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OZET

Amac: Hemoglobinopatiler, globin fonksiyonlarmi bozan bir grup hastaliktir. HPLC, hemoglobinopati
taramalarinda tiim diinyada en sik kullanilan tekniktir. Calismada, Tiirkiye'de bir ugcilincii basamak
hastane laboratuvarinda 3 yillik retrospektif hemoglobinopati siklidi degerlendirilmesi amaclanmuistir.

Gereg¢ ve Yontem: Universite hastanemize basvuran 2461 hastanin 3 yillik laboratuvar ve hastane
kayitlart incelenmistir. Hemoglobinopati taramasinda Tosoh G8 HPLC cihazi kullanilmistir

Bulgular: HbA2>%3,5 olan 668, %3,5<HbA2<%4 olan 19 sonug¢ saptanmistir.19 sonugtan 10'u beta-
talasemi minor olarak kabul edilmistir. HbA2 =%4 olan 649 sonug vardir ve sonculara gore 602 hasta
beta-talassemi mindr olarak kabul edilmistir. HbA2 diizeylerine gore, hastalarin %25°’i beta-talasemi
minor olarak degerlendirilmistir. HbF>%2 olan 391 hasta saptanmis ve HbA2<%3,5 olan 138 Kkayit
ayritili incelemeye almmustir. Varyant analizi veri kiimesi, 53 hasta icermektedir. HbA2<%3,5 ve
HbF=<%2 olan, varyant pikleri mevcut kayitlar incelenmis ve 28 vaka saptanmistir. En sik goriilen Hb
varyantlar sirasiyla HbH, HbS, HbD, HbC, HbE ve HbO-Arab’dir.

Sonuc: Calismada en sik varyantlar sirasiyla HbH, HbAS, HbAD, HbAC, HbAE ve HbO-Arab olarak
bulunmustur. Beta talasemi min6r siklidi tlilkemizin gelen popiilasyonundan yiiksek olarak %25
bulunmustur. Ozellikle hematolojik malignensiler, herediter sferositoz ve demir eksiklidi anemisi gibi
eslik eden durumlar hemoglobinopati degerlendirmesinde akilda tutulmahdir.

Anahtar Kelimeler: Talasemi, Hemoglobinopati prevalansi, Universite hastanesi, Uciincii basamak
hastane
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ABSTRACT

Objective: Hemoglobinopathies are an array of disorders that affect hemoglobin (Hb) function. HPLC is
by far the most common technique used for detection of hemoglobinopathies worldwide. The aim of
this study is to evaluate 3-year retrospective data of a tertiary hospital in Turkey according to prevalence
of hemoglobinopathies.

Material and Methods: A three-year data of 2461 patients admitted to our university hospital
laboratory were assessed by scanning laboratory and hospital records. Tosoh G8 HPLC instrument was
used for screening.

Results: 668 results with HbA2>3.5% and 19 results with 3.5%< HbA2 <4% were detected. 10 of 19
patients were considered as beta-thalassemia. Number of patients with HbA2 =4% were 649 and 602 of
them were assessed as beta-thalassemia-minor. 25% of patients were assessed as beta-thalassemia-
minor, based on HbA2 levels. 391 patient results were found to be HbF>2% and 138 of them with
HbA2<3.5% were further investigated. Variant analysis dataset contains 53 patients. Samples with
HbA2=3.5% and HbF=2% showing variant peaks were scanned and 28 cases were detected. The most
common variants were found to be HbH, HbS, HbD, HbC, HbE and HbO-Arab, respectively.

Conclusion: In this study, the most common variants were found to be HbH, HbAS, HbAD, HbAC, HbAE
and HbO-Arab, respectively. Moreover, the frequency of beta-thalassemia minor was found as 25%
which is higher than general population prevalence of our country. Accompanying diseases especially
hematological malignancies, hereditary spherocytosis and IDA should be kept in mind during evaluating
hemoglobinopathy analysis.

Key words: Thalassemia, Hemoglobinopathy prevalance, University hospital, Tertiary referral hospital

INTRODUCTION asymptomatic (3). These variants have also
been documented to show prevalence only in
certain regional or ethnic groups. Whatever
the genetics of the Hb disorder, most cause
symptoms of anemia with differing severity.
It has been documented that close to 7% of
the world's population are carriers for Hb
disorders (4). The nomenclature of the Hb
variants is generally done according to the
family name of the first detected case or
residence of the propositus; eg. Hb-Lepore
and HbD-Punjab. The most common Hb
variants detected and studied world over
include HbS, HbE and HbC (5). Other less
common and rare Hb variants include Hb-
Barts which is an alpha thalassemia
syndrome. This disorder is characterized by
deficiency in synthesis of the alpha globin
chain which leads to formation of Hb with

Hemoglobinopathies are an array of
disorders that affect hemoglobin (Hb)
function. Hb disorders are broadly classified
into three categories: Structural
hemoglobinopathies,  thalassemias and
hemoglobin variants (1). Though most of the
clinicians consider thalassemias as a subtype
of structural hemoglobinopathy, the medical
definition and causative factors differentiate
them. Structural hemoglobinopathies are
caused due to structural variation in the
alpha or beta globin chain, which may not
exhibit any phenotypic effect, and generally
arise due to single nucleotide polymorphisms
(SNP) or point mutations, while thalassemias
arise from decreased alpha or beta globin
chain synthesis. Delta/beta thalassemia and
hereditary persistence of fetal Hb (HPFH) are
clinically characterized by increased HbF
even in adulthood. The alpha globin gene is
present in chromosome 16, while the beta paucity in y chain synthesis (6). Hb-Lepore is
globin gene is present in chromosome 11 another Hb variant which arises due to cross-
(2). As on today, around 1600 Hb variants ©Over of the delta and beta globin genes.
have been documented and the majority do Although — heterozygotes are  generally
not show any clinical manifestation or are asymptomatic, ~when present in the

