of variance or Kruskal-Wallis and Mann-Whitney 
U tests. Qualitative variables were compared using chi-
squared or Fisher’s exact tests. 

Ethical Aspects

Approval was initially granted by the Ethical Committee 
of the Royal Hospital for Sick Children in Glasgow in 2004 
and data collection completed in 2011. Following the tragic 
loss of the lead investigator, Wendy Paterson in 2012, the 
study was relaunched in 2015 to update the data and to 
include more recent patients. This second phase of the 
study was approved by the National Health Service of the 
United Kingdom Research Ethics Authority (reference 15/
NW/0900). In both study periods written informed consent 
was obtained from parents/guardians and subjects aged ≥16 
years while children <16 years were invited to give assent.

Results

Ninety (54 male) subjects with PWS born between 1950 and 
2015 (median 1994) were included in the study (Table 1). 
Excluding eight deaths (male/female=5/3) at the ages of 15, 
18, 23, 25, 27, 27, 29 and 45 years, the median (range) age of 
82 patients on 01/01/2016 was 20.8 (0.9-65.7) years. Twenty-
nine patients had undergone GH stimulation testing of whom 
17 were GH insufficient-median (range) levels 7.2 (<0.1-14.8) 
mU/L; and 12 were GH sufficient-levels 31.6 (17.4-78.1 mU/L). 
A total of 20 patients were treated with GH injections during 
the study period. Hypothyroidism was not documented, and 
no patient was referred with elevation of thyroid stimulating 
hormone on newborn screening programme, which was 
introduced in Scotland in 1979. No patient was diagnosed 

with adrenal insufficiency during the study period, or received 
hydrocortisone therapy. 

Questionnaires were sent to 72 families and returned by 
60 (83%). Reasons for questionnaires not being sent to 18 
families included adoption/fostering and parents no longer 
being contactable. Comparative birth data were collected for 
97 siblings (56 male). 

Genetics

Genetic diagnosis of PWS was confirmed in 89 of the 90 
subjects, as follows: paternal deletion (del15q) in 56 (62%); 
maternal disomy (mUPD15) in 26 (29%); translocation 
(chromosome 15-16) in one (1%); imprinting defect in 
two (2%) and four tested elsewhere (4%). One subject was 
initially reported to have no defect on standard PWS genetic 
screening but later Comparative Genomic Hybridization 
Array analysis revealed a deletion in paternal 15q11.2 
incorporating the NDN (NECDIN) gene (OMIM 602117). NDN 
is important for normal hypothalamic development and it 
has been suggested that loss of NDN contributes to both the 
hypothalamic hypogonadism and neurological features of 
PWS (19). No defect was found in one other, older subject 
who nevertheless satisfied the Holm consensus criteria for 
PWS (4).

Prenatal, Perinatal and Postnatal Data

Data for all PWS subjects and a comparison between term 
and preterm infants are shown in Table 1. Mean (± SD) BW 
was significantly lower in the study group versus healthy 
siblings: 2.68 (0.6) (n=89) vs 3.34 (0.6) kg (n=91); and 
-1.03 (1.03) vs -0.182 (1.02) SD (p<0.001); prevalence of 
SGA significantly higher -32/89 (36%) versus 10/91 (11%). 
Median (range) PWS gestation was lower at 39 (30-43) versus 
40 (33-42) weeks while preterm birth occurred significantly 
more often; in 23 (25.8%) patients compared with three 
(3.2%) siblings (p=0.03). 
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Table 1. Prenatal, perinatal and postnatal characteristics of 90 patients with Prader-Willi syndrome seen in a single 
centre between 1991 and 2015 according to term and preterm status

PWS all  
(n=90)

PWS term  
(n=66)

PWS preterm  
(n=23)

Term vs 
preterm

Gender (M/F) 54/36 40/26 13/10

Median (range) BW (kg) 2.68 (1.18-3.99)  (n=89) 2.97 (1.9-3.99) (n=66) 1.95 (1.18-2.78) (n=23) p<0.001

Median (range) BW SDS (n) -1.10 (-3.27 to 1.92) (89) -1.12 (-3.27 to 1.12) (66) -0.62 (-3.21 to 1.92) (23) p=0.26

%SGA 36 (n=32/89) 36.4 (n=24/66) 34.8 (n=8/23) p=0.9

Median (range) gestation (wks) 39 (30-43) (n=89) 40 (37-43) (n=66) 34 (30-36) (n=23) p<0.001

Median (range) duration of hospital stay 
(days)

27 (0-730) (n=71) 21 (1-730) (n=51) 36.5 (0-134) (n=20) p=0.01

Median (range) duration of NGF (days) 30 (2-480) (n=71) 25 (3-480) (n=50) 42 (2-231) (n=21) p=0.04

Median (range) fetal movement score 1 (1-4) (n=80) 2 (1-4) (n=60) 1 (1-3) (n=20) p=0.05

Time to clinical diagnosis (days) 70 (1-16801) (n=87) 152 (1-16801) (n=65) 24 (2-2995) (n=22) p=0.16

PWS: Prader-Willi syndrome, BW: birthweight, SDS: standard deviation scores, SGA: small for gestational age, wks: weeks, NGF: nasogastric feeding, 



Polyhydramnios was reported in 10/44 (22.7%) mothers. 
Breech presentation was recorded in 15/65 (23.1%) with 
one transverse lie. Mode of delivery was spontaneous vaginal 
in 38/86 subjects (44%), Caesarean section in 38/86 (44%), 
forceps-assisted delivery in six and ventouse extraction in 
three. FMs were reduced with a median score in PWS of 1 in 
the preterm and 2 in the term infants respectively (Table 1). 

Figure 1 shows that whereas sibling gestation was normally 
distributed, the PWS group suggested a bimodal, flattened 
distribution with peaks at both 34 and 40 weeks. This was 
more marked in the del15q than the mUPD15 groups. 

Fetal Movement Scores 

Decreased FM were present in 66/80 (82.5%) with normal 
movement in 14 (17.5%). Figure 2 shows comparison 
between 55 patients (including six with normal movement) 
and their unaffected siblings, with significantly lower 
scores for PWS (p<0.001). Mothers who had had non-
affected babies (n=55) scored their affected babies 
significantly lower (p=0.02) than those who had had only 
one (affected) baby (n=25)-median scores 1 versus 2. 
Thus 8/25 (32%) of the mothers with experience of only 
one pregnancy, carrying a PWS-affected infant, reported 
normal FMs compared with 6/55 (11%) of those with more 
than one child although the FM scores for the former group 
were still significantly lower than for unaffected children 
(p<0.001). 

Feeding Difficulties

Nasogastric feeding (NGF) was given to 75 (86%) infants with 
no assisted feeding in 12 and no data in three. Six of the infants 
who did not receive assisted feeding were diagnosed after four 
months of age. Median (range) duration of NGF in days was 
30 (2-480) (n=71) and was longer in preterm (n=21) at 42 
(2-231) than in term infants (n=49) at 25 (3-480). 

Hypogonadism in Male Prader-Willi Syndrome Infants

Data on testicular position was available in all but five 
of the 54 males. Forty-six (94%) of the 49 boys had 
cryptorchidism, which was bilateral in 40, unilateral in five, 
unspecified in one. Only three (5.5%) male patients had 
normally descended testes. Cryptorchidism was present in 
all but one of the 12 preterm males. 

Hypoplasia of Labia Minora in Female Prader-Willi Syndrome 
Infants

This was documented as present in six girls at birth, not 
present (i.e. normal) in a further six, and not documented 
otherwise. 

Timing of Clinical and Molecular Diagnosis 

Table 1 shows that age at clinical diagnosis was extremely 
variable during the study period and also that preterm 
infants were diagnosed sooner than term infants although 
this difference was not significant. 

Table 2 shows data on the timing of clinical (n=87) and 
genetic diagnosis (n=83) with subjects stratified by 
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Figure 1. Comparison of gestational age between 89 Prader-
Willi syndrome patients and 93 unaffected siblings

Fetal movements were retrospectively scored by the mothers as 1: much less 
than expected, 2: a bit less than expected, 3: about as much as expected, 4: 
a bit more than expected and 5: a lot more than expected

Sibs: siblings, PWS: Prader-Willi syndrome

Figure 2. Comparison of fetal movement in 55 Prader-Willi 
syndrome subjects and 93 unaffected siblings 

Sibs: siblings, PWS: Prader-Willi syndrome



decade of birth. Median (range) age at diagnosis during the 
study period was 2.3 months (1 day-46 years) for clinical 
and 10 months (4 days-46.5 years) for genetic diagnosis. 
Since 1991, time to genetic diagnosis has been 28 days 
(4 days-10.6 years). Age at diagnosis showed an apparent 
improvement during the study period although the number 
of as yet undiagnosed patients, particularly during the 2010-
2015 period, remains uncertain.

Age at Clinical Diagnosis in Patients Born from the Year 2000 
Onwards 

Analysis of patients born since 1 January 2000 showed that 
of 35 patients (16 males) the clinical diagnosis was made 
within the first week of life in 12 infants, between days 8 
and 27 in 11, aged 4 weeks to 12 months in seven, and after 
5 years in five. Among the 12 infants who were diagnosed 
clinically within a week of birth, sepsis was considered in two 
and neuromuscular disease in another. Table 3 gives details 
on the 12 patients diagnosed ≥4 weeks from year 2000 
onwards. Feeding difficulties and hypotonia at birth were 
present in all these patients, with NGFs given to nine. Other 
features included reduced FMs (9), prematurity (4), LBW (4), 
and bilateral cryptorchidism (5/6 males). Hypotonia was 
attributed in three cases to birth asphyxia, birth injury and 
benign congenital hypotonia. Magnetic resonance imaging 
(MRI) was carried out in three. Five children had developed 
hyperphagic obesity by the time that PWS was confirmed. 

Genotype vs Prenatal and Perinatal Features

Table 4 shows that both maternal and paternal age were 
significantly greater in the mUPD15 group compared with 
the del15q group. Also, median year of birth was later 
in the mUPD15 group than in the del15q group-2004 vs 

1994-although this was not significant (p=0.11). The 
prevalence of diminished FMs, birthweight and gestation 
and operative delivery was similar between the two groups. 

Discussion

This study of 90 patients with PWS, drawn from a 
geographically defined area over a 25-year period, 
confirms and extends existing knowledge of the 
prenatal, perinatal and postnatal features of PWS, the 
dominant trait being presence of hypotonia. It should be 
noted that our study is confined to describing only those 
infants whose hypotonia was caused by PWS so that the 
prevalence of neonatal hypotonia in Scotland during the 
study period and hence the proportion of those hypotonic 
infants who actually had PWS is unknown. 

Intrauterine hypotonia causes polyhydramnios, 
malpresentation and reduced FMs leading to an increased 
prevalence of operative delivery. All these features were 
seen in this study, consistent with previous reports 
(9,12,17,18). Of note, breech presentation was found in 
23% of our cohort compared with 0.2% in the Scottish 
population while 44% were delivered by caesarean 
section in contrast to Scottish population data showing a 
rate of 8.6% in 1975-76, rising to 29.9% in 2014-15 (20). 

