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Abstract
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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
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ing house, year of print, page numbers.
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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
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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
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Case Reports
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Review
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Scientific Letters
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EDITORIAL

Dear esteemed readers of TurkJEM Family,

As put forward by World Health Organization in 1948 “Health is a state of complete physical, mental, and social well-being not
merely the absence of disease, or infirmity.” Having no consensus around a single definition of well-being, the most consensuses
are around the presence of positive emotions and moods, satisfaction with life, fulfillment, and positive functioning.
Researchers include factors like physical well-being, economic well-being, social well-being, development and activity, emo-
tional well-being, psychological well-being, life satisfaction, domain-specific satisfaction, engaging activities, and work. COVID-
19 pandemic has negatively affected almost all of the factors cited above independent of age, gender, and nationality. As of
January 2021 there are globally confirmed over 102 million COVID-19 cases and 2.2 million deaths and the pandemic is in no
way expected to cease within a few months. Traditionally, health-related quality of life has been linked to patient outcomes and
has generally focused on deficits in functioning. Thus COVID-19 not only deteriorated deficits in the functioning of humankind
but have a holistic negative impact on human wellbeing. The negative emotions that are threatened by natural disasters call for
making available traditional methods of intervention for clinical syndromes. In a time where most beds and doctors are de-
voted to the pandemic, there seems to be no solution that could be rendered by clinical efforts. During such times positively
focused, strengths-based approaches, one that relies on the individual’s existing capacities for effective functioning seems to
be an effective way of contributing to upheaval wellbeing. Instead of stigmatizing individuals who are already disadvantaged,
we believe a strengths approach can be empowering and provide a valuable new avenue for taking on the task of managing the
demands of a world in upheaval. Strengths cover Wisdom and knowledge, courage, interpersonal strengths, civic strengths,
strengths that protect against excess and strengths that forge connections to the larger universe and provide meaning. But be-
yond all, it seems that we are in an era of equity, social justice, and environmental considerations.

The spring edition of TIEM has these distinguished publications: “Prevalence and awareness of hypertension in seven distinct
geographic regions of Turkey: SEMT HT study”, “Publication outcomes for oral presentations at Congresses of Endocrinology and
Metabolii Diseases of Turkey: analysis of twenty years “, “Clinical spectrum and outcome of patients with Graves’ disease: a sin-
gle center experience from a tertiary care institution of the Kashmir valley, India”, “Evaluation of oxidative stress with a new
method in differentiated thyroid cancer patients on thyrotrophin suppression treatment”, “Patients with ectopic posterior pi-
tuitary: report of six cases”, “Investigation of survivin promoter -31 G/C polymorphism and survivin levels in acromegaly “,
“Pheochromocytoma: 16 years of experience in a single center “, “Evaluation of influenza, pneumococcus, zoster, measles,
diphtheria and pertussis vaccination rates in patients with type 1 and type 2 diabetes mellitus; a single center experience from
Turkey”, “Metabolic age: a new predictor for metabolic syndrome”,”Does blood glucose regulation in adults with type 2 diabetes
affect exocrine pancreatic functions?”, “Serum irisin levels in cigarette smokers “, “MTHFR C677T polymorphism in Turkish
women with polycystic ovary syndrome”, “Pharmacotherapy and neoteric dietary approaches for polycystic ovary syndrome:
a systematic review “, “SRY-positive 46XX testicular disorder of sex development as a rare cause of male hypergonadotropic hy-
pogonadism: a case report “,”A case report of dapagliflozin-induced nodular vasculitis”.

Wish you all a very healthy and pleasant spring time.

With my best regards,

Nilgiin Bagkal MD
Editor-in-Chief
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Abstract

Objective: This study aimed to assess the prevalence, the
level of awareness, and the factors that increase hypertension
in Turkey. Material and Methods: A cross-sectional survey
with a multi-stage probability sampling was conducted. A total
of 9604 people were screened; of them, 9316 had a complete
clinical examination. The ages, genders, personal and family
histories of hypertension, diabetes, coronary artery diseases
were recorded. Their systolic and diastolic blood pressures
(BP), heights, weights, waist, and hip circumferences were
measured. Hypertension was defined as taking medication for
hypertension or BP >140/90 mmHg. Results: According to the
INC-7 criteria, 22.1% of the population had prehypertension,
36.5% had hypertension (15.3% stage 1 and 21.2% stage 2
hypertension), and 41.4% were normal population. Of the po-
pulation, 30% had an awareness of hypertension. The preva-
lence of hypertension was higher in Mediterranean, Central
Anatolia, and Black Sea Regions and lower in South-East Ana-
tolia, Aegean Regions, while it was similar in Marmara and East
Anatolia Regions when compared to the general population of
Turkey. Though rural life, advancing age, increasing body mass
index, and waist to height ratio >0.5 were the factors respon-
sible for an increased prevalence of hypertension, smoking was
found to decrease the prevalence. Conclusion: The data of
the SEMT hypertension study indicated that more than one-
third of the adult population was hypertensive in Turkey. Furt-
hermore, only one-third of the hypertensive adult population
showed awareness of their hypertension.

Keywords: Hypertension; prevalence; Turkey;
risk factors; SEMT study; JNC-7

Ozet

Amag: Calismanin amaci, Turkiye'de hipertansiyon prevalan-
sini, farkindalik dlizeyini ve hipertansiyon prevalansini arttiran
faktorleri degerlendirmekti. Gereg ve Yontemler: Cok asa-
mali olasilik érneklemesi ile kesitsel bir anket calismasi ya-
pildi. Toplam 9604 kisi tarandi, 9316'sinin tam klinik
muayenesi yapildi. Yas, cinsiyet, kisisel ve ailesel hipertansi-
yon, diyabet ve koroner arter hastaligi dykuleri kaydedildi.
Sistolik ve diyastolik kan basinglari (KB), boy, vicut agirhgdi,
bel ve kalga gevresi 6lgimleri yapildi. Hipertansiyon tanisi, hi-
pertansiyon igin bir ilag almak veya KB >140/90 mmHg ola-
rak tanimlandi. Bulgular: IJNC-7'ye gore popllasyonun
%22,1'inde prehipertansiyon, %?36,5'inde hipertansiyon
(%15,3'Unde evre 1 ve %21,2'sinde evre 2) ve %41,4'linde
normal tansiyon vardi. Hipertansiyon farkindaligi %30 idi. Hi-
pertansiyon prevalansi Akdeniz, ic Anadolu ve Karadeniz Bél-
gelerinde daha ylksek, Guneydogu Anadolu, Ege
Bolgeleri'nde daha dislik, Marmara ve Dogu Anadolu Bolge-
leri'nde ise Turkiye genel nlfusu ile benzer oranda bulundu.
Kirsal yasam, artan yas, artan beden kitle indeksi ve bel/boy
orani >0,5 olmasi hipertansiyon prevalansini arttiran faktor-
ler iken, sigara kullaniminin disiik prevalans ile iligkili oldugu
bulundu. Sonug: TEMD hipertansiyon calismasi verileri, Tlr-
kiye'de yetiskin nifusun 1/3’Gnden fazlasinin hipertansif ol-
dugunu gostermistir. Dahasi hipertansif  yetiskin
poptilasyonun sadece 1/3’Unin hipertansiyonlarinin farkinda
olmasidir.

Anahtar kelimeler: Hipertansiyon; prevalans; Tirkiye;
risk faktorleri; TEMD calismasi; JNC-7
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Hypertension (HT) is a well-known modifi-
able risk factor for congestive heart failure,
renal insufficiency, and coronary, cerebral,
and peripheral vascular diseases (1). Epi-
demiological studies have shown that every
20 mmHg increase in systolic blood pressure
(SBP) after the 4t decade in life is associ-
ated with a doubling of death rates for cere-
bral and coronary heart disease (2). At least
50% of cardiovascular diseases and 75% of
cerebrovascular diseases are caused by HT.
Moreover, randomized clinical studies have
shown that these diseases can be easily pre-
vented by controlling elevated blood pres-
sure (3).

A high prevalence (25-55%) of hypertension
has been reported in the adult population in
most of the developed countries. Variation
in rates of hypertension prevalence in dif-
ferent countries may result from different
study protocols, environmental factors, and
genetic susceptibilities (4). Adequate knowl-
edge and epidemiological data regarding hy-
pertension in developing populations are
lacking. Modern dietary and lifestyle modifi-
cations, increased life duration, and rapid
changes in social structure can lead to an in-
crease in hypertension prevalence (5).

In Turkey, an Eastern Mediterranean devel-
oping country with a total population of
about 83 million, 92.8% of people live in the
cities and district centers. The Turkish pop-
ulation is relatively young, with a median
age is 32.4 years; 23.1% of the population
is under 15-years of age; 67.8% is between
15- 64 years, and 9.1% of the population is
65 years and older. In this relatively young
population, the leading cause of death is
cardiovascular disease (6).

Turkey has seven distinct geographic re-
gions with different altitudes, weather con-
ditions, lifestyles, dietary habits, and
socioeconomic statuses that may play a key
role in high hypertension prevalence. There
is limited data about the nationwide or the
regional distribution of hypertension in
Turkey. We aimed to determine the preva-
lence of hypertension, the level of aware-
ness, treatment, and control rates for
hypertension, and the factors that increase
the hypertension prevalence in the seven
distinct areas of Turkey.

Society of Endocrinology and Metabolism of
Turkey (SEMT) hypertension (HT) Study, co-
ordinated by the SEMT, was carried out in
the seven geographic regions of Turkey. A
multi-stage probability sampling was done.
The study was approved by the Turkish Min-
istry of Health (Approval number
19.02.03/2088) and was conducted in ac-
cordance with the Declaration of Helsinki
(DOH), 1964 on ethics and protection of
human participants in medical research. We
collected Household Verification Form (HVF)
data from primary health care centers affil-
iated to Provincial Health Directorates. Men
and non-pregnant women, who were be-
tween 20-83 years of age, were included in
the study. At least three provinces of each
geographic region of Turkey were randomly
selected (Figure 1).

Initially, inhabitants of city centers, districts,
and villages were planned by the stratified
sampling method. Then cases were chosen
with the random sampling method by using
the HVF data. Age groups were classified as
decades from the age of 20, up to the age of
80 and above.

Individual differences, such as gender, de-
mographic, economic, social, and geograph-
ical situations were considered. The study
protocol was given/explained about two
weeks before in the regions where the study
was to be conducted, and the participants
were instructed to fast for 8-12 h before the
collection of samples. About 100 partici-
pants were evaluated daily from 7 -10 a.m.
in the health care centers. The waiting room
of the participants was kept calm. Prior writ-
ten informed consent from each of the par-
ticipants was obtained. A total of 9604
people were screened; 9316 of them under-
went clinical examination; 3383 of them un-
derwent laboratory examination because of
poor financial conditions. The numbers of
participants from different regions were as
follows: 1926 from the Mediterranean, 1964
from Central Anatolia, 1064 from South-
East Anatolia, 661 from Aegean, 1270 from
Marmara, 1199 from the Black Sea, and
1232 from East Anatolia Region.

Medical histories, including hypertension
and other measurements, such as blood
pressures, height, weight, waist circumfer-
ence (WC), and hip circumference (HC) of
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Figure 1. The provinces selected from each geographic region in Turkey.

the participants were taken by the specifi-
cally trained physicians. While measuring
their height and weight, the participants
were asked to remove items such as shoes
and outer clothing that would constitute sig-
nificant weight. Body mass index (BMI) was
determined as weight (in kg/m?; kg being
weight, m being height). A participant was
considered as underweight if their BMI was
below 18.5 kg/m?; normal if BMI was be-
tween 18.5-24.9 kg/m?; overweight if be-
tween 25-29.9 kg/m?; obese if between
30-39.9 kg/m?; morbidly obese if =40
kg/m? (7). WC was measured between iliac
processes and umbilicus, and HC was meas-
ured at the level of the largest protrusion of
the hips. The standard abdominal obesity
criterion was WC =100 cm for men and =90
cm for women. Other criteria for abdominal
obesity for both genders include waist to hip
ratio (WHR) >0.9 for men and >0.85 for
women; and waist to height ratio (WHtR)
>0.5 (8).

Systolic blood pressure (SBP) and Diastolic
blood pressure (DBP) were measured with
standard sphygmomanometers, twice with
at least 15-min interval after a rest of 30-
min in sitting position, and the mean of the
two measurements was taken. None of the
participants were permitted to take alcohol,
tea, coffee, and smoke 30-min before the
measurement. HT was defined as =140/90
mmHg for SBP and DBP, respectively. The
Korotkoff phases 1 and 5 were utilized for
SBP and DBP, respectively. The classification
of hypertension was done under the JNC-7
criteria (9).

Statistical Analysis: SPSS version 13.0 (IBM,
Illinois, Chicago, USA) was used for statisti-
cal analysis. The Chi-square test was em-
ployed to determine the differences in
categorical variables between the groups.
Student’s t-test for parametric data and
Mann-Whitney U test for nonparametric data
were used to evaluate the differences of
continuous variables among different inde-
pendent groups. In order to determine the
probability of socio-demographic and an-
thropometric variables associated with hy-
pertension, the multiple logistic regression
tests with the center and backward stepwise
procedures were applied. The odds ratios
with 95% confidence intervals from binary
logistic regression were used for each
model. Two-tailed p-values of <0.05 were
considered as statistically significant.

The mean systolic blood pressure (SBP) was
134.3+£27.62 (males, 133.33%+25.91; fe-
males, 134.85+28.53) mmHg, and the
mean diastolic blood pressure (DBP) was
81.78+15.46 (males, 81.48+15.04; fe-
males, 81.95+15.7) mmHg. Normal blood
pressure was recorded in 41.4% (42.4% of
males, 40.8% of females) of the partici-
pants; 22.1% (23.1% of male, 21.5% of fe-
male) participants reported prehyper-
tension, while 15.3% (14.5% of males,
15.7% of females) of the participants had
stage 1 and 21.2% of the participants
(19.9% of male, 22% of female) had stage
2 hypertension according to JNC-7 (Figure
2). Though the percentage of patients taking
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Figure 2. The distribution of HT types with respect to gender.

antihypertensive treatment was 57.3%, the
rate of hypertension control was only
31.5%.

The prevalence of hypertension was 40.6%
in Mediterranean Region, 41.4% in Central
Anatolia, 23.2% in South-East Anatolia,
27.2% in Aegean Region, 33.8% in Marmara
Region, 44.9% in the Black Sea Region, and
33.3% in East Anatolia, giving a total preva-
lence of 36.5% in Turkey (Table 1). The hy-
pertension prevalence was higher in the
populations of Mediterranean, Central Ana-
tolia, and the Black Sea Regions, lower in
South-East Anatolia and Aegean Regions (all
p<0.001), and similar in Marmara and East
Anatolia Regions when compared to the
general population of Turkey.

The awareness of hypertension was 21.4%
in the Mediterranean, 25.9% in Central Ana-

tolia, 35.5% in South-East Anatolia, 44.8%
in Aegean, 49.3% in Marmara, 26.8% in the
Black Sea, and 27.6% in East Anatolia, giv-
ing a total of 30% in Turkey (Figure 3).
Hypertension was more common in the alti-
tudes <200 m and >1000 m when com-
pared with altitudes between 200-1000 m
(50.4% and 50.3% vs. 34.2%, respectively,
both p<0.001). Hypertension prevalence
was higher (53.9%) in rural areas than in
urban areas (45.1%) with p<0.001).

When different age groups were compared
with the 20-29 age group, the hypertension
prevalence up to the age of 79 registered an
increase from 19% to 78% with the ad-
vancing age, but the rate decreased mar-
ginally for the group with age >79 yrs (all
p<0.001) (Figure 4). The mean SBP value
after the age of 30 and DBP after the age of

Normal Prehypertension Stage 1 Stage 2 Total
Mediterranean 686 (35.6%) 458 (23.8%) 314 (16.3%) 468 (24.3%) 1926
Central 693 (35.3%) 457 (23.3%) 326 (16.6%) 488 (24.8%) 1964
South-East 630 (59.2%) 187 (17.6%) 117 (11%) 130 (12.2%) 1064
Aegean 361 (54.6%) 120 (18.2%) 77 (11.6%) 103 (15.6%) 661
Marmara 544 (42.8%) 296 (23.3%) 197 (15.5%) 233 (18.3%) 1270
Black Sea 406 (33.9%) 254 (21.2%) 204 (17%) 335 (27.9%) 1199
East 537 (43.6%) 285 (23.1%) 190 (15.4%) 220 (17.9%) 1232
Total 3857 (41.4%) 2057 (22.1%) 1425 (15.3%) 1977 (21.2%) 9316
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Figure 3. Hypertension awareness with respect to the seven geographic regions.

40 was recorded higher in women than in
men across all age groups. After 80 years of
age, SBP and DBP values became higher
among men than women (Figure 5). The hy-
pertension prevalence increased with the
rise in BMI from 28% to 73% (Figure 6).
The logistic regression analysis revealed
that participants living in the rural area had
1.2 times higher risk of hypertension as
compared with the participants living in an
urban area. When compared with the age
group of 20-29 years, participants in age
group 30-39 years had 1.3 times higher
risk, 40-49 years of age had two times risk,
50-59 years of age group had four times,
60-69 years of age group had 6.8 times, 70-
79 years of age group had 9.7 times, and fi-
nally the groups with age =80 years of age
were 6.4 times more likely to develop hy-
pertension. Smokers were 0.7 times less
likely to suffer from HT (p<0.001) than the
nonsmokers. Compared with standard refer-
ence, overweight participants were twice,
obese participants were 3.2 times higher,
and morbid obese participants were six
times more likely to develop HT. Participants
with waist/height ratio >0.5 were 1.3 times
more prone to develop HT than those with a
ratio of <0.5 (Table 2).

Several national and regional studies about
the epidemiology of hypertension in Turkey
have been reported. The hypertension
prevalence was estimated to be 33.7% in

20-29 30-39 40-49 50-59 60-69 70-79
Age groups (years)

79:and older

Figure 4. Prevalence of hypertension in Turkey by differ-
ent age groups.

the TEKHARF study conducted by the Turk-
ish Cardiology Association in the 1990 (10).
The PatenT study documented the preva-
lence of general hypertension in Turkey as
31.8% in 2003 (11). The hypertension inci-
dence in Turkey (HinT) study conducted in
the population of the PatenT study in 2007
recorded the prevalence of hypertension to
be 44.1% (12). The 2013 TURDEP II study
showed that the hypertension prevalence
was 31.4%, and the frequency of hyperten-
sion decreased by 11% in Turkey from that
observed in the 2002 TURDEP I study (13).
The current study presents the latest up-
date about the prevalence of hypertension
and represents Turkey’s seven geographical
regions in detail. It has reported hyperten-
sion in approximately 21 million adult indi-
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Figure 5. The mean systolic and diastolic BP with respect to age and gender.

viduals over 20 years of age in Turkey and
showed that only 30% of them became
aware of the situation. The awareness rate
was highest (49.3%) in the Marmara region
and lowest (21.4%) in the Mediterranean
Region. This rate is worse than that of the
PatenT study, which documented approxi-
mately 15 million hypertensive adults, with
40% of the adults with HT awareness. These
data indicate a rising trend of HT prevalence
in Turkey and a declining trend in awareness
level about HT. Several studies have re-
ported awareness levels ranging from 26%
to 60.2% (11).

In this study, the hypertension prevalence
was found higher in the Mediterranean, Cen-
tral Anatolia, and Black Sea regions and
lower in South-East Anatolia and Aegean
Regions. Different altitudes, weather condi-
tions, lifestyles, dietary habits, and socioe-
conomic statuses of the regions may explain
this difference. Importantly, it was noticed
that the higher the unawareness in the re-
gion, the higher was the prevalence of hy-
pertension.

Hypertension was more common in the alti-
tudes <200 m and >1000 m when com-
pared with altitudes between 200-1000 m.
Chronic hypoxia at high altitudes leads to el-
evated blood pressure by the activation of
the sympathetic nervous system in the
healthy subjects (14). Studies also showed
that factors such as decreased basal nitric

<185 18.5-24.9 25-29.9 30-39.9 240
BMI groups (kg/m?)

Figure 6. Prevalence of hypertension in Turkey by Body
Mass Index (BMI).

oxide (NO) production, and increased NO
consumption caused by increased blood vis-
cosity, and increased blood hemoglobin
might cause increased blood pressure with
chronic hypoxia (15,16). A meta-analysis in-
dicated that every 100 m increase in altitude
led to a 2% increase in the prevalence of hy-
pertension (17). The current study also
found high hypertension prevalence in the
regions with altitudes <200 m. Despite
abundant information on prevalence at high
altitude, there is little information about the
effect of low altitude on blood pressure. Fiori
et al. reported that hypertension was more
frequent in low altitudes than in middle alti-
tude in the subjects from Central Asia (18).
High blood pressure levels in low altitude re-
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Odds ratio %95 CI
Rural 1.244% 1.113-1.390
Age
20-29 1
30-39 1.346% 1.146-1.581
40-49 2.048%* 1.742-2.407
50-59 3.964* 3.329-4.721
60-69 6.844%* 5.603-8.361
70-79 9.719%* 7.558-12.497
>80 6.415%* 3.788-10.864
Female 0.962 0.866-1.069
DM history 1.199 0.997-1.441
Smoke 0.683* 0.605-0.772
BMI
<18.5 (underweight) 0.710 0,492-1.123
18.5-24.9 (normal) 1
25-29.9 (overweight) 1.4360 0.974-2.095
30-39.9 (obese) 2.264* 1.541-3.327
>40 (morbid obese) 4.241%* 2.610-6.890
Waist/Height (>0.5) 1.326* 1.147-1.532
Altitude
<200 m 1.093 0.875-1.366
200-1000 m 1
>1000 m 1.091 0.873-1.363
*p<0.001

gions may be due to high sea salt exposure
and excessive consumption of dried fish, al-
though the exact cause is unknown (19).

Findings in our study showed similarities to
those in developing countries such as China
and India, where the hypertension preva-
lence was found higher in rural areas than
in urban areas (20,21). There is a lack of ef-
fective public health measures in rural areas
in developing countries, and most of the
people live without social insurance. Hyper-
tension is also associated with several indi-
vidual indicators, such as education,
occupation, and socioeconomic status, and
regional and national economic conditions,
but these relationships remain complex and
unexplored. Possible reasons for these as-
sociations are lower birth weight and heav-
ier job stress in lower socioeconomic status
groups. On the other hand, higher aware-
ness, better medical care, better prevention,
and monitoring could reduce the prevalence

of hypertension in higher socioeconomic sta-
tus groups (20,21). In developed countries
such as Europe and the USA, hypertension
prevalence was found higher in urban areas
due to their lifestyles, eating habits, higher
job strains (22-24) than in developing coun-
tries. The PatenT study showed that hyper-
tension prevalence was not significantly
different between the rural and urban pop-
ulations (32.9% versus 31.1%) in Turkey
(11).

In this study, the hypertension prevalence
was higher in females than in males. The
findings from previous nationwide surveys in
Turkey (TEKHARF, HinT, and PatenT) have
suggested that women show a higher preva-
lence of hypertension (10-12) than men.
The monitoring of trends and determinants
in Cardiovascular diseases (MONICA) study
by WHO indicated that the problem of high
blood pressure was almost universally more
common in women than in men, especially
in older age groups (25). In all 22 country
populations, women in the 35-44 age group
had lower SBP than men. In contrast, after
this age group, SBP in women started to in-
crease with age, and 34 of 41 study groups
reported higher SBP values in women aged
55-64 years than men (25).

In the current study, although univariate
analysis showed a relationship between in-
creased hypertension prevalence with in-
creasing BMI, WC, WHR, and WHtR, the
multiple logistic regression analysis indicated
that BMI and WHtR were the main determi-
nants of hypertension prevalence. Although
BMI, WC, and WHR are widely used as obe-
sity indices for hypertension, diabetes, and
other cardiovascular diseases, some authors
have reported that BMI was a strong predic-
tor of CVD mortality for whites, and also WC,
WHR, or WHtR might be a better predictor
for MetS or other CVD risks in different pop-
ulations (26-29). WHtR was investigated in
the NDNS and Health Survey for England,
and it was found that both men and women
with normal BMI but WHtR >0.5 had in-
creased cardiometabolic risk factors, not
only when they were compared to those with
normal BMI and WHtR<0.5, but also with
those with overweight BMI and WHtR<0.5
(30,31). Sayeed et al. highlighted the role of
WHtR as an important predictor for hyper-
tension (32). The hypertension rate was sig-
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nificantly higher in the upper quintiles of
BMI, WHR, and WHtR, and BMI, WHR, and
WHTtR significantly correlated with SBP and
DBP. Logistic regression analysis, which con-
siders hypertension as a dependent variable,
showed a higher odds ratio with WHtR than
BMI and WHR (32,33).

We found that the prevalence of smoking
was lower in the hypertensive group than in
the normotensive group, and smoking was
found to affect hypertension prevalence in-
versely by multiple logistic regression analy-
sis. Although smoking can cause an acute
rise in blood pressure levels in normotensive
and hypertensive individuals, epidemiologi-
cal studies using standard office measure-
ments reported that blood pressure levels
were lower or equal in regular daily smokers
than nonsmokers (34-37). When the re-
searchers used ambulatory blood pressure
monitoring (ABPM), Mikkelsen et al. re-
ported that smokers reported lower mean
daytime systolic BP measurements; Green
et al. reported lower daytime diastolic BP
measurements (36,38). Mikkelsen et al.
suggested that this situation might lead to
an adaptive change in the sympathetic nerv-
ous system against nicotine use for many
years (38). They also emphasized that
smoking might help reduce stress, which is
associated with rising blood pressure. How-
ever, this result can lead to a misleading
evaluation of the effects of smoking on
health. It is well known that chronic smoking
has a negative effect on endothelial function
and arterial stiffness, resulting in cardiovas-
cular diseases (39). Our study evaluated the
current smoking status without indicating
life-course-adjusted cigarette smoking. Mo-
rillo et al. showed that smokers with or with-
out antihypertensive medication had
significantly higher daytime SBP and DBP
values (34). This finding was also corrobo-
rated by other studies conducted on nor-
motensive and hypertensive patients
(40-44). A lower smoking rate in hyperten-
sive patients than in normotensive individu-
als in our study may be associated with the
patients’ reluctance to take extra risks due
to smoking.

To sum up, the SEMT hypertension study in-
dicated the prevalence of hypertension in

more than one-third of the adult population
in Turkey. Also, only one-third of the hyper-
tensive adults showed awareness of their
hypertension. Living in a rural area, older
age increased BMI and waist to height ratio
>0.5 were factors leading to a higher preva-
lence of hypertension, while the smoking
rate was lower in hypertensive patients. This
was the first study evaluating the character-
istics of hypertension in 7 regions of Turkey.
Significant differences were observed
among the regions in terms of the preva-
lence and awareness about hypertension.
Overall, the data of the SEMT hypertension
study has indicated that in the adult Turkish
population, the prevalence of hypertension
was high, but the awareness levels and
treatment rates of hypertension were low,
despite regional differences. It is suggested
to conduct nationwide awareness programs
on the risk factors of hypertension and the
application of practical physical examination
methods in primary health care centers for
the prevention, early diagnosis, and control
of hypertension.

ABMP: Ambulatory blood pressure monitoring
BP: Blood Pressure

BMI: Body Mass Index

DM: Diabetes Mellitus

DBP: Diastolic blood pressure

HC: hip circumference

HT: Hypertension

JNC-7: Seventh report of the Joint National
Committee (USA)

MONICA: Monitoring of trends and determi-
nants in cardiovascular diseases

SEMT: Society of Endocrinology and Metabo-
lism of Turkey

SBP: Systolic blood pressure

TURDEP-II: The Turkish Epidemiology Survey
of Diabetes, Hypertension, Obesity and En-
docrine Diseases

WC: waist circumference

WHtR: Waist to height ratio
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Abstract

Objective: This study aimed to analyze the publication rate for
oral presentations at Congresses of Endocrinology and Metabo-
lic Diseases of Turkey (CEMDT), their contribution to the litera-
ture, and variations over twenty years. Material and Methods:
Presentations from 1997-2017 were accessed through congress
booklets. PubMed and Google Scholar were used for the rele-
vant literature search. Results: A total of 456 oral presentati-
ons were identified as having a publication conversion rate of
45.4% (207). These manuscripts were published in journals with
a median impact factor (IF) of 2.79 (interquartile range (IQR):
1.77-3.58) and were found to receive a median of 9 (IQR: 3-21)
citations. The publication rate in SCI/SCI-E indexed journals was
80.2% (166). The publication duration was a median of 20.6
months (IQR: 6-41 months). The multinational abstract rate was
6.8% (31), whereas 19.3% (88) of the abstracts comprised of
retrospective data. The most frequent variation during the con-
version to articles was a change in the order of the authors,
which was observed in 65.71% (136) of cases. When the two
ten-year periods from 1997-2006 and 2007-2017 are compa-
red, the publication rate increased from 37.1% to 54.3%
(p<0.01). Conclusion: This is the first study to evaluate the
publication rate of the CEMDT presentations. The conversion
rate for oral presentations to publication is high compared to
studies from other branches of medical science in Turkey. Ho-
wever, it remains lower than the international congresses. There
is a promising enhancement in the last ten years.

Keywords: Congress; endocrinology; Turkey;
meeting bbstract; publications

Ozet

Amag: Tirkiye Endokrinoloji ve Metabolizma Hastaliklari Kon-
gresi (TEMHK) s6zlU bildirilerin yayina déntisim oranini, litera-
tlre katkisini ve 20 yil stirecindeki degisimlerini analiz etmektir.
Gereg ve Yontemler: 1997-2017 yillari bildirilerine kongre ki-
tapciklarindan ulasildi. ilgili literatiir taramasi PubMed ve Google
Scholar veri tabanlarindan yapildi. Bulgular: Toplam 456 sozli
bildirinin, yayina dénlisim orani %45,4 (207) olarak tespit
edildi. Bu yayinlarin medyan IF 2,79 (IQR: 1,77-3,58) dergilerde
yayinlandigi ve medyan 9 (IQR: 3-21) atif aldigi gozlendi.
SCI/SCI-E indeksli dergilerde yayinlanma orani %80,2 (166) idi.
Yayinlanma suresi medyan 20,6 ay (IQR: 6-41 ay) idi. Cok ul-
keli bildiri orani %6,8 (31), retrospektif verilerden olusturulan
bildirilerin orani %19,3 (88) idi. Makaleye donlisiimde en sik de-
Jisiklik, yazar sirasinda dedisim %65,71 (136) olarak gozlendi.
iki on yillik dénem olan 1997-2006 ile 2007-2017 karsilastirildi-
dginda, yayina donlisim oranlarinda %37,1'den %54,3'e artis
tespit edildi (p<0,01). Sonug: TEMHK so6zIU bildirilerinin yayin-
lanma orani ilk kez degerlendirilmistir. S6zI0 sunumlarin maka-
leye donlisim orani, Ulkemizdeki diger tip bilim dallarinin
calismalarina gore ylksektir. Ancak uluslararasi kongrelerle ki-
yaslandiginda bir miktar geride kalmaktadir. Son 10 yil igindeki
artis umut vadetmektedir.

Anahtar kelimeler: Kongre; endokrinoloji; Turkiye;
toplanti 6zeti; yayinlar
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The Congress of Endocrinology and Meta-
bolic Diseases of Turkey (CEMDT) is one of
the most important national endocrinology
congresses. The 41st Congress was held in
2019. Congresses are environments provid-
ing the platform for researchers to share
their studies and further nurture their re-
search in accordance with constructive rec-
ommendations and criticisms. After
presentations, researchers receive feedback
and are, therefore, benefitted from the ex-
perts in the field and other colleagues; how-
ever, this is generally a less meticulous
assessment than that of indexed journals
(1). The reviewer assessment process in
journals does not just eliminate low-quality
studies but also increases the quality of
studies through revisions before publication
(2).

The value of a scientific conference and its
impact on the scientific society can be esti-
mated by the rate of conversion of presen-
tations to journal publications (3). The
Cochrane review reported the conversion-
to-publication rate as 24.6% for posters and
43.1% for oral presentations (4). As de-
picted in Table 1, in Turkey, the publication
rate for oral presentations of studies in dif-
ferent branches of medical science varies
from 20.4-42.3% (5-14).

There is no previous study about the publi-
cation rate for CEMDT presentations in sci-
entific journals. The aim of this research is
to fill the gap in the literature, to research
the contribution of oral presentations given
at the CEMDT to the literature, and to ana-
lyze the variations over twenty years.

The pdf versions of the congress booklets
from recent years were accessed through
the official website of The Society of En-
docrinology and Metabolism of Turkey
(SEMT). The pdf versions of congress book-
lets from previous years were obtained from
the SEMT. Abstracts of the Congresses held
from 1997-2017 were included in the study.
Due to the European Endocrine Congress
being held in Turkey in 2009, there was no
CEMDT held that year, so that year was ex-
cluded from our study. Congresses in 2000
and 2001 were organized in cooperation
with other foreign foundations. We also ex-

cluded a total of 4 oral presentations in 2000
and 20 oral presentations in 2001, which in-
cluded only foreign authors.

The authors of abstracts were classified as
a single education and research hospital
(ERH), single university hospital, multicen-
ter studies, and other (single state hospitals,
pharmaceutical industry). The province of
the first author’s organization was also
recorded from the abstracts. The number of
authors was enlisted. Studies performed in
cooperation with branches of science outside
of endocrinology were recorded. Presenta-
tions were categorized as clinical studies,
experimental studies, and case reports.
The first author/final author and relevant
keywords were entered in English; if no re-
sults were found, searches were repeated in
Turkish. The relevant abstract was displayed
on the same screen with a search for au-
thors and keywords in Google Scholar and
PubMed via a web-interface (PHP & HTML
coding and MySQL database). Research re-
sults were entered into the database via the
web interface.

Only if an article significantly overlapped
with the authors, title, and content of the
presentation abstract at a high rate was it
accepted as a full publication. Specifically, a
full publication was required to have an au-
thor list, including at least the first and last
authors of the presentation, a title, including
the related keywords as the abstract title,
and apparently reproduce the material and
methods of the presentation. Publications
with different sample sizes (compared to the
abstract) were accepted as a match if the
aim of the study and methods were the
same as the abstract and the author criteria
were compatible (15,16).

If publications could not be reached, the
most appropriate keywords for the presen-
tation were selected, and all publications by
the first/final author between the congress
date and 2020 were searched again. Litera-
ture and relevant citation screening were
completed in January-February 2020.
According to the Web of Science (Clarifying
Analytics, Philadelphia, PA, USA) directory,
articles were divided into two groups- SCI
(Science Citation Index)/SCI-Expanded and
other (Emerging Sources Citation Index,
Index Copernicus, TUBITAK ULAKBIM TR di-
rectory, EBSCOhost, Embase, Scopus, etc.).
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Publication Congress Science

Authors Date Years Branches

Civan Kahve 2020 2012-2016 Psychiatry

et al.{(9)

Evman 2017 2011 Thoracic

et al.(14) Surgery

Ozyurt 2012 2004,2006, Dermatology

et al.{(6) 2008

Ersoy(7) 2016 2009 Plastic,
Reconstructive and
Aesthetic
Surgery

Cekmecelioglu 2019 2011-2014 Anesthesiology

et al.(12) and Reanimation

Yuksel 2018 2012 Urology

et al.(8)

Aksut 2019 2012, 2014, 2016 Cardiovascular

et al.{11) Surgery

Kaya Mutlu 2013 2002,2004, Physiotherapy

et al.(5) 2006,2008

Bagatur 2019 2013,2014 Orthopedics and

et al.(10) Traumatology

Kalyoncu 2011 2005-2009 Rheumatology

et al.{13)

Five-year impact factors were noted from
the InCites Journal Citation Reports (Clari-
vate Analytics). If the presentation was
identified as published, the publication date,
name of the journal, the duration from pres-
entation to publication, the index site for the
journal, the 5-year impact factor (IF),
Q1/Q2/Q3/Q4 categories of the journal in
SCI/SCI-E and changes during the conver-
sion to an article were recorded. The total
number of citations received by the article
was divided by the duration between the
year of publication and 2020 to calculate the
citation/year value.

Our study did not require permission from an
ethics committee as it used data open to pub-
lic access.

Number of
Publications
from Oral
Presentation/
Total Oral
Presentations
64/187

Congress Presentation-To-
Publication Rate

34.2%

Name

National Psychiatry
Congress

National Thoracic 5/23
Surgery Congress

21.7%

National Dermatology 29/134 21.6%

Congress
National 36/118 30.5%
Congress of Plastic,
Reconstructive

and Aesthetic Surgery
Anesthesiology and 136/319 42.3%
Reanimation
National Congresses
Congress of the 34/103 33%
Society of Urological
Surgery

National 279/675 41.3%
Congresses of

Turkish Society of
Cardiovascular Surgery
Physiotherapy 37/181 20.44%
Symposiums
National Turkish 38.5%
Orthopedics and

Traumatology

236/612

Congresses

National Rheumatelogy 28/87 32.1%

Congresses

The descriptive data were represented as
the median and interquartile range (IQR:
difference between 25% and 75% per-
centiles) due to incompatibility with the
normal distribution. Comparisons of nu-
merical data used the Mann-Whitney U
test. Categoric variables were assessed
with the chi-square test. Multivariate analy-
sis used binomial logistic regression to de-
termine relationships between different
variables. Inclusion criteria for the model
were statistical significance in univariate
analysis (p<0.05) and its potential rela-
tionship with publication. Statistical signifi-
cance was accepted as p<0.05.
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Over 20 years, a total of 456 oral presenta-
tions were found to have a presentation-to-
publication ratio of 45.4% (207). These
publications were in journals with a median
IF of 2.79 (IQR: 1.77-3.58) and received a
total of 3697 (median: 9, IQR: 3-21) cita-
tions. The number of citations per year was
computed as 1.26 citations/year per publica-
tion (IQR: 0.5-2.63). The publication rate in
SCI/SCI-E indexed journals was 80.2%
(166). The numbers of Q1/Q2/Q3/Q4 publi-
cations were 43/47/32/44, respectively. The
median publication duration was 20.6 months
(IQR: 6-41 months). The median number of
presentation authors was 6 (IQR: 5-8).
There were 395 (86.6%), 41 (9%), and 20
(4.4%) presentations based on clinical stud-
ies, experimental studies, and case reports,
respectively. Publication conversion rates
were 170 (43%), 27 (65.9%), and 10 (50%)
for clinical studies, experimental studies, and
case reports, respectively (p=0.02) (Figure
1). Experimental studies had a significantly
high rate of conversion to publication, in com-
parison to clinical studies (65.9% vs. 43%,
p=0,005).

When classified according to presentation
topics, the top three topics included thyroid
at 25.2%, diabetes at 22.1%, and pituitary at
14.5%. However, no statistical difference was

Case reports 10 W 50%

Experimental studies 14 M 66%

Type of Stuides

Clinical studies 170

0 50 100 150

H Published

obtained in terms of the publication status ac-
cording to the topic (Figure 2).

Universities gave 75.7% of the presentations
(345), followed by education and research
hospitals at 12% (55), multicenter reports at
10.9% (50), and other organizations at 1.3%
(6). In terms of publication conversion rates
for single universities and single ERB’s has not
shown any statistical significance. (42.9% vs.
40%; p=0.68). Multicenter studies mani-
fested higher publication rates compared to
single university-sourced studies (70% vs.
42.9%; p<0.01). Moreover, a higher rate of
conversion to publication was identified for
multicenter studies, compared to studies
sourced in a single ERH (70% vs. 40%;
p=0.02) (Figure 3).

As compared to presentations authored ex-
clusively by endocrinology researchers, pre-
sentations made in cooperation with branches
of science outside of endocrinology were ob-
served to have a higher rate of conversion to
publication (50.7% vs. 36.8%; p=0.001).
Presentations conducted in cooperation with
researchers from other countries comprised
6.8% (31). Multinational presentations also
demonstrated a higher rate of conversion to
publication than the presentations from sin-
gle countries (74.2% vs. 43.3%; p=0.001).
The presentations involving retrospective
data were 19.3% (88). Studies encompass-

225 H 43%

200 250 300 350 400 450

Count of Presentations

Not Published

Figure 1. Presentation-to-publication rates vs. type of studies, Chi-square test (p=0.02).
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Figure 2. Classification of presentations based on

topic and publication status, Chi-square test (p>0.05).
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Figure 3. Presentation-to-publication rate according to the study center.

ing retrospective data were observed to be
converted to publications at a lower rate
when compared to studies produced from
non-retrospective data (33% vs. 48.4%;
p=0.009).

The multivariate logistic regression analysis
for conversion to publication found that mul-
ticenter studies had twice the probability of
being converted to publication as compared
to single university research studies
(0Odds=2.161 [1.084-4.309]; p=0.029). The
probability of publication for multi-unit stud-

ies was 1.6 times higher when compared to
single unit research (Odds=1.6 [1.07-2.39];
p=0.02). The probability of publication for
multinational studies was found to be 2.72
times compared to research from single
countries (Odds=2.72 [1.07-6.86];
p=0.034). The publication probability of
studies comprising retrospective data was
reduced 1.7 times compared to research in-
volving non-retrospective data
(0dds=1/0.583 [0.352-0.295]; p=0.036).

The most frequent change during the con-
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Status of Change % (n)
65.7% (136)
40.6% (84)
30.9% (64)
29% (60)
24.6% (51)
23.7% (49)
20.3% (42)
Decrease in the number of patients/data 5.8% (12)

Change of the authors’ order
Change in title

Increase in the number of authors
Increase in number of patients/data
Change in the last author

Decrease in the number of authors
Change in the first author

version to articles were in the order of the
authors at 65.71% (136). Other changes
are detailed in Table 2. Fifteen articles
(7.3%) were published a median of two
months before being presented at the con-
gress. The publication conversion numbers
and rates based on provinces with the most
presentations, according to the location of
the organization of the first author, are illus-
trated in Figure 4.

When the two 10-year periods of 1997-2006
and 2007-2017 are compared, the publica-
tion conversion rates increased from 37.1%
to 54.3% (p<0.01) (Table 3). While there
was an increase in ERH presentations (6.4%
vs. 18.5%; p<0.01), there was a decrease
in university presentations (84.2% vs.
68.5%; p<0.01). There was a partial in-

100%
90%

80%

76

70% 79

60%

50%

Presentation-to-publication rate

Ankara istanbul

crease observed for multicenter studies
(9.4% vs. 13%; p>0.05); however, this was
statistically insignificant. There was no sig-
nificant variation in terms of the province of
the first author for the majority of provinces.
However, a significant increase in presenta-
tions from the province of Kayseri (3.8% vs.
10%; p<0.05) was evident.

The rate of conversion to publication for pre-
sentations at the CEMDT congresses was
evaluated for the first time, and it was re-
vealed that the conversion to publication
rate was 45.4% for twenty years of oral pre-
sentations. Comparing the oral presenta-
tions for 1997-2006 and 2007-2017, an
increase was observed in publication con-
version rates from 37.1% to 54.3%. The
2018 Cochrane review explored 425 studies
and reported the conversion to publication
rates as 24.6% for posters and 43.1% for
oral presentations, with an overall rate of
37.3% (4). The rates of conversion to pub-
lication for presentations manifest much
variability according to the congress and the
area of speciality, varying from 8.2-66%
(17). When the 2007 Cochrane review (18)
and the 2018 review were compared, a re-
duction in the overall rate from 44.5% to
37.3% was evident (4). In spite of the de-
crease in the general publication conversion

12

33

40%
30% 19
71
20%
10%
0%

izmir Kayseri

The first author's province

Publiched
P

Not Published
F

Figure 4. Presentation-to-publication rate based on the provinces with most presentations (Top four).
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Total Number of Presentations
Presentation-to-publication rate
Institution
University
Education and Research Hospitals
Multi-Center
Institutional province of the first author
Ankara
Istanbul
izmir
Kayseri
Total of Other Provinces
Publication duration (Median)
Index Category
SCI- (E)
Non-SCI- (E)
SCI-E Categories
Q1
Q2
Q3
Q4
Impact factors of
journals published (Median)

Number of Citations per year of

1997-2006 n (%) 2007-2017 n (%) p value
237 (52%) 219 (48%)
37.1% 54.3% P<0.001
p<0.01
197 (84.2%) 148 (68.5%) &
15 (6.4%) 40 (18.5%) &
22 (9.4%) 28 (13%)
p=0.04
80 (33.8%) 67 (30.6%)
71 (30%) 53 (24.2%)
24 (10.1%) 31 (14.2%)
9 (3.8%) 22 (10%) *
53 (24.4%) 46 (21%)
21 months (IQR: 6-47) 20 months (IQR: 6-37) p>0.05
P=0.38
68 (77.3%) 98 (82.4%)
20 (22.7%) 21 (17.6%)
P=0.14
24 (35.3%) 19 (19.4%)
16 (23.5%) 31 (31.6%)
16 (23.5%) 20 (20.4%)
12 (17.6%) 28 (28.6%)
2.79 (IQR: 1.90-5.54) 2.84 (IQR: 1.77-3.09) p>0.05
1.28 (IQR: 0.59-3.30) 1.25 (IQR: 0.41-2.50) p>0.05

Articles Published {(Median)**

*p<0.05.

** number of citations per year from the date of publication until February 2020.

SCI-E=Science Citation Index/Expanded; IQR= Interquartile range.

rates in the literature, an increase was ob-
served for CEMDT. This increase between the
two decades is an indirect indicator of the en-
hancement in the literature impact of the
CEMDT.

The number of studies reviewing the pub-
lication conversion rates for international
endocrinology congresses are limited com-
pared to other branches of science and
only include the analysis of international
diabetes congresses (19,20). The first
study to identify the publication rate for an
international endocrine congress was com-
pleted with the participation of one of the
current authors, and the publication con-
version rate for oral presentations at the
European Congress of Endocrinology (ECE

2014) was found to be 65% (21). It is
promising that the conversion rate for oral
presentations at the CEMDT has ap-
proached the level of international con-
gresses in the last ten years. Furthermore,
it may be regarded as an indicator that oral
presentations are opted meticulously abid-
ing by international selection standards.

