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lishing organ of the Society of Endocrinology and Metabolism of Turkey and
has been published quarterly (March, June, September and December) since
1997. In addition to original articles, case reports, review articles, letters to
the editor, educational articles, sections of question and answers, abstracts
from literature and announcements of congresses/meetings are also pub-
lished. Turkish Language Institution dictionary and orthography guide should
be taken as basic for literary. The idioms used should be checked.The scien-
tific and ethical liability of the manuscripts belongs to the authors and the
copyright of the manuscripts belongs to the Turkish Journal of Endocrinology
and Metabolism. The authors should submit the signed copyright transfer
form together with their manuscripts. Authors are responsible for the con-
tents of the manuscript and accuracy of the references.The authors should
guarantee that their manuscripts has not been published and/or is not under
consideration for publication in any other periodical. This requirement does
not apply to papers presented in scientific meetings and whose summaries,
not exceeding 250 words, are published. In this case, however, the name,
date and place of the meeting in which the paper was presented should be
stated. The signed statement of scientific contributions and responsibilities
of all authors is required.
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submission or processing charges.
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Editorial policies of the journal are conducted according to the rules advised
by Council of Science Editors and reflected in the Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Writing and Editing for Biomed-
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Submitted manuscripts are subjected for double-blind peer-review. The sci-
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manuscripts are reviewed by the editor, section associate editors and at least
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view by statistical editor as well.
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Manuscripts can only be submitted electronically through the web site
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submission and peer-review.The manuscripts are archived according to ICMJE-
www.icmje.org, Index Medicus (Medline/PubMed) and Ulakbim-Turkish
Medicine Index Rules. Rejected manuscripts, except artwork are not returned.
For the experimental, clinical and drug human studies, approval by ethical com-
mittee and statement on the adherence of the study protocol to the international
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imal studies, the authors should indicate that the procedures followed were in
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committee approval. The Ethic Committee approval document should be sub-
mitted to the Turkish Journal of Endocrinology and Metabolism together with
the manuscript.

The approval of the ethic committee, statement on the adherence to international
guidelines mentioned above and that the patients” informed consent is obtained
should be indicated in the *Material and Method" section and is required for case
reports whenever data/media used could reveal identity of the patient. The dec-
laration of the conflict of interest between authors, institutions, acknowledge-
ment of any financial or material support, aid is mandatory for authors submitting
manuscript and the statement should appear at the end of manuscript. Review-
ers are required to report if any potential conflict of interest exists between re-
viewer and authors, institutions.

Original Articles

Clinical research should comprise clinical observation, new techniques or labo-
ratory studies. Provided that these manuscripts are written with lower-case let-
ters, they should include the title in Turkish/English, the background and the key
words in Turkish/English, introduction, materials and methods, results (findings),
discussion, references, tables, charts, pictures and they should be written in ac-
cordance with Journal Agent rules. They should not exceed sixteen (A4) pages.
It is recommended to present research articles and meta-analysis/systematic re-
views article according to the guidelines on specific design of the study: random-
ized studies (CONSORT), observational studies (STROBE), studies on diagnostic
accuracy (STARD), meta- analysis and systematic review (PRISMA, MOOSE) and
other study designs (www.equator-network.org).

Author Information

The name and the surname of the authors should be written without abbrevi-
ation. The academic titles, the affiliations and the addresses of these affilia-
tions should be clearly declared. Furthermore, the contact information of the
corresponding author should be entered to the system. Since e-mail will be
used primarily for the contact with the authors, the e-mail of the correspond-
ing author should be indicated. In addition the phone and the fax numbers
should be also indicated.

Title Page

This page should include the titles of the manuscript, key words and running ti-
tles. In Turkish manuscripts the title in English should also take place. Likely,
Turkish title should be mentioned for articles in foreign language. If the content
of the paper has been previously presented or its abstract has been published,
an explanation should be made in this page about this issue. If there are any
grants and other financial supports by any institutions or firms for the study, in-
formation must be provided by the authors.

Abstract

Turkish and English summaries of the manuscript should take place in a man-
ner that it will not exceed 250 words. The keywords should be written at the
end of the summary. The references should not be cited in the summary sec-
tion. As far as possible, use of abbreviations is to be avoided. If any abbrevi-
ations are used, they must be taken into consideration independently of the
abbreviations used in the text. The summary should be written with four run-
ning titles.

Purpose: The goal of the study should be clearly stated.

Material and Method: The study should be defined, the standard criteria; it
should be also indicated whether the study is randomized or not, whether it is
retrospective or prospective, the statistical method, if any, should be indicated.
Results (Findings): The detailed result of the study should be given and the
statistical significance level should be indicated.
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Discussion: It should reflect the results of the study, the favorable and un-
favorable aspects should be declared.

Key words: At least three and maximum eight key words. (in English and in
Turkish) Do not use abbreviations in the key words. Turkish key words will be
provided by the editorial office for the authors who are not Turkish speakers. If
you are not a native Turkish speaker, please re-enter your English keywords to the
area provided for the Turkish keywords. English key words should be provided
from Medical Subject Headings (http://www.nlm.nih.gov/mesh/) while Turkish
key words should be provided from http://www.bilimterimleri.com.

Original researches should have the following sections;

Introduction

Brief explanation about the topic should be done, the objective of the study
should be indicated and these should be supported by the literature informa-
tion.

Materials and Methods

The study design should be described, it should be indicated whether
it is interventional randomized or observational, whether it is retrospective or
prospective, the number of trials, the characteristics, studied variables and spe-
cific methods, the used statistical methods should be indicated. If any, it should
be indicated that the results should be scrutinized.

Results (Findings)

The results should be given, the tables and the pictures should be given in
numerical order and, the results should be indicated as % and/or p-values.
Discussion

The obtained values should be discussed with its favorable and unfavorable as-
pects and, they should be compared with literature.

Study Limitations: Study Limitations and strengths, and directions for fur-
ther research or implication must be discussed.

Conclusion: The conclusion of the study should be highlighted.

Authors contributions, Declaration of conflict of interest and Acknowledge-
ments should appear at the end of the main text of manuscript.
References

Accuracy of reference data is the author’s responsibility. References should
be numbered according to the consecutive citation in the text. References
should be indicated by parenthesis in the text. If there is Turkish Reference,
attention should be paid to indicate this. Journal titles should be abbreviated
according to the style used in the Index Medicus. All the references, books,
papers and similar articles should be cited as references should be written
according to the rules of the International Committee of Medical Journal Ed-
itors Uniform Requirements for Manuscripts Submitted to Biomedical Jour-
nals (http://www.nIlm.nih.gov/bsd/uniform_requirements.html).

Journal: The surnames of the authors and the initial of authors’ names, the
title of the paper, the title of the journal (the original abbreviation stated in the
journal), year, volume and the page numbers.

Example: Collin JR, Rathbun JE. Involutional entropion: a review with evalu-
ation of a procedure. Arch Ophthalmol. 1978;96:1058-1064.

Book with a Single Author: The surname and the initial of the author,
the title, chapter and section, the name of the editor, title of the book,
place of publication, name of the printing house, year of print, page num-
bers.

Example: Herbert L. Conjunctivitis, keratitis and infections of periorbital struc-
tures. In: Armstrong D, Cohen J, eds. The Infectious Diseases (1st ed).
Philadelphia; Mosby Harcourt; 1999;11;1-8.

Book Chapter: The surname and the initial of the author, chapter and section,
name of the editor, title of the book, place of publication, name of the print-
ing house, year of print, page numbers.

Example: O'Brien TP, Green WR. Periocular Infections. In: Feigin RD, Cherry
JD, eds. Textbook of Pediatric Infectious Diseases (4th ed). Philadelphia; W.B.
Saunders Company;1998:1273-1278.

Visual Materials (Tables, Graphics, Figures, and Pictures): All tables,
graphics or figures should be enumerated according to the sequence within the
text and a brief descriptive caption should be written. The abbreviations used
should be definitely explained in the figure’s legend. Especially, the text of tables
should be easily understandable and should not repeat the data of the main text.
Illustrations that already published are acceptable if supplied by permission of
authors for publication. The details of the pictures should be distinguishable and
they should be recorded in JPEG format and in 500 pixels per inch at least.
Case Reports

It should consist of the title, summary, key words, summary in English, key-
words, introduction, case report, discussion and references, the case or the
cases should be worth to be presented, it should contribute to literature, and
all of them should not exceed 5 papers in (A4) sizes.

Review

It should include new topics, the own experiences of the author; if possible, and
the references also. It should consist of the title in Turkish, the summary, the key-
words, the title in English, the summary in English and the keywords in English.
Letters to the Editor

They should be assays in the “review” manner in various topics or the assays
concerning the articles published in the Turkish Journal of Endocrinology and
Metabolism with the contributive content or contents as questions that do not
exceed 200 words.

Scientific Letters

The manuscripts should be error-free in the summaries compiled from the ar-
ticles in other journals, the author names (surname, name) should be written,
the journal title should be written with its original abbreviation, its year should
be indicated and, the name and he surname of the translator should be indi-
cated under the manuscript.

Correspondence

All correspondences can be done to the following postal address or to the fol-
lowing e-mail address, where the journal editorial resides:

Address: Ankara University Faculty of Medicine, Department of Endocrinology
and Metabolism, Ankara, Turkey

Phone: +90 312 508 21 00
Fax: +90 312 309 45 05
E-mail: nilgun.baskal@temd.org.tr
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EDITORIAL

Dear esteemed readers of TurkJEM Family,

Obesity is one of the greatest public health challenges of the 21t century. Its prevalence has tripled in many countries of
the WHO European Region since the 1980s. Efforts for obesity mainly focus on policy and environmental strategies to make
healthy eating and active living accessible and affordable for everyone.

"These are unusual times, and unusual times call for unusual actions. A substantial fraction of people with active COVID dis-
ease who are hospitalized with an endocrine-related disease and their endocrine problems will impact their treatment.” —
Raghavendra G. Mirmira, MD.

Obesity is a chronic repeating condition affecting a rapidly increasing number of people globally. Obesity-related condi-
tions seem to worsen the effect of COVID-19; indeed, the Centers for Disease Control and Prevention (CDC) in US reported
that people with heart disease and diabetes are at higher risk of COVID-19 complications. Statistics show that high per-
centage of population who will contract COVID-19 will also have a BMI over 25. Unfortunately lockdown during the first
months of COVID-19 led to;

* Limit their physical activity;
* Have lower access to healthy and fresh foods;
* Have less access to preventive and health promotion services;

Knowing that physical activity contributes to both our physical and mental health, apart from treatment difficulties COVID-
19 contributed to obesity while reducing the chance for cure on obese CCOVID-19 patients. World Health Organization de-
veloped rigorous physical exercise manuals that can be used under quarantine. Obesity, an increasingly common chronic
disease globally, is significantly associated with progression to severe COVID-19 in adults hospitalized with SARS-CoV-2 in-
fection. As COVID-19 may continue to spread worldwide, clinicians should pay close attention to obese patients. Obese
patients should be carefully monitored and managed with prompt and aggressive treatment.

We have an engaging and inspiring set of works this week from our researchers: “T helper 1 cytokines and their relation-
ship with B-cell function in type 1 diabetes”, “Effect of vitamin D deficiency on the frequency of lipohypertrophy occurrence
in patients with type 2 Diabetes Mellitus under injectable treatment “,”The screening of comorbid depressive disorders and
associated risk factors in adult patients with type 2 diabetes “,”Association of types of diabetic macular edema with differ-
ent anti-diabetic therapies”, “The effects of low-carbohydrate diet and protein-rich mixed diet on insulin sensitivity, basal
metabolic rate and metabolic parameters in obese patients”, “The effect of falsely highlighted intestinal intraluminal areas
and the fat in paraspinal muscles on abdominal adipose tissue measurements using computed tomography”, “Factors af-
fecting survival in adrenocortical cancers: Single-center experience “, “The relationship between TSH level and stage of dif-
ferentiated thyroid carcinoma “, “Effects of isotretinoin treatment on levels of hormones involved in the etiopathogenesis
of acne “,”Thrombotic microangiopathy after spontaneous pheochromocytoma rupture: a rare MEN 2A case”.

Wish you all a very healthy, pleasant late summer time and a smooth 2" expected COVID-19 wave during fall.

With my best regards,

Nilgiin Bagkal MD
Editor-in-Chief
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Abstract

Objective: In type 1 diabetes (T1D), T helper (Th) 1 cells af-
fect B cell functions significantly. This study aims to explore
the association between serum levels of Thl cytokines [in-
terferon-gamma (IFN-y), interleukin (IL)-2 and tumor nec-
rosis factor-alpha (TNF-a)] and B cell function in T1D.
Material and Methods: The study included 110 patients
with T1D (TIDPs) and 31 healthy controls. The B cell functi-
ons in TIDPS were assessed by calculating mixed-meal sti-
mulated C-peptide levels. TLDPs were categorized into three
groups depending on results of this test (1a-lowest, 1b, 1c-
highest). Cytokine levels, IFN-y/IL-2, and TNF-a/IL-2 ratios
in TIDPs were compared with that in controls. Correlation
analysis between cytokine levels and diabetes-related para-
meters was then carried out. Results: IFN-y, TNF-a, IL-2 le-
vels, and TNF-a/IL-2 of T1DPs were higher (p=0.02, p=0.01,
p=0.008, and p=0.01, respectively) than that of controls.
The highest IFN-y/IL-2 and TNF-a/IL-2 ratios were observed
in group 1b (p=0.03 and p=0.04, respectively) while the lo-
west IFN-y/IL-2 and TNF-a/IL-2 ratios were observed in
group la (p=0.03 and p=0.04, respectively). The TNF-a le-
vels were found to be negatively correlated with fasting glu-
cose levels (r’=-0.003, p=0.031). However, after adjustment
for age and gender, this correlation diminished (r?=-0.028,
p=0.076). Conclusion: IFN-y, IL-2, and TNF-a may exhibit
a triggering role in the pathogenesis of T1D. IFN-y/IL-2 and
TNF-a/IL-2 ratios possibly have more significant roles in the
progression of B cell dysfunction than other cytokines (Clini-
calTrials.gov number: NCT02389335).

Keywords: Type 1 diabetes; IFN-y; IL-2; TNF-qa;
T helper-1 cell

Ozet

Amag: Tip 1 diyabette (T1D) T helper (Th) 1 hicrelerinin
htcre fonksiyonuna belirgin etkisi vardir. Bu galismada, T1D
tanisi olan hastalarda serum Th1l sitokin [interferon-gama
(IFN-y), interl6kin (IL)-2 ve timodr nekrozis faktoér-alfa (TNF-
a)] seviyeleri ile B hiicre disfonksiyonu arasinda bir iliski sap-
tanmasi amaglandi. Gereg ve Yontemler: Toplam 110 tip 1
diyabetli hasta (T1DH) ve 31 sagdlikli kontrol galismaya alindi.
T1DH’lerin B hticre fonksiyonu, karisik 6gun testi ile stimile
edilmis C-peptit dlzeyi ile 6lglildl. Hastalar, bu testin sonug-
larina gbre ¢ gruba ayrildi (1a- en dlsik, 1b,1c- en yuk-
sek). Sitokin seviyeleri ve IFN-y/IL-2 ile TNF-a/IL-2 oranlari
kontroller ile karsilastirildi. Sitokin seviyeleri ile diyabet ilis-
kili parametreler arasinda korelasyon analizi yapildi. Bulgu-
lar: T1DH'lerin IFN-y, TNF-a, IL-2 seviyeleri ve TNF-a/IL-2
orani kontrollerden istatistiksel olarak anlamli sekilde yulk-
sekti (sirasiyla, p=0,02, p=0,01, p=0,008, p=0,01). En ylk-
sek IFN-y/IL-2 ve TNF-a/IL-2 orani grup 1b’de gozlendi
(sirasiyla, p=0,03, p=0,04) ve en distk IFN-y/IL-2 ve TNF-
a/IL-2 orani grup la’da gorilda (sirasiyla, p=0,03, p=0,04).
TNF-a seviyesi, aclik glukoz seviyesi ile negative korele ola-
rak saptandi (r?’=-0,003, p=0,031). Ancak, yas ve cinsiyete
gore dizeltme yapildiginda bu korelasyon gézlenmedi (r?=-
0,028, p=0,076). Sonug: IFN-y, IL-2 ve TNF-a’nin T1D pa-
togenezinde daha blytk roli olabilir. IFN-y/IL-2 ve
TNF-a/IL-2 oranlarinin B hicre disfonksiyonunun ilerleme-
sindeki rolt de diger sitokinlerden fazla olabilir (Bu calisma-
nin klinik arastirma kayit numarasi NCT02389335).

Anahtar kelimeler: Tip 1 diyabet; IFN-y; IL-2; TNF-q;
T helper 1 hlcresi
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Introduction recent trauma or antibiotic treatment, use of

In type 1 diabetes (T1D), pancreatitis de-
stroys B cells. Cytokines of T helper (Th) 1
cell play a prominent role in the inflamma-
tion of the pancreas and impaired beta (B)
cell function (1,2). The molecular alterations
that occur in T cells before insulitis are poorly
understood. Also, the mechanism of break-
down of T-cell tolerance in T1D has not been
clarified. It may result from an increase in
effector function and/or loss of regulatory
function. A few studies point to the loss of
regulatory T cell (Treg) number or function,
which can trigger the breakdown in tolerance
in T cells. Hughson A. et al. observed a sta-
ble increase in effector function and a tran-
sient decrease in Treg suppression in type 1
diabetes patients (T1DPs) (3). Other mech-
anisms associated with the progression of
this disease include increased levels of in-
flammatory cytokines, increased insulin re-
sistance, and glucotoxicity resulting in
reduced B cell function (4,5).

Cytokines secreted from Thl cells, exert
pro-inflammatory or anti-inflammatory ef-
fects at the onset of T1D (6). This study
aims to investigate the association between
serum levels of Thl cytokines [interferon-
gamma (IFN-y), interleukin (IL)-2 and
tumor necrosis factor-alpha (TNF-a)] and B
cell function in T1D.

Material and Methods

The study was conducted at Istanbul
Medeniyet University Goztepe Training and
Research Hospital between 2013 and
2014. Patients were recruited from an
endocrinology clinic.

Subjects

The study involved 110 T1DPs and 31
healthy subjects (control group; CG). The
ethical committee of Istanbul Medeniyet
University approved the study protocol and
was conducted following the Declaration of
Helsinki (24.01.2013, 30/I). Informed con-
sent was obtained from all the participants
before their inclusion in the study, which
was registered with an approved clinical trial
registry. The clinical trial registration num-
ber of this study is NCT02389335.

The presence of inflammatory diseases, the
disease likely to interfere with glucose me-
tabolism, malignancies, hemoglobinopathies,

drugs affecting B cell function and insulin sen-
sitivity, and the use of drugs with suppressive
effects on inflammation formed the exclusion
criteria for the study. Besides, fasting glucose
intolerance and impaired glucose tolerance
were the exclusion criteria for the CG.

T1D was diagnosed as per the criteria given
by the American Diabetes Association (7). All
patients were administered basal-bolus in-
sulin treatment. The B cell function of the pa-
tients was evaluated by assessing mixed-
meal stimulated C-peptide levels. T1DPs
were categorized into three groups according
to the C-peptide levels after Mixed-Meal Tol-
erance Test (MMTT)s: patients with unde-
tectable £0.03 nmol/I (0.1 ng/mL) (group
la, n=35) C-peptide levels; C-peptide levels
between 0.03-0.26 nmol/l (0.1-0.8 ng/mL)
i.e. minimal (group 1b, n=30); and sustained
>0.26 nmol/L (0.8 ng/mL) (group 1c, n=45)
(in normal range) C-peptide levels.

Laboratory Procedures

After at least 12 h of fasting and abstinence
from smoking, and having used the long-
acting insulin the previous day and but not
prandial morning insulin, the levels of IFN-y,
IL-2, and TNF-a, venous glucose, C-peptide,
HbA1lc were assessed. After fasting samples
were collected, a mixed meal comprising 33
g of carbohydrate, 15 g of protein, and 6 g
of fat (240 kcal totals) was administered in
less than 15 min for MMTT. As per the Dia-
betes Control and Complications Trial proto-
col (8), venous glucose and C-peptide levels
were measured at the 90™ minute.

Glucose was measured by the hexokinase
method; high-performance liquid chromatog-
raphy (Tosoh G7 and 2.2, Tokyo, Japan) was
used to measure HbA1c level, and direct elec-
trochemiluminescence immunoassay (Im-
mulite 2000, Siemens, Germany) was
employed to measure C-peptide levels. A C-
peptide level <0.03 nmol/L (a common his-
torical limit of detection) was considered as
undetectable (9), that between 0.26-2.58
nmol/l as normal range and between 0.033-
0.26 nmol/l as detectable levels (10,11).
Limit of blank (LoB) and limit of detection
(LoD) values for C-peptide 0.02 nmol/L and
0.03 nmol/L (0.08 ng/mL), respectively.

To measure serum levels of IFN-y, II-2, and
TNF-a after overnight fasting, antecubital
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venous blood samples were collected in non-
anticoagulated tubes. They were then cen-
trifuged at 2,000*g for 10 min at 4°C and
serum was aliquoted and stored at -80°C for
further use. Serum TNF-a and IFN-y levels
were calculated by the ELISA method using
reagents produced by Assaypro LLC (MO,
USA). The intra-assay and inter-assay coef-
ficient of variability (CV) of TNF-a was 4.8%
and 7.1%, respectively. The intra-assay and
inter-assay CVs of IFN-y was 4.8% and
7.0%, respectively. The minimum detectable
doses of TNF-a and IFN-y tests were nearly
0.016 and 0.01 ng/mL, respectively.

Serum IL-2 levels were measured by an
ELISA reagent (eBioscience Inc., CA, USA).
The intra-assay and inter-assay IL-2 were

7.0% and 5.0%, respectively. The mini-
mum detectable dose of the test was 9.1

pg/mL.

Statistical Analysis

Statistical analysis was performed using the
SPSS software version 16. The normality of
variables was tested using visual (his-
togram) and analytic methods (Kolmogorov-
Smirnov/Shapiro-Wilk’s test). Kruskal-Wallis
and Mann-Whitney U tests were used to
compare groups. Pearson’s and Spearman’s
correlations were used for testing the corre-
lation between variables. Bonferroni correc-
tion was employed to analyze multiple
comparisons. A p-value of less than 0.05
was identified as considered significant.

Table 1. Demographic and clinical characteristics between patients and controls.

Patient Group (n=110) Control Group (n=31) p
Age (year) 0.13
Median 29 30
Interquartile range 22-36 27-38
Gender (Male/Female) 58/52 13/18 0.56
Duration of diabetes {(month) - -
Median 44
Interquartile range 18-108
Fasting blood glucose (mg/dL) <0.001
Median 175 86
Interquartile range 122-251 84-92
HbAlc (%) <0.001
Median 8.4 5.2
Interquartile range 7.1-10.1 5.1-5.4
Fasting C peptide (nmol/L) <0.001
Median <0.001 1.35
Interquartile range 0.01-0.78 1.05-1.66
IFN-y {(pg/mL) 0.02
Median 31.7 21.7
Interquartile range 10.3-66.9 10.1-30.8
IL-2 (pg/mL) 0.008
Median 45.2 41.8
Interquartile range 41.5-48.4 38.8-46.4
TNF-a (pg/mL) 0.01
Median 90.5 30.0
Interquartile range 29.8-101.3 26.7-90.3
IFN-y/IL-2 ratio 0.05
Median 0.66 0.51
Interquartile range 0.26-1.40 0.26-0.64
TNF-a/IL-2 ratio 0.01
Median 1.93 0.73
Interquartile range 0.73-2.11 0.69-1.89

HbA1c: Hemoglobin Alc; IFN: Interferon; IL: Interleukin; TNF: Tumor necrosis factor.
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Results

Characteristics of T1DPs and controls have
been shown in Table 1. Serum levels of IFN-
Yy, IL-2, and TNF-a were higher (p=0.02,
p=0.008, and p=0.01, respectively) in
T1DPs than in controls. No difference was
observed between IFN-y/IL-2 ratios of
T1DPs and controls (p=0.05). However,
TNF-a/IL-2 ratio of T1DPs was higher than
that of controls (p=0.01). No correlation

was found either between stimulated C-pep-
tide levels and IFN-y (r’=0.022; p=0.349),
IL-2 (r?=0.005; p=0.667) and TNF-a
(r’=0.001; p=0.286) levels nor between
stimulated C-peptide levels and IFN-y/IL-2
(r?’=0.023; p=0.178) and TNF-a/IL-2
(r?=0.001; p=0.217) ratios in T1DPs.

Characteristics of group la, group 1b, and
group 1c have been depicted in Table 2. No
difference was found between serum levels
of IFN-y, IL-2, and TNF-a in group 1a, group

Table 2. Comparison of groups 1a, 1b, 1c in terms of demographic and biochemical characteristics.

Group 1a (n=35)

Age (year)

Median 31

Interquartile range 24-38
Gender (Male/Female) 15/20
Duration of diabetes {(month)

Median 96

Interquartile range 65-159
Fasting blood glucose (mg/dL)

Median 182

Interquartile range 118-293
HbAlc (%)

Median 8.0

Interquartile range 7.2-9.1
Fasting C peptide (nmol/L)

Median 0.01

Interquartile range 0.01-0.01
IFN-y (pg/mL)

Median 27.5

Interquartile range 10.1-46.6
IL-2 (pg/mL)

Median 44.0

Interquartile range 40.9-47.4
TNF-a (pg/mL)

Median 33.2

Interquartile range 28.1-95.8
Age at diagnosis

Median 19

Interquartile range 16-29
90%-minute C peptide (nmol/L)

Median 0.01

Interquartile range 0.01-0.01
IFN-y/IL-2 ratio

Median 0.57

Interquartile range 0.25-0.99
TNF-a/IL-2 ratio

Median 0.83

Interquartile range 0.67-1.99

Group 1b (n=30) Group 1c (n=45) p
0.19
28 28
22-33 21-38
17/13 26/19 0.53
<0.001
35 24
12-92 7-60
0.07
207 154
144-282 122-216
0.72
8.6 8.3
7.5-10.1 6.6-10.7
<0.001
0.23 0.86
0.15-0.26 0.48-1.26
0.06
45.1 31.4
27.4-128.4 10.1-54.7
0.35
46.1 44.6
42.3-49.0 41.2-48.7
0.05
95.8 89.6
88.5-108.5 30.5-100.6
0.12
23 25
15-29 19-31
<0.001
0.64 2.26
0.27-0.71 1.69-4.14
0.03
0.93 0.63
0.57-2.65 0.25-1.12
0.04
2.01 1.94
1.89-2.21 0.75-2.06

HbA1lc: Hemoglobin Alc; IFN: Interferon; IL: Interleukin; TNF:

Tumor necrosis factor.
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1b, and group 1c (p>0.05, p>0.05, p>0.05,
respectively). However, group 1b expressed
the highest IFN-y/IL-2 and TNF-a/IL-2 ratio
(p=0.03, p=0.04, respectively) while group
la presented the lowest IFN-y/IL-2 and
TNF-a/IL-2 ratio (p=0.03, p=0.04, respec-
tively) among T1DPs.

The TNF-a level was found to be negatively
correlated with fasting glucose level
(r’=-0.003, p=0.031). However, this corre-
lation diminished (r?=-0.028, p=0.076)
after adjustment for age and gender.

IFN-y level was negatively correlated with
the duration of diabetes (r?=-0.021,
p=0.007) and age at diagnosis (r’=-0.073,
p=0.027). After adjustment for age and
gender, the correlation between IFN-y
and age at diagnosis and that between
IFN-y and duration of diabetes disappeared
(r’=-0.003, p=0.453; r’=-0.062, p=0.283,
respectively).

Discussion

The present study proved that serum levels
of IFN-y, IL-2, TNF-a, and TNF-a/IL-2 ratio
were significantly higher in T1DPs than in
healthy controls. Although IFN-y/IL-2 ratio
was lower in CG than in T1DPs, this differ-
ence was insignificant. IFN-y/IL-2 and TNF-
a/IL-2 ratios were higher in T1DPs with
detectable and normal C-peptide levels than
in TLDPs with undetectable C-peptide levels.
These findings suggest the presence of
higher levels of autoimmune inflammation in
T1DPs with better B cell function than in
T1DPs with undetectable C-peptide levels.
Inflammation of B cells is the major pathol-
ogy in T1D (11). B cell apoptosis is stimu-
lated by cytokines such as IL-13, TNF-a, and
IFN-y (12). In contrast with the previous
studies, the present study found higher IFN-
y and TNF-a levels, IFN-y/IL-2, and TNF-
a/IL-2 ratio in T1DPs with better B cell
function than in T1DPs with undetectable B
cell function. The process of dedifferentia-
tion and/or differentiation of B cells may
occur in T1D depending on the level of in-
flammation involved. It is, therefore, possi-
ble that IFN-y and TNF-a may play
protective roles for B cells against the
phagocytosis and/or against the destruction
by natural killers. However, it could also sig-
nify the ongoing inflammatory process in
these patients, and high cytokine levels can

be attributed to increased inflammation in
group 1b. Since only scarce beta cells re-
mained in group 1c, the inflammation is
thought to have diminished over time.

The only Th 1 cytokine found in B cells is
IFN-y (13). Some studies reported that ab-
lation or blockage of IFN-y causes delayed
or decreased incidence of T1D (14). IFN-y
has been found to increase the toxic effects
of macrophages and T lymphocytes on 3 cell
function (15-17).