We found increased incidence of LBW (23.6%) and SGA (36%), 
contrasting with 12.7% for SGA in the Scottish population 
(21) although SGA prevalence in PWS has been reported to 
be higher, ranging from 53-65% (9,22). It has been suggested 
that SGA in PWS may result from a failure to express paternal 
genes which improve placental function (22).
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Table 2. Mean ± standard deviation and median (range) times (days) to clinical (n=87) and molecular (n=83) 
diagnosis by decade of birth

Decade of birth Mean ± SD Median (range) (IQR) p compared to 
prior decade

Comparison between all 
decades p

Clinical diagnosis

<1980 (n=19) 3558±4548 1468 (194-16801) (840-4200) - -

1980-1989 (n=17) 415±681 97 (1-2557) (9-612) p<0.001 -

1990-1999 (n=16) 248±422 74 (1-1534) (3-225) p=0.61 p<0.001

2000-2009 (n=26) 404±887 19 (2-3835) (7-128) p=0.91 -

>=2010 (n=9) 6.1±3.4 5.0 (2-12) (3.5-9) p=0.01 -

Molecular diagnosis

<1980 (n=16) 8797±3458 8401 (4556-16984) (6452-10319) - -

1980-1989 (n=18) 3890±2556 3658 (183-8949) (1544-5470) p<0.001 -

1990-1999 (n=15) 276±494 73 (4-1790) (14-293) p<0.001 p<0.001

2000-2009 (n=25) 476±958 56 (7-3857) (13-228) p=0.82 -

>=2010 (n=9) 11.8±4.52 12.0 (5-19) (7.5-15) p=0.006 -

SD: standard deviation, IQR: interquartile range



The prevalence of preterm birth (25.8%) in our cohort 
markedly exceeds the current Scottish figures of 7.3% 
(19). This increase is similar to Lionti’s study (27.4%) 
(22) and higher than two earlier French studies which 
reported rates of 13/86 (15%) and 2/19 (10.5%) versus 
6% in the general population (12,17). Preterm birth in 
PWS may be partly due to polyhydramnios from reduced 
fetal swallowing causing uterine distension and inducing 
early labour (14,17). The distribution of gestational 
age seen in our cohort appeared to be bimodal. This 
finding has been previously reported by Butler et al 
(16). However these authors report bimodal distribution 
only in mUPD15 whereas we found bimodality only in 
the deletion group. More data on larger populations are 
needed to confirm this possible bimodal pattern. 

In contrast to our expectations that features in common 
with prematurity might cause delay in the diagnosis of 
PWS, we found that affected premature infants tended 
to be diagnosed earlier than their term counterparts. 
This might be attributable to preterm infants receiving 
more clinical attention as well as having a longer stay in 
hospital. 

While most prenatal features of PWS, such as 
polyhydramnios and abnormal presentation are too 
non-specific to be of value, reduced FM is of importance 
in indicating the congenital nature of the hypotonia, 
prompting consideration of disorders such as PWS or 
neurological conditions such as SMA. Careful comparison 
of maternal retrospective evaluation of FMs in affected 
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Table 3. Clinical data on 12 of 35 children with Prader-Willi born from the year 2000 onwards in whom clinical 
diagnosis was made at or after 28 days

Patient 
no

Sex Age at 
clinical 
diagnosis

FM 
score

BW 
(kg)

Gestation 
(weeks)

Floppy at 
birth?

UDT NGF 
(duration)

Comment

 1 M 4 w 1 1.96 36 y b y (4 w) Had MRI of brain for possible neurological 
diagnosis

 2 M 4 w 2 3.38 39 y b y (12 m) Diagnosed at end of newborn period

 3 M 4 w 3 2.5 42 y b n Poor suck and floppy with dislocated hips

 4 F 6 w 1 1.94 34 y y (17 w) Mother noticed very reduced FM compared 
with co-twin

 5 F 7 w 2 2.29 35 y y (2 d) Admitted day 5 with hypothermia, tube fed 
for 2 days, discharged day 10. Diagnosis 
made because of persistent hypotonia

 6 M 3 m 4 2.61 38 y b y (10 m) MRI and EEG carried out in view of 
neonatal hypotonia and poor feeding

 7 F 7 m 1 2.68 38 y y (2 w) Hypotonia attributed to birth asphyxia 
(Apgar 4 at 5 minutes). Persistent 
hypotonia led to diagnosis

 8 F 10.5 y 1 2.76 39 y y (7 d) Very floppy and difficult to feed at birth, 
hyperphagic from 3 years

 9 M 3.9 y 1 2.7 37 b y (4 w) Bruised at birth. MRI scan performed at 3 
w in view of hypotonia and poor feeding. 
Developmental delay and weight gain led 
to diagnosis

 10 F 4.6 y 3 3.24 40 y n “Like a rag doll” with no cry and poor 
feeding. Diagnosed as benign congenital 
hypotonia. Weight gain from 3 years and 
mother suspected PWS from internet

 11 F 3.7 y 3 3.1 41 y y (3 d) Difficult to feed and tube fed briefly. 
Developmental delay followed by increase 
in weight at 3 years prompted diagnosis

 12 M 4.2 y 2 1.8 36 y No n Reduced fetal movement compared to 
siblings reported. Went home day 3. 
Increase in weight noted at 1 year. Initial 
genetic screening reported normal but 
deletion in PWS region detected by CGH 
Array

d: days, m: months, y: years, b: bilateral, F: female, M: male, FM: fetal movement, BW: birthweight, UDT: undescended testis, NGF: nasogastric feeding, MRI: 
magnetic resonance imaging, EEG: electroencephalogram, PWS: Prader-Willi syndrome, CGH: comparative genomic hybridization



and unaffected infants shows a striking difference, with 
82.5% reporting reduced movements in PWS infants. This 
is consistent with the figures of 85% and 88% reported 
in the studies of Miller et al (23) and Gross et al (9), both 
of which assessed FMs using antenatal ultrasound. 

In our study mothers who had only experienced one 
pregnancy with a PWS infant were less likely to score 
FM as low. However, scores given by uniparous mothers 
were still significantly lower than those for the unaffected 
babies of other mothers. Furthermore, preterm infants 
had a lower median score for FMs than term babies, but 
despite this term babies’ scores were still significantly 
lower compared with unaffected babies. Table 3 shows 
that eight of twelve patients diagnosed ≥4 weeks of age 
had reduced FMs, awareness of which could have secured 
earlier diagnosis. Subjective maternal reporting, even 
for uniparous women, appears reliable and increased 
awareness of this among obstetricians and neonatologists 
is important (18). 

The most constant feature of PWS at birth is hypotonia, 
Dudley and Muscatelli citing a 97% incidence (17). 
Gunay-Aygun et al (24) cite “hypotonia with poor suck” 
as the sole factor from birth to two years, sufficient to 

prompt genetic testing for PWS. Feeding difficulty is also 
common in PWS, NGF being instituted in 86% of our 
cohort. Late-diagnosed infants had shorter durations of 
NGF reflecting failure to recognise the condition and its 
severity. In the few cases where NGF was not commenced, 
some mothers described enormous difficulties in feeding 
their infants. The value of prompt diagnosis in reducing 
the period of hospitalisation and duration of NGF has 
been shown by Bacheré et al (25). The very high rate 
of male hypogonadism in PWS is confirmed by this 
study with a prevalence of 90% amongst preterm boys 
compared with 30% prevalence reported in unaffected 
preterm boys (26). 

During the study period the median age at diagnosis of 
PWS appeared to improve with a fall from 9 to 5 days 
between 2000-2009 and 2010-2015. However it is 
important to note that the number of as yet undiagnosed 
children with PWS is currently unknown, and that the 
true median age at diagnosis may prove to be higher. 

Consistent with previous studies we have shown an 
increase in parental age with mUPD15 compared with 
del15q (16). We also showed that the ratio of mUPD15 
to del15q rose during the study, consistent with the rise 
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Table 4. Parental, fetal and perinatal characteristics of 90 patients with Prader-Willi syndrome seen in a single centre 
1991-2015 according to molecular genetic defect

mUPD15 del15q p value

Mean (SD) maternal age (yrs) 
[n]

34.6 (6.2)
[23]

26.4 (6.1)
[51]

<0.001

Mean (SD) paternal age (yrs)
[n]

34.6 (7.2)
[23]

29.6 (6.4)
[49]

0.004

% decreased fetal movement scores
[n]

79.2
[19]

81.6
[40]

0.91

% Caesarean section 
[n]

40
[10]

49.1
[27]

0.54

% Vaginal delivery
[n]

56
[14]a

50
[28]b

0.54

Median (range) gestation (weeks)
[n]

38 (32-42)
[25]

39 (30-43)
[56]

0.52

Preterm <37 weeks 
(%)

6/25
(24)

16/56
(28.6)

0.66

Mean (SD) birth weight
[n]

2.73 (0.57)
[25]

2.60 (0.57)
[56]

0.36

Mean (SD) birth weight SDS 
[n]

-0.82 (0.83)
[n=25]

-1.18 (1.01)
[56]

0.13

Number (%) SGA 
[n]

5 (20)
[25]

25 (44.6)
[56]

0.02

mUPD15: maternal uniparental disomy of chromosome 15, del15q: deletion in 15q 11-13 region of paternal chromosome, a: includes two forceps and one 
ventouse deliveries; b: includes three forceps and two ventouse deliveries, SGA: small for gestational age, SD: standard deviation



in parental ages in Scotland between 1977 and 2015-
from 26.1 to 29.4 and 28.6 to 32.3 years for mothers 
and fathers respectively (20). The relationship between 
maternal age and disomy has been hypothesized to result 
from a phenomenon known as trisomy rescue (16,27). 
No other significant difference was found between the 
two genotypes. 

Early diagnosis in PWS is highly desirable. Therapies 
to counter muscular hypotonia, including GH therapy 
and physiotherapy training programmes, may be 
especially useful in the early years. During this period 
PWS infants and young children may have impaired 
motor development and skill acquisition which has been 
reported to affect further development of social abilities 
and cognitive function (5). GH production is reduced 
at all ages in PWS but is more marked at younger ages 
and reduced muscle mass is present from infancy so 
that early GH therapy may alleviate deficits associated 
with PWS hypotonia, including improved cognitive 
development (7,8). Moreover, feeding difficulties are 
a major problem during infancy and early detection of 
PWS enables speech and language therapy help with 
this problem as well as with language acquisition and 
cognitive development. Indeed, so prevalent are feeding 
difficulties and the need for NGFs in PWS that this 
diagnosis can be virtually excluded in older patients with 
obesity and developmental delay if there is no history of 
neonatal feeding problems. Beyond infancy parents and 
carers need to restrict calorie intake in order to prevent 
the onset of obesity (5,6). Thus an additional benefit of 
early diagnosis is the opportunity to educate parents and 
others involved in the welfare of the patient as to the 
natural history of this complex condition and to not only 
care for the child, but also to seek help themselves, when 
necessary (5,7,8). 

Given the typical features of PWS, particularly the 
findings of hypotonia and feeding difficulty at birth, it 
might be expected that diagnosis would be consistently 
early. The additional feature of cryptorchidism in almost 
all males is most helpful, especially when combined with 
hypotonia. By contrast, hypoplasia of the labia minora 
was documented in only a minority of female patients. 
This partly reflects the lack of systematic documentation 
during the study period, but also the limited diagnostic 
value of such a subjective feature. The finding of 
unexplained hypotonia at birth, especially if accompanied 
by undescended testes in boys, should immediately 
prompt a search for the phenotypic features of PWS. 
These include characteristic up-slanting eyes with narrow 
palpebral fissures (so-called “almond eyes”), narrow 

nose, bi-frontal narrowing and sticky saliva resulting in 
the “string sign” (28), small hands and feet, and weak 
cry. Whilst we decided that it was not possible in this 
retrospective study to accurately quantify and evaluate 
these traits individually, a constellation of these features 
in a hypotonic infant is an important adjunct to diagnosis. 
However, we would argue that it is actually making 
the essential connection between neonatal hypotonia 
and the possibility of PWS in the first place-which only 
then prompts a search for phenotypic features-which is 
essential and yet not being made consistently in clinical 
practice in our experience. Thus our study shows that in 
Scotland diagnosis of PWS was first suspected well after 
the first week of life in 34% of patients during the past 
15 years. This is despite the presence of hypotonia in all 
12 of the late-diagnosed cases with recourse to NGF in 
nine, reduced FMs in eight, and cryptorchidism in 5/6 
boys. 