four y chains. However, due to gene switch
post birth, the quantity is reduced due to
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homozygous state or in concomitance with
beta thalassemia, it can lead to severe
anemia (7). Accurate interpretation of
hemoglobin analysis is virtually impossible,
especially for thalassemias, without the
accompanying hematological information
obtained from a complete blood count
(CBCQ). Structural hemoglobin mutations will
have variable hematologic changes
depending on the specific mutation. The key
hematologic feature in diagnosing
thalassemias is microcytic hypochromic
anemia. A mean corpuscular volume (MCV)
<80 fL is often applied as the cut-off for
thalassemia suspicion in order to maximize
sensitivity (8). Although the hypochromic
microcytic anemia observed in thalassemias
also occurs in iron deficiency anemia (IDA),
IDA is commonly accompanied by a
decreased RBC count and increased red cell
distribution width (RDW), while hemoglobin
abnormalities tend towards an increased
RBC count and normal RDW (9). These
parameters are integrated into the Mentzer
index (MCV/RBC count). Diagnoses of IDA
may be accompanied by a higher Mentzer
index (generally greater than 13) whereas
beta thalassemias will generally exhibit a
lower index (10). In order to distinguish
thalassemia major  and thalassemia
intermedia HbF, HbA2 and total hemoglobin
levels can be utilized (11).

Technologies available for the screening of
hemoglobinopathies range from conventional

electrophoresis to more sophisticated
approaches, ie, high performance liquid
chromatography (HPLC) and capillary

electrophoresis (CE) (12). HPLC is by far the
most popular technology used for detection
of hemoglobinopathies worldwide. Most
HPLC analyzers are calibrated to estimate
HbA2, HbF and HbA along with variants such
as HbC, HbS and HbD. In contrast to agarose
gel electrophoresis, CE is based on the
principle of liquid flow wherein Hb variants
are separated by an electro-osmotic force
under alkaline conditions (13). After
presumptive  diagnosis of hemoglobin
disorders using biochemical methods is

made, characterization of deletions or
mutations may be necessary to confirm the
clinical phenotype and/or guide denetic
counseling. There are a variety of molecular
techniques, most PCR-based, available for
the identification of different
hemoglobinopathy mutations and deletions
(14).

The prevalence of beta-thalassemia carriers
in Turkey was reported to be 2.1% in all over
Turkey (15). The most common Hb variants
in Turkey are HbS, HbD and HbE, respectively
(16). The aim of this study is to evaluate 3-
year retrospective data of a tertiary hospital in
Turkey regarding prevalence of Hb variants.

MATERIAL AND METHODS

In our study, a three year (January 2013 -
December 2015) data from 2461 patients
(1032M, 1429F) admitted to our university
hospital biochemistry laboratory were
assessed by scanning laboratory (complete
blood count, Hb variant analysis result, iron
parameters, mentzer index) and hospital
records of patients. Patients records lacking
any of the above tests were excluded from
data set. Tosoh HLC-723 G8 cation exchange
HPLC instrument (Tosoh Bioscience, Japan)
was used to screen thalassemias and Hb
variants.

RESULTS

HPLC screened both abnormal cases of
thalassemia and hemoglobinopathies. Before
reporting any variant, patient demographics,
i.e., age, gender, clinical status, transfusion
history, region of origin, were taken into
consideration. For most abnormalities,
anemia, iron status and Mentzer indices were
assessed by complete blood count and
related biochemical tests. For reported cases
of low HbA2, verification was done using a
complete blood count to evaluate Hb
concentration and other red blood cell
indices to confirm iron deficiency. If the only
elevated parameter was HbF, HPHF or
delta/beta thalassemia were considered.
Complete blood count results, Mentzer

Turk Klinik Biyokimya Derg 2017; 15(2)



indices, ferritin and/or serum iron, serum
iron binding capacity values were scanned in
order to detect prevalance of beta-
thalassemia-minor.

First part of the analysis was evaluation of
HbA2 levels. 668 samples (27.1% or 668/
2461) with HbA2>3.5% and 19 samples
(0.8%) with 3.5%< HbA2 <4% were detected.
Tables 1 summarizes the distribution of
patient results with elevated HbA2 levels and
related conditions. 10 of 19 patients were
considered as beta-thalassemia-minor
according to their complete blood counts,
Mentzer indices (<13), ferritin and/or serum
iron, serum iron binding capacity values
(normal). Increased levels of HbF (>2%) were
along with this condition in 3 of these,
whereas IDA was recognized in other 3 due
to low ferritin levels. Two patients were
considered as heterozygous HbS and HbD.
Number of patients with HbA2 =4% were 649
(295 M, 359 F). 602 of them were assessed
as beta-thalassemia-minor. 208 of them had
also increased levels of HbDF. 18 patients
were considered as Dbeta-thalassemia-
intermedia, whereas only 1 patient was
considered as a beta-thalassemia-major case.
10 patients were considered as heterozygous
HbD and one patient was considered as
heterozygous HbE. Presence of HbC along
with beta-thalassemia was detected in 2
patients, whereas presence of HbD and beta-
thalassemia was detected only in 1 patient.
15 results could not assessed due to
insufficient data. To conclude, we can say
that approximately total of 25% patients were
assessed as beta-thalassemia-minor, based
on HbA2 levels.

Bir Universite Hastanesinde Hemoglobinopati

Second part of the analysis was to assess
elevated HDbF levels and variant peaks. 391
patient results were found to be HbF>2%
and 138 of them with HbA2<3.5% were
further investigated. Table 2 shows the
distribution of patient results with elevated
HbF levels and related conditions. 55
patients were beta-thalassemia-minor cases.
34 of them also had IDA. 18 cases were
clinically normal and their HbF values were
around 2.1 to 5.9%. 11 patients had
hematological malignancies, whereas 10
patients are considered as beta-thalassemia-
major. 11 patients had the diagnosis of
hereditary spherocytosis. 8 patient were
considered as alpha-thalassemia with HbA2
levels <1.7%, whereas 4 patients were
considered as beta-thalassemia-intermedia.
Two of them had also Down Syndrome and
hypothroidism. Number of heterozygous
HbD, HbS and HbE cases were only 1 for
each. 1 patient had HbD and HbS variants.
Another patient had HbS variant together
with beta-thalassemia. 1 patient had also
Behcet's Syndrome. 13 patients could not
estimated due to insufficient data.