Improvement in B cell function in T1D is
considered to be a result of insulin sensitiv-
ity and reduced inflammatory/autoimmune
process in islets (18). However, Kaas et al.
established that stimulated C-peptide levels
and IFN-y levels did not have any link (19).
The results of the present study showed no
correlation between stimulated C-peptide
and IFN-y levels, which were consistent with
those of Kaas’s study.

Several studies have suggested the role of
the upregulation of inflammatory factors and
the downregulation of anti-inflammatory
mechanisms (IL-10 and Tregs) in T1D patho-
genesis (20). TNF-a has been confirmed to
have an accelerator role in the development
of T1D (21). Hotamisligil et al. identified that
TNF-a downregulates the tyrosine kinase ac-
tivity of the receptor (22). TNF-a could in-
duce serine/threonine phosphorylation of the
insulin receptor substrate, hinder normal
phosphorylation of tyrosine, and diminish
signal transduction of insulin, by increasing
the activities of the NF-kB transcriptional fac-
tor, protein kinase C, amino-terminal kinase,
and inhibitor kinase. This finally results in in-
sulin resistance, or TNF-a may result in the
destruction of pancreatic beta cells and lead
to the development of T1DM (23,24).

TNF- a interacts with beta cells via different
mechanisms. Li et al. elucidated that Th17
cells may promote the development of T1D,
and TNF-a could mediate diabetes in re-
sponse to either Th17 cells or Th1l cells (25).
A comprehensive interpretation of the levels
of cytokines that could affect beta cells is
important because studies prove that there
is no single pathway to this.

The proportion of effector T cells was stable
in T1D during pancreatitis; however, IL-2
treatment was determined to reduce IFN-y
levels, particularly in the pancreas (26).
While TNF-a and IFN-y reflect autoimmune
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activity, IL-2 indicates regulatory activity,
which in turn suppresses autoimmunity. The
present study investigated the effect of IFN-
y/IL-2 and TNF-a/IL-2 balance on B cell
function and found that T1DPs with higher
autoimmune response have better B cell
function compared to other T1DPs.

The sources of IFN-y include activated T
lymphocytes, natural killer (NK) cells, and
sometimes B cells (6,27), while the sources
of TNF-a are monocytes, macrophages,
CD4+ and CD8* T cells, B cells, lymphokine-
activated killer (LAK) cells, NK cells, en-
dothelial cells, non-hematopoietic tumor cell
lines, mast cells, and neutrophils. Neverthe-
less, the only source of IL-2 is Thl cells
(28). T1DPs with better B cell function had
higher IFN-y/IL-2 and TNF-a/IL-2 ratios in
the present study; this may reflect the ef-
fect of these cytokine sources in the process
of autoimmune T1D.

This study is the first to explore the effects
of balanced IFN-y/IL-2 and TNF-a/IL-2 on
cell function. One limitation of this study is
that autoantibody levels of T1DPs with high,
moderate, and low B cell function could not
be compared as the autoantibody levels of
the patients were measured in different lab-
oratories. However, all TI1DPs had high lev-
els of autoantibody against 65-kDa glutamic
acid decarboxylase. Also, this cohort com-
prised only adult patients. A larger cohort
with the inclusion of children may have pre-
sented different results.

Conclusion

IFN-y, IL-2, and TNF-a may act as a trigger-
ing factor in the pathogenesis of T1D. IFN-
y/IL-2 and TNF-a/IL-2 ratio may be more
significant than IFN-y, IL-2, and TNF-a lev-
els themselves in the progress of B cell dys-
function. Yet, it is not clear whether
decreased B cell mass and function in T1D is
the cause or the result of decreased Th1 cy-
tokine levels.
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Abstract

Objective: Lipohypertrophy (LH) is one of the most com-
mon treatment-related cutaneous complications of injectable
therapies. Although the etiology of LH cannot be clarified, it
may be due to the lipogenic effect of insulin or recurrent tis-
sue trauma caused by injections. In this respect, we aimed
to evaluate the relationship between vitamin D level and LH.
Material and Methods: Patients with Type 2 diabetes mel-
litus aged 18 years or older, who were under insulin and/or
exenatide treatment for at least one year were included in
this study. The injection sites of the patients were examined
by inspection and palpation method. Patients were catego-
rized into two groups according to vitamin D levels as below
and above 20 ng/mL. Results: A total of 140 patients, in-
cluding 91 women and 49 men, aged between 20-78 years
with a mean age of 54.53+13.89 were included in the study.
LH was detected in 91 (65%) of 140 patients. This study de-
monstrated that there was a significant relationship between
gender and LH. Statistically, the frequency of LH was higher
in female patients (p=0.001). Further, a relationship bet-
ween vitamin D levels and LH was also observed (p=0.006).
Conclusion: Besides calcium metabolism, the effects of vi-
tamin D on lipogenesis are also known. Vitamin D inhibits
the differentiation of pre-adipocytes to mature adipocytes.
This is the first study showing the relationship between vi-
tamin D and LH in our knowledge.

Keywords: Diabetes mellitus; exenatide;
insulin treatment; lipohypertrophy;
vitamin D

Ozet

Amag: Lipohipertrofi (LH), enjekte edilebilir tedavilerin, te-
daviyle iligkili en yaygin kutandz komplikasyonlarindan biri-
dir. LH'nin etiyolojisi tam olarak agiklanamasa da, instlinin
lipojenik etkisinden veya enjeksiyonun neden oldugu tek-
rarlayan doku travmasindan kaynaklandigi disindlmekte-
dir. Bu baglamda D vitamini ve LH arasindaki iligkiyi
dederlendirmeyi amagladik. Gereg ve Yontemler: En az 1
yil boyunca insilin ve/veya eksenatid tedavisi kullanan 18
yas ve Uzeri Tip 2 diabetes mellitus tanili hastalar calismaya
dahil edildi. Hastalarin enjeksiyon bélgeleri inspeksiyon ve
palpasyon ydntemi ile incelendi. Hastalar, D vitamini sevi-
yelerine gére 20 ng/mL'nin altinda ve Ustlinde olmak lzere
iki gruba ayrildi. Bulgular: Yas ortalamasi 54.53+13.89 yil
olan 20-78 yaglari arasinda 91'i kadin, 49'u erkek toplam
140 hasta galismaya dahil edildi. 140 hastanin 91
(%65)‘inde LH saptandi. Bu galisma, cinsiyet ile LH arasinda
anlamli bir iliski oldugunu gdstermekteydi. istatistiksel ola-
rak kadinlarda LH sikliinin daha fazla oldugu goérilda
(p=0.001). D vitamini duzeyleri ile LH arasinda da anlaml
bir iliski vardi (p=0.006). Sonug: Kalsiyum metabolizmasi
lizerindeki etkilerine ek olarak, D vitamininin lipogenez lize-
rindeki etkileri de bilinmektedir. D vitamini, preadipositlerin
olgun adipositlere farklilasmasini inhibe eder. Bu makale,
bilgimiz dahilinde D vitamini ile LH arasindaki iliskiyi goste-
ren ilk gahsmadir.

Anahtar kelimeler: Diabetes mellitus; eksenatid;
instlin tedavisi; lipohipertrofi;
D vitamini
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Introduction

The occurrence of diabetes mellitus (DM) is
increasing worldwide, and the number of pa-
tients diagnosed with DM is expected to
reach 642 million in 2040 (1). Thirty-five
percent of these patients use insulin therapy
(2), causing an increase in the cost of both
treatment and treatment-related complica-
tions. One of the most common cutaneous
complications due to incorrect insulin use is
lipohypertrophy (LH), and daily insulin re-
quirement is higher in patients with LH than
in patients without LH. According to a study
by Blanco et al. the increased requirement
of insulin due to LH in the Spanish health-
care system was estimated to cost € 122
million per year (3). Besides the treatment
cost, the frequency of hypoglycemia is six-
times higher, and the glycemic fluctuations
are seven-times higher in patients with LH
(3). Although the etiology of LH has not yet
been clarified, it is thought to be due to the
lipogenic effect of insulin or recurrent tissue
trauma caused by injections (4). According
to the examination method and the exam-
iner, in various studies conducted globally,
the frequency of LH was found to be quite
variable, between 1.9% and 77% (5). The
most significant cause of LH development
was found to be insufficient rotation be-
tween injection sites (3). In addition, the
frequency of injections, the total daily dose
of insulin, and the needle length were also
found to be associated with LH (6). Further,
the fact that there is a large difference in the
frequency of LH between these studies and
the presence of LH in other subcutaneous
treatments other than insulin such as pegvi-
somant, long-acting exenatide and anti-
tumor necrosis factor, suggest that this
complication is not related to recurrent
trauma only (7). In this respect, we aimed
to evaluate the relationship between vitamin
D, which is known to play a role in lipogenic
effect, and LH.

Material and Methods

Patients who applied at our outpatient clinic
between May-August 2019 for routine tests,
who had been using insulin and/or exenatide
treatment for at least one year, were in-
cluded in the study. All patients were older
than 18 years. The exclusion criteria were
evidence of dermatitis and cutaneous dis-

ease. The patients were classified according
to the body mass index (BMI) classification
of the World Health Organization, as, 18.5-
24.9 kg/m?, normal; 25-29.9 kg/m?, over-
weight; 30-39.9 kg/m?, obese; and =40
kg/m?, morbidly obese. The injection sites
of the patients were examined by inspection
and palpation method, and the LH regions
were recorded by the education nurse work-
ing in our clinic. Patient data of HbAlc and
vitamin D levels determined for routine tests
were acquired from the hospital system. Vi-
tamin D analyses were made with liquid
chromatography-mass spectrometry API
3200 (ABSCIEX, USA), while HbAlc was
measured by glycohemoglobin analyzer (G7
HPLC Analyzer, Tosoh Bioscience, USA). Pa-
tients were categorized into two groups ac-
cording to vitamin D levels as below and
above 20 ng/mL. Our study was carried out
after the approval of the Ethics Committee
of Selcuk University Faculty of Medicine
dated 17.04.2019 and numbered 2019/04.
Written informed consent was obtained from
each patient.

All statistical analyses of the study were per-
formed in SPSS (version 21.0 for Windows)
program. The variables were investigated
using visual (histograms and probability
plots) and Kolmogorov-Smirnov test to de-
termine whether or not they are normally
distributed. The categorical variables were
expressed as numbers and percentages,
whereas continuous variables were summa-
rized as mean with standard deviation, me-
dian, and minimum-maximum, wherever
appropriate. While investigating, the associ-
ations between non-normally distributed
variables and their significance were calcu-
lated using Spearman’s test or Kruskal-Wal-
lis test. A p-value of <0.05 was considered
statistically significant.

Results

A total of 140 patients, including 91
women (65%) and 49 men (35%), aged
between 20 and 78 years (mean age of
54.53+£13.89), were included in the study.
Thirteen (9.3%) patients had normal BMI
[mean BMI=21.94 (interquartile range;
IQR=19.65-24.25)] while 40 (28.6%) pa-
tients were overweight [mean BMI=27.6
(IQR=26.4-28.84)], 65 (46.4%) patients
were obese [mean value of BMI: 33.97
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(IQR 31.6-36.13)] and 22 (15.7%) pa-
tients were morbidly obese [mean value of
BMI=41.68 (IQR=40.02-44.08)]. When
the treatments of the patients were evalu-
ated, 93 (66.4%) patients were receiving
insulin, 28 (20%) patients were receiving
exenatide twice daily, and 19 (13.6%) pa-
tients were receiving insulin+exenatide
twice daily. LH was detected in 91 of 140
patients (65%).

While mean HbA1lc levels of the patients
with LH were 9.43+2.97, the mean HbAlc
levels of the patients without LH were
8.42+1.85. Vitamin D levels of 96 (68.5%)
patients were less than 20 ng/mL and 44
(31.4%) patients were 20 ng/mL and above.
Spearmen’s correlation analysis demon-
strated a significant negative correlation be-
tween levels of vitamin D and the presence of
LH (Spearmen’s p=]|-0.2|, p=0.006) (Table
1). Kruskal-Wallis test showed no significant
relationship between LH and BMI (p=0.057)
(Table 1). This study indicated the absence of
significant correlations between types of in-
jectable treatments and the presence of LH
(Spearmen’s p=0.17, p=0.296) (Table 1).
There was no correlation between LH and
HbA1lc levels, and the age of the patients
(Spearmen’s p=|-0.11|, p=0.18, and
p=0.13, p=0.11, respectively). We also ob-
served a significant relationship between

gender and LH. Statistically, the frequency of
LH was higher in female patients (Spear-
men’s p=|-0.34]|, p=0.001) (Table 1).

Discussion

Vitamin D is one of the primary hormones
that play a role in calcium, phosphorus he-
mostasis, and bone metabolism. Due to the
low vitamin D content of foods, the main
source of vitamin D endogenous synthesis is
through the ultraviolet B rays from choles-
terol in the skin (8). Although different vita-
min D ranges are used in different studies,
generally accepted normal vitamin D levels
have been determined as 20-50 ng/mL in a
healthy population (9).

In addition to affecting the bone metabolism,
vitamin D plays a role in the etiology and pro-
gression of many different diseases such as
cardiovascular diseases, autoimmune dis-
eases, and malignancies (10-12). In addition
to these effects, the effects of vitamin D on li-
pogenesis are known. In a study performed
by Borges et al. on obese mice, vitamin D de-
ficiency was found to increase lipogenesis in
the liver, reduce beta-oxidation, and increase
the risk of fatty liver disease (13). Vitamin D
inhibits differentiation of pre-adipocytes to
mature adipocytes by inhibiting characteris-
tic mature adipocyte genes such as peroxi-
some proliferator-activated receptor-y, and

Table 1. Relationship between LH and gender, BMI, vitamin D, and the patient’s treatment.

Lipohypertrophy

Present

Gender

Male 21

Female 70
Body mass index (kg/m?)

Normal 12

Over-weight 21

Obese 42

Morbid obese 16
Vitamin D (ng/mL)

<20 55

220 36
Patient’s treatment

Insulin 57

Exenatide 22

Insulin+exenatide 12

Absent p
28 0.001
21
1 0.057
19
23
6
41 0.006
8
36 0.296
6
7
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sterol regulatory element-binding protein-1c
(14). Vitamin D has also been shown to be
protective against obesity due to its negative
effect on adipocytes by increasing dinu-
cleotide concentration and Sirtulin 1 activity
to nicotinamide adenine (15). LH is the adi-
pose tissue that appears as a tumor-like
swelling at subcutaneous injection sites.
Histopathologically, it is seen that the dermal
reticular layer consists of mature adipocytes
of volume larger than that of normal
adipocytes. Some lipid droplets may occur in
the periphery of some of the adipocytes in LH
tissue, possibly due to the stimulation of li-
pogenesis (16). This study was planned
based on the above-mentioned effects of vi-
tamin D on lipogenesis, and on assessing the
relationship between LH and vitamin D, the
frequency of LH was found to increase signif-
icantly in patients with low vitamin D levels
(p=0.006). There are conflicting results on
the effects of the replacement of vitamin D
on levels of HbA1lc and fasting blood glucose
in DM patients (17). However, studies show-
ing the positive effects of vitamin D replace-
ment on glycemic control in Type 1 DM
patients who were treated with insulin alone
(18,19) suggest that this effect of vitamin D
may improve LH and exert positive effects on
glucose metabolism.

Although the incidence of LH in our country
varied in previous studies, the LH rate was
27.4% in a study published in 2018 with 29
different centers, whereas this rate was
48.8% in another study with 215 patients
(20,21). In our study, the incidence of LH
was found to be 65%. This difference may
be due to the low number of patients in-
cluded in our study; it also indicates that
we need more efforts on insulin treatment
education in our center.

While no relationship was observed between
gender and LH in previous studies, LH was
more common in women in our study (3).
Contrary to the studies reporting that in-
creased BMI increases the risk of LH, we ob-
served no statistically significant relationship
between BMI and LH in our study (6). These
conflicting results maybe because of the
sample size of our study.

There are some limitations to our study. We
focused only on the relationship between vi-
tamin D and LH. The other factors which
could affect LH, for example, rotation of the

injection site, injection regimen, needle sy-
ringe length, etc., needs to be evaluated in
this study. Another limitation was, as indi-
cated earlier, the sample size. As the third
limitation of the study, we evaluated LH by
the inspection and palpation methods. Eval-
uating the presence of LH by radiological
methods would provide more sensitive and
specific results.

Conclusion

To our knowledge, this is the first study
showing the relationship between vitamin D
and LH. Further randomized controlled trials
are needed to clarify this relationship. LH is
a significant issue that cannot be underesti-
mated considering its negative effects on
the frequency of hypoglycemia, quality of
life of the patients, glycemic control, and
cost of treatment.
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Abstract

Objective: Elevated depressive symptoms and disorders affect one in five
patients with diabetes. Current guidelines recommend screening depression
in the diabetic population. Turkey has the highest (13.7%) prevalence of di-
abetes in Europe. However, there are limited data about the prevalence of de-
pressive disorders among diabetic patients in Turkey. We aim to investigate
the prevalence of a comorbid depressive disorder in Type 2 diabetic patients
who were referred to the Endocrinology outpatient unit of a tertiary hospital.
Material and Methods: All the Type 2 diabetic patients admitted to our en-
docrinology department were consecutively included in the study. Their so-
ciodemographics, concomitant diseases and medications, macro and
microvascular complications, lifestyle and personal habits, and treatment reg-
imens were obtained by a specifically designed questionnaire. Laboratory data
were obtained from the hospital records. The Patient Health Questionnaire-9
(PHQ-9), a depression screening tool, was used as a screening method for
depression. Patients with a score of 10 or above determined high risk for de-
pressive disorder according to PHQ-9. The scores were re-evaluated by a psy-
chiatrist to minimize the false negative and positive results.
Result: A total of 460 patients with Type 2 diabetic were enrolled in this cross-
sectional study. 18.9% (n=87) of the participants were found to have de-
pressive disorders according to the psychiatric evaluation done after the
PHQ-9 questionnaire. Patients with depressive disorders were predominantly
female (69.0% vs. 55.5%; p=0.022), younger (57.24+10.5 vs. 60.0+9.5;
p=0.014), had higher HbA1c (8.51+2.51 vs. 7.98+2.05; p=0.042), total cho-
lesterol (205.6+44.2 vs. 194.2+46.0; p=0.045), LDL-cholesterol (123.1+37.8
vs. 113.1+35.4; p=0.026) and non-HDL-cholesterol (158.5+41.61 vs.
146.6+42.7; p=0.024). These patients had frequent neuropathy (37.3% vs.
19.0%, p=0.001), they were less likely to perform exercise (31.8% vs.
53.1%; p<0.001) while smoke in excess (31.4% vs. 14.3%; p<0.001). The
analysis showed that female gender (OR=4.4; 95% CI=1.6-12.8; p=0.005)
and smoking (OR=7.6; 95% CI=2.8-20.5, p<0.001) are independent deter-
minants of a depressive disorder. Conclusion: Approximately one-fifth of di-
abetic patients had a depressive disorder, and their metabolic parameters
were worse than those without a depressive disorder. Therefore, to assess a
diabetic patient from all aspects, screening for depressive disorder should be
made an indispensable part of the evaluation process.

Keywords: Diabetes; depressive disorders; depression;
PHQ-9; Patient Health Questionnaire

Ozet

Amag: Depresif bozukluk ve artmis depresif durumlar her bes diyabet hasta-
sindan birini etkilemektedir. Glincel rehberler, diyabetik popilasyonda depre-
sif semptom ve bozukluklarin taranmasini 6nermektedir. Tlrkiye, Avrupa’da
en yuksek (%13,7) diyabet prevalansina sahip llke konumundadir. Bununla
birlikte, Turkiye'de diyabet hastalari arasinda depresif bozuklugun sikligi hak-
kinda kisith veri bulunmaktadir. Biz bu galisma ile bir Gglincli basamak Endok-
rinoloji poliklinigine bagvuran Tip 2 diyabetik hasta poptilasyonunda eslik eden
depresif bozukluk prevalansini saptamayi amagladik. Gereg ve Yontemler:
Endokrinoloji poliklinigine basvuran tim tip 2 diyabet hastalar ardisik olarak
galismaya dahil edildi. Katimcilarin sosyodemografik 6zellikleri, eslik eden has-
taliklari ve uygulanan tedaviler, makro ve mikro komplikasyonlar, yasam tarzi
ve kigisel aliskanliklar hazirlanan sorgu formu ile kayit altina alindi. Laboratu-
var verileri hastane bilgi sisteminden alindi. Depresif bozukluk taramasi igin
“Patient Health Questionnaire-9 (PHQ-9)” depresyon tarama araci kullanildi.
PHQ-9 puani 10 ve Uzeri olan hastalar, depresif bozukluk agisindan yiliksek
riskli olarak degerlendirildi ve olasi yanlis negatif-pozitif sonuglari en aza indir-
gemek amaciyla bir psikiyatri uzmani tarafindan yeniden degerlendirildi. Bul-
gular: GCalismaya toplam 460 Tip 2 diyabet hastasi dahil edildi. PHQ-9 skorlari
ve akabinde yapilan psikiyatri dederlendirmesi sonrasi hastalarin %18,9
(n=87)"unda depresif bozukluk saptandi. Depresif bozukluk saptanan hastalar
adirlikl olarak kadin cinsiyette (%69,0’a karsi %55,5; p=0,022), daha geng
yasta (57,2+10,5’'e karsi 60,0+9,5; p=0,014), daha yiksek HbAlc
(8,51+2,51'e karsi 7,98+2,05; p=0,042), total kolesterol (205,6+44,2"ye karsi
194,2+46,0; p=0,045), LDL kolesterol (123,1+37,8’%e karsi 113,1£35,4;
p=0,026) ve non-HDL-kolesterol (158,5+41,61’e karsi 146,6+42,7; p=0,024)
seviyelerine sahip idi. Ek olarak, bu hastalarda néropati daha sik (%37,3'e
karsi %19,0, p=0,001), egzersiz yapma oranlari daha disik (%31,8’e karsi
%>53,1; p<0,001) ve sigara igme sikligi daha ylksek (%31,4’e karsi %14,3;
p<0,001) idi. Kadin cinsiyette olmak (OR=4,4; %95 GA=1,6-12,8; p=0,005)
ve sigara igmek (OR=7,6; %95 GA=2,8-20,5; p<0,001) depresif bozukluga
sahip olmanin bagimsiz éngérduricileri idi. Sonug: Diyabetik hastalarin yak-
lasik beste birinde depresif bozukluk mevcuttu ve metabolik parametreleri dep-
resif bozukluk olmayanlara gore daha kétt idi. Bu nedenle, bir diyabet hastasini
kapsamli bir sekilde degerlendirebilmek igin depresif bozukluk taramasi hasta
degerlendirmesinin ayrilmaz bir pargasi olarak uygulanmaldir.

Anahtar kelimeler: Diyabet; depresif bozukluklar; depresyon;
PHQ-9; Halk Sagligi Anketi
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Introduction abetes, decompensated liver disease, ma-

Diabetes is a chronic disease and complicated
to manage due to the associated mood and
emotional problems. Depression is a frequent
comorbidity in Type 1 and Type 2 diabetic pa-
tients. Depression affects one in four patients
with diabetes (1). In other words, diabetic pa-
tients are at 1.4-3 times higher at risk of co-
morbid depression (1-3). Depressive
disorders may complicate the management of
diabetes and negatively affect the achieving
of glycemic and metabolic targets (4-6).
Thus, American Diabetes Association (ADA),
US Preventive Services Task Force (USPSTF),
and National Institute for Health and Care Ex-
cellence (NICE) diabetes guidelines recom-
mend routine screening of depressive
symptoms in a high-risk population (2,3,7).

The prevalence of depression is reported as
20.3-29.7% in European countries, and
8.3% in North America (8-10). But there are
only a few studies available about the
prevalance of depressive disorders for
among diabetic patients in Turkey (11-13).

We hypothesize that frequency of depressive
symptoms was similar throughout European
countries and was associated with metabolic
disturbances.

In this cross-sectional study, we aim to de-
termine the frequency of depressive disor-
ders in Type 2 diabetic patients referred to
the Endocrinology Outpatient Unit of a terti-
ary hospital. Our secondary aim was to as-
sess the relationship between comorbid
depressive disorder and the metabolic con-
sequences in Type 2 diabetic patients.

Material and Methods

Study Design and Population

This cross-sectional study was carried out
from January 2017 to May 2018 in a tertiary
endocrine unit. The study was approved by
the local ethics committee (08.02.2017
Kecgidéren Training and Research Hospital
Ethical Committee-Ankara/Turkey/2012-
KAEK-15/1338), and the study protocol was
designed as per the international agree-
ments (Helsinki Declaration revised 2013).
All patients signed informed consent before
data collection. Type 2 diabetic patients over
the age of 18 were enrolled consecutively in
the study. Patients were excluded if preg-
nant, younger than 18 years, had Type I di-

lignancy, chronic inflammatory disorders, or
were undergoing renal replacement therapy.

Data Collection

The sociodemographics (age, gender, mari-
tal status, education, occupation, and in-
come), concomitant diseases and
medications, macro and microvascular com-
plications, lifestyle and personal habits [ex-
ercise, smoking, alcohol use], and treatment
regimens were obtained by a specifically de-
signed questionnaire given to all the partic-
ipants by their physicians. Laboratory data
were obtained from hospital records.

The following are the evaluations done
cross-sectionally,

Anthropometrics and Blood Pressure

Measurement

Height, weight, and waist circumferences
(WC) of the patients in their underclothes
were recorded according to the standard pro-
tocol. Body mass index (BMI) was computed
as the ratio of weight to the square of height
(kg/m?). WC was measured on the line be-
tween the iliac crest and the lower costal
margin parallel to the ground, once the pa-
tients exhaled. Arterial blood pressure (ABP)
was recorded using automatic BP monitors
(Omron M2, HEM-7121-E) after at least 5
min of rest in a seated position. Three con-
secutive measurements were taken from the
same arm, and the mean was recorded.

Laboratory Data

For biochemical analyses, all the blood sam-
ples were collected from the antecubital vein
between 08:00-10:00 AM after overnight fast-
ing. All laboratory parameters were measured
using standard procedures. The levels of fast-
ing blood glucose concentration, total, and
high-density lipoprotein-cholesterol (HDL-C),
and triglycerides (TG) were measured enzy-
matically. low-density lipoprotein (LDL-C) was
calculated using Friedewald’s equation [LDL-
C=total cholesterol-(HDL-C+TG/5)] if TG was
found less than 400 mg/dL (14). Glycohemo-
globin (HbA1c) was measured using high-per-
formance liquid chromatography (HPLC).

Patient Health Questionnaire-9 a Depression
Screening Tool

To screen the depressive disorders, Patient
Health Questionnaire-9 (PHQ-9), a depres-
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sion screening tool was used. PHQ-9 is a
valid and reliable tool for screening depres-
sive disorders in diabetic individuals
(15,16). All the diabetic patients who were
at the risk of a depressive disorder accord-
ing to PHQ-9 score were re-evaluated by a
psychiatrist to minimize the false negative
and positive results according to the Diag-
nostic and Statistical Manual of Mental Dis-
orders (DSM-5) in terms with the major
depressive disorder. PHQ-9 is an instrument
to perform criteria-based diagnoses of de-
pressive disorders commonly encountered in
primary care. A PHQ-9 score of 210 has a
sensitivity and specificity of 88% in diag-
nosing depressive disorders (17). Depres-
sive symptoms were screened by the PHQ-9
questionnaire. The PHQ-9 query form con-
sists of 9 questions. The scores obtained by
each answer are collected and evaluated on
a scale. If the patient has not marked one
of the 3 to 4 options given for the first two
questions, the questionnaire cannot be eval-
uated as a depressive disorder regardless of
the total score. Patients with a score of 10 or
higher as per the rules were referred to a
psychiatrist for a re-evaluation of comorbid
depressive disorder. The diagnosis of co-
morbid depressive disorder is made by a
psychiatrist according to the DSM-5 criteria.
Also, regardless of the PHQ-9 score, all the
patients who used prescribed antidepres-
sants were referred to a psychiatrist and re-
evaluated for depressive disorder to avoid
overdiagnosis.

Definitions

An internationally accepted definition for
Type 2 diabetes was used by the physicians
(18). Hypertension was defined as an aver-
age office BP>140/90 mmHg on two differ-
ent visits or an individual undergoing
antihypertensive treatment. Dyslipidemia
was defined as TG>150 and/or LDL-C>100,
and/or low HDL-C (men <40, women <50
mg/dL), or receiving medications for dyslipi-
demia. Obesity was defined as BMI>30
kg/m? (19). Treatment targets were defined
as HbA1c<7%, office ABP<140/90 mmHg,
and LDL-C<100 mg/dL according to the na-
tional (20) and international (2) diabetes
guidelines. Achieving all the goals, such as
glycemia, BP, and lipid levels by an individ-
ual patient, indicate triple metabolic control

being established. The exercise was defined
as meeting both these criteria, performing
exercise more than two days per week, and
more than thirty minutes per day. Marital
status was dichotomized as married and un-
married. Self-reported income status was
categorized according to their ability to meet
up basic needs and save. A low education
level was defined as less than eight years of
formal education. Macrovascular complica-
tions were either self-reported: having a his-
tory of coronary artery disease, angina,
heart attack, cerebrovascular event or pe-
ripheral artery disease; or recorded by the
physicians according to their findings such
as non-palpable extremity pulses, low
ankle-brachial index values (<0.9), positive
findings on coronary or peripheral arteriog-
raphy, and carotid or peripheral arterial du-
plex ultrasound examination. Retinopathy
was self-reported by the patients based on
being identified with an eye problem related
to diabetes mellitus. Nephropathy was
recorded by the physicians if the patients
had albuminuria and/or decreased esti-
mated glomerular filtration rate. Neuropathy
was also self-reported or recorded by the
physicians if the patients had symptoms re-
lated to bilateral symmetric distal neuropa-
thy or other autonomous neuropathies
attributed to diabetes mellitus.