Also, the distress caused to parents when diagnosis 
is delayed, even for a matter of days, should not be 
underestimated, especially when investigations for 
neurological disease, such as MRI and muscle biopsy 
are contemplated. The mother of patient 7 in Table 3, 
eventually diagnosed at 9 months, wrote “As the hospital 
didn’t know what was wrong we were not allowed to go 
home until our daughter could take the bottle. We secretly 
cup fed her so as to be able to get home as they wouldn’t 
let us tube feed. On finding out about her condition we 
realised that she ticked all the boxes and we feel that the 
hospital should have recognised the condition. Instead 
we were told she had cerebral palsy.” 

Study Limitations

The main limitation of our study was its retrospective 
nature. However, in including all genetically proven PWS 
patients who have attended our clinic up to 2015, our 
cohort size was maximised. In addition, a temporal 
analysis of the speed of clinical and molecular diagnosis 
at a dedicated, specialised PWS clinic was made possible. 
A further limitation of our study was the subjective 
nature of data obtained from the mothers, especially 
concerning the degree of FM in affected and unaffected 
children. It is reassuring to compare the subjective recall 
of our mothers which proved to be consistent with the 
radiologically measured degree of FM reported by Miller 
et al (23) and Gross et al (9). 

In our opinion the diagnosis of PWS can and should be 
made within days of birth provided that the hypotonia and 
the feeding difficulties, which will invariably be evident 
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to the mother and midwife, are appreciated. Subsequent 
rapid genetic confirmation of PWS is essential since 
previous work in our centre showed clinical misdiagnosis 
in 11/31 patients at the time our multi-disciplinary clinic 
was established (29). In the present study only one 
patient did not show molecular genetic evidence of PWS 
despite fulfilling the Holm criteria. 

Conclusion

We believe that, although features such as preterm birth, LBW, 
SGA, operative delivery and malpresentation are not specific 
to PWS, their combined presence in the context of hypotonia 
and feeding difficulties should evoke PWS. Indeed it has been 
suggested that when a combination of polyhydramnios, SGA 
and asymmetric intrauterine growth co-exist in the absence 
of morphological abnormalities, prenatal methylation studies 
for PWS should be performed (9). 
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Monogenic obesity, caused by mutations in one of the genes involved in the control of hunger and satiety, is a rare cause of early onset 
obesity (EOO). The most common of the single gene alterations affect the leptin gene (LEP), resulting in congenital leptin deficiency that 
manifests as intense hyperphagia, EOO and severe obesity associated with hormonal and metabolic alterations. Only eight mutations of 
LEP associated with congenital leptin deficiency have been described in humans to date. In this study, we report a novel, homozygous, 
missense mutation in exon 3 of the LEP gene (chr7:127894610;c.298G>A) resulting in the amino acid substitution of asparagine for 
aspartic acid at codon 100 (p.Asp100Asn) in a 10-month-old infant who presented to us with severe hyperphagia and EOO. She was 
subsequently found to have low serum leptin concentrations. Additionally, a homozygous missense variation of unknown significance 
in exon 11 of Bardet-Biedl syndrome-1 gene (chr11:66291279; G>A; Depth 168x) was detected. Significant abnormalities of lipid 
parameters were also present in our patient. Both parents were thin but there was a family history suggestive of EOO in a paternal uncle 
and a cousin. In conclusion, we report the second patient from India with a novel mutation of the LEP gene associated with severe 
obesity. 
Keywords: Congenital leptin deficiency, monogenic obesity, leptin gene, novel mutation, early onset obesity, India

Introduction

Severe early onset obesity (EOO) may be caused by 
alterations in genes that regulate appetite, body weight and 
energy homeostasis (1). The most common single-gene 
alterations that cause severe EOO include mutations in the 
leptin (LEP), leptin receptor (LEPR), preopiomelanocortin, 
prohormone convertase 1 or melanocortin 4 receptor genes, 
which together account for 3-5% of non-syndromic cases 
(1). These genes are involved in the control of hunger and 
satiety through the leptin-melanocortin signaling pathway 
in the hypothalamus. Of these genes, the most commonly 

affected is the LEP gene. Homozygous mutations in LEP 
cause the recessively inherited congenital leptin deficiency 
which manifests as severe EOO (1). Other characteristic 
manifestations include impaired satiety, intense 
hyperphagia, a normal birth weight and rapid weight gain 
during early infancy (1). These children also develop several 
hormonal and metabolic abnormalities associated with 
obesity in older children and adults (2). In addition, they 
may have reduced T-cell number and function, resulting 
in increased predisposition to infections and high rates of 
mortality during childhood (3). After the first report of a 
frameshift mutation in LEP in two severely obese cousins 
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from a consanguineous United Kingdom family of Pakistani 
origin (4), several other patients with frameshift, missense 
or deletion mutations in LEP have been reported (5,6,7,8,
9,10,11,12,13,14,15,16,17). These reports have emanated 
from several countries and especially from regions with 
high rates of consanguinity. Approximately 80% of about 50 
patients described in the literature so far come from Central 
Pakistan (4,5,6,7,8). In this communication, we report a 
novel homozygous missense mutation in LEP associated 
with low serum leptin concentrations, hyperphagia and 
severe EOO in an infant from Northwest India. 

Case Report

A 10-month-old girl was referred to our endocrine unit for 
evaluation of excessive and rapid weight gain. She was born 
at full term by normal vaginal delivery and weighed 3.0 kg 
[-0.52 standard deviation score (SDS)] at birth. She is the 
second child of healthy, non-obese parents with third degree 
consanguinity. There was no history to suggest gestational 
diabetes, hypertension, hypothyroidism or excess weight 
gain by mother during pregnancy. Parents noticed increased 
appetite at about two months of age. She started demanding 
feeds at half to one hourly intervals. Subsequently, there 
was a rapid gain in her weight to 9.5 kg (+3.14 SDS) at four 
months and 15 kg (+8.17 SDS) at six months of age. There 
was no history of lethargy, dryness of skin, constipation, 
excessive hair growth, seizures, visual or sleep disturbances. 
There was a history of EOO in a paternal uncle and a male 
cousin.

Physical examination revealed generalized body fat 
distribution, a rounded face and deep skinfolds (Figure 1A, 
1B). There were no stigmata of a syndrome or underlying 
endocrinopathy, except acanthosis nigricans in axillae and 
neck folds (Figure 1C). The vital parameters were normal. 
Her weight was 19 kg (+7.38 SDS), length 71.0 cm (-0.24 
SDS) and body mass index 37.7 kg/m2 (+10.94 SDS). 
Anthropometric calculations were done using the World 
Health Organizetion (WHO) Anthroplus software (version 
1.0.4 WHO, Geneva, Switzerland). Ophthalmological 
evaluation did not show retinitis pigmentosa. Systemic 
examination was unremarkable.

Laboratory investigations revealed normal routine 
hematological and biochemical parameters, except for 
serum liver aminotransferases. The results of other 
laboratory evaluations are shown in Table 1. Abdominal 
ultrasound showed normal morphology of kidneys, a liver 
span of 12 cm (normal 6.3-9.6 cm) and features of hepatic 
steatosis. Magnetic resonance imaging of the brain, with 
fine cuts through the pituitary and hypothalamus, showed 
no abnormality. In view of intense hyperphagia followed by 
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Table 1. Hormonal, metabolic and other laboratory 
results of the patient at presentation

Variable Patient’s 
value

Reference 
range

Fasting blood glucose (mg/dL) 92 70-100

Fasting C-peptide (ng/mL) 4.08 1.1-4.4

Fasting plasma insulin (mIU/L) 18.56 2.6-24.9

HbA1c (%) 5.4 4.0-5.8

Plasma cortisol (nmol/L) 473 171-536

Plasma ACTH (pg/mL) 8.0 5.0-60

Triiodothyronine (ng/mL) 2.56 0.8-2.0

Thyroxine (µg/dL) 11.20 4.8-12.7

TSH (µIU/mL) 5.23 0.27-4.2

Random growth hormone (ng/mL) 0.44 0-2.5 

Luteinizing hormone (mIU/mL) 0.100 <1-3.3

Follicle-stimulating hormone (mIU/mL) 3.38 <1-7.1

Estradiol (pmol/L) 5.0 0-<73.5

Testosterone (nmol/L) 0.087 <1.0

25-hydroxy vitamin D (ng/mL) 7.87 20.0-40.0

Parathyroid hormone (pg/mL) 27.71 15-65

Total cholesterol (mg/dL) 129.2 150-200

Low-density lipoprotein cholesterol 
(mg/dL)

51.7 0-130

High-density lipoprotein cholesterol 
(mg/dL)

30.0 35-55

Serum leptin (ng/mL) 1.25 2.0-5.6

Serum adiponectin (mg/mL) 6.2 5.0-7.5

Aspartate aminotransferase (U/L) 53 3-30

Alanine aminotransferase (U/L) 89 7-45

HbA1c: haemoglobin A1C, ACTH: adrenocorticotropic hormone, TSH: 
thyroid-stimulating hormone

Figure 1. Clinical photographs of the patient showing A) 
generalized body fat distribution, B) deep skin folds and C) 
acanthosis nigricans



rapid weight gain, early age of onset, family history of EOO 
and low level of circulating leptin, a diagnosis of monogenic 
obesity due to LEP gene mutation was considered. Written 
informed consent was obtained from the parents for 
conducting all laboratory studies and for publishing clinical 
information and photographs. 

For genetic studies, genomic DNA extracted from blood 
was used to perform targeted gene capture using a 
custom capture kit on Illumina HiSeq 2000 sequencing 
platform (Illumina, California, USA). Sequencing identified 
a homozygous missense mutation in exon 3 of the LEP 
gene (chr7:127894610;c.298G>A) resulting in the amino 
acid substitution of asparagine for aspartic acid at codon 
100 (p.Asp100Asn). Validation of the identified mutation 
was done by Sanger sequencing to exclude false positivity 
(Figure 2). The Asp100Asn variant lies in the functional 
domain of the leptin protein and has not been reported in 
the 1000 Genomes database. It has a minor allele frequency 
of 0.0008% in the Exome Aggregation Consortium 
(ExAC) database. The in silico predictions of the effect of 
the mutation are “probably pathogenic” by Polyphen-2 
(HumDiv) and “pathogenic” by Sorting Intolerant From 
Tolerant, Log ratio test and MutationTaster2. The reference 
codon is conserved across species. 

Sequencing also revealed a homozygous missense variation 
in exon 11 of Bardet-Biedl syndrome-1 (BBS1) gene 
(chr11:66291279; G>A; Depth 168x) resulting in amino 
acid substitution of isoleucine for valine at codon 346 
(p.Val346Ile). This variant has a minor allele frequency of 
0.16% and 0.1% in the 1000 Genomes and ExAC databases 
respectively. The in silico prediction of the effect of the 
mutation is “pathogenic” by only MutationTaster2. The 
reference codon is conserved across mammals. This BBS1 
mutation is classified as a variant of uncertain significance 
based on the above evidence. Sanger sequencing of exon 3 

of the LEP gene and exon 11 of BBS1 gene of the unaffected 
parents identified the same variations as in the index patient 
but with heterozygous inheritance.

Discussion

The majority of children with EOO have simple obesity 
(18). However, about 5% of all children with EOO may 
have monogenic obesity caused by mutations in one of 
the several genes involved in the regulation of appetite 
and body weight (1). Even rarer are the syndromic forms 
of EOO such as BBS, Prader-Willi syndrome and Beckwith-
Wiedemann syndrome caused by genetic, epigenetic and 
genomic alterations (1). The most common and treatable 
form of monogenic obesity is due to mutations in the LEP 
gene manifesting as hyperphagia and rapid weight gain 
starting from early infancy (4). The clinical manifestations 
in the index patient were similar to the previously reported 
patients (4,5,6,7,8). Additionally, our patient exhibited 
severe abnormalities of lipid parameters, usually found 
in patients with congenital leptin deficiency during late 
childhood or even adulthood, at 10 months of age (8). 
However, other common obesity-associated complications 
such as abnormalities of glucose homeostasis and blood 
pressure were not detected in our patient (2,8). The mild 
elevation of serum aminotransferases was possibly related 
to hepatic steatosis commonly seen in patients with obesity 
and dyslipidemia (19).