Variant analysis dataset contains 53 patients.
Samples with HbA2<3.5% and HbF=2%
showing variant peaks were scanned and 28
cases were detected. Tables 3 summarizes
the data regarding variant hemoglobins. 7

patients were considered as alpha-
thalassemia, whereas 11 patients had
heterozygous HbS. 6  patients had

heterozygous HbD. Also, 3 patients had
heterozygous HbC. Only 1 patient had
heterozygous HbO-Arab. The most common
variants were found to be HbH, HbS, HbD,
HbC, HbE and HbO-Arab, respectively.

Table 1. Elevated HbA2 levels and related conditions

Conditions Number of patients (%)

Explanations

3.5%< HbA2 <4% 19 (0.8% of total)

10 (53%) of them considered as beta thalassemia minor- 3
of these patients had also IDA

HbA2 =4%

649 (26.3% of total)

602 (93%) of them considered as beta thalassemia minor
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Table 2. Elevated HbF levels and related conditions

Relevant clinical condition

Number of patients

Clinically normal (delta/beta thalassemia
and/or HPHF is suspected)

n=18 - HbF 2.1-5.9%

Thalassemia minor

n=21- HbF 2.1-8.9%

Thalassemia minor and IDA

n=>34 - HbA2 2-3.1%

Hematological malignancies

n=11 - HbF 2.6-24.7%, HbA2 | /normal

Hereditary spherocytosis

n=11- HbF 6-11%

Thalassemia major

n=10- HbF>50%, (severe anemia, ferritin 1)

HbH peak suspected

n=8 - HbA2 0.3-1.4%

Thalassemia intermedia

n=4- HbF %10-50, (mild anemia, ferritin |/normal)

Down syndrome and hypothroidism

n=2

HbAD

HDbAS

HDAE /or Hb-Lepore peak suspence

HbSD

HbS and beta thalassemia

Behcet’'s syndrome

Insufficient data

Table 3. Presence of Hb variants and related conditions

Related clinical condition Number of patients Explanation

HbH peak suspected 15 n=14 - low HbA2; n=8 - high HbF
HbAS 15 n=4 - high HbF and/or HbA2 levels
HbAD 15 n=9 - high HbF and/or HbA2 levels
HbAC 5 n=2 - high HbA2

HbAE or Hb-Lepore suspected 2 HbA2 >10 %

HbO-Arab suspected 1 Normal HbA2 and HbF levels

CONCLUSIONS

In our study, we evaluated retrospective
hemoglobin chain analysis data of a tertiary
referral hospital regarding prevalence of
hemoglobinopaties. According to our data,
we could conclude that high HbF can found
in clinically normal circumstances and it may
be HPHF or delta/beta thalassemia according
to previous data (2). In this study, the most

common variants were found to be HbH,
HbAS, HbAD, HbAC, HbAE and HbO-Arab,
respectively. We also found 25% beta-
thalassemia minor frequency which do not
reflect the general population prevalence in
our country (15,16). In another study, Giiler
and his colleagues found a ratio of beta
thalassemia carrier of 2% and Hb S carrier
ratio of 0.05% in the study conducted on
couples whose carriers were identified in

Turk Klinik Biyokimya Derg 2017; 15(2)



premarital screening studies in Konya (17).
As consanguineous marriages are still
common in our country, the Hemoglobinopathy
Control Program has been initiated to
prevent the birth of new patients with pre-
marital screening tests. 41 scanning centers,
including Konya, where the carrier frequency
is high in this frame, have been established
(18). In both cases, our data are not
compatible with this study, as our data
include higher frequency rates. This may be
due to the fact that selected cases with
suspicious routine hematology test results
are dgenerally referred to our hospital for
confirmation in Konya region.

It has been reported that the most common
subtype of beta thalassemia carriership is the
one which is presented with solely elevated
levels of HbA2 which is compatible with our
findings (19). Another study from Turkey
reported that prevalence of HbS variant is the
most common Hb variant in Turkey (0.3%)
(20). HbS is the second most common
variant according to our findings.

The limitation of this study is its retrospective
design. Evaluation of data was only limited to
electronic patient records and further
analyses were not possible.

Our retrospective analysis of patients records
showed that accompanying diseases especially
hematological malignancies, hereditary
spherocytosis and IDA should be kept in
mind during evaluating hemoglobinopathy
analysis. IDA should be corrected before the
hemoglobin analysis is performed.
Identification of carriers and pre-marriage
genetic counseling activities can contribute
greatly to community health and the
economy of the country.
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OZET

Amacg: Vitamin D reseptoriiniin ve Vitamin D’yi aktive eden enzimlerin kemik ve mineral metabolizmasi
ile ilgili hiicrelerin yanisira bircok hiicrede varhiginin kesfi ile Vitamin D'nin Kklasik olmayan etkileri
giindeme gelmistir. Calismalarda, diyabetli bireylerin 25(OH) vitamin D konsantrasyonlarinin saghkli
kontrollerden anlamli derecede diisuk oldugu, vitamin D eksikliginin diyabet icin yiiksek risk
olusturdugu belirtilmistir. Glukoz degderlerinin diyabet tam Kkriterlerinin altinda oldugu fakat normal
degerlerin tizerinde oldugu durumlan tanimlayan prediyabetin yiliksek oranda diyabete donisim
gostermesi klinik agidan 6nemlidir. Bu calismada prediyabetik hastalarda vitamin D diizeyi arastirildi.

Gerec ve Yontemler: Calismaya Tepecik Editim ve Arastirma Hastanesine basvuran ve Oral Glukoz
Tolerans Testi (OGQTT) istenen 24-65 yas aralidinda 103 hasta dahil edildi. Bireylerin achk kan glukoz
(AKS), 2.saat glukoz, instilin, HbAlc ve 25(OH)D vitamin diizeyleri dlciildii.