When presentations are classified accord-
ing to the type of organization, the multi-
center studies reflected the highest
publication rate, and studies in collabora-
tion with departments outside of en-
docrinology also portrayed higher rates of
publication conversion. This validated the
importance of cooperation and interdisci-
plinary studies. The lack of observation of
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a significant difference between publication
conversion rates for single university and
single ERH-related presentations may be a
sign of objective assessment while choos-
ing congress presentations.

Few studies are available regarding a biblio-
metric analysis of Turkish endocrinological
research. In terms of metabolic bone dis-
ease, Turkey has a low publication output
(22). Our study revealed that Osteoporosis
and Metabolic Bone Diseases had the lowest
rate in the presentation subjects and also
the lowest publication conversion rate.

For national and international congresses,
the rate of presentations published in a
journal before presentation at the congress
varies from 8.7-20.5% (9,21,23,24). This
rate was low in our study at 7.3%, where
most studies were found to be published
after the congress. This leads to a consid-
eration of the contribution of post-presenta-
tion CEMDT feedback to the process of
conversion to articles.

The publication rate for presentations at na-
tional congresses in SCI/SCI-E journals
varies from 64.3-66.1%, with this rate at
80.6% for the 2014 ECE (12,21,25). With
reference to the CEMDT, the rate was in
agreement with the international congresses.
The order of the authors reflected the most
frequent change (65.7%) during the article
conversion process. For an orthopedics con-
gress, this rate was identified as 61.2% (26).
Changes to the name of the first author had
rates of 5.7-20.7% in the literature (14,26),
while this rate was 20.3% in our study. This
may be affected by the inclusion or exclusion
of authors during the process of conversion
to an article. There was an increase in pa-
tient/data numbers of 29% and a reduction
of 5.8% during publication conversion. This
situation may have affected the change in
author numbers. Changes to the titles was
in accordance with the literature (27).

The reason for non-publication of nearly half
of the oral presentations is a topic requires
clarification. A survey conducted with the
authors whose presentations had not been
converted to publications five years after the
congress summarized the following top 3 re-
sponses regarding lack of publication- insuf-
ficient time to publish, still continuing the
publication process, and problems experi-
enced with co-authors (28). Strategies

should be developed to monitor the process
of publication conversion for oral presenta-
tions at the CEMDT.

Our study has some limitations. Studies
were not classified according to evidence
levels, whereas the rate of studies based on
retrospective data was investigated. Google
Scholar and PubMed were employed as the
search engine, so publications in other in-
dexes or not identified by the search engines
may have been missed. Besides screening
until at least three years after the presenta-
tion, there may have been articles that were
still under journal review during the litera-
ture screening. During literature screening,
despite using a convenient interface pro-
gram to record the search and for the data-
base, human errors may not be eliminated.
Another limitation in terms of assessing the
contribution of the congress to the litera-
ture was that only oral presentations were
assessed, and posters were not included.

To the best of our knowledge, this is the first
study to evaluate the publication rate of
CEMDT oral presentations. The article con-
version rate for oral presentations at the
CEMDT is higher in comparison to studies in
other branches of medical science in Turkey.
However, it remains a little lower in compar-
ison to international congresses. The in-
crease in publication rate during the last ten
years is promising.

Increasing the feedback received during the
congress presentation, encouraging publica-
tion, and following the papers that are pub-
lished after the congress will enhance
academic production.

Using prospective data, collaboration with
non-endocrine units, and multicenter, multi-
national design were determined as factors
that increase the probability of publication as
an article.

It will be useful to develop a website archiv-
ing all congress abstracts. This will help to
track the abstracts that do not turn into a full-
text article and also follow the differences be-
tween the abstract and the full text more
clearly.

Publication outcome of posters needs to be
evaluated in future research.



Turk J Endocrinol Metab.
2021;25:11-20

Saygili et al.

19

Publication Outcome of Oral Presentations at CEMDT

During this study, no financial or spiritual
support was received neither from any phar-
maceutical company that has a direct con-
nection with the research subject, nor from
a company that provides or produces med-
ical instruments and materials which may
negatively affect the evaluation process of
this study.

No conflicts of interest between the authors
and / or family members of the scientific and
medical committee members or members of
the potential conflicts of interest, counsel-
ing, expertise, working conditions, share
holding and similar situations in any firm.

Idea/Concept: Emre Sedar Saygili; Design:
Emre Sedar Saygili; Control/Supervision:
Emre Sedar Saygili; Data Collection and/or
Processing: Emre Sedar Saygili, Ersen
Karakilig, Stleyman Nahit Sendur; Analysis
and/or Interpretation: Emre Sedar Sayaqili,
Ersen Karakilig, Stleyman Nahit Sendur; Lit-
erature Review: Emre Sedar Saygili, Ersen
Karakilig, Sileyman Nahit Sendur; Writing
the Article: Emre Sedar Saygili, Ersen
Karakilig, Stileyman Nahit Sendur; Critical
Review: Emre Sedar Saygili, Ersen Karakilig,
Suleyman Nahit Sendur.

1. Quencer R, Grossman R. Unpublished papers per-
ish. Am J Neuroradiol. 1999;20:962-963.[Link]

2. Esarey J. Does Peer review identify the best papers?
A simulation study of editors, reviewers, and the
scientific publication process. PS Polit Sci Polit.
2017;50:963-969.[Crossref]

3. Gorman RL, Oderda GM. Publication of presented
abstracts at annual scientific meetings: a measure
of quality? Vet Hum Toxicol. 1990;32:470-
472.[PubMed]

4. Scherer RW, Meerpohl 1], Pfeifer N, Schmucker C,
Schwarzer G, von Elm E. Full publication of results
initially presented in abstracts. Cochrane Database
Syst Rev. 2018;20;11:MR000005.[Crossref]
[PubMed] [PMC]

5. Kaya Mutlu E, Celik D, Mutlu C, Razak Ozdingler A.
Fizyoterapide gelismeler sempozyumlarinda kabul
edilen so6zel bildirilerin yayimlanma orani. Turk J
Physiother Rehabil. 2013;24:145-149.[Link]

6. Ozyurt S, Kaptanoglu AF. 2004-2008 yillari arasinda
iki yilda bir yapilan ulusal dermatoloji kongrelerinde
sunulan 6zetlerin yayinlanma oranlari. Dermatoz.
2012;3:7-11.[Link]

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ersoy B. What is the ultimate fate of presented
abstracts? Conversion Rates of Presentations to
International  Publications from the 31st
National Congress of Plastic, Reconstructive, and
Aesthetic Surgery. Turk ] Plast Surg. 2016;24:8-
18.[Crossref]

Yiiksel M, Karamik K, ipekgi T, Anil H, Tunckiran A.
Publication Rates and citation analysis of oral and
poster presentations at the first congress of the So-
ciety of Urological Surgery in Turkiye. J Urol Surg.
2018;5:12-16.[Crossref]

Civan Kahve A, Kaya H, Asut G, Buyukltoglu N,
Cakil AG. Publication rate of abstracts Presented at
the Psychiatry National Congresses Held by the Psy-
chiatric Association of Turkey. Turk Psikiyatri Derg.
2020;31:99-105.[Crossref] [PubMed]

Bagatur E, Yalginkaya M. Publication rates of ab-
stracts presented at the 23rd (2013) and 24th
(2014) National Turkish Orthopedics and Trauma-
tology Congresses: We are not improving. Acta Or-
thop Traumatol Turc. 2019;9;53:248-254.[Crossref]
[PubMed] [PMC]

Aksiit M, Cekmecelioglu D, Giinay D, Ozer T, Altas
0, Ozgiir MM, Kirali MK. The publication rate of oral
presentations presented in national congresses of
Turkish Society of Cardiovascular Surgery. Turk
Gogus Kalp Damar Cerrahisi Derg. 2019;27:329-
335.[Crossref] [PubMed] [PMC]

Cekmecelioglu BT, Kozanhan B, Eren G. Publication
rate of abstracts orally presented at the Turkish So-
ciety of Anaesthesiology and Reanimation National
Congresses. Turk ] Anaesthesiol Reanim.
2019;47:151-157.[Crossref] [PubMed] [PMC]
Kalyoncu U, Cinar M, Derya Demirag M, Yilmaz S,
Erdem H, Kiraz S, Pay S, Ertenli I, Ding A. Ulusal
Romatoloji Kongrelerinde sunulan bildirilerin irde-
lenmesi: Neredeyiz? RAED Derg. 2011;3:6-
10.[Link]

Evman S, Akyil M, Tezel G, Kanbur S, Misirlioglu A,
Akyil F, Baysungur V, Yalcinkaya I, What fate befalls
the congress proceedings? Conversion rates of Na-
tional Thoracic Surgery Congress proceedings into
international publications. Turk J Thorac Cardiovasc
Surg. 2017;25:249-254.[Crossref]

Villani E, Vujosevic S, Specchia C, Tresca Carducci F,
De Cilla S, Nucci P. The fate of abstracts presented
at international ophthalmology meetings: 2- and 5-
year publication rates. Eur J Ophthalmol.
2019;1;29:148-157.[Crossref] [PubMed]

Kim YG, Choi CB, Kang SW, Kim J, Kim YD, Lee ],
Lee MS, Lee YH, Min JK, Park MC, Park SH, Park YW,
Lee SW, Jun ]B. Fate of abstracts presented at the
Korean College of Rheumatology Annual Scientific
Meetings. J Rheum Dis. 2019;26:41-45.[Crossref]
Raju SA, Sanders DS, Akram R, Glover R, Al-Rifaie
A, Peever E, Purves J, Scanu E, Kurien M. United Eu-
ropean Gastroenterology Week scientific abstracts
and their progression to full publication. Eur J Gas-
troenterol Hepatol. 2017;29:1136-1140.[Crossref]
[PubMed]

Scherer RW, Langenberg P, von EIm E. Full publica-
tion of results initially presented in abstracts.
Cochrane Database Syst Rev.
200718:MR000005.[PubMed]


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7056250/
https://doi.org/10.1017/S1049096517001081
https://www.ncbi.nlm.nih.gov/pubmed/2238450
https://doi.org/10.1002/14651858.MR000005.pub4
https://pubmed.ncbi.nlm.nih.gov/30480762/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7073270/
https://www.researchgate.net/publication/264732941_Publication_rates_of_oral_presentations_accepted_at_advances_in_physiotherapy_symposiums
http://cms.galenos.com.tr/Uploads/Article_36813/Dermatoz-3-7.pdf
https://doi.org/10.5152/TurkJPlastSurg.2016.1904
http://cms.galenos.com.tr/Uploads/Article_16881/JUS-5-12-En.pdf
http://submission.turkpsikiyatri.com/default.aspx?s=public~kabul&mId=23808
https://pubmed.ncbi.nlm.nih.gov/32594497/
https://www.aott.org.tr/en/publication-rates-of-abstracts-presented-at-the-23rd-2013-and-24th-2014-national-turkish-orthopedics-and-traumatology-congresses-we-are-not-improving-133421
https://pubmed.ncbi.nlm.nih.gov/31300190/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6738352/
https://tgkdc.dergisi.org/text.php?lang=en&id=3276
https://pubmed.ncbi.nlm.nih.gov/32082880/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7021420/
https://turkjanaesthesiolreanim.org/en/publication-rate-of-abstracts-orally-presented-at-the-turkish-society-of-anaesthesiology-and-reanimation-national-congresses-1326
https://pubmed.ncbi.nlm.nih.gov/31080958/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6499049/
https://docplayer.biz.tr/8484396-Ulusal-romatoloji-kongrelerinde-sunulan-bildirilerin-irdelenmesi-neredeyiz.html
https://tgkdc.dergisi.org/
https://journals.sagepub.com/doi/10.1177/1120672118784802
https://pubmed.ncbi.nlm.nih.gov/29972313/
https://doi.org/10.4078/jrd.2019.26.1.41
https://journals.lww.com/eurojgh/Abstract/2017/10000/United_European_Gastroenterology_Week_scientific.5.aspx
https://pubmed.ncbi.nlm.nih.gov/28749794/
https://pubmed.ncbi.nlm.nih.gov/17443628/

20 Saygili et al. Turk J Endocrinol Metab.
Publication Outcome of Oral Presentations at CEMDT 2021;25:11-20
19.Payne C. Publication of abstracts presented at dia- 25.Erdad TK, Durmusodlu M, Demir AO, Dogan E, Ikiz

betes meetings.

Diabetes Care. 1999;22:362.

[Crossref] [PubMed]
20.J6rgens V, Grusser MM, Schirmann P, Muller UA.
Fate of abstracts submitted to the 2004 EASD An-

nual

Meeting in Munich. Diabetologia.

2014;57:1997-1999. [Crossref] [PubMed] 26.

21.Saygili ES, Yildiz BO. Publication outcome of ab-
stracts presented at European Congress of En-
docrinology via web scraping and automated
searches. Endocr Abstr. 2020.[Link]

22.Konca Degertekin C, Turhan lIyidir O, Gogas Yavuz
D. A bibliometric analysis of turkey's contribution to
bone health literature from an endocrinologist per- 27.
spective. Turk J Endocrinol Metab. 2019;23:33-37.
[Crossref]

23.0ktay V, Calpar Cirali I, Serin E, Sansoy V. A de-
scriptive analysis of abstracts presented at the
Turkish National Cardiology Congresses between
2011 and 2015. Anatol J Cardiol. 2018;20:16-20. 28.
[Crossref] [PubMed] [PMC]

24.Kleine-Konig MT, Schulte TL, Gosheger G, Rédl R,
Schiedel FM. Publication rate of abstracts presented
at European Paediatric Orthopaedic Society Annual

Meetings,

2006 to 2008. ] Pediatr Orthop.

2014;34:e33-38.[Crossref] [PubMed]

AO. [Analysis and publication rate of the presenta-
tions at the Turkish National Otorhinolaryngology
and Head and Neck Surgery meetings]. Kulak Burun
Bogaz Ihtis Derg. 2014;24:89-96.[Crossref]
[PubMed]

Yalginkaya M, Bagatur E.
presented at a National Turkish Orthopedics
and Traumatology Congress: publication rates
and consistency of abstracts compared with
their subsequent full-text publications. Acta Orthop

Fate of abstracts

Traumatol  Turc. 2013;47:223-230.[Crossref]
[PubMed]
Bhandari M, Devereaux PJ, Guyatt GH, Cook

DJ, Swiontkowski MF, Sprague S, Schemitsch
EH. An observational study of orthopaedic abstracts
and subsequent full-text publications. J Bone

Joint Surg Am. 2002;84:615-621.[Crossref]
[PubMed]
Sprague S, Bhandari M, Devereaux PJ,

Swiontkowski MF, Tornetta P 3rd, Cook DJ,
Dirschl D, Schemitsch EH, Guyatt GH. Barriers
to full-text publication following presentation of
abstracts at annual orthopaedic meetings. J Bone
Joint Surg Am. 2003;85:158-163. [Crossref]
[PubMed]


https://care.diabetesjournals.org/content/22/2/362.1
https://pubmed.ncbi.nlm.nih.gov/10333959/
https://doi.org/10.1007/s00125-014-3309-6
https://pubmed.ncbi.nlm.nih.gov/24962671/
https://www.endocrine-abstracts.org/ea/0070/ea0070aep550.htm
http://www.turkjem.org/current-issue/turkiye-nin-kemik-hastaliklari-literaturune-katkisini-endokrinolojik-cerceveden-degerlendiren-bibliyometrik-bir-analiz-14886
https://jag.journalagent.com/anatoljcardiol/pdfs/AJC-94803-ORIGINAL_INVESTIGATION-OKTAY.pdf
https://pubmed.ncbi.nlm.nih.gov/29952357/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6237791/
https://doi.org/10.1097/BPO.0000000000000140
https://pubmed.ncbi.nlm.nih.gov/24590329/
https://doi.org/10.5606/kbbihtisas.2014.44520
https://pubmed.ncbi.nlm.nih.gov/24835904/
https://www.aott.org.tr/en/fate-of-abstracts-presented-at-a-national-turkish-orthopedics-and-traumatology-congress-publication-rates-and-consistency-of-abstracts-compared-with-their-subsequent-fulltext-publications-134096
https://pubmed.ncbi.nlm.nih.gov/23999508/
https://doi.org/10.2106/00004623-200204000-00017
https://pubmed.ncbi.nlm.nih.gov/11940624/
https://doi.org/10.2106/00004623-200301000-00024
https://pubmed.ncbi.nlm.nih.gov/12533587/

Turk J Endocrinol Metab. 2021;25:21-31

21

Clinical Spectrum and Outcome of Patients with
Graves'’ Disease: A Single-Center Experience from
a Tertiary Care Institution in the Kashmir Valley,

India

Graves Hastaligi Olan Hastalarin Klinik Spektrumu ve Sonuglari:

Kesmir Vadisindeki (Hindistan)

Uclincli Basamak Bir Sadlik Kurumunda Tek-Merkezli Deneyim

Mohammad Hayat BHAT,

Waseem QURESHI, **

Javaid Ahmad BHAT,

Shariq Rashid MASOODI, *

Junaid Rashid DAR,** = Moomin Hussain BHAT*

Department of Endocrinology, Superspeciality Hospital, GMC, Srinagar, INDIA
*Department of Endocrinology, Sher-i-Kashmir Institute of Medical Sciences, Srinagar, INDIA
**Department of Medicine, Government Medical College, Srinagar, INDIA

Abstract

Objective: Graves’ disease (GD) is a common autoimmune disorder with
variable outcomes. We aim to study the clinical manifestations and treat-
ment outcome of GD in the post-iodization scenario. Material and Met-
hods: The present study was designed as a cross-sectional study, in which
a total of 180 patients with GD (127 males and 53 females) attending our
center were reviewed retrospectively. The demographic data, modes of tre-
atment, comorbidities, remission, and recurrence rates were determined
for the patients. All patients were initially treated with anti-thyroid drugs
(ATDs), with the subsequent management depending on the course of the
disease. Results: The mean (£SD) age at diagnosis was 38.30 (10.73)
years and the lag period between the onset of symptoms and the diagno-
sis was 5.12 (2.69) months, with the male patients having a significantly
shorter duration of iliness compared to females (4.36 vs. 5.44 months;
P=0.015). Majority of the patients presented with the typical symptoms
and signs associated with hyperthyroidism and/or goiter, although the aty-
pical presentations were not uncommon. ATDs were the most preferred
treatment modality employed to achieve clinical and biochemical remis-
sion. The mean duration of achieving euthyroidism and the normalization
of TSH levels were 3.31£1.51 and 7.45+3.35 months, respectively. On fol-
low-up at three months, 46.1% of the patients were euthyroid, with nor-
malization of the TSH levels in 15.6% of them. Failure to achieve early
remission/disease control was significantly higher in males (p=0.003) and
smokers (p=0.036). Among the 72 patients who completed medical the-
rapy, 49 patients achieved remission, of whom 20 patients relapsed with a
first-year relapse rate of 20.4%. Disease relapse was significantly asso-
ciated with higher initial 99 mTechnetium (99™Tc) uptake (p=0.022) and
higher grade of goiter (p=0.026) at presentation. The logistic regression
analysis revealed male gender (p=0.048) and orbitopathy (p=0.036) as
the independent risk factors predicting relapse of the GD. Conclusion:
Graves' disease manifests with varied clinical manifestations, including the
atypical ones, warranting careful clinical assessment to ensure an accu-
rate diagnosis. Gender and orbitopathy are the independent risk factors
predicting the relapse of the disease.

Keywords: Anti-thyroid drugs; diffuse toxic goiter;
hyperthyroidism; total thyroidectomy;
thyrotoxicosis

Ozet

Amag: Graves hastaligi (GD), gesitli sonuglari olan yaygin bir otoimmiin
bozukluktur. Iyodizasyon sonrasinda GD’nin klinik belirtilerinin ve tedavi
sonuglarinin incelenmesi. Gereg ve Yontemler: Bu galisma, merkezimize
basvuran toplam 180 GD'li (127 erkek ve 53 kadin) hastanin retrospektif
olarak incelendigi kesitsel bir galisma olarak tasarlandi. Hastalarin demo-
grafik verileri, tedavi sekilleri, komorbiditeleri, remisyon ve relaps oranlari
belirlendi. Tim hastalar baslangigta anti-tiroid ilaglar (ATD'ler) ile tedavi
edildi ve ardindan hastaligin seyrine bagli olarak yonetildi. Bulgular: Tani
anindaki ortalama (£SS) yas 38,30 (10,73) idi, semptomlarin baslangici ile
tani arasindaki gecikme suresi 5,12 (2,69) aydi, erkek hastalar kadinlara
gore anlamli olarak daha kisa hastalik siiresine sahipti (4,36 vs 5,44 ay;
p=0,015). Hastalarin cogunlugu hipertiroidizm ve/veya guatr ile iliskili tipik
semptom ve bulgularla basvurdu, ancak atipik tablolar da nadir degildi.
ATD'ler, klinik ve biyokimyasal remisyon saglamak igin en gok tercih edilen
tedavi yéntemiydi. Otiroidizme ulasilmasi ve TSH diizeylerinin normalles-
mesi icin gegen ortalama sire sirasiyla 3,31+1,51 ve 7,45+3,35 aydi. Ug
ayhk takipte, hastalarin %46,1'i 6tiroid oldu ve %15,6'sinda TSH seviye-
leri normallesti. Erken remisyon/hastalik kontrolt saglanamamasi erkek-
lerde (p=0,003) ve sigara igenlerde (p=0,036) anlamh olarak daha
ylksekti. Medikal tedaviyi tamamlayan 72 hastadan 49'unda remisyon sag-
landi, bunlardan 20'sinde relaps izlendi, ilk yil relaps orani %20,4 idi. Has-
taligin relapsi, bagvuru sirasindaki daha yliksek baslangig 99 mTechnetium
(99™Tc) ahmi (p=0,022) ve daha ylksek guatr derecesi (p=0,026) ile an-
lamli sekilde iliskiliydi. Lojistik regresyon analizine gére, GD relapsini 6n-
gorduren bagimsiz risk faktorleri erkek cinsiyet (p=0,048) ve orbitopati
(p=0,036) idi. Sonug: Graves hastalidi, atipik olanlar da dahil olmak lzere
gesitli klinik belirtilerle kendini gosterir ve dogru tani igin dikkatli bir klinik
degerlendirme gereklidir. Cinsiyet ve orbitopati, hastaligin relapsini 6ngér-
dlren badimsiz risk faktorleridir.

Anahtar kelimeler: Antitiroid ilaglar; toksik diffiiz guatr;
hipertiroidizm; total tiroidektomi;
tirotoksikoz
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Graves’ disease (GD) is a multi-systemic
disorder of autoimmune etiology, which re-
sults from complex interactions between ge-
netic and environmental factors (1,2). It is
the most common cause of hyperthyroidism,
accounting for 60% to 80% of the cases,
with an annual incidence of 20 to 50 cases
per 100,000 individuals (3). As with the
other autoimmune diseases, GD affects
women more than men, with a peak inci-
dence occurring between the age of 30 and
50years, although people may be affected
at any age. According to the data from
Nurses’ Health Study II (NHSII), the 12-
year incidence of GD among women aged
between 25 to 42years was as high as
4.6/1000 (4). Hyperthyroidism, diffuse goi-
ter, and/or orbitopathy are the cardinal
manifestations of GD, although other organ
systems may also be affected, resulting in a
plethora of clinical signs and symptoms. The
severity and duration of the disease, as well
as the patient’s age at onset, determine the
presentation and the course of the disease
(5). The manifestation of the disease either
results from hyperthyroidism (goiter in cer-
tain cases) or is a consequence of underly-
ing autoimmunity (6). Impaired quality of
life, resulting in an inability to work (7,8)
and an increased risk of death (9) associated
with GD render it imperative to understand
the natural history of GD. While trying to
study GD, there is a need to renew focus on
epidemiology, pathogenesis, and the subse-
quent management to restore euthyroidism
for a favorable outcome of the disease. Clin-
ical and biochemical features of thyrotoxico-
sis, particularly those with a long duration
and/or orbitopathy, along with a diffuse in-
crease in radioactive iodine or technetium
uptake scan, confirm the diagnosis of GD.
The treatment for GD comprises rapid con-
trol of the symptoms, generally with a beta-
adrenergic blocker, and reduction of thyroid
hormone secretion using one of the several
modalities available, including ATDs, ra-
dioactive iodine therapy (RAI), and surgery;
the selection of the treatment modalities
often varies according to different guidelines
and local traditions.

The Kashmir Valley, located in the North-In-
dian Union territory of Jammu and Kashmir,
has been a known iodine-deficient area

(10). With the universal implementation of
salt iodization, a marked improvement in
the overall iodine nutrition was observed in
the Kashmir Valley (11). It is well known
that the incidence of hyperthyroidism, in-
cluding GD, may increase after salt iodiza-
tion (12). Therefore, it is imperative to study
the clinical manifestations and the treatment
outcome of GD in the Kashmir Valley in the
post-iodization scenario.

To have an in-depth discussion on GD
through the study of clinical manifestations
and treatment outcomes of GD in the post-
iodization scenario.

The present study reports a two-year retro-
spective analysis of GD patients who pre-
sented to the Endocrine outpatient
department of the super-speciality hospital
of Government Medical College, Srinagar,
between June 2017 and December 2019.
The study was performed in accordance with
the Declaration of Helsinki statement for
medical research involving human subjects.

A total of 180 consecutive patients with GD
were included in the present study.

The medical records of all patients were re-
viewed, and questionnaire sessions were
conducted to obtain information regarding
the demographics (age, gender, weight, and
height), presentation (signs and symp-
toms), smoking status, duration of the dis-
ease, history of disease evolution and
progression, routine laboratory investiga-
tions, thyroid function tests, treatment
modality, outcomes, presence of comorbidi-
ties, and the last-available status of the dis-
ease. Various thyroid function tests were
performed, including the estimation of Thy-
roid Stimulating Hormone (TSH), Total Thy-
roxine (T4), Total Triiodothyronine (T3), Free
Thyroxine (FT4), Free Triiodothyronine
(FT3), TSH Receptor Antibody (TRAb), and
anti-thyroid peroxidase (anti-TPO). In-
formed consent was obtained from each pa-
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tient, after which a general physical exami-
nation and a detailed systemic examination,
was carried out and the relevant data were
recorded and tabulated. The goiters were
classified according to the World Health Or-
ganization (WHO) recommendations: Grade
0, no goiter is palpable or visible; Grade 1,
palpable goiter not visible when the neck is
held in normal position; Grade 2, goiter vis-
ible when the neck is held in normal posi-
tion. The reference ranges for normal values
for the various laboratory investigations in-
cluded: 0-6.1 IU/mL for TPO, 0.35-5.5
mIU/L for TSH, 12-22 pmol/L for FT4, 3.2-
12.6 mcg/dL for tT4, 0.6-1.81 ng/mL for
tT3, and 3.1-6.8 pmol/L for FT3. Thyroid up-
take evaluation and scintigraphy were per-
formed twenty minutes after the
administration of an intravenous injection of
370 MBqg (10 mCi) of °° mTc-pertechnetate.
Images were captured in a supine position
using a gamma camera with a pinhole colli-
mator. 99™Tc uptake between 0.4% and
7.1% was considered normal (13). The
higher upper limit of 99™Tc uptake was in
accordance with the normal reference range
results obtained for the thyroid uptake of
99™Tc pertechnetate, which is used as a
measure of the iodide-trapping function in
the areas with iodine deficiency (14).

The diagnosis of GD was based on the clini-
cal features of thyrotoxicosis and the bio-
chemical evidence of hyperthyroxinemia
(raised levels of FT3, FT4, tT4, and tT3)
along with suppressed TSH complemented
by diffuse uptake detection in thyroid imag-
ing by 99™Tc scintigraphy. In the absence of
thyroid scintigraphy, a diagnosis of GD was
considered in patients with a long duration
of thyrotoxic symptoms, requirement of
ATDs for a prolonged period, and the pres-
ence of an infiltrative ophthalmopathy.

After obtaining written informed consent
from the eligible patients, a detailed history
from each patient was obtained from the
patient and/or a reliable person well ac-
quainted with the patient. The sociodemo-
graphic and clinical data were obtained from
the patients and/or their relatives and
recorded in semi-structured formats. Be-
sides various thyroid function tests, differ-
ent routine blood investigations like

complete hemogram, ESR, blood glucose
levels, serum urea/creatinine levels, lipid
profile, liver function tests, levels of serum
electrolytes, and imaging, were carried out
as per need of the patient and were
recorded in a structured proforma.

The obtained data were first entered into Mi-
crosoft Excel datasheets. All statistical anal-
yses were performed using the SPSS
(Statistical Package for the Social Sciences)
version 25.0 software from IBM Corporation,
NY, United States. The data were analyzed
using the independent student’s t-test and
one-way ANOVA, along with multiple range
tests. Appropriate non-parametric tests,
such as Mann Whitney, Kruskal Wallis, and
the other tests, were used wherever appli-
cable. Multiple logistic regression analysis
was performed using relapse as the depen-
dent variable while age, gender, smoking
status, goiter, the grade of goiter, dermopa-
thy, orbitopathy, T3, T4, T3/T4 ratio, anti-
TPO level, and the initial 99™Tc uptake as
the independent variables. A P-value of less
than 0.05 was considered significant.

The present study included 180 consecutive
patients diagnosed with GD, comprising of
127 females and 53 males, with a female to
male ratio of 2.4:1.0 (Table 1). The mean
age at presentation was 38.30+10.73 years,
with men relatively younger than the
women. The anti-TPO antibody levels prior
to the initiation of medical therapy were
positive in 90.6% (n=145) of the patients
with available levels (n=160). The mean lag
period between the onset of symptoms and
the diagnosis was 5.12 £2.69 months, with
males presenting earlier compared to fe-
males (p=0.015) (Table 2). The presenting
signs and symptoms in decreasing order of
frequency are listed in Table 3. The mean
(£SD) pulse rate, systolic blood pressure,
and diastolic blood pressure at presentation
were 109.68 (£11.53), 118.36 (£11.20),
and 77.64 (£7.21), respectively, with no
significant differences between the genders.
At the time of assessment, several patients
had already been on anti-thyroid medication
for variable periods of time. At the first as-
sessment at three months, most of the pa-
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Table 1. Baseline characteristics of the patients with Graves’ disease and their treatment outcomes.

Variables Total Cohort (n=180) Mean+SD
Age Yrs. 38.30+10.73
BMI Kg/m? 22.27+4.16
Smoker n (%) 43
Duration of disease (months) 22.12+11.50
T3 ng/mL 3.71+1.72
T4 mcg/dL 19.15+5.18
T3/T4 ratio 18.42+6.57
ATSH microIU/mL 0.005
Anti-TPO level (IU/mL) 584.02+411.79
Anti-TPO Status n (%) 87
TRABS (n=21) 4.80+3.59
Total 99mTechnetium uptake (Initial)% 38.03+24.34
Duration of symptoms prior to presentation {months) 5.12+2.69
Dose of ATD (mg) 32.25+11.01
Mean duration of treatment {months) 22.51+12.56
Mean duration on follow up (months)* 25.96+7.94
Active n (%) 69
Control n (%) 83
Duration to Euthyroidism months 3.31+1.51
Patients with normal TSH n (%) 28
Duration to TSH normalization months 7.45+3.53
Hypothyroid episodes n (%) 32

95% Confidence Interval (C.I)

36.72-39.87
21.63-22.92
23.9%
18.91-25.33
3.46-3.97
19.14-20.62
17.44-19.41
0.00-0.009
501.46-666.58
90.6%
1.47-8.12
34.06-42.00
4.73-5.52
30.63-33.87
19.30-25.73
22.52-29.39
38.3%
46.1%
3.06-3.55
15.6%
6.73-8.16
17.8%

SD: Standard deviation; Yrs: Years; Anti-TPO: Anti-thyroid Peroxidase; BMI: Body mass index; TSH: Thyroid-stimulating hormone;
T4: Total Thyroxine; T3: Total Triiodothyronine, TRABS: TSH receptor antibodies; ATD: Anti-thyroid drugs; median (minimum-ma-
Ximum), *Follow up of patients post completion of the first course of ATDs.

Table 2. Comparative analysis of various parameters according to gender.

Males (n=53) Females (n=127)
Variables MeanxSD (95% C.I) MeanxSD (95% C.I) Sig
Age years 37.62+10.73 38.58+10.76 0.586
(34.66-40.58) (36.69-40.47)
Smoker n (%) 37 (69.8) 6 (4.7) 0.001*
T4 mcg/dL 21.02+5.24 19.39+4.75 0.045*
(19.56-22.49) (18.53-20.24)
Duration of symptoms before presentation (months) 4.36+£2.73 5.44+2.62 0.015%*
(3.60-5.12) (4.98-5.90)
PR beats/minute 108.49+14.28 110.18+10.18 0.372
(104.55-112.42) (108.38-111.97)
SBP mmHg 119.05+8.38 118.07+12.21 0.596
(116.74-121.36) (115.92-120.23)
DBP mmHg 78.71+5.92 77.19+7.66 0.199
(77.08-80.35) (75.84-78.55)
Active n (%) 27 (50.9) 42 (33.1) 0.003*
Control n (%) 24 (45.3) 59 (46.5) 0.003*
Patients with normal TSH n (%) 2 (3.8) 26 (20.5) 0.007*

SD: Standard deviation; *- Significant; Anti-TPO: Anti-thyroid peroxidase; TSH: Thyroid-stimulating hormone; T4: Total Thyroxine;
T3: Total Triiodothyronine; M: Male; F: Female.
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Symptoms n (%)

Palpitation 155 (86.1)
Heat intolerance with sweating 153 (85.0)
Weight loss 118 (65.6)
Increased frequency of Stools 97 (53.9)
Sleep disturbance 96 (53.3)
Pruritus 71 (39.9)
Muscle weakness and fatigue 40 (22.2)
Hyperpigmentation 34 (18.9)
Dysphagia 32 (17.8)

tients were controlled (46.1%), with nor-
malization of the TSH levels in 15.6% of
them. Although 53.9% of the patients were
still having hyperthyroxinemia, the intensity
of symptoms and the degree of hyperthy-
roxinemia had improved.

The mean duration to achieve euthyroidism
and the normalization of the TSH levels was
3.31+1.51 months and 7.45+3.35 months,
respectively. In the course of treatment,
17.8% (n=32) of the patients developed
overt hypothyroidism requiring a transient
reduction/termination of ATDs along with
the reintroduction of the drug in several of
these patients once the biochemical euthy-
roidism (euthyroxinemia) was achieved. In-
filtrative ophthalmopathy occurred in 57.8%
(n=104) of the patients, while proptosis oc-
curred in 26.7% (n=48) of the patients. De-
tailed information regarding TAO obtained in
the present study would be published in a
separate manuscript. Atypical presentation
in the form of Hashimoto’s encephalopathy
and recurrent acute pericarditis were ob-
served in one patient each, atrial fibrillation
occurred in seven patients, and pyrexia of
unknown origin was the presenting manifes-
tation in four patients. The other associated
comorbid conditions included diabetes mel-
litus in seven patients and hypertension in
ten patients. In regard to the treatment of-
fered, almost all the patients received ATDs
to achieve biochemical and clinical remis-

Signs n (%)
Goitre 173 (96)
Grade of Goitre 2 147 (85)
26 (15)
Sinus Tachycardia 140 (78.2)
Peripheral Tremor 164 (91.1)
Warm Moist hands 118 (65.6)
Ophthalmopathy 104 (57.8)
Clinical activity score 0-2 50 (88)
23 7 (12)
Proptosis 48 (26.7)
Bruit 15 (8.3)
Thrill 8 (4.4)
Dermopathy 01 (0.6)
Atrial Fibrillation 07 (3.9)

sion, with the majority receiving treatment
with carbimazole. Beta-blockers were pre-
scribed to all symptomatic patients after ex-
cluding contraindications. Thionamides were
generally well-tolerated in our cohort, with
few patients developing common and mild
adverse effects, including rash, pruritus, and
gastrointestinal symptoms in the form of
gastric irritation, dysgeusia, and loose
stools. Two patients developed transamini-
tis and required transient interruption of the
ATDs. These adverse effects were managed
with symptomatic measures only.

The remission rate among the patients who
completed 18-24 months of the first-line
treatment with ATDs was 68% (n=49/72),
with the mean duration of remission being
12.87+6.88 months. Remission was consid-
ered when the period of euthyroidism lasted
for over six months after the termination of
ATDs following a standard duration of 18-24
months of drug therapy. A comparison of
various characteristics between remitters
and non-remitters is provided in Table 4.
Higher initial levels of TSH (p=0.007),
smoking status (p=0.026), and higher 99™Tc
uptake (p=0.05) were associated with re-
mission. Similarly, the development of hy-
pothyroidism during therapy was
significantly (p=0.018) associated with re-
mission. Among the 49 patients who
achieved remission, 20 patients (41%) re-
lapsed after a mean duration of 11.86+3.34
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Remission (n=49) Non Remission (n=23)

Variables MeanxSD MeanxSD Sig.

Age (Years) 38.49+£10.96 35.73+8.36 0.123
T3 ng/mL 3.63£1.42 3.71+1.80 0.124
T4 mcg/dL 19.89+5.23 20.46+4.15 0.216
T3/T4 ratio 17.76+5.87 17.95+7.54 0.267
TSH microIU/mL 0.015+0.026 0.009+40.013 0.007*
Anti-TPO level IU/mL 686.28+395.12 557.00+398.98 0.993
Duration of symptoms (months) 5.24+2.31 5.52+3.21 0.069
Duration for Euthyroidism (months) 8.79+3.51 7.36£2.95 0.322
Total 99 mTechnetium uptake% 43.85+24.59 38.56+25.19 0.05*
Gender M-n (%) 12 (24.5) 10 (43.5) 0.089

F-n (%) 37 (75.5) 13 (56.5)
Smoker n (%) 9 (18.4) 10 (43.5) 0.026*
Goitre n (%) 48 (98) 23 (100) 0.681
Goitre grade 1n (%) 3 (6) 4 (17) 0.264
2 n (%) 45 (92) 19 (83)

Orbitopathy n (%) 19 (38.8) 5(21.7) 0.122
Hypothyroid n (%) 19 (38.8) 3 (13) 0.023*

SD: Standard deviation; *- Significant; Anti-TPO: Anti-thyroid Peroxidase; TSH: Thyroid-stimulating hormone; T4:Total Thyroxine;
T3: Total Triiodothyronine; M: Male; F: Female.

Table 5. Comparative analysis of the relapse and non-relapse groups.

Relapse (n=20) Non-relapse (n=29)

Variables MeantSD MeanxSD Significance
Age (Years) 39.50+12.02 37.79+£10.32 0.597
T3 ng/mL 4.00+1.72 3.37+1.13 0.131
T4 mcg/dL 21.29+4.43 19.88+3.92 0.246
T3/T4 ratio 18.85+7.32 17.02+4.61 0.287
TSH microIU/mL 0.016+0.026 0.015+0.026 0.910
Anti-TPO level IU/mL 803.76+403.02 607.95+379.12 0.154
Duration of symptoms (months) 5.65+2.71 4.96+1.99 0.314
Total duration of disease (months) 47.40£17.01 52.00+23.10 0.452
Duration for Euthyroidism {months) 8.71+£2.94 8.83+£3.80 0.923
Total 99 mTechnetium uptake 54.07+26.64 37.28+21.13 0.022*
Gender M-n (%) 7 (35) 5(17) 0.140

F-n (%) 13 (65) 24 (83)
Smoker n (%) 5 (25) 14 (27.5) 0.543
Goitre n (%) 19 (95) 29 (100) 0.408
Goitre grade 1-n (%) 0 11 (37.9) 0.026*

2-n (%) 19 (95) 18 (62.1)
Orbitopathy n (%) 9 (45) 15 (29.4) 0.166

SD: Standard deviation; *- Significant; Anti-TPO: Anti-thyroid Peroxidase; TSH: Thyroid-stimulating hormone; T4:Total Thyroxine;
T3: Total Triiodothyronine; M: Male; F: Female.

months (Table 5). Relapse was defined as a and T4 levels, at least after six months of
reappearance of the signs and symptoms of discontinuation of the ATDs. The relapse
thyrotoxicosis and the elevation of serum T3 rate after the first and second year was
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22.5% and 41%, respectively. A comparison
between the patients with and without re-
lapse is presented in Table 5. Higher initial
99"Tc uptake (p=0.022) and higher grades
of goiter (p=0.026) were significantly asso-
ciated with the relapse of the disease. Sev-
eral factors were evaluated in the logistic
regression analysis for their potential to pre-
dict the relapse of GD, and therefore, the re-
quirement for definitive treatment. Male
gender [odds ratio (OR)=0.548, p=0.048]
and orbitopathy (OR=0.393, p=0.036) were
identified as the independent risk factors
predicting the relapse of GD.

Among the patients who failed to achieve re-
mission (n=23), seven patients (mostly
young and unmarried patients) were ra-
dioablated, while three patients having a
large goiter with compressive features un-
derwent surgery. The remaining patients
(n=13) preferred undergoing another
course of ATDs over the other treatment
modalities. The remission rate in both ra-
dioablated and surgically-managed patients
was 100%. However, Levothyroxine re-
placement was required in 71.4% (n=5) of
the RAI-treated (n=7) and 66.7% (n=2) of
the surgically-treated patients, as well as in
17% (n=5) of the initially ATD-treated pa-
tients in remission (n=29).

Patients with Graves’ disease (GD) consti-
tute a major proportion of the patients pre-
senting to the endocrine clinics across the
world. GD is a disease with varied clinical
presentations, including typical and atypical,
and a relatively prolonged course on account
of higher rates of recurrences and relapse.
Therefore, a proper understanding of the
epidemiology and the clinical manifestations
of the GD cases, including the atypical ones,
is crucial for detecting these disorders at the
preclinical stage and preventing the subse-
quent complications associated with the dis-
ease. The association of GD with morbidity
and an increased risk of mortality add to the
necessity of proper management of this dis-
ease and the associated complications. The
present retrospective study reports the clin-
ical data, investigative profile, management,
and outcome of the GD patients who pre-
sented to the endocrine unit of a tertiary-
care hospital.

The predominant involvement of women in
the present study is in agreement with the
findings documented in the Iliterature
(4,15,16). This is also consistent with the
autoimmune nature of GD, as autoimmune
diseases tend to affect females more than
males (17). While the females outnumbered
the males in the present study, the propor-
tion was less than that reported in the other
studies (4,16). This could be the result of the
improved iodine status of the population
(11), following the universal iodization pro-
gram and a consequent increase in the ten-
dency for autoimmune disorders (18), which
might have ultimately resulted in a lower fe-
male to male ratio. Moreover, ethnic varia-
tion, regional differences, and/or poor
accessibility to medical facilities among fe-
males due to various socio-religious factors
might also explain the lower female to male
ratio.

Although no age group is immune to GD, it
most commonly occurs in the third and
fourth decade of life. The results of the pre-
sent study also supported the occurrence of
GD in this age group. The mean age (£SD)
of presentation of GD in our study cohort
was 39.46 (£11.59) years, which is in line
with the results reported by a previous
study (14). While the youngest age of pre-
sentation of GD was 13 years, a 67 year
male was also diagnosed with this condition.
GD presents with a plethora of characteris-
tic manifestations, resulting from hyperthy-
roidism, the associated goiter in certain
cases, or the underlying autoimmunity. The
signs and symptoms observed in our study
cohort (Table 2) were consistent with the re-
sults documented in the literature (15).
Sleep disturbances were present in a signif-
icant number of patients in the present
study. The exact reason for the same is not
known, although factors such as palpita-
tions, heat intolerance, and pruritus could
be contributors. The proportion of ophthal-
mopathy in the present study was 57.4%,
which is close to the range of 25-50% re-
ported in the literature (18). One of the high-
lights of the present study was the presence
of pruritus in a significant number of pa-
tients (40%), as was reported in a previous
study (20), although much higher than the
percentage reported in another study (21).
Most of our patients responded to antihis-
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tamines, although they attained complete
relief of their symptoms only upon achiev-
ing euthyroidism (21). It is postulated that
cell-mediated immunity results in the lower-
ing of the mast cell threshold and the sub-
sequent release of histamine responsible for
pruritus in these patients.

One of the important observations of our
study was the higher values of 99™Tc uptake
in the study cohort notwithstanding the
marked improvement in the overall iodine
nutrition in the Kashmir Valley (11). How-
ever, despite much improvement in the
iodization status of the population in the
Kashmir region, 49% of the population con-
tinued to have urinary iodine excretion
below 100 pg/day (11); the fact that under
mild to moderate iodine deficiency condi-
tions, the thyroid uptake of 99™Tc-pertech-
netate exhibits an inverse correlation with
the urinary iodine excretion to compensate
for the iodine supply (23) could explain the
higher 99™Tc uptake levels observed in our
study.

Thionamides are invariably used as first-line
medication to control hyperthyroidism and
induce remission of the disease, thereby re-
lieving the symptoms. In case of failure of
the medical therapy, which is quite common,
definitive treatment with surgery or RAI was
considered and discussed with the patients.
In our cohort, carbimazole was the most
common thionamide, used in 98.2% of the
patients. Titration regimen is preferred over
the block and replace regimen in this part of
the world owing to its reduced side effect
profile (24,25), independence of the remis-
sion rates from the drug type and dosage
(26), and non-inferiority to the block and re-
place regimen. As far as the preferred
dosage of carbimazole was concerned no
specific criteria was used. However, the dose
of carbimazole to be used was influenced by
the severity of the disease, the level of T4,
and the presence or absence of goiter, or-
bitopathy, and underlying comorbid condi-
tions.

At the first assessment at three months,
most of the patients were controlled
(46.1%), with normalization of the TSH lev-
els in 15.6% of them. Although 53.9% of
the patients continued to have hyperthyrox-
inemia, the intensity of its symptoms and
the degree of hyperthyroxinemia had im-

proved. Failure to achieve early remis-
sion/disease control was significantly higher
in male gender (51.7% vs. 48.3%;
p=0.003) and smokers (44% vs. 22.5%;
p=0.036).