The mutation (chr7:127894610;c.298G>A) in our 
patient that led to amino acid substitution of asparagine 
for aspartic acid at codon 100, has not been described 
previously. However, a different missense variation 
(Asp100Tyr) affecting the same codon has been reported 
(13). Interestingly, the affected patient had high circulating 
levels of mutant leptin (functional studies showed that leptin 
was biologically inactive) (13), unlike the characteristically 
absent or nearly absent circulating leptin in LEP gene 
mutations (5,6,7,8).We presume that the low serum leptin 
concentrations secondary to the mutated LEP gene resulted 
in severe hyperphagia and severe EOO in our patient. The 
serum concentrations of leptin were even lower than the 
recent local normative data for children (mean serum levels 
1.4±0.5, range 1.04-3.71 ng/mL) (20).

Leptin is an important afferent, peripheral, humoral signal 
to the appetite-regulating network in the hypothalamus 
and affects food intake and energy expenditure. It is an 
important predictor of weight gain even during early infancy 
(21). Therefore, low levels of leptin or its biological inactivity 
resulting from mutations in LEP may disturb metabolic 
balance, leading to severe obesity and related metabolic 
disorders. Leptin replacement normalises these hormonal 
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Figure 2. Sequence chromatogram showing homozygous 
missense mutation in exon 3 of the leptin gene 
(chr7:127894610;c.298G>A) resulting in the amino acid 
substitution of asparagine for aspartic acid at codon 100 
(p.Asp100Asn)



and metabolic alterations, suggesting that leptin deficiency 
or inactivity is the predominant determinant of obesity 
associated disorders in these patients (3,9,13).

The finding of BBS1 gene mutation in our patient is 
intriguing. BBS is a known cause of a syndromic form of 
EOO and BBS proteins are required for LEPR signalling (22). 
However, leptin resistance rather than leptin deficiency is 
the characteristic finding in obese patients with BBS (23). 
The obesity usually manifests by 2-3 years of age, unlike that 
found in patients with LEP gene mutation which manifests 
in early infancy (22,23). Furthermore, our patient did not 
show the usual BBS stigmata, such as retinitis pigmentosa, 
kidney dysfunction, polydactyly, behavioural problems and 
hypogonadism (22). Low levels of circulating leptin and 
compromised leptin signalling may account for the extreme 
obesity seen in this case.

A significant majority of the previously reported patients 
belong to consanguineous families of the Arain tribe, who 
live in the Central Punjab, Pakistan (5,6,7). Incidentally, 
our patient hails from a geographical area in Indian Punjab 
approximately 30 miles away from this location, where 
most patients so far described live (5,6,7). Although families 
of the Arain community have a scattered presence across 
Northern India, including Punjab, their consanguinity 
rates are lower. Our patient does not belong to the Arain 
community, although third degree consanguinity was 
present. The first reported patient from India also came 
from North India (16). The geographic location points to 
either the operation of natural selection (carrier advantage) 
or random genetic drift (chance founder effects) for LEP 
gene in this population.

The limitations of our study include the lack of functional 
studies to understand the mechanism of disease 
manifestations in the patient. Also, we could not screen 
other affected family members for the mutation detected 
in our patient.

In summary, we report an infant with congenital leptin 
deficiency due to a novel mutation of the LEP gene, 
manifesting as severe EOO and dyslipidemia. This is only 
the second case from India with LEP gene mutation in the 
published literature. In patients with EOO, identifying those 
with LEP gene mutations is important, as recombinant 
human leptin therapy offers substantial clinical benefits in 
these patients.
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Sirolimus has been reported to be effective in the treatment of the diffuse form of congenital hyperinsulinism (CHI), unresponsive to 
diazoxide and octreotide, without causing severe side effects. Two newborns with CHI due to homozygous ABCC8 gene mutations were 
started on sirolimus aged 21 and 17 days, due to lack of response to medical treatment. A good response to sirolimus was observed. At 
follow-up after ten and two months of treatment, liver enzymes were found to be increased [serum sirolimus level 1.4 ng/mL (normal 
range: 5-15), aspartate aminotransferase (AST): 298U/L, alanine aminotransferase (ALT): 302U/L and serum sirolimus level: 9.9 ng/mL, 
AST: 261U/L, ALT: 275U/L, respectively]. In Case 1, discontinuation of the drug resulted in normalization of liver enzymes within three 
days. Two days after normalization, sirolimus was restarted at a lower dose, which resulted in a repeated increase in transferases. In 
Case 2, a reduction of sirolimus dose caused normalization of liver enzymes within ten days. When the dose was increased, enzymes 
increased within three days. Sirolimus was discontinued in both cases. 
The rapid normalization of liver enzyme levels after sirolimus withdrawal or dose reduction; elevation of transaminases after restart or 
dose increase and rapid normalization after sirolimus withdrawal were findings strongly suggestive of sirolimus-induced hepatitis. 
To the best of our knowledge, this is the first report of sirolimus-induced hepatitis in CHI. Sirolimus is a promising drug for CHI patients 
who are unresponsive to medical treatment, but physicians should be vigilant for adverse effects on liver function.
Keywords: Hyperinsulinemic hypoglycemia, sirolimus, hepatitis, liver enzymes

Introduction

Congenital hyperinsulinism (CHI) is characterized by 
inappropriate insulin secretion despite hypoglycemia. It is 
a heterogeneous disorder with the clinical manifestations 
ranging from severe hypoglycemia in the newborn period 
to mild hypoglycemia in childhood (1,2). The incidence 
is approximately 1:30.000 live births but is increased 
in populations with a high prevalence of consanguinity 

(3). Most cases of CHI are caused by autosomal recessive 

mutations in the ABCC8 and KCNJ11 genes (1).

Historically the treatment of severe, diffuse CHI, 

unresponsive to diazoxide and octreotide was subtotal 

pancreatectomy. This surgery has been associated with a 

high incidence of insulin-dependent diabetes, persistent 

hypoglycemia and exocrine pancreatic insufficiency (4). 

As a novel agent, the mammalian target of rapamycin 
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(mTOR) inhibitor, sirolimus, has been recommended for 
the treatment of the diffuse form of CHI, unresponsive 
to diazoxide and octreotide. It has been reported to be a 
safe agent in pediatric cases (5,6,7). Herein, we report two 
cases of diazoxide and octreotide unresponsive CHI, due to 
homozygous ABCC8 gene mutations in which sirolimus had 
to be discontinued because of drug related hepatotoxicity.

Case Reports

Case 1

A female infant presented with severe hypoglycemia on 
the first day of life. CHI was diagnosed based on laboratory 
findings. She was normoglycemic with intravenous (iv) 
glucose, diazoxide, iv glucagon and octreotide on day 16 
but the reduction in glucose requirement was not successful 
during the next five days (Table 1). She also had congenital 
hypothyroidism with normal thyroid ultasonography (TSH: 
>100 uIU/mL, sT4:0.7 ng/dL) and was euthyroid with 
L-thyroxine (12 mcg/kg/day).

18F-DOPA positron emission tomography/computed 
tomography (PET/CT) scanning could not be performed but 
sequence analysis identified a novel homozygous p.H59P 
(c.176A>C) missense mutation in the proband’s ABCC8 
gene. In silico analysis predicted the variant was likely to 
be pathogenic and that the affected residue was highly 
conserved across species (Alamut, Rouen, France). The 
identification of a recessively inherited ABCC8 mutation in 
the patient was consistent with diffuse pancreatic disease. 

After consent from the parents, sirolimus was started at a 
dose of 0.5 mg/m2/day on day 21. The serum level of sirolimus 
and laboratory tests (full blood count, kidney and liver 
function tests, lipid profile, electrolytes) were checked every 
five days, to maintain the serum sirolimus concentration 
between 5-15 ng/dL. The patient was discharged on day 72 
with oral feeding, subcutaneous octreotide (40 mcg/kg/d) 
and oral sirolimus (3 mg/m2/day). The sirolimus level and 
biochemical markers were checked at monthly intervals.

Since she was normoglycemic, the octreotide dose was 
decreased during follow-up. At the age of 10 months the 
patient presented with diarrhea. At this time, she was being 
treated with octreotide (6 mcg/kg/d) and sirolimus (3.1 
mg/m2/day) and was normoglycemic. Her laboratory tests 
revealed elevated liver enzymes (Table 2). The coagulation 
tests, bilirubin levels, alkaline phosphatase (ALP), gamma-
glutamyl transpeptidase (GGT) and abdominal ultrasound 
results were all normal. Although the sirolimus level was 
below the therapeutic range (1.4 ng/mL), it was discontinued 
due to its known hepatotoxic effect. The liver enzyme 
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Table 1. The clinical features of the patients before 
sirolimus

  Case 1 Case 2

Sex Female Female

Birth weight 3300 g 3100 g

Gestation week 39 wks 36 wks

Blood glucose level (mg/dL) 26 20

Blood insulin level (mIU/mL) 55 43

Genetic result ABCC8 gene ABCC8 gene

p.H59P 
homozygote

p.A1185E 
homozygote

Treatment before sirolimus 

GPR 18 mg/kg/min 11 mg/kg/min

Diazoxide 15 mg/kg/d 20 mg/kg/d

Octreotide 40 mcg/kg/d 40 mcg/kg/d

Glucagon 0.01 mg/kg/h

Age at sirolimus treatment Postnatal 21st 
day

Postnatal 17th 
day

Min: minute

Figure 1. Liver enzyme levels (AST: aspartate aminotransferase, 
ALT: alanine aminotransferase) of Case 1 and Case 2 during 
sirolimus treatment and immediately after cessation



levels during dose adjustments are shown in the Figure 1. 
After sirolimus was discontinued, the octreotide dose was 
increased to 45 mcg/kg/d to achieve normoglycemia and 
four months later the patient was switched to octreotide-
long-acting release (LAR). She is currently 18 months of age 
with normal neuromotor development and normoglycemia, 
treated solely with octreotide-LAR (15 mg/monthly, 41 mcg/
kg/d) and oral feedings with three hourly intervals. Her most 
recent HbA1c level was 4.9% (30 mmol/mol) and also, she 
is euthyroid on L-thyroxine treatment. 

Case 2

This female infant was referred to our clinic on day 14 of 
life with CHI resistant to medical therapy (Table 1) and the 
reduction in glucose requirement was not successful. She 
had also congenital hypothyroidism with normal thyroid 
ultrasound (TSH: >100 uIU/mL, sT4:0.9 ng/dL) and was 
euthyroid with L-thyroxine (8 mcg/kg/d).

Sequence analysis identified a previously reported 
homozygous missense mutation, p.A1185E (c.3554C>A), 
in ABCC8 (8). The presence of a homozygous mutation in 
the patient was in keeping with diffuse pancreatic disease. 
After consent from the parents was obtained, sirolimus (0.5 
mg/m2/day) was added, due to no reduction in the glucose 
requirement by day 17. Serum levels of sirolimus were 
checked every five days to maintain a therapeutic serum 
level as before. Neither clinical nor laboratory side effects 
were observed. She was discharged at age 40 days with 
sirolimus 0.4 mg/m2/day and octreotide 23 mcg/kg/d.

One month later, routine blood tests for side effects revealed 
elevated liver enzymes (Table 2) without any clinical 
symptoms. Sirolimus level at this time was 9.9 ng/mL in 
the middle of the therapeutic range. All other laboratory 
tests (blood count, kidney function tests, ALP, GGT, 
bilirubin levels) and abdominal ultrasound revealed normal 
results. The liver enzyme levels during dose adjustments 
are shown in Figure 1. As sirolimus was discontinued, 
the dose of octreotide was increased from 10 to 45 mcg/
kg/d. Although, the glucose levels were generally close to 
the lower limit of normal, with frequent oral feedings and 
applying a maximum dose of octreotide, we were able to 

protect the patient from severe hypoglycemia (a glucose 
level <50 mg/dL). Subcutaneous octreotide was switched 
to octreotide-LAR five months later. The patient is currently 
13 months of age and normoglycemic with octreotide-LAR 
(15 mg/monthly, 45 mcg/kg/d) and oral feedings at 4 hours 
intervals. Last HbA1c is 4.2% (22 mmol/mol) and also, she 
is euthyroid on L-thyroxine treatment. 