Bulgular: Bozulmus aclhik glisemisi (IFG) ve bozulmus glikoz toleransi (IGT) ile bozulmus aclk
glisemisinin birlikte goruldugii bireyler (kombine IGT+IFQG) ile normal glukoz toleransh (NGT) bireylerin
vitamin D seviyeleri arasinda anlamli derecede fark bulunurken (sirasiyla p< 0.001, p< 0.001), IFG’li ve
kombine IGT+IFG1li bireyler ile diyabetli bireyler arasinda fark bulunmadi(sirasiyla p=0.938,
p=0.837).Pearson korelasyon analizinde vitamin D ile AKS, insiilin, HOMA-IR ve viicut kitle indeksi (VKI)
arasinda anlaml zit yonde iligki bulundu [sirasiyla r=-0.242 (p=0.014), r=-0.294 (p=0.003), r=-0.296
(p=0.002), r=-0.255 (p=0.009) ]. Cok degdiskenli regresyon analizinde yas, cinsiyet ve VKI icin diizeltme
yapildiinda Vitamin D ile AKS, insiilin ve HOMA-IR (Homeostasis Model Assesment of insulin
Resistance) arasinda badimsiz iliski oldugu bulundu (sirastyla p=0.040, p=0.020, p=0.022).

Sonuc: Prediyabetli bireylerde 25(OH)D seviyesi, normal glukoz toleransh bireylere godre anlamli
derecede diisiik bulundu. Ayrica vitamin D ile glukoz homeostazi parametreleri arasinda anlamh zit
yonde iliski oldugu ve bu iligkinin yas, cinsiyet ve obeziteden bagimsiz oldugu bulundu. Vitamin D
seviyeleri ile prediyabet ve diyabet arasindaki iliskinin dogrulanmasi igin farkli bolgelerde yasayan daha
yliksek katilimci sayisina sahip ¢alismalarin yapilmasi faydal olabilir.

Anahtar Kelimeler: Vitamin D, Prediyabet, insiilin
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ABSTRACT

Objective: The discovery of vitamin D receptors and vitamin D activating enzymes in several cells other
than those involved in bone and mineral metabolism brought the non-classical effects of vitamin D into
focus. It was reported that diabetic patients have significantly lower vitamin D concentrations than
healthy individuals and vitamin D is a risk factor for diabetes. The high rate of progression to diabetes
from prediabetes which is a state where blood glucose levels are higher than normal but not high
enough to qualify as diabetes is clinically important. In this study vitamin D levels were investigated in
prediabetic patients.

Material and Methods: 24-65 years aged 103 subjects who underwent the Oral Glucose Tolerance
Test (OGTT) in Tepecik Training and Research Hospital were included in the study. Fasting blood
glucose (FBG), 2™ hour glucose, insulin, HbAlc and 25(OH)D levels of the subjects were measured.

Results: While subjects with impaired fasting glucose (IFG) and combined impaired fasting glucose and
impaired glucose tolerance (IGT) have significantly higher vitamin D levels than subjects with normal
glucose tolerance (NGT) (p< 0.001, p< 0.001 respectively), there was no significant difference between
diabetic patients and subjects with IFG or combined IFG+IGT (p=0.938, p=0.837 respectively). In
Pearson correlation analysis vitamin D was significantly negatively correlated with FPG, insulin, HOMA-
IR( Homeostasis Model Assesment of insulin Resistance) and body mass index (BMI) [respectively r=-
0.242 (p=0.014), r=-0.294 (p=0.003), r=-0.296 (p=0.002), r=-0.255 (p=0.009)]. By multiple linear
regression analysis vitamin D levels were significantly associated with FPG, insulin and HOMA-IR
independently from age, sex and BMI (p=0.040, p=0.020, p=0.022 respectively).

Conclusion: The subjects with prediabetes have significantly lower 25(OH)D concentrations than those
with NGT. Additionally, there was a negative relationship between vitamin D and glucose homeostasis
parameters independently from age, sex and obesity. Further studies with larger participant groups
residing in different regions are required to confirm the relationship of vitamin D to prediabetes and
diabetes.

Keywords: Vitamin D, Prediabetes, Insulin

Vitaminin D'nin insulin direnci ve beta hiicre
disfonksiyonuna vitamin D reseptori uzerin-
den direkt ve kalsiyum homeostazini etkile-
yerek indirekt etkileri olabilecegi belirtil-
mektedir (4).

GIRiS

Prediyabet kan glukoz diizeyinin normalden
yiiksek, ancak diyabet tanisi icin gereken
kriterleri karsillamadidi durumlan ifade
etmektedir. Prediyabet bozulmus achk

glukozu (IFG) ve bozulmus glukoz toleransi D vitamini esas olarak deride 7-dehidroko-

(IGT) olmak tizere iki alt gruba ayrilir. Genel
olarak tam bir diyabet tablosu olusmadan
once bu prediyabetik durumlardan gecildigi
Kabul edilir(1). Yapilan ¢alismalarda dinyada
prediyabet prevalansinin artis edilimi icinde
oldugu belirtilmistir. Prediyabetli bireylerde,
Tip 2 Diyabet gelisimi riski normal glukoz
Konsantrasyonuna sahip bireylerden daha
yiiksektir. Diyabet gelisimi iliskisinin yaninda,
prediyabet, kardiyovaskiiler hastaliklarin ve
komplikasyonlarinin gelisimini de arttirmak-
tadir(2). Gerek pre-diyabet gerekse tip 2
diyabet gelisiminde ortak mekanizma; ikincil
hiperinsiilinemiye ragmen, anormal kan glu-
koz diizeylerine neden olan goreceli insulin
yetersizligi ve doku insiilin direncidir (3).

lesterol’den ultraviyole 1sidin etkisiyle tire-
tilen, kalsiyum ve fosforun kan diizeylerinin
diizenlenmesinde, kemik dongusunun uygun
bicimde devaminin sadlanmasinda gorevli
steroid yapili bir prohormondur (4). Son
yillarda Vitamin D reseptOriiniin ve Vitamin
D’yi aktive eden enzimlerin glukoz homeos-
tazinda etkili olan pankreas, adipoz doku ve
iskelet kasimi da iceren bir¢ok hiicrelerde
varhdginin kesfi ile Vitamin D'nin Kklasik
olmayan etkileri giindeme gelmistir. Yapilan
calismalarda Tip 2 diyabetli bireylerin 25
(OH) vitamin D Kkonsantrasyonlari saglikl
kontrollerden anlamli derecede diisik bulun-
mustur (5-7). Deneysel hayvan modellerinde
Vitamin D eksikliginin insilin duyarlihginda
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azalmaya neden oldugu ve Vitamin D replas-
maninin insiulin sekresyonunda artisa yol
actidqi gosterilmistir (9). Ayrica insanlarda
yapilan vitamin D suplementasyonu calisma-
larinda vitamin D'nin glukoz homeostazi
uzerine pozitif yonde etkileri oldugu, vitamin
eksikligi olan bireylerde diyabet riskinin daha
yuksek oldugu ve vitamin D uygulanmasinin
bu riski azaltabilecedi belirtilmistir (10,11).