Statistical Analyses

Statistical analyses were performed in SPSS
18.0 (SPSS Inc., Chicago, IL, USA). Data
were expressed as mean+SD and median
(minimum-maximum value) for continuous
variables or as a percentage for categorical
variables. To identify the variables associ-
ated with depression state (depressive/not
depressive), the univariate analyses were
performed using Chi-square, Fisher exact,
Student's t, and Mann-Whitney U tests,
where ever appropriate. For the multivariate
analysis, binomial logistic regression was
performed to ascertain the association of
different variables. The criteria for inclusion
in the model were having statistical signifi-
cance (p<0.05) in the univariate analysis
and a clinical rationale to have a potential
association with glycemic control. The vari-
ables were gender, BMI (<25 vs. 25-29.9 vs.
>30 kg/m?2), BP (<140/90 mmHg vs.
higher), having microvascular  and
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macrovascular complications, smoking, ex-
ercise (£2/week vs. higher), alcohol con-
sumption, statin treatment, insulin usage,
education level, and monthly income. The
odds ratios with 95% confidence intervals
(CI) are given in Figure 1. The p-value is
two-tailed with a significance level of 0.05.

Results

A total of 460 patients with Type 2 diabetes
were enrolled in the study. Based on the
predefined criteria, 18.9% (n=87) of the
participants had comorbid depressive disor-
ders. The clinical and demographical char-
acteristics of the patients are given in Table
1.

The patients with comorbid depressive dis-
orders were predominantly female (69.0%
vs. 55.5%; p=0.022), younger (57.2£10.5
vs. 60.0+9.5; p=0.014), had higher HbA1lc
(8.51+2.51 vs. 7.98+2.05; p=0.042), total
cholesterol (205.6+44.2 vs. 194.2+46.0;

p=0.045), LDL-C (123.1+£37.8  vs.
113.1+35.4; p=0.026) and non-HDL-C
(158.5+41.61 vs. 146.6+42.7; p=0.024)
(Table 1, Table 2). Additionally, these pa-
tients had frequent neuropathy (37.3% vs.
19.0%, p=0.001) and were less likely to
perform exercise (31.8% vs. 53.1%;
p<0.001) while smoke in excess (31.4% vs.
14.3%; p<0.001) (Table 1).

According to the multivariate analyses,
being female [odds ratio (OR)=4.4; 95%
CI=1.6-12.8; p=0.005] and smoking
(OR=7.6; 95% CI=2.8-20.5; p<0.001)
were independent determinants of comorbid
depressive disorders in type 2 diabetic pa-
tients (Figure 1).

Discussion

The result shows that approximately one-
fifth of Type 2 diabetic patients have comor-
bid depressive disorders. Patients with
depressive disorders were predominantly fe-

Table 1. The demographic parameters of patients with and without depressive disorders.

Variables (n=460)
Gender {(female) (n, %) 267 (58.0%)
Age (years) 59.48+9.72

217 (48.3%)
324 (75.7%)
366 (82.2%)
79 (17.6%)

Higher education {n, %)
Patients with lower income (n, %)
Marital status {(married) (n, °%)

Smoking (n, %)

Alcohol intake (n, %) 7 (1.6%)
Regular exercise (n, %) 217 (49.0%)
Diabetes duration (year) 10.94+8.14

85 (22.4%)
100 (23.8%)
8 (1.9%)
10 (2.3%)
107 (36.8%)
61 (17.3%)
45 (13.6%)
95 (22.2%)
256 (57.7%)
338 (73.5%)
303 (78.0%)
191 (41.5%)
110 (23.9%)
61 (13.3%)

Macrovascular complications (n, %)
Coronary artery disease
Peripheral artery disease
Cerebrovascular disease

Microvascular complications {n, %)
Retinopathy
Nephropathy
Neuropathy

Obesity (n, %)

Hypertension (n, %)

Dyslipidemia (n, %)

Insulin treatment (n, %)

Statin treatment (n, %)

Treatment with anti-depressants {(n, %)

Total patients Without depressive disorder

With depressive disorder

(n=373; 81.1%) (n=87; 18.9%) p
207 (55.5%) 60 (69.0%) 0.022
60.02+9.46 57.17+10.48 0.014
171 (47.3%) 46 (52.9%) 0.345
262 (75.3%) 62 (77.5%) 0.677
303 (83.9%) 63 (75.0%) 0.054
52 (14.3%) 27 (31.4%) <0.001

6 (1.7%) 1 (1.2%) 0.766
190 (53.1%) 27 (31.8%) <0.001
10.69+8.16 12.15+8.02 0.186
68 (21.7%) 17 (25.8%) 0.516
79 (23.0%) 21 (27.3%) 0.422

6 (1.8%) 2 (2.7%) 0.578

9 (2.6%) 1 (1.3%) 0.497
83 (34.6%) 24 (47.1%) 0.093
50 (17.1%) 11 (18.3%) 0.813
36 (13.3%) 9 (15.0%) 0.734
67 (19.0%) 28 (37.3%) 0.001
207 (57.3%) 49 (59.0%) 0.778
280 (75.1%) 58 (66.7%) 0.110
264 (76.5%) 69 (84.1%) 0.134
148 (39.7%) 43 (49.4%) 0.097
89 (24.3%) 21 (22.3%) 0.689

0 (0.0%) 61 (70.1%) < 0.001‘
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Table 2. The PHQ-9 scores, laboratory parameters, and rates of achieving metabolic targets of patients with and

without depressive disorders.

Total patients  Without depressive disorder With depressive disorder

Variable total (n=460) (n=460) (n=373; 81.1%) (n=87; 18.9%) p
PHQ-9 score 7.04+5.14 5.88+3.96 11.97+6.51 <0.001
BMI (kg/m?) 31.71+£5.97 31.50+6.06 32.62+5.55 0.126
SBP office (mmHg) 130.84+18.96 131.41+18.95 128.37+18.91 0.191
DBP office (mmHg) 79.43+10.19 79.55+10.42 78.89+9.11 0.599
HbAlc (%h) 8.08+2.15 7.98+2.05 8.51+2.51 0.042
Total-C (mg/dL) 196.46+45.84 194.23+46.01 205.61+44.25 0.045
HDL-C (mg/dL) 47.56+13.23 47.69+13.53 47.05+11.95 0.697
LDL-C (mg/dL) 115.10+36.07 113.17+£35.42 123.11+37.82 0.026
TG (mg/dL) 184.51+£105.45 180.61+102.87 200.83+114.87 0.121
Non-HDL-C (mg/dL) 148.99+42.76 146.62+42.77 158.56+41.61 0.024
Achieving metabolic targets

ABP (<140/90 mmHg) 266 (60.6%) 211 (59.1%) 55 (67.1%) 0.183

LDL-C {<100 mg/dL) 151 (36.2%) 130 (38.7%) 21 (25.9%) 0.032

HbAlc (<7%) 162 (36.3%) 136 (37.4%) 26 (31.7%) 0.336

Triple target 34 (7.7%) 32 (8.9%) 2 (2.4%) 0.042

PHQ-9: Patients Health Questionnaire-9; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
HbA1lc: Glycated hemoglobin; Total-C: Total cholesterol; HDL-C: High-density lipoprotein-cholesterol; LDL-C: Low-density lipopro-

tein-cholesterol; TG: Triglycerides; ABP: Arterial blood pressure.

Patients with type Il DM

0Odds Ratio (95% Cl) P Value

Gender (Female) ———-—— 4.47 (1.56 - 12.82) 0.005
Age (>60 years) - 0.86 (0.36 - 2.04) 0.734
Obesity (BMI 230 kg/m2) e 1.21 (0.51 - 2.86) 0.669
Hypertension (ABP >140/90 mmHg) —-— 1.21(0.52 - 2.85) 0.657
Dyslipidemia (LDL >100 mg/dL) —— 1.69 (0.62 - 4.57) 0.304
Regular Exercise (>2 days/week, >30 min/day) —-— 0.59 (0.26 - 1.34) 0.210
Smoking e 7.62 (2.83 - 20.53) <0.001
Coronary Artery Disease i 0.64 (0.19 - 2.18) 0.472
Peripheral Artery Disease 0.89 (0.07 - 11.83) 0.931
Retinopathy —— 1.49 (0.49 - 4.48) 0.482
Nephropathy e ) 0.87 (0.24 - 3.21) 0.837
Neuropathy ——— 2.30 (0.95 - 5.58) 0.066
ng Q\ N \Q @Q
Depressive Depressive
Disorder (-) Disorder (+)

Figure 1: The factors associated with depressive disorder in patients with Type 2 diabetes.
BMI: Body mass index; ABP: Arterial blood pressure; LDL: Low-density lipoprotein.

male, younger, and had poor lipid levels.
Being a female or a smoker were predictors
of a depressive disorder.

A depressive disorder has a broad and het-
erogeneous diagnosis, where depressed
mood and/or loss of pleasure are the most

characteristic features. Many factors, in-
cluding chronic diseases, can cause or ex-
acerbate depressive disorders. Incidentally,
the concomitant depressive disorder may
also adversely affect the course of chronic
diseases. The frequency of depressive dis-
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orders is increasing all over the world
(8,21-24). It is reported that the preva-
lence of depressive disorders in people with
chronic diseases is twice higher than in the
healthy population (25). Various studies
have reported the prevalence of depressive
disorders from 8% to 30% in diabetic pa-
tients (25-27). However, studies also show
that only half of the patients with depres-
sive disorders are diagnosed (25). The data
on the prevalence of depressive disorders
among diabetic patients in Turkey is lim-
ited. An international study that used the
PHQ-9 questionnaire reported the preva-
lence of depressive disorder as 21% for
both Type 1 and Type 2 diabetes, in Turkey
(11). Another study found a prevalence of
26.4% by using Beck’s Depression Inven-
tory in 440 adult patients with Type 2 dia-
betes (13). The prevalence of depressive
disorders in our study (18.9%) was similar
to that of the reports of other national
(11,13) and international studies (4,27,28).
Depressive disorders may affect the course
of diabetes, while it may also be affected
by diabetes as well. It may also increase
the risk of macro and microvascular com-
plications in diabetic patients (29,30).
Therefore, it is very important to determine
the risk factors that develop depressive dis-
orders in diabetic patients. Evidence shows
that the prevalence of depression is mod-
erately increased in prediabetic patients
and significantly increased in diabetic pa-
tients (31). There may be a few reasons for
an increased risk of depression in diabetic
patients, such as diabetes, causing struc-
tural changes in the brain leading to atro-
phy (32). Studies show that atrophic
changes may involve the hippocampus and
that HbAlc may be an important determi-
nant of hippocampal volume (33). Our
study supports these findings by showing a
higher HbA1c level in patients with depres-
sive disorders. The patients with depressive
disorder in our study had higher total cho-
lesterol, LDL-C, and non-HDL-C levels.
These findings are also consistent with the
previous studies that reported higher cho-
lesterol levels in Type 2 diabetic patients
with depressive disorders (27,34). Lack of
diet, medication adherence, and inade-
quate self-care in depressive patients may
be the most important reasons for the poor

metabolic features. Patients with depres-
sive disorders in our study were younger
than patients without depressive disorders.
However, several studies show conflicting
results of the effect of aging on depressive
disorders, where many show a linear rise in
the frequency of depressive disorders with
increasing age (35-37), while others show
a negative correlation (38). Also, different
studies suggest a U-shaped relationship be-
tween age and depressive disorders (39).
Further, we showed that female gender and
smoking were the independent determi-
nants of depressive disorders in Type 2 dia-
betic patients. Patients with depressive
disorders have poor self-care behaviors,
such as overeating, drinking alcohol, smok-
ing, limited physical activity, and poor med-
ication adherence. For these reasons, it is
not surprising that smoking is a determinant
of a depressive disorder in this study. Stud-
ies also show that there may be a dose-de-
pendent relationship between depressive
disorder and smoking (40,41). In a study of
Type 2 diabetic patients, heavy smokers
were twice as likely as to experience major
depression compared to nonsmokers (42).
Diabetic patients may have more problems
in quitting smoking because of the physical
and emotional burdens associated with dia-
betes, where smoking may act as a stress-
coping behavior (42). Many studies have
also reported that depressive disorders are
more common in women (43-45). The find-
ings of a similar global female predominance
suggest that the differential risk may prima-
rily stem from the biological sex difference
and is less dependent on race, culture, diet,
education, and many other potentially con-
founding social and economic factors.
Therefore, it was expected from our study
to identify that the female gender is a risk
factor in the development of depressive dis-
orders.

This study may have several limitations.
Firstly, as described in the definitions, PHQ
is an instrument in performing criteria-
based diagnoses of depression and other
mental disorders. However, it is not a gold
standard method for diagnosing depressive
disorders. Also, in order to prevent an
overdiagnosis, all the patients with high
PHQ scores are further referred to a psy-
chiatrist, with their progress being fully
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monitored. Secondly, the study does not
represent the whole country as it is per-
formed in a local health center. Thirdly, we
did not question erectile dysfunction in
male patients, which is an important factor
that causes depression in male diabetics.
Additionally, the cross-sectional design of
the study may preclude a causal relation-
ship between predictive risk factors and
depressive disorder in diabetic patients.
There may also be a selection bias in our
study since all the enrolled patients were
followed-up in a tertiary endocrine unit,
and also the enrollment of patients with
multiple comorbidities and complications
may have affected the results. Neverthe-
less, the result of our study is remarkable
because it is one of the rare studies in our
country that reports the prevalence and
characteristics of depressive disorders in
diabetic patients.

In conclusion, the prevalence of
depressive disorders is considerably
high in Type 2 diabetic patients, although
they are being followed up in a tertiary
outpatient endocrinology unit. To assess
a diabetic patient from all aspects, screen-
ing for depressive disorders should be
made an indispensable part of the evalua-
tion process. The risk is higher if the pa-
tient is a female or a smoker. Further,
prospective studies with a larger sample
size may be required to reveal the rela-
tionship between depressive disorders and
diabetes.
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Abstract

Objective: To evaluate and assess the association of diabe-
tic macular edema with different anti-diabetic therapy regi-
mens. Material and Methods: We recruited 340 patients
with prediagnosed Type 2 diabetes mellitus attending the
ophthalmology and medicine outpatient department. Patients
were older than 30 years with Type 2 diabetes mellitus and
on a specific anti-diabetic regimen (monotherapy/combina-
tion therapy) for 26 months, and who underwent macular
edema assessment by using spectral domain optical cohe-
rence tomography. The patterns of macular edema per reti-
nal morphology were grouped as diffuse retinal thickening,
cystoid macular edema, and serous retinal detachment. Re-
sults: No significant association was found between edema
pattern and dual therapy regimen (metformin+1 other oral
hypoglycemic agent) (p=0.685) in the 680 eyes of the 340
patients. In patients on all the other triple therapy regimens
(metformin+2 other oral hypoglycemic agents), diffuse reti-
nal thickening was the most common type, except in pati-
ents on thiazolidinediones and insulin in conjunction with
metformin in which cystoid macular edema was the most
common. However, the difference between different triple
therapy regimens was statistically significant (p=0.053).
Conclusion: The most common form of macular edema was
diffuse retinal thickening irrespective of the type and regi-
men of anti-diabetic therapy. Increased incidence of cystoid
macular edema was observed in patients on triple therapy,
including insulin. Because of the difference in the patterns, it
is imperative to evaluate patients for different types of edema
due to ongoing anti-diabetic treatment.

Keywords: Diabetes mellitus; diabetic retinopathy;
macular edema; anti-diabetic therapy

Ozet

Amag: Diyabetik makuler 6demin farkl antidiyabetik te-
davi rejimleriyle iligkisinin dederlendiriimesi. Gereg ve
Yontemler: Oftalmoloji ve medikal oftalmoloji poliklinigine
basvuran, 6nceden tani almis Tip 2 diabetes mellituslu 340
hasta galismaya alindi. Otuz yasindan buyuk, Tip 2 diabe-
tes mellituslu ve =6 aydir spesifik bir antidiyabetik rejim
(monoterapi/kombinasyon terapisi) alan hastalar, spektral
alan optik koherens tomografisi kullanilarak makuler 6dem
dederlendirmesine tabi tutulmuslardir. Her bir retina mor-
folojisi icin makuler 6dem paternleri; diffiiz retina kalinlas-
masl, sistoid makuler édem ve sertz retina dekolmani
olarak gruplandirildi. Bulgular: Toplam 340 hastadaki 680
gbzde oO6dem paterni ve ikili tedavi rejimleri
(metformin+diger 1 oral hipoglisemik ajan) (p=0,685) ara-
sinda anlamli bir iliski bulunmadi. Diger tim Uglu tedavi
rejimlerindeki (metformin+diger 2 oral hipoglisemik ajan)
hastalarda, kistoid makuler 6demin en yaygin oldugu tia-
zolidindionlar ve metformin ile birlikte insilin kullanan has-
talar harig, diffiz retinal kalinlasma en yaygin tipti.
Bununla birlikte, farkli Ggll tedavi rejimleri arasindaki fark
istatistiksel olarak anlamhydi (p=0,053). Sonug: Makuler
o0demin en yaygin formu, antidiyabetik tedavinin tipi ve re-
jimine bakilmaksizin diffiiz retinal kalinlagma idi. Insilin de
dahil olmak tzere Ugll tedavi géren hastalarda artmis kis-
toid makuler 6dem insidansi gézlenmistir. Paternlerdeki
farklilik nedeni ile devam eden antidiyabetik tedaviye bagh
olarak hastalar farkli 6dem tipleri agisindan degerlendir-
mek zorunludur.

Anahtar kelimeler: Diabetes mellitus; diyabetik retinopati;
makuler 6dem; antidiyabetik tedavi
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Introduction

Diabetes mellitus is a group of disorders
characterized by hyperglycemia and glucose
intolerance due to insulin deficiency, im-
paired effectiveness of insulin action, or both
(1). Retinopathy is probably the most com-
mon microvascular complication of diabetes.
Diabetic macular edema (DME) results in se-
vere vision loss in Type 2 diabetes because
of fluid leakage due to increased vascular
permeability, owing to anatomical and bio-
chemical changes. Increased vascular per-
meability of retinal blood vessels and
subsequent edema and hard exudates are
the key features of DME. The Wisconsin Epi-
demiological Study of Diabetic Retinopathy
(2) reported the prevalence to be 29% in
younger-onset diabetic patients and 28% in
older-onset diabetic patients, after 20 years.
As there is no definitive cure for diabetes,
glycemic control using oral hypoglycemic
agents (OHAs) and insulin remains the cur-
rent mainstay of treatment, which has side
effects. DME is the warning sign associated
with the development and progression of di-
abetic retinopathy (DR). However, some
specific classes of OHAs alone or in combi-
nation with insulin are associated with fluid
retention and peripheral edema (3-5). The
treatment of diabetes with insulin may re-
sult in increased retinal vascular permeabil-
ity, and then induce DR

progression and visual impairment (4,6,7).
Therefore, there is a need to review the
treatment strategies for diabetes mellitus in
this perspective. Various studies have re-
cently assessed the association of DME with
anti-diabetic treatments; however, data re-
garding the severity and morphology of DME
are scarce.

Hence, we conducted this study to find an
association between the different types of
macular edema and different anti-diabetic
treatment regimens.

Material and Methods

This is a hospital-based cross-sectional
study conducted at a tertiary care center in
North India. We recruited 340 patients with
prediagnosed Type 2 diabetes mellitus
attending the ophthalmology and medi-
cine outpatient department of our facility.
We obtained their informed and written
consent after adhering to the tenets of

the Declaration of Helsinki after approval
of our institutional ethics committee
(Institutional Ethics Committee, Era’s Luc-
know Medical College and Hospital; Ap-
proval No. ELMC/R_Cell/EC/2017/71;
Dated: 14/02/2017). Patients older than 30
years with Type 2 diabetes mellitus and
who were on a specific anti-diabetic regi-
men (monotherapy/combination therapy)
for 26 months were included.

Patients with any other ocular disease alter-
ing macular thickness, hazy ocular media
obscuring fundus examination and imaging,
patients on other medications alongside
anti-diabetic treatment, those with a history
of recent (<3 months) intraocular surgeries
or laser treatment, chronic renal disease,
uncontrolled use of hypertensives, dyslipi-
demia, chronic smokers, and patients not
willing to participate in the study were ex-
cluded.

Detailed history regarding the demographic
profile of the patients and that of diabetes
and anti-diabetic medications and symp-
toms indicative of macular pathology were
obtained. Afterward, patients underwent a
best-corrected visual acuity assessment by
Snellen’s Chart, anterior segment assess-
ment using a slit lamp, and a fundus ex-
amination using indirect ophthalmoscopy
and +90D lens. Fundus photography and
fluorescein angiography were performed
using Carl Zeiss Visucam724 (Carl Zeiss
Meditech Inc.). Patients then underwent
optical coherence tomography (macula)
using Carl Zeiss cirrus HD-Optical Coher-
ence Tomography (OCT), and 512x128
macular cube axial scans covering an area
of 6 mmx6 mm were obtained. Center-in-
volving DME was considered to be present
based on the incidence of foveal intrareti-
nal fluid SD-OCT in association with the
clinical diagnosis of DR and concurrent ap-
propriate fluorescein angiographic findings.
The patterns of macular edema per retinal
morphology were grouped as diffuse retinal
thickening, cystoid macular edema, and
serous retinal detachment.

Statistical analysis was performed using
SPSS Version 21.0 0 statistical Analysis
Software. The values are represented in
number (%) and meanxSD. p<0.05 was
considered significant, and p<0.001 as very
highly significant.
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Results pm. Seventy-two eyes (10.7%) showed

We aimed to find the correlation of different
patterns of DME with the different types of
anti-diabetic regimens for which we included
680 eyes of 340 subjects.

The mean age of patients was 52.0+9.67
years. Most of the patients (55.3%) were
women. The duration of diabetes ranged
from 1 to 15 years. HbA. values ranged
from 6% to 14% (8.3%=*1.2%). Mean fast-
ing and postprandial blood glucose levels
were 109.9+36.24 mg/dL and 174.1+45.6
mg/dL, respectively. Out of the 680 eyes of
340 patients, there were 598 (87.9%) with
normal vision, 71 (10.4%) with low vision,
and 11 (1.6%) with social blindness (vision
3/60 or diminution of the field of vision to
10°). No patients had economic blindness
(inability of a person to count fingers from a
distance of 6 m or 20 feet). Fifty-eight eyes
(8.5%) showed DR. OCT measurements
could not be performed in 6 eyes because of
poor scan. The central subfield thickness of
macula on OCT ranged from 106 ym to 468
Mm (mean=238.81+39.94 ym). The mean
cube average thickness was 263.41+27.34

macular thickening followed by cystoid mac-
ular edema (n=20; 3%) and serous retinal
detachment (n=6; 0.9%). Twelve eyes
(1.8%) had clinically significant macular
edema (Table 1).

The majority of patients were on dual ther-
apy taking metformin in combination with
one other anti-diabetic medication
(58.25%), followed by those on metformin
alone (monotherapy) (26.2%) and triple
therapy (metformin+2 other anti-diabetic
medications) (17.1%).

Among patients receiving dual therapy, most
(n=59) were receiving the combination Met-
formin+Sulfonylureas (M+S), followed by
Metformin+DPP4 inhibitors (M+D) (n=53),
Metformin+Thiazolidinediones (M+T)
(n=38), Metformin+Insulin (M+I) (n=28),
and Metformin+Alpha glucosidase inhibitor
(M+A) (n=20). Thus, overall, five combina-
tions were used.

Among patients receiving triple therapy,
most (n=21) were receiving Metformin+Thi-
azolidinediones+Insulin (M+T+1I), followed
by Metformin+Suplhonylurea+Alpha glu-

Table 1. Demographic profile and characteristics of the study population (n=340).

SN Characteristic Statistic
Mean age+SD (range) in years 52.00+9.67 (35-76)
Gender Gender (n=340)
Male 154 (44.9%)
Female 186 (55.3%)
3. Diabetic retinopathy (n=680)
Present 58 (8.5%)
NPDR 54
PDR 04
Absent 622
4, Visual acuity (n=680)
>6/6-6/18 598 (87.9%)
<6/18-6/60 71 (10.4%)
<6/60-NPL 0
<3/60-PI denied 11 (1.6%)
5 Macular edema (n=674) 72 (10.7%)
Serous retinal detachment 6 (0.9%)
Diffuse macular thickening 46 (6.8%)
Cystoid macular edema 20 (3%)
6. Clinically significant macular edema (n=674) 12 (1.8%)

SN: Serial number; SD: Standard deviation; NPDR: Non proliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy.
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cosidase inhibitor (M+S+A) (n=11), Met-
formin+Sulfonylurea+Insulin (M+S+1)
(n=9), Metformin+Alpha glucosidase in-
hibitor+DPP4 inhibitor (M+A+D) (n=7),
Metformin+Sulfonylurea+Dipeptidyl Pepti-
dase 4 (DPP4) inhibitor (M+S+D) (n=5),
Metformin+Sulfonylurea+Thiazolidinediones
(M+S+T) (n=4), and Metformin+Thiazo-
lidinediones+Alpha glycosidase inhibitor
(M+T+A) (n=1). Thus, overall, 7 combina-
tions were used (Table 2).

Irrespective of therapy, diffuse retinal thick-
ening was the dominant type. Although the
proportion of cystoid macular edema was
higher in mono and triple therapy groups
than in the dual therapy group, this differ-
ence was not statistically significant
(p=0.110) (Table 3).

Irrespective of dual therapy regimen, diffuse

retinal thickening was most common. Sta-
tistically, there was no significant association
between the pattern of edema and dual
therapy regimen (p=0.685). Except for
M+T+I and M+T+A, diffuse retinal thicken-
ing was the most common type for all the
other triple therapy regimens. For M+T+1,
cystoid macular edema was most common,
whereas the lone edematous case of M+T+A
was of serous type; however, the difference
among different triple therapy regimens was
not statistically significant (p=0.053) (Table
4).

Discussion

Diabetes mellitus is a metabolic disorder of
multiple etiologies. The long term effects of
diabetes mellitus, besides systemic effects,
include the progressive development of

Table 2. Distribution of anti-diabetic treatment regimens (n=340).

SN Treatment modality Number %
Monotherapy (metformin) 84 24.7
2. Dual therapy 198 58.2
M+T (Metformin+Thiazolidinediones) 38 11.2
M+A (Metformin+Alpha glucosidase inhibitor) 20 5.9
M+D (Metformin+DPP4-inhibitors) 53 15.6
M+I (Metformin+Insulin) 28 8.2
M+S (Metformin+Suliphonylureas) 59 17.4
3. Triple therapy 58 17.1
M+S+T (Metformin+Sulfonylurea+Thiazolidinediones) 1.2
M+A+D (Metformin+Alpha glucosidase inhibitor+DPP4 inhibitor) 7 2.1
M+S+A (Metformin+Suplhonylurea+Alpha glucosidase inhibitor) 11 3.2
M+S+1 (Metformin+Sulfonylurea+Insulin) 9 2.6
M+T+I (Metformin+Thiazolidinediones+Insulin) 21 6.2
M+S+D (Metformin+Sulponylurea+DPP4 inhibitor) 5 1.5
M+T+A (Metformin+Thiazolidinediones+Alpha glycosidase inhibitor) 0.3

Table 3. Association between the pattern of macular edema and therapy (n=72).

Monotherapy Dual therapy Triple therapy Total
(n=19) (n=29) (n=24) (n=72)
Pattern No. % No. % No. % No. %
Serous retinal detachment 0 0 4 13.8 2 8.3 6 8.3
Diffuse retinal thickening 13 68.4 21 72.4 12 50.0 46 63.9
Cystoid macular edema 6 31.6 4 13.8 10 41.7 20 27.8

x?=7.54 (df=4); p=0.110 (percentages have been calculated column wise).
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Table 4. Pattern of edema by different multi therapies.