Discussion

The aim of treatment in CHI is to achieve normoglycemia 
and to prevent neurological damage. However, the clinical 
management of severe, diffuse CHI, unresponsive to medical 
treatment is still a vexing clinical problem (4). In a recent 
study, mTOR inhibitor, sirolimus, has been reported to be 
a novel agent for the treatment of diazoxide unresponsive 
CHI. Therapy with sirolimus achieved normoglycemia with 
no major adverse effect in four cases (5). We now report two 
further cases with severe CHI due to a homozygous ABCC8 
mutation. Both were successfully treated with sirolimus 
consistent with previous reports, but sirolimus had to be 
discontinued because of drug-induced hepatitis. 

In adult studies, various side effects of mTOR inhibitors 
have been reported which include bone marrow 
suppression, dyslipidemia, immunosuppression, elevation 
of liver enzymes, renal dysfunction, pneumonitis and 
stomatitis. These were reversible with dose reduction 
(9,10). In children, this drug was reported to be well 
tolerated in several studies with normal or high doses 
(1-6 mg/m2/d) (11,12,13). The main side effect reported 
in these studies was oral mucositis. However, in a recent 
study, Szymanowski et al (14) investigated the efficacy 
and adverse effect profile of sirolimus in the treatment of 
severe CHI. These authors detected adverse events such as 
hypertriglyceridemia, anemia, stomatitis, sepsis, varicella 
zoster and gut dysmotility in 80% of their patients, but also 
reported a 30% therapeutic success rate. 

Hepatotoxicity is another known side effect of sirolimus, 
resulting in transient and mild increase in liver enzymes. 
Its incidence was reported to be 17% in patients with 
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Table 2. The liver enzyme levels of the patients during hepatotoxic period of sirolimus

  Case 1 Case 2

  Day 0 Day 3 Day 5 Day 7 Day 0 Day 10 Day 32 Day 35

AST (0-40 U/L) 298 68 144 51 261 32 46 76

ALT (0-40 U/L) 302 140 171 61 275 35 43 80

Sirolimus dose 3.1 2 Stopped 0.4 0.2 0.3 Stopped

(mg/m2/d) Stopped Restarted Decreased Increased

AST: aspartate aminotransferase, ALT: alanine aminotransferase



renal transplant (15). Senniappean et al (5) and Méder et 
al (6) reported mild, transient elevation of liver enzyme 
concentrations. These increases were less than double the 
normal range and resolved spontaneously or with reduction 
in sirolimus dose (5,6). Although sirolimus appears to be 
safe in terms of hepatotoxicity, cases with severe sirolimus-
induced hepatitis have been reported. One report was that of 
a patient with renal transplantation who received sirolimus 
as an initial immunosuppressive in the post-transplant 
period (16). At the 16th month post-transplant, increased 
liver enzyme levels were detected [maximum aspartate 
aminotransferase (AST): 368 IU/L, alanine aminotransferase 
(ALT): 579 IU/L] with a serum sirolimus level of 6.3 ng/
dL. After sirolimus withdrawal, quick normalization of 
aminotransferases was observed. Jacques et al (17) reported 
another case with renal transplantation. In the second month 
of sirolimus, biochemical tests showed acute hepatitis (AST: 
861 IU/l, ALT: 609 IU/L) with signs of hepatic insufficiency. 
The serologic and autoimmune markers for hepatitis were 
normal. Despite a normal sirolimus level (10 ng/mL), it was 
withdrawn and transaminase levels normalized within five 
weeks. In our two cases, after sirolimus was discontinued in 
one case and decreased in the other, the normalization of 
transaminases was observed within a few days.

While octreotide is usually well tolerated in most patients 
with CHI, octreotide induced hepatitis has been reported in 
a few patients (18,19,20,21). Hepatitis was found to develop 
even with doses within the normal range, but the withdrawal 
of octreotide resulted in resolution. The rapid normalization 
of liver enzyme levels after sirolimus withdrawal and 
dose reduction, in our first and second case respectively, 
followed by elevation of transaminases after restart or dose 
increase and rapid normalization after sirolimus was again 
withdrawn while the patient continued with octreotide 
treatment provides robust evidence of sirolimus-induced 
hepatitis.

Fortunately, both patients are now normoglycemic with 
octreotide-LAR and frequent feedings. This observation 
suggests that this entity may tend to become milder over 
time. It also suggests that a good response to octreotide-LAR 
may be expected as the patients get older.

Octreotide may affect thyroid hormones and may cause 
hypothyroidism with a concomitant low TSH level. However, 
hypothyroidism with elevated TSH levels was also reported 
in two cases with octreotide treated CHI due to ABCC8 
gene mutation (19,20). Similarly, our cases had elevated 
TSH levels with a low free thyroxine that is a characteristic 
finding for primary hypothyroidism. This is most probably 
a coincidental finding since patients on octreotide therapy 
usually develop central hypothyroidism marked by low 

TSH. Further tests will be done for the etiology of primary 
hypothyroidism in later years. 

In conclusion, sirolimus is a promising drug for diazoxide and 
octreotide unresponsive CHI patients, but physicians should 
be vigilant for its adverse effects which may necessitate the 
withdrawal of the drug.
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Congenital isolated growth hormone deficiency (IGHD) type 1b is an autosomal recessive genetic condition caused by mutations of 
growth hormone (GH)-1 or the growth hormone releasing hormone receptor (GHRH-R) genes. Affected subjects present with symptoms 
of growth hormone deficiency (GHD) with low but detectable levels of growth hormone (GH), short stature and responsiveness to 
GH therapy. We describe a 13-month old girl with severe growth failure who showed a low GH response to two GH provocation tests 
and a modest increase of insulin-like growth factor-1 (IGF-1) to an IGF-1 generation test. Whole exome sequencing revealed a novel 
homozygous variant of the GHRH-R gene (c.97C>T), leading to a premature stop codon. Administration of recombinant human GH 
improved linear growth. This is the first report of a c.97C>T mutation of the GHRH-R gene.
Keywords: Congenital isolated growth hormone deficiency, growth hormone releasing hormone receptor, failure to thrive, short stature

Introduction

Isolated growth hormone deficiency (IGHD) is a sporadic 

disease with a prevalence ranging from 1:3480 to 1:10 000 

live births (1). It is defined as an insufficient or deficient 

production of growth hormone (GH) by the pituitary gland. 

Its complex etiology involves a spectrum of hypothalamic 

defects, pituitary abnormalities or combined conditions, 

which can be structurally detected by brain imaging in only 

26.8% of affected patients (2). 

Familial IGHD is classified into four distinct types with 
different clinical manifestation and inheritance patterns. 
The two most frequent types of IGHD are types 1a and 
1b, characterized by an autosomal recessive trait; type 2 is 
transmitted as an autosomal dominant defect while type 3 
appears with an X-linked inheritance pattern. Type 1a IGHD 
presents as an entire GH-1 gene deletion with undetectable 
serum GH levels, extremely short stature and possible 
development of anti-GH antibodies after recombinant 
human GH administration (3,4). Type 1b IGHD presents 
with a milder phenotype, caused by mutations to either 
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the GH-1 gene or to the GH releasing hormone receptor 
(GHRH-R) gene with low but detectable levels of serum GH, 
short stature and a positive response to GH therapy with 
immunologic tolerance (5). Type 2 IGHD patients may also 
present with low serum GH levels without development of 
anti-GH antibodies. IGHD-type 3 has been associated with 
occasional agammaglobulinemia (6). 

The GHRH-R  gene is located on the short arm of chromosome 
7. A number of mutations within the specific locus of the 
GHRH-R gene have been reported in IGHD type 1b subjects, 
leading to loss of the receptor function and thus to growth 
failure. We present a novel mutation of the GHRH-R, leading 
to IGHD type 1b in a 13-months old Greek girl, the youngest 
patient with a GHRH-R mutation reported so far. 

Case Report

A 13-month old girl was admitted to our department due 
to failure to thrive. She was the second child of healthy, 
unrelated parents, whose heights were 190 cm (father) 
and 175 cm (mother). An ethical review board approval 
and informed consent from both parents of the proband 
presented here were obtained, in accordance with national 
laws.

The patient was the product of a 37 weeks gestation. 
During the 4th-8th gestational week, the mother 
experienced vaginal bleeding. Intrauterine growth 
retardation was diagnosed in the 8th gestational week 
due to placental insufficiency. Additionally, the mother 
admitted she was smoking during the entire pregnancy 
period. The newborn was asymmetrical and small for 
gestational age (SGA), with a birth weight of 2420 g (<3rd 
percentile, z-score: -1.93), and a length of 44 cm (<3rd 
percentile, z-score: -2.76) (Figure 1). Head circumference 
was 34.5 cm (70th percentile, z-score: 0.52). She was 
partially breast-fed during the first 30 days of life. Due to 
the infant’s unwillingness to take formula milk, she was 
transferred to the pediatric gastroenterology department 
where a 24-hour nasogastric tube was placed at the age 
of nine months and hypercaloric oral supplements were 
administered, without significant effect on body weight 
gain (Figure 1). 

On physical examination, at 13 months of age, the infant 
was small and skinny, not resembling obese GH deficient 
neonates. Her length was 60 cm (<3rd percentile, z-score: 
-6.03) and her weight 5470 g (<3rd percentile, z-score: 
-4.35). Head circumference was 45 cm (40th percentile, 
z-score: -0.27) and head shape was triangular with open 
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Figure 1. Growth chart for weight-for-age, height-for-age and head circumference-for-age (Anthro World Health Organization 
software) along with a clinical photograph of the patient at 15 months of age showing typical facial features of a patient with 
growth hormone deficiency

WHO: World Health Organization



fontanelles. Hair was very sparse and ears were low set. 
Nasal bridge was hypoplastic and dental development was 
significantly retarded (one tooth). Motor milestones were 
delayed; she was able to sit but could not stand. Systematic 
clinical examination of the heart, lungs and abdomen did 
not reveal abnormal findings.

Complete blood count, haemoglobin levels and glucose 
concentrations as well as renal function were within the 
normal range for her age. Karyotype analysis showed a 
normal female genotype of 46 XX. Thyroid and adrenal 
hormone levels were normal. Serological indices for celiac 
disease or food allergy were negative. Serum GH response 
to clonidine, glucagon and arginine stimulation tests 
revealed very poor response, with a peak GH value of 4.77 
ng/mL, demonstrating IGHD (Table 1). An IGF-1 generation 
test after administering GH at a dose of 33 µg/kg for four 
consecutive days showed low IGF-1 levels with a modest 
response (Table 1). After 12 months of GH treatment, 
serum IGF-1 level rose to 23 ng/mL. Bone age was two 
months at the chronological age of 13 months. Magnetic 
resonance imaging of the brain revealed a normal pituitary 
gland and normal hypothalamus. 

At the chronological age of 19 months the patient was 
administered GH at a starting dose of 0.28 mg/kg/week, 
subcutaneously. After ten months, GH dose was increased to 
0.35 mg/kg/week. At the age of 22 months she started to walk. 
At the chronological age of 24 months she presented a 12 
month phalangeal and a nine month carpal bone age. After ten 
months of medication she gained 7 cm in length (8.14 cm/year), 
300 g in weight and her head circumference had increased by 
2.2 cm. After one year of treatment (at chronological age of 31 
months) the patient had achieved a length of 73.5 cm (<3rd 
percentile, z-score: -5.2), a weight of 6100 g (<3rd percentile, 
z-score: -5.65) and a head circumference of 48 cms (50th 
percentile, z-score: -0.02) (Figure 1). 