Diyabetin tum diinyada artan bir prevalans
godstermesi ve diyabetin kendisinin ve komp-
likasyonlarin ciddi morbidite ve mortaliteye
neden olmasi ve prediyabetli bireylerde diya-
bet gelisim riskinin ¢cok yiiksek olmasi
prediyabetin ciddi bir halk saghd sorunu
oldugunun gostergesidir. Bu calismada daha
onceden prediyabet ya da diyabet tanisi
almamis, herhangi bir hastalik 6ykiisii olma-
yan, yapilan oral glukoz tolerans testi (OGTT)
sonucuna gore prediyabet oldugu saptanan
bireyler ile normal glukoz toleransina sahip
bireyler arasindaki 25(OH) vitamin D Kkon-
santrasyonlarinin karsilastirilmasi ve vitamin
D'nin glukoz homeostazi Ulizerine olasi
etkilerinin arastirilmasi amaclandi.

GEREC VE YONTEM

Calismaya 1 Ekim 2013 - 1 Subat 2014 tarih-
leri arasinda Tepecik Egitim ve Arastirma
Hastanesi polikliniklerine basvuran ve OGTT
istenen 24-65 yas araliginda 103 hasta dahil
edildi. Metabolik parametreleri etkileyebile-
cedi diisiiniilerek herhangi bir kronik hastalik
oykuisu bulunan, diabetes mellitus tanisi al-
mig, antiepileptik ila¢ kullanimi ve son 1 yil
icinde vitamin D preparati veya Kkalsiyum
preparati kullanan bireyler calismaya alin-
madi.

Hastalarin yas, cinsiyet, kilo, boy, kullandigi
ilaclar, 6zgecmis, soygecmis ve diger hasta-
liklar1 sorgulandi ve anamnez formlarina
kaydedildi. Bu calisma icin Tepecik Egitim
Arastirma Hastanesi yerel etik kurulundan
onay alindi. Butiin calisma katilimcilaria ca-
lisma hakkinda bilgi verildi ve katihmcilardan
aydinlatilmis onam alind1.

Katilmcilarin aclikta ve 75 gr glukoz veril-
mesinden 2 saat sonra kan glukoz deger-
lerine bakildi ve Amerikan Diyabet Birligi
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(ADA)nin kriterlerine gore prediyabet sinifla-
masit yapildi (1). Grup 1; Aclik plazma glukoz
seviyesi < 100 mg/dL ve 2.saat plazma
glukoz seviyesi < 140 mg/dL olmasi normal
dglukoz toleransi (NGT), Grup2; Aclik plazma
dglukoz seviyesi 100 - 125 mg/dL olmasi
bozulmus aclik glukozu (IFG), grup 3; 2.saat
plazma glukoz seviyesi 140 - 199 mg/dL
olmasi bozulmus glukoz toleransi(IGT) ve
grup 4; 2.saat plazma glukoz seviyesinin
=200 mg/dl olmasi ilk teshis diyabet olarak
smiflandirildu.

Katilimcilardan OGQTT yapilmadan 6nce 8-12
saatlik aclik sonrasi ven6z kan numuneleri,
sabah 8:00 - 9:00 saatleri arasinda, HbAlc
icin K3EDTA'lh tlplere, diger testler icin
plastik jelli serum ayirma tiiplerine alindi.
Butin kan oOrnekleri 3000 gde 10 dk
santrifiij edilerek hiicre kKisimlarindan ayrildi.
Aclik Kkaninda gdlukoz, insiilin, HbA1C ve
2.saat glukoz degerleri ayni giin icerisinde
calisildi. Vitamin D seviyeleri daha sonra
calisilmak tizere drnekler -20°C donduruldu.

Serum glukoz diizeyi Olympus AU 5800
(Olympus Diagnostics. GmbH, Hamburg,
Germany) analizoriinde heksokinaz yontemi
ile, HbAlc dizeyi, Primus Ultra2 (Primus
Corporation, Kansas City, Kansas, USA)
analizOriinde Boronat Afinite HPLC (High
Performance Liquid Chromatography) yonte-
mi ile, serum insiilin diizeyi, immulite XPI
2000 (Siemens Healthcare Diagnostics,
Deerfield, IL, USA) cihazinda kemiliiminesans
yontem ile ¢alisildi. Serum vitamin D diizeyi,
cobas E 411(Roche Diagnostics, Mannheim,
Almanya) analizoérinde elektrokemilumine-
san immiinolojik 6l¢iim prensibi kullanilarak
olculdii. Vitamin D nin; 7.16 ng/mL diizeyi
icin calisma ici CV'si %7.5, toplam CV'si
%13.6, 28.7ng/mL dizeyi icin, calisma ici
CV'si %3.0, toplam CV’'si %5.5dir.