Pattern

Therapy Serous (n=4) Diffuse (n=21)
Dual therapy No. % No. %
M+T 3 20.0 11 73.3
M+A 0 0.0 1 50.0
M+D 0 0.0 1 100
M+1 1 12.5 5 62.5
M+S 0 0.0 3 100

Serous (n=2) Diffuse (n=12)
Triple therapy No. % No. %
M+S+T 0 0.0 3 100
M+A+D 0 0.0 2 66.7
M+S+A 0 0.0 2 66.7
M+S+1 0 0.0 1 100
M+T+I 1 7.7 4 30.8
M+T+A 1 100 0 0.0

Cystoid (n=4) Total (n=29)
No. % Statistics
1 6.7 15 x2=5.66 (df=8);
p=0.685
1 50.0 2
0 0.0 1
2 25.0 8
0 0.0 3
Cystoid (n=10)
No. % Total (n=24)
0 0.0 3 x>=18.1 (df=10);
p=0.053
1 33.3 3
1 33.3
0 0.0 1
8 61.5 13
0 0.0 1

M: Metformin; T: Thiazolidinediones; A: Alpha glucosidase inhibitor; D: DPP4; I: Insulin; S: Sulfonylurea.

retinopathy with potential blindness (8). The
total number of people with diabetes is ex-
pected to rise to an estimated 300 million by
2025, with the most significant increases oc-
curring in developing countries, probably at-
tributed to population growth, ageing,
obesity, and sedentary lifestyles. DME is a
vision-threatening complication of diabetic
microangiopathy, which demands urgent
treatment. The SN-DREAMS (9) study found
that the chances of DME increase at the fifth
and sixth decades of life and taper there-
after. OCT is a noninvasive, reproducible,
and reliable method to evaluate macular
thickness (10,11). Several authors have
studied the possibility of OCT for the early
diagnosis of ME and have suggested criteria
to detect so-called subclinical macular
edema. Among anti-diabetic medications,
thiazolidineiones (12-14) and insulin
(3,4,5,15) have been implicated in the rise
of macular thickness, which may be due to
the side effect of drugs or due to its role pro-
gression of retinopathy. However, the evi-
dence obtained is not conclusive. Other
anti-diabetic medications like DPP4 in-
hibitors (vildagliptin) (16-18) and gliben-
clamide and glicazide (19) have shown to
possess a potential role against DR in obese

diabetic rats; however, human studies using
these medications have not been conducted
as yet.

Various studies have speculated the role of
anti-diabetic medications in the develop-
ment of macular edema, but, to the best of
our knowledge, there is no available litera-
ture regarding the association of type of
macular edema with the use of anti-diabetic
medications.

In our study, most of the patients were
women (55.3%). The diabetic profile of pa-
tients revealed that the duration of diabetes
was <1 year (59.10%), showing that a fairly
large amount of patients had been recently
diagnosed, irrespective of their awareness
of disease status. The mean HbA{. was
8.3%=%1.2% (6%-14%), representing a fair
glycemic control in the study population.
Intensive glycemic control was associated
with 46% reduction in the incidence of DME
at the end of trial, and a 58% reduction in
four years later compared with the conven-
tional group. Diabetes Control and Compli-
cations Trial (DCCT) reported incentive
glycemic control progression of existing DR
(65™ year treatment). Aggressive glycemic
control (<6.5%) did not reduce DR risk and
ME. Intensive glycemic control has a meta-
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bolic memory, whereby there is low risk of
DR/DME progression after 10 years of anti-
diabetic therapy (DCCT), but our study did
not have many patients with a duration of
diabetes mellitus>10 years, but they had
fairly controlled HbAIc levels. However, the
duration of treatment was not known.

In our study, most of the patients were on
dual therapy: metformin+OHA (58.2%), fol-
lowed by monotherapy (metformin) and
triple therapy (metformin+OHA1+0OHA?2)
(6.2%), depicting a study population con-
taining many patients who were not achiev-
ing glycemic target even after lifestyle
modification and metformin monotherapy
for a duration of 3 months (American Dia-
betes Association), or had a fairly disturbed
blood sugar profile on the first diagnosis.
Next in the majority were those patients
who were fairly controlled on metformin
alone and had been taking the drug for =6
months, irrespective of previous treatment.
In addition, these patients were free of con-
traindications for metformin therapy. The
number of patients on a triple drug regimen
to achieve glycemic targets was very small.
In our study, out of the 680 eyes of 340 pa-
tients, 594 eyes (92.5%) had no DR. The low
prevalence of DR could be attributed to the
fact that the study population was largely
metabolically stable with a duration of dia-
betes <5 years in many patients with a fair
glycemic control. Out of 340 patients, 72 pa-
tients had macular edema and 46 patients
(63.9%) of them showed diffuse retinal
thickening regardless of their anti-diabetic
regimen. Jingi et al. evaluated the presence
of macular edema in patients on various anti-
diabetic medications and found that irrespec-
tive of staging, the frequency of DME was
significantly higher in the insulin group than
in the OHA group (43.5% vs. 19.8%;
OR=3.1; 95% CI=1.2 to 8; p=0.019).

We evaluated the association between the
pattern of macular edema and the type of
anti-diabetic therapy taken by the patients
having DME. Irrespective of the type of ther-
apy, diffuse retinal thickening was most
common in all anti-diabetic therapy groups.
Overall, diffuse retinal thickening was ob-
served in 19 patients on monotherapy
(68.4%), 21 (72.4%) on dual therapy, and
12 (50%) on triple therapy. However, cystoid
macular edema was common in monother-

apy and triple therapy groups than in the
dual therapy group, but the difference was
not statistically significant. Among dual ther-
apy subgroups, out of 29 eyes, diffuse reti-
nal thickening was most common and most
eyes were of patients on M+S (100%) and
M+D (100%), followed by M+T (73.33%)
and M+1 (62.5%), but the difference was not
statistically significant. Among triple therapy
subgroups, the M+T+1 subgroup had cystoid
macular edema and the M+T+A subgroup
had serous retinal detachment as the most
common patterns of macular edema, but the
difference was not statistically significant.
Previous studies have shown that insulin
treatment is a risk factor for DME. Aroca et
al. (20) observed that insulin use was a risk
factor for focal and diffuse DME in a 4-year
prospective study, including 93 Type 2 dia-
betes mellitus patients.

Within the subgroups of 3 anti-diabetic ther-
apy groups, no statistically significant pat-
tern was associated with the type of
anti-diabetic therapy. However, those on the
triple combination showed more cystoid and
serous retinal detachment (SRD) patterns,
hinting at the presence of moderate to se-
vere macular edema; however, the exact
duration of treatment was not known. Jingi
et al. (21) reported that out of the patients
who had developed macular edema, major-
ity of them were on insulin therapy (43.5%)
compared with those on OHAs (19.8%). On
comparing the severity of macular edema
with the type of anti-diabetic regimen, the
authors found that in all the subgroups, the
number of patients on insulin therapy out-
numbered the patients on OHA, where 8.7%
of the patients on insulin developed severe
macular edema compared with only 2.7% of
the patients on OHAs.

Various studies have assessed the effect of
anti-diabetic medications on the develop-
ment of macular edema. Ryan et al. (14) re-
ported the incidence of worsening of
macular edema to be 1.5%-2.6%, detected
using FFA alone. About 63% of their patients
had DME in at least one eye. Among OHAs,
Liazos et al., Oshitari et al., Fong et al., Tatti
et al., and Agarwal et al. reported a positive
association of macular edema with glita-
zones, but none of these authors studied the
type of macular edema in relation to the
anti-diabetic regimen. However, regardless
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of the anti-diabetic regimen, diffuse retinal
thickening was the most common pattern of
DME in the previous studies (22-24).

The diffuse thickening pattern of macular
edema represents the initial stage of macu-
lar edema formation, which may slowly
progress to severe visual impairment even-
tually giving rise to other patterns of macu-
lar edema. Thus, this pattern of macular
edema, which was present in the majority of
our study population, represented the early
stage of macular edema formation.
Although various studies have examined the
role of oral hypoglycemics and insulin in the
development of macular edema, to the best
of our knowledge, no study has examined
the correlation of various anti-diabetic regi-
mens and different types of DME.

Conclusion

We conclude that the most common form of
macular edema is diffuse retinal thickening,
irrespective of the type and regimen of anti-
diabetic therapy. An increase in the cystoid
macular edema was observed among pa-
tients on triple therapy, including insulin.
With a difference in the pattern of macular
edema, the treatment modalities for the
pattern might vary; hence, we must evalu-
ate patients for the different types of edema
due to ongoing anti-diabetic treatments.
Changes are required in the currently avail-
able treatment options for diabetes to avoid
the vicious cycle set up by certain anti-dia-
betic medications. Further studies regarding
this concern involving a larger population
size need to be conducted for in-depth un-
derstanding of this association.
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Abstract

Objective: Various diet plans with varying ratios of carbohyd-
rates, proteins, and fat ensure weight loss in obesity. The pri-
mary aim of our study was to evaluate the effects of weight loss
on metabolic parameters, and the secondary aim was to com-
pare the successes of various weight loss regimens in maintai-
ning weight loss. Material and Methods: A team of doctors
comprising a dietary consultant and a psychologist developed a
program that was followed throughout our study. Twenty-two
patients were included in our study. Based on their preference,
they were classified into two groups: low carbohydrate diet (At-
kins) group and protein-rich mixed diet group. Results: The
mean age of the patients was 52.4+3 years, and the mean body
mass index (BMI) was 36.1+1.2 kg/m?. Five patients followed
the Atkins diet, whereas 17 followed the protein-rich mixed diet.
Compared with the baseline values, in the 37, 6™, and 12t
months, body weight (BW), BMI, and waist circumference dec-
reased significantly (p<0.001) in all the patients. Basal meta-
bolic rate decreased in the third and sixth months but increased
in the 12, Fasting blood glucose, fasting insulin, HbAlc, 120-
minute blood glucose level in oral glucose tolerance test, total
cholesterol, low-density lipoprotein, free fatty acids, and uric
acid did not change significantly (p>0.05). In the Atkins group,
BMI decreased significantly in the 6" month (p=0.03) but in-
creased in the 12 month (p=0.29). In the protein-rich mixed
diet group, BMI (basal 35.1£1.5 kg/m?) decreased significantly
(32.8+1.5, p<0.001) in the 6" month, and continued to dec-
rease in the twelfth (31.5+1.2, p=0.007). Conclusion: In obe-
sity, approximately 10% weight loss can change metabolic
parameters moderately. The Atkins and protein-rich mixed diets
caused similar weight loss ratios in the first six months, but a
protein-rich mixed diet was more successful in terms of long-
term sustainability and maintenance of weight loss.

Keywords: Atkins diet; diet plans; weight loss

Ozet

Amag: Dedisen karbonhidrat, protein ve yag oranlarina sahip
diyet rejimleri obezitede kilo kaybini saglar. Calismamizin bi-
rinci amaci, kilo kaybinin metabolik parametreler lizerindeki et-
kilerini dederlendirmek, ikinci amaci ise gesitli kilo kaybi
rejimlerinin kilo kaybini siirdirmedeki basarilarini karsilastir-
maktir. Gereg ve Yontemler: Calisma boyunca doktor, diyet
danismani ve psikologu igeren bir ekip tarafindan program
takip edildi. Yirmi iki hasta galismaya dahil edildi. Tercihlerine
gore hastalar, diisik karbonhidrat diyeti (Atkins) grubu ve pro-
teinden zengin karma diyet grubu olmak Uzere ikiye ayrildi.
Bulgular: Hastalarin ortalama yasi 52,4+3 yil, ortalama beden
kitle indeksi (BKI) 36,1+1,2 idi. Hastalarin 5'i Atkins diyetini,
17’si proteinden zengin karma diyeti takip etti. Baslangig de-
gerleri ile karsilastirildiginda 3, 6 ve 12. aylarda, tium hastala-
rin viicut agirhgi (VA), BKi ve bel cevresi énemli 6lgiide azaldi
(p<0,001). Bazal metabolizma hizi 3 ve 6. aylarda azaldi,
ancakl12. ayda artti. Aglik kan sekeri, aghk instlini, HbA1lc, oral
glukoz tolerans testinde 120. dk'da glukoz, total kolesterol,
dusuk yogunluklu lipoprotein, serbest yag asitleri ve Urik asit
dlizeylerinde anlamh bir degisiklik olmadi (p>0,05). Atkins gru-
bunda BKI, 6. ayda anlamli olarak azaldi (p=0,03), ancak 12.
ayda artti (p=0,29). Proteinden zengin karma diyet grubunda,
6. ayda BKi (bazal 35,1+1,5 kg/m?) anlamli olarak azald
(32,8+1,5; p<0,001) ve 12. ayda azalmaya devam etti
(31,5+1,2; p=0,007). Sonug: Obezitede yaklasik %10 kilo
kaybi metabolik parametrelerde orta diizeyde degisime neden
olabilir. Atkins ve proteinden zengin karma diyetler, ilk 6 ayda
benzer oranda kilo kaybina yol agar, ancak proteinden zengin
karma diyet, kilo kaybinin strdirilmesi ve uzun dénem devam
edilmesinde daha basarili olmustur.

Anahtar kelimeler: Atkins diyeti; diyet rejimleri; kilo verme

Address for Correspondence: Nazli GULSOY KIRNAP, Baskent University Faculty of Medicine,
Department of Endocrinology and Metabolism, Ankara, TURKEY
Phone: +90 0312 203 68 68 E-mail: kirnapnazli@hotmail.com

Peer review under responsibility of Turkish Journal of Endocrinology and Metabolism.

Received: 05 Nov 2019 Received in revised form: 03 Jun 2020 Accepted: 09Jun 2020 Available online: 22 Jun 2020

1308-9846 / ® Copyright 2020 by Society of Endocrinology and Metabolism of Turkey.
Publication and hosting by Turkiye Klinikleri.
This is an open access article under the CC BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://orcid.org/0000-0003-4853-8398
https://orcid.org/0000-0001-7103-9963
https://orcid.org/0000-0002-6887-0016
https://creativecommons.org/licenses/by-nc-sa/4.0/

Turk J Endocrinol Metab.
2020;24:206-213

Akpulat et al.

207

Comparing Low-Carbohydrate Diet with Protein-Rich Mixed Diet

Introduction

Obesity is a chronic disease considered to be
a global epidemic with increasing incidence
worldwide (1). It is associated with a signif-
icant increase in morbidity (including dia-
betes mellitus, hypertension, dyslipidemia,
heart disease, stroke, sleep apnea, and can-
cer) and mortality (2). In weight loss, the
aim is to prevent or revert the complications
of obesity and increase the quality of life (3).
The first step in weight loss management is
the intervention of an extensive lifestyle that
includes changes in diet, exercise, and be-
havior (4). Obesity has a multifactorial char-
acteristic that originates from genetic,
epigenetic, physiological, behavioral, socio-
cultural, and environmental factors, and
leads to long-term imbalance between en-
ergy intake and expenditure. However, in
most cases, obesity is caused by behaviors
such as a sedentary lifestyle and increased
calorie intake (5). To ensure weight loss in
obesity treatment, all individuals need to re-
ceive consultation on diet, physical activity,
behavioral changes, and weight loss goals
(6). Data on the success of diet plans, which
include varying ratios of dietary fat, protein,
and carbohydrate, are controversial (7-10).
The primary aim of this study was to evalu-
ate the effects of weight loss on metabolic
parameters, and the secondary aim was to
compare the successes of various weight
loss regimens in maintaining weight loss.

Material and Methods

Patients who volunteered to participate in
the weight loss program were randomly se-
lected and included. A total of twenty-two
volunteers (nineteen females and three
males) were included in the study. Before
the weight loss program began, the patients
were asked to record their diet for three
days and were provided consultation on
their habits. In the weight loss program, two
different dietary strategies were imple-
mented: a protein-rich mixed diet and a
low-carbohydrate Atkins diet. The patients
made the choice of diet for themselves.
Calorie intake was set between 1,409 kcal
and 2,090 kcal, depending on the patient.

The protein-rich mixed diet comprised of
33% protein, 33% fat, and 34% carbohy-
drate. Atkins diet is usually followed in three
stages (11): Stage 1 diet includes 35% pro-

tein, 60% fat and 5% carbohydrate for one
week; Stage 2 diet includes 35% protein,
35% fat and 30% carbohydrate for eight
weeks; and Stage 3 diet includes 30% pro-
tein, 30% fat and 40% carbohydrate for a
duration that is of the patient’s preference.
The patients in the Atkins diet group did not
proceed to the third stage after the second
but continued with a carbohydrate percent-
age of 30%.

During the first six months, twenty meetings
were conducted for the patients, with each
meeting lasting for 2.5 h. During the first
1.5 h of the first nine meetings, group train-
ing, which included practical cooking meth-
ods, were provided to the patients by the
dietary consultants. In the final hour of
every meeting, a mild sports activity, which
included either gymnastics or water sports,
was performed. A doctor was presenting
every meeting, and a psychologist was pre-
senting at least ten meetings to provide
training. In the last six months, one meeting
was conducted every month in the form of
1.5 h of group training, in which dietary con-
sultation was provided (total of six meet-
ings).

Physical examination, basal metabolic rate
(BMR) measurement (MVmax29, Sensor
Medics, USA), bioimpedance analysis (AKER
SRL, 50136 Flana-Italy), and blood gas
analysis (ABL 505, Radiometer Kopenhag,
DK-2700 Bronshoj/Denmark) were per-
formed in the beginning and in the third,
sixth and twelfth months of the study. In ad-
dition, real-time serum total cholesterol,
high-density lipoprotein (HDL), low-density
lipoprotein (LDL), triglyceride, free fatty
acids, fasting blood sugar, HbAlc, creati-
nine, urea, uric acid, complete blood count
and C-reactive protein levels were meas-
ured. A 75 g oral glucose tolerance test
(OGTT), test was performed on each patient
in the beginning and in the sixth month of
the study. A euglycemic clamp test was per-
formed on thirteen patients. Biochemical
analyses were performed in the central lab-
oratories of Benjamin Franklin University
Hospital in Berlin, Germany.

Euglycemic Clamp Test

It was performed on patients after ten hours
of fasting while the patients were lying in a
supine position. Single-arm infusions of 40
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mU/m?/min human insulin (Actrapid, Novo
Nordisk) and 10% dextrose were given to
patients. When blood glucose levels were
stable for at least two hours, blood samples
were collected from the other arm. Capillary
blood samples were collected at 5-minute
intervals and analyzed using the glucose ox-
idase method. Insulin resistance was calcu-
lated according to the glucose infusion rate.
The glucose level was calculated when glu-
cose levels were stable for at least 2 h
(80£10% mg/dL was considered stable).
Two cannulas were inserted: one in an an-
tecubital vein for the infusion of glucose and
insulin, and the other in the opposite upper
extremity radial artery or antecubital vein,
which was warmed with a heating pillow to
arterialize venous blood. When the glucose
levels were stable, the blood glucose
level was divided by the patient’s weight
to calculate the M-value. Homeostatic
model assessment for insulin resistance
(HOMA-IR) was calculated by using the for-
mula: fasting insulin (mIU/L)xfasting glu-
cose (mmol/L)/22.5 (12).

Statistical Analysis

Statistical analysis was performed by using
SPSS Version 11.0 statistic software package
(Chicago, USA). Normality distribution analy-
sis of the data was performed by using the
Kolmogorov-Smirnov test and the Shapiro-
Wilk test. Normally distributed parametric
data were presented as mean*xSD, and the

significance of intergroup variance was ana-
lyzed by using the Student t-test. Repeated
measurements of the non-normally distrib-
uted data in the same individual were ana-
lyzed using the Wilcoxon test. Pearson’s
correlation coefficient was used for correla-
tion analysis, and a p-value of<0.05 was
considered significant.

Results

The mean age of patients was 52.4%3 years
and the mean body mass index (BMI) was
36.1+1.2 kg/m?. Five patients chose to fol-
low the Atkins diet, whereas seventeen pa-
tients chose to follow the protein-rich mixed
diet. Demographic data and the laboratory
values measured in the patients at the be-
ginning of the study are shown in Table 1.
Of the twenty-two patients, four left the
study during the first three months. Eight-
een patients remained in the study for six
months, and later, seven left, and eleven pa-
tients remained in the study for twelve
months.

During the follow-up sessions, when all the
patients were evaluated, it was found that
in the third, sixth and twelfth months, the
patients’ body weight (BW), BMI and waist
circumference values decreased significantly
compared with their baseline values
(p<0.001) (Table 2, Figure 1). BMR de-
creased in the third and sixth months but
increased in the twelfth month (1,544-
1,524-1,547 kcal). From the bioimpedance

Table 1. Demographic data and laboratory values of the patients at the beginning of the study.

Patients Total (n=22) Atkins diet (n=5) Protein-rich mixed diet (n=17) p
Age 52.4+3 51.6+7.1 52.6+3.4 0.26
Sex 0.63
Female, n (%) 19 (86.4) 4 (80) 15 (88.2)

Male, n (%) 3(13.6) 1 (20) 2 (11.8)

BMI 36.12+1.3 39.7+2.2 35.1+1.50 <0.001
Waist circumference (cm) 115.4+2.64 121+2.65 114.1+3.12 0.01
Fat-free mass (kg) 60.45+1.55 63.03+£2.04 59.7+1.90 <0.001
BIA-Fat mass (kg) 39.2+2.04 43.2+3.61 38.11+£2.4 <0.001
BIA-Fat percentage (% ) 39.33+0.9 40.53+2.5 39.0+1.0 0.01
BMR (kcal) 1544.1+£53.8 1713.8+£105.6 1495.64+£57.53 <0.001
SBP (mmHg) 128.5+4.6 139.7+10.5 125.5+4.91 <0.001
DBP (mmHg) 80.6%+3.0 86.33+11.9 79.00+2.5 <0.001

BMI: Body mass index; BIA: Bioimpedance analysis; BMR: Basal metabolic rate; SBP:

pressure.

Systolic blood pressure; DBP: Diastolic blood
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Table 2. Demographic and metabolic follow-up parameters of all patients.

Baseline 3 month 6" month 12t month
n=22 n=18 p n=18 p n=11 p
BW (kg) 99.9+2.82 91.14+3.63 <0.001 92.54+2.70 <0.001 90.6+3.1 0.001
BMI (kg/m?) 36.12+1.3 32.6+1.55 <0.001 33.4%1.2 <0.001 32.82+1.33 0.002
BMR (kcal) 1,544.11+53.8 1,471.47+35.54 0.125 1,420.72+43.2 0.002 1,547.73+£87.5 0.566
Waist circumference (cm) 115.4+£2.6 105.83+3.2 0.001 106.53+2.6 <0.001 106.2+2.7 0.009
Fat-free mass (kg) 60.45+1.5 56.44+2.14 <0.001 56.9+1.72 <0.001 57.8+1.9 0.022
BIA-Fat mass (kg) 39.2+2.04 34.7+2.03 0.007 34.2+1.9 <0.001 32.9+1.73 0.001
BIA-Fat percentage (%) 39.33+0.9 36.9+1.0 0.002 37.32+1.0 0.004 36.2+1.11  0.012
SBP (mmHg) 128.5+4.6 119.8+£7.42 0.193 121.6+3.81 0.138 132.5+£5.6 0.748
DBP {(mmHg) 80.6+3.0 73.6+2.7 0.043 75.0+£2.9 0.133 82.3+2.0 0.419

BW: Body weight; BMI: Body mass index; BMR: Basal metabolic rate; BIA: Bioimpedance analysis; SBP: Systolic blood pressure;

DBP: Diastolic blood pressure.

analysis, the initial fat mass was 39.2 kg
and decreased to 34.7 kg in three months
(p=0.007). It was 34.2 kg in the sixth
month and remained at 34.9 kg in the
twelfth month (p=0.001 compared with the
baseline value). Fat-free mass, which repre-
sents the muscle mass, decreased from 60.4
kg to 56.4 kg in three months (p<0.001). It
was 56.9 kg in the sixth month (p<0.001)
and 57.8 kg in the twelfth month (p=0.22
compared with the baseline value). An in-
significant decrease was detected in the sys-
tolic and diastolic blood pressure in the sixth
month compared with the initial values, and
an insignificant increase was detected in the
twelfth month (Table 2). Fasting blood glu-
cose decreased from 99.83 mg/dL to 93.96
mg/dL in six months (p=0.027). At the end
of the twelfth month, fasting blood glucose,
fasting insulin, HbAlc, and 120-minute
blood glucose level in OGTT did not change
significantly compared with the baseline val-
ues. Total cholesterol, LDL, TG, free fatty
acids, and uric acid also did not change sig-
nificantly compared with the baseline val-
ues. HDL cholesterol increased from an
initial level of 1.22 mmol/L to 1.5 mmol/L in
twelve months (p=0.008). C-reactive pro-
tein and adiponectin levels did not change
significantly at the end of the study com-
pared with the beginning of the study (Table
3).

In the Atkins diet group, BW, BMI, and BMR
decreased significantly in the sixth month
compared with the baseline value (baseline/
follow-up values: 104.83/94.6 kg, p=0.03;
39.7/35.8 kg/m?, p=0.03; 1,713/1,587.5
kcal, p=0.04, respectively). In the twelfth

105 \
100

5 95 —4— Protein-rich mixed diet
i —#— Atkins

e

baseline 2nd month 3rd month 6thmonth 12th month

Figure 1: Weight change in Atkins and protein-rich
mixed diet groups.

month, BW increased to 99.4 kg (p=0.3
compared with the baseline value),and BMI
increased to 38.9 kg/m? (p=0.29 compared
with the baseline value) (Figure 1, Table 4).
BMR increased to 1,690.5 kcal (p=0.33
compared with the baseline value). No sig-
nificant changes were detected in the blood
pH value throughout the diet (Table 4).

In the protein-rich mixed diet group, BW,
BMI, and waist circumference values de-
creased significantly in the sixth month
compared with the baseline values (base-
line/follow-up values= 98.5/92 kg,
p<0.001; 35.1/32.8 kg/m?, p<0.001;
114.1/105.9 cm, p<0.001,respectively).
The decrease in BW, BMI and waist circum-
ference values continued in the twelfth
month (88.7 kg; 31.5 kg/m?; 105.3 cm,
p<0.005, p=0.007, p=0.036, respectively).
The basal metabolic rate decreased from the
baseline value of 1,695 kcal to 1,373 kcal in
the sixth month (p=0.055) and increased
back to 1516 kcal in the twelfth month
(p=0.3 compared with the baseline value)
(Table 5, Figure 1).
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Table 3. Laboratory follow-up parameters of all patients.

Baseline 37" month 6t month 12" month

n=22 n=18 p n=18 p n=11 p
FBG (mg/dL) 99.83+3.03 92.5+6.1 <0.001 93.96+3.76 0.027 92.5+4.1 0.091
OGTT 120. min BS 132.2+11.3 126.2 £9 0.39 125.14+13.7 0.413 130.2+10.2 0.09
HbAlc (°h) 5.34+0.17 5.31+0.2 0.757 5.31+0.14 0.903 5.22+0.16 0.391
Insulin (mU/L) 15.2+2.6 15.7+2.9 0.8 14.7£2.6 0.510 15+2.9 0.9
HOMA-IR (kg/m?) 3.9+0.76 3.7+0.66 0.09 3.5+0.7 0.098 3.8+0.56 0.7
Adiponectin (pg/mL) 5.1+0.6 5.9+0.8 0.06 6.1+0.73 0.057 6+0.8 0.06
M value {(mg/kg/min) 2.9+0.4 3.2+0.4 0.09 3.35+0.32 0.210 3.2+0.22 0.15
Hemoglobin (g/dL) 13.54+0.34 14.6+0.42 0.039 13.44+0.31 0.759 13.31+£0.4 0.744
Hematocrit (%) 40.2+0.96 44.13+1.2 0.14 40.4+0.90 0.476 38.4+1.03 0.359
Blood gas pH 7.44+0.006 7.43+0.07 0.323 7.42+0.01 0.016 7.42+0.01 0.163
TCHOL {mmol/L) 5.8+0.3 5.34+0.23 0.733 5.84+0.3 0.701 5.92+0.22 0.45
HDL (mmol/L) 1.22+0.07 1.5+0.11 0.008 1.3+0.07 0.114 1.7+£0.11 <0.001
LDL{mmol/L) 3.5+0.2 3.3+£0.2 0.187 3.51+0.24 0.669 3.54+0.2 0.604
TG (mmol/L) 1.8+0.18 1.3+£0.95 0.002 1.74%£0.25 0.878 1.62+0.21 0.974
FFA{mmol/L) 0.75+0.06 0.72+0.1 0.23 0.64+0.07 0.129 0.52+0.06 0.097
Urea (pmol/L) 270.23+16.7 287.72+13.2 0.202 287.94+15.8 0.319 263+17.9 0.080
Creatin {(pmol/L) 81.41+2.75 87.3+4.03 0.086 76.2+3.5 0.070 84.44+4.21 0.042
Protein (g/L) 64.95+1.1 67.97+1.0 0.07 68.5+1.1 0.052 67.97+1.5 0.078
CRP {mg/L) 4.4+0.86 3.1+0.51 0.541 4.6+0.99 0.837 3.5+0.8 0.148
Urine albumin (mg/dL) 18.25+6.6 18.9+6.63 0.901 14.61+£5.85 0.777 5.6+1.6 0.200

BMI: Body mass index; BIA: Bioimpedance analysis; BMR: Basal metabolic rate;

SBP: Systolic blood pressure; DBP: Diastolic

blood pressure; FBG: Fasting blood glucose; HOMA IR: Homeostasis model assessmentinsulin resistance; OGTT: Oral glucose tole-
rance test; BS: Blood sugar; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; TG: Triglyceride; TCHOL: Total choleste-
rol; FFA: Free fatty acid.

Table 4. Metabolic follow-up values of the Atkins diet group.

Baseline 3" month 6t month 12t month
n=5 n=4 p n=4 p n=2 p
BW (kg) 104.83+£3.8 96.6+7.3 0.04 94.6+3.6 0.03 99.4+1.6 0.3
BMI (kg/m?) 39.7+2.2 37.7+2.3 0.044 35.8+1.8 0.03 38.9+0.05 0.29
BMR (kcal) 1713+47.52 1614+55.59 0.67 1587.5+55.94 0.04 1690.5+84.2 0.33
Waist circumference (cm) 115.8+3.8 111.5+£2.5 0.042 109.5+3.82 0.092 109.5+6.5 0.65
Fat-free mass (kg) 63.03+2.04 56.44+2.14 0.09 58.0+3.63 <0.001 60.2+0.7 0.09
Blood gas pH 7.42+0.02 7.42+0.005 1.0 7.41+£0.02 0.9 7.42+0.005 1.0

BW: Body weight; BMI: Body mass index; BMR: Basal metabolic rate.