Due to the facial features of the patient, Silver-Russell 
syndrome has been suspected. The absence of the 
clinical criteria of Price et al (7) along with a deletion/
duplication analysis with array genomic hybridization, 
Silver-Russell syndrome was excluded. Additionally, 
presence of intrauterine growth retardation, along with 
facial characteristics and delayed eruption of teeth, could 
suggest a possible diagnosis of 3M syndrome. Triple whole 
exome sequencing (WES) of the affected girl and parents 
(CentoXome GOLD®) using Illumina technology was 
performed. No mutation on CUL7, OBSL1 or CCDC8 genes, 
the mutations leading to 3M syndrome were found. A novel 
homozygous nonsense variant in the GHRH-R gene, the 
c.97C>T (p.Gln33*) was detected. The observed variant 
creates a premature stop codon and is classified as likely 
pathogenic-class 2 variant. Parental genotyping detected 
the novel variant in the mother in a heterozygous form, 
but it was not found in the father. It is suspected that a 
large deletion not detectable by WES in the paternal allele 
is present. The detected c.97C>T variant of the GHRH-R 
gene has never been reported before and not listed, in the 
CentoMD. 

Discussion

The present report describes an unknown GHRH-R 
mutation, in an infant girl of Greek origin, with a clinical 
appearance resembling a SGA state, rather than congenital 
GHD (8,9). To the best of our knowledge this is the 
youngest patient described in the literature to date with a 
mutation of the GHRH-R gene. The patient presented with 
a skinny appearance and showed a low IGF-1 response to 
an IGF-1 generation test. These two unexpected findings 
probably relate to caloric insufficiency caused by placental 
insufficiency (10), possibly due to the mother smoking 
throughout the pregnancy. 

Some of the causes of congenital IGHD are GHRH-R gene 
defects. These gene defects are being described more 
frequently in the literature (11). Currently more than thirty-
three mutations in the GHRH-R gene have been shown to 
cause impaired GHRH-GH-IGF-1 axis function, whereas no 
mutations in the GHRH gene have been reported. The large 
majority of these cases showed an autosomal recessive 
model of inheritance (12). Mutations of GHRH-R, classified 
into six different types, cause defective GHRH functionality 
(13). Null-type GHRH-R mutations lead to unmeasurable IGF-
1 levels and are accompanied by mild ocular disorders (14). 
Missense GHRH-R variants -such as p.G369V or p.T257A- 
result in partial loss of receptor function due to defective 
ligand binding and milder phenotypes, occasionally 
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Table 1. Growth hormone provocation and insulin-like 
growth factor 1 generation test values

Time 
(min)

GH (ng/mL) IGF-1 (ng/mL)

Clonidine Glucagon Arginine IGF-1 generation 
test

0 0.441 1.65 1.35 0 day 8.9

30 1.37 0.96 2.98 1st day 11.3

60 3.45 2.3 3.63 2nd day 13.4

90 1.1 4.77 1.18 3rd day 13.6

120 0.595 2.03 1.1 4th day 11.7

150 - 0.84 1.27 - -

180 - 0.44 - - -

GH: growth hormone, IGF-1: insulin-like growth factor 1, min: minute



accompanied by hypoglycemia (15). Splice site mutations 
of untranslated and coding regions have been reported 
to lead to gross indels with loss of 5’ regulatory/exon 1 
region, leading to fully impaired GHRH-R expression (12). 
Other splice-disrupting, single nucleotide polymorphisms 
like intronic mutations, lead to instability of the produced 
mRNA, truncated GHRH-R and autosomal recessively 
inherited IGHD (16). Nonsense type mutations lead to loss-
of-function changes (17), whereas functional variants of 
the GHRH-R promoter affect promoter activity and thus 
decrease expression of the receptor gene (18). 

Herein, we present a previously undescribed homozygous 
GHRH-R gene mutation, c.97C>T (p.Gln33*) in a child 
with IGHD type 1b. Clinical and biochemical phenotype of 
the affected individual comprises severe short stature, low 
weight gain, low maximum GH values after a battery of 
provocation tests, inadequate response to IGF-1 generation 
testing, normal brain imaging and growth acceleration after 
GH therapy. The reported mutation is predicted to lead to a 
premature stop codon and thus it signals the termination 
of translation of the relevant messenger RNA. Defective 
translation of the gene results in a shorter encoded protein 
and thus an impaired form of GHRH receptor. The novel 
mutation probably affects the receptor in terms of both 
sequence and structure, leading to the inhibition of GHRH 
binding to its receptor and thus to disruption in GH 
secretion signaling. According to the recommendations of 
the American College of Medical Genetics and Genomics, 
the novel mutant is classified as likely pathogenic, class 2.

Since the variant was detected in the maternal DNA in 
heterozygous state, but not in the paternal genome, the 
precise pattern of inheritance can not be confirmed. A 
suggested large deletion in the exact region of the paternal 
GHRH-R locus could explain the inability to detect the 
mutation via father WES analysis. Nevertheless, based on 
the finding of a healthy, unaffected heterogyzous mother, it 
could be assumed that the variant presented here, p.Gln33*, 
represents an autosomal recessive inheritance trait.

Intrauterine growth restriction is closely associated with 
placental quality, functionality and therefore adequacy. 
Multiple layers of associations have been suggested for 
the causes of fetal growth restriction and SGA offspring. In 
utero exposure to tobacco constitutes a known risk factors 
for both conditions. From a meta-analytic approach, even 
exposure to tobacco smoke during pregnancy is associated 
with low birth weight (19). Exposure of offspring to tobacco 
metabolites through maternal milk during infancy has 
also been suggested (20). Nevertheless, cohort studies 
have provided evidence that maternal smoking during 
pregnancy or early infantile life exert a long-term negative 

effect on growth (21). The presented case constitutes a 
paradigm of mixture between nature and nurture. Apart 
from the detected defect in GHRH-R gene sequence, in utero 
environment and after birth conditions have contributed 
to the phenotype. Synergistic effects of genetics and 
epigenetic conditions are not fully understoood and remain 
to be elucidated.

In conclusion, we report a novel homozygous c.97C>T 
(p.Gln33*) GHRH-R mutation determined in a Greek infant 
girl with IGHD. Heterozygosity of the reported variant 
was not associated with pathological phenotypes in the 
unaffected family member c.97C>T.
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Neurological complications of diabetic ketoacidosis are considered to be a serious clinical problem. The most common complication is 
cerebral edema. However, these neurological complications also include less common entities such as ischemic or hemorrhagic stroke, 
cerebral venous and sinus thrombosis or peripheral neuropathy. 
We present a case of a 9-year old girl admitted to our intensive care unit with new onset type 1 diabetes, diabetic ketoacidosis, cerebral 
edema, multifocal vasogenic brain lesions and bilateral lower limb peripheral paresis. The patient developed polydipsia and polyuria one 
week before admission. The initial blood glucose level was 1136 mg/dL and severe acidosis was present (pH 7.1; BE-25.9). Computed 
tomography scan showed brain edema and a hypodense lesion in the left temporal region. Brain magnetic resonance imaging revealed 
more advanced multifocal brain lesions. Nerve conduction studies demonstrated damage of the motor neurons in both lower limbs 
with dysfunction in both peroneal nerves and the right tibial nerve. With treatment and physiotherapy, the patient’s health gradually 
improved. 
Acute neuropathy after ketoacidosis is a rare complication and its pathogenesis is not clear. Patients with diabetic ketoacidosis require 
careful monitoring of neurological function, even after normalization of their glycemic parameters.
Keywords: Polyneuropathy, ketoacidosis, diabetes mellitus type 1, children

Introduction

Neurological complications of ketoacidosis in diabetes 

mellitus type 1 (DM1) present a serious clinical problem. 

Brain edema is the most common central nervous system 

(CNS) complication which occurs in approximately 0.5-1% 

of cases with diabetic ketoacidosis (DKA) and has a 20% 

mortality rate (1,2). Ischemic and hemorrhagic strokes 

are less common and account for 10% of intracerebral 

complications of DKA (3). Cerebral vein and sinus 

thrombosis are also less frequent than brain edema while 

neuropathy after DKA is extremely rare. 

Case Report

We present a 9-year-old girl with newly diagnosed DM1, 

DKA, brain edema, multifocal vasogenic brain lesions and 

lower limb paresis.

Peripheral Neuropathy as a Complication of Diabetic Ketoacidosis 
in a Child with Newly Diagnosed Diabetes Type 1: A Case Report

Abstract
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The patient was reported to have polyuria and polydipsia 
over the past week and a weight loss of 3 kg over the previous 
month. The patient was admitted to the district hospital in 
a serious clinical condition with severe dehydration. Initial 
intravenous fluid therapy included infusion of 15 mL/kg of 
0.9% sodium chloride during the first 90 minutes. The total 
volume of fluids administered during the first 12 hours and 
consisting of 1250 mL 0.9% sodium chloride (NaCI) and 
1000 mL of 5% dextrose with 0.9% NaCI (2:1 proportion, 
sodium concentration-51.34 mEq/L) was 65 mL/kg (patient’s 
weight-34.6 kg). Intravenous insulin therapy was introduced 
in an initial dose of 0.05 units/kg/hour in order to prevent a 
rapid decrease of glycaemia. After three hours, the patient’s 
medical state and neurological condition was reported 
to deteriorate. She experienced motor restlessness and 
agitation followed by upper limb spasms. At the end of the 
first day of treatment the patient was transferred to the 
Intensive Care Unit (ICU) of the Children’s Memorial Health 
Institute in Warsaw with a Glasgow Coma Scale (GCS) score 
of 13 points. Results of laboratory tests are shown in Table 1. 

Six hours after admission to the ICU, her clinical state was 
deteriorating rapidly and the GCS score had decreased to 7 
points. Computed tomography scan revealed brain edema 
and a 13-mm hypodense lesion in the left temporal region 
(Figure 1). 

The patient was sedated and intubated. Insulin infusion 
was continued and intravenous fluid administration was 
diminished. Anti-edematous treatment was introduced 
(Mannitol 0.3 g/kg/dose, three times per day). The patient’s 
state showed a gradual improvement. After four days, she 
was extubated. Subsequently the patient was transferred to 

the Department of Endocrinology and Diabetology. Despite 
improvement in her clinical condition, the patient was found 
to have developed symmetric lower limbs paresis. Brain 
magnetic resonance imaging (MRI) revealed numerous, 
diffuse lesions (Figure 2, 3).  Presence of infection and 
neoplasm of CNS were ruled out

Lower limb nerve conduction studies (NCS) revealed 
damage to the motor neuron in both lower extremities with 
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Figure 1. Brain computed tomography scan. Thirteen mm 
hypodense lesion in the left temporal lobe, not visible 
after contrast injection-ischemic lesion? The supratentorial 
ventricular system is narrow and symmetrical. Cerebral sulci 
are not distinct

Figure 2. Brain magnetic resonance imaging. T1-weighted 
scan. Lesions located in the corpus callosum and the midbrain

Table 1. Results of laboratory tests during admission to 
the district hospital and to the Intensive Care Unit of the 
Children’s Memorial Health Institute

Parameters District 
hospital

Intensive 
care unit 

Reference 
ranges

Glucose (mg/dL) 1136 308 -

Osmolarity (mOsm/kg 
H2O)

328 290 275-295

pH 7.1 7.2 7.35-7.43

Base excess mEq/L -25.9 -20 -2 to +2

Corrected sodium level 
(mmol/L)

152 144 136-145

Potassium (mmol/L) 5.5 3.8 3.5-5.1

Phosphate (mmol/L) 0.54 - 1.05-1.85

CRP (mg/dL) 1.03 0.8 <0.5

D-dimer (ug/L) - 1284 <500

Fibrinogen (g/L) - 3.16 1.9-3.6

pH: potential of hydrogen, CRP: c-reactive protein



dysfunction in both peroneal nerves and in the right tibial 
nerve. Neurological opinion was that the etiology of the 
multifocal brain lesions was vasogenic. However, the cause 
of neuropathy was not fully clear. Presence of DKA and 
peripheral ischemia were given as the probable factors 
leading to development of the neuropathy. 