Another important observation in the pre-
sent study was the development of overt hy-
pothyroidism in 18% of the patients during
treatment with anti-thyroid medication, re-
quiring termination/tapering of the dosage,
and a few patients requiring thyroxine re-
placement, as well as its significant associ-
ation with remission (p=0.023). This could
be the result of the progression of autoim-
mune thyroiditis and/or the development of
thyroid-inhibiting immunoglobulins com-
pared to thyroid-stimulating immunoglobu-
lins. Moreover, poor follow-up among
patients resulting in failure of drug tapering
at the appropriate time could be another
reason for the development of hypothy-
roidism. However, the significant association
of drug-induced hypothyroidism with remis-
sion favors the possible role of the former in
the progression of underlying autoimmune
thyroiditis and/or the development of TBII,
leading to the remission of the disease in the
long run.

The ATDs used for the treatment of GD help
to maintain the euthyroid state in the ma-
jority of the patients, although they were
not curative. Therefore, the possibility of re-
lapse after the discontinuation of ATD re-
mained. In the present study, the remission
rate of 68% was observed in the patients
who had completed 18-24 months of treat-
ment with ATDs. Those who were uncon-
trolled (31%) after the initial treatment with
ATDs for 24 months, including those who re-
lapsed while the tapering of the drug dose,
were considered for definitive treatment
modalities, which was consistent with the
findings that a treatment duration greater
than 12-18 months did not improve the re-
mission rate (27).

The remission rate of 68% after the initial
treatment with ATDs in our study was in the
range of 61-74% remission rate reported by
the other studies (4,26,27). Higher initial
TSH (p=0.007), smoking status (0.026),
higher 99™Tc uptake (p=0.05), and pharma-
ceutical hypothyroidism (p=0.023) were sig-
nificantly associated with remission. The
level of 99™Tc uptake at initial presentation
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is reported to predict remission in a previ-
ous study as well (30). Similarly, smoking
status and higher TSH levels are associated
with remission (29). The goiter, ophthal-
mopathy, and dermopathy did not have any
association with remission in the present
study, similar to the findings of a previous
study (30). Among the 49 patients who
went into remission, 20 (41%) patients re-
lapsed with a first-year relapse rate of
22.4% (n=11), which is lower than relapse
rate values reported in most of the pub-
lished literature (31,32). However, this ob-
servation was consistent with the findings of
a study from India, which reported a relapse
rate of 19% (30).

Higher 99mTc uptake (p=0.022) and the
presence of goiter (p=0.026) were signifi-
cantly higher in the relapse group. The as-
sociation of relapse with higher 99™Tc
uptake (30) and the presence of goiter (30)
was consistent with the existing literature.
Several studies have attempted to identify
the factors that might predict the outcome
of the disease and assist in selecting the ap-
propriate treatment modality, although with
contradictory results. These contradictions
are attributed to regional differences, differ-
ences in the iodine status of different popu-
lations, and different study designs (33).
The present study revealed male gender
[odds ratio (OR)=0.548, p=0.048] and or-
bitopathy (OR=0.393, p=0.036) at the
onset of disease as the independent factors
for predicting the relapse of the disease.
Similar results have been documented in the
literature, with the studies reporting gender
(34,35) and orbitopathy (36) as the inde-
pendent risk factors known to predict the re-
lapse of the disease.

In this our part of the world, ATDs continue
to be the basic treatment option in GD, de-
spite the high frequency of relapse and the
potential for adverse effects upon prolonged
exposure to ATD. Development of hypothy-
roidism necessitating lifelong levothyroxine
replacement and impaired quality of life lim-
its the use of surgery and RAI as the pre-
ferred modalities of management, despite
the better outcome of GD reported for them.
However, given the unpredictable course of
GD and the associated morbidity and in-
creased risk of mortality, discussing the
short and long-term risks and efficacy of the

different treatment modalities available is
crucial for patient satisfaction. Meanwhile,
long-term studies with a larger cohort of pa-
tients aimed to understand further the nat-
ural course of GD and its outcome after the
use of different treatment modalities are re-
quired to establish the treatment preference
for a better prognosis.

The limitations of the present study are the
same as those of any retrospective cohort
study. First and foremost is that selection
bias may exist as the outcome had already
occurred at the time of data collection. Sec-
ond, the quality of the available data was
not good as the records used were not de-
signed for the present study. This study is
further limited by the inability of the partic-
ipants to undergo thyroid auto-antibody
(TRABS) testing due to the absence of such
facility at an affordable cost in public or pri-
vate setup and the absence of ultrasono-
graphic data on thyroid size, thereby
preventing us from assessing their role in
the prediction of remission and relapse of
GD. The other limitation of the present study
was a lack of consideration for non-autoim-
mune diffuse hyperthyroidism and Hashitox-
icosis as differentials for GD in the presence
of atypical features. A prospective study de-
sign would allow a better understanding of
the association of the various risk factors
with the treatment outcome Graves’ dis-
ease.

GD is the most common cause of hyperthy-
roidism and is associated with significant
morbidity and an increased risk of mortality.
GD predominantly affects females and oc-
curs commonly in the third and fourth
decade of life. Varied non-specific clinical
manifestations, particularly the atypical pre-
sentations, warrant early recognition and
subsequent management to minimize the
morbidity associated with an undiagnosed
condition. ATDs are applied as the primary
modality for the management of GD, despite
the high frequency of disease relapse re-
ported for them. The other treatment
modalities, namely, RAI and surgical man-
agement of disease, despite their respective
shortcomings, should be discussed with the
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patients and offered at an appropriate time
to avoid the side effects of ATDs and the
anxiety associated with long-term drug in-
take. Long-term studies assessing the dis-
ease outcome after different treatment
modalities should be conducted to better
understand the course of the disease and
establish a treatment preference for a better
prognosis.
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in Differentiated Thyroid Cancer Patients on
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Abstract

Objective: Thyroid hormone suppression treatment (THST) is
an essential modality in treating differentiated thyroid cancer
(DTC). This study aimed to evaluate thiol/disulfide homeostasis
with a new method in patients on THST, which causes a state of
subclinical hyperthyroidism. Material and Methods: Serum
thyrotrophin (TSH), free triiodothyronine (fT3), free thyroxine
(fT4), duration of disease, levothyroxine dose, and radioactive
iodine (RAI) dose were evaluated along with native and total thiol
and disulfide levels. Results: Data of 50 patients with DTC and
41 healthy subjects were analyzed. Though native thiol and total
thiol were lower in patients with DTC, the difference was not sta-
tistically significant. Disulfide was found to be 18.25 pmol/L in
DTC patients and 15.23 pymol/L in the control group. The ratios
of native thiol to total thiol (N/T), disulfide to native thiol (D/N),
and disulfide to total thiol (D/T) were similar in the 2 groups. Di-
sulfide, D/N, and D/T were significantly higher, and N/T was
lower in patients with overt thyrotoxicosis than patients with
subclinical thyrotoxicosis and the control group. Disulfide, D/N,
and D/T were both positively, and N/T was negatively correlated
with fT4/fT3. Conclusion: Although the thiol/disulfide balance
was maintained in patients with subclinical thyrotoxicosis, there
was a shift of redox status toward disulfide in patients with overt
thyrotoxicosis on THST. This suggests that the potency of oxida-
tive stress is associated with the degree of thyrotoxicosis. Con-
sidering the potentially harmful effects of oxidative stress, overt
thyrotoxicosis must be avoided in patients on THST.

Keywords: Differentiated thyroid cancer;
thyroid hormone suppression treatment;
thiol-disulfide homeostasis; oxidative stress;
thyrotoxicosis

Ozet

Amag: Diferansiye tiroid kanserinin (DTK) tedavisinde, tiroid
hormon sipresyon tedavisi (THST) 6nemli bir modalitedir. Bu
calismada, bir subklinik hipertiroidi durumuna yol agan THST
alan hastalarda, thiol/dislilfid homeostazini yeni bir metot ile
dederlendirmeyi amacladik. Gereg ve Yontemler: Nativ ve
total tiol ve disulfid seviyelerinin yani sira serum tirotropin
(TSH), serbest triiyodotironin (sT3), serbest tiroksin (sT4), has-
talik slresi, levotiroksin dozu ve radyoaktif iyot (RAI) dozu de-
gerlendirildi. Bulgular: DTK'li 50 hasta ve 41 saglikli birey
analiz edildi. Nativ tiol ve total tiol, DTK'li hastalarda daha di-
suktu fakat farklilik istatistiksel olarak anlamli degildi. Disulfid,
DTK’li hastalarda 18,25 pmol/L ve kontrol grubunda 15,23
pmol/L'ydi. Nativ tiollin, total tiole (N/T); disulfidin, nativ tiole
(D/N) ve disllfidin, total tiole (D/T) orani her 2 grupta da ben-
zerdi. Asikar tirotoksikozlu hastalarda, subklinik tirotoksikoz ve
kontrol grubuna gore disilfid, D/N ve D/T anlamli olarak daha
yuksek ve N/T daha disukti. sT4/sT3 orani disilfid, D/N ve D/T
ile pozitif ve N/T ile negatif olarak koreleydi. Sonug: THST alan
ve subklinik tirotoksikozu olanlarda, her ne kadar tiol/disulfid
dengesi korunmus olsa da asikar tirotoksikozu olan hastalarda,
redoks durumunda disulfid yoninde kayma vardi. Bu oksidatif
stres potensinin, tirotoksikozun derecesiyle iligkili oldugunu
gOstermektedir. Oksidatif stresin zararh etkileri dustndlda-
glinde, THST alan hastalarda asikar tirotoksikozdan kaginiima-
lidir.

Anahtar kelimeler: Diferansiye tiroid kanseri;
tiroid hormon stipresyon tedavisi;
tiol disllfid homeostazi; oksidatif stres;
tirotoksikoz
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Thyroid cancer is the most common en-
docrine malignancy (1). Total thyroidectomy
followed by radioactive iodine (RAI) ablation
and thyroid hormone suppression treatment
(THST) forms the mainstay of the treatment
for differentiated thyroid cancer (DTC) for
years, in selected cases (2). It has been
found that the suppression of serum thy-
rotrophin (TSH) reduces the recurrence rate
and improves outcomes in some patients
with DTC (3). This approach aims to create
a state of subclinical thyrotoxicosis without
significantly increasing serum-free tri-
iodothyronine (fT3) and free thyroxine
(fT4). Long-term suppression of TSH might
cause untoward effects mainly related to
the cardiovascular system and bone health
(4). It is recommended to individualize
THST, considering its potential benefits and
harms (5).

Multiple intracellular adaptive mechanisms
in the human body are activated with an in-
crease in the intracellular reactive oxygen
species (ROS). This primarily occurs as a de-
fense mechanism to protect the tissues and
prevent apoptosis. One of the agents that
work against oxidative cell damage is thiols
(6). The plasma thiols are composed of pro-
tein thiols, albumin thiols, and in small
amounts, low molecular weight thiols such
as cysteine, cysteinylglycine, glutathione,
homocysteine, and y-glutamylcysteine (7).
Thiol-disulfide homeostasis is a dynamic
process. Excessive electrons of the ROS are
transferred to the thiols after oxidation, and
disulfide bonds are formed. These disulfide
bonds can, after that, become thiol groups
again (8). They are involved in antioxidant
protection, signal transduction, detoxifica-
tion, and apoptosis. They also contribute to
enzymatic activity, transcription factors, and
cellular signaling mechanisms (7).

Thyroid hormones have an essential role in
regulating mitochondrial respiration and ox-
idative metabolism, which further affects ox-
idative stress (OS). Therefore, OS levels
might be affected by variations in thyroid
hormones (9). Previous studies have shown
that high serum fT3 and fT4 stimulate free
radicals in mitochondria and cause an in-
crease in OS (10,11). This study aimed to
determine whether THST influences OS in
DTC patients.

This study was designed as a cross-sec-
tional, case-control study. DTC patients on
THST followed between January 2016 and
December 2018 were recruited. Patients
with unilateral resection, patients with TSH
unresponsive thyroid neoplasms such as
medullary and anaplastic thyroid cancer and
thyroid lymphoma, and patients with a his-
tory of radiotherapy of the head and neck
region were excluded from the study. Other
exclusion criteria were defined as the pres-
ence of chronic diseases such as diabetes
mellitus, hypertension, coronary heart dis-
ease, renal insufficiency, any chronic inflam-
matory disease, and smoking. Patients using
antioxidant agents were excluded, as well.
Thyroid functions were found to be normal
in the control group. Ethical review board of
Ankara Yildirim Beyazit University approved
the study protocol. The local ethical com-
mittee approved the study based on
Helsinki''s Declaration (Date of approval:
14/06/2017; decree no: 2017/132). All pa-
tients gave written informed consent.
Demographical features, serum TSH, fT3,
fT4, and albumin were recorded. Chemilu-
minescence methods were used to measure
TSH, fT3, and fT4 (Immulite 2000, Diagnos-
tic Products Corp., Los Angeles, CA, USA and
UniCel DXI 800, Beckman Coulter, Brea,
CA). The normal ranges were as follows- for
TSH: 0.4-4 pIU/mL, for fT3: 1.57-4.71
pg/mL, and for fT4: 0.85-1.78 ng/d. Disease
duration, levothyroxine dose per week, and
RAI treatment and dose were determined in
DTC patients. All patients with DTC under-
went total thyroidectomy. Patients with a
serum TSH <0.1 pIU/mL were defined to
have suppressed TSH.

Dynamic thiol/disulfide homeostasis was de-
termined in the patient and control group
using a new automatic and spectrophoto-
metric method, defined by Erel and Neseli-
oglu. (7). With this method, disulfide bonds
are reduced by sodium borohydride
(NaBHg4), and free functional thiol groups are
formed. The unused reductant NaBH4 was
removed by formaldehyde. The aim was to
inhibit the reduction of 5,5’-dithiobis-(2-ni-
trobenzoic) acid (DTNB). Reduced and native
thiol groups were determined after reaction
with DTNB. When native thiol is subtracted
from total thiol, and the result is divided by
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two, some amount of dynamic disulfide is
obtained. The ratios of disulfide/total thiol
percent (D/T), disulfide/native thiol percent
(D/N), and native thiol/total thiol percent
(N/TS) were calculated. This study compares
the parameters between patients on THST
and the healthy control group. The THST
group was then classified as overt and sub-
clinical thyrotoxicosis and a further analysis
was made to compare the OS parameters in
all three groups. The authors also tried to
determine whether there is any correlation
between some clinical features and OS
measurements.

All statistical analyses were done with IBM
SPSS Statistics 22.0. Shapiro-Wilk test was
used to find out whether continuous vari-
ables were distributed normally. All continu-
ous variables (except the ratio of fT4/fT3 in
patient and control groups) were assessed
by median (minimum-maximum), while
gender was summarized by frequency and
percentage. fT4/fT3 was reported as
“Mean+Standard Deviation (Mean+SD)". In-
dependent sample t-test, Mann-Whitney U

Patients on THST (n=50)

test, and Yates chi-square test were used to
compare groups. The patient group was
classified as overt and subclinical thyrotoxi-
cosis in terms of the degree of hyperthy-
roidism. These groups and the control group
were compared for the ratio of fT4/fT3 and
0OS measurements by the Kruskal-Wallis test
followed by a stepwise step-down procedure
to obtain homogeneous subsets. Spear-
man’s rho correlation analysis was used to
investigate the correlations between OS
measurements and other clinical features.
Statistical significance was accepted when
the p value was <0.05.

The data of 50 patients in the THST group
and 41 patients in the control group were
analyzed. The frequency of male patients
was 10.0% in the control group and 29.3%
in the patient group (p=0.038) (Table 1).
Among DTC patients, 12 (24.0%) had ex-
trathyroidal extension, 7 (14.0%) had
lymph node metastasis, and 4 (8.0%) had
vascular invasion. Median age, serum albu-
min, and fT3 levels did not differ in the two
groups (p=0.088, p=0.125, and p=0.185,

Control (n=41)

Age (year)

Gender* (Male)

Albumin (g/dL)

TSH (pIU/mL)

fT4 (ng/dL)

fT3 (pg/mL)

fT4/fT3** (ng/dL/pg/mL)
Duration of treatment (years)
Levothyroxine dose {(mcg/week)
Radioactive iodine
Radioactive iodine dose (mCi)
Native thiol (pmol/L)
Disulfide (pmol/L)

Total thiol (pmol/L)
Disulfide/native thiol
Disulfide/total thiol

Native thiol/total thiol

THST: Thyroid hormone suppression treatment; TSH: Thyrotrophin; fT3: Free triiodothyronine; fT4: Free thyroxine.

*n (%); **Mean+SD.

Median (minimum-maximum) Median (minimum-maximum) p value
45 (24-66) 42 (18-68) 0.088
5(10.0) 12 (29.3) 0.038
4.65 (4.07-5.20) 4.70 (4.20-5.90) 0.125
0.035 (0.001-0.101) 2.100 (0.439-4.000) <0.001
1.69 (1.31-2.88) 1.28 (0.90-1.70) <0.001
3.05 (2.30-4.97) 3.30 (2.20-4.20) 0.185
0.567+0.080 0.392+0.073 <0.001
4 (1-18) - _
875 (525-1,400) - -
48 (96%) - -
100 (75-175) - -
435.30 (347.30-554.80) 439.80 (333.20-836.70) 0.604
18.25 (1.20-33.0) 15.30 (0.45-31.10) 0.096
465.10 (353.00-601.60) 471.60 (353.60-859.80) 0.820
0.042 (0.003-0.080) 0.033 (0.001-0.076) 0.068
0.038 (0.003-0.069) 0.031 (0.001-0.066) 0.069
0.922 (0.862-0.993) 0.938 (0.868-0.998) 0.067
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respectively). Serum TSH was lower, and fT4
and fT4/fT3 were higher in the THST group
than in the control group (p<0.001, for
each). The median duration of levothyroxine
treatment was four years (minimum 1-18)
with a median dose of 875 mcg/week (min-
imum-maximum: 525-1,400 mcg/week).
Forty-eight (96%) patients with DTC had re-
ceived RAI treatment, and the median dose
was 100 mCi (minimum-maximum: 75-175
mCi). THST group demonstrated higher
disulfide and lower native and total thiol lev-
els than the control group; however, the dif-
ferences were not statistically significant.
D/N, D/T, and N/T were similar in the control
and THST groups (p=0.068, p=0.69, and
p=0.067, respectively).

Patients on THST were further classified into
overt and subclinical thyrotoxicosis groups
(Table 2). Compared with each other and
the control group, the lowest fT4/fT3 was
observed in the control group, and the high-
est value was observed in the overt thyro-
toxicosis group. The three groups differed
significantly from each other concerning
fT4/fT3 (p<0.001). Patients with overt and
subclinical thyrotoxicosis had similar native
and total thiol concentration (p=0.590 and
p=0.421, respectively). Disulfide, D/N, and
D/T were similar in subclinical thyrotoxico-
sis and control groups. However, all these
parameters were significantly higher in pa-
tients with overt thyrotoxicosis than in the
subclinical thyrotoxicosis and control
groups. Patients with overt thyrotoxicosis

presented lower N/T levels than the control
group.

The correlation analysis revealed that OS
parameters were not correlated with RAI
dose, duration, and levothyroxine treatment
dosage. fT4/fT3 was positively correlated
with disulfide, D/N, and D/T, and was nega-
tively correlated with N/T (Table 3).

Stimulation of TSH receptors present on the
membrane of DTC cells increases thyroid
proteins such as thyroglobulin (Tg) and
sodium-iodide symporter. This further in-
creases the rate of cell growth. The current
guidelines recommend suppressing TSH by
levothyroxine treatment in some patients
with DTC to prevent recurrence (12). How-
ever, this approach is also associated with
some side effects, primarily related to the
cardiovascular and skeletal system and
cognitive and psychological status, quality
of life, glucose metabolism, coagulation,
and immunological function (13). Thus, the
potential benefits and the possible side ef-
fects of THST should be interpreted care-
fully during the management of these
patients (5).

Thyroid hormones play a role in regulating
mitochondrial respiration and oxidative me-
tabolism, affecting free radical production
and OS. Accelerated basal metabolic rate
and oxidative metabolism in hyperthy-
roidism lead to an increased free radical
generation and OS (9). The literature re-

Overt thyrotoxicosis Subclinical thyrotoxicosis Control
(n=21) (n=29) (n=41)
Median Median Median
(minimum-maximum) (minimum-maximum) (minimum-maximum) p value
fT4/fT3 (ng/dL/pa/mL) 0.596 (0.49-0.78)° 0.535 (0.37-0.65)" 0.387 (0.22-0.59)¢ <0.001
Native thiol (pmol/L) 445.9 (369.0-530.3) 432.9 (347.3-554.8) 439.8 (333.2-836,7) 0.590
Disulfide (pmol/L) 23.2 (2.55-33.0)" 15.1 (1.5-31.05)" 15.3 (0.45-31.1)b 0.029
Total thiol (pmol/L) 491.1 (393.4-353.0) 456.0 (353.0-601.6) 471.6 (353.6-859.8) 0.421
Disulfide/native thiol 0.052 (0.005-0.080) 0.035 (0.003-0.065)" 0.033 (0.001-0.076)" 0.029
Disulfide/total thiol 0.047 (0.005-0.069)2 0.033 (0.003-0.058)° 0.031 (0.001-0.066)° 0.030
Native thiol/total thiol 0.906 (0.862-0.989) 0.935 (0.885-0.993)*> 0.938 (0.868-0.998)" 0.031

fT3: Free triiodothyronine; fT4: Free thyroxine.

Each superscript indicates a subset of the measurement.
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RAI Dose
(mCI)

Native thiol (pumol/L)

rs 0.127

p value 0.380
Disulfide (pmol/L)

rs 0.072

p value 0.621
Total thiol (pnmol/L)

rs 0.156

p value 0.279
Disulfide/native thiol

rs 0.060

p value 0.681
Disulfide/total thiol

rs 0.060

p value 0.681
Native thiol/total thiol

rs -0.061

p value 0.673

RAI: Radioactive iodine treatment; fT3: Free triiodothyronine; fT4:

ports controversial results about the effects
of thyrotoxicosis on the antioxidant defense
system (14). Komosinska-Vassev et al. re-
ported a marked increase in erythrocyte su-
peroxide dismutase (SOD), catalase, and
glutathione peroxidase (GPx) activities that
are responsible for intracellular antioxidant
activity in hyperthyroid patients, as com-
pared to the healthy subjects (15). Another
study reported lower erythrocyte SOD and
catalase activities in patients with Graves’
disease than in the control group (16);
though, erythrocyte GPx and total reactive
antioxidant potential were similar.
Andryskowski and Owczarek showed that
sulfhydryl (SH) groups were 15% lesser in
hyperthyroid patients than in euthyroid sub-
jects (11).

The SH group in thiol plays a role in main-
taining the level of the intracellular OS. Thiol
concentration can differ at the cellular level
during proliferation or apoptosis. SH groups
of sulfur-containing amino acids are the
main targets of oxygen radicals. Oxidation
of these groups causes the formation of re-
versible disulfide bonds. The loss of these

levothyroxine use

Duration of

Levothyroxine

(years) dose (mcg/week) fT4/fT3
-0.073 0.086 -0.043
0.613 0.551 0.686
-0.085 -0.026 0.247
0.556 0.858 0.018
-0.030 0.035 0.023
0.837 0.809 0.831
-0.082 -0.053 0.286
0.573 0.713 0.006
-0.082 -0.053 0.285
0.573 0.713 0.006
0.080 0.054 -0.285
0.580 0.707 0.006

Free thyroxine; rS: Spearman’s correlation coefficient.

thiol groups is related to structural and func-
tional changes in cellular proteins. Plasma
and tissue levels of thiol groups can de-
crease during these processes to overcome
the destructive effects of free radicals (6).
Erel first introduced a method that could
measure dynamic thiol/disulfide automati-
cally (7). Only a small fraction of thiols-thiol
and disulfide in low molecular weight com-
pounds could be measured until this ap-
proach was developed. However, thiols of
albumin and other proteins make up the
major thiols in the body. The previous meth-
ods were insufficient in precisely measuring
the body’s thiol and disulfide levels (17).
The previous studies evaluating OS in thy-
rotoxicosis usually included patients with
Graves’ disease, with high or normalized
thyroid hormones. The present study evalu-
ated OS in DTC patients on THST with the
help of a relatively new method. Patients on
THST had lower native and total thiol and
higher disulfide. Still, the differences were
not statistically significant; thus, suggesting
that the thiol/disulfide balance was main-
tained in these patients. A subgroup analy-
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sis revealed that patients with overt thyro-
toxicosis had higher disulfide levels than pa-
tients with subclinical thyrotoxicosis and
control group; however, native and total thi-
ols were similar. Additionally, D/T and D/N
were increased, and N/T was decreased in
the patients, demonstrating a shift of the
thiol/disulfide status to the part of disulfide
bond generation. Disease duration and
levothyroxine dose did not affect these pa-
rameters. These findings suggest that ox-
idative balance is disturbed in relation to the
severity of thyrotoxicosis in patients on
THST. There is an association between the
degree of thyrotoxicosis and the develop-
ment and severity of adverse effects. In the
study by Selmer et al., the risk of all-cause
mortality was increased by 23% and 25% in
subclinical and overt hyperthyroidism, re-
spectively (18). They also found that pa-
tients  with subclinical and overt
hyperthyroidism were at an increased risk of
major adverse cardiovascular events (9%
and 16%, respectively). In another study,
the risk of hip fractures was increased by
22% to 25% in euthyroid postmenopausal
women with lower TSH and higher fT4, al-
though within the reference range (19). In
one more study involving 5,860 subjects
over 65 years, fT4 was higher in patients
with atrial fibrillation (20).

It is unclear whether there are differences in
the cellular effects of exogenous and en-
dogenous subclinical thyrotoxicosis. fT3 is
generally higher in endogenous compared to
exogenous thyrotoxicosis. In patients on
THST, high serum fT4 rather than fT3 is
more commonly encountered. Patients using
levothyroxine after total thyroidectomy usu-
ally have significantly higher serum fT4 as
compared to the presurgical levels. This in-
crease is particularly prominent in patients
on THST. It is known that 20% of circulating
T3 is usually secreted directly by the thyroid
gland. However, since this portion of T3
lacks in patients without a thyroid gland,
higher serum T4 levels are required to main-
tain normal serum T3 levels (21). In the
present study, fT3 was similar to the control
group, while fT4 was significantly higher in
patients on THST. The study also found that
fT4/fT3 was the only parameter correlated
with OS (positively with disulfide, D/T, and
D/N and negatively with N/T).

This study also has some limitations. De-
signed as a single-center study, it involved a
small sample size. Another limitation of the
study was the lack of thiol/disulfide evalua-
tion before thyroidectomy. Comparison of
OS before surgery in euthyroid status and
after surgery on THST would probably lead
to more valuable inferences about OS in
these patients.

In conclusion, to the best of the author’s
knowledge, this study was the first to evalu-
ate thiol/disulfide balance in patients on
THST. Although the thiol/disulfide balance
seems to be preserved in these patients,
redox status has shifted toward disulfide in
patients with overt thyrotoxicosis. The OS po-
tency in patients with THST appears to be re-
lated to the degree of thyrotoxicosis.
Disturbed OS can be added to the well-known
long-term complications of THST, and these
findings can be considered a piece of evidence
that fT4 levels should be maintained within
normal limits in patients receiving THST.
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Patients with Ectopic Posterior Pituitary:

Report of Six Cases

Ektopik Posterior Hipofizi Olan Hastalar: Alti Olgunun Sunumu
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Abstract

Objective: Ectopic posterior pituitary (EPP) can occur be-
cause of a migration defect or neurodegeneration of the
hypothalamic nuclei. EPP is typically rarely diagnosed. The-
refore, we aimed to report our patients with EPP. Material
and Methods: This is a retrospective study (approved by
the Ege University Ethical Committee, protocol 20-7T/49)
that included 6 patients with EPP who were followed up bet-
ween 2012 and 2019. We collected information on age, sex,
height, weight, body mass index, age at the diagnosis, his-
tory of traumatic delivery, consanguinity, multiple hormone
deficiency and treatment. We examined laboratory levels
and medical records, and, magnetic resonance imaging
(MRI) reports. Results: The mean age of patients was
25.83 years, and the age at diagnosis was 11.16 years. One
patient was female, and the others were male. They were
receiving hormone replacement treatment. The patients
were diagnosed with EPP during their childhood. All pati-
ents, except 2, were taking growth hormone replacement
therapy. Only one patient had a history of consanguinity.
Additional information about the patients is described in the
patient sections. Conclusion: Patients with EPP are rarely
seen, and this rare condition should be considered when a
patient has panhypopituitarism. MRI is the gold standard
imaging modality for hypophysis to identify this condition.
In addition, patients who have EPP in MRI should be scree-
ned for hypopituitarism.

Keywords: Hypopituitarism;
combined pituitary hormone deficiency;
posterior pituitary gland;
ectopic neurohypophysis

Ozet

Amag: Ektopik posterior hipofiz [ectopic posterior pituitary
(EPP)] migrasyon defektinden ya da hipotalamik ntkleusun
nérodejenerasyonundan kaynaklanabilir. EPP, genellikle na-
diren teshis edilir. Bu nedenle EPP'li hastalarimizi paylasmak
istedik. Gereg ve Yontemler: Bu calisma, (Ege Universitesi
Etik Komitesi tarafindan onaylanan, protokol 20-7T/49)
2012 ile 2019 arasinda takip edilen 6 EPP hastasini igeren
retrospektif bir galismadir. Yas, cinsiyet, boy, kilo, beden
kitle indeksi, tani yasi, travmatik dogum 6ykdisu, akrabalik,
coklu hormon eksikligi ve tedavisi hakkinda bilgi topladik.
Laboratuvar degerlerini ve tibbi kayitlari, manyetik rezonans
goruntileme (MRG) raporlarini inceledik. Bulgular: Hasta-
larimizin yas ortalamasi 25,83 ve tani yasl ortamasi ise
11,16’ydi. Hastalarimizdan 1'i kadin, digerleri erkekti. Hipo-
fizer yetmezlikleri olmasi nedeniyle hormon replasman te-
davisi aliyorlardi ve gocukluk gaginda tani almiglardi. iki
hasta disinda digerleri bliyime hormonu tedavisi almak-
taydi. Sadece 1 hastamizin éykusiinde akraba evliligi vardi.
Hastalarin yarisinda, travmatik dogum o6ykusi vardi. Has-
talar hakkinda ek bilgiler, hasta bélimlerinde anlatilmistir.
Sonug: EPP'li hastalar nadiren gorilir ve bir hastada pan-
hipopituitarizm oldugunda bu nadir durumu dikkate almali-
yiz. MRG, bu durumu tanimlamak igin hipofiz igin altin
standart gorintileme yontemidir. Ek olarak, MRG'de EPP'si
olan hastalar hipopituitarizm agisindan taranmalidir.

Anahtar kelimeler: Hipopituitarizm;
kombine hipofizer hormon eksiklgi;
pituiter bez, posterior;
ektopik norohipofiz
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Ectopic posterior pituitary (EPP) can occur
because of a migration defect or neurode-
generation of the hypothalamic nuclei (1).
EPP can be identified by magnetic resonance
imaging (MRI) and found at the median em-
inence or along the pituitary stalk, with
complete or partial pituitary stalk agenesis
and anterior pituitary hypoplasia (2).
Although the etiology is uncertain, traumatic
birth, breech delivery and genetic factors
may lead to EPP. Antenatal environmental
factors such as birth trauma may cause hy-
popituitarism and EPP (3,4). Genetic factors
may result in these developmental abnor-
malities and EPP (5,6). The formation and
differentiation of the pituitary gland are reg-
ulated by specific transcription factors such
as Prop-1, Pit-1, HESX1, Pitx1, Pitx2, LHX3,
and LHX4 (7). Mutations in the HESXI,
LHX4, and SOX3 genes may cause EPP (8-
10).

The clinical presentation of EPP is variable
and may range from isolated growth hor-
mone (GH) deficiency (IGHD) to multiple pi-
tuitary hormone deficiency (MPHD) because
of the normal posterior pituitary functions
(2,11,12). The pathogenesis of hormone de-
ficiency associated with EPP is not well un-
derstood. Previous studies have
demonstrated the relationship between EPP
and the severity of hormone dysfunction
(13).

EPP is typically diagnosed in childhood by
pediatric endocrinologists, and adult en-
docrinologists come across these patients
rarely. Therefore, we aimed to report our
patients who were transferred to our de-
partment from the pediatric endocrinology
of our university.

The study was conducted in accordance with
the Declaration of Helsinki Principles. Six pa-
tients were enrolled who were transferred to
our department from the pediatric en-
docrinology of our university between 2012
and 2019. All patients were included after
signing the informed consent. Ethical ap-
proval was obtained from Ege University
(approved by the ethical committee, proto-
col 20-7T/49, 08.07.2020).

We collected information on age, sex,
height, weight, body mass index (BMI), age

at the diagnosis, history of traumatic deliv-
ery, consanguinity, multiple hormone defi-
ciency and treatment. We examined
laboratory levels, and medical records, and,
MRI reports. MRIs were performed on 1.5
Tesla (Siemens Amira, Erlangen, Germany)
or 3 Tesla (Siemens Verio, Erlangen, Ger-
many) scanners. Fast spin-echo, pre-con-
trast and dynamic post-contrast multiplanar
T1 and T2-weighted sequences were ob-
tained from all the patients.

Table 1 demonstrated the baseline charac-
teristics of the patients. Table 2 shows the
laboratory levels of the patients at the last
appointment. Additional information about
the patients is described in the patient sec-
tions.

A 19 year-old male patient was diagnosed at
the age of nine years. He had a history of
breech presentation. Pituitary MRI revealed
a hypoplastic pituitary gland, complete pitu-
itary stalk agenesis and ectopic posterior pi-
tuitary (Figure 1). He was receiving
hormone replacement treatment when he
started to follow up at our department, and
we continued his treatment.

She had applied to the pediatric endocrinol-
ogy department because of her short stature
when she was ten years old. MRI revealed
ectopic posterior pituitary. She initiated hor-
mone replacement treatment because of
multiple hormone deficiency. In addition, in
the follow up period, she was first initiated
with estrogen treatment to provide the-
larche, and after one year, she continued
with combined estrogen and progesterone.
We continued her replacement treatment.

He was diagnosed with EPP when he was ten
years old. Pituitary MRI demonstrated pitu-
itary stalk agenesis, ectopic neurohypoph-
ysis, corpus callosum dysgenesis and
neurohypophysis located in the hypothala-
mic region (Figure 2). He had multiple hor-
mone deficiency and was taking hormone
replacement treatment. Although he had re-
ceived GH treatment for eight years, he de-
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Patient 6
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176
65

170
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115

20.98
10
No
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BMI: Body mass index; GH: Growth hormone.

veloped epileptic seizures in the follow-up
period. Therefore, the neurology depart-
ment suggested stopping GH treatment.
After stopping GH, he never developed
epileptic seizures and his insulin-like growth
factor-1 (IGF-1) level was normal. Further-
more, we did not initiate GH but continued
the other hormone replacement treatments.

He was diagnosed with tuberculosis menin-
gitis when he was three years old. He de-
veloped hydrocephalus and had
ventriculoperitoneal shunt insertion. When
he was six years old, he had diabetes in-
sipidus and initiated desmopressin treat-
ment. At the age of 19 years, a pituitary MRI
revealed hypoplastic pituitary gland and,
EPP. He was started with hormone replace-
ment treatment because of multiple hor-
mone deficiency. In the follow-up period, we
continued his treatment.

He presented with short stature when he
was nine years old. Cranial MRI showed ec-
topic neurohypophysis and incision of the
corpus callosum. We continued hormone re-
placement treatment in the follow-up pe-
riod.

At the age of ten years, he was diagnosed
with EPP. Cranial MRI revealed ectopic neu-
rohypophysis, located in the hypothalamic
region. He did not want to continue GH re-
placement treatment, thus he only took
other hormone replacement treatments. In
the follow-up period, although he did not
take GH, he had no hypoglycemia and cen-
tral adiposity.

A summary of the patients with EPP is pro-
vided. The EPP can occur because of de-
fective embryogenesis during neuronal
migration. EPP may be isolated or be asso-
ciated with stalk anomalies. The pituitary
stalk interruption syndrome consists of
stalk hypoplasia, absence or interruption of
the stalk, hypoplastic anterior pituitary,
and EPP (14,15). Antenatal factors such as
breech deliveries, neonatal hypoxia, and
hypoglycemia play significant roles in the
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Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

ALT (U/L) 10 16 13 23 14 6
FPG(mg/dL) 72 83 71 80 84 65
GH (pg/L) 0.109 0.265 0.311 0.224 0.730 0.068
IGF-1(ug/L) 74.1 160 204 115 82.5 68.5
TSH (mU/L) 0.01 0.01 0.93 0.42 0.53 0.27
FT4 (ng/dL) 1.27 1.11 0.77 1.64 1.22 1.08
Cortisol (ug/dL) 1.31 3.38 1.63 1.65 1.31 2.99
T. testosterone (ng/dL) 631 400 580 316 800
Estradiol {(ng/L) 38.34

ALT: Alanine aminotransferase; FPG: Fasting plasma glucose; GH: Growth hormone (normal range: <3); IGF-1: Insulin-like growth factor 1 (normal
range: 117-323); TSH: Thyroid stimulating hormone (normal range: 0.27-4.2); FT4: Free thyroxine (normal range: 0.89-1.76); T. testosterone: Total

testosterone (normal range: 280-800).

o

Figure 1: The non-contrast T1-weighted sagittal (A) and coronal (B) magnetic resonance (MR) images demonstrate ec-
topic neurohypophysis as a bright spot (white arrow) that is located adjacent to the optic chiasm and the hypothalamus.
In addition, shallow sellae turcica and thin/hypoplastic adenohypophysis (red arrows) are seen on the same MR images.

development of EPP and stalk anomalies
(15). In this study, three out of six patients
had a history of a traumatic delivery. Ge-
netic factors may cause EPP, and several
genes are reported to be involved in the
EPP development such as PROP1, IFT172,
LHX4, HESX1, OTX2 and SOX3
(5,10,16,17). Phenotypes of these muta-
tions are variable and affect patients in dif-
ferent ways. Some patients had only
pituitary hormone deficiencies in their
adulthood (18).

All our patients could reach their estimated
height when they became adults. In their
follow-up, they did not have any osteo-
porotic fracture. Although Pubarche was
normal, male patients did not have normal
testes volumes. In additon, they had re-
ceived gonadotropins in their chidhood but

still did not have normal testes volumes and
had azoospermia. All our patients were not
mentally retarded.

Although some patients with an EPP may
have a normal pituitary function, EPP typi-
cally presents with IGHD or multiple ante-
rior MPHD. It depends on the severity of the
structural abnormality (19,20). Murray et al.
(1) demonstrated that small EPP surface
area was predictive of MPHD development.
In addition, hypothalamic sited EPP was pre-
dictive of MPHD (1,21). The absence of the
stalk was also reported as a risk factor
(2,22). All of our patients had MPHD and
were receiving hormone replacement treat-
ments. Although receiving GH treatment in
adulthood is controversial, the 2019 guide-
line suggests it in patients with genetic de-
fects affecting the hypothalamic-pituitary
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Figure 2: A, B) Turbo spin-echo T1-weighted images show hyperintense dot (arrow) in the hypothalamic region that is con-
sistent with ectopic neurohypophysis. There is also thinning of the corpus callosum (arrow heads). C) The non-contrast T1
weighted sagittal image, which is next slice to Fig2A, well depicts the corpus callosum dysgenesis (arrow heads) and lack
of normal posterior pituitary bright spot (arrow). D) The size of the sellae turcica and adenohypophysis (arrow) is normal.

axes, and hypothalamic-pituitary structural
brain defects without performing GH stimu-
lation tests in adults.(23) On the contrary,
Leger et al.(21) demonstrated that 22 % of
patients with EPP and childhood -onset GH
deficiency presented normal GH secretion
after GH withdrawal.

Although the roles of GH in the brain, in-
cluding cognitive functions, neural develop-
ment and neuroprotection were reported,
Kato et al. demonstrated that GH enhances
epilepsy progression by increasing and sig-
naling the hormone itself in neural circuits.
(24-26) In our third patient, we stopped GH
because of epileptic seizures. In the follow-
up period, he never developed epileptic
seizures and his IGF-1 level was normal de-
spite stopping GH treatment.

Our study was limited because of the small
number of patients. Furthermore, no

pathology proof was found, and genetic
testing was not available for any of our pa-
tients.

In conclusion, patients with EPP are rarely
seen and this rare condition should be con-
sidered when a patient has panhypopitu-
itarism. MRI is the gold standard imaging
modality for hypophysis to identify this con-
dition. In addition, patients who have EPP in
MRI should be screened for hypopituitarism.

During this study, no financial or spiritual
support was received neither from any phar-
maceutical company that has a direct con-
nection with the research subject, nor from
a company that provides or produces med-
ical instruments and materials which may
negatively affect the evaluation process of
this study.
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Abstract

Objevtive: Acromegaly is a rare disease characterized by
growth hormone hypersecretion generally arising from pi-
tuitary adenomas. Survivin, an apoptosis inhibitor protein,
plays an important role in cell cycle regulation and possibly
involves hypophysis gland proliferation mechanisms. Howe-
ver, the underlying causes of somatotroph adenomas with
different behaviors and useful prognostic markers are still
not fully understood. We investigated possible associations
between survivin gene promoter -31 G\C genotypes and
serum survivin level and clinical prognostic factors in acro-
megaly. Material and Methods: Sixty-eight acromegaly
patients and 171 age-sex matched control subjects were
enrolled in the study. Survivin -31 G\C polymorphism was
performed by using a polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP). Blood GH and
IGF1 levels were assayed using a chemiluminescence im-
munometric assay. Serum survivin levels were determined
by ELISA. Results: Acromegaly patients had significantly
higher serum survivin levels than controls (p=0.001). We
found no significant association between acromegaly pati-
ents and controls in terms of survivin gene promoter -31
G\C genotype distribution and allele frequencies. No cor-
relation was found between disease characteristics and
survivin gene polymorphisms. Conclusion: Our study sug-
gests that serum survivin levels might be associated with
acromegaly, but survivin -31 G\C polymorphisms do not
modify individual susceptibility to acromegaly in the Tur-
kish population.

Keywords: Acromegaly; polymorphism; survivin

istanbul, TURKEY

Ozet

Amag: Akromegali, genellikle hipofiz adenomlarindan kay-
naklanan blylime hormonu hipersekresyonu ile karakterize
nadir gortlen bir hastaliktir. Apoptozun bir inhibitér proteini
olan survivin, hlicre déngiist dizenlemesinde énemli bir rol
oynar ve hipofiz bezi proliferasyon mekanizmalarinda yer ala-
bilir. Farkli davranislara sahip somatotrof adenomlarinin ge-
lisme mekanizmalari tam olarak anlasilamamis ve kullanigl
prognostik faktorler saptanamamistir. Bu galismada amacimiz,
survivin gen promotori -31 G\C genotipleri ve ayrica serum
survivin dizeyi ile akromegalide klinik prognostik faktérler
arasindaki olasi iliskiyi arastirmakti. Gereg ve Yontemler:
Calismaya 68 akromegali hastasi ve 171 yas-cinsiyet uyumlu
kontrol hastasi dahil edildi. Survivin -31 G\C polimorfizmi, bir
polimeraz zincir reaksiyonu sinirlama fragmani uzunluk poli-
morfizmi [polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP)] kullanilarak gergeklestirildi.
Kan GH ve IGF1 seviyeleri, bir kemiluminesans imminomet-
rik test kullanilarak analiz edildi. Serum survivin dlzeyleri
ELISA ile belirlenmistir. Bulgular: Akromegali hastalarinda
serum survivin dizeyleri kontrol grubuna goére anlaml dere-
cede yiksekti (p=0,001). Akromegali hastalari ile survivin gen
promotori -31 G\C genotipi ve allel frekanslarinin dagilimi igin
kontroller arasinda anlamli bir iligki bulunamadi. Hastalik 6zel-
likleri ile survivin gen polimorfizmleri arasinda korelasyon bu-
lunmadi. Sonug: Calismamiz, serum survivin dlzeylerinin
akromegali ile iligkili olabilecegdini, ancak survivin -31 G\C po-
limorfizmlerinin Tlrklerden olusan bir popllasyonda akrome-
gali agisindan bireysel duyarlihgi degistirmedigini gostermistir.
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Acromegaly is a rare disease with a preva-
lence of 40-70 cases per million population
and an annual incidence of 3-4 new cases
per million population (1). Hypersecretion of
growth hormone (GH), which is usually
caused by pituitary adenoma, leads to pro-
gressive disfigurement mainly involving the
face and extremities, especially in the soft
tissue. Except for familial pituitary syn-
dromes, limited studies have observed the
association between genetic structure and
sporadic pituitary tumors secreting GH. Spo-
radic tumors secreting GH generally arise
from a somatotrope cell allowing clonal ex-
pansion (2,3). About one-third of soma-
totroph tumors have somatic mutations in
the guanine nucleotide-binding a-subunit 1
gene, leading to cellular proliferation and GH
hyperfunction (4,5). Several studies have
also determined single nucleotide polymor-
phisms such as exon-3 deleted GH receptor
and aryl hydrocarbon receptor-interacting
protein gene and attributed to long term
complications of acromegaly (6-8). Although
familial pituitary syndromes such as muilti-
ple endocrine neoplasia type 1 have been
widely studied, the genetic basis of the spo-
radic somatotrophs (9).