VKI: Viicut kitle indexleri = kg/m? formiilii
Kullanilarak ve HOMA-IR (Homeostasis Model
Assesment of Insulin Resistance) = achk
glukozu (mg/dl) x aclik insulin (ulU/ml) / 405
formiilii kullanilarak hesaplandi.

istatistik Analizler: istatistik analizler SPSS
yazilimi (versiyon 17, SPSS Inc, Chicago, IL)
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kullanilarak yapildi. Siirekli degiskenlerin
Gauss dagilmina uygunlugu Kolmogorov-
Smirnov analiziyle test edildi. Gruplarin
karsilastirimasinda normal dagihm goster-
digi icin One-Way ANOVA analizi, post-hoc
karsilastirmalarda grup varyanslarn esit
oldugundan Tukey testi uygulandi. Korelas-
yon icin pearson Korelasyon analizinden
yararlanildi. Multipl regresyon analizi yas ve
VKI gibi faktérlerin bagimsiz etkisini degder-
lendirmek icin kullanildi. istatiksel anlamhihk
p < 0.05 diizeyinde degerlendirildi.

BULGULAR

Calismaya dahil edilen 24-65 yas arasinda
(ortalama 43 *=11) 103 bireyin 59'u kadin
440 erkek idi. Tum gruptaki katiimcilarin
demografik 6zellikleri Tablo 1 de, biyokim-
yasal verileri Tablo 2 de gosterildi.

Calismada ortalama vitamin D seviyesi 15.6
+ 8.0 ng/ml, kadinlarin ortalama vitamin D

degerleri 12.2 = 2.2 ng/ml, erkeklerin orta-
lama vitamin D degerleri 20.2 = 7.8 ng/ml
olarak bulundu. Kadmlarin % 47.5'inde,
erkeklerin % 6.8'inde vitamin D seviyesi
10 ng/mlnin altinda idi. Katiimcilarin %
30.1'inde agir vitamin D eksikligi (<10
ng/ml), % 39.8'inde vitamin D eksikligi (<20
ng/ml), % 24.3’linde vitamin D yetersizligi
(21-29 ng/ml) tespit edildi. Katilimcilarin
sadece % 5.8inde vitamin D seviyesi yeterli
(=30 ng/ml) olarak bulundu (Tablo 3).

Post-hoc Karsilastirma igin kullanilan Tukey
analiziyle vit D icin NGT ve IFG arasinda (p<
0.001), NGT ve IFG+IGT arasinda (p<
0.001), NGT ve yeni tespit tip 2 DM arasinda
(p< 0.05) anlamh farkliliklar saptandi.
Bununla birlikte IFG ve IFG+IGT arasinda
(p=0.990), IFG ve yeni tespit tip 2 DM
arasinda (p=0.938), IFG+IGT ve yeni tespit
tip 2 DM arasinda (p=0.837) istatistiksel
olarak anlaml farklilik saptanmadi (Tablo 4).

Tablo 1. Calisma gruplarinin demografik 6zellikleri
Table 1. Demographic characteristics of study groups

NGT IFG IGT+IFG Tip 2 DM
Grup 1 Grup 2 Grup 3 Grup 4
(n=32) (n=28) (n=25) (n=18)
Cinsiyet (K/E) 19/13 13/15 18/7 9/9
Yas (y1l) 36.1 = 8.5 45.2 = 10.3 459 £ 9.4 477 =114
Boy (m) 1.66 = 0.1 1.69 = 0.1 1.64 + 0.07 1.68 = 0.09
Kilo (k@) 73.9 = 13.5 84.2 £ 17.2 80.5 + 10.9 93.8 + 12.8
VKI (kg/ m2) 26.7 £ 4.6 29.3 = 6.1 29.8 £ 2.8 33.0 3.8
Degerler ortalama *+ standart sapma olarak gosterildi.
Tablo 2. Calisma gruplarinin biyokimyasal degerleri
Table 2. Biochemical values of study groups
NGT IFG IGT+IFG Tip 2 DM
Grup 1 Grup 2 Grup 3 Grup 4
AKS (mg/dL) 89.9 £ 5.5 109.1 £ 6.5 114.6 = 7.2 137.8 = 10.4
2.sa Glukoz (mg/dL) 92.6 = 19.1 106.8 + 21.7 158.0 = 14.0 218.6 = 47.0
Insiilin (nU/mL) 9.9 6.0 13.7 7.7 16.4 =+ 6.8 17.1 £ 6.9
HbAlc (%) 55+0.3 58 £0.3 6.0 £ 0.3 6.7 £ 0.5
HOMA-IR 22=*14 3.7+ 20 46 *2.0 58 £2.3
Vit D (ng/mL) 20.6 = 8.7 13.3 £ 6.7 12.7 =+ 6.8 14.5 = 6.2

Degerler ortalama + Standart sapma olarak gosterildi.
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Tablo 3. Tiim gruplarin Vitamin D Diuizeylerine gére dagilimlar:
Table 3. Distribution of all groups according to Vitamin D Levels

NGT IFG IGT+IFG Tip 2 DM
n n n n
Agir vit D eksikligi (<10 ng/ml) 3 11 13 4
Vit D eksikligi (<20 ng/ml) 11 11 10
Vit D yetersizligi (21-29 ng/ml) 13 6 2 4
Vit D yeterli (=30 ng/ml) 5 - -
Tablo 4. Gruplarin biyokimyasal degerlerinin farkliliklarinin degerlendirilmesi
Table 4. Assessment of differences in biochemical values of the groups
Grup Grup Grup Grup Grup Grup Grup
1-2-3-4 1-2 1-3 1-4 2-3 2-4 3-4
P’ p” p” p* p” p” p*
AKS (mg/dL) < 0.001 < 0.001 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001
2.sa Glukoz (mg/dL) < 0.001 0.153 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Insiilin (uU/mL) < 0.001 0.153 < 0.05 < 0.05 0.508 0.358 0.983
HbA1c (%) < 0.001 < 0.05 < 0.001 < 0.001 < 0.05 < 0.001 < 0.001
HOMA-IR < 0.001 < 0.05 < 0.001 < 0.001 0.266 < 0.05 0.183
Vit D (ng/mL) < 0.001 < 0.001 < 0.001 < 0.05 0.990 0.938 0.837

* Alt gruplarmn Karsilastirilmasinda One way ANOVA testi uyguland.