Alpha lipoic acid and vitamins B1, B6 and B12 were 
introduced to the therapeutic regimen and the patient 
underwent intensive physiotherapy, which led to 
improvement of left lower limb motor function. 

Brain MRI was performed three months later in which no 
progression in size and number of the brain lesions was 
observed. NCS revealed normalization of the left peroneal 
nerve parameters. However, findings indicative of deep 
motor neuropathy of the right lower limb was found to 
persist. An informed consent form for publication was given 
by the parents.

Discussion

Diabetic neuropathy (DN) refers to the presence of 
symptoms and/or signs of peripheral nerve dysfunction 
due to diabetes. In order to make a diagnosis of DN, other 
neuropathic etiologies should be excluded which include 
vitamin deficiency, infection, inflammatory causes, toxic, 
autoimmune, paraneoplastic and genetic causes (4). 
Neuropathy is the most common complication of diabetes 
and is encountered in approximately 45% patients with 

DM2 and 54-59% patients with DM1 (5). Due to different 
symptoms, clinical courses and pathogenic mechanisms, 
DN is considered a heterogeneous entity which includes 
many types of nerve dysfunction. More than 80% of patients 
with symptomatic DN suffer from generalized symmetric, 
chronic polyneuropathy including motor, sensory and/or 
autonomic nerve dysfunctions. In most cases DN develops 
over the years in patients with long standing hyperglycemia 
(6). However, there are also few types of neuropathy related 
to newly diagnosed DM1, which are extremely rare and there 
is scarce data on this issue (7). They can be classified as acute 
painful DN, hyperglycemic neuropathy and neuropathy after 
ketoacidosis. It is interesting that not only symptomatic but 
also asymptomatic changes in nerve function can be seen 
at the time of DM1 diagnosis. Lee et al (8) examined nerve 
conduction in children with newly diagnosed DM1 and 
periodically during their 5-year follow-up. This prospective 
study included patients aged 3-19  years (n=37), who 
underwent bilateral NCS of median, ulnar, posterior tibial, 
peroneal and sural nerves annually for five years. In 32.4% 
of the patients the examination revealed electrophysiological 
evidence of polyneuropathy in at least two different nerves 
at the time of diagnosis of DM1. Dayal et al (9) presented 
a case report of a 12-year-old girl who developed acute, 
asymmetric, sensorimotor neuropathy during the first 
month after diagnosis of DM1. During this time, the authors 
observed reduction of hemoglobin A1c (HbA1c) from 14.2% 
to 10.4% which was described as a potential trigger factor 
for neuropathy. Wilson et al (10) presented a similar case of 
DN. A 14-year-old boy was diagnosed with DM1. After nine 
weeks of diabetes treatment the authors observed HbA1c 
level reduction from 14.1% to 7.6%. These two cases 
present clinical features of acute painful DN, also known 
as a treatment-induced neuropathy (insulin neuritis). This 
is a reversible disorder and affects diabetes patients who 
show a rapid improvement of metabolic control and have a 
favorable clinical outcome (11). In our patient, this diagnosis 
was taken into consideration however the decrease of the 
HbA1c level was not that significant as in two cases above 
(HbA1c level at diagnosis was 11.5% and one month later 
it was 9.6%). 

Another type of DN is hyperglycemic neuropathy. Its clinical 
presentation includes temporary limb hyperalgesia which 
is potentially reversible after glycemic normalization (12). 

Rangel et al (7) described a 10-year-old patient with new 
onset DM1 and concomitant acute mononeuropathy 
which manifested in difficulty in flexing the right foot and 
hyperalgesia, extending from the dorsum of the right foot to 
the ankle. According to these authors, DM was responsible 
for this mononeuropathy as its onset was simultaneous with 
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Figure 3. Brain magnetic resonance imaging. Fluid-attenuated 
inversion recovery sequence. Lesions located in the medial 
parts of the temporal lobes and in the lower-medial area of 
the frontal lobes and the ventricles



the onset of DM1. Motor dysfunction rapidly improved after 
adequate glycemic control. 

Our patient suffered from acute motor peripheral 
neuropathy, which was probably caused by DKA. This 
neuropathy can be a consequence of the peripheral 
ischemia or hemodynamic and metabolic changes 
linked to the ketoacidosis (13). One hypothesis is that the 
procoagulant state which occurs during DKA can cause 
nerve damage through vascular endothelial dysfunction, 
which is the first line of defense against thrombosis. 
Endothelial damage also leads to platelet and coagulation 
factor activation (14,15). The plasma levels of fibrinogen, 
factors VII, VIII, XI, XII and von Willebrand are elevated 
in DKA. A procoagulant state is worsened by disrupted 
anticoagulant mechanisms, such as a low protein C level. 
Fibrinolysis is also impaired due to different factors such as 
more difficult degradation of the thrombi or an increased 
concentration of plasminogen activator inhibitor type 1 
(14,15). The patient in our report had slightly elevated 
d-dimer concentrations. However, further diagnostic 
tests were not conducted. In our case other etiologies 
of neuropathy, such as hypophosphatemia, which was 
observed during admission to the district hospital, were 
also taken into consideration. Hypophosphatemia is 
generally asymptomatic. Nonetheless, its severe form 
(<0.32 mmol/L) can lead to peripheral polyneuropathy 
which may be both motor and sensory (16). In our 
patient, neurological symptoms were present even 
after normalization of the phosphate level suggesting 
an alternative mechanism. Differential diagnosis 
also included Guillain-Barré syndrome, but no typical 
pathology in cerebrospinal fluid was seen. 

The treatment of DN includes use of strong antioxidants such 
as alpha lipoic acid. The effectiveness of this therapy was 
proven in meta-analyses (17,18). Benfotiamine, a derivative 
of vitamin B1, was also shown to increase the utilization 
of active glycolysis products, although less effectively than 
alpha lipoic acid (19). 

In conclusion, the findings in this patient indicate that 
neuropathy is not only seen as a late complication of 
diabetes mellitus, but that it can develop any time after, or 
even before DM1 diagnosis (6). However, acute neuropathy 
after ketoacidosis is a rare complication and its pathogenesis 
is not clear. Patients with DKA require careful monitoring of 
neurological functions even after normalization of glycemic 
parameters (20). 
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Infantile hepatic hemangiomas (IHH), particularly of the diffuse subtype can, in severe cases, be associated with hepatic and cardiac 
failure, compartment syndrome and consumptive hypothyroidism. Early recognition and treatment of these pathologies is paramount 
in order to minimise the risk of long-term sequelae.
We report an interesting case of a female infant who presented with systemic compromise, in the absence of large or obvious 
cutaneous infantile hemangiomas. Imaging identified innumerable hepatic hemangiomas, consistent with diffuse infantile hepatic 
hemangiomatosis. Subsequent to this, thyroid function tests confirmed an associated but comparatively rare form of hypothyroidism, 
known as consumptive hypothyroidism. Following joint consultation with dermatology and endocrinology she was promptly treated 
with oral propranolol and levothyroxine, with subsequent improvement in her clinical parameters.
This case reiterates the importance of aggressive investigation and management of consumptive hypothyroidism in any infant diagnosed 
with IHH, particularly when there is systemic compromise. We advocate propranolol as a single first line treatment for IHH, supported 
by thyroid replacement when appropriate.
Keywords: Hemangioma, consumptive hypothyroidism, type 3 iodothyronine deiodinase, propranolol

Introduction

Infantile hemangiomas (IH) are benign endothelial cell 
neoplasms and the most common tumours of infancy, 
occurring in 3-5% of infants (1). They are more common 
in preterm and low birth weight infants and have a distinct 
pattern of proliferation during the first year of life, followed 
by gradual involution (2,3). While most IH are cutaneous, 

extracutaneous involvement of the liver may also occur. 

Although histologically benign and frequently asymptomatic, 

infantile hepatic hemangioma (IHH) can manifest as 

congestive heart failure associated with vascular shunting, 

abdominal compartment syndrome and fulminant hepatic 

failure with consumptive hypothyroidism, leading to death 

in the most severe cases. 

Resolution of Consumptive Hypothyroidism Secondary to Infantile 
Hepatic Hemangiomatosis with a Combination of Propranolol and 
Levothyroxine
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In 2007 Christison-Lagay et al (4) divided IHH into three groups-
focal, multifocal, and diffuse-based on the pattern and extent 
of liver involvement, correlated with clinical risk and outcomes. 
Focal lesions are predominantly glucose transporter (GLUT)-1 
negative, and since they are formed in utero are amenable to 
antenatal diagnosis using ultrasound. They often lack associated 
cutaneous lesions, and as such may be missed if the presence 
of cutaneous hemangiomas is the sole stimulus to screen for 
hepatic involvement (5). Focal lesions have the potential to 
regress rapidly, behaviour akin to cutaneous, rapidly involuting 
congenital hemangiomas. In contrast, multifocal hepatic 
lesions are typically associated with multiple, small cutaneous 
IH, and are GLUT-1 positive. Most remain asymptomatic, and 
spontaneously resolve without sequelae. A minority have been 
associated with congestive cardiac failure (6). 

Diffuse hepatic hemangiomas are associated with the 
highest risk of morbidity and mortality, secondary to massive 
infiltration of the hepatic parenchyma with innumerable 
hemangiomas. The diffuse subtype is associated with the 
rare entity of consumptive hypothyroidism, first described 
by Huang et al (7) in 2000.

The three types of iodothyronine deiodinases that regulate 
thyroid hormone activity are classified as types 1, 2 and 3. 
Type 3 iodothyronine deiodinase (D3) is a selenoenzyme, 
normally present in brain, placenta and fetal liver, and 
works by catalysing the conversion of thyroxine (T4) 
to reverse triiodothyronine (rT3) and the conversion of 
triiodothyronine (T3) to 3,3’-diiodothyronine, both of which 
are biologically inactive. High levels of D3 have been reported 
in hemangioma tissue (7). Consumptive hypothyroidism is 
characterised by low free T3 (fT3) and normal or low free T4 
(fT4), despite elevated thyroid stimulating hormone (TSH) 
(8,9). Patients have elevated serum rT3 levels as a result of 
increased T4 and T3 degradation by D3 (7,10). 

In a review of 30 published cases of diffuse IHH, Yeh et al (6) 
reported that more than 70% were hypothyroid, with eleven 
requiring treatment. They postulated that hypothyroidism 
may have been occult in the remaining cases. Thyroid 
hormones are crucial for growth and neurodevelopment 
during early childhood, with three to five IQ points lost for 
each month in which hypothyroidism remains untreated 
in the first year of life (11). This developmentally critical 
period parallels the proliferative phase of hemangiomas 
and highlights a window of opportunity to screen for and 
aggressively treat hypothyroidism in the context of diffuse 
hepatic hemangiomas. 

Here we report a female infant with diffuse IHH and 
consumptive hypothyroidism, successfully managed with 
propranolol and levothyroxine.

Case Report

(Parental informed consent was obtained prior to writing 
and publication of this case, inclusive of images).

A female twin conceived through in vitro fertilization was 
born via normal vaginal delivery at 34+3 weeks to non-
consanguineous parents, weighing 1.98 kg. The antenatal 
and perinatal periods were reported to be uneventful. 
Her older brother and twin are both well, and there was 
no relevant family history. The patient presented to our 
hospital with complaints of poor feeding and pallor at 
age eleven days. Her initial C-reactive protein (CRP) was 
elevated at 55 mg/L, and she was treated with antibiotics. 
She presented again at age three weeks in extremis with 
reduced consciousness, pallor, tachycardia, tachypnoea, 
epistaxis after feeding and abdominal distension. Petechiae 
were noted on her lower limbs. She was intubated and 
transferred to intensive care, where a chest X-ray suggested 
infection. She was again treated for possible sepsis with 
intravenous amoxicillin and cefotaxime. Ventilatory support 
was weaned and she was extubated after twenty-four hours. 
She received a unit of blood for anaemia (haemoglobin 6.4 
g/dL prior to transfusion).