Survivin is regarded as an apoptosis in-
hibitor protein, which plays an important
role in cell cycle regulation (10,11). Survivin
causes negative regulation of programmed
cell death by acting as an inhibitor of cas-
pase activation (12). The overexpression of
survivin is associated with several malig-
nancies and poor prognosis in colorectal
cancer, lung cancer, pancreatic cancer, and
hepatocellular carcinoma (13-15), and can
play a crucial role in tumorigenesis. Al-
though survivin was recently shown to be
expressed in normal pituitary tissue and
overexpressed in pituitary adenomas, its
role in the development and course of
acromegaly is yet unexplored (16,17).

This study investigated whether survivin
polymorphism and serum survivin levels
have a role in the development of
acromegaly in the Turkish population. In ad-
dition, correlations between survivin gene
polymorphisms, serum survivin levels, and
tumor size and their influence on the remis-
sion of acromegaly were studied.

Sixty-eight acromegaly patients and 171
control subjects were recruited for this study
in the Endocrinology Clinic of Bezmialem
University Hospital between 2012 and 2015.
The mean age of the acromegaly group was
45+1.73 years, and that of control was
42.92+2.11 years. The mean age at diag-
nosis was 39.88+1.7 years.

Acromegaly was diagnosed using serum GH,
which could not be suppressed to <1 ng/mL
during oral glucose tolerance test and age-
and gender-matched high serum IGF1 levels
(18). Hypophysis magnetic resonance imag-
ing was performed on all acromegalic pa-
tients, and the maximum diameter obtained
from the data was determined as the tumor
size. Nine patients were diagnosed in other
centers, and tumor size before treatment of
these patients was lacking. Patients with
acromegaly, controlled under disease-specific
treatment (lanreotide or octreotide), and
those with post-operative cure were included
in the controlled patient group. Serum IGF1
values were adjusted according to the per-
centage of the upper limit of normal (ULN)
using the formula (100*CIGF1/ULNIGF1)'
Acromegaly patients are considered to be in
biochemical remission when basal GH is
under 1 ng/mL and IGF1 level 1.2 x ULN.
Healthy volunteers between 18-65 years of
age and without a history of chronic disease
or medication use were included in the age-
and gender-matched control group.

Blood GH and GF1 levels were assayed
using chemiluminescence immunometric
assay (Siemens Advia-Centaur USA). Age-
related reference ranges for IGF1 were:
18-20 y: 197-956; 20-23y: 215-628; 23-
25y: 169-591; 25-30y: 119-476; 30-40y:
100-494; 40-50y: 101-303; >50y: 78-258
(ng/mL).

Bezmialem Vakif University Clinical Re-
search Ethics Committee approved this
study with the number of 71306642/050-
01-04/64 and dated 11.3.2013, and all
procedures were conducted in accordance
with the Helsinki Declaration.

Blood samples were collected in tubes con-
taining EDTA. A standard salting procedure
was used to isolate genomic DNA (19).
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Genotyping studies were performed by
using a polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-
RFLP) method. The -31G\C polymorphisms
in the promoter region of the survivin gene
were examined using 0.25 puM of each
primer shown in Table 1 for the reaction in
a volume of 25 pL containing, 1.5 mM
MgCl2, 50 mM KCI, 10 mM Tris-HCI, pH 8.4,
0.16 mM of each deoxyribonucleotide
triphosphate (MBI Fermentas), and 1 U Taq
polymerase (MBI Fermentas). Amplification
was carried out using the following proto-
col: initial denaturation at 94 °C for 5 min;
followed by 35 cycles of denaturation at 94
°C for 30 s, annealing at 52 °C for 30 s, and
extension at 72 °C for 30 s, and a cycle
final extension at 72 °C for 10 min (19).
The PCR product exhibited a 329-bp frag-
ment indicating the -31G/C region poly-
morphism. PCR product (10 pL) was
digested with Bcnl (MBI Fermentas). Sam-
ples were repeated if a conflict occurred.
The expected results after the restriction
digestion for each gene fragment are given
in Table 1.

Fresh-blood samples were immediately cen-
trifuged at 3000 rpm for 5 min to separate
serum, and samples were kept frozen at -20
°C until the study. Serum survivin levels
were determined with a commercially avail-
able sandwich ELISA kit (Platinum ELISA,
Bender MedSystems GmbH, Vienna).

Statistical analyses were performed using
SPSS version 11.0 for Windows (SPSS Inc.

Primers

-31 G\C F:5"

(rs9904341) -CGTTCTTTGAAAGCAGTCGAG-3’
R:5’
-TGTAGAGATGCGGTGGTCCT-3’

bp: Base pair; F: Forward; R: Reverse.

Chicago, IL, USA). Differences in the fre-
quency of the survivin -31 G/C polymor-
phism between acromegaly patients versus
the control group and clinical data within
the acromegaly subgroup were analyzed
using the Chi-square test. The Hardy-Wein-
berg equilibrium was tested for all poly-
morphisms. Numeric values were
evaluated by the Student’s t-test and
Mann-Whitney U test. The relative associa-
tions between acromegaly patients and
controls were assessed by calculating odds
ratios (ORs) and 95% confidence intervals
(95% CIs). The threshold for significance
was p<0.05.

Table 2 shows the demographic characteris-
tics of acromegaly patients and the control
group. In the acromegaly group, mean GH,
IGF1 levels, and IGF1 norm were 16.0£2.3
ng/mL, 842+48.9 ng/mL, and
321.1+£17.3% before treatment, respec-
tively. Forty-six (78%) patients had
macroadenoma at the time of diagnosis.
After treatment, mean GH, IGF1 levels, and
IGF1 norm decreased to 1.3+0.2 ng/mL,
247£19.8 ng/mL, and 104.2%+9.2%, respec-
tively. Mean tumor size after treatment was
<1 cm in 41 (80.4%) acromegaly patients,
and 43 (78.2%) patients were in biochemi-
cal remission. The mean survivin level was
slightly higher at 34.5+0.6 in acromegaly
patients and 32.4£1.3 in control subjects
(p=0.001).

Genotypes and allele frequencies for sur-
vivin -31G\C polymorphism in acromegaly
patients and controls were listed in <Table
3. Genotype distributions for survivin -31
G/C polymorphism in control and patient

PCR product Restriction Restriction
Enzyme Product
329 bp Benl CC: 329 bp

CG: 329/234/92 bp
GG:234/92 bp
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Table 2. Demographic characteristics of acromegaly patients and control group.

Gender (n/%)
Female
Male

Age (y)

Age Onset (y)

Tumor Size Before Treatment
Macroadenoma
Microadenoma

Number of Resection
0
1
22

IGF1 (ng/mL)

IGF1 Before Treatment
IGF1 After Treatment

IGF1 norm
%ULN Before Treatment
%ULN After Treatment

GH
GH Before Treatment
GH After Treatment

Remission Status
Controlled
Uncontrolled

Tumor Size After Treatment
=1 cm (n/%)
<1 cm (n/%)

Survivin Level {(pg/mL)*

Acromegaly

Control

40 (%59)
28 (%41)
45.0+£1.7
39.8+£1.7
n=59
46 (%78)
13 (%22)

110 (%64.3)
61 (%35.7)
42.9 2.1

16 (%23.5)
42 (%61.8)
10 (%14.7)

842.9+48.9
247.7£19.8

321.1+£17.3
104.2+9.2

16.0+2.3
1.3+0.2
n=>55
43 (%78.2)
12 (%21.8)
n=51
10 (%19.6)
41 (%80.4)

34.5+£0.6 32.4 £1.3

Mean valuesxstandard error; *p=0.001 (Mann-Whitney U test); IGF1: Insulin-like growth factor 1; GH: Growth hormone; ULN:

Upper Limit of Normal Range.

groups were in agreement with the
Hardy Weinberg equilibrium (p=0.197;
p=0.335, respectively). Survivin -31 G\C
genotypes and allele frequencies between
acromegaly patients and controls were not
statistically significant (p=0.73; p=0.46,
respectively).

Table 4 shows the comparison of the char-
acteristics of acromegaly patients accord-
ing to survivin genotypes. No significant
difference in genotype distribution was ob-
served between patients with microadeno-
mas (<1 cm) and macroadenomas (=1 cm)
(p=0.32). All 26 patients who had 3-fold
higher IGF1 levels than ULN before treat-
ment were carrying the G allele, but the dif-
ference was not statistically significant
(p=0.068) (Data not shown). All ten pa-
tients operated at least two times, and

Table 3. Genotypes and allele frequencies for survivin

genotypes in acromegaly patients.

Genotype Patients Controls
n (%) n (%)
GG 28 (41.2%) 63 (36.8%)
CG 34 (50%) 88 (51.5%)
cc 6 (8.8%) 20 (11.7%)
p value >0.05
Alleles

G 90 (66.2%) 214 (62.6%)
C 46 (33.8%) 128 (37.4%)
p value >0.05

91.7% of the patients with uncontrolled
disease activity were carrying the G allele
(p>0.05). No association was found be-
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GG

Gender (n)

Female 15

Male 13
Age onset (y) 37.5+12.1
GH (ng/mL)

Before Treatment 19.6+15.6

After Treatment 1.5+1.5
IGF1 (ng/mL)

Before Treatment 831.3+295.5

After Treatment 225.3+107.9
IGF1 norm

%ULN Before Treatment 305.3+£119.4

%ULN After Treatment 95.0+40.2
Tumor Size Before Treatment (cm)

<1 4

21 20
Number of Adenoma Resections (n)

0 3

<1 16

22 5
Tumor Size After Treatment (cm)

<1 18

21 5
Remission

+ 20

- 4
Survivin Level (pg/mL) 35.0+4.2

CG (o[9)
19 6
15 0
43+16.1 33.5+9.9
13.5+15.4 10.6
1.3+1.4 0.9+£0.5
858.7+373.4 780.9+£229.9
279.0+£183.2 207.0+105.1
340.9+£119.5 257.5£23.7
116.2+87.8 89.1+£54.3
7 2
24 2
6 0
14 6
5 0
18 5
5 0
18 5
7
34.0+4.8 34.3+£5.4

Mean valueststandard error; *p=0.001 (Mann-Whitney U test); IGF1: Insulin-like growth factor 1; GH: Growth hormone; ULN:

Upper Limit of Normal Range.

tween the distribution of survivin genotypes
and pre-post treatment GH, IGF1 levels,
and remission status. Additionally, there
was no significant relationship between
treatment options and survivin polymor-
phism and levels.

Survivin has attracted much interest in can-
cer research studies due to its essential role
in tumorigenesis initiation and progression.
It is an apoptotic inhibitor protein, which
regulates caspases and programmed cell
death (20). The survivin gene is located on
chromosome 17925, and the most widely
studied polymorphism of the survivin gene
is the G to C substitution at position -31
(survivin -31G>C, rs9904341) (21). To our
knowledge, this is the first study to investi-

gate the distribution of survivin -31 G/C
polymorphism and survivin levels in
acromegaly.

In the present study, no difference was ob-
served in the distribution of survivin -31G/C
genotypes between acromegaly and control
subjects. We found similar results for the
distribution of -31G/C genotypes to those
reported by Bayram et al. in the Turkish
population (22). Our results were consistent
with previous findings wherein there was no
association between the -31G/C polymor-
phism and development risk for several can-
cer types such as renal cell and esophageal
carcinoma (23,24). In patients with overex-
pressed survivin mRNA, no significant dif-
ference might be found in the distribution of
-31G/C genotypes (25). On the other hand,
survivin -31 G/C polymorphism was associ-
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ated with an increased risk of developing
many tumors (26-28). This situation may be
explained in terms of differences in the
study population, environmental, and ethnic
factors (22).

To date, several chromosomal lesions have
been reported in sporadic somatotroph
adenomas. Loss of heterogeneity in chro-
mosomes 11ql13, 13, and 9 have been as-
sociated with 20% of sporadic acromegaly
cases (29,30). Additionally, Gsp, Ras, and
pituitary tumor transforming gene (PTTG)
mutations were shown to be responsible for
the development and possible behaviors of
pituitary tumors in a subset of cases (31-
33). However, genetic mechanisms involv-
ing disease development and course are
still not known in most acromegaly cases.
Besides, the survivin transcription level is
possibly modified positively by the pres-
ence of survivin genotype C allele (26). Its
prognostic value in human neoplasms has
not been clarified yet. In a study from
Turkey, Ademoglu et al. observed higher
serum survivin levels in the acromegaly pa-
tients than in the control group, but the dif-
ference was not statistically significant
(17). Likewise, we found that serum sur-
vivin levels were higher in acromegaly pa-
tients than in control subjects. Survivin
expression could play an essential role in
regulating hypophysis gland proliferation
(34) and delay cell death (21). Jankowska
et al. demonstrated that survivin expres-
sion was six-fold higher in tumor tissue
than in normal pituitary (16). Overexpres-
sion of survivin has also been demonstrated
in solid tumors and is related to higher pro-
liferative markers and poor prognosis
(35,36).

Our study showed that survivin -31 G/C
polymorphism and survivin levels were not
associated with clinical characteristics of
acromegaly such as tumor size, hormone
levels, and acromegaly disease phase.

The study’s limitation was that it was a
cross-sectional and hospital-based case-
control study. Therefore, patients were in-
cluded at a single center and may not
represent acromegaly patients in the gen-
eral population. However, it must be noted
that acromegaly is a rare disease, and our
center is a reference hospital that admits
patients from all over the country.

In summary, it can be suggested that sur-
vivin -31G\C polymorphisms do not modify
individual susceptibility to the acromegaly.
In this study, no association was observed
between disease characteristics (such as
tumor size, hormone levels, and remission
status) and survivin polymorphism in sur-
viving gene, although increased survivin lev-
els were observed in acromegaly patients
compared to that in healthy subjects. How-
ever, the molecular effects of these different
single nucleotide polymorphisms on the
functional mechanism of surviving in tu-
morigenesis have not yet been clarified, and
the involved mechanisms need further stud-
ies.
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Abstract

Objective: Reviewing the 16-year experience of pheochromocytoma in a
tertiary referral center. Material and Methods: The demographics data
and the results of clinical, biochemical, and radiological evaluations of 67
patients who received a diagnosis of pheochromocytoma between the
years 2004 and 2020 were obtained retrospectively. Results: The mean
age (+SD) of the patients at the time of diagnosis was 46 years (+16.1)
with a slight female predominance. The percentage of patients diagnosed
due to complaints was 50.8%, while 31.2% were diagnosed during the ad-
renal incidentaloma screening, and 18% were diagnosed during screening
for hereditary conditions. Pre-existing hypertension was detected in 56.7%
of the patients, while 11.9% of the patients were diagnosed to have hyper-
tension at the time of diagnosis. Paroxysmal pattern was observed in
53.7% of the patients and was accompanied by the classical triad of pal-
pitation (32.8%), headache (20.9%), and sweating (14.9%) as the lea-
ding symptoms. Median tumor size was 40 mm (range: 9-90 mm) and the
lesion size correlated significantly (p<0.001) with the urinary catechola-
mine metabolite levels. The overall rate of hemodynamic instability in both
perioperative and postoperative periods was 6%. Hereditary syndromes,
including multiple endocrine neoplasia type 2A (MEN 2A), MEN 2B, von
Hippel-Lindau (VHL), and neurofibromatosis type 1 (NF1), were diagnosed
in 24% of these patients. Hereditary pheochromocytomas were diagnosed
at younger ages, and bilateral lesions were more prevalent in hereditary
pheochromocytomas (p=0.003 and p<0.001, respectively). In addition,
patients with hereditary pheochromocytomas were more asymptomatic
rather than sporadic (p=0.016). Metastasis was detected in 3% of these
patients. Conclusion: Pheochromocytoma is a rare, life-threatening con-
dition, and therefore, it is important to suspect and test for pheochro-
mocytoma in patients with clinical suspicion. In addition, hereditary
syndromes associated with pheochromocytomas should be considered
while evaluating patients with pheochromocytoma. A life-long annual fol-
low-up is recommended for the detection of recurrent or metastatic di-
sease, and its evaluation, treatment, and follow-up should involve a
multidisciplinary approach in experienced centers.

Keywords: Hereditary pheochromocytoma;
sporadic pheochromocytoma; paroxysmal hypertension;
multiple endocrine neoplasia type 2;
von Hippel-Lindau disease

Ozet

Amag: Ugiincii basamak bir (iniversite hastanesinde, 16 yillik feokromasitoma
deneyiminin gdzden gegiriimesi. Gereg ve Yontemler: Bu arastirma, 2004~
2020 yillart arasinda feokromasitoma tanisi almig 67 hastanin degerlendirildigi
retrospektif bir galisma olup, hastalarin demografik 6zellikleri ve klinik, biyo-
kimyasal ve radyolojik degerlendirmelerine iliskin sonuglar aragtiriimistir. Bul-
gular: Arastirmada, feokromositoma tanisi konulan hastalarin yas ortalamasi
46 (£16,1), kadin/erkek orani 1,2, feokromositoma ile iligkili yakinmalarla bas-
vurup, bu taninin konuldugu hasta orani ise %50,8'dir. Hastalara konulan ta-
nilarin %31,2'si rastlantisal adrenal kitle arastiriimasi sirasinda, %18'i ise
genetik gegisli sendromlar arastirilirken gergeklestirilmistir. Hastalarin
%>56,7'sinde tanidan 6nce de hipertansiyonun bilindigi, %11.9'unda ise hiper-
tansiyonun tani sirasinda belirlendigi gérilmustir. Hastalarin %53.7'sinde tan-
siyon yuksekliginin ataklar halinde ortaya giktigi saptanmistir. Hastalarda
ataklara en sik eslik eden belirtilerin carpinti (%32,8), bas agrisi (%20,9) ve
terleme (%14,9) oldugu dikkati cekmektedir. Aragtirmada, ortanca tiimér bo-
yutu 40 mm (9-90) saptanmis ve timor boyutu ile idrar katekolamin metabo-
lit dizeyleri arasinda anlaml korelasyon saptanmistir (p<0,001). Cerrahi
uygulanan hastalarda operasyon sirasinda ve sonrasindaki takiplerde hemodi-
namik dengesizlik gorilme sikligi %6 olarak bulunmustur. Hastalarin %24'tine
genetik gegisli sendromlar eslik etmekte olup, bu sendromlar arasinda multipl
endokrin neoplazi tip 2A (MEN 2A), MEN 2B, von Hippel-Lindau (VHL) ve n6-
rofibromatozis tip 1 (NF1) yer almaktadir. Ote yandan, kalitsal feokromosito-
mali hastalarin daha erken yaslarda tani aldiklari ve bu hastalarda adrenal
lezyonlarin iki tarafli olma egilimi gosterdikleri belirlenmistir (p=0,003 ve
p<0,001). Ayrica, kalitsal feokromositomali hastalarin, sporadik vakalara gore
bulgu vermeden tani aldiklar gorilmustir (p=0,016). Calismamizda, feokro-
mositoma tanili hastalarda metastaz oraninin %3 oldugu saptanmigtir. Sonug:
Feokromositoma, ender gérilmesine karsin yasami tehdit edebilen bir durum-
dur. Bu nedenle, klinik agidan kusku duyulan hastalarda feokromasitoma tani-
sini akla getirmek ve hastalar bu agidan irdelemek biyiik nem tagimaktadir.
Ayrica bu taninin konuldugu hastalarda altta yatan genetik sendromlarin da
olabilecegdi 6zellikle dikkate alinmalidir. Hastalarin émiir boyu yillik olarak takip
edilmesi, niiks ve metastaz belirlemesi agisindan ayri bir 6nem tasimaktadir.
Ote yandan, bu hastalikla ilgili olarak dederlendirme, tedavi ve takip calisma-
larinin, multidisipliner bir yaklagimla deneyimli merkezlerde yapilmasina ayr bir
ozen gosterilmelidir.

Anahtar kelimeler: Kalitsal feokromasitoma;
sporadik feokromasitoma; paroksismal hipertansiyon;
multipl endokrin neoplazi tip 2;
von Hippel-Lindau hastaligi
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Pheochromocytomas are rare tumors arising
from the adrenomedullary chromaffin cells
that originate from the neural crest (1). The
reported annual incidence of pheochromo-
cytomas is 2%-9.1% per million adults (2).
Pheochromocytomas may either be sporadic
or a component of hereditary syndromes
such as multiple endocrine neoplasia type
2A and 2B (MEN 2A and MEN 2B), von Hip-
pel-Lindau disease (VHL), and neurofibro-
matosis type 1 (NF-1); it may also be
associated with the succinate dehydroge-
nase (SDHx) mutations (3,4). Sporadic
pheochromocytomas are more common in
the 3™ to 5% decades of life, while hereditary
pheochromocytomas tend to occur at
younger ages (3,5). The prevalence of
pheochromocytomas in patients with hyper-
tension is 0.1%-0.6%, and the incidence of
pheochromocytomas in patients with adre-
nal incidentalomas is 5% (6-9).

Plasma free metanephrine or urinary frac-
tioned metanephrine measurement is rec-
ommended to the patients for diagnosis in
case of pheochromocytoma suspicion (10).
The patients with biochemical evidence of
pheochromocytoma should be subjected to
computer tomography (CT) or magnetic res-
onance imaging (MRI) for localization (10).
The nuclear imaging methods are useful for
the functional evaluation and detection of
metastatic disease. Laparoscopic adrenalec-
tomy is suggested to most of the patients
with adrenal pheochromocytomas after
achieving adequate alpha blockage (2,10).
Despite the availability of multiple histolog-
ical algorithms for the prediction of the bio-
logical behavior and malignant potential of
pheochromocytomas, no gold standard
grading system exists to date. Even now,
malignancy is being diagnosed through the
detection of local invasion of the surround-
ing tissues and organs or distant metastases
(11). Since all kinds of pheochromocytomas
have a potential for malignancy, life-long an-
nual biochemical evaluation is recom-
mended for the detection of recurrent or
metastatic disease in the patients (10).
The present retrospective study was aimed
to present our experiences related to
pheochromocytomas in 16 years of practice.
The patients diagnosed with pheochromocy-
toma were investigated and the concomi-

tance with genetic syndromes, their symp-
toms, signs, and biochemical characteristics
was evaluated at the time of application as
well as during follow-up. In addition, the
treatment methods applied, the success
rates of the applied treatment, and the re-
currence rates in the patients were studied.

A total of 67 patients diagnosed with
pheochromocytoma between January 2004
and July 2020 were included in the present
study. Data regarding the demographic
properties (age and gender), clinical history
(presentation, medical history, complica-
tions, and family history), laboratory tests
(24-hour urinary metanephrines and
normetanephrines or plasma fractionated
metanephrines and normetanephrines), im-
aging studies, surgical approaches, and
pathological reports were obtained using
paper charts and electronic records.
Pheochromocytoma was diagnosed by
measuring the 24-hour urine metabolites of
catecholamines and searching for the detec-
tion of adrenal lesions in CT or MRI in the
suspected patients. The 24-hour urine
metanephrines and normetanephrines were
measured using high-performance liquid
chromatography (HPLC). CT without con-
trast and contrast-enhanced MRI were used
as the primary imaging modalities. Lesion
size was measured considering the largest
dimension, and in bilateral cases, the size of
the largest side was considered. In selected
patients, nuclear imaging methods such as
MIBG or PET CT were used. The patients
with typical clinical signs and symptoms of
pheochromocytoma, the patients with a his-
tory or a family history of genetic syn-
dromes associated with pheochromocytoma,
and those with adrenal incidentalomas were
investigated for pheochromocytoma. Ge-
netic tests were performed for the patients.
Pheochromocytoma in the patients with
negative genetic mutations and the patients
with no suspicion of genetic syndromes and
no available genetic test results were de-
fined as sporadic. Laparoscopic adrenalec-
tomy or adrenalectomy with open surgery
was performed as the primary treatment ap-
proach, while other treatment options were
considered in case of recurrent or metasta-
tic disease. An 81-year-old female patient



56 Ozgen Saydam et al.

Pheochromocytoma: 16 Years of Experience in a Single Center

Turk J Endocrinol Metab.
2021;25:54-67

who was clinically, biochemically, and radio-
logically diagnosed with pheochromocytoma
refused to undergo surgery and is being fol-
lowed-up with antihypertensive therapy, in-
cluding the alpha blockers. The pathological
specimens were examined by the experts in
this field. All patients received at least 21
days of alpha blockage therapy (doxazosin),
and a few patients received beta blockage
after adequate alpha blockage therapy pre-
operatively. Beta blockage therapy was pro-
vided additionally in cases of persistent
tachycardia, tachyarrhythmias, and persist-
ent hypertension, despite adequate alpha
blockage. Adequate fluid and salt intake
were recommended to all patients during
the preoperative period.

The study followed the ethical standards and
adhered to the study protocol according to
the international agreements (Helsinki Dec-
laration revised in 2013). The study was ap-
proved by the Clinical Research Ethical
Committee of Dokuz Eylal University on
21.10.2019; 2019/26-32.

Statistical analyses were performed using
IBM SPSS for Mac Version 20 (IBM Corp. Re-
leased 2011, Armonk, NY). Numeric vari-
ables were expressed either as mean £SD
or as median (minimum-maximum) based
on their distribution features. Categorical
variables were evaluated with cross-table
analysis and expressed numerically as a
percentage. Mann-Whitney U test was used
for pairwise comparison of the data that was

Parameter (reference range)

Age (y)

Gender (F/M)

Weight (kg)

BMI (kg/m?)

Urinary Metanephrines (52-341ug/24 h)
Urinary Normetanephrines (88-444 ug/24 h)
Size (mm)

Localization (Left/Right/Bilateral)

BMI: Body mass index; F: Female; M: Male; y: years.

not normally distributed, while Student’s t-
test was used for the pairwise comparison
of normally distributed data. Spearman’s
correlation analysis was performed. p<0.05
was considered statistically significant.

The present retrospective study included 67
patients with an initial diagnosis of
pheochromocytoma, among which 66 pa-
tients had undergone one or more adrenal
surgeries. The mean age (£SD) of the pa-
tients at the time of diagnosis of pheochro-
mocytoma was 46 years (£16.1), and the
female to male ratio was 1.2. The urinary
catecholamine metabolite levels, biochemi-
cal parameters, and lesion characteristics in
the patients are summarized in Table 1.
The median urinary metanephrine level was
633.9 ug/24 h (range: 28-18642), and the
median urinary normetanephrine level was
1001 ug/24 h (range: 37.9-10071). Among
the 50 patients with available urinary cate-
cholamine levels, 18 patients (36%) exhib-
ited predominantly increased urinary
normetanephrine levels, ten patients (20%)
had predominantly increased urinary
metanephrine levels, 14 (28%) exhibited an
increase in both urinary metanephrine and
normetanephrine levels, and eight patients
(16%) had normal levels. These urinary cat-
echolamine metabolite levels correlated pos-
itively with the tumor size (p<0.001).

Value

46 (+£16.1)

37/30 (55.2%/44.8%)

67.8 (£12.8)

25.2 (£6.3)

633.9 (28.2-18642)

1001 (37.9-10071)

40 (9-90)

23/34/10 (34.3%/50.7%/14.9%)

Mean values (£SD) are provided for equally distributed variables while median (minimum-maximum) values are provided for une-
qually distributed variables. Nominal parameters are provided as number (percentage).
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In all patients, CT and/or MRI were used for
diagnosis, while MIBG and PET CT were used
additionally for the lesions that required fur-
ther characterization (29.9% and 9%, re-
spectively). Imaging analysis of the patients
revealed lesions other than adenomas that
were suspects for pheochromocytomas. The
median size of the adrenal lesions was 40
mm (range: 9-90 mm), with 57 patients
(85.1%) having unilateral adrenal lesion and
ten patients (14.9%) having bilateral
pheochromocytoma (Table 1).

Among the 61 patients whose presentation
details could be obtained, pheochromocy-
toma diagnosis was provided on the basis of
the clinical signs and symptoms in 31 pa-
tients (50.8%), while diagnosed during adre-

Detection history

Investigation due to symptoms and signs
Incidentaloma screening

Screening due to family history of MEN

Screening due to diagnosis of MTC

Investigating due to history of NF1

Screening due to family history of VHL

Screening due to family history of pheochromocytoma
Accompanying diseases and symptoms

Existing hypertension

Preeclampsia/abortus

Hypertensive retinopathy

Hypertension diagnosed at the time of diagnosis
Paroxysmal pattern

Asymptomatic

Type 2 diabetes

Impaired fasting glucose and/or impaired glucose tolerance

Cardiovascular disease (angina, PTCA, MI, medical treatment)

Cardiomyopathy
Palpitation
Headache
Sweating
Weight loss
Pallor
Flushing
Fainting
Vomiting
Nervousness
Anxiety
Hematemesis
Chest pain

nal incidentaloma evaluation happened in 19
patients (31.2%). The remaining 11 patients
(18%) were investigated either due to fam-
ily histories of MEN, medullary thyroid can-
cer, VHL, and pheochromocytoma or due to
their personal histories of familial syndromes
or the diagnosis of diseases associated with
the familial syndromes such as MTC (Table
2). Among these, eight patients had a family
history of pheochromocytoma (7 had MEN2A
and 1 had VHL), one patient had a family his-
tory of paraganglioma (her genetic analysis
is non-applicable), and one patient with a
family history of adrenal surgery died in a
cerebrovascular event (his genetic analysis
for hereditary syndromes was negative).

Hypertension pre-existed in 38 patients
(56.7%), while eight patients (11.9%) re-
ceived a diagnosis of hypertension at the

Number of patients (%)
31 (50.8%)
19 (31.2%)
4 (6.6%)
3 (4.9%)
2 (3.3%)
1 (1.6%)
1 (1.6%)

38 (56.7%)
2 (3%)
2 (3%)
8 (11.9%)
36 (53.7%)
17 (25.4%)
15 (22.4%)
5 (7.5%)
12 (17.9%)
2 (3%)
22 (32.8%)
14 (20.9%)
10 (14.9%)
4 (6%)
4 (6%)
4 (6%)
3 (4.5%)
2 (3%)
1 (1.5%)
1 (1.5%)
1 (1.5%)
1 (1.5%)

MEN: Multiple endocrine neoplasia; MTC: Medullary thyroid cancer; NF1: Neurofibromatosis type 1; VHL: von Hippel-Lindau; PTCA:
Percutaneous transluminal coronary angioplasty; MI: Myocardial infarction.
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time of pheochromocytoma diagnosis. A
paroxysmal pattern was observed in 36
patients (53.7%). The most common symp-
toms accompanying paroxysmal hyperten-
sion were palpitation, headache, and
sweating. Detailed information regarding
the symptoms at the initial presentation is
summarized in Table 2. The accompanying
malignancies in the patients with sporadic
pheochromocytoma were papillary thyroid
cancer in one patient and breast cancer in
one patient at the time of diagnosis. Two pa-
tients were diagnosed with malignancies
during follow-up (bladder cancer in one pa-
tient; papillary thyroid cancer and basal cell
carcinoma in one patient).

In eight patients (11.9%), low-dose dexam-
ethasone suppression test (DST) was unable
to suppress cortisol (>1.8 mcg/dL), while
three patients with cortisol levels higher
than 5 mcg/dL after 1 mg DST received
steroid coverage during the surgery as well
as for a short time after the surgery. We
have previously reported a patient’s case
with the diagnosis of CRH producing
pheochromocytoma (12). Postoperative

Operation features

Type of surgery Laparoscopic/Open surgery*
Perioperative/Postoperative hemodynamic instability**
Pathological diagnosis (n=66)

Pheochromocytoma

Composite pheochromocytoma (+ganglioneuroma)
Adrenal medullary hyperplasia

Necrosis

PASS score***

PASS <4

PASS >4

Outcome

Median follow-up (y)

Remission

Missed follow-ups

Metastatic disease

Recent operation

Deceased

Being followed-up without surgery

PASS: Pheochromocytoma of the Adrenal gland Scaled Score.
*n=56; **n=50; ***n=35.

ACTH levels and cortisol values after DST
were normalized in these three patients.

All patients had successful surgery and were
discharged from the hospital. Among these
patients, one patient experienced intraoper-
ative hypertension approaching 200 mmHg
systolic pressure, and another experienced
severe hypotension in the postoperative pe-
riod; both were treated successfully. More-
over, one patient was readmitted to the
endocrinology clinic on postoperative Day 7
with a complaint of hypotension and a his-
tory of syncope. Her blood pressure was
70/40 mmHg. She was hospitalized, treated
with intravenous isotonic fluid and increased
oral salt intake, and discharged from the
hospital after three days. Adrenal insuffi-
ciency was excluded, and she did not report
any complaints afterward.

Ten patients had bilateral adrenalectomy, ei-
ther in one session or in separate surgeries
during follow-up. Nine patients had genetic
syndromes associated with pheochromocy-
tomas, while the genetic test results of one
patient (with a family history of paragan-
glioma) were non-applicable (Table 3). Two

45/11 (80.4%/19.6%)
4 (6%)
Number of patients (%)
60 (91%)

3 (4.5%)

2 (3%)

1 (1.5%)

4 (0-17)

15 (42.9%)

20 (57.1%)

3 (0.3-14)
47 (71.2%)
15 (22.7%)
2 (3%)
2 (3%)
1 (1.5%)
1 (1.5%)
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patients with unilateral pheochromocytoma
had non-functional stable, benign adrenal
lesions on the contralateral adrenal gland.

Pathological diagnoses of the patients are
summarized in Table 3. Among the patients
who underwent surgery, 60 patients had
pheochromocytoma, three patients had
composite pheochromocytoma (+gan-
glioneuroma), two patients had medullary
hyperplasia, and one patient had necrosis.
The median PASS score of the patients was
4 (range: 0-17). Laparoscopic surgery was
preferred over open surgery (Table 3).

Our median follow-up time after the surger-
ies performed in our hospital was three
years (range: 0.3-14). The follow-up char-
acteristics of the patients are summarized in
Table 3. The detailed information regarding
the hereditary syndromes of the patients
and their families, along with the outcomes,
is provided in Table 4. Forty-seven patients
are being followed-up in remission, while 15
patients missed their follow-ups. Among the
two patients with metastatic disease, one
patient had MEN2A, and the metastasis was
detected one year after the surgery (Table
4, MEN2A, Family 2, patient 1). She had
multiple metastatic lesions in the lung, liver,
and bone, as well as retroperitoneal im-
plants and local recurrence. She is currently
being followed-up by the medical oncology
and nuclear medicine teams. The other pa-
tient with metastatic pheochromocytoma
had no family history or diagnosis of a
hereditary syndrome. He was diagnosed
with lytic bone metastasis four years after
the surgery with no local recurrence and is
currently receiving chemotherapy. One pa-
tient with the diagnosis of MEN2A died one
year after bilateral adrenalectomy due to se-
vere upper respiratory infection and adrenal
insufficiency despite receiving adequate
steroid replacement therapy and warnings
regarding stress conditions (Table 4, MEN2A,
Family 5, patient 1).

Sixteen of the patients had accompanying
hereditary syndromes, including MEN2A,

MEN2B, VHL, and NF1. None of our patients
had SDHx mutations. Among the 67 patients
included in the present study, ten patients
had MEN2A (14.9%), one patient had MEN2B
(1.5%), three patients had VHL (4.5%), and
two patients had NF1 (3%). The genetic
analysis of one patient with possible heredi-
tary syndromes was non-applicable; she was,
therefore, excluded from the comparative
analyses. The mean age of the patients with
hereditary syndromes at the time of diagno-
sis (36%x11.3 years) was significantly less
(p=0.003) than the mean age of those with
sporadic pheochromocytomas (49.4+16.3
years). The patients with sporadic pheochro-
mocytomas tended to be more asymptomatic
(p=0.016) rather than sporadic. Hereditary
pheochromocytomas tended to be bilateral
(p<0.001) (Table 5). Although statistically in-
significant (p=0.064), the median lesion size
of sporadic pheochromocytomas was ob-
served to be larger than that of hereditary
pheochromocytomas (Table 5).

In the present study, we have comprehen-
sively reviewed our experience in the diag-
nosis, treatment, and follow-up of
pheochromocytomas in a tertiary center
during the period between 2004 and 2020.
Our results concerning the initial presenta-
tions of the patients are rather different
from those in the literature. Falhammar et
al. (13) reviewed 98 cases in their study, in
which diagnoses of pheochromocytomas
were obtained mostly due to the investiga-
tion for incidentalomas (64%), followed by
clinical suspicion of pheochromocytoma
(32%) and screening for a family history of
MENZ2A (4%), respectively. In the present
study, most of the patients (50.8%) were di-
agnosed due to suspicious symptoms of
pheochromocytoma, while 31.2% of the pa-
tients were diagnosed during the inciden-
taloma screening. The remaining 18% of the
patients were diagnosed while investigating
for possible hereditary syndromes. This dif-
ference might be due to the use of more ag-
gressive approaches for identifying the
cause of secondary hypertension and the in-
creased awareness of pheochromocytoma
during the past years.

CT and MRI are generally accepted to be
sufficient for the diagnosis of pheochromo-



2021,;25:54-67

Turk J Endocrinol Metab.

Ozgen Saydam et al.
Pheochromocytoma: 16 Years of Experience in a Single Center

60

«—

panujuod

(A1abans puodas uayye Ag) uoissiwy

V/N :SSvd
ewojAdowolydoayd |elaje|ig
(3ede sieaA 7)
Awoldajeualpe |eidje|lg

QuIpaw Jespnu pue ABojoduo |eJIpay

sieaA z1 dn-moj|oJ |e301

(A13buns uayje AT) aseasip d13eIseId|y

V/N :SSvd
ewo3Ad0wolyd0ayd
Awolos|eualpe jesaie|iun

(dn-mojj04 AZ) uoISSIWDY
S :SSvd
ewo03Ad0wWo4yd03yd
Awolos|eualpe |esaje|iun
(dn-mojjo) Ag) uoissiwY
V/N :SSvd
ewo0jAdowolydoayd |elaje|ig
Awojos|eualpe |eiaje|ig
(dn-moj|j04 ATT) uoISSILIDY
V/N :SSvd
ewojAdowouydoayd |elaje|ig
Awold9jeualpe |eiale|lg
(dn-mojj0y ATT) uoissiwey
V/N :SSvd
ewojAdowouydoayd |elaje|ig
Awojoajeualpe |etaie|ig

ewojioowo.aydoayd
10j W0231N0 pue judwilealy

Wb 1ogIn
ww gz :ybry
J93e| suedA ¢
STETHOT=) [
ww Gz 142
98TT :WN
80/ W

V/N :3ybry
V/N N
V/N I

ww og 14217
Y $2/6n 916T NN
Y 2/Bn €49 W
ww 6 4
ww ST :3ybry
Y $2/bn 1€2 1N
Y 2/Bn 29 W
ww 9¢ 11427
ww g4 :3ybry
Y v2/bn 6292 NN
Y +2/6n 008Z:IW
ww §9 11427
ww 0z :3ybry
V/N N
V/N I

uoijez|jedo| pue a3zis
sajljoqelaw
aujwejoyda3ed aurn

'SaWOIPUAS Alejipatay yaim saljiwies Jisy3 pue sjusiied ayy buipiebad uonewdojul pajielad ‘+ o|qel

1dHd
J1W

Wa z °dAL
D1

D1
WQa z 2dAL

1dHd
J1W

1dHd
J1WW

1dHd D1

VZ NIW

S9SeasIp JuejIodu0)

ayoepesH
Bunurey
40]|ed
uolsuapadAHy
A103s1y Ajlwey 03 anp bujusauads
asoon|b ybiH
uopjejidied
ayoepeaH
Bunurey
10]|ed
1H |ewsAxoJed

uoneydied 1H |ewsAxoled
SSausnoAJaN uoneyd|ed

1H |ewsAxouded
1H

A103s1y Ajlwey 03 anp bBujusauds

bupeams uoneyd|ed
1H |ewsAxoded

Y<OTO6T "2 134
8€/0€
Z uaned

85/9%
(xapul) T judi3ed
Z Allwed

6¢/LC
¥ Jusjed

09/€5
€ juaned

swoidwAs oN
8G//¥ T Judiled

€b/€E
(xapur) T juaned
T Ajiwed

uoneInw d13_VUIH

swoljdwAs pue |H /(A) abe juaisin)/sisoubelp je aby




61

Ozgen Saydam et al.

Pheochromocytoma: 16 Years of Experience in a Single Center

Turk J Endocrinol Metab.

2021;25:54-67

< panupuod

(dn-mojj0) AE) uoissiway
0 :SSvd
2WO03A00WO04Yyd03yd Awojoajeualpe |edaiejiun

(dn-moj||0} ACT) uoISSIWDY
V/N :SSvd
ewojAdowolydoayd |esaie|ig
Awojoajeuaupe |elaje|ig

(A1abans uayye A T) paseadaq
9 :SSvd
ewojAdowouydoayd |elaie|ig
Awo3os|euaupe |esaje|ig

(dn-moj|0) Af) uoissiwey
¥/T :SSvd
(ewodnauoibueb+) ewolAdowolysoayd
931sodwod/ew03Ad0Wo.1yd03yd
Awojos|euaupe |eiaje|ig

(dn-moj||04 AQ) uoissIwDY
v 1SSvd
ewo03Ad0wo4yd03yd
Awoyosjeualpe |eiaie|iun

ewojAdowolydoayd
10} 2W0231N0 pue jusdwjleal]

wuw 6 :3ybry
Y »¢/bn 29 :WN
Yy pz/6n 62T ‘W

wuw 0§ 3o
ww sz :ybry
V/N

wuw §9 Y97
ww 09 :3ybry
U +2/bn 626 :N

Yy $2/6n 810€ W

wuw Gz 1y
ww ¢ ybry

U +2/6n 60T N
Y ve/bn £€S 1IN

ww 9T 197
U te/bn £L WN
Y pz/Bn 6/ N

uonez|jed0j] pue azis
s9jljoqelaw
aulwe|oyda3ed auln

ewoJinauolbueb |enbui

snjiqey pioueiep swoldwAs oN

DL DLW 03 anp NIW Joj paebisanul

92 NIW

swoydwAs oN

Il A103s1y Ajlwey 03 anp buluasuds
uoneydied

1dHd 1H |ewsAxoued

DLW 1H

1dHd swoydwAs oN

D1 DLW 03 @np NI 404 pa3ebiisanu]

swoldwAs oN
J1I DLW 03 @np NI 104 pa3ebisanur

S9SEeasIp juejIwoduo) swoldwAs pue | H

(xaput)
18T6W13Y
62/9¢

T juaned
T Ajiwied

SS/Ty
T juaned
9 Allwed

v/N
X3 SE/pE
T juaned
S Ajlwed

(xaput)
biepc9sAd dlay
6v/S¥

T juan3ed

¥ Allwed
(xaput)
ATT9213Y

9% /0t

T Juaned

€ Allwed

uoljelnw d1BUIH

/(A) abe juaiin)y/sisoubelp je aby

*(pajunjuo2) SBWOIPUAS AlelipaJlay U3im saljiwey Jiayy pue sjuaied syl buipiebal uoiew.ogul pajieiad ‘v a|qeL




Turk J Endocrinol Metab.

Ozgen Saydam et al.
Pheochromocytoma

25:54-67

7

2021

16 Years of Experience in a Single Center

1

‘auipiuenbjAzuaqopoled |y :9dIi

:

‘gz 2dA) eisejdoau aunopus 3|diIN gz NIW

’

vz adAj eisejdosu suoopus a|diINK vz NIW

:

ueaA A !nepuri-jaddiH UOA THA ‘ewouidied |92 [eudy DDy ‘wsiplodAyjesediadAy Alewld i1dHd ‘©100s pajeds pue|b [eualpe 8y} JO BW03AO0WOIY203yd :SSVd ‘SaullydauelawloN NN ‘SISO}ewoiqiolnaN 4N ‘3|qed

-1jdde-uop :y/N !{49oued ploiAyy Ade|inpal DLW !saunydaueis|y |y ‘uoisuspadAH :1H

62

(dn-mojjo4 Az) uoissiway
¥ 1SSvd wu pp e Je|- ne-g4e) 4N jo sisoubeiq
eWO03AI0WO0IY209Yd y £2/bn 8T/ :WN Ssewo.qljoinaN ayoepeaH 6v/cY
Awo3o9|eualpe |eJa3le|iun y +2/bn 604 N (Aj1waJ3xd 3y3 Ul pue |euUlISEIPaW) BWOUURMYIS 1H [ewsAxoied T Juaned
T Allwey
9|ge)s :UoISa| [eUDIPR Y]
(dn-mojjo4 A9) uoIsSIWDY 0¢ 4o
, 'SSvd ‘do J4ayje AT
(ewodnauol|bueb+) ewojAdowolydoayd ww 0z :3ybry
931sodwod Jowny Auejinpaw [eualpy y +2/bn /$ST:WN swojdwAs oN 25/9%
Awoyoa|eualpe |elajejiun y t2/bn 99/ N SewoJqijoinau snoaueNdgns eWO[RIUDPIOUT T juaed
T Alwieq
TdN
(dn-mojjoy AZ) uolssiway Yo :9dIW eWOUapPeRISAD SNOJDS dl3eaIduRd
V/N :SSvd wuw g¢ 1y 0D 192 de3)
eise|diadAy Auejinpaw pue ewojewaH y +2/bn 505 N ewojse|qolbuewsay |euids swoydwAs oN ve/TEe
Awo3oa|eualpe |elaie|iun y vz/bn zy W uoIsa| |elueldenul A103s1y Ajiwey 03 anp bujuaauds T juaned
T Alwrey
(xapur)
(dn-mojj04 A} T) uoissiwey swoydwAs oN V<9 S69°0 THA
V/N :SSvd V/N :9ziS ewojAdowolyooayd THA
ewojAdowoayd0ayd aAISeAU] |eda3e|1g Jo A1o3siy Ajiwey pue ewolbue |euiyad Apz/AoT
Awojos|euadpe |eiaje|ig V/N ewolbue |euney Jo A1o3siy 03 anp bujuasuds Z uaned
A1obuns puodas uayye dn-mojjo Ag
2:SSvd
ewo3Ad0WOoIYd03yd
Awojos|eualpe [eiajejiun Yo 9AIOR |eualpe Y| :OGIIW
(4oye Apz) 2oualindad [B207 wuw 8T
Adueubaud buunp wuw gz Y 1H [ewsAxoied
Aluo :juswade|dal p10493S  (do puodas 21049q) Y Hz/bn £€€ NN (x® auuanesul) 6v/tT
Awojoajeuaupe |eided |elaje|ig y v2/bn 61°87 :IN 9SeasIp ploJAY3} aunwwioiny Aoueubaud bulinp pajoalag T Juaned
T Ajwieq
THA
ewojAdowodyd0ayd uonezijedo| pue azis S9SEasIp JUBHWOdU0) swojdwAs pue | H uojjeynuw d13_dUIH
10j dWO02)N0 pue juduwlead] sajljoqelaw /(A) abe juaiin)/sisoubelp je aby
aujwejoydajed auLn

*(pajunjuo2) SBWOJIPUAS AlelipaJlay UY3im saljiwey Jiayy pue sjusied syl Buipiebal uoiew.ogul pajieiad ‘v a|qeL




Turk J Endocrinol Metab.
2021;25:54-67

Ozgen Saydam et al. 63

Pheochromocytoma: 16 Years of Experience in a Single Center

Hereditary Sporadic

pheochromocytoma Pheochromocytoma p value
Age (y) 36 (£11.3) 49.4 (£16.3) 0.003
F/M 9/7 27/23 1
Asymptomatic/Symptomatic 8/8 9/41 0.016
Bilateral/Unilateral adrenalectomy 9/7 0/49 p<0.001
Urinary Metanephrines 605 (28-3018) 600.4 (34.8-18642) 0.588
Urinary Normetanephrines 612 (62-2629) 1200 (37.9-10071) 0.117
Lesion size 31.5 (9-70) 40 (18-90) 0.064

F: Female; M: Male; y: Years.

cytomas owing to characteristic appear-
ances and contrast-enhancement profiles
(14). These typical findings were observed
in all our patients who had radiological im-
aging reported to be suspicious for
pheochromocytoma or consistent with the
non-adenoma adrenal lesion. Although
MIBG and PET CT are not recommended for
diagnosis in routine use, they are used for
the evaluation of functionality and metasta-
tic disease, respectively (14). In the present
study, CT and/or MRI were sufficient for di-
agnosis for most of the patients, while nu-
clear imaging methods had to be used
additionally for 37.3% of the patients. In our
study, tumor size was significantly corre-
lated with the urinary catecholamine levels,
similar to other studies, while the median
size of the lesions in our study (40 mm) was
slightly smaller than that reported (49 mm)
in previous studies (13,15). The smaller
tumor size in our study could be attributed
to the relatively higher number of patients
investigated for genetic syndromes.