** Kiserli grup Karsilastirma icin Tukey HSD testi uyguland.

Tablo 5. Vitamin D ile antropometrik ve biyokimyasal
belirtecler arasindaki korelasyonlar

Table 5. Correlation between vitamin D and anthropo-
metric and biochemical markers

Yit D
r P
Yas -0.169 0.088
VKI -0.255 0.009
Kilo -0.020 0.837
AKS -0.242 0.014
2.sa Glukoz -0.147 0.138
Insiilin -0.294 0.003
HbAlc -0.127 0.199
HOMA-IR -0.296 0.002

Pearson korelasyon analizinde; Vitamin D ile
AKS (r= -242 p=0.014), insiilin (r= -294
p=0.003), HOMA-IR(r= -296 p=0.002) ve VKIi
(r= -255 p=0.009) arasinda zit yodnde
anlaml Korelasyon bulundu. Vitamin D ile
insiilin, AKS ve HOMA-IR arasindaki iliskinin
yas, cinsiyet ve VKIi icin diizeltme yapilarak
bakilan cok degiskenli regresyon analizinde
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de anlamhiliimi korudugu goruldi (sirasiyla
p=0.020, p=0.040, p=0.022).

TARTISMA

Prediyabetli bireylerde, diyabet gelisim riski-
nin yiiksek olmasi, diyabetin ve komplikas-
yonlarin ciddi morbidite ve mortaliteye
neden olmasi ve diinyada artan bir prevalans
gaostermesi, prediyabetin ciddi bir halk
saglidi sorunu oldugunun gostergesidir.

Tip 2 diyabetteki gibi, pre-diyabetin pato-
genezi icinde ortak goriis ikincil hiperinstili-
nemiye ragmen anormal kan glukoz diizey-
lerine neden olan goreceli insiilin yetersizligi
ve doku insiilin direncidir (3).

Calismamizda Tip 2 DM ile iligkisi bircok
calismada belirtilmis olan vitamin D'nin pre-
diyabetik donemdeki seviyelerini arastirdik
ve prediyabetik bireylerde vitamin D sevi-
yelerini sadhkli kontrollere goére anlaml
derecede farkli bulduk. Bununla birlikte
prediyabetik donemin alt gruplan olarak
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kabul edilen IFG ve kombine IGT'li bireylerin
ortalama Vitamin D seviyeleri ile diyabetik
bireylerin vitamin D seviyeleri arasinda fark
yoktu.

D vitamininin kemik mineralizasyonu igin
onemi bilinse de, tip 2 diyabet ve kardiyo-
vaskuler hastalik gibi kronik hastaliklara
karst koruyucu rolu daha az anlasilmistir.
Gozlemsel ve simirl miudahale calismalari, D
vitamininin esasen anti-inflamatuar ozellik-
leri nedeniyle insulin hassasiyetini ve sal-
gilanmasini iyilestirecegini ve bdylece tip 2
diyabetin gelisme ve ilerleme riskini azal-
tabilecegini gostermektedir (12).

Vitamin D'nin vicut glukoz homeostazini
hangi mekanizmalarla etkiledigi hala tam
olarak anlasilamamustir. Vitamin D'nin voltaj
bagimhi  kalsiyum kanallarini etkileyerek
intraselliller kalsiyum yoluyla direk olarak
pankreatik B hicrelerinde insiilin sekresyo-
nunu indiikledidi ya da [ hicrelerinde
proinsiilinin insiiline dénistimini saglayan
kalsiyum badimli endopeptitazin aktivasyo-
nuna aracilik ettigi diisuniilmektedir. Ayrica
insilin reseptoriiniin expresyonunu stimiile
ederek periferde insiilinin hedef dokulardaki
etkisini direk olarak guclendirir ve viicut
kalsiyum havuzunun regilasyonu yoluyla
insilin aracili intraselliiler prosesleri dizen-
ler (13). Vitamin D ile glukoz metabolizmasi
arasindaki iliskiyi dogrulayan bir dider kanit
pankreasta Vitamin D Reseptoriunin(VDR)
varligidir. Vitamin D hedef dokularda etkisini
bircok genin transkripsiyonel aktivatorii ola-
rak etki gosteren VDR'ye badlanmak suretiyle
gosterir. Niikleer hormon reseptdr ailesinin
bir tyesi olan VDR geni kromozom 12q13.1
de lokalizedir. VDR lokusunda 25 den fazla
polimorfizm tanimlanmistir. VDR genindeki
allel farkliliklarinin  bircok hastalik icin
genetik yatkinlik olusturabilecegi dusitiniil-
mektedir (14,15).

Diisuk vitamin D seviyesi ile insulin sensiti-
vitesindeki azalma arasindaki iliskiyi goste-
ren bircok kesitsel calismalar bulunmaktadir.
Enju Liu ve ark. non-diyabetik bireylerde
vitamin D ve insiilin direnci arasindaki iliskiyi
incelemisler ve vitamin D yiiksekligi ile insu-
lin direncinin gostergeleri olan, aclik glukoz,
insiilin ve HOMA-IR arasinda zit yonde bir

iliski bulmuslardir(16). Ken C Chiu ve ark. da
25 (OH)D konsantrasyonlari ile insulin sens-
itivitesi arasinda pozitif korelasyon oldugunu
hipovitaminozun insiilin sensitivitesini nega-
tif yonde etkiledigini aciklamislardir(17).

Yeni tani alan tip 2 diyabetli hastalarda se-
rum 25-hidroksivitamin D3'lin insulin direnci
ve B-hiicresi fonksiyonu tizerine etkisinin
incelendigi bir c¢alismada, hastalarda D
vitamin eksikligi % 62,9 olarak bulunmus,
serum 25(OH)D3 eksikligi glukoz ve lipit
metabolizmasi bozukluklar ile iliskili bulun-
mustur. Ayrica Serum 25(OH)D3’lin bazal
insulin resistansi ve beta hiicre fonksiyonu ile
iliskisi bulunmazken, glukoz uyariml insulin
sekresyonu ve beta hiicre fonksiyonu ile
pozitif yonde iliski goOsterdidi bulunmus-
tur(18)

Calismamizda vitamin D ile insulin direnci
parametreleri arasinda bizde diger calis-
malardakine benzer sonuclar elde ettik.
Vitamin D ile VKI, Aclik kan glukozu, insiilin
ve HOMA-IR arasinda anlamli derecede
negatif korelasyon bulduk.