She was again readmitted at age eight weeks following an 
unresponsive episode, ongoing feeding difficulties with 
vomiting, and a distended, tense abdomen. On this occasion, 
an abdominal X-ray revealed hepatomegaly. Ultrasound of 
the abdomen showed innumerable hypoechoic nodules 
and increased vascularity within the liver, confirmed on 
computed tomography and magnetic resonance imaging. 
Alpha fetoprotein was markedly elevated at 1165 KU/L 
(normal range 0-10 KU/L), with associated derangement of 
her liver function tests and coagulation profile. High output 
cardiac failure was diagnosed, with a N-terminal pro-brain 
natriuretic level of 1492 ng/L (normal range <115 ng/L). 
Diuretics were commenced with good effect. A baseline 
echocardiogram indicated a mildly dilated left heart.

Incidentally, a small (3 mm) cutaneous haemangioma at the 
right lateral thigh was noted during abdominal ultrasound. 
Following a dermatology review, two further small cutaneous 
hemangiomas were identified at the left lateral canthus and 
left axilla (Figure 1a, 1b and 1c).

In view of the combined cutaneous and radiological findings, 
thyroid function tests were checked and found to be grossly 
abnormal, with an initial fT4 of 7.1 pmol/L (normal range 
9-20 pmol/L) and a TSH of 115.4 mU/L (normal range 0.35-
4.94 mU/L). They were repeated a day later, showing a fT4 
of <5.0 pmol/L, a fT3 of 2.3 pmol/L (normal range 3.0-
9.28 pmol/L) and a TSH of 102.5 mU/L, in keeping with 
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consumptive hypothyroidism. Following consultation with 
the pediatric endocrinologists, levothyroxine at a dose of 9.6 
μg/kg once daily was commenced. Eleven days later, TSH 
had normalised to 5.33 mU/L and fT4 was appropriately 
elevated at 29.6 pmol/L (Figure 2).

Following discussion with colleagues in dermatology and 
cardiology, the patient was started on propranolol 1 mg/kg 
once daily, in two divided doses (6,12,13,14,15). This was 
escalated to 2 mg/kg after five days, with close monitoring 
of blood pressure, heart rate and capillary glucose levels. 
Treatment was well tolerated with no documented side 
effects, and within two days of commencing propranolol 
gamma-glutamyl transpeptidase had decreased from 522 
to 426 U/L (normal range 6-42 U/L) and continued to do so 
in a linear fashion (Figure 3). This coincided with clinical 
improvement and a subsequent ultrasound at eighteen 
weeks of age confirmed improvement in the hepatomegaly, 
with a reduction in the size and number of lesions. This 
correlated with involution of the cutaneous hemangiomas. 
Post-treatment the child is well, with normal developmental 
milestones.

Discussion

The potential for consumptive hypothyroidism, hepatic and 
cardiac failure, and abdominal compartment syndrome 
prompted Dickie et al (16) to recommend that an abdominal 
ultrasound should be obtained to assess for IHH in any 
infant (symptomatic or asymptomatic) younger than six 
months of age who presents with five or more cutaneous 
IH. This recommendation is in line with Horii et al (5), who 
confirmed the trend for a greater risk of IHH with increasing 
numbers of cutaneous IH. However, it has also been reported 
that IHH can cause liver disease in the absence of any 
cutaneous lesions and this case, where only three small and 
easily missed cutaneous IH were identified, highlights the 
importance of having a low threshold to perform abdominal 
ultrasound in a child with any cutaneous lesions and systemic 
compromise (16). The signs of systemic compromise may be 
subtle, and include failure to thrive (secondary to underlying 
thyroid or cardiac dysfunction) and feeding difficulties. The 
presence of hepatomegaly on clinical examination should 
expedite radiological investigation. 

Yeh et al (6) recognised that cutaneous IH are heterogeneous 
in morphology, varying from small papules to large 
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Figure 1. Cutaneous infantile hemangiomas a) at the left 
lateral canthus, b) left axilla, c) and right lateral thigh 

Figure 2. Trends in thyroid stimulating hormone and free 
thyroxine over time after treatment with levothyroxine at 9.6 
micrograms/kg/day 

TSH: thyroid stimulating hormone

Figure 3. Trend in gamma-glutamyl transpeptidase over time. 
The arrow indicates when propranolol was commenced

GGT: gamma-glutamyl transpeptidase



segmental areas of involvement. In their case series of four 
infants with diffuse IHH, all the cutaneous IH were firm, 
thick, dome-shaped nodules. They recognised that further 
reports on the morphology of cutaneous IH in the setting of 
diffuse IHH would be of interest to determine if this could be 
used as a predictor for the diffuse pattern of hepatic disease 
(6). Again, our case emphasises that not just the number, 
but also the morphology of cutaneous IH cannot always 
be reliably used as an indicator of internal and systemic 
involvement.

The importance of consumptive hypothyroidism as a 
diagnosis mandates screening for thyroid abnormalities in 
those infants with identified IHH, particularly those with the 
diffuse subtype (5,6). Consultation with endocrinology for 
prompt and specialist management of hypothyroidism is 
imperative if growth and irreversible intellectual retardation 
are to be prevented (6,10). In 2000, a report on severe 
hypothyroidism in the context of IHH suggested that “given 
the adaptive capacity of the thyroid gland, it is likely that 
only patients with both high levels of D3 activity and large 
tumour burdens are at risk for hypothyroidism” (7). This 
statement underpins the rationale as to why consumptive 
hypothyroidism is most prevalent in the diffuse subtype 
of IHH. The aetiology of elevated D3 in IHH is not fully 
understood, but some postulate that it is due to similarities 
between the endothelial cells in hemangiomas and those in 
placenta, which share certain immunohistochemical markers 
such as GLUT-1. Furthermore, it has been proposed that IH 
could be derived from placental angioblasts, and would 
explain the placenta-like characteristics of IHH such as high 
D3 activity and self-limited growth (10,17,18). Whatever 
the cause of consumptive hypothyroidism, clinicians must 
be mindful of the sometimes recalcitrant nature of this 
specific form of hypothyroidism and be willing to quickly 
escalate to higher than usual doses of levothyroxine and/
or liothyronine in order to minimise the risk of long term 
sequelae. The dose required varies on an individual basis; 
in this case there was a rapid and sustained response to a 
dose of 9.6 μg/kg levothyroxine once daily (equivalent to a 
total dose of 37.5 μg/day). Much higher doses have been 
reported in the literature, with Emir et al (19) reporting 
the use of levothyroxine 75 μg/day in a female infant with 
IHH and associated consumptive hypothyroidism, and 
most recently Al Tasseh et al (20) documenting a dose of 
levothyroxine 25 μg/kg/day in order to achieve a euthyroid 
state in a 3.5-month-old male with diffuse IHH. 

Although a percentage of patients with IHH may experience 
spontaneous regression, the development of systemic and 
life-threatening complications merits prompt treatment 
(21). Propranolol (a nonselective beta-blocker) has evolved to 

become a well accepted treatment option for cutaneous IH 
since its serendipitous discovery in 2008 (22). Propranolol 
has the combined advantage of promoting more rapid 
involution of the hemangioma, in addition to halting its 
growth. 

More recently, there has been a growing body of evidence 
suggesting the benefit of propranolol in IHH (6,12,13,15). 

Traditional treatments for IHH have included systemic 
steroids, interferon and vincristine, all of which are 
associated with potentially severe or dangerous side 
effects (15). Conversely, propranolol is regarded as a well-
tolerated treatment with a favourable risk-benefit ratio. In 
a case series of eight infants with IHH and diffuse neonatal 
hemangiomatosis, Mazereeuw-Hautier et al (14) reported 
rapid and dramatic efficacy of propranolol in all cases, 
both in the presence and absence of heart failure, and 
irrespective of whether it was used as a single agent or in 
combination with other therapies. No side effects of the 
drug were reported. These findings led them to conclude 
that propranolol is a valid first line treatment for IHH. 

Yeh et al (6) were more cautious in their recommendations 
having reported four cases of diffuse IHH, and advocated early 
treatment with combined corticosteroids and propranolol, 
whilst acknowledging that the use of propranolol in infants 
with symptomatic IHH merits further study to elucidate if 
propranolol alone or in combination with steroids is most 
optimal. 

Here we report a further case of diffuse IHH successfully 
managed with propranolol as a single, first line agent, well 
tolerated and with no adverse effects. Early recognition of 
coexisting consumptive hypothyroidism and cardiac failure, 
coupled with careful dermatological examination in the 
absence of obvious or numerous cutaneous clues, resulted 
in prompt involvement of the relevant specialties and timely 
treatment. More research is needed to fully understand the 
pathophysiology underlying systemic decompensation in 
diffuse IHH and to understand the exact mechanism of 
action of propranolol when used as a first line treatment in 
this context. 
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Dear Editor,

While we welcome the intention of Li et al. (1) to assess 
the effect of intrahepatic cholestasis of pregnancy (ICP) 
upon newborn birthweight, we have concerns about 
the authors’ interpretation of their findings because the 
birthweights in their meta-analysis were not corrected for 
gestational week or reported as a customised birthweight 
centile.

ICP is associated with delivery at an earlier gestational 
age (2), and this is reported in all of the cited manuscripts 
contributing to this meta-analysis (3,4,5,6,7). Using the 
data presented in Table 2 from the manuscript, the mean 
difference in gestational week of birth for the combined 
patient cohort of these 5 studies is 1.3 weeks (ICP 
37.6±1.9, control 38.9±1.6) (1). The authors report a 
mean difference in birthweight of 175 g (95% confidence 
interval 48-301) between ICP and control babies. Between 
36 and 40 weeks’ gestation, the average weekly increase 
in birthweight typically exceeds this figuret (8), as shown 
by the Canadian population data which indicates that for 
female fetuses the average weekly weight gain is 183 g, 
whilst for male fetuses the weekly weight gain is 195.75 
g.

An accurate birthweight centile should be adjusted taking 
into consideration the baby’s sex, maternal height, 
weight, parity and ethnic group (9). These data were not 
reported in the meta-analysis by Li et al (1). However, 
the study by Martineau et al (6) reports customised 
birthweight centiles in ICP compared to normal 
pregnancies. This would be consistent with the reported 
increased ponderal index of ICP babies reported in the 
cited manuscript of Cheng et al (4). Thus, despite a lower 

absolute birthweight (at earlier gestations), the babies of 
ICP mothers in this study were unlikely to have features 
of intrauterine growth restriction.

This is consistent with multiple other studies reporting 
babies of ICP pregnancies to have increased birthweight 
centiles, including two large population cohorts reporting 
birthweight centiles of 6146 ICP babies compared with over 
1.2 million controls (10,11); in contrast to the 198 (ICP) and 
189 (control) babies reported in this meta-analysis (1).

This is of critical relevance to the management of women 
with ICP. The management of fetuses at risk of small for 
gestational age necessitates serial growth ultrasound 
scanning, for which there is no indication in ICP. 
Conversely, babies who are large for gestational age at 
birth have a longer-term risk of adverse metabolic health, 
as has been reported for babies of ICP pregnancies (12). 
Furthermore, the increased risk of larger fetuses in ICP 
will influence obstetric advice with regard to the risk 
of birth dystocia. It may also result in testing affected 
women for gestational diabetes, which is more prevalent 
in ICP (13).

We believe this manuscript could mislead affected 
women and their clinicians. Li et al’s (1) findings reflect 
the fact that babies born to mothers with ICP are typically 
of a lighter weight secondary to being born at an earlier 
gestation. However, most studies demonstrate that they 
are of a greater birth weight centile for gestational week 
at delivery.

Keywords: Intrahepatic, cholestasis, pregnancy, birthweight, 
centile

The Importance of Gestation-Adjusted Birthweight Centile in 
Assessment of Fetal Growth in Metabolic Conditions
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