As the patients with clinical suspicion con-
stituted the dominant portion of clinical
presentation, 56.7% of the patients had
pre-existing hypertension, while 11.9% of
the patients were diagnosed with hyperten-
sion at the time of pheochromocytoma di-
agnosis. Two patients were diagnosed with
pheochromocytoma while being investigated
for preeclampsia and abortus. Hypertension
exhibited a paroxysmal pattern in 53.7% of
the patients. The major accompanying
symptoms of the hypertension episodes
were palpitation, headache, and sweating,

consistent with the classical triad of
pheochromocytoma (16).
Pheochromocytoma incidence during preg-
nancy was <0.2 per 10,000 pregnancies
(17). It is generally stated that the diagno-
sis of pheochromocytoma during pregnan-
cies might go unnoticed due to the rarity of
this disease and because its symptoms gen-
erally mimic the other forms of hypertension
observed during pregnancy, such as
preeclampsia and gestational hypertension
(17). Two of our patients had a history of
abortus and preeclampsia at the time of
presentation. It is important to consider
pheochromocytoma in pregnant women with
hypertension as this disease may cause sig-
nificant morbidity and mortality to both
fetus and mother. Since the screening of all
pregnant women with hypertension is not a
cost-effective approach, it is recommended
to screen the pregnant women with resist-
ant hypertension, those having adrenal
mass, and the ones with classical signs and
symptoms of pheochromocytoma (17).
Despite improvements in preoperative
preparation with alpha blockage (and sub-
sequent beta blockage if required) and ade-
quate fluid intake, both perioperative and
postoperative complications can occur in pa-
tients with pheochromocytoma. Laparo-
scopic surgery is our preferred surgical
approach, and the intraoperative and post-
operative complications observed are low in
our institution. A study concerning 100 pa-
tients with pheochromocytoma reported
27.3% hemodynamic instability in the peri-
operative period (18). The overall rate of he-
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modynamic instability in perioperative and
postoperative periods in our patients was
6%. General anesthesia, along with sympa-
thetic blockage, is the preferred method for
anesthesia. Adequate preoperative prepara-
tion, appropriate anesthesia administration,
laparoscopic approach, and the experienced
team could be the possible reasons for a low
frequency of intraoperative severe hyper-
tension. Tumor manipulation during the re-
section of pheochromocytoma is thought to
be the most probable reason for periopera-
tive hypertension (19). Prolonged hypoten-
sion after tumor removal might be due to
chronically low circulating levels of plasma
volume, an abrupt decrease in the plasma
catecholamine levels, downregulation of
adrenoreceptors, increased blood loss, and
cardiogenic or septic shock (19,20). Larger
tumor size and higher urinary catecholamine
metabolite levels are reported as the pre-
dictors of prolonged hypotension requiring
postoperative catecholamine support (20).

Low dose DST was unable to suppress corti-
sol levels in 11.9% of the patients, while
three patients had cortisol levels higher than
5 mcg/dL after 1 mg DST. Among the latter,
one patient had accompanying obvious
Cushing syndrome and was diagnosed with
ectopic CRH secretion from the pheochro-
mocytoma, as previously reported (12). In
addition, the ACTH levels of the remaining
two patients were not suppressed. Despite
normalization of both ACTH levels and corti-
sol suppression after DST, we were unable
to explain the causality as ACTH, and CRH
staining of the pathology specimens could
not be performed. When considering the pa-
tients with DST values compatible with sub-
clinical Cushing syndrome, there are
possible reasons for such results. First, the
abnormal test results, particularly in pa-
tients with subclinical Cushing, may be in-
terpreted as false-positive results as there
are several common sources of error for
DST's. Acute stress and illness, conditions
elevating the serum corticosteroid-binding
globulin (CBG) levels, and drugs causing
variations in dexamethasone metabolism
through cytochrome 3A4 (CYP3A4) are re-
ported to cause false-positive results (21).
In addition, increased -cortisol secretion
could accompany the pheochromocytomas
via several different mechanisms, one of

which is the increased catecholamine secre-
tion that causes increased cortisol secretion
via activation of aberrant adrenal beta-
adrenergic receptors (22). Furthermore, cy-
tokines such as tumor necrosis factor-alpha,
interleukin-1 (IL-1), and interleukin-6 (IL-6)
are reported to activate the hypothalamic-
pituitary-adrenal (HPA) axis (23). There are
also studies demonstrating cytokine produc-
tion from pheochromocytomas resulting in
increased cortisol production from the adre-
nal cells (24,25). Corticomedullary mixed
tumors causing both pheochromocytoma
and subclinical Cushing syndrome are also
reported (26).

The pathological reports of two patients
stated adrenal medullary hyperplasia, and
three patients stated composite pheochro-
mocytoma, both of which are rare conditions
reported to be associated with hereditary
conditions, although sporadic cases are also
reported (27-31). One of our patients with
adrenal medullary hyperplasia was diag-
nosed with VHL, and the other patient was a
sporadic case with negative genetic test re-
sults. To the best of our knowledge, our pa-
tient is the first one to have been diagnosed
with both VHL and adrenal medullary hyper-
plasia. On the other hand, among the three
patients with composite pheochromocy-
toma, two had hereditary syndromes
(MEN2A and NF1). Medullary hyperplasia is
considered a precursor of pheochromocy-
toma, while composite pheochromocytoma
is clinically and radiologically indistinguish-
able from pheochromocytoma and these
cases are, therefore, recommended to be
managed similar to pheochromocytomas
(32-34).

The risk of pheochromocytoma was reported
to be 50% in MEN2A and MEN2B, 10-20%
in VHL, and 1-3% in NF-1 (35,36). Although
pheochromocytomas in NF-1 are generally
benign and unilateral, bilateral, recurrent, or
malignant pheochromocytomas may also be
detected (36). Our patients with NF-1 had
unilateral lesions and are being followed-up
regularly after adrenalectomy in remission.
Pheochromocytomas in MEN2 and VHL tend
to be bilateral and generally occur at
younger ages compared to sporadic
pheochromocytomas (37,38). In our study,
most of the patients with bilateral adrenal
lesions had hereditary syndromes. Heredi-
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tary pheochromocytomas in our study
tended to occur at younger ages, and the
adrenal lesions tended to be smaller. The
mean age of our patients with hereditary
syndromes at the time of diagnosis was sig-
nificantly lower than that of the sporadic
cases. Although the median lesion size in
our patients with hereditary syndromes
tended to be smaller than that in the spo-
radic cases, the difference was not statisti-
cally significant. Hereditary pheochromocy-
tomas were more asymptomatic rather than
sporadic. These observations could be at-
tributed to the early detection of the lesions
because of the screening in hereditary syn-
drome-diagnosed families. Pheochromocy-
tomas are generally diagnosed after
medullary thyroid cancer in patients with
MENZ2, as in our study (38). Pheochromocy-
tomas in VHL are generally asymptomatic,
while the pheochromocytomas in MEN are
generally associated with paroxysmal hy-
pertension, which was partially true for our
study as well (38).

The retrospective pattern of our study gen-
erated multiple limitations. Missing data for
certain patients, such as symptom dura-
tions, urinary catecholamine metabolite lev-
els, PASS scores, and types of surgeries,
and the patients missing their follow-ups
were the main limitations. In addition, not
all patients had genetic testing results, and
the lack of routine genetic screening re-
duced the reliability of sporadic cases as the
sporadic case definition was generally based
on no clinical suspicion for a hereditary syn-
drome. In addition, the sample size was rel-
atively small, and the data were obtained
from a single institution.

In conclusion, our study group may be de-
fined as a small cohort of pheochromocy-
toma as it represents the general features
and the accompanying hereditary syn-
dromes of the disease. Pheochromocytoma
should be suspected in the hypertensive
patients with resistant hypertension, hy-
pertension with a paroxysmal pattern, or
secondary hypertension. In addition, as
generally observed in hereditary syndrome
cases, investigating the patients diagnosed

with pheochromocytoma for possible
hereditary diseases and screening for
pheochromocytoma in the patients with
hereditary diseases are important. Owing
to the lesser understanding of the malig-
nant potential of these tumors, life-long
annual follow-up is recommended for the
detection of recurrent or metastatic dis-
ease. Since pheochromocytoma is a rare
condition that could be life-threatening, its
evaluation, treatment, and follow-up
should involve a multidisciplinary approach
in experienced centers.
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Abstract

Objective: Several vaccines have been recommended for adults
with diabetes. This study aimed to determine the rates of uptake of
recommended vaccines in diabetic adults and estimate their asso-
ciation with sociodemographic and clinical factors. Material and
Methods: This was a cross-sectional study conducted on patients
with either type 1 or type 2 diabetes, who had attended the outpa-
tient clinics of internal medicine and endocrinology. The patients
were inquired about their immunization status against influenza,
pneumococcus, zoster, measles, pertussis, and diphtheria. Results:
Among the 350 diabetic patients, 38 (10.8%) had received a vac-
cine against pneumococcus, 90 (26%) against seasonal influenza,
and only one patient had been administered the zoster vaccine.
None of the patients had been vaccinated against measles, dipht-
heria, and pertussis. The rate of pneumococcal vaccination (PV)
increased with age (65.5+9.7 vs. 57+9.1 [OR 2.9 (95% CI=14.3-
2.67], p=0.005), although there was no such association between
influenza vaccination (IV) and age (p=0.456). The rate of PV in-
creased with the number of routine follow-up visits per year (10/38
vs. 28/38 [OR 4 (95% CI=0.994-16.096], (p=0.039). The rates of
PV and IV were significantly higher in diabetic patients with chronic
pulmonary disease (21/38 vs. 14/312 [OR 52.80 (95% CI 8.4-
333.1], p=0.005 and 31/90 vs. 4/260 [OR 29.15 (95% CI 3.37-
252.28], p=0.001) respectively. The rates of IV in diabetic patients
with chronic renal failure were also significantly different from those
without (27/90 vs. 8/260, [OR 14.28 95% CI 1.51-133.74],
p=0.013). Conclusion: We observed low rates of vaccination aga-
inst influenza, pneumococcus, and zoster in patients with diabetes,
which were below the targets recommended by the World Health
Organization.

Keywords: Diabetes; vaccination; influenza;
pneumococcal vaccines; zoster; pertussis

Ozet

Amag: Diyabetik hastalarda gesitli asilarin yapilmasi dnerilmek-
tedir. Bu galismada diyabetik hastalarda asilanma oranlarinin be-
lirlenmesi ve sosyodemografik ve klinik faktérlerle iligkilerinin
saptanmasi amaglanmaktadir. Gereg ve Yontemler: Calisma, ig
Hastaliklari ve Endokrinoloji Klinigine basvuran tip 1 ve tip 2 DM'li
hastalar tzerinde kesitsel-gdzlemsel olarak yapildi. Hastalarin in-
fluenza, pndmokok, zoster, kizamik, bogmaca ve difteri enfeksi-
yonlarina karsi asilanma durumlari sorgulandi. Bulgular:
Calismaya tip 1 ve tip 2 diabetli, toplam 350 hasta dahil edildi.
Hastalarin 38 (%10,8)'i pnédmokok, 90 (%26) mevsimsel grip ve
sadece bir hasta zoster enfeksiyonuna karsi asilanmisti. Hastala-
rin higbirinde kizamik, diphetria ve bogmaca asisi yapilmamisti.
Pnémokok asilanma (PA) orani yasla birlikte artmis bulundu
(65,5+9,7 vs 57+9,1 [OR 2,9 (%95 CI-14,3-2,67], p=0,005).
Ancak influenza asisi (IA) ile yas arasinda bdyle bir iliski saptan-
madi (p=0,456). PA orani, yillik rutin poliklinik vizit sayisi ile ilig-
kili olarak artmis gorildd (10/38 vs 28/38 [OR 4 (%95 CI
-0,994-16,096], (p=0,039). PA ve IA oranlar kronik akciger has-
talidi olan diabetes mellituslu hastalarda anlamli olarak daha ytk-
sekti (sirasiyla 21/38 vs 14/312 [veya 52,80 (%95 CI 8,4-333,1],
p=0,005 ve 31/90 vs 4/260 [veya 29,15 (%95 CI 3,37-252,28],
p=0,001). Kronik bobrek yetmezligi olan ve olmayan diyabetik
hastalarda IV oranlari arasinda istatistiksel olarak anlamh bir fark
saptandi (27/90 vs 8/260, [OR14,28 %95 CI 1,51-133,74],
p=0,013). Sonug: Diyabetik hastalarda influenza, pnémokok ve
zona asilanma oranlari Diinya Saglik Orgiitii tarafindan belirlenen
hedeflerin altinda saptandi.

Anahtar kelimeler: Diabetes mellitus; asilanma;
influenza; pnémokok; zoster; bogmaca
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Vaccination in Diabetes Mellitus

Diabetes Mellitus (DM) is an important sys-
temic disease with increasing incidence,
complications, and economic burden on so-
ciety (1). Patients with DM show a higher
prevalence of comorbidities and are more
susceptible to infectious disease, which in
turn leads to increased morbidity and mor-
tality risk via several mechanisms (2,3). In-
fluenza runs a more severe course (e.g.,
higher incidence of complications such as
cardiovascular events) in diabetic patients,
with a 2-4-fold increased risk of pneumo-
nia-related hospitalization and mortality,
compared to non-diabetics (3-5). Numerous
studies show an increased risk of pneumo-
coccal pneumonia and invasive pneumococ-
cal disease (IPD) in diabetic patients, with
increased rates of mortality (6,7). Diabetics
are also at higher risk of herpes zoster in-
fection, including the risk of ophthalmic
nerve involvement and/or debilitating post-
herpetic neuralgia (8). Although the risk of
infection in diabetics is similar to that in a
healthy population, diseases such as
measles, diphtheria, and pertussis have a
more serious course in diabetic patients.
Therefore, vaccination in patients with DM is
essential. The reported immune responses
to vaccines in people with diabetes are vari-
able. However, it is generally considered that
immunization against influenza and pneu-
mococcus in this risk group yields favorable
results overall (9-13). Herpes zoster vaccine
lowers the risk of disease by 51% and post-
herpetic neuralgia by 67% in immunocom-
petent individuals aged 60 and above (14).
In pertussis, diphtheria, tetanus, and
measles, which are known for their high in-
cidence and contagiousness, natural or vac-
cination-induced immunity does not provide
lifelong protection. Recent outbreaks of
measles and pertussis in adult populations
have suggested an epidemiological shift of
such infections to an older age, where the
initiating cause is unvaccinated people or
those who have lost their immunity. There-
fore, childhood vaccines for preventable dis-
eases should also be administrated in adults
(15).

The approach of international and national
organizations to vaccination may differ in
the type of recommended vaccine, patient’s
age, and the presence of chronic illness. All

the organizations suggest the administration
of IV annually before the flu season begins
and PV for patients with diabetes of all ages,
with some differences in vaccination regi-
mens according to the age (16-19). A single
dose of zoster vaccine (ZV) for all diabetic
adults aged 60 years and above is recom-
mended by the Advisory Committee on Im-
munization Practices (ACIP) and the
Infectious Diseases and Clinical Microbiology
Speciality Society of Turkey (EKMUD)
(17,19). Pertussiscontaining vaccines have
recently been started to be used for adults
(15). Some organizations recommend that
all adults should get a single dose of the
tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis (Tdap) vaccine fol-
lowed by Td booster every ten years, and at
least one dose of MMR vaccine for adults
born during or after 1957 who have no evi-
dence of immunity (15,19).

Studies investigating the uptake of and re-
sponse to recommended vaccines in adults
with chronic diseases in Turkey are limited.
Moreover, local epidemiological changes, the
rise of immigration over the past years,
along with an increased risk of re-emerging
epidemics, and the aging of the population
associated with an increased risk of comor-
bidities, require a systematic approach to
vaccination and updating the immunization
schedules. This study aimed to investigate
the uptake of influenza, pneumococcus,
zoster, measles, diphtheria, and pertussis
vaccination in diabetic patients, in the con-
text of proposed changes in vaccination and
lack of consensus on the applicability of
childhood vaccination in adults. Further-
more, we aimed to explore the clinical at-
tributes associated with the actual
vaccination rates (VR).

This was a cross-sectional study conducted
between January and August 2019 at the Is-
tanbul Prof. Dr. Cemil Tascloglu State Hospi-
tal, Department of Internal Medicine,
Istanbul, Turkey.

Patients with type 1 and type 2 DM aged
over 18-years-old, who attending the inter-
nal medicine and endocrinology outpatient
clinics, gave informed consent for data col-
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lection, and had no contraindications to vac-
cination were consecutively included in the
study. The exclusion criteria were age below
18 years and inability to provide reliable in-
formation regarding vaccination.

Sociodemographic data, comorbid diseases,
current medication, type of diabetes, disease
duration, and the number of outpatient clinic
visits during the previous years were
recorded for all the patients included in the
study. Medication data were obtained from
the patient charts. The comorbid diseases
recorded were hypertension (HT), asthma,
chronic obstructive pulmonary disease
(COPD), chronic kidney damage (CKD),
coronary artery disease (CAD), and cirrho-
sis. Although asthma and COPD were treated
as distinct diseases, we recorded them under
the title “chronic pulmonary disease (CPD)".
According to regular follow-up visits during
the previous five years, we divided the pa-
tients into two groups: those with a maxi-
mum of two annual follow-up visits and
those with at least three. Since the guide-
lines on diabetes management recom-
mended patients to have their routine
follow-up at least twice a year but with an
optimal frequency of four times a year, we
divided the patients into the above-defined
groups, highlighting the patients’ adherence
to the diabetes management plan (18). His-
tory of vaccination against influenza, pneu-
mococcus, zoster, Tdap, and measles of all
the enrolled patients for the past five years
was obtained from the physicians’ records
and/or based on the patient’s statement. We
attempted to ascertain the timing of the vac-
cination as much as possible. For seasonal
IV, patients were categorized as 1) vacci-
nated during the previous year, 2) at least
once in the last five years, and 3) annually
for the last five years. For pneumococcus,
pertussis-containing (Tdap/Td) combina-
tions, and measles, we inquired about the
time of vaccination in the past. The trade
names of vaccines were not recorded since
our objective was only to confirm the uptake
and not the efficiency of vaccination.

This study was conducted following the Dec-
laration of Helsinki. The study was approved

by the institutional ethics committee
(07.02.2017/48670771) of the Health Sci-
ences University, Okmeydani Training and
Research Hospital. All patients and/or their
caregivers were informed about the study,
and their informed consent was obtained.

The sociodemographic and clinical data were
summarized using appropriate summary
statistics. We used the Student’s t-test to
compare the continuous variables and the
Chi-square test to compare the categorical
variables. Continuous values were presented
as mean xSD. Spearman’s correlation was
used to assess the relationship between vac-
cination statuses (yes/no) and factors prob-
ably able to affect the VR. A p-value <0.05
was considered statistically significant. All
the data were analyzed using the statistical
software SPSS for Windows, version 15.0
(SPSS Inc, Chicago, IL).

A total of 350 diabetic patients who fulfilled
the inclusion criteria were enrolled in the
study. The population in the study consisted
of type 1 (n=35) and type 2 (n=315) dia-
betic patients. The demographic and clinical
characteristics of all patients were recorded,
as shown in Table 1.

Thirty-eight (10.8%) of the patients re-
ceived pneumococcal vaccine all in the pre-
vious five years. Twenty-four (63%) of the
patients receiving PV were 65 years of age
or older. The number of older patients (=65
years, n=103) receiving PV was higher than
younger ones (<65 years) (p<0.005) (Table
2). No patient with type 1 DM received
pneumococcal vaccine.

Analysis of distribution of influenza vaccina-
tion over the past five years for all patients
revealed that 90 (26%) patients received an
influenza vaccine during the last year, 108
(31%) had received it at least once during the
last five years, and 60 (17%) had received IV
annually. The seasonal IV rate of 65 years or
older diabetic patients during the last year
was 30%. The distribution of vaccination in
type 1 DM patients was as follows: 10 (2.8%)
patients had received an influenza vaccine
during the last year, 16 (4.5%) had received
it at least once during the last five years, and
3 (0.8%) had received IV annually.
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Variables Patients n=350
Age (mean=SD; year) 57,9+10,7
Age of TIDM* 48,5+6,3
Age of T2DM** 58,919,3

Number of the patient over the
age of 65 (n; %)
Gender male/female (n)

103 (29%)

97/253
Education status
No education 142 (41%)

Primary school 165 (47%)

High school 42 (12%)
University 0
Diabetes duration (years; meanSD) 8,9+6,7
Diabetes duration of TIDM* 17,8+7,9
Diahetes duration of T2DM** 7,9+5,4

Comorbidities (n; %)

HT+ (n=232) 232 (66%)

CAD** (n=59) 59 (17%)
CKD***(n=35) 35 (10%)
CPD*+*+ (n=35) 35 (10%)
Treatment options (n; %)

Only diet 9 (3%)
OAD* 180 (51%)
OAD+hasal Insulin 43 (12°%)

Intensive insulin therapy 118 (34°%)

Number of follow up visits per year (n; %)

Less than one visit per year 43 (12%)
One regular visit per year 59 (%17)
Two regular visits per year 132 (%37)
Three regular visits per year 62 (%18)
Four and more regular visit per year 90 (%26)

T1DM*: Type 1 diabetes mellitus; T2DM**: Type 2 diabetes
mellitus; HT*: Hypertension; CAD**: Coronary artery disease;
CKD**+*: Chronic kidney damage; CPD****: Chronic pulmonary
disease; OAD®: Oral antidiabetic drugs.

Only one patient with type 2 DM had been
vaccinated against herpes zoster. No patient
was vaccinated against measles, diphtheria,
or pertussis.

The rates of PV and IV were similar between
genders. We observed that the rate of PV
(65.5£9.7 vs. 57£9.1 [OR 2.9 (95% CI-
14.3 -2.67)]; p=0.005) increased with in-
creasing age, whereas there was no such
association between IV and age (Table-2).
IV and PV rates increased with an increase
in the number of regular DM follow-up visits,
but it was only statistically significant for PV
(10/38 vs. 28/38 [OR 4 (95% CI -0.994 -

16.096], (p=0.039) (Table 2). The rates of
PV and IV were higher in diabetic patients
with CPD with a high statistical significance
(21/38 vs. 14/312 [OR 52.80 (95% CI 8.4-
333,1], p=0.005 and 31/90 vs. 4/260 [OR
29.15 (95% CI 3.37-252.28], p=0.001), re-
spectively. There was also a statistically sig-
nificant difference between the rates of IV in
diabetic patients with CKD than those with-
out (27/90 vs. 8/260 [OR 14.28 95% CI
1.51-133.74], p=0.013). Although the rate
of PV was higher in diabetic patients with
CKD, we did not find a significant difference
in the rate of PV between patients with CKD
and without CKD (Table 2). Of the 38 pa-
tients who were vaccinated against pneu-
mococcus, 34 also received influenza
vaccination. There was a significant associ-
ation between the rates of two vaccinations
(P<0.001). Patient with zoster vaccine up-
take had been simultaneously vaccinated
against pneumococcus and influenza. There
were no statistical differences between the
rates of IV and PV regarding education sta-
tus, treatment characteristics, duration of
diabetes, HT, and CAD (Table 2).

In this study, we observed lower rates of 1V,
PV, and ZV in type 1 and type 2 diabetic pa-
tients, which were below the targets recom-
mended by the World Health Organization
(WHO) (20,21). Childhood vaccines required
to protect public health were not adminis-
tered at all.

VRs, both in general and diabetic popula-
tions, vary depending on age, socio-eco-
nomic status, or regional development. A
seven-year retrospective study on the rates
of IV among 124,503 diabetic patients in the
United States, as an example of a developed
country, has demonstrated that IV rates vary
between 63% and 69% annually. Vaccinated
diabetics were older and had more comor-
bidities than the non-vaccinated ones (11).
According to the National Center for Health
Statistics (NCHS) data of the last four years,
the rates of IV and PV were 62% and 53%,
respectively, with no variation between the
years. The rates of both IV and PV in diabetic
patients have been demonstrated to increase
with income status and age and vary by race
and ethnicity (22). In a Canadian study, the
rate and trend of IV between 2006/07 and
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Variables Influenza vaccination
Vaccinated Non vaccinated

(n=90) (n=260)

Age 59.7+10.1 57.3+9.3

Age

<65 (n=247) 59 (17%) 188 (54%)

=65 (n=103) 31(9%) 72 (20%)

Gender

Male (n=97) 35 (10%) 62 (18%)

Female (n=253) 55 (16°%) 199 (57%)

Education status

No education 35 (10%) 107(31%)

Primary school 48 (14%) 117 (33%)

High school 7 (2%) 36 (10%)

University - -

Diabetes duration 10.4+6.5 8.4+6.3

(years; mean+5D)

Comorbidities (n; %)

HT* (n=232) 69 (20%) 163(47%)

CAD** (n=59) 20 (6%) 39 (11%)

CKD***(n=35) 27 (8%) 8 (2%)

CPD**** (n=35) 31 (9%) 4 (1%)

Treatment options

Only diet (n=9) 2 (0.5%) 7 (2.5%)

OAD& (n=180) 34 (10%) 146 (42%)

OAD+basal 14 (4°%) 29 (8%)

Insulin {(n=43)

Intensive insulin 40 (11%) 78 (22°%)

therapy (n=118)

Number of follow

up visits per year

Twice or less 36 (10%) 162 (46%)

More than twice 54 (15%) 98 (28%)

Pneumococcal vaccination

P value Vaccinated Non vaccinated P value
(n=38) (n=312)
0.288 65.5+9.7 57+9.1 0.005
14 (4%) 233 (67%)
0.456 24 (7%) 79 (22%) 0.015
17 (5%) 80 (23%)
0.118 21(6%) 232 (66%) 0.150
14 (4%) 128 (36%)
20 (6%) 146 (42%)
0.326 4 (1%) 38 (11%) 0.877
0.184 8.2+4.9 9+6.5 0.708
0.143 31 (9%) 201(57%) 0.212
0.085 10 (3%) 49 (14%) 0.390
0.013 12 (3%) 23(7%) 0.090
0.001 21(6%) 14 (4%) 0.005
0 9 (3%)
24 (7%) 156 (45%)
7(2%) 36 (10%)
0.363 7(2%) 111 (32%) 0.570
10 (3%) 187 (53%)
0.056 28 (8%) 125 (36%) 0.039

HT*: Hypertension; **CAD: Coronary artery disease; ***CKD: Chronic kidney damage; **** CPD: Chronic pulmonary disease.

2013/14 were relatively stable, with an av-
erage rate of 40% (23).

Data from European countries have
demonstrated that the rates of IV vary be-
tween 10-86% (24-28). Some member
states of the WHO European Region have
reported an increase in vaccination cover-
age rates in this population, while others
have reported a decrease over time
(26,28). Among these countries, the
Netherlands (>75%) consistently had the
highest coverage in the diabetic group, fol-

lowed by England and Belarus (24,26).
Greece had the lowest IV coverage in the
diabetic group. Although there was a sub-
stantial gap in data on vaccination cover-
age, it was observed that IV coverage in
diabetic patients differed considerably
among European countries (25,26,28). The
proportion of diabetic patients adminis-
tered PV varied between 2% and 23% and
was much lower than that of IV in these
countries (29,30). Turkey is a developing
country and a member state of the WHO
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European Region. The IV rates observed in
our study were lower compared to those in
some developed countries such as the
United States, Netherlands, and Canada.
Similarly, some of the European countries
had also reported unsatisfactory outcomes.
Our rates of PV were lower in diabetic pa-
tients, as in most European developed
countries.

However, most of the European countries
are developed and have national policies for
IV/PV, which allows for a predominant pay-
ment mechanism for the coverage of rec-
ommended vaccinations by national health
insurance (26,31). Thus, differences in VRs
among these countries cannot be explained
only by financial reasons. They are also in-
fluenced by a lack of awareness that infec-
tious diseases may trigger serious
complications, inadequate vaccination
recommen- dations by physicians, and com-
munity perception that vaccination is un-
necessary (24).

In developing countries, data for uptake of
the recommended vaccines in diabetic pa-
tients is insufficient. Rates of IV were re-
ported to vary between 0.4% and 28%,
and rates of PV varied between 0.7 and
26% (32-35). The rates of IV and PV in our
study were slightly higher compared to the
study results from other developing coun-
tries, including China, India, Morocco, and
Thailand. In contrast to developed coun-
tries, the unsatisfactory results of vaccina-
tion in developing countries are due to a
lack of access to vaccination services, ab-
sence of a national vaccination policy incor-
porating health insurance coverage, and
insufficient investment in vaccine manufac-
turing (36).

Turkish healthcare organizations have pre-
cise recommendations for vaccinations in
diabetic patients as adopted in developed
countries. Although the payment for vacci-
nation is covered by the national health in-
surance system, the decision on the vaccine
uptake is the choice of the diabetic patient.
The low VRs observed in our study are
probably due to similar reasons, such as low
awareness of vaccination-related benefits,
which was indirectly supported by the fact
that the VR increased with an increase in
the number of regular follow-up visits. On
the other hand, most of our patients who

were vaccinated against one of the infec-
tious agents were observed to have re-
ceived other recommended vaccines,
implying an enhancement in awareness for
vaccination. Our observations on the asso-
ciations between previous IV and PV, and
more findings of several studies on prior PV
and current PV, indicate that the patients
who had received any kind of vaccination
were likely to be more vigilant about dis-
ease prevention (37,38). The VRs in devel-
oped countries increased with the presence
of CPD, a higher number of regular follow-
up visits, and a longer duration of diabetes
(25,38). Our findings regarding the rela-
tionship between comorbidities and vacci-
nation status were consistent with the
literature. A higher number of follow-up vis-
its affected the PV rates in our population
but did not affect the rates of IV. No rela-
tionship was observed between the duration
of diabetes and VR. Older age was the most
predictable factor for vaccination in most
studies, although the strength of this asso-
ciation was variable. In our study, only the
rate of PV increased with age. Achieving a
relatively higher rate of IV than PV without
any difference between the age groups
could be partially explained by the recurrent
influenza outbreaks, which caused an im-
pact on increasing awareness on this infec-
tion, as well as encouraging vaccination in
almost all age groups in Turkey in recent
years. Development of geriatric medicine
and initiation of a vaccination program for
elderly patients, as part of a preventive
arrangement, may have contributed to an
increase in rates of PV in the elderly diabetic
population, as observed in our study. The
rates of IV and PV did not differ across ed-
ucational level in contrast to the findings of
other studies (39,40). The discrepancy be-
tween our results and those of others may
be explained by the fact that much of our
cohort comprised patients without or hav-
ing a low level of education; thus, prevent-
ing a possible comparison.

In Turkey, data on the VRs of diabetic pa-
tients are also variable. In elderly diabetic
patients living in the Izmir region (n=274;
mean age=72%six years), rates of IV and
PV were 38.1% and 13.4%, respectively,
which were observed to be significantly
higher than those in diabetic patients in
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general (41). In a study from Antalya
(2006, n=1494) revealed that only 111
(7.4%) patients had received influenza vac-
cine. Of those vaccinated, 13.4% were DM
patients (42). Another study from Ankara
(n=318; type 1 DM=6.9% and type 2
DM=93.1%; average age=54.7 years) re-
ported that the rates for IV and PV were
14.6% and 3.8%, respectively, which were
lower than our results. Similar to our re-
sults, there was no relationship between ed-
ucational status and VRs (43). In a recent
study (n=293) from Istanbul, the rates of
IV and PV in diabetic patients were 34.1%
and 9.9%, respectively (44). In 2013, a
large (n=5682) study conducted by Satman
reported the rates of IV and PV in Turkish
diabetic patients as 27% and 9.8%, respec-
tively (45). The age of patients and dura-
tion of diabetes of our cohort were similar to
those in Satman’s study that characterized
the profile of the diabetic population in
Turkey. The rates of IV and PV observed in
our study were similar to those reported in
other studies. In our study, regular follow-
up visits were observed to positively influ-
ence PV, which was not observed in
Satman’s study. In Satman’s study, diabet-
ics with more severe health conditions were
reported to be less likely to be vaccinated,
whereas, in our study, certain diseases such
as CPD and CKD were positively associated
with VRs. Although we had a smaller cohort
that represented a limited range of vaccina-
tion practice in diabetic patients in Turkey,
when we compare our results with those in
Satman’s study, several important findings
were highlighted. Firstly, although our work
was conducted eight years after Satman’s
study, the rates of IV and PV in patients
with diabetes were similar to the baseline
data from this epidemiological study com-
ing from 2013 (data collection in 2011).
This suggested that the VRs did not signifi-
cantly increase over time. In the referred
study, explaining the importance of vacci-
nation to the patients resulted in an in-
crease in IV and PV rates from 27% to 63%
and from 9.8% to 41%, respectively. Given
the low VRs in our study, physicians who
seemed to be the most important factors to
enhance the rates of vaccination have not
been actively involved in vaccination pro-
motion initiatives over time. Finally, in Sat-

man'’s study, diabetic patients with more co-
morbidities and/or familial risk factors had a
lower rate of IV and PV uptake at the base-
line. Our study revealed increased VRs in di-
abetic patients with certain conditions such
CPD and CKD, compared to those without
such conditions. This finding probably indi-
cated an enhancement in the concern about
the preventive measures in diabetic pa-
tients with comorbidities and showed an im-
provement in the multidisciplinary approach
in preventive measures in high-risk pa-
tients.

There are little data on VRs on zona,
measles, diphtheria, and pertussis, where
the vaccines have been recommended in the
context of community protection in patients
with diabetes. According to the data from
NCHS, the rate of diabetic patients over 60
years of age vaccinated against herpes
zoster was 27.9% and 27.2%, respectively.
Low uptake of herpes zoster vaccination
(4%) was generally observed, with varia-
tions based on age, race, and low-income
levels. Data on vaccination in diabetic adults
against tetanus toxoid, reduced diphtheria
toxoid, Tdap, and measles are lacking, but
have been reported to range between 8 and
28% in all adult populations during the pe-
riod from 2012 t0o2016 (46). In a Brazilian
study addressing immunization against
measles, mumps, and rubella associated
with younger patients, 14.9% of the pa-
tients with DM had been reported to have
undertaken at least one dose of MMR. But
Td vaccine in those diabetic patients was ad-
ministered at a high rate of 65.5% (47).
There were no data on vaccination against
measles and Tdap/Td in Turkish diabetic
adults.

The limitations of this study were the cross-
sectional design and collection of the data
based on self-reports, which may pose a
challenge in recalling whether or when the
vaccination was administered, especially in
older patients.

Vaccination rates among adults with DM
were below the targets recommended by
the WHO. Specific policies are needed to im-
prove the vaccination rates in this risk group
of patients.
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Abstract

Objective: This study aimed to investigate the prevalence of
metabolic syndrome (MetS) among the employees of the Teh-
ran University of Medical Sciences, along with presenting a pre-
dictor for its identification. Material and Methods: 1583
employees from the Tehran University of Medical Sciences
(TUMS) participated in our cross-sectional study, who were ori-
ginally a part of the enrollment phase in the TUMS Employees’
Cohort study (TEC). Their basic information, physical activity
questionnaire, biochemical blood test, and body composition
were obtained through the Bioelectrical Impedance Analysis
(BIA), blood pressure, anthropometric measurements, and his-
tory of diseases and medication. The prevalence of MetS was
determined according to the criteria of the International Dia-
betes Federation (IDF) and the National Cholesterol Education
Program (NCEP) Adult Treatment Panel-III (ATP-III). Result:
According to the criteria of the IDF, the prevalence of MetS
among total participants was 22.2%, where 21.9% were men
and 22.4% were women. According to the criteria of ATP-III,
the prevalence of MetS was found to be 15%. The prevalence
of obesity (BMI=30) and hyperglycemia (FBS =100 mg/dL)
among the study participants was 23.4% and 9.7%, respecti-
vely. The prevalence of hypertension (SBP =130, DBP =85
mmHg) and high triglyceride level (TG 2150 mg/dL) was found
to be 14.6% and 19.6%, respectively, while the prevalence of
reduced high-density lipoprotein in men and women was found
to be 40.3% and 74.7%, respectively.Logistic regression analy-
sis revealed that the predictors of metabolic syndrome were
age, sex, physique rate (the evaluated levels of muscle and
body fat), and metabolic age (where the BMR of a person was
compared to the mean of the BMR of the same age group).
Conclusion: This study introduces metabolic age as a new
predictor of MetS. However, more studies are needed to con-
firm this association.

Keywords: Metabolic syndrome; body composition;
body mass index; physical activity

Tehran University of Medical Sciences, Tehran, IRAN

Ozet

Amag: Bu calismada, Tahran Tip Bilimleri Universitesi calisanlari
arasinda metabolik sendrom (MetS) prevalansini arastirmak ve
tanimlanmasi igin bir 6ngoérdirtct sunmak amaglanmistir.
Gereg ve Yontemler: Bu kesitsel galismaya, Tahran Tip Bilim-
leri Universitesi [Tehran University of Medical Sciences
(TUMS)]'nden 1583 galisan katildi, bu kisiler aslinda TUMS Ca-
lisanlari Kohort calismasi [TUMS Employees’ Cohort study
(TEC)]Inin kayit asamasina dahildi. Temel bilgileri, fiziksel akti-
vite anketi, biyokimyasal kan testi ve vicut kompozisyonu Bi-
yoelektrik Empedans Analizi [Bioelectrical Impedance Analysis
(BIA)], kan basinci, antropometrik dlglimler ve hastalik ve ilag
Oykusu aracilifiyla elde edildi. MetS prevalansi, Uluslararasi Di-
yabet Federasyonu [International Diabetes Federation (IDF)] ve
Ulusal Kolesterol Egitim Programi Yetiskin Tedavi Paneli-III [Na-
tional Cholesterol Education Program Adult Treatment Panel-III
(NCEP ATP-III)] kriterlerine gore belirlendi. Bulgular: IDF kri-
terlerine gore toplam katilimcilar arasinda MetS prevalansi
%?22,2 idi ve %21,9'u erkek, %22,4'G kadindi. ATP-III kriterle-
rine gére MetS prevalansi %15 olarak bulundu. Calisma kati-
limcilari arasinda obezite (BKi >30) ve hiperglisemi (AKS >100
mg/dL) prevalansi sirasiyla %23,4 ve %9,7 idi. Hipertansiyon
(SKB 2130 mmHg, DKB =85 mmHg) ve yliksek trigliserid di-
zeyi (TG 2150 mg/dL) prevalansi sirasiyla %14,6 ve %19,6 ola-
rak bulunurken, erkeklerde ve kadinlarda disik yogunluklu
lipoprotein prevalansi sirasiyla %40,3 ve %74,7 bulundu. Lojis-
tik regresyon analizi, Mets’in 6ngdrdiricilerinin yas, cinsiyet,
vicut orani (degerlendirilen kas ve vicut yagi seviyeleri) ve me-
tabolik yas [kisinin bazal metabolizma hizinin (BMR) ayni yas
grubundakilerin BMR ortalamasiyla karsilastiriimasi] oldugunu
ortaya koydu. Sonug: Bu galisma, metabolik yasin MetS igin
yeni bir 6ngordirict oldugunu ortaya koymaktadir. Ancak, bu
iliskiyi dogrulamak icin daha fazla calismaya ihtiyacg vardir.

Anahtar kelimeler: Metabolik sendrom; viicut kompozisyonu;
beden kitle indeksi; fiziksel aktivite
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Metabolic Age: A New Predictor for Metabolic Syndrome

Metabolic syndrome is a complex and multi-
risk factor in atherosclerotic cardiovascular
disease (ASCVD) and type 2 diabetes (1).
Metabolic syndrome consists of five risk fac-
tors, including atherogenic dyslipidemia, in-
creased blood pressure, dysglycemia, a
pro-thrombotic and pro-inflammatory state
(2). Metabolic syndrome also multiplies the
potential danger of ASCVD and type 2 dia-
betes by five times (3). About a quarter of the
world’s population i.e., more than one billion
people, are estimated to have metabolic syn-
drome (4). According to various epidemiolog-
ical studies, the incidence rate of metabolic
syndrome is reported between 20% and 45%
(5). Also, many other studies around the
world have been reporting the incidence of
metabolic syndrome. In 2017, a research
work conducted in Iran revealed that the inci-
dence of metabolic syndrome according to the
IDF and ATP III criteria was 30% and 25%,
respectively (4). In another meta-analysis
study in Iran, the incidence of metabolic syn-
drome in 2017 was found to be 31% (6). A
study among Brazilian healthcare providers in
2019 revealed a metabolic syndrome inci-
dence of 24.4% (7), while in the same vyear,
another study found that the incidence rate of
metabolic syndrome among the Japanese
white-collar workers was 23.1% (8).
Predisposing factors of metabolic syndrome
can be categorized into two groups. The first
group is based on the metabolic syndrome
criteria presented by the IDF, ATP III, and
WHO and consists of hypertension, high
blood sugar, low HDL, high TG and waist cir-
cumference, along with obesity. The second
group is reported in various studies and con-
sists of the predictors of metabolic syn-
drome such as inactivity, age, sex, BMI,
smoking, alcohol, TG/HDL ratio, WHR, body
shape, and serum uric acid (7,9-17).

New predictors for metabolic syndrome are
an important concern for the researchers in
this field. And, body composition analysis
has been introduced as a new predictor for
metabolic syndrome. However, our knowl-
edge in this field needs to improve further.
The purpose of this study was to investigate
the incidence of metabolic syndrome among
the staff of the Tehran University of Medical
Sciences and also to find if some compo-
nents of the body composition analysis such

as metabolic age and physique rating could
act as the predictors of metabolic syndrome.

The data for this cross-sectional study was
taken from the TEC study (Tehran university
of medical sciences Employees’ Cohort
study) during its enrollment phase, which
was collected between January 2017 and
September 2018. The TEC study further in-
tended to enroll 5500 people from their staff
between January 2017 and March 2021
(18). It is designed as a longitudinal study
to track the long-term health of their em-
ployees. Participants were recruited from
different departments. They voluntarily en-
rolled for the research project upon com-
pleting the informed consent form. All the
examinations were performed, and the in-
formation was collected from the partici-
pants in a single day. This study was carried
out according to the Helsinki Declaration
Principles.

A total of 1583 participants (1012 women
and 571 men), all being TUMS employees
from different divisions (clinical, research,
service, technical, etc.), were enrolled in
this study.

The participants were asked about their sex,
age, marital status, ethnicity, age of mar-
riage, education level, occupational group,
shift work, and tobacco usage. Also, to file a
record of diseases in the participants, their
current illnesses were examined through
general medical examinations. The records
included hypertension, type 2 diabetes, hy-
perlipidemia, thyroid diseases, and medica-
tions.

The blood pressure of the participants was
measured thrice, and the average was re-
ported with a precision of one mmHg. The
participant was made to sit for a 15 min
break, and then the measurements were
taken. An interval of 30 minutes was pro-
vided between the first and second round of
measurements, while a 2-hour interval was



80 Mehrdad et al.

Metabolic Age: A New Predictor for Metabolic Syndrome

Turk J Endocrinol Metab.
2021;25:78-86

given between the second and third rounds.
Blood pressure was measured using a stan-
dard and calibrated clinical mercury
manometer.

The weight and height of the participants
were measured with a precision of 0.1 kg
and 0.1 cm, respectively. They were wearing
light clothes with no shoes while the meas-
urements were being taken. The waist cir-
cumference was calculated with a precision
of 0.1 cm at the anatomical landmarks such
as the middle of the lower rib margin and
the iliac crest, and the widest portion of the
hip. The BMI was measured as the weight
(kg) of the participant divided by the square
of their height (m).