Table 5. Metabolic follow-up values of the protein-rich mixed diet.

Baseline 3 month 6" month 12 month

n=17 n=13 p n=14 p n=9 p
BW (kg) 98.5+£3.43 90.2+4.14 <0.001 92+3.4 <0.001 88.7+3.4 <0.005
BMI (kg/m?) 35.1+£1.5 31.7£1.7 <0.001 32.8+1.5 <0.001 31.5+£1.2 0.007
BMR (kcal) 1,495.64+57.52 1,414.0+45.59 0.055 1,373.93+45.94 0.005 1,516+104.2 0.3
Waist circumference (cm) 114.1+£3.1 104.7+3.8 0.004 105.9+3.08 <0.001 105.3+3.1 0.036
Fat-free mass (kg) 59.7+1.9 55.9+2.5 0.001 56.6+2.02 0.002 57.23+2.3 0.102
Blood gas pH 7.43+0.008 7.44+0.008 0.361 7.42+0.008 0.10 7.43+£0.008 0.150

BW: Body weight; BMI: Body mass index; BMR: Basal metabolic rate.

stitute major issues in each geographical
area. In 2015, 107.7 million (98.7-118.4
million) children and 603.7 million (588.2-

Discussion

The incidence of obesity is increasing glob-
ally, and the associated comorbidities con-
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619.8 million) adults were obese worldwide.
The overall prevalence of obesity in children
and adults was 5.0% and 12.0%, respec-
tively (1,13). Despite the great variance
among the countries, data indicate that the
incidence of obesity has increased in the last
thirty years in most of the populations (6).
Large epidemiological studies have shown
the association of obesity with diabetes mel-
litus, hypertension, dyslipidemia, heart dis-
ease, stroke, sleep apnea, cancer
development, and increased mortality (14-
16). Weight loss reduces obesity-associated
morbidities and mortality (17).

When the patients in our study were ana-
lyzed, although there was a weight change
of approximately 9-10% (Table 2), no
changes were detected in inflammatory
markers such as adiponectin and CRP. Fat
may ectopically accumulate subcutaneously
and in internal organs (liver, heart, pan-
creas, skeletal muscle). Ectopic fat accu-
mulation leads to low-grade inflammation
(18). In our study, ectopic fat accumulation
could not be assessed. The absence of any
changes in the inflammatory data in our
study may be due to the fact that in pa-
tients, weight loss occurred largely in the
subcutaneous tissue. However, there were
statistically significant changes in waist cir-
cumference.This finding is probably due to
the low number of cases included. More-
over, in previous studies, it was suggested
that the variance in adiponectin, as well as
other biological markers in response to
weight loss, is not unimportant, and in
order to obtain more significant results, ei-
ther larger cohorts should be analyzed or
more marked differences in weight should
be ensured (19-22). The results presented
in our study were obtained from a small
group of eighteen people. Thus, statistically,
more significant results can be expected if a
higher number of patients are included in
cohort studies.

Dietary change is the most important basis
of obesity prevention and treatment. A bal-
anced, moderate-fat, low-cholesterol,
starchy, low-salt, fiber-rich, and moderate
calorie-deficit dietary plan should ideally in-
clude three main meals and two shacks
(23). Although Atkins diet is popular in so-
cial life, it has certain drawbacks. At the be-
ginning of the dietary regimen, weight loss

is rapid due to dehydration. This can cause
the risk of vitamin, dietary fiber, and min-
eral deficiencies. This diet may also lead to
increased purine intake and, consequently,
increased cholesterol levels due to high-fat
and high-salt nutrition. Increasing water in-
take is of vital importance in this diet. By
this, kidneys can eliminate the generated
ketone bodies and uric acid. In addition to
the increased risk of kidney and liver dis-
eases, this diet is associated with a high
risk of atherosclerosis, cardiovascular dis-
eases, and gout development. In the Atkins
diet group, throughout our study, we did
not observe any changes in the laboratory
values that confirmed these concerns. This
is probably because the patients attended
group therapies regularly and were man-
dated to follow the necessary preventative
measures.

One of the significant outcomes of our study
was that although a significant change in
weight occurred in the Atkins group in the
sixth month compared with the baseline
value, it was found that the patients gained
weight in the twelfth month, and could not
maintain the significant weight loss com-
pared with the baseline value. However, in
the protein-rich mixed diet group, it was
found that weight loss continued during the
last six months, and in the twelfth month,
significant weight loss compared with the
baseline values was attained. Our study has
shown that a protein-rich mixed diet is a
more sustainable weight loss program than
the Atkins diet. Corroborating our findings, a
meta-analysis of five studies has reported
that the group that preferred a low-carbo-
hydrate diet could not maintain the weight
loss that occurred in the first six months into
the twelfth month (24). In order to prevent
long-term cardiovascular complications of
obesity, weight loss programs must be sus-
tainable.

Study Limitations

In our study, the dietary preference was left
to the patients in order to increase the com-
pliance of the participants. Since the initial
design of the study was in this way, the
groups were not evenly distributed. In addi-
tion, the withdrawal of participants from the
study during the follow-up affected this ir-
regularity further.
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Conclusion References
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sity are successful in ensuring and main-
taining weight loss. Despite the successful
weight loss, a slight change in metabolic
parameters is observed. While weight loss
ensures improvement in insulin resistance
in the obese with metabolic syndrome, it
does not do so in the obese without meta-
bolic syndrome. Atkins diet and protein-
rich mixed diet lead to similar rates of
weight loss in the first six months, but a
protein-rich mixed diet is more successful
in the long-term maintenance of weight
loss.
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Abstract

Objective: The measurement of abdominal fat using computed to-
mography (CT) is a reliable method for evaluating metabolic disor-
ders. However, some limitations exist with the current CT
measurement methods. One of them is falsely highlighted intestinal
intraluminal areas and the other one is fat in paraspinal muscles. We
aimed to investigate the effects of highlighted intestinal intraluminal
areas and fat in paraspinal muscles on the measured values of ab-
dominal fat. Material and Methods: Measurements were performed
on 246 abdominal CT scans of 129 patients using dedicated quanti-
tative CT software. Visceral and subcutaneous fats were measured at
the level of L1-L2 disc space using two different methods. Method 1
included the highlighted intestinal intraluminal areas and fat in pa-
raspinal muscles for measurements, whereas method 2 excluded
them. The values measured using two methods were compared for a
statistically significant difference. In addition, the correlation between
anthropometric data and subcutaneous adipose tissue measurement
methods was analyzed. Results: The mean age of patients was 53
years, and the mean body mass index was 29.73 kg/m?2. The waist
circumference data were available of 91 patients, and the mean waist
circumference was 94 cm. The Wilcoxon signed-rank sum test sho-
wed a statistically significant difference between methods 1 and 2
(p<0.0001). Although the measurements performed using methods
1 and 2 were strongly correlated (r>0.9), the Passing-Bablok reg-
ression analysis indicated a systematic and proportional error bet-
ween measurements. Conclusion: Falsely highlighted intestinal
intraluminal areas should be excluded for accurate visceral adipose
tissue measurements, and the fat in paraspinal muscles affects sub-
cutaneous fat measurement results.

Keywords: Multidetector computed tomography;
visceral fat; subcutaneous fat;
abdominal adipose tissue

Ozet

Amag: Bilgisayarli tomografi (BT) ile abdominal yag 6lgiml, meta-
bolik hastalik degerlendirmesi agisindan oldukga guvenilir bir metot-
tur. Mevcut BT Olgim metotlarinin bazi kisithliklari vardir. Bu
kisithliklardan biri, intestinal Iimen igerisinde yaniltici olarak boya-
nan alanlardir. Bir digeri ise paraspinal kaslar igerisindeki yag doku
alanlanidir. Galismamizin amaci, intestinal limen igerisinde yaniltici
olarak boyanan alanlarin ve paraspinal kaslar arasindaki yag alanla-
rinin abdominal yag olgimleri Gzerindeki etkisinin arastiriimasidir.
Gereg ve Yontemler: Yag olgimiine yonelik gelistirilmis kantitatif
BT yazilimi kullanilarak 129 hastanin 246 abdomen BT tetkikinde yag
olgumleri gergeklestirilmistir. Viseral ve subkiitan yag 6lgimleri, L1-
L2 disk diizeyinden iki farkl yéntem kullanilarak gergeklestirilmistir.
Metot 1'de, intestinal Iimen igerisinde yaniltici olarak boyanan alan-
lar ve paraspinal kaslar arasindaki yag alanlari, abdominal yag 6lgi-
miine dahil edilmis, Metot 2’de ise edilmemistir. iki metot ile 6lgiilen
degderler istatistiksel anlamli fark agisindan karsilastiriimistir. Ayrica
antropometrik 6lgimler ile subktantz yag dokusu 6lgim metodu
arasindaki korelasyon da degerlendirilmistir. Bulgular: Ortalama
hasta yasi 53 yil ve ortalama beden kitle indeksi 29,73 kg/m? olarak
bulunmustur. Bel cevresi élgiimleri 91 hastada mevcut olup, ortalama
bel gevresi 94 cm’dir. Wilcoxon isaretli siralar testi uygulandiginda,
Metot 1 ve Metot 2 arasinda istatistiksel olarak anlaml fark saptan-
mistir (p<0,0001). ki metot élgiimleri arasinda giicli bir korelasyon
bulunmakla birlikte (r>0,9), Passing-Bablok analizi ile iki metot ara-
sinda sistematik ve orantili hata saptanmistir. Sonug: Intestinal
Iimen igerisinde yaniltici olarak boyanan alanlar viseral yag 6lgimu
uygulanirken gikartiimalidir. Paraspinal kaslar igerisindeki yag ise sub-
kitan yag 6lgim sonuglarini etkileyecek dizeydedir.

Anahtar kelimeler: Multidedektor bilgisayarli tomografi;
viseral yag; subkitanoz yag;
abdominal yag dokusu
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Introduction

Body fat is distributed into two main com-
partments: subcutaneous adipose tissue
(SAT) and visceral adipose tissue (VAT).
These two tissue compartments have differ-
ent metabolic characteristics. The VAT is of
particular interest because of its unique bio-
chemical characteristics that influence sev-
eral normal and pathological processes.
Moreover, it is associated with metabolic
syndrome, cardiovascular disease, and sev-
eral malignancies, including prostate,
breast, and colorectal cancers (1-5). The
quantitative assessment of VAT is crucial in
evaluating the risk of developing these
pathologic conditions and in providing an ac-
curate prognosis (1).

Computed tomography (CT) is a useful and
validated technique to quantitatively assess
VAT and SAT (1,2,6-8). Compared with
other techniques that evaluate VAT and SAT,
CT generates the most accurate, specific,
and comprehensive data (1).

However, the current CT quantification tech-
nique has its limitations and pitfalls, some
of which are not yet addressed in the pres-
ent literature. In CT, some areas within the
intestinal lumen are falsely highlighted be-
cause of predefined Hounsfield unit (HU)
ranges for fat measurement. These falsely
highlighted areas are generally fecal mate-
rial, liquid with intermediate density (bowel
content), or an air-fluid interface with aver-
age density (9). To the best of our knowl-
edge, only three studies exist in the
literature that excluded falsely highlighted
intestinal intraluminal areas (FHIIAs) while
performing VAT measurement (9-11). How-
ever, neither these three studies nor the
others have focused on VAT and addressed
the effect of FHIIAs on measurements. In
contrast, the majority of the studies meas-
uring VAT did not exclude FHIIAs (2,7,8,12-
15). Therefore, whether to include or
exclude FHIIAs while performing VAT meas-
urements is unclear. A similar confusion also
exists with the fat within paraspinal muscles
(FPM) while performing SAT measurements,
as some of the studies in the literature in-
clude FPM, and some exclude them (7-11).
The fatty infiltration of the FPM, secondary
to muscle atrophy, obesity, or other reasons,
is another drawback of the current CT quan-
tification technique. The confusion about

whether to include or exclude FPM in the
SAT measurement method can be associ-
ated with this drawback.

However, whether these FHIIAs and FPM af-
fect VAT and SAT measurements, respec-
tively, remain unknown. The aim of this
study was to investigate the effect of FHIIAs
and FPM on VAT and SAT measurements, re-
spectively.

Material and Methods

Study Participants

This retrospective study was approved by
the institutional review board, and no in-
formed consent was needed (Dokuz Eylul
University Non-Interventional Research
Ethics Committee, file no: 2017/19-13, date
27.07.2017). This study was conducted in
accordance with the Helsinki Declaration.
We included patients admitted to our uni-
versity hospital between 2008 and 2017
who were evaluated using CT for the routine
workup of their incidental adrenal lesions.
Patients with malignancy were excluded
from this study.

A flowchart of patient selection details is
given in Figure 1. Given the alteration of
bowel segment position and contents over
time, more than one CT scans of any single
patient were included. The VAT measure-
ments were performed on 246 CT scans of
129 patients. In 11 scans, an accurate SAT
measurement was excluded due to because
of the inability to evaluate peripheral ab-
dominal subcutaneous fat because of the
limited visualization of these parts in the CT
scans performed with an inadequate field of
view. Therefore, the statistical analysis of
SAT measurements was performed for 235
scans, excluding the 11 scans.

Fat Measurement Method

The VAT and SAT measurements were per-
formed by two experienced radiologists. An
axial view was used, with the patient lying in
the supine position. Measurements were
performed on a Philips Extended Brilliance
Workspace (software version V3.5.0.22.54
Philips Medical Systems, Amsterdam, The
Netherlands) using the quantitative CT soft-
ware (Philips Medical Systems, Amsterdam,
The Netherlands). The L1-L2 intervertebral
disk level was selected for performing fat
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measurements as described in the literature,
indicating that VAT measurements at this
level were more strongly associated with the
metabolic syndrome than at other sites (16).
A region of interest (ROI) of 100-200 mm?
was drawn on pararenal visceral fat to de-
termine the reference HU values for fat area
measurements. An attenuation range of -60
to -165 HU in pararenal reference ROIs was
achieved in line with the literature (2,3,7).
Using this ROI as a fat density reference, the
software automatically provided fat tissue
mask values and fat area values.

The total adipose tissue (TAT) area was
measured by drawing a contour around the
skin on a CT scan image. To determine VAT,
another contour was drawn around the vis-
ceral fat by identifying the innermost ab-
dominal wall muscles and the anterior
aspect of the vertebral column. The subcu-
taneous fat was defined as the area of adi-
pose tissue between the skin and the
outermost aspect of the abdominal wall
muscles. These borders were defined in line
with the literature (17). The SAT area was
calculated by subtracting the VAT area from
the TAT area. To account for FHIIAs in each
VAT measurement (so as to exclude it from
the total VAT measurement), ROIs were
drawn around the intestinal lumen by iden-
tifying the innermost intestinal wall (Figure
2A). Using the same method, an additional
ROI was drawn around the FPM to calculate
FPM, so that it can be excluded from the
total SAT measurement in the slice (Figure
2B).

Two measurement methods were used to
evaluate the effect of FHIIAs and FPM on
VAT and SAT, respectively. Method 1 in-
cluded FHIIAs in VAT measurements and
FPM in SAT measurements, whereas method
2 excluded them. The results of the two
methods were statistically compared. In ad-
dition, Pearson’s correlation test was per-
formed to evaluate whether adding or
removing FPM from SAT measurement was
more correlated with clinical data (body
mass index (BMI) and waist circumference).

Statistical Analysis

The differences between the results of the
two methods (methods 1 and 2) were tested
using the Passing-Bablok regression analysis
using MedCalc software (MedCalc software

Enrollment
‘ CT exams of 129 patients with adrenal benign lesion (n= 246) ‘
Measurement performed (n=246) I
[VAT measurement] l l [SAT measurement]
‘ VAT measurement (n= 246) ‘ ‘ SAT measurement (n= 246) ‘

Excluded measurements (n= 11)
+ Incomplete visualization (n=11)

Statistical Analysis Statistical Analysis

|Stah‘sﬁcalanalysisper(onned(n=246) | |Staﬁsﬁcalanalysisperformed(n=235) |

Figure 1: Patient enrollment, fat measurement, and
statistical analysis flow can be reviewed in the flowc-
hart.

CT: Computed tomography, VAT: Visceral adipose tissue, SAT:
Subcutaneous adipose tissue.

Ltd.,Ostend, Belgium) and SPSS version
15.0 (SPSS Inc, Chicago, Illinois, USA). The
correlation between the results of the two
measurement methods was analyzed using
SPSS version 15.0. The normality test (Kol-
mogorov-Smirnov) was performed to evalu-
ate the normal distribution. The Wilcoxon
signed-rank sum test and the Spearman’s
correlation test were used.

Intraobserver and interobserver variability
between the two investigators were tested.
To assess interobserver variability, additional
74 consecutive CT scans of another patient
group were evaluated by both radiologists,
and to assess intraobserver variability, each
investigator performed fat area measure-
ments in 18 consecutive CT scans six
months apart.

Results

A total of 246 abdominal CT scans of 129
patients (99 women and 30 men) were sta-
tistically evaluated. The mean patient age
was 53 years. The youngest patient aged 24
years and oldest 76 years. BMI data were
available of 115 patients. Mean BMI was
29.73 kg/m? (minimum 17.48 and maxi-
mum 51.9). Waist circumference data were
obtained for 91 patients. Mean waist cir-
cumference was 94 cm (minimum 64 cm
and maximum 140 cm).
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: 70144.6(26481.08r: 5257.6(79.6)/ay: 41798.4(12660.0
: -36.6 Av: -1RS5.0 ! Av:
ST

Figure 2A: VAT measurement; in this CT image, mea-
surements of total adipose tissue area (TAT=264.81
cm?), visceral adipose tissue area (VAT=126.60 cm?)
and falsely highlighted intestinal intraluminal areas
(FHIIAs=0.81 cm?, 0.79 cm?, 3.11 cm?, 2.63 cm?) are
shown. "Ar” means area inside of the drawn ROI. The
numbers inside the bracket show the area measure-
ment in pixels with fat density inside the selected ROI.
VAT: Visceral adipose tissue, TAT: Total adipose tissue, FHIIAs:
Falsely highlighted intestinal intraluminal areas, ROI: Region of
interest.

: 41798.4(12660.0)
Ar: 70144.6(26481.0) . -33.6

Av: -36.6
§D: 150.4

Ar: 7463.9(111.7

ﬂ§ 162.5

Figure 2B: SAT measurement; measurements of total
adipose tissue area (TAT=264.81 cm?), visceral adipose
tissue area (VAT=126.60 cm?) and fat in paraspinal
muscles (FPM=1.11 cm?) are shown. “Ar” means area
inside the drawn ROI. The numbers inside the brackets
show the area measurement in pixels with fat density
inside the selected ROI.

SAT: Subcutaneous adipose tissue, TAT: Total adipose tissue,
FPM: Fat in paraspinal muscles, ROI: Region of interest.

Moreover, 118 patients had two CT scans at
different times, and only 11 had one CT
scan. In three scans, FHIIA measurements
were “zero.”

The results of fat measurements are sum-
marized in Table 1.

As the normality test did not show a normal
distribution, the Wilcoxon signed-rank sum
test was used, which showed a statistically
significant difference between the two meth-
ods for VAT (p<0.0001) and SAT measure-
ments (p<0.0001).

Although the results of methods 1 and 2 are
strongly correlated (r>0.9), the Passing-
Bablok regression analysis showed a sys-
tematic and proportional error between
measurements; the 95% confidence inter-
val (CI) for intercept A does not contain 0
and that for slope B does not contain 1 in
the regression model (http://www.med-
calc.org/manual/passing-bablok_regres-
sion.php). The Passing-Bablok regression
analysis indicated that these two methods
could not be substituted for each other.

A strong intraobserver and interobserver
agreement was detected; the 95% CI for in-
tercept A contains 0 and that for slope B
contains 1 in all regression models. The re-
gression coefficient was >0.9 in all regres-
sion models.

Pearson’s correlation test performed to test
whether adding or removing FPM in SAT
measurement was more correlated with clin-
ical data (BMI and waist circumference)
showed similar results. Both the measure-
ment methods were highly correlated with
BMI (Method 1: r=0.789; Method 2:
r=0.787) and waist circumference (Method
1: r=0.682; Method 2: r=0.682).

Discussion

CT is a validated technique for fat measure-
ment (2). Shuster et al. have stated that the
evaluation of the abdominal fat using CT
generates the most accurate, specific, and
comprehensive data than other techniques
(1). However, CT has its own limitations be-
cause of predefined HU ranges for fat den-
sity mask, as seen in falsely highlighted
areas of the intestinal lumen. Our study re-
sults demonstrated a statistically significant
difference in VAT values depending upon the
inclusion or exclusion of FHIIAs in the meas-
urements. The minimum FHIIA was 0.03
cm?, and maximum was 23.09 cm?, indicat-
ing that the FHIIA measurement varies be-
cause of the density of intraluminal
contents. The FHIIAs are very small com-
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Table 1. Results of fat measurement.

VAT (n=246) Method 1 7.84/551.37
Method 2 6.38/536.91
SAT (n=235) Method 1 21.30/560.88
Method 2 20.81/556.72
FHIIA (n=246) 0.00/23.09
FPM (n=235) 0.01/34.32

Min. (cm2)/Max (cm2?) Mean (cm?)tsd;

Median (cm?)/(25t-75%h) P
130.60+90.04 112.13/(65.05-179.15) p<0.0001
127.81+88.72 110.68/(62.79-175.60)
171.54+95.82 150.84/(103.37-224.87) p<0.0001

169.37+95.02
2.78+£3.64
2.16+3.36

150.14/(99.84-223.14)
1.45/(0.67-3.19)
1.18/(0.61-2.53)

FHIIA: Falsely highlighted intestinal intraluminal areas, FPM: Fat in

taneous adipose tissue.

pared to VAT. However, if a larger number of
patients are involved, the variability of FHIIA
values widens, creating an overall inaccurate
VAT measurement.

It is unclear whether adding or removing
FHIIAs in VAT measurement was more cor-
related with clinical data. However, FHIIAs
are definitely not a part of VAT; it is a mis-
registered area produced by fecal material,
liquid with intermediate density, or an inter-
face of air, fluid, and bowel content with av-
erage density (9). Although adding FHIIAs
to VAT was found to be more correlated with
clinical data, adding a misregistered area to
a fat tissue measurement would be a
methodological mistake. We can question
whether is it really necessary to remove
FHIIAs from VAT because it is a small
amount of misregistered data. The answer
to this question provided by this study was
that it is necessary to remove FHIIA as it
causes a statistically significant difference.
Thus, FHIIAs should be excluded when cal-
culating VAT regardless of its correlation
with clinical data.

To the best of our knowledge, a few studies
in the literature have excluded FHIIAs while
measuring VAT (9-11). One of them was
Hung et al.’s study, where they manually ex-
cluded FHIIAs to measure VAT (9). More-
over, Delivanis et al. have used
semiautomated software to exclude FHIIAs
to measure VAT (10). Lastly and recently,
Akay et al. have used an oral contrast agent
to prevent any intestinal involvement in the
automated VAT measurement process and
also excluded the remnant intestinal in-
volvement manually, if any (11). In con-
trast, a majority of studies measuring VAT
have not excluded FHIIAs (2,7,8-15). This
methodological approach indicates that the

paraspinal muscles, VAT: Visceral adipose tissue, SAT: Subcu-

effect of FHIIAs on the abdominal fat meas-
urement is an underestimated problem in
the literature, thus enhancing the impor-
tance of this study. This study was the first
to show that FHIIAs may affect VAT meas-
urement and highlight a problem that the
majority of the studies missed.

Similarly, several previous studies have in-
cluded FPM in SAT measurement (7,8).
However, Hung et al., Delivanis et al., and
Akay et al. have excluded FPM in their stud-
ies (9-11). In this study, a statistically sig-
nificant difference was obtained between
including and excluding FPM in SAT meas-
urements. Although Pearson’s correlation
test showed that both the measurement
methods for SAT measurement were corre-
lated with clinical data at the same degree,
the Passing-Bablok regression analysis indi-
cated that these two methods could not be
substituted for each other. Therefore, stud-
ies with larger patient groups are needed to
reveal which measurement method is more
correlated with the clinical data.

One minor limitation of this study was per-
forming two-dimensional fat measurements
on a single slice selected at a specific level
rather than using three-dimensional meas-
urements as the volume was measured
across several slices. However, several stud-
ies have revealed that measuring VAT on a
single CT or magnetic resonance imaging
slice is a reliable method (2,8,11,15,16,18-
20). Given the limitation of obtaining two-
dimensional measurements in a
three-dimensional patient, the validity of
this method has been previously established
by comparing the two-dimensional and
three-dimensional VAT measurements in a
different patient population (21). The asso-
ciation between the adipose tissue area and
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the corresponding adipose tissue volume
was significant (r=0.961; p<0.001) (21).
The main limitation of this study was the
lack of data indicating that which the SAT
measurement method is more consistent
with anthropometric measurements and
more accurately reflects metabolic disor-
ders. However, this study was designed to
highlight the drawbacks of measuring fat
using CT and determine whether FHIIAs and
FPM have any statistically significant effect
on VAT and SAT measurements; therefore,
the correlation with anthropometric SAT
measurements was not studied. In addition,
including FHIIAs in VAT measurement would
be a methodological mistake because of its
nonadipose origin, and its correlation with
anthropometric measurements would make
no sense. Moreover, this study is significant
because it showed that measurements with
methods 1 and 2 were different, and the
methods cannot be substituted for each
other.

Conclusion

In conclusion, this study was the first to
demonstrate that including FHIIAs in VAT
measurements and FPM in SAT measure-
ments led to statistically significant differ-
ences in VAT and SAT measurements.
FHIIAs should be excluded for accurate VAT
measurements. FPM inclusion in SAT meas-
urements should be considered only if sup-
ported by anthropometric measurements.
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Factors Affecting Survival in Adrenocortical Cancers:

Single-Center Experience

Adrenokortikal Kanserlerde Sag Kalima Etki Eden Faktorler:

Mehmet GUVEN,

Tek Merkez Deneyimi

Mehmet SIMSEK, “ Alpaslan Kemal TUZCU

Dicle University Faculty of Medicine, Department of Endocrinology, Diyarbakir, TURKEY

Abstract

Objective: Adrenocortical cancer (ACC) is one of the rare
endocrine system cancers that are aggressive. Despite sur-
gical treatment, the mortality rate is quite high. This study
aimed to examine prognostic factors affecting survival in pa-
tients with ACC, the role of dehydroepiandrosterone sulfate
(DHEA-S), and the maximum standard uptake (SUV,,4) Va-
lues on predicting mortality through the single-center data.
Material and Methods: A total of 21 patients who were di-
agnosed with adrenal cancer and followed from a single cen-
ter were included in the study. Patients who survived
follow-ups were included in the survived group (n=6), and
those who died were included in the dead group (n=15). The
demographic, anatomical, pathological, and clinical charac-
teristics of the patients were analyzed. Positron emission to-
mography-computerized tomography imaging and SUV,,.«
values of adrenal masses were compared. The effect of all
these data on survival was examined. Results: The morta-
lity rate among patients with ACC was 71%. According to
the Kaplan-Meier survival analysis, the average life expec-
tancy was 23.66+2.79 (95% CI=18.18-29.13) months. The
mass size of the survived and dead groups was 9.2+3.82
cm and 10.84%4.74 cm, respectively. The production rate of
adrenal hormone was higher in the dead group (p<0.01;
80%). Moreover, the DHEA-S level and SUV, 5, values were
statistically significantly higher in the dead group (p<0.001;
p<0.05, respectively). Although no metastases were obser-
ved in the survived group during follow-ups after the opera-
tion, distant metastases were observed in 8 people from the
dead group (53%; p<0.05). Conclusion: The mortality rate
was very high in ACC despite surgical and medical treat-
ments. The higher DHEA-S and SUV 54 values may indicate
that the overall survival duration was low.

Keywords: Adrenocortical cancer; mortality;
DHEA-S; positron emission tomography

Ozet

Amag: Adrenokortikal kanser [adrenocortical cancer
(ACQ)], agresif seyreden nadir gorilen endokrin sistem kan-
serlerindendir. Cerrahi tedaviye ragmen mortalitesi oldukga
ylksektir. Bu calismada, ACC hastalarda sag kalima etki
eden prognostik faktérleri dehidroepiandrosteron silfat
(DHEA-S) ve maksimum standart uptake (SUV,5,) deger-
lerinin mortaliteyi 6n gérmedeki roliini, tek merkez verileri
Uzerinden arastirmayi amacladik. Gereg ve Yontemler:
Adrenal kanser tanisi almis tek merkezden takipli 21 hasta
calismaya alindi. Takiplerde hayatta olanlar sag olan grup
(n=6), olenler 614 olan grup (n=15) olarak kabul edildi.
Hastalarin demografik, anatomik, patolojik ve klinik 6zellik-
lerine bakildi. Adrenal kitlelerin, pozitron emisyon tomografi
goruntilemesi ile SUV oy dederleri karsilastirildi. Tam bu
verilerin sagkalim Uzerine etkileri arastirildi. Bulgular:
ACC'li hastalarda mortalite orani %71 olarak bulundu. Kap-
lan-Meier yasam analizine gore ortalama yasam slresi
23,66+2,79 (%95 GA=18,18-29,13) ay olarak bulundu. Si-
raslyla, sag olan ve 6li olan grubun kitle boyutu 9,2+3,82
cm ve 10,84+4,74 cm olarak bulundu. Adrenal hormon ure-
timi, 610 olan grupta daha yliksek oranda izlendi (p<0,01;
%380). Ayrica DHEA-S seviyesi ve SUV ., dederi 61U olan
grupta istatistiksel olarak yuksek bulundu (sirasiyla
p<0,001; p<0,05). Operasyon sonras! takiplerde sag olan
grupta hig metastaz yokken, 61U olan grupta 8 kiside uzak
metastaz saptandi (%53; p<0,05). Sonug: ACC’de morta-
lite orani, cerrahi ve medikal tedavilere ragmen oldukga
ylksektir. DHEA-S seviyesinin ve SUV ., dederinin yliksek
olmasi, genel sagkalim siiresinin dislik oldugunu 6ngérebi-
lir.