Tip 2 DM ve prediyabet igin risk faktori oldu-
du kesin olarak kabul edilmis olan obezite ile
vitamin D seviyeleri arasinda zit yonde bir
iliski oldugunu tanimlayan calismalar bulun-
maktadir (19 - 23). Bununla birlikte Heshmat
ve arkadaslan tarafindan yapilan bir calis-
mada diyabetli bireylerde vitamin D seviyeleri
ile VKIi arasinda bir iliski bulunmamuistir(24).
Calismamizda yapilan c¢oklu regresyon ana-
lizinde yas, cinsiyet ve VKI gibi vitamin D ile
insulin arasindaki iliskiyi etkileyebilecek et-
menler dislanmis ve bu faktoérlerden bagim-
siz bir negatif iliskinin oldugu bulunmustur.

Ciddi obez bireylerde, D vitamini ve glukoz
bozuklugu arasindaki iliskinin arastirnldigi bir
calismada, BMI, 47.7+7.3 kg/m® olan 524
hasta incelenmis, D vit eksiklik ve yetersizligi
% 95, NGT,IJFG ve IGT ve T2DM vakalari
sirasiyla % 37.8, % 40.5 ve % 21.7 olarak
bulunmustur. Kismi korelasyon analizlerinde
D vitamini duzeyleri ile glukozla iliskili
belirtecler arasinda bir iliski bulunmazken,
HbAlc ve insulin seviyeleri arasinda iliski
bulunmustur. D vitamini, yas, VKI, cinsiyet ve
yag kutlesi bagimsiz degdiskenler dahil ¢ok
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degiskenli regresyon analizi, vitamin D'nin
HbAlc diizeylerini tahmin edebildigini gos-
termistir (3 = -0.101, p <0.05). Mevcut veri-
ler goz Online alindiginda, daha 6nce glikoz
metabolizmasi anormalliklerinin bulundugu
bilinmeyen obez hastalarda, glikoz metabo-
lizmasinin diizenlenmesinde D vitaminin
potansiyel bagimsiz bir rol oynadidi diisu-
nilebilir (25).

Shankar ve arkadaslari NHANES III calis-
masindaki verileri kullanarak ABD’deki yetis-
kinlerin vitamin D seviyeleri ile diyabet ara-
sindaki iliskiyi incelemisler ve diisiik vitamin
D seviyesi ile prediyabet arasinda pozitif iliski
bulmuslardir. Prediyabet ile vitamin D
arasindaki iliskinin yas, etnik kdken, cinsiyet,
VKI, fiziksel aktivite gibi etkileyici faktorler-
den bagimsiz oldugunu belirtmislerdir (26).
Yine Pittas ve arkadaslar serum vitamin D
seviyesi ile diyabet arasinda zit yonde bir
iliski oldugunu belirtmislerdir. Ayni calis-
mada kadinlarda 25 (OH)D duzeyleri ve glu-
Koz intoleransi 20 yil boyunca takip edilmis,
vitamin D ve Kalsiyum alimmin tip 2 diyabet
gelisme riski ile ters iliskili oldugu bulun-
mustur. Ayrica giinde 3 veya daha fazla por-
siyon sut tiiketenlerde ginde sadece 1
porsiyon tiiketenlere gore diyabet riskinin
disiik oldugu saptanmistir(27). Tsur ve
arkadaslarinimn israilli yetiskinlerde yaptiklar
kohort calismada IFG'li ve diyabetli bireylerin
vitamin D seviyelerinin normoglisemik birey-
lere gore daha diisuk oldugu saptanmustir.
Calismanin devami olarak bireyler 2 yil
boyunca takip edilmis ve vitamin D seviyesi
daha disiik olan normoglisemik bireylerde
IFG ve diyabet gelisme riskinin daha yiiksek
oldugu ve vitamin D eksiklidi olan bireylerin
vitamin seviyelerinde artisla diyabet gelisim
riskinin azalabilecegi belirtilmistir (28). Farkl
bir calismada OGTT uygulanan bireylerin
vitamin D diizeyleri incelenmis ve izole IFG,
izole IGT ve bu ikisinin kombinasyonuna
sahip bireylerin vitamin seviyelerinin normal
glukoz toleransina sahip bireylerden daha
dusik oldugu bulunmustur(29). Calismalar
arasindaki farkliliklara ragmen 2012 yilinda
Diyabet Onleme Programi diyabet icin riski
olan bireylerde diyabet riski ve vitamin D
seviyeleri arasinda dogrusal bir iligki
oldugunu belirtmislerdir(30).
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Calismamizdaki en Onemli Kkisithlik izole
IGTli bireylerin sayismm c¢ok az olmasi
nedeniyle izole IGT1li grup olusturulama-
masidir. Ancak prediyabet gruplamasi icin
ADA kriterlerinin kullanimindan dolay1 IGTye
genellikle IFG eslik etmekte ve izole IGT
goriulme orani diismektedir.

Sonucgta izole IFG’li, kombine IFG-IGTli
bireyler ile normoglisemik bireylerin vitamin
D duzeyleri arasinda anlaml bir fark varken,
prediyabetik bireyler ile diyabetik bireylerin
vitamin D diizeyleri arasinda anlamli bir fark
bulunmadi. Ayrica yas ve VKI diizeltilmis
vitamin D seviyeleri ile AKS, instilin ve HOMA-
IR arasinda zit ybnde anlaml iliski bulundu.
Prediyabetin sureklilik gosteren bir hastalik
durumu olmasi ve zaman icinde diyabete
ilerlemesi nedeniyle bu durumuna yol acacak
etmenlerin erken donemde tespit edilme-
sinin ve bunlarla miicadele edilmesinin
diyabet sikliginda azalmaya neden olacagini
disunmekteyiz. Farkli etnik kokenleride
iceren yiiksek katillmci sayisina sahip
prospektif ve girisimsel calismalar Vitamin D
ile prediyabet ve diyabet arasindaki iliskiyi
gdstermede faydali olabilir.
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