After 12-hours of fasting, blood samples
were taken between 7 and 9 am. The meas-
ured parameters in the blood samples in-
cluded Fasting Blood Sugar (FBS),
Triglyceride (TG), total cholesterol (CHO),
and high-density and low-density lipoprotein
cholesterol (HDL, LDL).

One of the most common methods to study
and analyze the body shape is the body
composition analysis method, which can be
performed using different technologies such
as using of a Caliper, anthropometry, tracer
dilution, densitometry, air displacement
plethysmography, dual-energy X-ray absorp-
tiometry, bioelectrical impedance analyzer,
computed tomography, magnetic resonance
imaging, and 3D body scanning. In the BIA
method, the impedance from different tis-
sues of the body is analyzed to predict the
composition of the body. A very weak elec-
trical current of 800 microamperes with a
frequency of 50 kHz is passed through the
body, and the impedance from the tissues is
measured against this current. Due to the
presence of electrolytes, water demonstrates
high conductivity. However, adipose tissues
show low conductivity (19,20). The body
composition provides quantitative and qual-
itative information on various tissues such as
fat-free mass, fat mass, total water content,
bone mineral density and its content, meta-
bolic age, and the physique rate. At the time

of measurement, all the metal accessories
such as watches, rings, and other jewelry
were removed, and all the measurements
were performed by the same trained per-
sonnel based on the same protocol. The
body composition of participants was meas-
ured and reported using the bioelectrical im-
pedance analysis (BIA) by the Tanita®
MC-780U Body Composition Analyzer.
Metabolic age is determined by comparing
a person’s basal metabolic rate with the av-
erage basal metabolic rate that corresponds
to a similar age group. It is now emerging
as a marker for metabolic health. If the
metabolic age is less than the actual age, it
means that the body is healthy, but if it is
higher than the actual age, it may indicate
that the person is not in good health and
needs to change their eating and exercising
habits and also maybe their lifestyle.

The Physique rate evaluates the levels of
muscle and body fat in an individual. It can
assess which of the nine body types does
one belongs to. The Body Composition Ana-
lyzer can be used to assess whether a per-
son is healthy. It is used to measure the fat
percentage of the body, muscle mass, and
even water and bone content, along with the
physique rating. The nine body types, ac-
cording to the physique rating is as follows:
Hidden Obese: high-fat percentage with a
low level of muscle mass.

Obese: high level of fat percentage with a
standard level of muscle mass.
Solidly-built: high body fat percentage
with a high level of muscle mass.

Under exercised: an average body fat with
a low level of muscle mass.

Standard: an average level of body fat with
average muscle mass.

Standard Muscular: an average amount of
fat percentage with a high level of muscle
mass.

Thin: a low amount of body fat with a low
level of muscle mass.

Thin and Muscular: a low amount of body
fat with a standard level of muscle mass.
Very Muscular: a low amount of body fat
with a high level of muscle mass.

The physical activity was calculated using
the short form of the IPAQ (International
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Physical Activity Questionnaire) along with
the MET (the tasks that are equivalent to
metabolic activity) hours per week (MET-
hours/week). The validity of IPAQ has al-
ready been reported (21). Considering the
frequency of participation in the activities
mentioned over the past week, the MET
scores for intense, medium, and hiking ac-
tivities (for at least 10 min) were multiplied
by the time each participant spent on the
activity. The scores for the various activities
were then summarized as MET-mins/week.
Finally, they were categorized into three
groups: low, medium, and high activity.

A HIGH-level of activity was scored upon the
participant’s engagement in vigorously in-
tense activity for at least three days to
achieve a minimum total physical activity of
at least 1500 MET minutes a week OR 7 or
more days of any combination of walking
with moderately intense or vigorously in-
tense activities to achieve a minimum total
physical activity of at least 3000 MET min-
utes a week.

A MODERATE level of physical activity was
scored upon engagement in 3 or more days
of vigorously intense activity and/or walking
at least 30 min per day OR 5 or more days
of moderately intense activity and/or walk-
ing at least 30 min per day OR 5 or more
days of any combination of walking with
moderately intense or vigorously intense ac-
tivities to achieve a minimum total physical
activity of at least 600 MET minutes a week.
Scoring a LOW level of physical activity on
the IPAQ indicated that the participant was
not meeting any of the criteria for either
MODERATE or HIGH levels of physical activ-

ity.

In this study, the metabolic syndrome was
diagnosed according to the criteria of the
National Cholesterol Education Program
(NCEP) Adult Treatment Panel-III (ATP- III)
and the International Diabetes Federation
(IDF).

The criteria to diagnose the metabolic syn-
drome based on ATP III had to fulfill three or
more of the following:

1. Waist circumference >=102 cm for men
and greater than 88 cm for women,

2. Blood triglycerides >=150 mg/dL or if a
person is on high triglyceride medication,

3. HDL cholesterol level of <40 mg/dL for
men and <50 mg/dL for women,

4. Fasting blood glucose >=100 mg/dL or if
a person is on medication for high blood
sugar,

5. Systolic blood pressure (SBP) >130
mmHg or diastolic blood pressure (DBP)
>=85 mmHg or if an individual is on med-
ication for hypertension.

The diagnostic criteria for the metabolic syn-
drome based on the IDF criteria are:
Obesity that is based on the abdominal cir-
cumference, which is >94 cm in men and
>80 cm in women,

And any two of the following:

Blood triglyceride (TG) more than 150
mg/dL or if a person is on high blood triglyc-
eride therapy,

HDL cholesterol levels of <40 mg/dL in
males and < 50 mg/dL in females,

Fasting blood glucose greater than 100
mg/dL or if a person is on high blood sugar
medication,

Systolic blood pressure >130 mmHg or di-
astolic blood pressure >85 mmHg or if a
person is on medication for hypertension.
Metabolic syndrome was assessed based on
the above-mentioned criteria.

For descriptive statistics, means and stan-
dard deviations were used as quantitative
variables, and frequency and percentage
were used as qualitative variables. For uni-
variate analysis, the Chi-square test was uti-
lized for qualitative variables, while for the
quantitative variables, the t-test was used
to compare between the two groups, with
and without metabolic syndrome. The logis-
tic regression analysis was used to realize
which one of our variables were the predic-
tors of metabolic syndrome. The statistical
analyses were done using the IBM SPSS®,
version 24. P-values of less than 0.05 were
considered statistically significant.

This research was approved by the Ethics
Committee for Research at Tehran University
of Medical Sciences using the code of ethics
IR.TUMS.VCR.REC.1398.246 (10 Jun 2019).
We explained the details of the study, includ-
ing the processes and procedures, to all the
participants just before their enrollment, and
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they signed and approved the informed con-
sent form. The information of the participants
was coded anonymously and kept confiden-
tial.

The incidence of metabolic syndrome based
on the IDF criteria was equivalent to 22.2%
whereas it was 15% based on the ATP-III
criteria. We used the IDF criteria in this
study since it was stricter (it identifies a
higher percentage of individuals having
metabolic syndrome). In our study, the inci-
dence rate of metabolic syndrome according
to the IDF definition was found to be 21.9%
and 22.4% in males and females, respec-
tively.

Physical activity was also classified into
three categories, namely high, medium, and
low physical activity. According to this study,
70.7% of the overall total population had
low physical activity, where 68.4% were
women, and 74.8% were men. Table 2
shows the details of the physical activity
performed by the participants based on their
gender.

Table 3 presents the variables other than the
IDF criteria, which includes age, sex, physi-
cal activity, metabolic age, and physique rat-
ing in both the groups, with and without
metabolic syndrome.

In the next step, logistic regression was em-
ployed to find the predictors of the meta-
bolic syndrome among the participants. In

this model, Nagelkerke R Square was found
to be 0.176. Table 4 here exhibits the re-
sults.

This research study aimed to review the in-
cidence rate of metabolic syndrome and its
predictors among the employees of the
Tehran University of Medical Sciences, re-
sulting in an incidence rate of 22.2% and
15.0% based on the IDF and ATP-III criteria,
respectively.

das Merces et al. in 2019 reported the inci-
dence of metabolic syndrome in Brazilian
healthcare providers as 24.4% based on the
ATP-III criteria, which is about 10% more
than our results (7). However, in another
study, Brazilian healthcare providers showed
a much lower incidence rate of 4.5% (22).
This discrepancy may be due to different
categorizations of the participants in both
the studies based on the existence of meta-
bolic syndrome. Moreover, the results of
Mango et al. were closer to ours. In a 2019
study, the incidence of metabolic syndrome
in the Japanese white-collar employees was
found to be 19.5% (8). In the same year,
the incidence rate of metabolic syndrome in
Iranian petrochemical workers was revealed
as 18.4% as per the ATP-III criteria (23),
and in Korean staff, the incidence of meta-
bolic syndrome was found to be 19.8% ac-
cording to the criteria of ATP-III (9). In a
study close to our research, the incidence of

Total Male Female

n=1583 n=571 n=1012 p value Incidence*

Mean (SD) Mean (SD) Mean (SD) n (%)
Age (year) 43.0 (8.7) 44.0 (9.2) 42.4 (8.4) 0.002 -
TG (mg/dL) 119.1 (58.7) 137.4 (73.0) 108.7 (45.8) <0.001 311 (19.6)
HDL {mg/dL) 43.3 (9.3) 42.2 (8.0) 43.9 (9. 9) 0.007 986 (62.3)
FBS (mg/dL) 86.0 (20.8) 89.7 (26.2) 84.1 (16.7) <0.001 153 (9.7)
BP systolic (mmHg) 115.7 (12.8) 120.7 (12.7) 112.9 (12.0) <0.001 230 (14.5)
BP diastolic (mmHg) 77.4 (8.2) 79.8 (8.6) 76.1 (7.8) <0.001
BMI (kg/m?) 27.2 (4.5) 27.6 (4.3) 27.0 (4.7) <0.001 371 (23.4)
Waist circumference (cm) 88.7 (11.6) 96.1(9.6) 84.5 (10.4) <0.001 985 (62.2)
Metabolic Age (year) 41.1 (12.5) 42.9 (11.8) 40.0 (12.8) <0.001 -

*According to IDF criteria.

TG: Triglyceride; HDL: High-density lipoprotein; FBS: Fasting Blood Sugar; BP: Blood pressure; BMI: Body mass index.
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Table 2. Levels of physical activity among the participants based on their gender.

Physical activity status Total n (%)
1119 (70.7)
366 (23.1)

98 (6.2)

Low
Moderate
High

Male n (%)
427 (74.8)
114 (20)
30 (5.3)

Female n (%)
692 (68.4)
252 (24.9)

68 (6.7)

p value

0.027

Table 3. Descriptive statistics of the study variables in both the groups, with and without metabolic syndrome.

With Metabolic Syndrome Without Metabolic Syndrome
Total Male Female Total Male Female
n=352 n=125 n=227 n=1231 n=446 n=785 p value
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (year) 47.0 (7.9) 47.3 (8.8) 46.8 (7.3) 41.8 (8.6) 43.0 (9.1) 41.1 (8.2) <0.001
Physical Activity 481.1 (619.2)  401.5(484.2) 524.9(679.2) 544.4(799.4) 533.7 (884.2) 550.3(747.5) <0.001
met/min/week
Metabolic Age 48.6 (11.2) 50.0 (10.9) 47.8 (11.3) 38.9 (12.0)  40.9 (11.3) 37.8 (12.3) <0.001
(year)
Physique Rating 29.3 (8.1) 26.1 (7.1) 31.1 (8.0) 34.8 (9.9) 31.1 (9.6) 36.1(9.7) <0.001

SD: Standard deviation.

Table 4. Metabolic syndrome predicting the elements.

Variable B Odds Ratio
Metabolic age 0.037 1.037
Physique rating 0.028 0.972
Age 0.050 1.051
Sex 0.299 1.349
Constant -4.648 0.010

959% C. I for EXP(B)
Sig Lower Upper
0.002 1.014 1.061
0.039 0.946 0.999
<0.001 1.028 1.074
0.034 1.023 1.780
<0.001

metabolic syndrome in Iranian health work-
ers was found to be 22.4% (24). Also, the
incidence of metabolic syndrome among
hospital health workers in Nigeria and Kenya
were 24.2% and 34%, respectively (25,
26). The incidence was also 21.2% in devel-
oping countries such as Ghana, as per the
IDF criteria, where the incidence was proven
to be greater in females than in males (11).
These results were similar to our study, as
well. In 2016, the incidence of metabolic
syndrome in Japanese healthcare workers
was 8.7% (27), which was very different
from our results and could be due to the dif-
ferences in the lifestyle. A meta-analysis of
the metabolic syndrome among the Chinese
people was reported to be 24.5% (28),

while the incidence among employees who
participated in the Aragon Workers’ Health
Study (AWHS) was reported as 27.1% (29).
Many studies have compared the incidence
of metabolic syndrome between the em-
ployees with sedentary jobs and the ones
with active jobs. The difference can be seen
in some studies; for example, a study re-
ported an incidence of metabolic syndrome
in office workers to be 33% but found only
a 14% incidence rate in firefighters (30).

Various studies have also reported the inci-
dence of the metabolic syndrome within dif-
ferent societies, which ranges from 20% to
35%, especially in developing countries.
This incidence accounts for at least one-fifth
of the population and could be an alarming
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signal for ASCVD and type 2 diabetes (31).
Abdominal obesity is the most common part
of metabolic syndrome, and many studies
have shown a direct relationship between
abdominal obesity and the incidence of
metabolic syndrome. These studies also val-
idate our results (32-34).

Some studies argue that metabolic syn-
drome occurs at an older age. For example,
at the age of 29 years, the incidence of
metabolic syndrome accounted for as much
as one-third of the total population, while at
the age of 50 years, half of the population
was having metabolic syndrome.

In our study, the mean+SD of the age in the
group with metabolic syndrome was found
to be 47+7.9 years, whereas the mean £SD
of the age in the non-metabolic syndrome
group was shown as 41.8+8.6 years.

Many studies have explored the predictive
components of metabolic syndrome, such as
levels of HDL, TG, FBS, waist circumference,
and elevated blood pressure (35).

In addition to the components of MetS de-
scribed by the criteria of the IDF, NCEP ATP-
ITII, and WHO, other predictors have also
been introduced in various studies, such as
inactivity, age, sex, BMI, smoking, alcohol
usage, TG to HDL ratio, waist to hip ratio,
serum uric acid, and leptin (7,9-16,36). How-
ever, in our study, age and sex were identi-
fied as predictors of metabolic syndrome
based on the logistic regression analysis.
Metabolic age is a new term used to de-
scribe the overall fitness and the metabolic
activity of an individual and is obtained by
comparing the basal metabolism of a person
with the mean basal metabolism of the
same age group. If the metabolic age of a
person was found higher than their chrono-
logical age, it indicated a level of basic me-
tabolism with low physical activity. Metabolic
age can be a useful tool for assessing the
metabolic status of individuals. A study by
the European Society of Cardiology (ESC)
used metabolic age as one of the predictors
for cardiovascular disorders in people hav-
ing a higher metabolic age than their
chronological age (37).

In addition to the known variables of meta-
bolic syndrome, we also used results of body
composition analysis as probable predictors
of metabolic syndrome. However, our main
target was to confirm if the body composi-

tion results could predict metabolic syn-
drome. The results indicated that metabolic
age and physique rating could be considered
as independent predictors of metabolic syn-
drome.

We also investigated if metabolic age could
predict metabolic disorders in individuals.
Basal Metabolic Rate (BMR) changes with
age (38). Metabolic age is the comparison of
the BMR of a person with the mean BMR of
the same age group (39). According to the
logistic regression analysis, metabolic age
can be a new predictor for metabolic syn-
drome. Also, physique rating, which indi-
cates the body-type (40), can be a simple
predictor of metabolic syndrome. In 2016, a
study found that type 2 diabetic individuals
were significantly different from the control
in terms of physique rating (41).

Our results might open the door to the world
of metabolic syndrome.

The R-square of the model of regression in
our study reached 0.176, which is not good
enough, and the odds ratios were also small.
Hence, we recommend other researchers to
consider studies with more variables that
could affect the metabolic syndrome. This
can help in creating a better picture of meta-
bolic syndrome along with its anticipating
factors.

This study introduces metabolic age as a
new predictor of metabolic syndrome. How-
ever, more studies are needed to confirm
this association.

During this study, no financial or spiritual
support was received neither from any phar-
maceutical company that has a direct con-
nection with the research subject, nor from
a company that provides or produces med-
ical instruments and materials which may
negatively affect the evaluation process of
this study.

No conflicts of interest between the authors
and/or family members of the scientific and
medical committee members or members of
the potential conflicts of interest, counsel-
ing, expertise, working conditions, share
holding and similar situations in any firm.
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Abstract

Objective: The purpose of this study was to assess the pos-
sible effects of blood glucose regulation on pancreatic exocrine
functions in type 2 diabetes mellitus (T2DM) patients with poor
glycemic control. Material and Methods: This prospective cli-
nical study was performed with 20 patients with poorly control-
led T2DM (HbA1c >10%) and age- and sex-matched 20 healthy
controls. At the beginning of the study, metabolic parameters
and fecal elastase-1 (FE-1) levels, one of the markers of pan-
creatic exocrine insufficiency (PEI), were compared between the
patient and control groups. In addition, after blood glucose re-
gulation was achieved with at least three months of intensive
insulin therapy in the patient group, FE-1 levels and metabolic
parameters were compared with pre-treatment. PEI was defi-
ned as FE-1 levels lower than 200 pg/g. Results: FE-1 levels
were significantly lower in the T2DM group than the control
group (median values for patients=333.1 pug/g and controls=
508.5 pg/g; p=0.013). PEI was detected in three patients
(15%) but none in the control group. After intensive insulin the-
rapy, T2DM patients FE-1 levels significantly increased compa-
red to their pre-treatment (pre-treatment median: 333.15
(192.60) pg/g, post-treatment median: 415.40 (300.77) pg/g;
p=0.044). The major factors impacting this increase were the
duration of diabetes and the change in HbA1c levels. Conclusi-
ons: FE-1 levels in patients with poorly controlled T2DM were
lower than the healthy control group, which significantly increa-
sed with blood glucose regulation.

Keywords: Type 2 diabetes mellitus;
exocrine pancreatic
insufficiency; pancreatic elastase 1

Ozet

Amag: Bu galismada, glisemik kontroll zayif olan Tip 2 diabetes
mellitus hastalarinda kan sekeri reglilasyonunun pankreas ek-
zokrin fonksiyonlar Uzerine etkisini dedgerlendirmek amaglandi.
Gereg ve Yontemler: Bu prospektif klinik galisma, kan sekeri
regilasyonu bozuk (HBA1lc >10) Tip 2 diyabetes mellituslu 20
hasta ile cinsiyet ve yas uyumlu 20 saglikh kontrol grubundan
olusan bir popllasyonda gergeklestirilmistir. Calismanin baslan-
gicinda pankreas ekzokrin yetmezligi belirteglerinden biri olan
fekal elastaz 1 (FE-1) dizeyleri ve metabolik parametreler hasta
ve kontrol grubu arasinda karsilastirildi. Ayrica hasta grubunda
en az 3 ay yodun insilin tedavisi ile kan sekeri reglilasyonu sag-
landiktan sonra FE-1 diizeyleri ve metabolik parametreler tedavi
oncesi ile karsilastirildi. Fekal elastaz 1 diizeylerinin 200 pg/g'in
altinda olmasi pankreas ekzokrin yetmezligi olarak tanimlandi.
Bulgular: Diyabetik hasta grubunda kontrol grubuna goére FE-1
diizeyleri anlamh olarak daha disik bulundu (Medyan: Hasta
grubu=333,1 pg/g; Kontrol grubu= 508,5 pg/g; P=0,013).
Hasta grubunda 3 (%15) hastada ekzokrin pankreas yetmezligi
goérulirken kontrol grubunda ekzokrin pankreas yetmezligi g6-
rilmedi. Hasta grubunda FE-1 dlzeyleri kan sekeri regllasyonu
oncesine gore anlaml olarak artti (tedavi 6ncesi medyan=333,15
(192,60) ug/g, tedavi sonrasi medyan=415,40 (300,77) ug/g;
P=0,044) ve bu artisa etki eden major faktorler diyabet siresi ve
HbA1c diizeyindeki dedisimdi. Sonug: Calismamizda kan sekeri
regllasyonu bozuk Tip 2 diabetes mellitus hastalarinda fekal
elastaz 1 duzeyleri saglkl kontrol grubuna gore daha disukti
ve bu hastalarda kan sekeri reglilasyonunun saglanmasi FE-1 di-
zeylerini anlamh olarak artirdi.

Anahtar kelimeler: Tip 2 diabetes mellitus;
ekzokrin pankreas yetersizligi;
pankreatik elastaz 1
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The pancreas is a retroperitoneal organ
with exocrine and endocrine functions. It is
postulated that pancreatic exocrine insuffi-
ciency (PEI) could occur in diabetic patients
or vice versa due to the close anatomical
and physiological relation between the pan-
creatic exocrine and endocrine components
(1-3). The increased global prevalence of
diabetes and PEI’s coexistence has drawn
attention in recent years. Diabetes mellitus
can develop due to decreased numbers and
functional capacity of islet cells in patients
developing PEI secondary to diseases of the
pancreas or pancreatic resection (2). More-
over, PEI can also develop in diabetic pa-
tients through several mechanisms,
including changes in the regulatory effect of
hormones secreted by the pancreatic islets
on exocrine pancreatic functions, pancreatic
fibrosis and atrophy due to diabetic micro-
angiopathy, and impairment of entero-pan-
creatic reflexes due to diabetic neuropathy
and gastroparesis (3,4). It was reported
that acute hyperglycemia might play a role
in PEI development by inhibiting exocrine
pancreatic enzyme secretion and increasing
the proliferation and activation of pancre-
atic stellate cells causing pancreatic fibrosis
(3).

Traditionally, direct stimulation tests like the
secretin stimulation test, an invasive test,
are accepted as the gold standard for eval-
uating pancreatic exocrine functions. How-
ever, recently, pancreatic fecal elastase-1
(FE-1), a non-invasive procedure, is vali-
dated as the diagnostic test used progres-
sively. FE-1 is secreted into the intestine
among the pancreatic exocrine secretions
and excreted unaltered in the stool. FE-1
measurement is relatively inexpensive, reli-
able, and easy to use (5).

Studies have reported inconsistent effects of
pancreatic enzyme replacement therapy on
blood glucose regulation in diabetes and PEI
patients (6-9). However, to the best of our
knowledge, no study has investigated
glycemic control’s effect on pancreatic ex-
ocrine functions in diabetic patients with
poor glycemic control. Our study aimed to
assess the impact of blood glucose regula-
tion on pancreatic exocrine functions in type
2 diabetes mellitus (T2DM) patients with
poor glycemic control.

This prospective study considered 28 pa-
tients with poor glycemic control (glycated
hemoglobin, HbAlc >10) T2DM admitted to
Karadeniz Technical University Medical Fac-
ulty Hospital Endocrinology Clinic between
July 2017 to August 2018. The Control
group consisted of age and sex that
matched 20 healthy individuals selected
among healthy volunteers presenting to the
hospital’s Family Medicine Clinic for screen-
ing purposes during June-August 2018.
T2DM was diagnosed based on the Ameri-
can Diabetes Association criteria (10). Pa-
tients younger than 30 or older than 70,
consuming more than 20 g alcohol a day,
using Orlistat, Acarbose, or Gliptins, with a
medical history of abdominal surgery or
known pancreatic disorders, any other
known reason for malabsorption, or with
cancer, inflammatory bowel disease or au-
toimmune disease, and preghant women
were excluded from the study. None of the
patients were receiving pancreatic enzyme
replacement therapy. Detailed medical his-
tory was taken from patients eligible for the
study and admitted to the hospital for blood
glucose regulation following a thorough
physical examination. Patients’ metabolic
parameters were assessed before the initi-
ation of therapy. Stool specimens collected
for quantifying FE-1 levels were stored at -
80 °C for further analysis. Patients who
previously received only oral anti-diabetic
therapy were started on insulin therapy, ad-
justed for those who previously received
such therapy. Fasting and postprandial
blood glucose targets were <130 mg/dL
and <180 mg/dL, respectively. Basal plus
bolus insulin regimen was started at 0.5
units per kg patients who previously were
on only oral anti-diabetic therapy. In pa-
tients receiving basal insulin previously, the
insulin doses were adjusted to at least 0.5
units per kg body weight, and the bolus in-
sulin regimen was initiated. Insulin doses
were adjusted by doing two visits per week
until the target blood glucose was reached.
Subsequently, patients’ metabolic parame-
ters were re-investigated at clinical follow-
ups at least three months, and stool
specimens were again collected and stored
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at -80 °C. Blood specimens from the con-
trol group collected at the time of presen-
tation were also studied, and stool
specimens were stored at -80°C for the
study. The study was carried out based on
the guidelines of the Declaration of
Helsinki. Informed consent forms were ob-
tained from the patient and control groups
and approved by the Ethics Committee of
Karadeniz Technical University
(No:2017/126).

Biochemical parameters such as fasting
blood glucose, amylase, triglyceride, total
cholesterol, C-reactive protein, alanine
aminotransferase, blood urea, nitrogen,
creatinine, albumin, total protein, calcium,
phosphorus, magnesium were assayed
using a Beckman Coulter AU 5800 autoan-
alyzer (Shizuoka, Japan) at the time of re-
cruitment. Serum C-peptide levels were
studied using the chemiluminescence im-
munoassay method on a Siemens Immulite
2000 XPi analyzer (Walpole, USA) and
HbA1c levels using HPLC (Boronate affin-
ity) on a Trinity Biotech Premier Hb9210
device (Kansas City, USA). Serum total 25
(OH)-vitamin D3 levels were studied using
the chemiluminescence immunoassay
method on a Beckman Coulter Unicel DXI
800 device (Minnesota, USA). At the end of
the study, FE-1 levels in stools were quan-
tified using a commercial kit to detect PEI’s
presence using enzyme-linked immunosor-
bent assay (Pancreatic Elastase ELISA,
Bioserv Diagnostics GmbH, United King-
dom) and expressed as ug/g of stool. PEI
was divided into three groups according to
FE-1 levels (normal pancreatic exocrine
function: FE-1 =200 pg/g stool, mild to
moderate PEI: FE-1 =100 but <200 pg/g
stool, or severe PEI: FE-1 <100 ug/g stool)

(4).

All statistical analyses were performed on
the Statistical Program for Social Sciences
software (SPSS 23.0) for Windows (Chicago,
IL, USA). The normality of data distribution
was assessed by the Kolmogorov-Smirnov
test. Normally distributed data were ex-
pressed as meanzxstandard deviation, and
non-normally distributed data as median

(IQR). Student’s t-test, the paired samples
test, and Wilcoxon, chi-square, and Mann-
Whitney tests were applied to assess the
significance of inter-group differences. Lin-
ear regression analysis was performed, tak-
ing into account the interactions between
the variables. In the first model, the initial
fecal elastase level was used as the depen-
dent variable, and age, body mass index
(BMI), initial HbA1c, 25 (OH)-Vitamin D3,
magnesium, triglyceride, blood fasting glu-
cose, and total cholesterol levels as inde-
pendent variables. In the second model,
fecal elastase differences were the depen-
dent variable, whereas age, BMI, differences
of HbA1lc, 25 (OH)-Vitamin D3, triglyceride,
fasting glucose, and duration of diabetes
mellitus were independent variables. The
Enter method was used in the analysis (11).
Statistical significance was accepted as
p<0.05.

Five of the 28 participants included in the
study subsequently dropped out due to
non-compliance with treatment, and three
due to failure to attend control examina-
tions. Therefore, twenty patients with T2DM
and 20 healthy controls were included in the
analysis. The patient group consisted of 12
(60%) men and 8 (40%) women, and the
control group of 9 (45%) men and 11
(55%) women. Mean age was 50.7£10.0
and 52.1%+9.3 years in the patient and con-
trol groups, respectively. The patient and
control groups were comparable in terms of
age and gender. Demographic characteris-
tics and laboratory parameters of partici-
pants are tabulated (Table 1). The mean
follow-up duration of the patients in the
study was 94.50 days (IQR:11.50). Five pa-
tients received only insulin therapy before
the study, while 15 received combination
therapy (oral antidiabetics and insulin). The
median duration of diabetes was 5.00 years
(IQR:4.75). At the beginning of the study,
fasting blood glucose, HbAlc, and blood
urea nitrogen levels were significantly
higher in the patients than in the control
group. In contrast, 25 (OH)-Vitamin D3,
magnesium, and FE-1 levels were signifi-
cantly lower (Table 1). In three (15%) pa-
tients, PEI was observed (one severe and
two mild cases), but none from the control
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Patient group

Control group

Sociodemographics & laboratory findings (n=20) (n=20) P value
Age (years)* 50.7+10.0 52.1+9.3 0.650
Sex (n, %)

Female 8 (40) 11 (55) 0.527

Male 12 (60) 9 (45)
BMI (kg/m?2)** 31.5(6.3) 29.1 (7.4) 0.200
Hemoglobin (g/dL)* 14.2+1.7 13.8+£0.9 0.377
Fasting blood glucose (mg/dL)** 179.00 (145.00) 87.0 (13) <0.001
HbAlc (%)* 11.5+1.3 5.6+0.3 <0.001
Total cholesterol (mg/dL)* 218.0+49.3 216.1+£34.7 0.851
Triglycerides(mg/dL)** 143.5 (70.0) 112.0 (69.2) 0.072
25 OH Vitamin D3(pg/L)** 14.0 (6.9) 21.9 (12.0) 0.001
Albumin {g/L)** 4.15 (0.6) 4.2 (0.4) 0.162
Total Protein (g/L)* 7.0+0.5 7.3+0.5 0.147
Blood urea nitrogen {mg/dL)** 15.0 (9.2) 13.0 (2.0) 0.037
Creatine (mg/dL)** 0.7 (0.3) 0.8 (0.3) 0.850
Alanine aminotransferase (U/L)** 25.5 (30.7) 20.0 (9.0) 0.303
Amylase (U/L)** 59.5 (36.7) 81.0 (52.5) 0.106
Calcium {mg/dL)** 9.4 (0.8) 9.8 (0.7) 0.063
Phosphorus (mg/dL)** 3.6 (0.9) 3.1 (0.8) 0.183
Magnesium (mg/dL)** 1.9 (0.2) 2.1 (0.1) 0.003
C-reactive protein (mg/L)* 0.8+0.9 0.5+0.4 0.267
Fecal elastase 1(ug/g of stool)** 333.1 (192.60) 508.5 (130.13) 0.013

*Meanzxstandard deviation; **Median (interquartile range).
BMI: Body mass index; HbAlc: Glycated hemoglobin.

group. Analysis of the patient group re-
vealed a significant decrease in fasting
blood glucose, HbA1lc, triglyceride, and ala-
nine aminotransferase levels following at
least three months of intensive insulin ther-
apy compared to pre-treatment levels. In
contrast, 25 (OH)-Vitamin D3, albumin,
total protein, calcium, and FE-1 levels sig-
nificantly increased (Table 2). Linear re-
gression analysis was performed to
examine the factors affecting the change in
FE-1 levels after blood glucose regulation in
the patient group. It was found that the sig-
nificant factors were HbA1c levels and du-
ration of diabetes mellitus (p=0.047 and
0.036, respectively, Table 3).

The present study investigated fecal elas-
tase levels and various metabolic parame-
ters in T2DM patients with poor glycemic
control and a healthy control group to eval-

uate PEI. The study’s analysis revealed sig-
nificantly lower fecal elastase levels in the
T2DM patients than the control group (case
group, median: 333.1 pg/g; control group,
median: 508.5 pg/g; p=0.013). PEI was de-
tected in 15% of the diabetic cases (preva-
lence of FE-1 <200 pg/g and <100 pg/g
were 10% and 5%, respectively), but none
in the control group.

Although in earlier studies employing inva-
sive tests, meta-analysis evaluating the PEI
prevalence in diabetic patients reported an
average of 52.4% (18-100%), the mean
prevalences of PEI using non-invasive tests
was about 40% (26-74%) in type 1 dia-
betes patients and 27% (10-56%) in T2DM
patients (3). Although patients with poor
glycemic control were included in our study,
PEI prevalence was lower than in other
studies. In recent studies, a lower preva-
lence (between 9.2% and 13%) of PEI in
diabetic patients was reported, concordant
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Table 2. Laboratory findings and fecal elestasis-1 levels in patients with Type 2 diabetes mellitus before and after

insulin treatment.

Baseline After the third month p value
Hemoglobin (g/dL)* 14.2+1.6 14.1+1.5 0.523
Fasting blood glucose (mg/dL)** 179.0 (145.0) 121.0 (72.0) 0.003
C peptide (pg/L)** 2.3 (2.2) 1.6 (1.4) 0.076
HbA1lc (%)* 11.5+1.3 7.1+1.0 <0.001
Total cholesterol (mg/dL)* 218+49.3 209+52.6 0.252
Triglycerides (mg/dL)** 143.5 (70.0) 99.0 (80.2) 0.003
25 OH Vitamin D3{pg/L)** 14.0 (6.9) 15.6 (9.4) 0.033
Prothrombin time (sec) 11.6£1.2 11.6£1.0 0.694
INR* 1.0+0.1 1.0+£0.9 0.659
Albumin (g/L)** 4.1 (0.6) 4.3 (0.6) 0.020
Total Protein (g/L)* 7.0+0.5 7.3£0.4 0.009
Blood urea nitrogen (mg/dL) * 15.0 (9.2) 14.0 (6.7) 0.061
Creatine (mg/dL)** 0.7 (0.3) 0.7 (0.2) 0.615
Alanine aminotransferase (U/L)** 25.5 (30.7) 16.0 (17.7) 0.014
Amylase (U/L)** 59.5 (36.7) 63.0 (40.0) 0.057
Calcium (mg/dL)** 9.4 (0.8) 9.6 (0.6) 0.036
Phosphorus (mg/dL)** 3.5 (0.9) 3.4 (0.8) 0.723
Magnesium (mg/dL)** 1.9 (0.2) 2.0 (0.2) 0.355
C-reactive protein (mg/L)* 0.8+0.9 0.8+1.1 0.834
Fecal elastase 1 (pg/g of stools)** 333.1 (192.6) 415.4 (300.8) 0.044

* Meanzxstandard deviation, **Median (IQR).
HbA1lc: Glycated hemoglobin.

Table 3. Linear regression analysis of factors affecting differences in fecal elastase in patients with type 2

diabetes mellitus.

Coefficients?

Unstandardized coefficients 95.0% confidence interval for B
Model B p value Lower bound Upper bound
(Constant) 152.55 0.600 -464.68 769.78
Difference at HbAlc -59.34 0.047 -117.63 -1.04
Duration of diabetes mellitus 15.90 0.036 1.26 30.53
Age (years) -0.07 0.982 -6.92 6.77
Body Mass Index (kg/m?) -12.41 0.101 -27.62 2.80
Difference in fasting glucose -0.55 0.084 -1.17 0.08
Difference in 25 OH Vitamin D3 -0.33 0.956 -13.10 12.44
Difference in triglycerides 0.52 0.224 -0.36 1.40

a. Dependent Variable: Difference in fecal elastase

to our study (9,12). Vujasinovic et al. re- malabsorption (13). The inconsistencies
ported a low prevalence of PEI (5.4%) in a between studies may be due to differences
study of 150 patients with type-1 and type- in patient selection and diagnostic meth-
2 diabetes, which was attributed to the ex- ods. Patients with pancreatogenic diabetes
clusion of alcohol use and other causes of (Type 3c) emerging secondary to pancre-
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atic diseases such as chronic pancreatitis
were generally not excluded from older
studies, reporting higher PEI prevalence.
However, patients with pancreatic disease
were generally excluded from subsequent
studies.

The relationship between glycemic control
levels and PEI in diabetic patients is still not
understood. Some studies have reported
lower FE-1 levels in diabetic patients with
poor glycemic control than patients with
good glycemic control (14-16), while others
have reported no difference (17,18). PEI
rate increases with the rise in blood glucose
regulation impairment. In our study, blood
glucose regulation in patients with poorly
controlled diabetes mellitus was performed
employing intensive insulin therapy lasting
at least three months. Significantly in-
creased FE-1 levels was obtained in these
patients compared to pre-treatment levels
(pre-treatment median 333.1 (192.6) ug/g,
post-treatment median: 415.4 (300.8)
Hg/g; p=0.044) (Table 2).

To the best of our knowledge, the present
study is the first to reveal the effect of
glycemic control in poorly controlled T2DM
patients on pancreatic exocrine functions.
Blood glucose regulation in diabetic pa-
tients with uncontrolled blood glucose im-
proves acute and chronic complications
associated with hyperglycemia and im-
proves pancreatic exocrine functions. Pan-
creatic exocrine enzymes are responsible
for absorbing fat and fat-soluble vitamins
and proteins (19). Regulation of exocrine
functions in patients with PEI, independent
of the etiology, significantly increases the
absorption of fat and fat-soluble fats and
proteins and alleviates clinical symptoms
such as bloating and abdominal discomfort
(19,20). Improvement of exocrine func-
tions in diabetic patients can also help es-
tablish  blood glucose regulation by
improving the digestion and absorption of
these foods (6,7,21,22). In our study, sig-
nificant improvements in 25 (OH)-Vitamin
D3, total protein, albumin, and calcium val-
ues were observed in patients’ after inten-
sive insulin treatment. Improvement in
exocrine pancreatic functions and diabetes
regulation may have a role in these nutri-
tional markers’ progress.

However, there are some limitations in this
study. In particular, the sample size was
small as our study investigated T2DM pa-
tients with poor glycemic control (HbAlc
>10), resulting in low statistical power. An-
other limitation was that other nutritional
markers, such as vitamin A and E for PEI,
could not be studied. Also, in some pa-
tients, the pancreatic structure could not be
evaluated using ultrasonography or other
imaging techniques. Pancreatogenic dia-
betes (type 3c) emerging secondary to
pancreatic diseases such as chronic pan-
creatitis is sometimes misdiagnosed as
T2DM (10). However, none of our patients
had a history of alcohol use, and thus we
considered that all our patients had Type 2
diabetes.

In conclusion, in this study, FE-1 levels
were lower in T2DM patients with poor
glycemic control than in the healthy control
group. Although our patients consisted of
poor glycemic control, PEI prevalence was
lower than in previous studies. The estab-
lishment of blood glucose regulation with
intensive insulin therapy significantly in-
creased FE-1 levels, and the main factors
affecting these changes were the duration
of diabetes and shift in HbAlc. Therefore,
blood glucose regulation is crucial for micro
and macrovascular complications and im-
proved pancreatic exocrine functions. Thus,
this study has some implications for better
understanding the pathogenesis and treat-
ing pancreatic inflammation and chronic
pancreatitis.
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Abstract

Objective: Irisin, a newly discovered myokine, increases
thermogenesis and energy consumption, especially after
exercise. It has also been reported to stimulate the trans-
formation of white fat cells into brown fat cells. Thus, it cau-
ses weight loss and increases the sensitivity to insulin.
Nicotine affects the energy metabolism of the body through
several mechanisms. Cigarette smokers are widely known
to show decreased weight gain and increased weight loss.
Since irisin and smoking/nicotine have similar effects on
energy metabolism, this study proposed to determine the
serum irisin levels in smokers. Material and Methods:
Thirty-one healthy smokers aged 17-24 years and 31 age-
matched healthy non-smokers were included in this study.
Serum irisin levels were determined using ELISA. Results:
The smokers had been smoking for an average of 31+19
(2-84) months and smoked an average of 13.7£0.4 (5-25)
cigarettes daily. The smokers had higher height and body
weight and levels of serum creatinine and triglyceride and
lower levels of HDL-C than non-smokers (p<0.05). Serum
irisin levels and body mass index were not different between
the two groups (p>0.05). The serum irisin level was corre-
lated only with serum creatinine level in the entire group
(r=-0.26, p<0.05). The serum irisin levels were not corre-
lated with the duration and amount of cigarette smoking,
as well as levels of serum glucose, insulin, total cholesterol,
triglyceride, LDL-C, HDL-C, alanine aminotransferase, free
T4, and TSH in the entire group (p>0.05). Conclusion:
Serum irisin level in cigarette smokers is not different to
that of non-smokers. It is not related to the duration and
amount of cigarette smoking. Further prospective dose and
time-controlled studies are needed to investigate whether
similar effects of smoking/nicotine exposure on energy me-
tabolism are related to irisin metabolism.

Keywords: Cigarette; smoking; irisin; body weight;
body mass index

Ozet

Amag: Irisin, 6zellikle egzersizden sonra termogenezisi ve
enerji harcanmasini artiran yeni tanimlanmis bir miyokindir.
Ayni zamanda beyaz yag dokusu hiicrelerine, kahverengi yag
dokusu hicresi 6zellikleri kazandirdigi rapor edilmistir. Boy-
lece kilo kaybina neden olur ve insilin duyarliliginin artisina
neden olur. Nikotin, pek gok dedisik mekanizma ile vicut
enerji metabolizmasini etkilemektedir. Sigara igenlerde kilo
aliminin azaldigi ve kilo kaybinin arttigi yaygin olarak bilin-
mektedir. Irisin ve sigara iciminin/nikotinin enerji metaboliz-
masinda benzer etkileri oldugu gorildigu igin bu galismada
sigara igenlerde serum irisin diizeylerinin tayini planlanmistir.
Gereg ve Yontemler: Bu galismaya, yaslar 17-24 yil ara-
sinda dedisen 31 saglikli, sigara igen birey ile yas agisindan
benzer 31 saglikli, sigara icmeyen birey dahil edildi. Serum
irisin dizeyleri ELISA ydntemi ile tayin edildi. Bulgular: Si-
gara igenlerde sigara icimi stiresi ortalama 31+£19 (2-84) ay
ve igilen sigara adedi ortalama 13,7+0,4 (5-25) idi. Sigara
icen bireylerin boy uzunlugu, vicut agirhgi, serum kreatinin,
trigliserid diizeyleri sigara igmeyenlerden yulksek iken, HDL-
K dlzeyleri daha dustk idi (p<0,05). Sigara igenlerin serum
irisin dlzeyleri ve beden kitle indeksi, sigara icmeyenlerden
farkl degildi (p>0,05). Serum irisin dizeyleri, sadece tim
Galisma grubunda serum kreatinin diizeyleri ile korele idi (r=-
0,26, p<0,05). Serum irisin dlizeyleri ile sigara igim suresi,
sigara miktari, serum glukoz, insilin, total kolesterol, trigli-
serid, LDL-K, HDL-K, alanin transaminaz, serbest T4 ve TSH
diizeyleri arasinda bir korelasyon saptanmadi (p>0,05).
Sonug: Sigara igenlerde serum irisin dizeyleri, sigara icme-
yenlerden farkli dedildir. Serum irisin diizeyleri, sigara igimi-
nin siresi ve miktaryla iligkili degildir. Sigara igiminin enerji
metabolizmasindaki benzer etkilerinin, irisin metabolizma-
siyla iligkili olup olmadigi ileriye doniik, doz ve zaman kont-
rollt galismalarla arastiriimalidir.

Anahtar kelimeler: Sigara igimi; irisin; vucut agirligi;
beden kitle indeksi
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The origin and histological structure of
brown adipose tissue (BAT) varies from that
of white adipose tissue (WAT). BAT, known
to mainly exist in the body during the
neonatal period, has been reported in the
supraclavicular, paravertebral, mediastinal,
and peri-renal regions during adulthood (1-
3). In BAT, non-shivering thermogenesis and
energy expenditure occur through ATP syn-
thesis by oxidative phosphorylation via the
uncoupling protein 1 (UCP1), present in the
inner membrane of the mitochondria of BAT
cells (4).

The WAT, located in the visceral and subcu-
taneous tissue, has different functions from
BAT and acts as a store of adipose tissue in
the body. Some pharmacological stimuli
have been shown to induce UCP1 transcrip-
tion in WAT cells and confer thermogenetic
BAT cell properties (browning) to these cells;
thus, achieving good metabolic effects (1).
One of these stimuli is irisin (1,2,5,6). Irisin
is @ myokine that was recently described in
2012 by Bostrom et al. (5). It is a protein
that is a cleaved and secreted fragment of
FNDC5, a membrane protein found in mouse
and human plasma (5). Irisin has been re-
ported to stimulate the transformation of
WAT cells into BAT cells and increase the ex-
pression of metabolic genes through UCP1,
which is especially stimulated after exercise
(4-6). Irisin has also been documented to in-
crease thermogenesis, oxidative metabo-
lism, total body energy expenditure, glucose
tolerance, as well as cause weight loss and
improve insulin resistance (2,6-10). Due to
its effects on energy metabolism, the serum
irisin levels are monitored in obese and dia-
betic patients. Conflicting results have been
reported in this regard (8). Irisin has also
been recommended for use in the treatment
of these pathological conditions (6,7).

It has been hypothesized that nicotine may
also induce the transformation of WAT into
BAT (1,2,10-12). The role of nicotine in BAT
metabolism has been investigated previ-
ously. The activity of UCP1 is stimulated
when BAT is activated by the sympathetic
nervous system (4). Acute and chronic
smoking have been demonstrated to in-
crease thermogenesis by stimulating the
sympathetic system in BAT (4,10-12). On
the other hand, the effects of smoking on

energy metabolism are also well known. In
humans, nicotine consumption through
smoking is the main agent that affects en-
ergy metabolism. It has been documented
that food intake and body weight (BW) are
reduced in cigarette smokers with the
amount of smoking. In contrast, appetite
and weight gain increase after quitting
smoking. Another effect of cigarette smok-
ing/nicotine consumption is that it increases
the visceral fat content and insulin resist-
ance by changing the distribution of body fat
without changing the amount of total body
fat tissue in direct proportion to the dose. It
has been reported that cigarette smoking is
associated with the development of Type 2
diabetes and metabolic syndrome. More-
over, it was observed that insulin sensitivity
improved after stopping smoking (4,13,14).
Thus, the metabolic effects of cigarette
smoking or nicotine intake on energy me-
tabolism appear to be similar to those of
irisin. In some animal studies, the effects of
nicotine intake on both UCP proteins and
WAT/BAT have been investigated, with con-
tradictory results (10,11).