Anahtar kelimeler: Adrenokortikal kanser; mortalite;
DHEA-S; pozitron emisyon tomografi
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Together with the widespread use of radio-
logical imaging in clinics, the possibility of
imaging an adrenal mass incidentally began
to increase. Moreover, most of these adre-
nal masses are benign. Despite its rare oc-
currence, they are sometimes found to be
adrenocortical cancer (ACC).

ACC, situated on the adrenal cortex, pro-
gresses aggressively with an average annual
incidence of 1-2/1,000,000 (1). It is the sec-
ond most aggressive malignant cancer of
the endocrine system after anaplastic thy-
roid cancer (2). It can occur at any age,
even in early childhood and the fourth and
fifth decades of life.

ACC can be active or inactive hormonally. It
can secrete corticosteroids, mineralocorti-
coids, or androgens from steroid hormones
in 50%-70% of cases. More than half of the
active hormone-producing ACCs lead to
Cushing syndrome (3). A high level of dehy-
droepiandrosterone sulfate (DHEA-S), a
marker of adrenal androgen release in the
evaluation of the adrenal masses detected
incidentally, suggests adrenocortical carci-
noma (4). However, the DHEA-S level was
lower in benign adrenal masses. Although
the DHEA-S level is considered an indicator
for ACC, its role in predicting the mortality
rate has not yet been studied in the litera-
ture.

Computerized tomography (CT) and mag-
netic resonance imaging (MRI) detect
changes in adrenal masses after the mass
grows and becomes visible. Metabolic
changes occur prior to canceration in the ad-
renal gland before the adrenal mass is
formed. 18-Fluorodeoxyglucose (FDG)
positron emission tomography (PET) shows
these metabolic changes early and provide
an early diagnosis (5).

As ACC is a rare endocrine tumor, re-
searchers have not yet studied its clinical
characteristics and prognostic factors affect-
ing survival. This study aimed to examine
demographic and clinical features of the
ACC, factors affecting the prognosis, and the
overall survival over single-center data.

Material and Methods

This retrospective study was approved by an
institutional Ethics Committee of Dicle Uni-
versity Faculty of Medicine (Declaration No:

was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

Study Protocol and Patients

A total of 21 patients who were histopatho-
logically diagnosed with ACC during January
2005-May 2018 from the Dicle University
Faculty of Medicine were included in this
study. Patient data and medical follow-up
were recorded retrospectively from the Dicle
University Hospital Database System. The
demographic characteristics of patients (age
and gender), localization, size and volume
of the tumor, whether the tumor was oper-
ated, tumor stage, hormonal activity (pro-
duction of glucocorticoid, mineralocorticoid,
androgen, and catecholamine), total Weiss
scores of the pathology material of patients
who were operated, preoperative DHEA-S
level, maximal standardized uptake value
(SUVax) of adrenalin mass in pre-op PET-
CT imaging, metastasis status, recurrence
status, chemotherapy, and general follow-up
period were all recorded. The status of pa-
tients survival and death was collected from
the database system of public health direc-
torate; the patients who died because of
ACC were included in the study. Patients
with ACC who died because of other reasons
were excluded from the study. The overall
survival time was calculated from the date
of tissue diagnosis to the date of death or
the last follow-up. Then, the patients were
divided into two groups, including survival
(n=6) and dead groups (n=15).

Calculation of the Size and Volume of the
Adrenal Mass

The measurements of width, length, and
depth were taken from the radiological im-
aging of the adrenal masses. The largest
measurement of the mass was accepted as
a dimension in centimeter. The volume of
adrenalin masses was calculated in cubic
centimeter using the prolate ellipse for-
mula (widthxlengthxdepthxmn/6).

Evaluation of Hormonal Activity
a. Evaluation of glucocorticoid activity

1 mg dexamethasone suppression test

Preoperative basal adrenocorticotropic hor-
mone (ACTH) and cortisol levels of patients
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were recorded. Then, 1 mg dexamethasone
tablets were administered to patients at
23:00, and the cortisol level was recorded
the next morning. Patients with a cortisol
value of less than 1.8 pg/dL after the intake
of 1 mg dexamethasone were considered
suppressed. Patients with a cortisol value of
>1.8 pg/dL underwent the 2-day 2 mg dex-
amethasone test.

2-Day 2 mg dexamethasone suppression test

Patients who were not suppressed by 1 mg
dexamethasone were given a 0.5 mg dex-
amethasone tablet every six hours for two
days (with a total daily dose of 2 mg dex-
amethasone). The first dose was adminis-
tered at 09:00 on the morning of the first
day. After 6 h of administering the final dose
at 03:00 on the second day, the blood was
taken for the measurement of cortisol level.
Patients with a cortisol value of <1.8 ug/dL
were considered suppressed, and those with
>1.8 pg/dL were considered not sup-
pressed.

Free cortisol levels in 24-hour urine

In the morning, when the urine was col-
lected, the residue urine in the bladder was
emptied using micturition when a patient
wakes up. All urine during the day and night
was then collected in a container and stored
in a cool place. When the patient wakes up
again the next morning, the first urine was
also collected and added, and all collected
urine was examined.

If patients were not suppressed after ad-
ministering 2-day 2 mg dexamethasone and
had a higher level of 24-hour urine cortisol,
the presence of hypercorticosomy was con-
sidered.

Evaluation of mineralocorticoid activity

Blood samples were collected from the pa-
tient at 08.00 in the morning for evaluating
levels of aldosterone (ng/dL) and renin
(ng/mL/hour). Patients with a rate of the
plasma aldosterone level to plasma renin
level =30 were considered positive.

Evaluation of androgen production

Patients with a high DHEA-S level because
of the adrenal-induced androgen precursor
or those with a high level of total testos-
terone were considered positive.

Evaluation of catecholamine production

Patients were provided with a diet deprived
of food and beverages such as bananas, cof-
fee, and vanilla-containing phenolic acid for
three days. Later in the morning, after the
first urine was ejected, all the urine urinated
during the day, and overnight was collected
in the same container. Urine was acidified
with boric acid to a pH between 2 and 3.
Urine samples collected for 24 h were kept
in the dark and cool place. Urinary cate-
cholamine levels were determined using
high-performance liquid chromatography
with electrochemical detection.

Analysis of Total Weiss Score

Pathologists evaluated the histologic
changes according to the Weiss criteria (nu-
clear atypia; atypical mitoses; frequent mi-
toses; a small percentage of clear cells;
diffuse architecture; necrosis; and the inva-
sion of venous, sinusoidal, or capsular struc-
tures). Total Weiss scores were calculated on
the basis of the number of positive results
of these nine parameters.

Tumor Staging

Patients were staged on the basis of tumor
node metastasis classification in the sample
European Network for the Study of Adrenal
Tumors (Ensat) in 2004 (6). Thus, the stage
was classified as follows:

Stage 1: Tumor <5 cm

Stage 2: Tumor >5 cm

Stage 3: Lymph node involvement and/or
tumor infiltration into surrounding tissue
and/or a tumor thrombus in the vena cava
and/or renal vein

Stage 4: Metastatic disease

Statistical Analysis

Data analyses were performed using the
Statistical Package for Social Sciences
(SPSS), Version 18.0 for Windows (SPSS
Inc., Chicago, IL, USA). The Shapiro-Wilk
test was used for the normal distribution of
data. The Mann-Whitney U test among non-
parametric tests was used as the 24-hour
free urine cortisol did not conform to the
normal distribution among groups. Normally
distributed variables were presented using
means and standard deviations. The inde-
pendent two-sample t-test was used to
compare continuous variables between two
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groups. The chi-square test was used to
compare categorical data between groups.
Pearson’s correlation was used for the sim-
ple regression analysis. Kaplan-Meier sur-
vival curves and the log-rank test were used
for determining the overall survival and spe-
cific probability of survival for each of the
observed variables, respectively. A p-value
of <0.05 was considered statistically signif-
icant for all analyses.

Results

Out of 21 patients, six were in the survived
group and 15 in the dead group. The sur-
vived group included two men and four
women; the dead group consisted of three
men and 12 women. Overall, 76% of pa-
tients with ACC diagnosis were women. The
average age of patients in the survived
group was 54.67+£13.36 years, and in the
dead group was 42.07+18.07 years. The av-
erage age of the two groups was not statis-
tically significant (p>0.05). Moreover, 14
adrenal masses were located on the right
and seven on the left. The mass size was
9.2+3.82 mm, and 10.84+4.74 mm in the
survived and dead groups, respectively; and
the mass volume was 264.50+299.66 cm?3,
and 493.61£679.51 cm?3 in the survived and
dead groups, respectively (p>0.05). Demo-
graphic and anatomical data for the two
groups are given below in Table 1.

Basal ACTH among patients examined was
13.31£8.16 pg/mL in the survived group
and 11.93£11.99 pg/mL in the dead group.
On the other hand, basal cortisol was
20.97+£17.21 pjg/dL, and 24.78+12.76
pMg/dL in the survived and dead groups, re-
spectively. Basal ACTH and basal cortisol
levels in both groups were not significant
(p>0.05). The results of 1 mg dexametha-

sone suppression test showed that three
and nine patients from the survived and
dead groups were not suppressed, respec-
tively. The results of a two-day 2 mg dex-
amethasone suppression test showed that
there was no cortisol suppression in one and
seven patients from the survived and dead
groups, respectively. As 24-hour urine corti-
sol values were not normally distributed, the
Mann-Whitney U test among nonparametric
tests was used. The median 24-hour urine
cortisol in the survived and dead groups was
136 nm/day (min-max: 78-1106) and 148
nm/day (min-max: 80-2052), respectively.
The 24-hour free urine cortisol values be-
tween the two groups were not significant,
according to the Mann-Whitney U test
(p>0.05). Moreover, one patient in the sur-
vived group and seven in the dead group
had hypercortisolism. Considering the min-
eralocorticoid activity, hyperaldosteronism
was detected in two patients in the dead
group and no patient in the survived group.
The 24-hour urine catecholamines were in
the normal range in the survived group and
higher in a patient in the dead group. Hy-
perandrogenemia was never observed in the
survived group and was detected in six pa-
tients from the dead group. In general, the
total adrenal endocrine hormone production
was observed in one patient in the survived
group and 12 patients from the dead group
(p<0.01). Patient’s status of secreting adre-
nal endocrine hormone is shown below in
Table 2.

All patients in the survived group were op-
erated, whereas five patients from the dead
group were not operated because four of
them had distant metastasis, and one had a
low-performance status. According to the
total Weiss scores calculated in the pathol-

Table 1. Demographic and anatomical data of groups.

Parameters Survived group (n=6) Dead group (n=15) p

Male 2 3 >0.05
Female 4 12 >0.05
Age (years) 54.67+13.36 42.07+18.07 >0.05
Localization-right 3 11 >0.05
Localization-left 3 4 >0.05
Mass size (cm) 9.2+3.82 10.84+4.74 >0.05
Mass volume (cm?) 264.50+299.66 493.61+£679.51 >0.05
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ogy for the patients operated, the average
score was 5.33+1.21, and 5.3+1.94 in the
survived and dead groups, respectively.
Total Weiss scores were not significant be-
tween the two groups (p>0.05). DHEA-S
levels measured when patients were diag-
nosed with the disease were 371.13+33.21
pg/dL  in  the survived group and
763.05+£229.74 ug/dL in the dead group. A
significant correlation was found between
DHEA-S levels of the two groups (p<0.001).
No significant elevation of the DHEA-S level
was observed in the postoperative follow-up
in the six patients who were operated in the
survived group. In the dead group, ten pa-
tients who were operated survived for
5.15+1.65 months and had DHEA-S levels
of 544+£216.9 ug/dL when DHEA-S started
to increase after the operation.

According to Pearson’s correlation analysis,
a negative-oriented relationship was ob-
served between the DHEA-S level and the
general survival rate (p<0.05; r=-0.45).
The relationship between DHEA-S and gen-
eral survival is shown below in Figure 1.

In the PET-CT scans taken before the pa-
tients were operated, the SUV 5« value of
the adrenal mass was 7.78+2.66 in the sur-
vived group and 14.26+5.67 in the dead
group (p<0.05). According to Pearson’s cor-
relation analysis, a powerful negative-ori-
ented relationship was observed between
SUV ,ax Values and general survival rate
(p<0.001; r=-0.65). The relationship be-
tween SUV,,5« Values and general survival is
shown in Figure 2.

According to the ACC classification of ENSAT

study group, five patients were at stage 2
and one at stage 3 in the survived group,
whereas eight patients were at stage 2,
three at stage 3, and four at stage 4 in the
dead group. Metastasis was not observed in
the survived group at the time of diagnosis,
whereas four patients from the dead group
had metastasis at the time of diagnosis.
Moreover, metastasis was not developed in
follow-ups after full resection of the tumor
in the survived group; however, new metas-
tasis developed in eight patients in the dead
group (p<0.05). ACC-related metastases
were most commonly observed in the lymph
nodes, liver, lung, and bones. One patient
from the survived group and seven patients
from the dead group received chemother-
apy. No recurrences were observed during
the follow-ups of patients from the survived
group; five patients who were operated had
recurrences in the dead group (p>0.05). Ap-
praisements related to groups are shown
below in Table 3.

The average survival duration of patients ac-
cording to the Kaplan-Meier survival analy-
sis was 23.66%2.79 (95% CI=18.18-29.13)
months, and the median survival duration
was 19.1 (95% CI=13.01-25.18) months.
The general survival chart of the patients is
shown below in Figure 3.

Discussion

Information on ACC is limited as they are
rarely observed. The incidence rate among
women is 1.2 to 1.5 times more than men
(7). ACC more frequently occurred between

Table 2. Adrenal endocrine hormone secretion status of the groups.

Parameters

Basal ACTH {pg/mL)

Basal cortisol (pg/dL)

1 mg DST non-suppression

2 mg DST non-suppression

Median 24-hour urine cortisol (nM/day)
Hypercortisolism

Hyperaldosteronism

Hyperandrogenemia

Elevation of 24-hour urine fractionated catecholamines

Total adrenal endocrine hormone production

Survived group (n=6) Dead group (n=15) p
13.31+8.16 11.93+11.99 >0.05
20.97+£17.21 24.78+12.76 >0.05
3 9 >0.05
1 7 >0.05
136 (min-max: 78-1106) 148 (min-max: 80-2052) >0.05
1 7 >0.05
0 2 >0.05
0 6 >0.05
0 1 >0.05
1 (%16) 12 (%380) <0.01

* DST: Dexamethasone suppression test.
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Figure 1: There was a negative correlation between
dehydroepiandrosterone sulfate (DHEA-S), and overall
survival time.
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Figure 2: Negative-oriented relationship between stan-
dardized uptake value (SUV,,4) values and overall sur-
vival time.

the fourth and sixth decades of life (8).
Women’s dominance was remarkable in this
study, as 76% of ACC patients included were
women. The average age of patients was

between 40 and 50 years. More tumors
were localized in the right adrenal gland.
When previous studies were analyzed, the
diameter of the adrenal mass in patients
with ACC was =210 cm (7,17). In this study,
the average mass size was 10.37+£4.47 cm
(min-max=4.2-22 cm). The size of the ad-
renal mass among deceased patients was
higher than those who survived. The sur-
vival rate of patients with a greater mass
size was lower. However, it was not found
statistically significant. In previous studies,
tumor stage was found to be a strong prog-
nostic factor in predicting mortality (6). As
the staging was conducted on the basis of
the mass size, the mass size affects the
prognosis. However, the fact that the mass
size was not statistically significant in this
study may be because of the limited number
of patients.

The most crucial stage in the treatment of
ACC is complete resection of the tumor. The
mortality rate was higher in patients who
were not fully resected or who were inoper-
able because of being metastatic (8). In this
study, only five deceased patients could not
be operated because of the advanced stage.
Steroid hormone production was observed
among 50%-75% of patients with ACC.
Mostly, cortisol was secreted. ACCs that are
hormonally active have poor prognosis
(9,16). The harmful effects of excessive
steroid hormone production on the body and
the increasing complications after the oper-
ation may be the reason for high mortality.
In this study, eight of 21 (38%) patients

Table 3. Evaluations of the groups and comparison of over-all survival times.

Parameters Survived group (n=6) Dead group (n=15) p

Operation 100% 66% >0.05
Total Weiss score 5.33+£1.21 5.3+£1.94 >0.05
DHEA-S (upg/dL) 371.13+33.21 763.05+229.74 <0.001
SUVax Value 7.78+2.66 14.26+5.67 <0.05
Stage-1 0 0 >0.05
Stage-2 5 8 >0.05
Stage-3 1 3 >0.05
Stage-4 0 4 >0.05
Recurrence 0 5 >0.05
Metastasis in diagnosis 0 4 >0.05
Metastasis in follow-up 0 8 <0.05

DHEA-S: Dehydroepiandrosterone sulfate.
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Figure 3: Kaplan-Meier survival curve for adrenocortical
cancer.

showed extreme cortisol secretion. Seven of
these patients were in the dead group.
Moreover, two patients had hyperaldostero-
nism, and one had a high level of cate-
cholamine. The fact that patients with
hormone-producing ACC were dominant in
the dead group and a statistically strong re-
lationship was found may conclude that en-
docrine hormone secretion is an indicator of
bad prognosis (p<0.01).

The adrenocortical adenoma and adrenocor-
tical carcinomas can be histologically sepa-
rated precisely using Weiss scoring. Patients
with a total Weiss score of 3 or above were
diagnosed with ACC. In previous studies,
high Weiss scores were associated with re-
currence and mortality (10-12). The Weiss
scores in the patients operated in the study
did not differ between the survived and the
dead groups.

A higher level of DHEA-S may be observed
in ACC than adrenocortical adenomas (13).
Although the high level of DHEA-S was used
as a parameter for diagnoses, it was not ad-
equately examined by researchers in pre-
dicting mortality. The DHEA-S level was
significantly higher in the dead group in this
study (p<0.001). No correlation was ob-
served between the size of the adrenal mass
and the DHEA-S level. A negative-oriented
correlation was observed between the
DHEA-S level and the general survival, ac-
cording to Pearson’s correlation analysis.
Considering this relationship, a high level of
DHEA-S can be said to show poor prognosis.
In this study, the low levels of DHEA-S noted
in the patients after operation were
markedly increased in the average clinical
follow-up of 5.15+1.65 months. Therefore,

it is crucial that clinicians follow these pa-
tients for the first six months postopera-
tively. The early diagnosis of this cancer that
has high mortality can increase the survival
of patients.

It is sometimes very difficult for clinicians to
decide in favor of malignancy in adrenal
masses. The F-18 FDG PET-CT plays a cru-
cial role in the differentiation of the adrenal
mass from benign, malignant types. The
SUVax value was higher in malignant adre-
nal masses (5,14). The relationship between
the SUV,,,x value and mortality is not ade-
quately studied. In this study, the SUV 5y
value was significantly higher in the dead
group than the survived group (p<0.05).
According to Pearson’s correlation analysis,
a strong negative-oriented relationship was
observed between SUV,, ;4 values and the
general survival rate. Thus, it is estimated
that the mortality rate of patients with ACC
with high SUV 54 value is high.

In patients with ACC, lymph node invasion
is typically observed at the time of diagno-
sis. It is most commonly observed in the
lungs and liver as distal metastases (17).
Metastasis in follow-ups, lymph node inva-
sion was noted in three patients; lung and
liver metastasis in three patients; lung and
peritoneal metastasis in two patients. In
follow-ups, ACC recurred at the operation
site in five patients in the dead group.
Relapse or metastasis development in-
creased mortality (18). Despite surgical
treatment, ACC relapse was noted fre-
quently (23%).

Chemotherapy regimens are recommended
in patients who are metastatic, progressive,
or recurrent (18,19). The two most com-
monly used chemotherapy regimens are
etoposide, doxorubicin, cisplatin, and mi-
totane (EDP-M) and streptozotocin and mi-
totane (Sz-M). In this study, nine patients
were administered EDP-M in the dead group
who were at an advanced stage and had a
recurrence. However, despite surgery and
chemotherapy regimens, ACC still had a
high mortality rate (71%).

Bilimoria et al. found that the median sur-
vival was 32 months, and 5-year survival
rate was 38% in patients with ACC (7). Tri-
tos et al. reported a median survival of 17
months in patients with ACC (20). Tauch-
manova et al. found that general survival
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was 41 months in patients with ACC (3).
Similar to the previous findings, this study
showed that the median survival was 19.1
months, and the average survival was 23.66
months in patients with ACC.

Study Limitations

As this was a single-center study, a small
number of patients were included. Thus,
studies including large patient populations
from multiple centers can help in better un-
derstanding ACC.

Conclusion

ACC still has high mortality rates despite
surgical and medical treatments (71%).
Moreover, it is observed 3.2 times more in
women than men. The mass size and vol-
ume were not effective in mortality. The
presence of adrenal steroid hormone pro-
duction increased mortality. In follow-ups,
the development of metastases was con-
sidered a poor prognostic factor. A high
level of DHEA-S and SUV 5y value at the
time of diagnosis may predict lower overall
survival. Closely following up with these pa-
tients is very important as relapses are
common in the first six months postopera-
tion.

Despite all the treatments in patients with
ACC, the average survival was 23 months.
Further large-scale studies are warranted to
treat ACC, which has high mortality and is
rarely seen.
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Abstract

Objective: The aim of this study was to determine whether
thyroid-stimulating hormone (TSH) levels during the diag-
nosis of patients with differentiated thyroid carcinoma could
be used for the prediction of cancer behavior. Material and
Methods: The records of 329 patients with differentiated
thyroid carcinoma who did not use levothyroxine at the time
of diagnosis were reviewed retrospectively. The demograp-
hic and clinical characteristics of the cases and serum TSH
levels were recorded at the time of diagnosis and statisti-
cally analyzed. Results: A total of 329 cases with 322 pa-
pillary carcinomas and 7 follicular carcinomas were included
in the study. The median age of the participants at the time
of diagnosis was 45 (17-76) years. Eighty-three percent of
the cases were diagnosed in stage 1, 6.7% in stage 2, 3.3%
in stage 3, and 7.0% in stage 4. The median serum TSH
level at the time of diagnosis of the cases was 1.34 (0.01-
9.97) mIU/mL. We did not observe any statistically signifi-
cant relationship between the serum TSH level and the
stage of differentiated thyroid carcinoma, although higher
serum TSH level was associated with lymph node metasta-
sis and higher risk group in the American Thyroid Associa-
tion (ATA) classification. Conclusion: The relationship
between serum TSH level and thyroid cancer has not been
clearly determined, but high TSH levels at the time of diag-
nosis were found to be associated with lymph node metas-
tasis and medium-high ATA risk score.

Keywords: Thyroid cancer; tumor burden;
lymphatic metastasis; neoplasm staging

Ozet

Amag: Bu galismanin amaci, diferansiye tiroid karsinomlu
hastalarin tani anindaki tiroid stimile edici hormon (TSH)
dizeylerinin kanser davranisini tahmin etmek igin kullanilip
kullanilamayacadini belirlemekti. Gereg ve Yontemler: Ca-
lismada tani aninda levotiroksin kullanmayan diferansiye ti-
roid karsinomlu 329 hastanin kayitlari retrospektif olarak
incelendi. Olgularin demografik ve klinik ézellikleri ile tani
anindaki serum TSH dlzeyleri kaydedildi ve istatistiksel ola-
rak analiz edildi. Bulgular: Calismaya, toplam 329 (322'si
papiller, 7'si folikiiler karsinomlu) olgu dahil edildi. Katilim-
cilarin tani anindaki ortanca yasi 45 (17-76) yil idi. Olgula-
rin %83'U evre 1, %6,7'si evre 2, %3,3'l evre 3 ve %7,0"
evre 4 olarak teshis edildi. Olgularin tani aninda medyan
serum TSH duzeyi 1,34 (0,01-9,97) mIU/mL idi. Serum TSH
dizeyi ile diferansiye tiroid karsinomunun evresi arasinda
istatistiksel olarak anlamh bir iliski gozlemlemedik, ancak
ylksek serum TSH dizeyi, "American Thyroid Association
(ATA)" siniflandirmasina gére lenf nodu metastazi ile iligkili
bulunmustur. Sonug: Serum TSH duzeyi ile tiroid kanseri
arasindaki iliski net olarak belirlenmemistir, ancak tani anin-
daki ylksek TSH diizeyleri lenf nodu metastazi ve orta-yuk-
sek ATA risk skoru ile iligkili bulunmustur.

Anahtar kelimeler: Tiroid kanseri; timoér yukus;
lenfatik metastaz; timor evrelemesi

The study was presented as a poster at the European Endocrinology Congress held
in Lisbon-Portugal on 20-23 May 2017.

Address for Correspondence: Esra TUNCEZ, Konya Education Research Hospital, Konya, TURKEY
Phone: +90544 347 11 11 E-mail: dr.esra88@hotmail.com

Peer review under responsibility of Turkish Journal of Endocrinology and Metabolism.

Received: 18 Apr 2020 Received in revised form: 15 Jun 2020 Accepted: 25 Jun 2020 Available online: 21 Jul 2020

1308-9846 / ® Copyright 2020 by Society of Endocrinology and Metabolism of Turkey.
Publication and hosting by Turkiye Klinikleri.
This is an open access article under the CC BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://orcid.org/0000-0003-0605-3034
https://orcid.org/0000-0001-9908-7449
https://orcid.org/0000-0003-4753-8089
https://creativecommons.org/licenses/by-nc-sa/4.0/

Turk J Endocrinol Metab.
2020;24:230-236

Tuncez et al.
TSH and Thyroid Carcinoma

231

Introduction

Thyroid cancers account for about 1% of all
malignancies and are the most common
malignancy of the endocrine system. The
incidence of thyroid cancer, which has
been reported to be 2-3/100,000 individu-
als worldwide in the last century, has
witnessed a 2 to 5-fold increase in the last
20 years (1). In Turkey, according to the
data of 2014 Cancer Statistics, the inci-
dence of thyroid cancer was 20.7/100,000
in women and 5.5/100,000 in men (2). In
countries where iodine intake is sufficient,
95% of thyroid cancers are differentiated
thyroid carcinoma (DTC), and among
these, papillary cancers constitute the ma-
jority (3).

For DTC staging, several scoring systems
such as MACIS, MSKCC, AMES, EORTC, and
TNM are used. The most commonly used
TNM Classification of Malignant Tumors
(TNM) staging system developed by the
American Joint Committee on Cancer is
staging based on tumor size, lymph node,
and distant metastasis. However, the TNM
classification does not fully evaluate the
risk factors and recurrence associated with
thyroid cancer; therefore, a separate risk
scoring system was developed by the
American Thyroid Association (ATA),
grouped as low, moderate, and high risk
(4).

Thyroid-stimulating hormone (TSH),
growth factors, and some cytokines are
primarily responsible for the growth of the
thyroid gland (5). TSH receptor is ex-
pressed on the DTC cell membrane, and
TSH stimulation increases the synthesis
and growth of proteins such as thyroglob-
ulin and increases the activity of sodium-
iodine symporter (6). The underlying
mechanism for thyroid hyperplasia is
chronic stimulation caused by slightly ele-
vated TSH levels, which may lead to carci-
nomatous changes in the case of iodine
deficiency (4). Long-term TSH stimulation
is known to contribute to neoplastic growth
and a worse prognosis (7).

In this study, the effect of TSH on thyroid
gland growth was examined, and any
possible relationship between the level of
TSH at the time of diagnosis and the ag-
gression of cancer in DTC patients was de-
termined.

Material and Methods

Case Features

Between January 2006 and January 2016,
a total of 329 cases were diagnosed for
pathological DTC in the Necmettin Erbakan
University Meram Medical Faculty of En-
docrinology and Metabolic Diseases Depart-
ment. The data of the patients were
retrospectively evaluated. The inclusion cri-
teria were a new histopathological diagnosis
of DTC, and age 18 years or older. The ex-
clusion criteria were a history of use of
levothyroxine therapy and insufficient data.
Approval was obtained from Necmettin Er-
bakan University Meram Medical Faculty,
Ethics Committee for Drug and Non-Medical
Device Research (N0:2016/572/33) for the
study and it was carried out in accordance
with the patient rights regulation of the
Helsinki Declaration. Cases were evaluated
by examining identification information,
laboratory results, pathology reports, and
radiology reports from the hospital automa-
tion systems. Sex, age, cancer types,
histopathological subtypes of cancer, serum
TSH levels at the time of diagnosis, tumor
diameters, lymph node metastases, distant
metastases, and tumor multifocality situa-
tions were recorded. Patients’ TNM cancer
stages and ATA risk scores were also deter-
mined. The relationship between serum TSH
level at the time of diagnosis and tumor di-
ameters, lymph node metastasis, tumor
multifocality, TNM stages, and ATA risk
scores were analyzed statistically.