To the best of our knowledge, none of the
existing studies in the literature have inves-
tigated serum irisin levels in cigarette smok-
ers. In this study, it was planned to
investigate whether smoking and serum
irisin levels were related, and to contribute
to the issue of smoking and obesity, which
are common public health problems.

The study group consisted of students of the
Eskisehir Osmangazi University and workers
in the Hospital of Eskisehir Osmangazi Uni-
versity Faculty of Medicine. Thirty-one
healthy cigarette smokers (8 female, 23
male) aged between 17-24 yrs were in-
cluded in this study. The control group con-
sisted of 31 healthy non-smokers (17
female, 14 male) who had a similar age
range as the smokers.

Subjects with any known chronic disease
and undergoing any drug treatment were
not included in the study. After laboratory
analysis, those who were detected with im-
paired fasting glucose, elevated alanine
aminotransferase (ALT) levels, and subclini-
cal hypothyroidism were also excluded from
the study.
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All smokers were inquired about the dura-
tion of cigarette smoking, and the number
of cigarettes smoked in a day.

The study protocol was approved by the
local Ethics Committee of Eskisehir Os-
mangazi University. The study was carried
out per the Declaration of Helsinki (Helsinki
Declaration, revised 2013). Written in-
formed consent was obtained from all the
participants.

The body weights (kg) and heights (m) of all
the participants were measured, and the body
mass index (BMI) (kg/m?) was calculated.
After overnight fasting, venous blood sam-
ples were collected from all the participants.
Levels of serum glucose, total cholesterol,
triglycerides (TG), low-density lipoprotein-
cholesterol, high-density lipoprotein-choles-
terol, Alanine Aminotransferase (ALT), free
T4, and thyroid-stimulating hormone (TSH)
were determined by photometry using the
Roche Cobas 8,000 analyzer c702 module
(Roche Diagnostics GmbH, Penzburg, Ger-
many). Insulin levels were determined by
the electrochemiluminescence immunoassay
using the Roche Cobas 8,000 c602 (Roche
Diagnostics GmbH, Penzburg, Germany) au-
toanalyzer.

Serum samples from the venous blood,
which were aliquoted for determining the
irisin levels, were stored at -80 °C until fur-
ther analysis. Serum irisin levels were
measured using a commercially available
ELISA kit (RAGO18R, BioVendor Inc., Can-
dler, NC, USA) on the VICTOR X3 analyzer
(PerkinElmer, USA) at the Biochemistry Lab-
oratory in our hospital. The sensitivity of the
method was 1 ng/mL, while the intra-assay
and inter-assay CVs were <8.2% and
<9.7%, respectively.

The statistical package SPSS version 26.0
was used for the statistical analysis.
For the comparisons between groups,
the independent samples t-test and
Mann-Whitney U test were used. The cor-
relation was analyzed using the analysis of
Spearman’s correlation. p value of <0.05
was considered to be statistically signifi-
cant.

The clinical characteristics of the study
groups are presented in Table 1, and labo-
ratory results are summarized in Table 2.
Serum irisin levels and BMI, did not signifi-
cantly differ between smokers and non-
smokers (p>0.05). It was observed that BW,
height, TG, and creatinine levels of the
smokers were high, and HDL-C levels were
low (p<0.05). Serum irisin level was nega-
tively correlated with only the serum creati-
nine levels (r=-0.26, p<0.05). The serum
irisin levels were not correlated with the du-
ration and amount of smoking, height, BW,
BMI, and other investigated parameters in
the entire study group, as well as separately
in the smoker and the non-smoker groups
(p>0.05).

Serum irisin levels did not differ according
to gender (median=7.36 (5.78-16) pyg/mL in
women and 6.39 (5.77-7.12) pg/mL in men)
in the entire group (p=0.32), as well as sep-
arately in the smoking (median=6.43 (5.44-
7.39) ug/mL in women and 6.62 (6.04-6.9)
pg/mL in men) (p=0.7) and the non-smok-
ing group (median=8.45 (5.97-17) pg/mL in
women and 5.85 (5-9.9) pug/mL in men)
(p=0.2).

F/M

Age (month)

BW (kg)

Height (cm)

Body mass index (kg/m?)
Duration of smoking (month)

Number of cigarettes smoked daily

Smokers (n)
8/23
237+20 (209-288)
72+13 (45-95)
174+8 (153-186)
23.4+3.6 (17-32)
31+19 (2-84)
13.7+0.4 (5-25)

Non-smokers (n) p value
17/24
243+18 (204-288) 0.25
64+11 (46-92) 0.02
170+8 (152-185)> 0.046
22+2.5 (17-22) 0.789
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Smokers
Irisin (pg/mL) 6.61 (5.9-7.1)
Glucose (mg/dL) 82+7.2
Insulin {(mIU/mL) 10 (7.6-16)
Creatinine (mg/dL) 0.8+0.13
ALT (U/L) 16 (11-30)
Free T4 (ng/dL) 1.3+0.15

TSH (mIU/L)

Total cholesterol (mg/dL) 143 (130-164)

LDL-C (mg/dL) 89 (77-119)
HDL-C (mg/dL) 47 (36-59)
Triglyceride {(mg/dL) 96 (61-113)

1.86 (1.48-2.63)

Non-smokers p value
6.65 (5.6-15.3) 0.799
84+9 0.61
9 (7.5-11) 0.3
0.74+0.14 0.002
13 (9-21) 0.79
1.3£0.15 0.61
2 (1.3-3.1) 0.61
147 (129-176) 1.00
89 (71-101) 1.00
55 (46-64) 0.042
62 (49-91) 0.042

ALT: Alanine transaminase; TSH: Thyroid-stimulating hormone; LDL-C: Low-density lipoprotein-cholesterol; HDL-C: High-density li-

poprotein-cholesterol.

*Normal- and not normally distributed data were shown with mean+standard deviation and median (25-75 p), respectively.

It is widely known that there is a decrease in
weight gain and an increase in weight loss in
smokers, whereas weight gain increases
after quitting smoking. Nicotine reduces ap-
petite and calorie intake and increases en-
ergy expenditure, which explains the
reduction in weight gain in smokers
(4,13,14). Moreover, it has been demon-
strated that nicotine causes weight loss
through its lipolytic effect on WAT (4).

It has been reported that this effect of
smoking is related to the degree of smok-
ing. While a decrease in BW is observed in
both light and moderate smokers, heavy
smokers and chronic smokers are over-
weight and obese, develop insulin resist-
ance, and increased central adiposity
(13,14).

In our study, the smokers were taller and
heavier than non-smokers. Rather, these in-
dividuals had more appropriate BW for their
height than simply being heavier than non-
smokers. This also suggests that smoking
did not induce weight loss and/or decrease
weight gain in our study group, which may
be related to the relatively shorter duration
of smoking.

Irisin, a newly discovered myokine, stimu-
lates the transformation of WAT cells into
BAT cells and increases the expression of
metabolic genes through UCP1, especially
after exercise (4-6). Thus, it increases ther-

mogenesis, oxidative metabolism, total
body energy expenditure, and glucose tol-
erance and induces weight loss and im-
provement in insulin resistance (2,6-10). In
this study, serum irisin levels in smokers
were determined because of the possible
link between smoking and irisin metabolism,
as have been suggested to have similar ef-
fects on energy metabolism. In our study,
serum irisin levels among smokers were not
different from those among non-smokers.
The serum irisin levels were not associated
with the duration or amount of smoking ei-
ther. This result suggested that irisin may
not be related to smoking, and this hypoth-
esis should be re-investigated with another
study model.

It has been observed that irisin levels in-
crease in obese individuals. In several stud-
ies, irisin levels are positively correlated with
BW, BMI, amount of adipose tissue, and
muscle mass, and decrease with weight loss
(8). In our study on non-obese individuals,
serum irisin levels were not correlated with
BW and BMI.

Before the discovery of the irisin, it has been
investigated using animal models whether
nicotine has a browning effect on WAT in an-
imals exposed to different doses of nicotine
for different durations. Some studies have
also investigated the effect of nicotine on
UCP proteins involved in irisin metabolism
(1,2,4,10-12). Acute and chronic smoking
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has been demonstrated to increase thermo-
genesis by stimulating the sympathetic sys-
tem in BAT (4,10-12). Chen et al.
demonstrated in mice exposed to smoking
for four days that food intake decreased sig-
nificantly from the first day of smoking and
that weight loss occurred with a decrease in
the BAT and retroperitoneal adipose tissue
from the second day of smoking. In this
study, it was also observed that plasma lep-
tin levels decreased, neuropeptide Y con-
centrations remained unchanged in the
sub-hypothalamic regions, while the UCP1
mMRNA expression decreased in WAT and re-
mained unchanged in BAT. Based on these
results, these researchers suggested that
thermogenesis was not affected by nicotine
exposure over a short time. However, in this
study, the mRNA expression of UCP3, which
is homologous to UCP1, was increased in
BAT. The results suggested that lipid utiliza-
tion and energy expenditure were upregu-
lated with the increase of UCP3 protein,
which is known to affect basal metabolism
by participating in mitochondrial fatty acid
transport in mice exposed to smoking. Thus,
smoking may have contributed to the loss of
weight and adipose tissue (10).

Yoshida et al. observed that appetite,
amount of retroperitoneal and subcutaneous
WAT, and BW decreased in obese mice in-
jected with nicotine for six months. More-
over, the protein and mRNA of UCP1 were
activated in both BAT and WAT. The re-
searchers demonstrated that features of BAT
developed in WAT as observed by immuno-
histochemical examination, indicating that
nicotine caused browning (11).

Arai et al. reported that after 14 days of
nicotine injection in rats, the plasma leptin
levels, leptin mRNA expression in the omen-
tum, epididymal, and retroperitoneal adi-
pose tissues, and UCP1 mRNA expression in
BAT were higher than that in mice which did
not receive nicotine. Although the calorific
intake of rats decreased on the sixth day of
nicotine intake, it was observed that there
was no change in either calorific intake or
BW after 14 days. In this study, it was ob-
served that continuous nicotine infusion
stimulated mRNA expression of UCP1 in BAT
regardless of leptin. However, increased
UCP1 mRNA expression was not related to
the decrease in BW gain in this study (12).

The studies mentioned above suggested
that nicotine treatment had similar effects
on BAT and UCP1 protein as irisin. However,
no study in the literature has investigated
the relationship between irisin and smoking
or nicotine intake.

Since UCP proteins that mediate the meta-
bolic effects of the irisin were not deter-
mined in our study, it is not possible to
comment or make a connection regarding
this. Moreover, serum irisin levels were not
observed to be associated with smoking in
this study. On the other hand, in the above-
mentioned animal studies, contrasting re-
sults were obtained on UCP1 proteins and
adipose tissue with exposure to different
doses of nicotine for different durations
(4,10-12). Similarly, there may be a thresh-
old for the effect of nicotine on irisin in
terms of duration, dose, or other factors that
have not been investigated in our study.
Dose and time-controlled, detailed prospec-
tive studies should be conducted on smokers
to further investigate this possibility.

In our study, high triglyceride and low HDL-
C levels were observed in smokers, which
was in line with the atherogenic lipid profile.
Serum irisin levels were negatively corre-
lated only with serum creatinine levels. This
finding indicates that the kidneys may play
a role in the metabolism of irisin.
Contrasting results have been reported re-
garding the relationship of circulating irisin
levels according to gender (5-18). In one
study, circulating irisin levels in young adults
were not different between the two sexes;
however, when lean body mass was ad-
justed, the levels were observed to be lower
in men (15). Circulating irisin levels were
lower in adult males with prediabetes (16).
On the other hand, it has been reported that
in obese children and adolescents, circulat-
ing irisin levels did not differ between gen-
ders; in the normal BW group, higher irisin
levels were observed in girls than in boys
(17). Zugel et al. demonstrated that during
rest, circulating irisin levels were not differ-
ent between the two sexes in both of sub-
jects either obese or normal BW and
increased significantly in women with nor-
mal BW after aerobic exercise (18). Obese
subjects had higher irisin concentrations at
rest than lean subjects and there was no
significant change in irisin concentrations in
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neither obese women or men after exercise.
These studies indicate that variation in cir-
culating irisin levels according to gender
may be affected by factors such as adipos-
ity and exercise.

In our study, the median serum irisin level in
the non-smoking group was lower in men
than in women, but the difference was not
statistically significant. The fact that serum
irisin levels were similar between genders in
the smoking group may indicate a change in
irisin levels with smoking that may nullify
the difference in irisin levels between the
two sexes. However, in our study, the num-
ber of participants was low, and the distri-
bution by gender in the groups was not
uniform. This trend in irisin levels between
the two sexes was also observed in the non-
smoker group. This issue should be investi-
gated further in a larger study.

The limitations of our study are that is the
study was a cross-sectional one, the sample
size was small, and the participants were
light smokers who had just started smoking,
due to which the duration of smoking was
short.

In conclusion, serum irisin levels in smokers
are not different from those of non-smokers.
Serum irisin levels are not associated with
the duration and degree of smoking and an-
thropometric parameters. It would be use-
ful to conduct more comprehensive, dose
and time-controlled, prospective studies to
determine whether there is a link between
smoking and irisin metabolism.
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Abstract

Objective: Polycystic ovary syndrome (PCOS) is one of the
most common endocrine-reproductive-metabolic disorders of
women at reproductive age, affecting 5-15% of the women
worldwide. Although the pathogenesis of PCOS is not well defi-
ned, it is associated with an increased risk of premature coro-
nary artery disease (CAD). Hyperhomocysteinemia (HHcy) is
associated with hyperlipidemia and is an independent risk fac-
tor for CAD. The most common cause of HHcy is related to the
deficiency of methylenetetrahydrofolate reductase (MTHFR).
This study aimed to investigate the relationship between diffe-
rent genotypes of MTHFR C677T and the risk of PCOS. Material
and Methods: Two hundred twenty voluntary premenopausal
women (110 healthy controls and 110 PCOS patients) were in-
cluded in the study. All the volunteers underwent a physical exa-
mination along with biochemical hormonal evaluation and
genetic analysis. Results: The genotyping analyses and gene-
tic model of inheritance analyses revealed that the frequencies
of CC, CT, and TT genotypes in the control and PCOS group to
be 51.8%, 45.5%, and 2.7% and 51.8%, 48.2%, and 0%, res-
pectively. The frequency of C and T alleles in the control and
PCOS group was determined to be 74% (C: 0.74/155) and 26%
(T: 0.26/53), and 75% (C: 0.75/167) and 25% (T: 0.25/53),
respectively. The “T” additive, “T” dominant, and “C” recessive
models it found that the CT vs. CC (OR:1.06 CI:0.62-1.83), CC
vs. TC+TT (OR: 0.99 Cl: 0.58-1.72), and TC+TT vs. CC (OR:
0.99 Cl: 0.58-1.70), respectively, did not show an increase in
the PCOS risk. Conclusion: Our findings indicated that the dif-
ferent genotypes of MTHFR C677T were not associated with the
risk of PCOS in Turkish women from Central Anatolia.

Keywords: Polycystic ovary syndrome;
methylenetetrahydrofolate reductase gene;
polymorphism, risk assessment

Ozet

Amag: Ureme cagindaki kadinlarin en yaygin endokrin-iireme-
metabolik bozukluklarindan biri olan polikistik over sendromu
(PKOS) diinya genelinde kadinlarin %5-15'ini etkilemektedir.
PKOS patogenezi tam olarak tanimlanmamis olmasina ragmen,
PKOS'un artmis erken koroner arter hastaligi (KAH) riski ile ilis-
kili oldugu bilinmektedir. Hiperhomosistenemi (HHcy), KAH igin
bagimsiz bir risk faktori olan hiperlipidemi ile iliskili olup HHcy'in
en yaygin nedeni metilentetrahidrofolat rediktaz (MTHFR) ek-
sikligidir. Bu galisma ile MTHFR C677T polimorfizmi ve PKOS riski
arasindaki iliskinin arastiriimasi amaglanmistir. Gereg ve Yon-
temler: Calismaya benzer yasta iki ytz yirmi gonalli premeno-
pozal kadin (110 saglikli kontrol ve 110 PKOS hastasi) dahil
edilmistir. Tum gondllllere fiziksel muayene, biyokimyasal hor-
mon degerlendirme ve genetik analizler uygulanmistir. Bulgu-
lar: Genotipleme ve genetik kalitim model analizleri ile CC, CT
ve TT genotip sikliginin kontrol ve PKOS gruplarinda sirasiyla
%51,8, %45,5, %2,7 ve %51,8, %48,2 ve %0 olarak bulun-
mustur. C ve T allellerinin sikligi sirasiyla kontrol ve PKOS grup-
larinda %74 (C: 0,74/155), %26 (T: 0,26/53) ve %75 (C:
0,75/167), %25 (T: 0,25/53) olarak belirlenmistir. “T” editif mo-
delde CT'ye gore CC (OR: 1,06 Cl: 0,62-1,83), “T"” baskin mo-
delde CC'ye gore TC+TT (OR: 0,99 ClI: 0,58-1,72) ve “C" gekinik
modelde TC+TT'ye gére CC (OR: 0,99 Cl: 0,58-1,70) genotipine
sahip olmanin PKOS riskini arttirmadigi belirlenmistir. Sonug:
Mevcut galisma ile MTHFR C677T genotiplerinin ig anadolu bdl-
gesinde yasayan Turk kadinlarinda PKOS riski ile iligkili olmadigi
gOsterilmistir.

Anahtar kelimeler: Polikistik over sendromu;
metilentetrahidrofolat rediktaz geni;
polimorfizm, risk degerlendirmesi
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Polycystic ovary syndrome (PCOS) affects 5-
15% of women worldwide. It is one of the
most common endocrine- reproductive-
metabolic disorders and a major cause for
anovulatory infertility (1-3) PCOS is not a
local disease; it is a syndrome and a chronic
systemic disease. Although the pathogene-
sis of PCOS is not well defined, in most of
the cases, it is related to hyperandrogene-
mia, insulin resistance (IR), elevated risk of
type 2 diabetes (T2DM), dyslipidemia,
chronic inflammation, endometrial cancer,
and an elevated risk of premature coronary
artery disease (CAD) (4-6). The pathogene-
sis of PCOS remains unknown since it is a
complex disease with a multifactorial etiol-
ogy derived from the interactions between
diverse genetic and environmental factors
(1,7-9). In the last years, many studies
were performed to observe the contribution
of single nucleotide polymorphisms (SNPs)
in the PCOS etiology (10-15).

The C677T (rs1801133) polymorphism lo-
cated on the methylenetetrahydrofolate re-
ductase (MTHFR) gene encodes a variant,
where cytosine (C) is replaced with thymine
(T) at nucleotide 677, which leads to the
substitution of alanine (A) instead of valine
(V) at codon 222, resulting in the reduction
of enzyme activity in 30% to 70% of het-
erozygous and homozygous genotypes, re-
spectively (16). In the general population,
hyperhomocysteinemia (HHcy) reduces the
activity of MTHFR that results from the single
nucleotide polymorphism (SNP) (16). How-
ever, another factor for this can be an insuf-
ficient dietary intake of folate.

MTHFR regulates the metabolism of homo-
cysteine (Hcy) and methionine. It converts
5,10-methylenetetrahydrofolate  to 5-
methyltetrahydrofolate, which is the main
form of folate in the blood. The methyl group
acts as a donor for the production of me-
thionine from Hcy. HHcy is related to hyper-
lipidemia (17) and is an independent risk
factor for CAD (18). Laboratory findings sug-
gested that an elevated Hcy concentration is
both atherogenic and thrombogenic (19).
Several studies have shown that hyperinsu-
linemia and insulin resistance are positively
associated with HHcy (20-22). The changes
in the folate metabolism may disrupt the ho-
mocysteine-methionine equilibration and

maintenance of the methyl pool since folate,
and homocysteine-methionine cycles work in
connection (23).

In the late 1960s, the partly prevented ovu-
lation found in the immature super-ovulated
rats by an insufficient amount of folate raised
questions about the effects of folic acid on
ovarian function (24). HHcy caused by
MTHFR deficiency may lead to impairment of
the DNA methylation process (25). Incorpo-
rating a higher amount of uracil into the DNA
can activate repair mechanisms, resulting in
an increased risk of chromosomal breakage
(26), reduced nitric oxide formation (27), re-
duced reactive oxygen species elimination
(28), and increased proinflammatory cy-
tokine release (29). Also, folliculogenesis
and oogenesis are quite susceptible to the
above-mentioned environmental changes.
As shown by several experimental data, the
oocyte maturation, ovulation, proliferation,
and differentiation of granulosa cell and
steroid biosynthesis can be affected by HHcy
(24,30,31). Moreover, folate and DNA
methylation both are important in
Alzheimer’s disease, mental health, various
cancers, and neural tube defects. Addition-
ally, Hcy may play an important role in ox-
idative stress as well (25,32-35).

The contribution of the MTHFR C677T poly-
morphism in increasing the PCOS risk was
investigated in various populations with con-
tradictory results (36-38). However, there
was no study carried out on Turkish women
from the Central Anatolian region. Therefore,
the goals of our study were to determine
whether the C677T variant was related to in-
crease the PCOS risk among Turkish women
and also to evaluate any possible relation-
ship between the variant and the clinical and
biochemical parameters.

The subjects included in this study were 220
voluntary premenopausal women (110
healthy controls and 110 PCOS patients) aged
between 18 and 50 years who were examined
in the endocrine clinic at Kayseri Training and
Research Hospital between January 2019 and
January 2020. The study was approved by
the Ethics Committee of Medical School at
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Erzincan University. The ethics committee de-
cision number and date were 33216249-
604.01.02 E.3294 and 15 January 2019,
respectively. All the volunteers provided writ-
ten informed consent and underwent a phys-
ical examination along with biochemical
hormonal evaluation. A medical history form
was filled, which contained information on hir-
sutism, menstrual cycle, reproductive and gy-
necological history, carbohydrate intolerance,
use of medication (oral contraceptive pills
(OCP)), and arterial hypertension. Ovarian
and adrenal ultrasonography was not applied
to all volunteers of control subjects in the
study designed on a voluntary basis.

The PCOS group included women diagnosed
with PCOS according to the criteria of the
Androgen Excess-PCOS Society (39).

The Control group included women who
were eligible for blood donation, had a nor-
mal menstrual cycle with no excess hair
growth nor any signs of hyperandrogene-
mia.

Women who used OCP and/or were diag-
nosed with acromegaly, Cushing’s syndrome,
thyroid dysfunction, hyperprolactinemia,
ovarian tumors, or adrenal tumors were ex-
cluded from the PCOS group.

Women who did not have a normal men-
strual cycle with excess hair growth and/or
any sign of hyperandrogenemia were ex-
cluded from the control group.

A modified Ferriman-Gallwey score (FGS) of
>8 was considered as hirsutism (40), where
FGS was evaluated by the same investiga-
tor (Y.S). The intermenstrual intervals of
longer than 35 days and shorter than 21
days were diagnosed as oligomenorrhea and
polymenorrhea, respectively. Androgen
value greater than the normal range was
identified as hyperandrogenemia. Serum
hormone levels were measured in the early
follicular phase of the menstrual cycle after
an overnight fast.

Prolactin, thyroid-stimulating hormone
(TSH), follicle-stimulating hormone (FSH),

progesterone, luteinizing hormone (LH),
estradiol (E2), dehydroepiandrosterone sul-
fate (DHEA-S), total testosterone (TT), and
insulin levels were analyzed using the
chemiluminescence immunoassay method
by Roche Elecsys Cobas E601 immunoassay
analyzer (Roche Diagnostics, Penzberg, Ger-
many). Glucose was analyzed using an en-
zymatic method by Roche Elecsys Cobas
C702 chemistry analyzer (Roche Diagnos-
tics, Penzberg, Germany).

The reference ranges for the TT, DHEA-S,
TSH, E2, LH, FSH, prolactin, progesterone,
and glucose were 0.084-0.481 pg/L, 350-
4070 (ng/mL), 0.27-4.2 puIU/mL, 12.4-233
pg/mL, 2.4-12.6 mIU/mL, 3.5-12.5
mIU/mL, 4.79-23.3ng/mL, 0.05-0.893
ng/mL, and 70-100 mg/dL, respectively. The
homeostatic model assessment for insulin
resistance (HOMA-IR) was used as insulin
resistance index (41).

Genotyping analysis was applied to all the
volunteers. The Genomic DNA isolation kit
(Roche, Germany Genomic DNA) was used
to isolate the DNA from leukocytes. Poly-
merase chain reaction and restriction frag-
ment length polymorphism (PCR-RFLP)
method was used to analyze the MTHFR
C677T variant. The primer pairs used to am-
plify the C677T variant of the MTHFR gene
were 5'-GCTCAAGGCAGGACAGTG-3’ as the
forward primer and 5’-CTGGGAAGAACT
CAGCGAAC-3" as the reverse primer.
DreamTaq polymerase (5U/uL, Ther-
moFisher, USA) was used to perform the
PCR reaction. The PCR conditions were 30
cycles of 94°C for 1 min, 63°C for 30 s, and
72°C for 30 s. The obtained PCR fragment of
585 bp was digested using the Taql restric-
tion enzyme (ThermoFisher, USA) at 37°C
for 3 h. Agarose gel electrophoresis (2%)
was used to separate the digested PCR
product, which was then visualized under UV
illuminator with SafeRed staining (IntronBio,
Korea). In the TT homozygous mutant geno-
type, two fragments were obtained with a
size of 359 bp, and 226 bp whereas, in the
CT heterozygous mutant genotype, three
fragments with a size of 585 bp, 359 bp, and
226 bp were obtained while in the CC ho-
mozygous wild genotype, only one fragment
with a size of 585 bp was obtained.



Turk J Endocrinol Metab.
2021;25:102-112

Polat et al. 105

C677T in the Risk of Polycystic Ovary Syndrome

Table 1. Clinical and hormonal parameters in PCOS patients and the control women.

Control PCOS p value
Age(year) 28 (18-49) 22 (18-40) 0.000%*
Height (cm) 162.8+5.2 162.6 (£6.02) 0.808
Weight (kg) 65+11.9 71.3 (£15.9) 0.010%*
BMI (kg/m2) 23.6 (17.6-45.4) 26.6 (17.1-41.2) 0.003*
FGS 2 (0-7) 10 (0-26) 0.000%*
Glucose (mg/dL) 86.0 (70.3-110.0) 87.0 (58.0-107.0) 0.377
Insulin (pIU/mL}) 6.7 (2-34.5) 10 (2-66.2) 0.000%*
HOMA-IR 1.4 (0.36-7.92) 2.2 (0.3-14.1) 0.001*
TT (ng/L) 0.35 (0.12-0.47) 0.56 (0.09-1.51) 0.000%*
Prolactin (ng/mL) 8.3 (2.3-33.62) 12.7 (4.6-67.9) 0.000%*
DHEAS (ng/mL) 1781 (531.5-4048.2) 2898.0 (169.4-8799.0) 0.000%*
LH (mIU/mL) 5.9 (1.8-30.0) 9.5 (2.0-86.8) 0.001*
FSH (mIU/mL) 6.76 (2.1-17.5) 6.0 (1.1-19.5) 0.027%*
E2 (pg/mL) 63.5(11.2-331.3) 57.9 (15.2-353.4) 0.924
TSH (pIU/mL) 1.5 (£0.82) 1.93 (£1.16) 0.002*
Progesterone (ng/mL) 0.36 (0.01-2.63) 0.6 (0.05-10.4) 0.005*

The results are presented as meanzxstandard deviation or median (minimum-maximum). * Shows a significant difference. BMI: Body
mass index; HOMA-IR: Homeostatic model assessment of insulin resistance; DHEA-S: Dehydroepiandrosterone sulfate; TT: Total
testosterone; TSH: Thyroid-stimulating hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; PCOS:
Polycystic ovary syndrome.

Table 2. Frequencies of C677T genotypes and alleles in PCOS patients compared with the control women.

Control n (%) PCOS n (%) p value
MTHFR C677T
Genotype
cc 57 (51.8) 57 (51.8) 0.194
CT 50 (45.5) 53 (48.2)
TT 3(2.7) 0 (0)
Allele
C 0.74 (164) 0.75 (167) 0.198
T 0.26 (56) 0.25 (53)

PCOS: Polycystic ovary syndrome.

Statistical Analyses

Results for the continuous variables were
reported as mean=xstandard deviation (SD)
and median (minimum-maximum) while n
(%) was used for the categorical variables.
The normality of variables was confirmed
using the Kolmogorov-Smirnov test. The
comparisons between the study groups
were performed using the Student’s t -test.
For the variables, which were not normally
distributed, the Mann-Whitney U test was
used. For determining genotype frequen-
cies of alleles between the study groups,
the Chi-square test was used. Logistic re-

gression analysis was applied to calculate
the odds ratios (OR) and to test the rela-
tive risk associated with the risk allele for
PCOS, confidence intervals (95% CI) were
used. The variables analysis of covariance
(ANCOVA) test was used to estimate the
differences between the study groups with
age and body mass index correction. P-val-
ues less than 0.05 were accepted as signif-
icant for all the tests. IBM SPSS 22 (IBM
Corp. Released 2010. IBM SPSS Statistics
for Windows, Version 22.0. Armonk, NY:
IBM Corp) was used to perform all statisti-
cal analyses.
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Table 3. Genetic test model analyses of C677
genotypes.

MTHFR C677T OR (95% CI) p value

“T” Additive model CccC Ref. 0.972
TC 1.06(0.62-1.83)
T ND

“T” Dominant Model CcC Ref. 0.988

TC+TT 0.99 (0.58-1.70)

“C” Recessive Model  TC+TT Ref. 0.988

CccC 0.99 (0.58-1.72)

ND: Not determined.

Results

Clinical and Biochemical Properties

The clinical and biochemical characteristics
of the control and patients groups are pre-
sented in Table 1. Compared to the control
group, the body mass index (BMI), weight,
Ferriman -Gallwey score (FGS), insulin,
HOMA-IR, TT, prolactin, DHEA-S, LH, and

TSH were found to be significantly higher in
the PCOS group, with age being significantly
reduced (p=<0.05).

Genotype Distribution and Allele Frequency

To study the relationship between the
MTHFR C677T variant and the PCOS risk,
the genotype distribution and allele fre-
quency were determined for each group,
which is presented in Table 2.

The frequencies of CC, CT, and TT genotypes
were determined as 51.8%, 45.5%, and
2.7% in the control group, and 51.8%,
48.2%, and 0% in the PCOS group. The TT
genotype was not determined in the PCOS
group. The C and T allele frequencies were
determined as 74% (C: 0.74/164) and 26%
(T: 0.26/56) in the control group and 75%
(C: 0.75/167) and 25% (T: 0.25/53) in the
PCOS groups. Both the genotype distribu-
tion and allele frequencies were not signifi-
cant between the study groups (p=<0.05).

Table 4. Clinical and hormonal parameters in PCOS patients and the control women having C677T genotypes.

MTHFR 677 Control
Genotypes CcC CT
Age (year) 27 (18-49) 28 (18-49)
Height (cm) 161.5+5.3 162+5.2
Weight (kg) 64.9+12.3 63.4+£11.8
BMI (kg/m?) 24 (17.6-45.4) 23.5(18.8-34.3)
FGS 2 (0-7) 3 (0-8)
Glucose (mg/dL) 86 (70.3-110) 85 (73-110)
Insulin (pIU/mL) 6.9+£3.9 9.2£6.7
5.7 (2-20.7) 8.1 (2-34.5)

HOMA-IR 1.4 (0.36-4.3) 1.6 (0.36-7.92)
TT (pg/L) 0.34 (0.12-0.47) 0.36 (0.19-0.70)
Prolactin (ng/mL) 7.3 (2.3-33.6) 8.8 (3.5-26.8)
DHEAS (ng/mL) 1825.8 1635

(585.9-4048.2) (531.5-3952.4)
LH (mIU/mL) 4.9 (2.1-30.0) 6.9 (1.8-22)
FSH (mIU/mL) 6.7 (2.1-17.5) 6.8 (3.46-12.3)
E2 (pg/mL) 69.1 (19.6-331.3) 60.6 (11.2-244.5)
TSH (PIU/mL) 1.4 (£0.7) 1.4 (£0.9)
Progesterone 0.35 (0.01-2.63) 0.39 (0.08-0.57)
(ng/mL)

PCOS

T cc cT T
30 (28-32) 22 (18-40) 22 (18-37) na
167+1.4 161.5%5.5 161.746.6 na
57.5+0.7 71.7+15.4 68.8+16.3) na
20.6 (20.2-21.1) 27 (17.8-41.2)  26.3 (17.1-39.1) na
3 (0-6) 10 (0-22) 11 (0-26) na
78 (78-78) 89 (58-107) 83 (59-106) na
3.2£1.7 13.6+11.2 10.4£9.1 na

3.2 (2-4.5) 11.6 (2-66.2) 8.59 (2-51.9)

0.86 (0.86-0.86)
0.36 (0.34-0.38)
8.2 (7.9-8.5)
1567.4
(1207.0-1927.7)
10.5 (10.5-10.5)
7.8 (7.8-7.8)
55.5 (55.5-55.5)
2.4£1.7
0.34 (0.34-0.34)

2.4 (0.41-14.1)
0.58 (0.18-1.27)
13.7 (4.7-67.9)
2900.3

(1001.0-8799.0)

10 (2.6-86.8)

6 (1.6-19.5)
56.8 (15.2-300.1)

1.7+1.03

0.58 (0.09-8.91)

1.75 (0.3-11.5)
0.5 (0.09-1.51)
10.7 (4.6-30.2)
2889.3
(169.4-8050.0)
8.1 (2.1-32.5)
6.1 (1.1-15.1)
58.4 (18.7-353.4)
2.1£1.3
0.63 (0.05-10.45)

na

na

na

na

na

na

na

na

The results are presented as mean=standard deviation or median (minimum-maximum). BMI: Body mass index; FGS: Ferriman-
Gallwey score; HOMA-IR: Homeostatic model assessment of insulin resistance; DHEA-S: Dehydroepiandrosterone sulfate; TT: Total
testosterone; TSH: Thyroid-stimulating hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; PCOS:

polycystic ovary syndrome. NA: not applicable.
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Genotypes

Age (year)
Height (cm)
Weight (kg)

BMI (kg/m?)
FGS

Glucose (mg/dL)
Insulin (PIU/mL)
HOMA-IR

TT (Hg/L)
Prolactin (ng/mL)
DHEAS {(ng/mL)

cc
23 (18-49)
161.5+5.4
68.4+14.4
25.6 (17.6-45.4)
4 (0-22)

87 (58-110)

7.9 (2-66.2)
1.67 (0.36-14.1)
0.42 (0.12-1.27)
11.28 (2.3-67.9)

2253.5 (585.9-8799)

Genotypes
CT TT
24 (18-49) 30 (28-32)
161.9+5.9 167+1.4
66.4+17.7 57.5+£0.7
24 (17.1-39.1) 20.6 (20.2-21.1)
5 (0-26) 3 (0-6)
83 (59-110) 78 (78-78)
8.5 (2-51.9) 3.2 (2-4.5)
1.7 (0.3-11.5) 0.86 (0.86-0.86)

0.41 (0.09-1.51)
10.3 (3.5-30.2)
2151.0 (169.4-8050.0)

0.36 (0.34-0.38)
8.2 (7.9-8.5)
1567.4 (1207.0-1927.7)

LH (mIU/mL) 7.5 (2.1-86.8)
FSH (mIU/mL) 6.3 (1.6-19.5)
E2 (pg/mL) 59.1 (15.2-331.3)
TSH (pIU/mL) 1.5£0.89

Progesterone (ng/mL) 0.45 (0.05-8.91)

7.8 (1.8-32.5) 10.5 (10.5-10.5)
6.5 (1.1-15.1) 7.8 (7.8-7.8)
58.4 (11.2-353.4) 55.5 (55.5-55.5)
1.7£1.1 2.4+1.7

0.5 (0.05-10.45) 0.34 (0.34-0.34)

The results are presented as mean+standard deviation or median (minimum-maximum). BMI: Body mass index; FGS: Ferriman-
Gallwey score; HOMA-IR: Homeostatic model assessment of insulin resistance; DHEA-S: Dehydroepiandrosterone sulfate; TT: Total
testosterone; TSH: Thyroid-stimulating hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; E2: Estradiol; PCOS:
polycystic ovary syndrome. “TT” genotype was determined in only three volunteers (less than 5), so it is not included in the statis-

tical analysis.

C677T variant was further analyzed using
genotyping test models “dominant/reces-
sive/additive” to have a better understand-
ing of the genotype-phenotype association
between the genes and PCOS (Table 3).
Since the “TT” genotype was not determined
in the PCOS group, “C” additive, “C"” domi-
nant, and “T” recessive models could not be
applied.

In the “T” additive, “T"” dominant, and “C”
recessive models, it was found that CT vs.
CC (OR: 1.06 95% CI: 0.62-1.83), CC vs.
TC+TT (OR: 0.99 95% CI: 0.58-1.72), and
TC+TT vs. CC (OR: 0.99, 95% CI: 0.58-
1.70), respectively, did not increase the
PCOS risk.

The genotypes of C677T were compared
with the hormonal and clinical data of the
PCOS and control group. The data of the
analysis is presented in Table 4. The “TT”

genotype was determined in only three vol-
unteers; therefore, it could not be included
in the statistical analysis (due to the num-
bers being less than five).

Our results found no significant difference
between the C677T genotypes and the clin-
ical and hormonal data from each genotype
(p=<0.05). Similarly, even when the volun-
teers were not separated based on groups
and analyzed only based on genotype, no
significant differences were found between
the C677T genotypes and the clinical and
hormonal data of the volunteers (Table 5).

PCOS is not a local disease; it is a syndrome
and chronic systemic disease with a highly
strong inheritance of up to 70% (9). More-
over, it has a multifactorial and polygenic
etiology. Multifactorial diseases are probably
related to the effects of multiple genes
(often the genes are larger in quantity but
smaller in effect) in combination along with
lifestyle and environmental factors.
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To understand the etiology and genetic basis
of PCOS, case-control studies were carried
out, which were related to the genes in-
volved in different mechanisms, including
adrenal and ovarian steroidogenesis (STAR,
CYP11B1, CYP21A2, CYP19A1, CYP17A1,
and VDR), the function of steroid hormones
(AR, SHBG), function and regulation of go-
nadotropin (FSHR, LHR, GnRHR), function
and secretion of insulin (INS, INSR, IRS-1,
IRS-2, INSL3, and CAPN10), energy home-
ostasis (FTO, PPARG), chronic inflammation
(TNF-a, TNF-B1, IL6, IFN-y, and IL10), ox-
idative stress (SOD1, SOD2, GPx, and CAT),
and cardiovascular risk factors (PAI-1 and
MTHFR) (9-15,42). However, incompatible
results stemmed from these studies and
also the populations from which the study
groups were formed (9,37,43-46). A lack of
globally accepted diagnostic criteria of PCOS
and incomplete knowledge of its pathophys-
iology may be the additional reasons for the
inconsistency.

In humans, the MTHFR gene is located on
chromosome 1 and consists of 12 exons. It
has three transcripts with the sizes of 2.2kb,
7.5kb, and 9.5 kb (47). This gene has four-
teen nucleotide polymorphisms associated
with the enzymatic deficiency (48), out of
which, C677T and A1298C (rs1801131) are
the most commonly reported variants that
can reduce the MTHFR activity by various
degrees. As opposed to the C677T variant,
although the A1298C reduces the MTHFR
activity, it is not related to HHcy or a low-
ered plasma folate concentration, neither in
the homozygous nor heterozygous state
(33). PCOS women are more susceptible to
CAD, and HHcy is an independent risk factor
for CAD. Insufficient activity of 5,10-MTHFR
is one of the most common causes for a high
amount of plasma levels of Hcy (16,49). The
frequency of the variant differs significantly
based on the population from different geo-
graphic regions (50,51). Almost 17% of the
subjects with cardiovascular disease (CVD)
(52) and 28% of the subjects with HHcy and
premature vascular disease (53) were found
to have C677T polymorphism.

The latest meta-analysis was performed
with 21 articles published between the years
1995 and 2020, where the authors found
that the T allele was related to an increased
risk of PCOS compared to the C allele. The

result indicated that C677T polymorphism
was related to an elevated risk of PCOS in
both homozygous and heterozygous mutant
genotypes. Ethnicity dependent subgroup
analyses showed that the C677T mutant in
the Middle Eastern population showed
greater PCOS risk (TT+CT vs. CC: OR: 2.66,
95% CI: 1.54-4.58; CT vs. CC+TT: OR:
2.64, 95% CI: 1.27-5.49; TT vs. CC: OR:
2.21,95% CI: 1.16-4.21; Tvs. C: OR: 1.82,
95% CI: 1.39-2.37). However, such risk was
not found in the Asian or Caucasian popula-
tion (34). The analysis also showed that eth-
nicity played a significant role in the etiology
of PCOS in terms of genetics. The author
concluded that further studies need to be
performed to explore the contribution of
MTHFR C677T polymorphism toward the
PCOS risk in the Turkish population since
only one study was performed on the Turk-
ish population till then. In our study, we did
not find any correlation between PCOS and
C677T genotype (CT vs. CC OR: 1.06 95%
Cl: 0.62-1.83, CC vs. TC4+TT OR: 0.99 95%
Cl: 0.58-1.72, TC+TT vs. CC OR: 0.99, 95%
Cl: 0.58-170). On the contrary to our find-
ings, Karadeniz et al. found that women with
PCOS had four times the higher CT geno-
type, statistically higher frequency of the T
allele, and a statistically higher level of Hcy
compared to the healthy control although
the Hcy level was not correlated with the
C677T genotype. Therefore, the authors
concluded that the MTHFR genotypes did not
affect the plasma Hcy levels in patients with
PCOS in Turkey (54). Van der Put et al.
found that the C677T genotypes were asso-
ciated with reduced folate and higher Hcy
levels (33). The previous meta-analysis by
Zhu et al. performed using 21 articles, avail-
able from the inception till 17 June 2019,
found that the T allele in MTHFR C677T poly-
morphism could be a genetic risk factor for
PCOS, especially in the Asian population
(TT+CT vs. CCOR: 1.4795% Cl: 1.12-1.94,
TT vs. CT+CC OR: 1.50 95% CI: 1.25-1.81).
However, the evidence did not support the
same association in the Caucasians (TT+CT
vs. CC OR: 1.30 95% CI: 0.78-2.61, TT vs.
CT+CC OR: 1.01 95% CI: 0.68-1.50) (37).
Another meta-analysis by Wang et al. per-
formed using 16 studies published before
December 2016 found that the T allele was
not a risk factor for PCOS (OR: 1.08; 95%
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CI: 0.96-1.21). Upon ethnicity-based analy-
sis, an increased risk was found in the PCOS
in the Asian population because of the T al-
lele (OR: 1.31; 95% CI: 1.09-1.58), but
such results were not found in the Middle
Eastern population (OR:1.26; 95% CI: 0.96-
1.67). The authors claimed that the T allele
had a protective effect against PCOS in the
Caucasian population (OR: 0.82; 95% CI:
0.68-0.99). Additionally, they concluded
that MTHFR C677T polymorphism might be
providing diverging effects on the PCOS eti-
ology depending on the ethnicity. HHcy can
not only be seen in the case of genetic de-
fects, but it can also be due to nutritional
deficiencies (insufficient dietary intake of fo-
late), which can be the reason for the dis-
cordant results besides ethnicity.

PCOS women from different ethnicity were
presented with different clinical appear-
ances of the syndrome. Therefore, differ-
ences in ethnicity seem to have an
important effect on the disease etiology.
Different genetic components may con-
tribute differently to the disease pheno-
type. For instance, Caucasian patients with
PCOS were unlikely to have diabetes when
compared to East Asian patients (55), or
the European and Maori women were more
prone to hirsutism compared to the other
ethnic groups (56).

No correlation was observed between the
MTHFR C677T genotype and the PCOS risk
in our study. Moreover, even in the current
literature, there were discordant results.
Clinical studies showed that HHcy levels in
PCOS patients returned to normal levels
upon folic acid supplementation (21,57).
Therefore, in the PCOS treatment, folic
acid supplementation may be considered to
lower the Hcy levels, considering the pos-
sibility of HHcy in PCOS patients. The in-
teractions between gene-environment,
gene-gene, and even different alleles of
the same gene may modulate PCOS risk.
Hence, the investigation of polymorphisms
on other genes involved in the folate me-
tabolism may be of great importance to
understand the role of folate metabolism in
PCOS etiology. On the other hand, to avoid
dietary interference in women who partici-
pate in such studies, it might be better to
consider folate intake while designing the
study. Additionally, some genes are known

to have altered expression levels in PCOS
(9). Since the MTHFR deficiency may cause
impairment in the DNA methylation
process, which is also one of the most im-
portant mechanisms in the regulation of
gene expression (25), MTHFR genotypes
and folate mechanisms may be considered
to have an indirect effect on PCOS etiology.
However, laboratory studies are needed to
support this hypothesis.

The study has several limitations; firstly TT
genotypes were identified only in three vol-
unteers. Secondly, there was a lack of infor-
mation about Hcy and folic acid levels in the
blood. Thirdly, the study group was formed
with volunteers from the Central Anatolia re-
gion of Turkey.