Statistical Analysis

The data obtained from the research were
statistically analyzed by IBM SPSS 23.0
(IBM SPSS Statistics, Version 23.0 Armonk,
NY: IBM Corp.). Descriptive statistics are
provided using the median (minimum-max-
imum) and percentage distribution. Normal-
ity analysis was performed by the
Kolmogorov-Smirnov test. Kruskal-Wallis
variance analysis was used to compare con-
tinuous data between multiple groups, and
the Mann-Whitney U test was used to com-
pare between two groups. Pearson’s corre-
lation analysis was used to determine the
relationship between numerical data. A p-
value of <0.05 was accepted for statistical
significance.
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Results were in stage 3, 19 (5.8%) were in stage

Among the 329 cases included in the study,
261 (79.3%) were female, and 68 (20.7%)
were male. The median age of the partici-
pants at the time of diagnosis was estimated
to be 45 (18-76) years; 155 (47.1%) cases
were under 45 years of age, and 174
(52.9%) were 45 years and older.

Three hundred twenty-two (97.9%) patients
had papillary carcinoma and 7 (2.1%) had
follicular carcinoma. The median tumor di-
ameter was 1.2 (0.1-12) cm. In addition,
among 322 papillary carcinoma cases, 126
(39.1%) cases were microcarcinomas. Ad-
ditionally, 120 (36.5%) cases had multifocal
tumors. At the time of diagnosis, the num-
ber of cases without lymph node metastasis
was 276 (83.9%), and the number of cases
with lymph node metastasis was 53
(16.1%). Only 1 (0.3%) case had distant
metastasis, and no distant metastasis was
detected in the remaining 328 (99.7%)
cases at the time of diagnosis.

Considering the TNM staging at the time of
diagnosis, 273 (83.0%) cases were in stage
1, 22 (6.7%) were in stage 2, 11 (3.3%)

4A, 3 (0.9%) were in stage 4B, and one
(0.3%) case was in stage 4C. According to
the risk classification, 232 (70.5%) cases
were in the low-risk group, 93 (28.3%)
cases were in the intermediate-risk group,
and four (1.2%) cases were in the high-risk
group. The distribution of the histopatholog-
ical subtypes of the tumors and other tumor
characteristics are shown in Table 1.

The median serum TSH levels at the time of
diagnosis were found to be 1.34 (0.01-9.97)
mIU/mL. The distribution of serum TSH level
of the participants is presented in Figure 1.
No statistically significant correlation was
observed between the tumor diameters at
the time of diagnosis and serum TSH levels
(p=0.300). The distribution and correlation
curve of serum TSH levels based on tumor
diameters are presented in Figure 2.

Table 2 presents the median serum TSH lev-
els according to the presence of lymph node
metastasis, ATA risk score, tumor multifo-
cality status, and TNM stages. Serum TSH
level at the time of diagnosis was found to
be significantly higher in patients with lymph

Table 1. Some tumor characteristics of differentiated thyroid carcinoma cases.

Cancer type

Histopathological subtype

Other
Tumor multifocality No

Yes
Lymph node metastasis No

Yes
Distant metastases No
Yes
Stage 1
Stage 2
Stage 3
Stage 4A
Stage 4B
Stage 4C
Low

TNM stage

ATA risk scores
High
Total

Papillary carcinoma
Follicular carcinoma
Classic type
Follicular type

Intermediate

n (%)
322 (97.9)
7 (2.1)
239 (72.7)
70 (21.3)
20 (6.0)
209 (63.5)
120 (36.5)
276 (83.9)
53 (16.1)
328 (99.7)
1 (0.03)
273 (83.0)
22 (6.7)
11 (3.3)
19 (5.8)
3(0.9)
1(0.3)
232 (70.5)
93 (28.3)
4(1.2)
329 (100)

ATA: American Thyroid Association.
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Figure 1: Distribution of serum thyroid-stimulating hor-
mone (TSH) levels in patients with differentiated thyroid
carcinoma.
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Figure 2: Distribution and correlation curves of thyroid-
stimulating hormone (TSH) levels according to tumor
diameters of patients with differentiated thyroid carci-
noma.

node metastasis than those with non-lymph
node metastases (p<0.001) and in patients
with intermediate-high ATA risk than those
with low risk (p=0.031). No statistically sig-
nificant difference was observed between
serum TSH levels at the time of diagnosis in
patients with and without multifocal tumors
(p=0.950). There was also no statistically
significant difference between the serum
TSH levels at the time of diagnosis according
to the stage of the cases (p=0.052).

Discussion

The majority of thyroid cancers are DTCs
with papillary and follicular subtypes. Donald
et al. reported that 93.2% of patients with
DTC had papillary thyroid carcinoma, and
6.8% had follicular thyroid carcinoma (8). In
the current study, among 329 patients with
DTC, 97.9% of the patients had papillary
thyroid carcinoma, and 2.1% had follicular
thyroid carcinoma.

In our study, 79.3% of the cases were fe-
male, and 20.7% were male. Likewise, in a
study conducted by Mazurat et al. in 2013,
including 2125 DTC cases, 76.6% of the pa-
tients were female, and 23.4% were male
(9). In another study conducted by Lily et
al. in 2012, including 55,995 DTC cases,
77.5% of the patients were female, and
22.5% were male (10). The earlier available
reports indicated that thyroid cancers are 2-
4 times more common in women than men.

Table 2. Serum TSH levels according to lymph node metastasis status, ATA risk score, tumor multifocality status

and TNM stages of differential thyroid carcinoma cases.

Lymph node metastasis No
Yes
ATA risk score Low

Intermediate-high

Tumor multifocality No

Yes

Stage 1

Stage 2

Stage 3

Stage 4A

Stage 4B

Stage 4C

TNM stages

Serum TSH level (mIU/mL)

Median (Range) p

1.26 (0.01-9.97) <0.001
1.89 (0.05-6.22)
1.25(0.01-9.97)
1.55 (0.01-6.22)
1.35 (0.01-9.97)
1.31 (0.01-6.22)
1.37 (0.01-9.97)
0.69 (0.01-3.02)
1.83 (0.53-4.38)
1.35 (0.05-4.56)
2.08 (1.12-2.16)
1.92 (1.92-1.92)

0.031

0.950

0.052

TSH: Thyroid-stimulating hormone; ATA: American Thyroid Association.
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Accordingly, in our study, the female/male
ratio with DTC was found to be 3.83/1, like
that in earlier literature.

Merhy et al. conducted a study in the USA
and observed that the median age at diag-
nosis of DTC patients was 49 years (11). In
this study, we found that the age of diagno-
sis was between 18 and 76 years and the
median age of diagnosis was 45 years in ac-
cordance with the literature.

In earlier reports, the tumor diameter was
found in the range of 0.1-12 cm and the me-
dian tumor diameter was 1.2 cm in our
study. Pietro et al. conducted a study on 215
patients and reported a mean tumor diame-
ter of 1.53 cm (12). In another study by
Giovanni et al., the average tumor diameter
was 1.36 cm (13). Papillary microcarcino-
mas with a tumor diameter of less than 1 cm
constitute approximately 30% of all papil-
lary cancers and are less aggressive
(14,15). In our study, the rate of papillary
microcarcinoma was 39.1%, which is higher
than that reported in earlier studies.

In our study, tumor multifocality was found
in 36.5% of the patients with DTC, and this
rate is congruent with earlier reports. For in-
stance, in the meta-analysis study published
by Guo and Wang in 2014, this rate was es-
timated to be 36.6% (16).

We also classified the 329 cases according to
TNM staging system and found that 83.0%
of patients were in stage 1, 6.7% were in
stage 2, 3.3% were in stage 3, 5.8% were in
stage 4A, 0.9% were in stage 4B, and 0.3%
were in stage 4C. In addition, at the time of
diagnosis, 16.1% of the cases presented with
lymph node metastasis, while only 0.3% of
the cases presented with distant metastasis.
In a study conducted by Kocak et al., 69.3%
of the patients were found to be in stage 1,
23% in stage 2, 6.3% in stage 3, and 1.3%
in stage 4 (17). In another study on 75 DTC
cases, Karacavus et al. found that 21.6% of
the patients had lymph node metastasis, and
9.5% had distant metastasis (18). While the
incidence of lymph node metastasis in our
study is congruent with the findings of earlier
studies, the incidence of distant metastases
in stage 1 patients is higher, and the inci-
dence of distant metastasis is less than that
reported in the literature; this can be attrib-
uted to the high rate of microcarcinoma
cases in our study.

The patients in our study were categorized
according to the ATA risk stratification sys-
tem into low, intermediate, and high-risk
groups. A total of 70.5% of the cases were
in the low-risk group, 28.3% were in the in-
termediate-risk group, and 1.2% were in
the high-risk group. Kocak et al. conducted
a study on 300 patients with DTC and found
that 54.7% of the patients were in low risk,
39.7% were in intermediate-risk, and 5.7%
were in high-risk group (17), while Tuttle et
al. studied 588 patients with DTC, and found
that 23% of the patients were in low, 50%
were in intermediate, and 27% in the high-
risk groups (19). Deviating from earlier re-
ports, more patients in our study were in the
low-risk group. This can be attributed to the
non-aggressive tumor behavior and low dis-
tant metastasis rate in the cases in this
study.

Considering serum TSH levels, Tuna et al.
conducted a study in 201 patients with DTC
and found that their preoperative serum
TSH level was in the range of 0.01-9.6
mIU/mL and median serum TSH level was
1.66 mIU/mL (20). In our study, serum TSH
levels at the time of diagnosis were in the
range of 0.01-9.97 mIU/mL, and the median
serum TSH level was 1.34 mIU/mL.

We then investigated the relationship be-
tween serum TSH levels at the time of diag-
nosis and tumor size, tumor multifocal
status, lymph node metastasis status, ATA
risk score, and TNM stages. No statistically
significant difference was found between
serum TSH levels at the time of diagnosis
according to the TNM staging of the cases.
There was also no statistically significant
correlation between tumor diameter and
serum TSH levels. In addition, no statisti-
cally significant difference, based on the TSH
level, was observed between the patients
with and without multifocal tumors at the
time of diagnosis. Similarly, Tuna et al. also
reported that there was no correlation be-
tween tumor diameter and serum TSH lev-
els, and that serum TSH levels did not
change according to tumor multifocality or
lymph node metastasis status (20). The
findings of our study support the findings of
Tuna’s study in terms of tumor diameter and
multifocality. However, we observed that
serum TSH levels were significantly higher
in patients with lymph node metastasis at
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the time of diagnosis than those without
lymph node metastasis. In addition, the
serum TSH level at the time of diagnosis
was significantly higher in moderate-high
ATA risk group patients than in low ATA risk
group patients.

Not many studies have investigated the re-
lationship between thyroid cancer and
serum TSH levels. Recently, Haymart et al.,
reported that high serum TSH level in-
creased the incidence of thyroid cancer and
also associated with advanced-stage cancer
(21). In another study, the same re-
searchers reported that high serum TSH lev-
els related to the extrathyroidal spread of
cancer (22). On the other hand, some stud-
ies report no correlation between serum TSH
levels and the incidence of DTC and poor
prognostic factors. For instance, in two dif-
ferent studies conducted by Kim et al., no
significant relationship was observed be-
tween serum TSH level and tumor size
(23,24). Likewise, we observed no direct
correlation between serum TSH levels at the
time of diagnosis and the stage of DTC.
This is one of the rare studies investigating
the relationship between thyroid cancer and
serum TSH level in our country. However, a
limitation of this study is that the majority
of patients had microcarcinomas and low-
grade carcinomas.

Conclusion

Although no direct correlation was observed
between serum TSH level and cancer stage,
high serum TSH levels were found to be as-
sociated with the presence of lymph node
metastasis, and high ATA risk group. The re-
lationship between serum TSH level and thy-
roid cancer has not been clearly identified in
the literature, and this deficiency should be
overcome by repeating similar studies by
determining the effect of TSH on thyroid
cancer aggressiveness in more homoge-
neous case groups.
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Effects of Isotretinoin Treatment
on Levels of Hormones Involved
in the Etiopathogenesis of Acne
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Abstract

Objective: This study was performed to measure the effect
of isotretinoin treatment on hormonal responses and insulin
resistance in acne patients. Material and Methods: A total
of 30 acne vulgaris patients and 30 control group volunteers
were examined between February 2015 and June 2015.
Firstly, the basal insulin resistance and endocrine hormone
levels were measured in both groups. A daily dose of 120-
150 mg/kg oral isotretinoin was administered to the patient
group for three months. Following this, insulin resistance and
endocrine hormone levels were re-evaluated in both groups.
Results: Age, waist circumference, and body mass index
were similar between the patient and control groups. Liver
transaminase, low-density lipoprotein (LDL), adrenocorticot-
ropic hormone, cortisol, 17-hydroxyprogesterone, and total
testosterone levels were different in the patient group com-
pared to the control group (p<0.05). The levels of dehyd-
roepiandrosterone sulfate (DHEA-S), liver transaminase,
LDL, and triglycerides increased after three months of isot-
retinoin administration (p<0.05). The changes in blood
triglyceride levels were correlated with the changes in insu-
lin growth factor-1, DHEA-S, total testosterone, progeste-
rone, LDL, and estradiol levels (p<0.05). Conclusion:
Isotretinoin might not affect pituitary gland hormones, ad-
renal hormones, and insulin resistance significantly. Increa-
sed blood triglyceride levels may be expected in patients
whose testosterone and progesterone hormone levels are
high.
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Ozet

Amag: Bu calisma, akne hastalarinda izotretinoin tedavisi-
nin hormonal yanit ve insilin direnci Uzerindeki etkisini dlg-
mek amaciyla planlanmistir. Gereg ve Yontemler: Subat
2015-Haziran 2015 tarihleri arasinda toplam 30 akne vul-
garis hastasi ve 30 goniillii kontrol grubu incelendi. ilk ola-
rak, her iki grupta bazal insllin direnci ve endokrin hormon
diizeyleri élciildii. Ug ay boyunca hasta grubuna giinde 120-
150 mg/kg oral izotretinoin uygulandi. Bunu takiben her iki
grupta da instlin direnci ve endokrin hormon dlizeyleri ye-
niden degerlendirildi. Bulgular: Hasta ve kontrol grubu ara-
sinda yas, bel gevresi ve beden kitle indeksi benzerdi. Hasta
grubunda karaciger transaminazlari, “low-density lipopro-
tein (LDL)”, adrenokortikotropik hormon, kortizol, 17-hidro-
ksiprogesteron ve total testosteron dlzeyleri kontrol
grubuna gére farklydi (p<0,05). Ug aylik izotretinoin uygu-
lamasindan sonra dihidroepiandrosteron silfat (DHEA-S),
karaciger transaminazlari, LDL ve trigliserid dizeyleri art-
misti (p<0,05). Kan trigliserid diizeylerindeki degisiklik, in-
silin benzeri buyume faktéri-1, DHEA-S, total testosteron,
progesteron, LDL ve &stradiol dizeylerindeki degisikliklerle
korele idi (p<0,05). Sonug: izotretinoin hipofiz bezi hor-
monlarini, adrenal hormonlari ve instlin direncini anlamli bir
sekilde etkilemeyebilir. Testosteron ve progesteron hormon
seviyeleri ylksek olan hastalarda kan trigliserid dizeyle-
rinde artis beklenebilir.

Anahtar kelimeler: Akne vulgaris; izotretinoin;
insulin direnci; hormonlar
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Introduction not possible. Thus, females, with more fre-

Acne vulgaris is a chronic inflammatory dis-
ease of the pilosebaceous unit, including
hair follicles, associated with the sebaceous
glands (1). Although, generally it is known
as a disorder of adolescents, it may affect
adults (2).

Androgen hormones play an important role
in the pathogenesis of acne vulgaris (1).
However, several factors, besides andro-
gens, are also involved in the development
and differentiation of normal sebaceous
glands. Thus, abnormal expression of one or
more of these factors leads to acne forma-
tion (3). The sebaceous gland activity is also
affected by the growth hormone (GH), in-
sulin-like growth factor-1 (IGF-1), insulin,
corticotropin-releasing hormone (CRH),
adrenocorticotropic  hormone  (ACTH),
melanocortin, and glucocorticoid hormones
(1). Insulin enhances acne development in
many patients with polycystic ovary syn-
drome (PCQOS) (4).

Isotretinoin, a synthetic retinoid, is the most
effective treatment option for acne and is
used in moderate or severe acne patients
non-responsive to conventional treatments
(5). Due to its severe side effects, patients
must be monitored regularly by clinicians.
However, the mechanism of action of
isotretinoin therapy in healing acne vulgaris
remains unclear (6). There are limited stud-
ies about the effects of isotretinoin on hor-
mones involved in the etiopathogenesis of
acne (7,8).

Here, we aimed to understand hormonal dis-
orders in patients with acne vulgaris and to
observe changes in hormone and insulin re-
sistance levels after isotretinoin treatment.

Material and Methods

Study Design

A total of 30 female patients between the
ages of 18 and 45 were admitted to Ankara
University, Faculty of Medicine, Endocrinol-
ogy and Metabolism Diseases and Derma-
tology outpatient clinics. These patients
clinically diagnosed as acne vulgaris with the
severity of 2-4 were included in the study
between February 2015 and June 2015. The
control group consisted of 30 healthy volun-
teers. Since hormonal changes are gender-
dependent, evaluation of both genders was

quent acne vulgaris, were included in this
study. In this group, volunteers were
healthy individuals without acne or other in-
flammatory skin diseases. In this group, the
median ages were consistent with the pa-
tient group.
Inclusion criteria were:

Female

Between 18 and 45 years old

Having acne vulgaris with clinical severity
of 2-4

Providing written consent to participate in
the study
Exclusion criteria were:

Younger than 18 years old.

Pregnant

Having one or more disorders (or dis-
eases) in addition to acne vulgaris

Having a history of any endocrinopathy
(diabetes mellitus, thyroid function disorder,
PCOS, adrenal disorder, hypophyseal disor-
der)

Dyslipidemia, liver function disorder

Medications affecting hormone levels and
insulin resistance

Previously received isotretinoin treatment

Clinical Assessment

A form was established in which the anam-
nesis, physical examination, and laboratory
tests were included. According to this form,
the age of the patients, age of onset of acne,
age of menarche, body height-weight, waist
circumference, and smoking history were
recorded. The body mass index (BMI) was
calculated by dividing body weight in kilo-
grams to height in meters squared. Post-
adolescence acne was defined as the acne
first seen in the fifth year after menarche.
Acne patients were included in this study ac-
cording to the location of their acne and clin-
ical severity. According to the examination,
the following grades were determined:

1. Grade 1: Comedonal acne

2. Grade 2: Mild papulopustular acne

3. Grade 3: Severe papulopustular acne

4. Grade 4: Nodulocystic acne

The modified Ferriman-Galwey (mF-G) scor-
ing system was used for the assessment of
hirsutism.

The grade 2-4 patients were treated with
isotretinoin. Fasting blood glucose, fasting
insulin, lipid profile, alanine transaminase
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(ALT), aspartate transaminase (AST), thy-
roid-stimulating hormone (TSH), free T3
(fT3), free T4 (fT4), follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH),
progesterone, estradiol, prolactin, morning
ACTH, morning cortisol, dehydroepiandros-
terone sulfate (DHEA-S), total testosterone,
17-hydroxyprogesterone (17-OHP), GH, and
IGF-1 levels were evaluated before starting
the drug treatment and at the end of three
months (120-150 mg/kg/day oral
isotretinoin). Patients with high cortisol lev-
els were given 1 mg dexamethasone sup-
pression test. Insulin resistance was
evaluated by the homeostatic model assess-
ment of insulin resistance (HOMA-IR) score.
Values of 2.5 and above were accepted as
positive for insulin resistance.

Examination of Serum Samples

Serum samples were collected from the ve-
nous blood of patients at around 9 AM. Pa-
tients were in their early follicular phase (at
2-5 days of menstruation) and fasted for at
least 8 h before blood collection.

Fasting blood glucose levels were evaluated
by glucose oxidase technique using a spec-
trophotometer (UniCel DxC SYNCHRON,
United States) in the Biochemistry Lab of
the Faculty of Medicine at Ankara University.
Fasting insulin, GH, 17-OHP, and IGF-1 lev-
els were also determined. The radioim-
munoassay (RIA) method was used with
ready-made kits (DIAsource, Belgium), and
the serum samples were stored at 2-8°C
after centrifugation.

Lipid profiles were measured. Samples were
prepared for the direct quantitative method
(Beckman Coulter, United States) with the
storage of serum samples at 2-8°C after
centrifugation.

ALT and AST levels were quantified. The
samples were prepared for an enzymatic ki-
netic method and stored at 2-8°C after cen-
trifugation.

FSH, LH, progesterone, estradiol, cortisol,
prolactin, total testosterone, TSH, fT3, and
fT4 levels were measured. The samples
were prepared for the magnetic particle-
based chemiluminescence enzyme im-
munoassay method (Access Immunoassay
Systems, Beckman Coulter, United States),
and the serum samples were stored at 2-
8°C after centrifugation.

The quantity of ACTH was detected. The
samples were prepared for an electrochemi-
luminescence immunoassay (ECLIA) method
(Roche Diagnostics GmbH, Mannheim, Ger-
many). Serum samples were centrifuged
after collection in EDTA tubes and were
stored at -20°C according to the storage
conditions of the Biochemistry Laboratory.
Serum DHEA-S levels were specified. The
samples were prepared for the ECLIA
method (Roche Diagnostics GmbH,
Mannheim, Germany) and were stored at 2-
8°C after centrifugation.

Statistical Analysis

Descriptive data were demonstrated as
meanzxstandard deviation in the normal dis-
tribution, median (min-max) in non-normal
distribution. Also, the number of cases and
percent of nominal variables were shown.
The significance of the differences between
the mean values of groups was determined
by the t-test and the Mann-Whitney U test in
terms of normally-distributed or not. Cate-
gorical variables were assessed by Pearson’s
chi-squared test or Fisher’s exact test.

The relationship between variables was as-
sessed by Pearson’s correlation test for nor-
mal distribution and Spearman’s correlation
test for non-normal distribution.

Risk coefficients were determined by per-
forming a multivariate logistic regression
analysis. Risk factors independent of the pa-
rameters (including hirsutism) affecting the
formation of acne were defined.

SPSS 22.0 (SPSS Inc.) was used for all sta-
tistical analyses. A value of p<0.05 was con-
sidered statistically significant.

Ethical Issues

The study was carried out following the Dec-
laration of Helsinki and was approved by the
Ethics Committee of the School of Medicine,
Ankara University in Ankara, Turkey (Ethics
Committee Approval No:02-57-15 and Ap-
proval Date:15 February 2015). Informed
consent was obtained from each participant.

Results

Demographic Characteristics of the Patients

A total of 30 female patients of acne vulgaris
administered 120-150 mg/kg/day of
isotretinoin for three months were assessed
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as the patient group. Another 30 healthy fe-
male volunteers with no inflammatory skin
disease were enrolled as the control group.
The mean age of the patient group was
23.2+3.7 years, while the mean age of the
control group was 23.4+5.2 years. There
was no significant difference between the
ages of the groups (p=0.592). When both
groups were compared, no significant differ-
ences were found for menarche age, body
height/weight, BMI and waist circumference
(Table 1). Also, no significant difference was
found in mF-G scoring between the groups.
The mF-G score was 8 or above in 30% of
the patient group, and 10% of the control
group with the scoring system not statisti-
cally significant (p=0.053).

Comparison of Laboratory Data

When the patient (pre-treatment with
isotretinoin) and control groups were com-
pared, the values of ALT, AST, and fT4 were
higher in the control group than in the pa-
tient group. The values of low-density
lipoprotein (LDL), TSH, ACTH, cortisol, pro-
lactin, progesterone, 17-OHP, and total
testosterone were higher in the patient
group than in the control group. There was
no statistically meaningful difference be-
tween the two groups when we compared
other values (Table 2).

Evaluation After Isotretinoin Treatment

Serum levels of ALT, AST, LDL, triglyceride,
and DHEA-S were significantly increased,
and serum levels of fT4 were significantly
decreased in the patient group after three
months of isotretinoin treatment. There
were no statistically significant differences
in the other markers between the two
groups (Table 3). There were no statistically

significant differences between the BMI and
waist circumference values between pre-
and post-treatment in the patient group.

Effects of Severity of Acne
in Hormonal Parameters

When thirty acne vulgaris patients were
evaluated according to the clinical severity
of acne, four were at clinical stage 2
(13.3%), nineteen at clinical stage 3
(63.3%), and seven at clinical stage 4
(23.4%). There was no statistically mean-
ingful correlation between the severity of
acne and HOMA-IR, fasting insulin, LDL,
triglyceride, TSH, cortisol, IGF-1, and
testosterone levels.

Correlation Graph and Tables

The correlation analysis of relationships be-
tween hormones in acne vulgaris patients be-
fore drug administration are summarized in
Table 4. There was a strong negative corre-
lation between high-density lipoprotein (HDL)
and triglyceride. There were positive correla-
tions of IGF-1 with both DHEA-S and total
testosterone. When the correlations between
variables were evaluated separately for the
patient and control groups, a correlation of
prolactin levels with ACTH and cortisol was
observed only in the patient group.
Statistically significant changes in markers
before and after the treatment were com-
pared with baseline values of these markers.
It was observed that the change in LDL was
correlated positively with DHEA-S (r=0.458;
p=0.012). The change in DHEA-S was not
correlated with any of the other parameters.
However, the change in triglyceride (ATg)
was correlated with LDL, ALT, estradiol,
progesterone, DHEA-S, and total testos-
terone (Table 5).

Table 1. Demographic and clinical characteristics according to groups before the drug treatment.

Variables Patient Group (n=30) Control Group (n=30) p

Age 23.2+3.7 23.4£5.2 0.592
Age of menarche 13.3+0.85 13.07+0.98 0.293
Height (cm) 163.03+6.3 164.83+4.7 0.198
Weight (kg) 58.3+8.19 62.2+7.01 0.051
BMI (kg/m?) 21.94+2.9 22.9+£3.1 0.169
Waist circumference (cm) 72.4+10.1 74.1£9.7 0.373

BMI: Body Mass Index.
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Table 2. Comparison of laboratory values of patient and control groups at basal level.

Variables Patient Group n=30 Control Group n=30 p
Fasting blood glucose (mg/dL) 82.6+7.03 86.8+11.7 0.124
Fasting insulin (microIU/mL) 10.1+4.8 10.5+10.8 0.436
HOMA-IR score 2.07+£1.06 2.24+2.6 0.412
ALT (U/L) 14.4+3.02 17.07+4.8 0.013
AST (U/L) 18.4+3.3 20.8+£5.4 0.048
LDL (mg/dL) 90.8+21.8 75.6+£12.4 0.002
Triglyceride (mg/dL) 59.6+26.6 57.3+23.5 0.728
HDL (mg/dL) 55.6+£12.2 54.7+13.06 0.662
TSH (microIU/mL) 2.34£1.6 1.37+1.16 0.001
Free T3 (pmol/L) 4.8+0.59 4.71+0.77 0.304
Free T4 (pmol/L) 10.6+1.65 11.8+1.8 0.02
ACTH (pg/mL) 30.1+18.7 12.3+7.4 <0.001
Cortisol {microgram/dL) 22.8+8.6 11.6+4.8 <0.001
Growth hormone (ng/mL) 2.3+2.6 1.3+2.1 0.078
IGF-1 (ng/mL) 322.2+153.5 283.1+106.9 0.264
Prolactin (ng/mL) 18.3+7,3 11.7+4,8 <0.001
LH (mIU/mL) 8.78+6.1 12.1+14.6 0.859
FSH (mIU/mL) 5.38+2.21 6.69+£3.5 0.181
Estradiol (pg/mL) 97.43+58.5 93.83+84.9 0.178
Progesterone (ng/mL) 2.9+3.1 0.8+0.9 <0.001
17-OH progesterone {ng/mL) 1.26+0.68 0.92+0.39 0.023
DHEA-S (microgram/dL) 322.2+153.5 283.1+106.9 0.264
Total testosterone (ng/dL) 53.9+15.9 41.06+17.02 0.04

HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; ALT: Alanine Aminotransferase; AST: Aspartate Aminotransfe-
rase; LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein; TSH: Thyroid-Stimulating Hormone; ACTH: Adrenocorticotro-
pic Hormone; IGF-1: Insulin-like Growth Factor 1; LH: Luteinizing Hormone; FSH: Follicle Stimulating Hormone; 17-OH
progesterone: 17-hydroxyprogesterone; DHEA-S: Dehydroepiandrosterone Sulfate.

When linear regression analysis was used to
evaluate the factors affecting the change in
triglyceride levels, one-unit increase in
testosterone and progesterone levels was
observed to cause triglyceride increase of
1.48% and 8.47-fold, respectively (p=0.05
and p=0.048, respectively).

Discussion

In the present study, ALT, AST, LDL, and
DHEA-S levels changed with isotretinoin
treatment at the end of the third month of
treatment in adult women. DHEA-S and
testosterone were possibly associated with
IGF-1 in acne etiopathogenesis. DHEA-S,
testosterone, and progesterone were corre-
lated with changes in triglyceride levels after
isotretinoin treatment.

Acne is generally known as a disease of the
adolescent period. However, recent epi-

demiological studies have shown that the
development of acne in the post-adolescent
period has increased and lasts until the mid-
forties and is seen more often among
women (2,9). In our study, the mean age of
the patients was 23.23+3.7 years, and all
participants had post-adolescent acne. Acne
is frequently seen between the ages of 20-
29 (10). When the site of acne was evalu-
ated, we detected acne on the face of all
patients and the torso in 33%. Dreno et al.
identified acne on the face in 89.8% of pa-
tients and on the torso in 48.4% (11). Fur-
thermore, the age of individuals with
post-adolescent acne, age of onset, and site
of acne show similarity with the literature.

Androgens play a key role in the etiology of
acne by causing sebum production and fol-
licular hyperkeratinization (12). Therefore,
acne and hirsutism are common clinical
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Table 3. Comparison of laboratory findings between basal evaluation and three months after isotretinoin

treatment in the patient group.

Before isotretinoin After isotretinoin

Variables MeanxSD Mean+SD p
BMI (kg/m?) 21.94+2.9 21.6+2.7 0.679
Waist circumference (cm) 72.4%+10.1 72.1+9.8 0.907
mF-G score (>8) (%) 30.0 27.3 0.818
HOMA-IR score 2.07+£1.06 2.22+0.88 0.206
ALT (U/L) 14.4+3.02 17.8+8.4 0.017
AST (U/L) 18.4+3.33 22.17+5.8 <0.001
LDL (mg/dL) 90.84+21.8 108.4+23.9 <0.001
Triglyceride (mg/dL) 59.6+26.6 89.2+41.3 <0.001
TSH {(microlU/mL) 2.34+1.66 2.124+1.11 0.405
Free T4 (pmol/L) 10.6+1.6 10.1+1.3 0.04
ACTH (pg/mL) 30.1+18.7 30.06+21.9 0.478
Cortisol (microgram/dL) 22.8+8.6 24.8+10.5 0.417
IGF-1 (ng/mL) 326.7+£146 264.1+73.6 0.184
Prolactin (ng/mL) 18.3+7.3 16.9+£9.8 0.289
LH (mIU/mL) 8.7+6.1 10.5+7.04 0.153
FSH (mIU/mL) 5.38+2.21 6.33+2.4 0.128
Estradiol {pg/mL) 97.4+58.5 90.4+52.7 0.614
Progesterone (ng/mL) 2.98+3.12 1.7+1.3 0.120
17-OH progesterone (ng/mL) 1.26+0.68 1.09+0.45 0.344
DHEA-S (microgram/dL) 322.2+153.5 341.9+106.1 0.002
Total testosterone (ng/dL) 53.9+15.9 57.6+15.8 0.088

SD: Standard Deviation; BMI: Body mass index; HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; ALT: Alanine
Aminotransferase; AST: Aspartate Aminotransferase; LDL: Low-Density Lipoprotein; TSH: Thyroid-Stimulating Hormone; ACTH:
Adrenocorticotropic Hormone; IGF-1: Insulin-like Growth Factor 1; LH: Luteinizing Hormone; FSH: Follicle Stimulating Hormone;
17-OH progesterone: 17-hydroxyprogesterone; DHEA-S: Dehydroepiandrosterone Sulfate.

Table 4. Correlation analysis of basal hormone levels of the patient group before drug treatment.

Correlation Coefficient (r) ALT ACTH Cortisol HDL IGF-1 DHEA-S Free T3
Triglyceride n/s 0.259* n/s -0.472*%* n/s n/s n/s
AST 0.631%* -0.301%* n/s n/s n/s n/s n/s
Prolactin n/s 0.480** 0.465%* n/s n/s n/s n/s
Progesterone -0.260%* 0.374%* 0.409%** n/s 0.283* n/s n/s
DHEA-S n/s n/s n/s n/s 0.415%* - 0.343%*
Testosterone n/s n/s 0.370%** n/s 0.512%* 0.689**  (0.399**
Free T3 n/s n/s n/s n/s 0.406%* 0.343%x* -
Cortisol n/s 0.709** - n/s 0.316%* n/s n/s

ALT: Alanine Aminotransferase; ACTH: Adrenocorticotropic Hormone; HDL: High-Density Lipoprotein; IGF-1: Insulin-like Growth
Factor 1; DHEA-S: Dehydroepiandrosterone Sulfate; AST: Aspartate Aminotransferase; n/s: not significance.
*p <0.05 **p<0.011.

Table 5. Correlation analysis of the change in triglyceride level with the hormonal parameters.

Correlation Coefficient (r) LDL ALT DHEA-S Total testosterone Progesterone Estradiol IGF-1
(ATg) -0.592** -0.36* 0.423* 0.445** 0.495%* 0.425% 0.365*

LDL: Low Density Lipoprotein; ALT: Alanine Aminotransferase; DHEA-S: Dehydroepiandrosterone Sulfate; IGF-1: Insulin-like Growth Factor 1.
*p<0.05 **p<0.01.
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symptoms of hyperandrogenism among
women. When hirsutism was evaluated with
modified Ferriman-Gallwey scoring, there
were nine individuals in the patient group
(30%), and three subjects in the control
group (9%) who had an mF-G score over 8
in our study. However, there was no rela-
tionship between acne severity and mF-G
score and between HOMA-IR and BMI. The
hirsutism rate was high in the group with
acne, although it was not statistically mean-
ingful (p=0.052). A study by Borgia et al.,
including 129 women with acne reported a
hirsutism rate of 19.38%, unrelated to acne
severity (13). Also, the mF-G score was not
different pre- and post-treatment in this
study.

We highlighted that neither acne severity
nor isotretinoin treatment had effects on in-
sulin and glucose levels. In another study,
when pre- and post- isotretinoin treatment
levels were evaluated in women diagnosed
with severe post-adolescent acne, basic pa-
rameters were similar in the control and pa-
tient groups; likewise, both androgenic
hormones and insulin resistance were un-
changed post-treatment in the patient group
(14). Retinoic acid (RA) was subcutaneously
given to non-obese rats, and there was no
change in insulin and glucose levels after in-
jection in an experimental study. Although
there were some changes in white adipose
tissue after RA administration, the brown
adipose tissue distribution was unchanged
(15). A decrease in brown adipose tissue is
associated with type 2 diabetes mellitus and
obesity.

The increase of sebum excretion in acne vul-
garis, changes in lipid composition, and dif-
ferences in oxidant/antioxidant levels of
lipids on the surface of the skin lead to acne
growth (16). Our study showed higher LDL
levels in the patient group than in the con-
trol group. Triglyceride and HDL levels were
not different between the control and pa-
tient groups. A previous study indicated
higher total cholesterol and LDL levels than
the control group, while the HDL levels were
lower in non-obese female patients with
acne vulgaris who did not have hirsutism
(17). Another study, with 184 acne patients
and 82 healthy people, showed no difference
in LDL and triglyceride levels between the
groups; however, HDL levels were lower in

the acne patient group (18). Generally,
there is no consensus in the literature re-
garding acne vulgaris and the lipid profile.
Additionally, isotretinoin treatment leads to
increased ALT and AST levels. In light of this
information, the lipid profile and liver en-
zymes should be checked in acne patients.
Our study highlights that isotretinoin treat-
ment causes significantly increased triglyc-
eride and LDL levels. In a previous study, it
was demonstrated that triglyceride levels in-
creased after short-term isotretinoin appli-
cation, not related to insulin resistance (19).
In our study, we also found out that hyper-
triglyceridemia and insulin resistance were
not relevant. We found out that triglyceride
and androgens had a strong correlation with
IGF-1 levels. There might be other effective
factors beyond isotretinoin. IGF-1 sebocytes
play an important role in increasing lipid
synthesis (20). For SEB-1 sebocytes, IGF-1
increases lipogenesis by increasing sterol re-
sponse element-binding protein-1 (SREBP-
1) levels via the PI3 k/Akt and MAPK/ERK
signal transduction pathways (21). SERBP-1
expression regulates fatty acid synthesis
genes and is increased by androgens (22).
Molecular-levliel relationships between
these markers are supported by our study.
In our study, changes in triglyceride levels
were related to basic DHEA-S, total testos-
terone, oestradiol, and progesterone levels.
There might be different unknown factors
playing a role in hypertriglyceridemia.

For acne vulgaris etiology, IGF-1 affects the
stage of sebum production. The maximum
sebum production starts at puberty, and this
state correlates with peak values of IGF-1
and GH levels in the intermediate phase of
puberty (23). Thus, increased GH and IGF-
1 levels play an important role in acne pro-
gression. As the oscillation of GH is rapid
and distant, evaluating serum levels is not
accurate. However, evaluating IGF-1 in
serum tests is more convenient because the
oscillation of IGF-1 is stable and reflects the
cumulative effect of GH. In a previous study,
82 female patients between the ages of 20-
25 years with post-adolescent acne had
higher IGF-1 levels than the control group
(24). Parallel to the levels of GH and IGF-1,
DHEA-S levels progressively increase at pu-
berty. DHEA-S and other adrenal androgens
may be an important factor for sebum se-
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cretion in the prepubertal period and during
the pubertal period (25). As an increase in
both IGF-1 and DHEA-S corresponds to the
same period, a relationship between these
hormones may exist. Aizawa et al. showed
an increase in DHEA-S and IGF-1 levels in
post-adolescent women with acne, but there
was no correlation between them (24).
However, another study found a relationship
between IGF-1 level and dihydrotestos-
terone (DHT) in 8 women with acne, while
IGF-1 was related to DHEA-S and an-
drostenedione in 8 men with acne and IGF-
1 levels were not different from the control
group (26). IGF-1 and other factors lead to
acne growth in women, although it can
occur in women with normal IGF-1 levels
(26). Serum DHEA-S and total testosterone
levels are related to the presence of acne in
the prepubertal period, and adolescent girls
aged 14-17 years (27). Many studies have
pointed out a complex relationship between
IGF-1 and androgens. In a previous study,
the relationship between serum androgens
and IGF-1 was shown through an increase
in IGF-1 after applying oral DHEA-S in post-
menopausal women (28). Similarly, another
study monitored oophorectomized women
administered with testosterone and showed
a linear increase in IGF-1 levels (29). IGF-1
and androgen might play a role in acne
pathogenesis. Forkhead box O1 (FOXO01)
regulation of androgen receptor activity on
the genetic level may explain the relation-
ship between IGF-1, androgens, and andro-
gen receptors. These play important roles in
sebum production, sebocyte growth, and
keratinocyte proliferation (30). IGF-1 levels
were decreased in a study after isotretinoin
treatment, due to declining gene expression
related to the androgen receptor and an in-
creasing FOXO1 nuclear concentration (31).
In our study, IGF-1 levels were similar be-
tween the patient and control groups. After
isotretinoin treatment, there was no statis-
tical change in IGF-1 levels. However, in the
correlation analysis, IGF-1 levels were
strongly related to both DHEA-S and testos-
terone levels.

Hyperandrogenism is related to sebum pro-
duction and severe acne growth (32). A pre-
vious study showed that total testosterone,
DHT, androstenedione, sex hormone-binding
globulin (SHBG), free testosterone, and free

DHT are increased in patients with acne
(33). In the literature, it has been found that
total testosterone and DHEA-S levels are de-
creased after three months of isotretinoin
treatment (8). However, in another study, it
was stated that there was no change in an-
drogen levels after six months of isotretinoin
treatment, and there was no relationship
between acne severity and androgens (20).
While we observed a higher total testos-
terone level in the acne group than in the
control group, an increase in the DHEA-S
level was identified three months after
isotretinoin treatment. A total of three pa-
tients complained about hirsutism in the
third month of treatment. As isotretinoin
may increase DHEA-S levels, these data em-
phasize the evaluation of patients in this re-
spect. Also, our study confirmed a strong
positive correlation between basic free T3,
DHEA-S, and total testosterone. Thyroxin-
binding globulin, along with SHBG, plays an
important role in acne vulgaris etiology, and
further studies are suggested from this point
of view.

In the present study, when we assessed
correlations between other hormones, cor-
tisol level was found to be significantly cor-
related with prolactin, progesterone, and
IGF-1 levels. The role of progesterone in
acne pathogenesis remains unclear. How-
ever, it is known that glucocorticoid, prog-
esterone, and IGF-1 levels can increase in
acne vulgaris (34). We also observed a sig-
nificant increase in progesterone in the
acne group compared to the control group.
The influence of progesterone on acne is
more complicated, and the fluctuation of
sebum production in women during the
menstrual cycle is attributed to proges-
terone effect (1). Progestins may cause an
increase in pro-inflammatory cytokine pro-
duction, such as IL-6 (1). Therefore, the
correlation between progesterone, cortisol,
and acne vulgaris could be dedicated to the
pro-inflammatory process. CRH genes are
intensely involved in the skin, and CRH is
known to trigger lipogenesis (35). Acne
flares have been seen during a period of
stress, associated with the strong effect of
CRH on the sebaceous glands (36). Addi-
tionally, CRH increases the level of prolactin
during stress periods in animal models
(37). IGF-1 plays a role in acne pathogen-
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esis by increasing the pro-inflammatory cy-
tokine release via the NF-kB pathway
through its receptor in sebocytes (38). It
can be hypothesized that the positive cor-
relation of IGF-1 and cortisol is due to this
pro-inflammatory effect of IGF-1 in the
study.

This study has some limitations. First, the
sample size was small; second, this study
was single-centered. Third, patients with
acne vulgaris were not of the same clinical
severity. Fourth, isotretinoin treatment did
not reach a cumulative dose. Fifth, it was
not asked whether all participants had
menstrual disorders. Concurrently, this
study has several strengths. First, only
women in the reproductive period were in-
cluded. Second, the assessments were
made in comparison to a control group.
Third, in this study, a broader hormone
profile was evaluated compared to previ-
ous studies.

Conclusion

In conclusion, interactions between hor-
mones and interactions at the molecular
level play essential roles in the etiopatho-
genesis of acne vulgaris. Isotretinoin had no
conspicuous effect on hypophyseal function,
adrenal hormones, or insulin resistance. For
a deeper understanding of acne vulgaris
etiopathogenesis and the effects of
isotretinoin, further studies are necessary.
Thus, we aim to contribute to the literature
with our findings to enlighten future studies
in this respect.
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Thrombotic Microangiopathy After Spontaneous
Pheochromocytoma Rupture: A Rare MEN 2A Case

Spontan Feokromasitoma Ruptlrinden Sonra Gelisen
Trombotik Mikroanjiyopati: Nadir Bir MEN 2A Olgusu
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Abstract

Pheochromocytoma is an adrenal medulla-derived tumor
originating from the chromaffin cells that produce and sec-
rete catecholamines. These tumors usually occur sporadi-
cally, but they may also be associated with genetic diseases,
such as multiple endocrine neoplasia syndrome type 2 (MEN
2). A hypertensive crisis that occurs after the spontaneous
rupture of pheochromocytoma, is a rare clinical complication
with a high mortality rate. In this article, we present a male
case who developed hypertensive crisis and thrombotic mic-
roangiopathy (TMA) after a spontaneous pheochromocy-
toma rupture due to MEN 2A.

Keywords: Pheochromocytoma;
thrombotic microangiopathy; MEN 2A

Ozet

Feokromasitoma, katekolamin lreten ve salgilayan kromaf-
fin hiicrelerden kaynaklanan adrenal medulla kaynakh bir
timordir. Bu timdorler genellikle sporadik olarak ortaya
¢ikar, ancak multipl endokrin neoplazi sendromu tip 2
(MENZ2) gibi genetik hastaliklarla da iliskili olabilir. Spontan
feokromasitoma ripttrinden sonra gelisen hipertansif kriz,
nadir gorllen ve mortalitesi yiksek olan klinik bir durum-
dur. Bu yazida, MEN 2A'ya bagli spontan feokromasitoma
riptlrd sonrasi hipertansif kriz ve trombotik mikroanjiyo-
pati (TMA) gelisen erkek bir olgu sunmayi amagladik.

Anahtar kelimeler: Feokromasitoma;
trombotik mikroanjiyopati; MEN 2A

Introduction

Tumors that originate from chromaffin cells
in the adrenal medulla and secrete cate-
cholamine are called pheochromocytoma
(1). Catecholamine producing tumors are
rare, and their incidence is 2 to 8 cases/mil-
lion people yearly (2). This disease com-
monly affects people in their 40s and 50s,
but it occurs earlier in people with disease-
associated germline mutations. Although

these tumors are typically sporadic, they are
also associated with genetic disorders, in-
cluding multiple endocrine neoplasia syn-
drome type 2 (MEN 2).

Their symptoms may occur in episodes or
paroxysmally and involves a broad clinical
spectrum due to the high circulating cate-
cholamine level in plasma. Typical symp-
toms are tachycardia, pallor, headache, and
sweating (3). Hypertension occurs in ap-
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proximately 80-90% of pheochromocytoma
patients, where 50% sustain hypertension,
45% have paroxysmal hypertension, and 5
to 15% are normotensive (4,5). Episodes
may occur either spontaneously or due to
medications (e.g., anesthetic agents, radio-
contrast media, decongestants, beta-adren-
ergic antagonists, metoclopramide),
intra-abdominal pressure increasing maneu-
vers (eg., weight lifting, defecation, exer-
cise), posture changes, and anxiety (6).
Spontaneous pheochromocytoma rupture
may cause malignant hypertension, though
its exact mechanism is unknown. A massive
catecholamine release is probably associ-
ated with the tumor’s vasoconstriction,
which is followed by necrosis and bleeding
(7). Another rare, devastating, and fatal
event is spontaneous hemorrhage within the
pheochromocytoma, resulting in the capsule
rupture.

Thrombotic microangiopathy (TMA) is a rare
disease, where endothelial damage causes
thrombosis in capillaries and arterioles.
Manifestations, such as thrombocytopenia,
anemia, purpura, and renal failure, can be
seen in TMA (8). Malignant hypertension
causes TMA and may present with symp-
toms similar to thrombotic thrombocy-
topenic purpura (TTP) (9).

In this report, we present a patient who de-
veloped malignant hypertension and TMA,
due to the rupture of pheochromocytoma
and recovered through plasmapheresis.

Case Report

A 32-year-old male patient was admitted to
the emergency department with a sudden
onset of left-flank abdominal pain,
headache, and palpitation. There was no
known chronic illness, drug, alcohol, or illicit
substance use, and the family’s medical his-
tory revealed that his 37-year-old brother
died of pheochromocytoma-induced hyper-
tensive pulmonary edema. During the first
evaluation in the emergency department,
his blood pressure was 190/135 mmHg, and
heart rate was 140 beats/min (sinus tachy-
cardia). There was an increased tenderness
in the left upper quadrant. Emergency labo-
ratory tests were normal except for leuko-
cytosis (WBC=15.8x103/uL) and minimal
abnormalities in the liver function test. Ab-
dominal computed tomography (CT) (Figure
1A, B) revealed a 43 mm mass lesion in the
left adrenal gland with perirenal hematoma
and right adrenal hematoma. The patient
was admitted to the intensive care unit with
a preliminary diagnosis of pheochromocy-
toma rupture and hypertensive crisis. Along
with the routine examination, a 24-hour
urine catecholamine level was planned to
explain the etiology. The urology depart-
ment consulted the patient for an emer-
gency surgical treatment but did not
recommend it since his vital signs were un-
stable, increasing the risk of mortality. Ni-
troprusside and doxazosin treatment was
provided to control blood pressure. On the
second day of the follow-up in the intensive

Figure 1: A) Adrenal computed tomography (CT) at admission to the emergency department (43 mm left adrenal
mass, perirenal hemorrhage). B) Adrenal CT at admission to the emergency department (right adrenal hematoma).
C) Adrenal CT taken one year later (7 mm nodular lesion in left adrenal).
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care unit, the patient developed fever
(38.89C), blurred consciousness, shortness
of breath, and loss of strength in his left
arm. Laboratory tests (Table 1) showed de-
terioration in coagulation markers and renal
function tests (azotemia), hemolytic anemia
(coombs negative), and thrombocytopenia.
Anticoagulant therapy (low molecular weight
heparin) and pulse steroid therapy were ini-
tiated while investigating the etiology of
TMA. Plasmapheresis treatment was pro-
vided in 5 sessions. Daily plasma volume of
approximately 40 mL/kg was used as a re-
placement dose for plasma exchange. Fresh
frozen plasma was used as the exchange
fluid. In the samples, taken during the
patient’s admission to the intensive care
unit, urinary metanephrine and the
normetanephrine levels were 7 and 4 times
higher than the upper limit of normal, re-
spectively. However, with the plasmaphere-
sis treatment, the patient's platelet value
and liver function test values returned to the

normal level (Figure 2). The ADAMTS13 ac-
tivity was found to be 35% (40-130), and
ADAMTS13 inhibitor was <2 U/mL (<12).
TTP was excluded from the diagnosis since
the diagnosis of TTP is only supported by the
ADAMTS13 activity level of less than 5%.
Catastrophic Anti-Phospholipid antibody
syndrome (CAPS) was ruled out, and the ex-
aminations related to connective tissue dis-
eases were negative as well. The patient
was diagnosed with TMA after detecting
pheochromocytoma hemorrhagic rupture by
the clinical and laboratory values. His urine
catecholamine levels were normal before the
discharge (Table 2). The patient had low cor-
tisol and elevated adrenocorticotropic hor-
mone levels and was diagnosed with
primary adrenal failure and discharged with
oral hydrocortisone replacement therapy.
High calcium and parathyroid hormone
(PTH) levels (calcium 10.73 mg/dl (8.4-
10.2), PTH 72 pg/mL (1-65)) were detected
in the follow-up and he was diagnosed with

Table 1. Laboratory findings of the patient.

Emergency Before plasma After plasma
admission exchange exchange Normal range
Complete blood cell counts WBC 15.8 18.2 16.5 4-10 (x103/ul)
RBC 5.6 3.3 4.3 3.6-5.7 {(x10¢/uL)
Hemoglobin 16.9 9.8 12.7 12.1-17.2 g/dL
Hematocrit 46.4 26 37.3 36.1-50.3%
Platelets 248 37 338 150-400 (x103/ulL)
MCV 82.7 79.8 84.1 82.2-99 fL
MCH 30.1 30.1 29.8 27.6-33.3 pg
MCHC 36.4 37.7 35.4 32-36 g/dL
Blood chemistry Total protein 8 4.5 6 6.4-8.3 g/dL
Albumin 4.3 2.7 3.4 3.5-5 g/dL
Aspartate aminotransferase 44 629 35 5-34 u/L
Alanine aminotransferase 74 407 98 0-55 u/L
Creatinine 0.61 1.1 0.72 0.72-1.25 mg/dL
Urea 20.1 65 32.7 15-44 mg/dL
Plasma glucose 119 175 135 70-105 mg/dL
Sodium 139 127 136 136-145 mmol/L
Potassium 4 4.8 4.6 mmol/L
Calcium 8.4 7.6 8.87 8.4-10.2 mg/dL
Coagulation tests PT 15.5 19.6 13.4 11-15 sec
PT% 65 50 98 70-120%
INR 1.24 1.65 1.03 1-1.5 INR
aPTT 30.1 31.2 29 26.5-40 sec

WBC: White blood cell; RBC: Red blood cell; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean cor-
puscular hemoglobin concentration; PT: Prothrombin time; INR: International normalized ratio; aPTT: Activated partial thrombo-

plastin time.
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primary hyperparathyroidism. The thyroid
fine-needle aspiration cytology was reported
suspicious for malignancy with serum calci-
tonin level of 2730 pg/mL (0-30) Therefore,
total thyroidectomy and parathyroid surger-
ies were performed. Before the surgery, 24-
h urinary catecholamine levels of the patient
were normal, and imaging showed that the
adrenal mass had almost disappeared. Since
primary adrenal insufficiency was developed
in the patient, he was operated on stress
dose steroids. Final pathology was reported
as medullary thyroid carcinoma and
parathyroid gland hyperplasia. RET proto-
oncogene mutation was found positive and
MEN 2A syndrome was diagnosed. After the
pheochromocytoma rupture, the patient was
followed up for one year, and TMA relapse
was not observed. Also, the 24-hour urine
catecholamines did not increase, and, in the
adrenal CT control (Figure 1C), the mass
had reduced significantly.

Discussion

The patient had no typical pheochromocy-
toma symptoms (e.g., hypertension,
headache, palpitations, and sweating
episodes). We suspected pheochromocy-
toma rupture primarily due to the presence
of hypertensive crisis on admission to the

emergency department. Also, the 43 mm
mass in the left adrenal region, perirenal
hemorrhage in the abdominal CT, and the
history of brother’s death because of hy-
pertensive pulmonary edema due to
pheochromocytoma lead to the diagnosis.
Paroxysmal hypertension usually occurs in
patients with elevated plasma epinephrine
levels and is very typical for MEN 2-associ-
ated pheochromocytoma (10). Sponta-
neous, non-traumatic hemorrhage of
pheochromocytoma is a complication that
can rarely occur in these patients, and is
often associated with anticoagulant med-
ications or severe sepsis, with most com-
mon symptoms being abdominal pain and
hypertensive crisis. In this context, previ-
ously, there are only 54 similar cases re-
ported (11). The patient had no known
disease history, and he was presented with
severe left upper quadrant pain and high
blood pressure, which started immediately
at rest without any stimulating factor. The
patient was admitted for the hypertensive
crisis due to excessive catecholamine re-
lease after pheochromocytoma rupture,
and bilateral adrenal apoplexy due to va-
sospasm of bilateral adrenal circulation with
hypoxia, which may have developed too.
Based on this, coagulation tests and
platelet levels are expected to be normal.
Moreover, since pheochromocytoma origi-
nates from the adrenal medulla, the cortex
is not expected to be affected by the rup-
ture. However, even after the patient's clin-
ical condition improved, primary adrenal
insufficiency remained permanent with a
need to continue steroid replacement ther-
apy while the catecholamine levels de-
creased to the normal range. This
suggested that the bilateral adrenal cortex
was permanently affected.

Table 2. Endocrinological tests of the patient.

A/D
Urinary metanephrine 2244 94
Urinary normetanephrine 1629 213
Urinary epinephrine 249 1,7
Urinary norepinephrine 769 26
Urinary dopamine 274 69

At the time of discharge

A year after discharge Normal range

33 52-341 p/24 h

277 88-444 p/24 h
2-22 /24 h
20-81 p/24 h

40-400 p/24 h
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Focal neurological deficits may develop in
TTP/hemolytic-uremic syndrome (HUS)/TMA.
These are usually transient and can last up
to 24 h, such as transient ischemic attacks.
These neurological deficits can be in the
form of monoparesis or hemiparesis in one
half of the body or bilaterally. The patient
had a loss of strength in his left arm. No
pathology could explain the clinical picture
of the cranial imaging, and his neurological
symptoms improved in a short time.
Surgery is the final treatment option for
pheochromocytoma, and pharmacological
treatment is still vital in preoperative and in-
traoperative blood pressure control. The pa-
tient was evaluated by the urology
department for the surgical treatment, but
it was postponed because of his unstable
vital signs.

TMA, which causes thrombosis in capillaries
and arterioles, may be hereditary or ac-
quired. Hereditary TTP, also called Upshaw-
Schulman syndrome, is caused by
hereditary TMA (12) whereas the acquired
TMA is caused by the following: Shiga toxin-
dependent TMA (also known as a HUS),
classical ADAMTS13 deficiency acquired TTP,
complement-mediated TMA (also called
atypical HUS), and drug-mediated TMA.
Apart from the aforementioned disorders,
autoimmune diseases such as systemic scle-
rosis and systemic lupus erythematosus, se-
vere preeclampsia, disseminated cancer,
systemic infections, malignant hypertension,
hematopoietic stem cell transplantation, and
organ transplantation can also cause TMA.
Additionally, there is another disease similar
to TTP that develops after surgery, known as
postoperative TTP (13). The type of TMA de-
termines the success of treatment and prog-
nosis. Plasma infusion or exchange allows
the replacement of proteins necessary for
the complement cascade and helps in treat-
ing the patients with atypical HUS and TTP
(14).

In literature, some cases have been pre-
sented with TMA and diagnosed with
pheochromocytoma. However, unlike these
cases, our case was presented with a TMA
that developed as a result of pheochromo-
cytoma rupture (15-17).

In our case, pulse steroid and plasma ex-
change treatments were started once the

sample was taken for ADAMTS13 activity
because the clinical and laboratory findings
were compatible with TTP. Plasma exchange
is recommended for the patients diagnosed
with primary TMA, or suspected TTP (18).
Considering the secondary causes of TMA
in the patient, necessary examinations
were performed, such as tests for an-
tiphospholipid antibody syndrome and
other collagen tissue diseases, especially
for systemic lupus erythematosus. The re-
sults excluded the patient from the diag-
noses, and ADAMTS13 activity was also
found normal.

After excluding the primary TMA and the
possible secondary causes, the patient was
evaluated for secondary TMA due to malig-
nant hypertension after the rupturing of
pheochromocytoma. Although plasma ex-
change is recommended for primary TMA,
some studies show that plasma exchange
therapy is beneficial in secondary TMA as
well (19-22). Since the platelet count of the
patient increased above 200 (x103/ul),
along with a sufficient increase in hemoglo-
bin level, plasma exchange therapy was dis-
continued.

Our case study is the first reported case of
TMA associated with malignant hyperten-
sion, secondary to pheochromocytoma,
where the patient was benefitted from
plasmapheresis. Plasmapheresis should be
performed empirically in patients with TMA,
which is caused by malignant hypertension
until ADAMTS13 activity is assessed. Possi-
ble benefits of plasmapheresis should be
considered in patients advancing to multiple
organ failure, even if ADAMTS13 activity is
normal.
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