This study demonstrated that neither T nor
C allele of MTHFR C677T polymorphism con-
tributed to PCOS risk in our study popula-
tion. Further studies are required to
conclude the impact of folate metabolism on
PCOS etiology more accurately using a
larger study group and detailed individual
data.
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Abstract

Polycystic ovary syndrome (PCOS) is an ovarian disorder sec-
ondary to the dysregulated hypothalamic-pituitary-adrenal
axis leading to androgen excess. Numerous studies have doc-
umented that insulin resistance is the key pathophysiological
element for the development of PCOS. Insulin acts synergis-
tically with luteinizing hormone (LH) to increase androgen
production in the theca of the follicles. PCOS is the most ma-
lignant endocrine disorder affecting females (7%; from ado-
lescence to menopause). PCOS results in multi-organs
derangements categorized by raised androgen levels, irregu-
lar menses, and infertility with microcysts formation. The
manifestation of PCOS can be specified as polycystic ovaries
(morphological) and hyperandrogenemia & hyperlipidemia
(metabolic derangements). Clinical hallmarks in PCOS are
dyslipidemia, impaired glucose tolerance, hyperandrogenism,
microcysts in ovaries, menstrual irregularities, anovulation,
and obesity. During clinical examination, a woman’s identity
is markedly threatened due to hirsutism, acne, alopecia, obe-
sity, irregular menses, and infertility symptoms. Diagnosis is
based on European Society for Human Reproduction and Em-
bryology/The American Society for Reproductive Medicine or
Rotterdam consensus criteria. In this article, we present a
precise and comprehensible glimpse of updated and efficient
patient management via pharmacotherapy and diet therapy
with the most practicable type of diets and their positive out-
comes. Nutrients (inositol, isoflavonoids, omega-3) and their
dose regimens are discussed. A calorie deficit of 500-1,000
kcal based on the patient profile has proven effective in re-
vamping biochemical values and weight loss.

Keywords: PCOS; metformin; clomiphene;
genistein; dyslipidemia; androgen

Ozet

Polikistik over sendromu (PKOS), androjen fazlaligina yol
acan hipotalamus-hipofiz-adrenal aksindaki bozulmaya se-
konder bir over hastalididir. Cok sayida galisma, insalin di-
rencinin PKOS gelisiminde anahtar patofizyolojik unsur
oldugunu ortaya koymustur. insilin, folikillerin teka hiicre-
lerinde androjen Uretimini artirmak igin luteinize edici hormon
(LH) ile sinerjik olarak hareket eder. PKOS, kadinlari etkileyen
(%7; ergenlikten menopoza kadar) en koétl huylu endokrin
bozukluktur. PKOS, ylksek androjen seviyeleri, dlizensiz
adetler, mikrokist olusumu ve infertilite ile karakterize olan
coklu organ bozukluklarina neden olur. PKOS'un manifestas-
yonu polikistik overler (morfolojik), hiperandrojenemi ve hi-
perlipidemi (metabolik bozukluklar) olarak belirtilebilir.
PKOS'un klinik karakteristikleri dislipidemi, bozulmus glukoz
toleransi, hiperandrojenizm, overlerde mikrokistler, adet du-
zensizlikleri, anovilasyon ve obezitedir. Klinik muayenede,
kadinhk 6zeliklerinin hirsutizm, akne, alopesi, obezite, di-
zensiz adet kanamasi ve kisirlik semptomlari nedeniyle 6nemli
dlgiide tehdit altinda oldudu gériilebilir. Tani, Avrupa insan
Uremesi ve Embriyoloji Dernedi (ESHRE)/Amerikan Ureme
Tibbi Dernegdi (ASRM) veya Rotterdam konsensusl kriterle-
rine dayanmaktadir. Bu yazida, en uygulanabilir diyet tirleri
ve olumlu sonuglari ile diyet tedavisi ve farmakoterapi tze-
rinden glincellenmis ve etkili hasta yonetimine dair kesin ve
anlasilir bir bakis sunulmustur. Besinler (inositol, izoflavono-
idler, omega-3) ve bunlarin doz rejimleri tartisiimistir. Hasta
profiline gére 500-1.000 kcal’lik bir kalori agiginin, biyokim-
yasal degerlerin dizeltilmesinde ve kilo kaybinda etkili oldugu
kanitlanmistir.

Anahtar kelimeler: PKOS; metformin; klomifen;
genistein; dislipidemi; androjen
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Polycystic ovary syndrome (PCOS) is the
most malignant endocrine disorder affect-
ing women (7%; from adolescence to
menopause) (1). PCOS results in multi-
organ derangements categorized by raised
androgen levels, irregular menses, and in-
fertility with microcysts formation. The
manifestation of PCOS can be specified as
polycystic ovaries (morphological), hyper-
lipidemia (metabolic derangements), and
hyperandrogenemia (2). Clinical hallmarks
in PCOS are dyslipidemia, impaired glucose
tolerance, hyperandrogenism, microcysts
in ovaries, menstrual irregularities, anovu-
lation, and obesity. During clinical exami-
nation, a woman’s identity is markedly
threatened due to hirsutism, acne, alope-
cia, obesity, irregular menses, and infertil-
ity symptoms (3). Diagnosis is based on
the European Society for Human Repro-
duction and Embryology/The American So-
ciety for Reproductive Medicine
(ESHRE/ASRM) or the 2003 Rotterdam
consensus criteria. In this article, our ob-
jective is to present a precise and compre-
hensible glimpse of updated and efficient
patient management via pharmacotherapy
and diet therapy with the most feasible
types of diets and their positive outcomes.
Nutrients (inositol, isoflavonoids, omega-
3) are discussed along with their dose reg-
imen. A calorie deficit of 500-1,000 kcal
based on the patient profile is effective in
revamping biochemical values and weight
loss (4).

We conducted a joint literature search using
PubMed, Elsevier, and Google Scholar for the
period 2000 to 2020. Keywords used were
PCOS, infertility, metformin, omega-3, nu-
traceuticals, insulin resistance, and diet
therapy. Papers in the English language
alone were considered. Initially, over 100 ar-
ticles were reviewed, but only 23 research
papers were shortlisted based on their ac-
ceptability and our set criteria. PRISMA flow
chart diagram describes the selection of
studies (Figure 1). A literature review aimed
to highlight the importance of potential nu-
trients and types of diets with the most pos-
itive outcomes in the early management of
PCOS. The ability of nutraceuticals was

found to significantly ameliorate complica-
tions of PCOS and the prognosis of medical
nutrition therapy.

National Institute of Health (NIH), in 1990,
proposed a list of internationally accepted
diagnostic criteria. According to these crite-
ria, both hyperandrogenemia and oligo-
anovulation, are mandatory to diagnose
PCOS (5). However, NIH criteria were revis-
ited by the ESHRE and ASRM in 2003. NIH
2012 and Androgen Excess Society 2006
guidelines are listed in Table 1. The revised
criteria, internationally known as Rotterdam
consensus criteria, are now widely used in
the diagnosis and requires a minimum of
two of the following three features to con-
firm PCOS:

(i) Clinical or biochemical hyperandro-
genism, (ii) anovulation/oligomenorrhoea,
and (iii) polycystic ovaries on ultrasound,
with the exclusion of conditions having sim-
ilar presentation (6). Polycystic and ovarian
volume >10 mL in the absence of a domi-
nant follicle or ovaries on ultrasound was de-
fined as 12 or more follicles measuring 2-9
mm in at least one ovary. Nevertheless, as
PCOS remains a diagnosis of exclusion,
other endocrinopathies with similar presen-
tation to PCOS should always be considered.
PCOS is an ovarian disorder secondary to
the dysregulated hypothalamic-pituitary-
ovarianaxis leading to androgen excess (9).
Numerous studies have also specified that
insulin resistance is the key pathophysiolog-
ical element for the development of PCOS.
Insulin acts synergistically with luteinizing
hormone (LH) to increase androgen release
in the theca cells of the ovarian follicles
(10). Raised levels of LH pulse frequency
and an elevated ratio of LH to the follicle-
stimulating hormone (FSH) in many women
are reported. This abnormality of go-
nadotrophins is responsible for many of the
ovarian features of PCOS, including in-
creased androgen synthesis (11). Hyperan-
drogenism characteristically varies with race
and ethnicity, but the most common mani-
festations include menstrual irregularities
(predominantly oligomenorrhoea), hir-
sutism, central obesity, and even frontal
alopecia (12-15). Furthermore, pregnant
women with PCOS carry a greater risk of de-
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Figure 1. PRISMA flow diagram showing different stages in the systemic review in the selection of studies.

veloping complications such as hypertensive
disorders, gestational diabetes, premature
delivery, and congenital abnormalities in
their neonates (16).

Due to underlying metabolic and hormonal
disturbances associated with PCOS, women
are more susceptible to cardiovascular dis-
eases, particularly hypertension (HTN)
(17,18). Wild et al. documented in a cohort
study an increased prevalence of HTN in
subjects with PCOS (19). Nevertheless, the
association between hypertension and PCOS
remains inconclusive as few studies have re-
ported a counter link between systolic arte-
rial pressure and insulin sensitivity in the
subjects with PCOS (20).

As the primary source of PCOS remains elu-
sive, medication is usually directed at symp-

toms, such as menstrual irregularities, hir-
sutism, infertility, and psychological issues.
The first step in management for PCOS is
lifestyle modification, including diet and ex-
ercise, to reduce weight. Weight loss not
only helps to decrease levels of androgen,
LH, and insulin but also aids in regulating
ovulation, thereby improving the chances of
preghancy (21). The treatment plan should
be customized to individual patients.
Bariatric surgery may be considered in
obese patients and cases requiring lifestyle
modifications.

PCOS is the principal cause of 70% of all
anovulatory-related types of infertility (22).
Hart et al. reported that infertility was ten
times more common among women with
PCOS in comparison to healthy controls
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Global health NICHD-1990 (5) (a) ESHRE/ASRM or AES criteria (7) (c) NIH 2012 (8) (d)

organizations

Rotterdam’s

criteria (6) (b)

Criteria a)HA a) HA a) Hirsutism or HA a) HA
b)CA b) OD b) OD b) OD
c) Multi-cyst ovaries* c) PCOM
No. of criteria 2/2 2/3 2/2 2/3
required for
diagnosis
Phenotype - - - a) HA+OD+PCOM

b) HA+OD
¢) HA+PCOM
d) OD+PCOM

HA: Hyperandrogenism; OD: Ovulatory dysfunction; CA; Chronic anovulation; PCOM: Polycystic ovarian morphology.

a) National Institute of Child Health and Human Development, 1990;

b) European Society for Human Reproduction and Embryology and American Society for Reproductive Medicine (Rotterdam), 2003;

c) Androgen Excess Society Guidelines, 2006;

d) National Institute of Health 2012-an extension of ESHRE/ASRM, 2003;

*12 follicles 2-9 mm in each ovary with a volume of 10 mL.

(23). For women without any plans for chil-
dren, long term control can be achieved with
oral contraceptive pills (OCPs). In individuals
with reproductive desires, ovulation can be
induced by several methods. Recently,
clomiphene citrate (CC) has been universally
acknowledged as the first-choice drug for in-
ducing ovulation in PCOS individuals. After
binding to estrogen receptors on the hypo-
thalamus, the CC makes an antiestrogenic
effect and stimulates a gonadotropin-re-
leasing hormone pulse that induces go-
nadotropin secretion from the anterior
pituitary gland. Although up to 15-40% of
patients with PCOS show resistance to CC;
anovulation persists despite treatment for
three successive months, and such patients
are considered to be “clomiphene-resistant”
(24).

Interestingly, a recent study has docu-
mented an alternative therapy of go-
nadotrophins as standard second-line
treatment (25). The study formulated a new
CC treatment protocol, named “intermittent
CC treatment (ICT) for non-responders to
standard CC therapy (25). Under the proto-
col, the non-responders for five days were
given 100 mg/day of CC for 1-3 months de-
pending on follicular growth (size >10 mm),

observed after completion of each phase of
CC treatment. When the diameter of the fol-
licle reached =218 mm, ovulation was in-
duced by injecting 10,000 IU of human
chorionic gonadotropin (hCG). Overall, ICT
was effective in around 80% of the CC-re-
sistant PCOS patients. However, go-
nadotrophins, letrozole, and laparoscopic
ovarian diathermy therapies are also recom-
mended in “clomiphene-resistant” subjects
(24).

Hirsutism, a common manifestation in
women with PCOS, is defined as an unnec-
essary growth of terminal hair at androgen-
dependent areas in females analogous to
male pattern. It can be managed in several
ways, including by spironolactone, flu-
tamide, finasteride, oral contraceptive pills,
and laser beam. Souter et al. reported a di-
agnosis of PCOS on further evaluation in ap-
proximately 50% of women, who
complained of unwanted excess facial hairs
(26). Androgen excess is predominantly re-
sponsible for hirsutism, and thus, antian-
drogens offer an excellent choice to counter
hyperandrogenism effects. Competitive in-
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hibition of androgen-binding receptors or 5-
alpha-reductase inhibitors decreases andro-
gen production.

Spironolactone is the most commonly used
antiandrogen drug (standard dose, 25-100
mg/day), generally well-tolerated, and has
shown more efficacy on hirsutism than by
use of OCPs (27). Flutamide 250 mg/day
and finasteride 5 mg/day are other antian-
drogens but are inferior to spironolactone in
terms of efficacy (28). Contraception is rec-
ommended when patients use antiandro-
gens for the treatment of PCOS as these
drugs pose a risk to the developing male
fetus (opposing genital formation). Hirsutic
women usually show clinical improvement
approximately six months after treatment
with OCPs and also present an enhanced
clinical effect when OCPs are combined with
antiandrogens. Ezeh et al. found that com-
bined treatment with OCP and spironolac-
tone showed greater improvements than
with either drug individually (29).

To date, numerous studies have reported on
the vital role of hyperinsulinemia in the de-
velopment of metabolic abnormalities in
PCOS, regardless of body weight index
(30,31). Metformin, a biguanide, acts to im-
prove insulin sensitivity and thus lowers free
circulating insulin as well as androgens in
the bloodstream, resulting in improvement
of the clinical sequelae of PCOS (32). How-
ever, despite a well-established role in the
management of PCOS, conflicting results re-
garding its efficacy are found in the litera-
ture.

Wahab et al. conducted a study (33) on 35
female patients with established PCOS, age
20-35 years. They were given metformin
(850 mg twice a day). In order to improve
compliance, at every follow-up visit, patients
were educated properly regarding the use of
metformin. A final assessment was com-
pleted two years later with repetition of the
transvaginal scan and reevaluation of all lab-
oratory values (random blood glucose,
serum insulin, LH/FSH, testosterone, pro-
lactin, etc.). Metformin therapy for two
years has shown improvements in the labo-
ratory values. Furthermore, metformin is an
effective drug to improve menstrual irregu-
larities, LH, FSH, and testosterone, as indi-

cated in this study (33). Similarly, numerous
studies have reported that insulin-sensitiz-
ing drugs and dietary/lifestyle modifications
improve not only hyperandrogenism but also
menstrual irregularities, rate of ovulation,
fertility, hirsutism, and weight in patients
suffering from PCOS (34-36); these findings
are confirmed in the current study. However,
two recently published meta-analyses and
systematic reviews (in which metformin ef-
ficacy was evaluated in improving reproduc-
tive outcomes for women with PCOS)
concluded no significant evidence of im-
proved rates of live births and clinical preg-
nancy with metformin alone or in
combination with clomiphene (37,38).

In summary, metformin is an appropriate
choice and plays a positive role in improving
menstrual irregularities and weight reduc-
tion in females with PCOS, but current find-
ings do not suggest its use as a first-line
drug for ovulation induction. For medical
practitioners, we outlined a schematic rep-
resentation of an efficient clinical approach
for PCOS patients in Figure 2. This provides
quick insight into the management of PCOS
assessment and treatment protocols.

Though PCOS is associated with overweight,
central obesity with insulin resistance is
markedly prevalent. In this article, we fo-
cused on how macronutrients and micronu-
trients strongly influence PCOS mana-
gement. We also highlight the relationship
of the type of diet with PCOS and the im-
portance of calorie deficit for the treatment
of PCOS. Besides nutritional management
and pharmacotherapy, genetics, lifestyle,
and ethnicity have a strong influence on the
outcomes. Increased insulin resistance
causes the overproduction of androgens in
response to LH in ovaries. Previous studies
confirm the significant role of short term
calorie deficit therapy in correcting LH lev-
els and menstrual irregularities. Levels of
leptin (energy expenditure hormone) and
ghrelin (ligand-increase appetite) levels get
deranged in PCOS and can be corrected via
calorie deficit therapy (39). Nutritional as-
sessment and biochemical lab findings,
along with physical assessment conducted
by registered dietitian/nutritionist (RDN),
calculates patient BMI and BMR according to
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Biochemical assessment

Fasting & Random blood glucose
LH and FSH, Dehydroepiandrosterone Sulfate (DHEAS)
Androstenedione, Testosterone

Pharmacological Approach

Insulin resistance IR (severe)
Obesity grade iii
Menstrual irregularities

Maintain weight within

.

Nutritional Approach

Abnormal weight gain
Overweight
Obesity grade 1/2

Upset ghrelin/leptin levels normal BMI Disturb sleep cycle
Raised androgens Fast food cravings
Acanthosis nigricans Poor food intake
Hirsutism Negative energy balance

l Initial calorie deficit

200-500 kcal

The second line of treatment: The first line of
Metformin (500-1,500 mg/d) treatment:

Substitute with sitagliptin,
Clomiphene citrate,

injecting 10,000 IU of human
chorionic gonadotropin (hCG)

Increase calorie deficit:
Up to 1,000 kcal

Calorie deficit diet therapy
Low GI food selection
Carbs: 40-45%, Prot:15-
25%, Fats: <30%

Medical nutrition
therapy;

4 g/d Myo-inositol

400 mcg/d folic acid

18 mg genistein (BD)

4 g/d omega-3 FA

Dietary guidelines for PCOS: 30-60 min moderate to intense exercise. Maintain a calorie
deficit of 500 to 1,000 kcal based on patient profile. Achieve a 0.5 kg minimum weight

loss per week.

Introduce fish (two servings) per week. Add LGI foods to the patient’s diet and remove
HGI foods from the meal. Maintain blood sugar level with or without pharmacotherapy.

Figure 2. Schematic representation of an efficient and multipronged clinical approach for PCOS patients.
GI: Glycemic index; LGI: Low glycemic index; HGI: High glycemic index; FA: Fatty acid; FSH: Follicle stimulating hormone; IR: In-
sulin resistance; LH: Leutinizing hormone; BD: (bis in die in Latin) twice daily.

Harris-Benedict Equation. Based on the pa-
tient profile, the Dietitian (RDN) recom-
mends a daily calorie deficit of 500-1,000
kcal.

Inositol present in whole grains, seeds, and
fruits has two isomers D-chiro-inositol and
Myo-inositol. Myo-inositol, a nutrient, be-
longs to the vitamin B complex. Studies
have indicated the beneficial role of Myo-in-
ositol in correcting hormonal profile, oxida-
tive stress, and metabolic factors among
PCOS patients. The dose of 4 g/d Myo-inos-
itol along with 400 mcg/d folic acids has
shown proven effects in diminishing serum
androgen levels and improving glucose tol-
erance (40). Administration of 2-3 g/d myo-

inositol plus 200 mcg/d folic acid has a ben-
eficial role in the amelioration of plasma LH
(41). D-chiro-inositol improves glucose lev-
els and enhances uptake via post-receptor
mediation of inositol phosphoglycans (IPGs),
a mediator of insulin signaling pathways
(42). Administration of 600-1,200 mg/dL D-
chiro-inositol (DCI) for a period of 6 to 12
weeks in PCOS patients has shown positive
outcomes with improving insulin resistance,
serum androgen levels (43). Isoflavonoids
(genistein and daidzein) found in soybean,
chickpeas have promising effects on LDL-c
levels. Administration of 18 mg genistein
(twice a day) for three months significantly
lowers LDL-c profile. Isoflavonoids also have
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Type of diet/Author
CHCD & MHCD (46)
Mehrabani et al.

RCT (49 ss)

LGI Diet (47)
Marsh et al.
(12 months, 96 ss)

HP & SP (48)
Sgrensen et al.
RCT (27 ss)

CRD & DASH Diet (49)
Asemi et al.
RCT (48 ss)

Composition
CHO: 55% & 40%
Prot: 15% & 30%
Fat: 30% & 30%

Carb: 50%
Prot: 23%
Fat: 27%

Carb: 30% & 55%
Prot: 40% & 15%
Fat: 30% & 30%

Carb: 52% & 52%
Prot: 18% & 18%
Fat: 30% & 30%

LCKD (50)
Mavropoulos
(6 months NRCT)

CHO <20%

Outcomes

In comparison MHCD has more positive outcomes,
BW (-4.1+£0.58%), LDL-c {25.5+£10.5%), DHEAS
(-42.1+16.1) SHBG (8.8+2.8 nmol/L), insulin
(-3.6£0.7 mIU/L) HOMA-IR (-0.8£0.2), hsCRP
(-0.9+£0.4 mg/L).

Post OGTT insulin sensitivity improves, LGI diet
therapy plus metformin has better results,
positive effect on menstrual cycle (95%), serum
fibrinogen: (-0.2+0.1 g/L).

HP diet therapy significantly reduces BW (-4.4 kg),
FM (-4.31 kg), WC (-3.7cm), BGL (HP: 5.2 mol/L,
SP: 5.4 mmol/L). No significant effect over SHBG,
Testosterone, C-peptide.

Calorie deficit: up to 700 kcal, DASH diet has
significant effect compared to CRD. BW (-4.4 kg),
BMI (-1.7 kg/m?), serum TG's (-10.0 mg/dL),
VLDL-c (-2.0 mg/dL), PTAC (+98.6 nmol/L), Total
glutathione (+66.4 pmol/L).

Significant reduction in; BW (12%), LH/FSH ratio
36%, FBS 54% from base line.

CHCD: Conventional hypocaloric diet; MHCD: Modified hypocaloric diet; LGI: Low glycemic index; HP: High protein; SP: Standard
protein; CRD: Calorie deficit; DASH: Dietary approach to stop hypertension; LCKD: Low carbohydrate ketogenic diet; BW: Body
weight; BMI: Body mass index; WC: Waist circumference; FM: Fat mass; LDL-c: Low density lipoproteins; DHEAS: Dehy-
droepiandrosterone; SHBG: Sex hormone-binding globulin; OGTT: Oral glucose tolerance test; BGL: Blood glucose level; VLDL-c:
Very low density lipoprotein; FBS: Fasting blood glucose; CHO: Carbohydrate; RCT: Randomized control Trial; HOMA: Homeostatic
model assessment for Insulin resistance; hsCRP: High-sensitivity C-reactive protein; TG: Triglyceride; PTAC: Plasma total antioxi-

dant capacity.

a positive impact on reproductive hormones
(44). Mohammadi et al. conducted an 8-
week study on 61 subjects of PCOS (over-
weight/obese) and administered omega-3
mcg/d in one group and compared placebo
therapy in another group (45). A significant
increase was reported in HDL. TC and LDL-c
levels decreased, and insulin, glucose, and
HOMA returned to optimum levels. Type of
diets with the most feasible and positive
outcomes are summarized in Table 2.

However, the type of diet to be prescribed is
based on individual nutritional assessments
and biochemical lab reports. We strongly
recommend calorie deficit therapy (500-
1,000 kcal) for PCOS patients with monitor-
ing at regular intervals. Calories from
carbohydrates should range from 40-45%,
the protein starts with 15% and may in-
crease as per patient profile. Fats should not

exceed 30% of total calories. Moderate to an
intense exercise of 30 min or more is effec-
tive. Exercises such as brisk walk, swim-
ming, arm exercise while seated in a chair
for 10 min have been shown to improve
glycemic control.

There is an urgent need to conduct exten-
sive research at a genomic and molecular
level to understand the pathophysiology of
PCOS and the development of metabolic and
cardiovascular outcomes in women suffering
from the disorder. PCOS is a complex disor-
der, and the pharmacological approach is
limited to the presentation and concern of
the patient since the etiology of the disorder
remains poorly understood. Nutraceuticals
have offered new opportunities for PCOS
management and show promising results
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(such as omega-3, myo-inositol, folic acid,
vitamin-D, and calorie deficit diet therapy);
all reduce weight and improve deranged re-
productive hormones, insulin resistance,
and lipid profile.

To sum up, this paper will be immensely
useful for professionals and researchers and
would offer a guidepost for future larger,
multicentric, studies for the prevention and
treatment of PCOS.
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SRY-Positive 46XX Testicular Disorder of
Sex Development as a Rare Cause of
Male Hypergonadotropic Hypogonadism:

A Case Report

Erkek Hipergonadotropik Hipogonadizmin
Nadir Bir Sebebi Olarak SRY Pozitif 46 XX Testikuler
Cinsel Gelisim Bozuklugu: Olgu Sunumu
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Abstract

46XX testicular disorder of sex development (DSD) is a rare
condition characterized by sexual differentiation disorder
with testicular insufficiency. Normal sex development often
complicates the diagnosis of this ailment in adults. Patients
are usually diagnosed incidentally during infertility research.
In this article, we aimed to highlight the hormonal, mole-
cular, and cytogenetic results of an adult male patient diag-
nosed with 46XX testicular DSD suffering from
hypergonadotropic hypogonadism.

Keywords: Disorder of sex development;
hypergonadotropic; hypogonadism

Disorders of sex development (DSD) are
defined as situations where chromosome
structure, gonads, or anatomical structure
are incompatible with each other. One of
these groups of disease, 46XX testicular
DSD, was first reported in 1964 (1). The
prevalence of 46XX testicular DSD is esti-
mated to be 1 in 20,000 male births (2).
Although pubic hair development and penis
length post-puberty are normal, these pa-

Ozet

46XX testiktler cinsel gelisim bozuklugu (CGB), testikiler
yetmezligin eslik ettigi cinsiyet farklilasma bozuklugu ile ka-
rakterize olan nadir bir durumdur. Normal cinsiyet gelisimi,
genellikle eriskinlerde bu hastaligin teshisini zorlastirir. Has-
talar, genellikle infertilite arastirilmasi sirasinda tesadtfen
teshis edilir. Bu yazida, hipergonadotropik hipogonadizmi
olan, 46XX testikiler CGB tanisi almis bir yetiskin erkek
hastanin hormonal, molekiler ve sitogenetik sonuglarini
vurgulamayi amagladik.

Anahtar kelimeler: Cinsel gelisim bozuklugu;
hipergonadotropik; hipogonadizm

tients have infertility associated with
azoospermia (3). 46XX testicular DSD is di-
agnosed by evaluating clinical, endocrino-
logical, and cytogenetic test results.
The most important treatment method,
testosterone replacement therapy, is nec-
essary to improve sexual characteristics
and sexual desire. In this report, we aimed
to document a case of 46XX testicular
DSD, who presented with complaints of
small testes.
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A 20-year-old male patient visited our out-
patient clinic with a complaint of small
testes. There was nothing remarkable in
his family history and past medical history.
Physical examination revealed ill-developed
beard, pubic, and axillary hair. Testes were
palpated in the scrotum and bilaterally
small. Penis length was 10 cm that was
smaller as compared to the normal. Pa-
tient’s height: 168 cm, weight: 65 kg, body
mass index: 23 kg/m?, vertex-pubis/pubis-
heel ratio <1, sexual development compat-
ible with Tanner stage 3, and the patient
had no gynecomastia. Laboratory examina-
tions revealed fasting blood glucose, renal
function tests, liver function tests, and thy-
roid function tests were within normal
ranges. Endocrinological data were indi-
cated as follows: a serum total testos-
terone (TT) levels of 275 ng/dL (normal
range, 248-836 ng/dL); free testosterone
(FT) levels of 5.07 pg/mL (normal range,
8.3-40.1 pg/mL); estradiol levels of 22.14
(normal range, 10-50 mcg/L); follicle-stim-
ulating hormone (FSH) levels of 41.69 IU/L
(normal range, 1.5-12.4 IU/L); luteinizing
hormone (LH) levels of 38.72 IU/L (normal
range, 1.7-8.6 IU/L); prolactin levels of
29.65 (normal range, 4.4-15.2 mcg/L);
Adrenocorticotropic hormone (ACTH) levels
of 20.86 ng/L (normal range, 7.2-63.3
ng/L); cortisol levels of 17.99 ug/dL (nor-

Age (year)

Height (cm)

Body weight (kg)

Body mass index (kg/m?)
Secondary sexual characteristics
Testicular volume
Gynecomastia

Penile length (cm)

FSH (mU/mL)

LH (mIU/mL)

TT (ng/mL)

FT

Semen analysis

mal range, 6.02-18.4 pg/dL); Dehy-
droepiandrosterone sulfate (DHEAS) levels
of 72.37 ug/dL (normal range, 19-407
ug/dL); Growth hormone (GH) levels of
1.08 ug/L (normal range, 0.03-2.47 ug/L);
and Insulin-like growth factor 1 (IGF-1)
levels of 152.8 ng/mL (normal range, 105-
346 ng/mL). Scrotal ultrasonography re-
flected both testicles in the scrotum, but
both were smaller than normal (right testi-
cle: 18x12x9 mm, left testicle: 17x12x9
mm, testicular volume; right 3.9 cc and left
3.2 cc). Both epididymides were of normal
size and structure with regular blood sup-
ply. Semen analysis indicated azoospermia.
The clinical and laboratory findings of the
patient are summarized in Table 1. Genetic
examinations were conducted with the di-
agnosis of hypergonadotropic hypogo-
nadism. Karyotype analysis of the patient
confirmed a 46XX karyotype (Figure 1).
Fluorescent in situ hybridization (FISH)
analysis on the metaphase and interphase
chromosomes of 100 cells from 2 periph-
eral blood cultures explored that the SRY
gene was positive. Molecular analysis re-
vealed AZFa SY84, AZFa SY86, AZFb
SY127, AZFb SY134, AZFc SY160, AZFc
SY254, AZFc SY255 loci deletions. The pa-
tient was diagnosed as a 46XX testicular
DSD. Genetic counseling was provided.
Testosterone replacement therapy was ini-
tiated.

Patient

20

168

65

23

Tanner stage 3

Right 3.9 cc and left 3.2 cc

No

10 cm

41.69 (normal range, 1,5-12,4 IU/L)
38.72 (normal range, 1,7-8,6 IU/L)
275 (normal range, 248-836 ng/dL)
5.07 (normal range, 8.3-40.1 pg/mL)

Azoospermia

FSH: Folliclestimulating hormone; LH: Luteinizing hormone; TT: Total testosterone; FT: Free testosterone.
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Figure 1: The karyotype confirms the presence of two X chromosomes and the absence of the Y chromosome in the

patient.

Several congenital and acquired causes are
responsible for the onset of hyperg-
onadotropic hypogonadism. Congenital
causes include Klinefelter syndrome, 46XX
testicular DSD, FSH-LH receptor gene mu-
tations, mutations resulting in androgen
synthesis disorder such as 3 beta-hydroxys-
teroid dehydrogenase, 17 alpha-hydroxy-
lase, and 17 beta-hydroxysteroid
dehydrogenase mutations, cryptorchidism,
and myotonic dystrophy. Congenital causes
of hypergonadotropic hypogonadism are
rare in adults.

46XX testicular DSD is one of the rare
causes of hypergonadotropic hypogonadism.
Details etiology still remains unknown.
However, 3 mechanisms have been pro-
posed regarding pathophysiology. The first
is the translocation of the Y chromosome
containing the SRY gene on the X chromo-
some or the autosomal chromosomes, sec-
ond is X chromosome-dependent
mutation/overexpression in testis differenti-
ation genes or mutation/overexpression in
autosomal genes (such as the SOX9 gene
that differentiates Sertoli cells), and thirdly,
Y chromosome mosaicism and mutations in

undefined genes may result in this disease
for SRY negative individuals (3). For SRY
positive individuals, usually, the appearance
and masculinization of the external genitalia
are normal. Clinical manifestation is absent,
except for the undescended testicle before
puberty. Following puberty, pubic hair de-
velopment and penis size are normal (4).
But their testicles are small, and a third of
the affected individuals have gynecomastia
(5). This form is diagnosed by chromosomal
analysis, conducted while investigating in-
fertility and/or small testicles during late
adolescence or adulthood. Inadequate viril-
ization of external genitalia immediately
after birth help to detect SRY negative form.
In most cases, signs of ambiguous genitalia
such as micropenis, hypospadias, and cryp-
torchidism are witnessed (6). Patients with
external genital organs with normal male
appearance have rarely been reported in the
literature.

A combination of clinical, endocrinological,
and cytogenetic tests are employed to diag-
nose 46XX testicular DSD. In most cases,
the diagnosis is made during genetic testing
for infertility. Hormonal tests reveal hyperg-
onadotropic hypogonadism secondary to
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testicular insufficiency. In cytogenetic stud-
ies, 46XX karyotype is determined at 550"
band level. SRY, the gene encoding the sex-
determining domain on the Y chromosome,
is known to be the most crucial gene for the
46XX testicular DSD. The SRY gene, located
on the Y chromosome, plays a prominent
role in sex determination. This gene acti-
vates the SOX-9 gene that enables the dif-
ferentiation of Sertoli cells. The R-Spondinl
(RSPO1)-Wnt/B-catenin-FOXL2 signaling
pathway, essential for ovarian development,
is inhibited by both SRY and SOX-9 (7). SRY
has been reported to be positive in approx-
imately 80% of 46XX testicular DSD pa-
tients, whereas SRY is found to be negative
in approximately 20% of these patients
(8,9). The SRY-positive 46XX testicular DSD
is generally not hereditary, whereas the
SRY-negative 46XX testicular DSD is hered-
itary.

The differential diagnosis of 46XX testicular
DSD includes sex chromosomal abnormali-
ties such as Klinefelter syndrome,
46XX/46XY and 46X/46XY, and congenital
adrenal hyperplasia (CAH). Klinefelter syn-
drome (47XXY) is the most common chro-
mosomal abnormality in males. Classically,
clinical features of Klinefelter syndrome in-
clude testicular atrophy, infertility, eu-
nuchoidism, and gynecomastia. Contrary to
the patients with 46XX testicular DSD, the
patients with Klinefelter syndrome have
longer stature, delayed speech, learning
disorders, and behavioral problems (10).
46XX/46XY: The phenotypic spectrum of
the patients with this karyotype varies from
normal male or female genital regions to in-
distinct genital regions to varying degrees.
45X/46XY: Affected individuals are predom-
inantly male and may be seen in short
stature, depending on the 45X cell percent-
age. Chromosome analysis assists in the
differential diagnosis between this chromo-
somal abnormality and 46XX testis DSD
(11). Another disorder that should be con-
sidered in the differential diagnosis is Con-
genital Adrenal Hyperplasia (CAH). CAH
comprises a group of autosomal recessive
inherited disorders attributed to defects in
one of the enzymes of steroidogenesis
pathway in the adrenal cortex. The most
common aberrant enzyme responsible for
CAH is 21-hydroxylase (21-OH) deficiency.

Signs of androgen excess during adoles-
cence are evident in the non-classical form
of CAH owing to 21-OH deficiency (12). In
46XY CAH patients, completely normal
male-looking genitalia is observed, and vir-
ilizing type ambiguous genitalia can be per-
ceived (13).

Our patient had normal male phenotype,
sparse facial, pubic, and axillary hair, bilat-
eral small testes, and penis size smaller
than normal. Primary testicular insufficiency
was considered following the consistency of
results with hypergonadotropic hypogo-
nadism in endocrinological examinations.
Differential diagnosis from Klinefelter syn-
drome and other sex chromosomal abnor-
malities were inferred from karyotype
analysis. Moreover, the presence of testi-
cles, penis size smaller than normal, ab-
sence of ovary, and uterus ruled out the
possibility of 46XX CAH.

In the literature, Sreejith et al. and Gunes
et al. reported the cases who were admitted
with infertility, small-sized testis, and
azoospermia and subsequently diagnosed
with 46XX testicular DSD and clinical char-
acteristics were comparable to our case.
Similar to our case, the SRY gene was also
positive in these cases, and deletion was
identified in AZFa, AZFb, and AZFc genes
(14,15).

The testosterone replacement therapy
holds the most prominent treatment
modality for 46XX testicular DSD. Testos-
terone replacement is necessary to aug-
ment sexual characteristics and sexual
desire. This treatment can develop second-
ary sex characteristics, including facial and
body hair growth, deepening of the voice,
muscle and bone accretion, penile enlarge-
ment, and pigmentation of the scrotum in
patients with incomplete pubertal develop-
ment. It is also used to rectify symptoms of
testosterone deficiency, such as decreased
libido, decreased sexual activity, and erec-
tile dysfunction. Testosterone therapy en-
hances areal and volumetric vertebral and
femoral BMD (Bone Mineral Density) and
vertebral and femoral bone strength, but its
impact on the risk of fracture is unknown.
Testosterone is not an approved treatment
to reduce the risk of osteoporosis or frac-
tures. It has been documented that total
testosterone levels in patients suffering



Turk J Endocrinol Metab.
2021;25:123-128

Can et al.

127

A Rare Cause of Male Hypergonadotropic Hypogonadism

from cardiovascular disease (CVD) are sig-
nificantly lower than those without CVD,
and every 1 nmol/L increase in testos-
terone significantly lowers the relative risk
for CVD (16). Compared to the control
group, the total testosterone level was sig-
nificantly lower in patients with CVD-re-
lated mortality (17). If the patients have
symptoms such as psychological disorder,
erectile dysfunction, and gynecomastia, a
multidisciplinary approach can successfully
reduce these problems.

In conclusion, karyotype analysis should be
adopted for differential diagnosis of Klinefel-
ter syndrome as well as rare syndromes
such as 46XX testicular DSD in patients suf-
fering from hypergonadotropic hypogo-
nadism, presenting clinical symptoms like
infertility, small testes, azoospermia, and
gynecomastia.

Informed consent was obtained from the pa-
tient.
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Abstract

Nodular vasculitis (NV), first described by Montgomery in
1945 for erythema induratum-like lesions, is a rare form of
panniculitis that is particularly localized on the calves. Cha-
racterized by plaques and erythematous nodules, NV may
often show ulceration and draining. It is known as a reactive
disease associated with many causative factors. Several NV
cases due to infectious or non-infectious causative factors
have been reported, but no case of NV due to sodium-glu-
cose cotransporter-2 inhibitors (SGLT2i) has yet been re-
ported. In this case report, we presented a case diagnosed
with NV, who presented with tender, erythematous, eroded
plagues with hemorrhagic-purulent discharge on both legs
during treatment with dapagliflozin (an SGLT2i).
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Nodular vasculitis (NV) was first mentioned
by Montgomery in 1945 for erythema indura-
tum-like lesions (1). NV is a rare form of pan-
niculitis and is usually localized on the calves.
Characterized by plaques and erythematous
nodules, NV may occasionally show ulceration
and draining. It is considered a reactive dis-
ease associated with many causative factors
(2). Some of the infectious causereported in

Ozet

ilk olarak 1945 yilinda Montgomery tarafindan eritema in-
duratum benzeri lezyonlar igin tanimlanmis olan nodller
vaskaulit (NV), 6zellikle bacaklarda lokalize olan ve nadir g6-
rulen bir pannikilit formudur. NV, plaklarla ve eritematoz
noddllerle karakterize olup, zaman zaman Ulsere ve akintil
hale gelebilir. Birgok nedensel faktorlerle iliskili reaktif bir
hastalik olarak bilinmektedir. Enfeksiy6z ya da enfeksiytz
olmayan nedenlere bagli birgok NV vakasi bildirilmistir,
ancak sodyum glukoz ko-transporter 2 (SGLT2) inhibitorle-
rine bagl bir NV vakasi hentz bildirilmemistir. Bu olgu su-
numunda, dapagliflozin (bir SGLT2 inhibitord) tedavisi
esnasinda her iki bacaginda gelisen hassas, eritemli, erode
ve hemorajik-plrulan akintili plaklarla bagvuran ve NV tanisi
konulan bir olguyu sunduk.

Anahtar kelimeler: Nodller vaskdlit; dapagliflozin;
antintkleer antikorlar;
sodyum glukoz ko-transporter 2
inhibitorleri; diabetes mellitus

previous studies for NV are Tuberculosis, No-
cardia, Fusarium, Pseudomonas, Chlamydia,
and hepatitis C virus (3-5). Some cases of NV
have also been found associated with non-in-
fectious conditions such as drugs (6,7), in-
flammatory bowel diseases (8), several
autoimmune diseases (9), and rare malignant
diseases (10,11).

Sodium-glucose cotransporter-2 inhibitors
(SGLT2i) are oral antidiabetic drugs that in-
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hibit glucose reabsorption by binding to
SGLT2 channels of proximal tubules of the
kidney. The fact that this mechanism is in-
sulin-independent makes these drugs prom-
ising in the treatment of type 2 diabetes
mellitus (T2DM) (12,13). Canagliflozin, da-
pagliflozin, empagliflozin, and ertugliflozin
are the SGLT2i approved until December
2017 by the United States Food and Drug
Administration (FDA) (14). Several studies
have revealed that SGLT2i drugs remarkably
reduce the risk of cardiovascular events. De-
spite these promising results, some serious
side effects and complications, such as in-
creased amputation rates, ketoacidosis, and
acute kidney injury associated with SGLT2i
(15-17), have been reported. To the best of
our knowledge, NV associated with SGLT2i
has not been reported so far. In this paper,
we present a case of nodular vasculitis as-
sociated with dapagliflozin, an SGLT2i.

Case Report

A 36-year-old male patient presented to our
hospital with tender, erythematous lesions
on both legs that appeared 15 days before.
He stated that within a few days, the lesions
became enlarged and draining. His previous
medical history included T2DM and obesity.
He was a smoker. While he was using only
metformin 1,000 mg twice a day before, 20
days prior to his presentation, he started da-
pagliflozin 10 mg orally daily for T2DM. Fol-
lowings were his vital signs recorded on his
admission:

Blood pressure, 125/75 mmHg; pulse rate,
80 beats/min; respiratory rate, 16

breaths/min; pulse oximetry (SpO5), 98%

on room air. His height, weight, and BMI
were 171 cm, 138 kg; 47.3 kg/m?, respec-
tively. Physical examination of the patient
revealed eroded plaques with erythematous,
violaceous edges measuring 8x9 cm on the
medial aspect of the right leg and 10x15 cm
on the posteromedial aspect of the left leg
(Figure 1). The plaques showed central
crusts, erosions, and a hemorrhagic-puru-
lent discharge. All other physical examina-
tions were found normal. Initial laboratory
investigations revealed white blood cell
(WBC) count of 17.9x10°/L (4-11) with
82% neutrophils, hemoglobin of 12g/dL
(13-18), platelets of 448x10°/L (140-450),
erythrocyte sedimentation rate (ESR) 66
mm/h (0-20), C-reactive protein (CRP)
189.28 mg/L (normal 0-5 mg/L), creatinine
0.7 mg/dL (0.7-1.2), normal partial throm-
boplastin time and prothrombin time, nor-
mal liver function tests, and normal
electrolytes. Viral hepatitis and human im-
munodeficiency virus serological results
were all negative. The patient was hospital-
ized; dapagliflozin treatment, started 20
days ago, was discontinued. From his wound
cultures, Staphylococcus aureus (SA) was
isolated, and he was started on cefuroxime
and teicoplanin were started. Testing for an-
tinuclear antibodies (ANA) and antiphospho-
lipid antibodies (aPL) were negative in
investigations with suspicion of vasculitis.
Myeloperoxidase antibodies and proteinase
3 antibodies were both negative. C3 and C4
Complement levels were within normal lim-
its. Histopathological findings of biopsy sam-
ples taken from the lesions showed
compatibility with NV. Then we started 25
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Figure 1. The appearance of the lesions on the right (A) and left (B) legs at presentation.
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Figure 2. The appearance of the lesions on the right (A) and left (B) legs 20 days after dapagliflozin discontinuation.

mg of dexketoprofen trometamol orally
twice a day. With the discontinuation of da-
pagliflozin treatment, the addition of dexke-
toprofen trometamol, and antibiotic
treatment, his lesions reduced within days,
and on the 20th day of his admission, his
wounds were healed by leaving depressed
scars (Figure 2). On the 20t day of the
treatment, laboratory investigation showed
a WBC count of 13.6x10°L (4-11) with
66% neutrophils, CRP of 19 mg/L (normal
0-5 mg/L), ESR of 60 mm/h (0-20). There
was no recurrence within nine months after
the patient’s skin lesions were resolved.

Discussion

This is the first case of NV reported in the
literature associated with dapagliflozin. Lit-
erature search to study the relationship be-
tween SGLT2i and vasculitis showed only
one previously reported case of em-
pagliflozin-associated cutaneous polyarteri-
tis nodosa (PAN) (18). NV associated with
any SGLT2i has never been previously re-
ported.

Drug-induced NV has been rarely reported,
and one case related to propylthiouracil and
another case related to etanercept have
been described (6,7). However, to date,
there are no case reports of dapagliflozin as
a cause of NV or other types of vasculitis.
Hereby, we report the first case of da-
pagliflozin (even the first SGLT2i) as a pos-
sible cause of NV.

In the Canagliflozin cardioVascular Assess-
ment Study (CANVAS), canagliflozin was
shown to be associated with a significant re-

duction in the risk of cardiovascular events;
however, it doubled the amputation risk in
patients with T2DM in a study (15). Impor-
tantly, very rare side effects may remain un-
detected during studies before the drug
approval and can only be detected in a large
patient population after the drug has been
approved. Also, phase IV studies are re-
quired to reveal these uncommon side ef-
fects and to understand their safety profile
better.

This case initially presented with erythema-
tous, tender nodules with central crusts, lo-
calized on the calves, and showed_depressed
scars during the recovery period. Also, the
histopathological features of the biopsy
samples taken from the lesions were found
compatible with NV. Significant improve-
ment was noticed in skin lesions within days
following dapagliflozin  discontinuation.
Therefore, we believed that NV disease was
caused by dapagliflozin in our case. This
case suggests the possible relationship be-
tween dapagliflozin and NV and the immedi-
ate appearance of lesions after the initiation
of dapagliflozin treatment and improvement
within days after dapagliflozin discontinua-
tion is the most notable feature. However, in
the mechanism of NV that occurs during
treatment with dapagliflozin, the role of an
SGLT2i remains unknown. More case reports
and clinical studies are needed in this con-
text.
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