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1,5-Anhidroglusitolun Diyabetteki Yeri
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OZET

Diyabetes Mellitus (DM) ulkemizde c¢ok sik goriilen kronik bir hastaliktir. DM'un tanisi ve glisemik
duzeylerin takibinde kan glukozu olgiimlerinin yanisira HbAlc de kullanilmaktadir. Bununla birlikte
HbA1lc kisa siireli glisemik diizeyi yansitamamaktadir. Ayrica anemi, hemoglobinopati ve kronik bébrek
hastaliklart gibi durumlar kullanimimi kisitlamaktadir. 1,5-anhidroglusitol (1,5-AQ) yapi olarak glukoza
benzeyen bir monosakKarittir. Viicuda esas olarak diyet kaynakli alinir ve metabolize edilmez. Atilimi
idrar ile olmaktadir ve bobreklerden % 99.9 oraninda geri emilir. Serum glukoz degerleri, renalglukoz
esigini astidinda idrar glukozu 1,5-AG'nin geri emilimini baskilar ve 1,5-AG serum diizeyleri azalir. Bu
ozelliginden dolayr serum 1,5-AG duzeyleri indirekt olarak viicuttaki hiperglisemi doénemlerini
yansitmaktadir.Kisa streli glukoz yiiksekliklerini gostermesi ve demir eksikligi anemisi gibi HbAlc
duzeylerini etkileyen durumlardan etkilenmemesi nedeniyle 1,5-AG diyabet tani ve izleminde yardimci
olabilir.

Anahtar sozciikler: Glikozillenmis hemoglobin; Diabetes Mellitus; fruktozamin

ABSTRACT

Diabetes Mellitus (DM) is a very common chronical disease of our country. In diagnosis of DM and
monitoring of glycemic values, besides glucose,HbA1c is also being used. However HbAlc cannot reflect
dlycemic levels for short term and also, conditions like anemia, hemoglobinopathies and chronic Kidney
disease restrict its use. 1,5-anhidroglusitol (1,5-AG) is a monosaccharide which structurally resembles
glucose. It is mainly taken into the body with foods and cannot be metabolized. It is excreted from the
Kidneys. 99.9% of it is reabsorbed. When renal threshold for serum glucose is exceeded, the
reabsorption of 1,5-AG is inhibited and serum levels decrease. Owing to this property, serum 1,5-AG
levels indirectly reflecthyperglicemia periods in the body. Having reflecting short term glucose
elevations and not being affected from situations which affect HbAlc results, 1,5-AG can be helpful in
diagnosis and monitoring of diabetes.
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GIRIS milyon Kisiye cikacadi hesaplanmaktadir (2).
Diabetes Mellitus (DM) cok sik goriilen kronik ~UZamis hipergliseminin  diyabet ve kom-
metabolik bir hastaliktir. Fiziksel aktivitede Plikasyonlart ile birlikte hipertansiyon, hiper-
azalma ve artan obezite gibi yasam tarzi lipidemi, arterioskleroz, mikro ve makroanji-
degisiklikleri nedeniyle, giiniimiizde goriilme ~ YoPatiye sebep oldugu bilinmektedir (3, 4).
sikh@r artmistir (1). Tim diinyada 2010 yili Bu ylizden diyabet komplikasyonlar ve iliskili
itibariyle 285 milyon kisinin diyabetli oldugu ~durumlan 6nlemek icin tam glukoz kontroli
bilinmektedir ve bu saymin 2030 yilinda 439  gerekmektedir (5).
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Son yillarda glisemik diizeyi belirlemek icin
cesitli belirtecler tizerine ¢alisiimistir. Bunlar-
dan bazilan “self monitoring blood glucose”
(SMBQG), HbA1lc ve Fruktozamindir. Bu belir-
teclerin glisemik duzeyi yansittiklari zaman
arahid@ farkhidir. Random glukoz OSlgumi o
anki durum hakkinda bilgi saglarken,
glisemik diizeyin kontrol altinda veya dalgali
bir seyir halinde olup olmadidi hakkinda bir
bilgi saglamaz. Aksine HbAlc 2-3 aylik,
Fruktozamin ise 2-3 haftalik glisemik diizey
hakkinda bilgi verir. Bu belirteclerden
HbA1c'nin komplikasyonlarla yakindan iliskili
oldugu gosterilmistir (6, 7).

The Diabetes Control and Complications Trial
ve The UK ProspectiveDiabetesStudy, diisuk
HbA1lc duzeylerinin diyabetin kronik kompli-
kasyonlarinin gelismesini ve ilerlemesini 6n-
leyebilecegini bildirmistir (3, 7). HbAlc glise-
mik kontrolun belirlenmesinde altin standart
olarak Kullanilir. Son bilimsel kanitlar 1si-
dinda American Diabetes Association(ADA) ve
World Health Organization(WHO) HbA1c'nin
diyabet tarmi kriteri olarak Kkullaniimasini
onermistir (8). Bununla birlikte HbAlc'nin
bazi kisitliliklart mevcuttur.Genetik hemoglo-
binvaryantlar1 (HbS, HbC, ve HbD), anemi,
transfiizyon, tiremi, alkol alimi ve bazi ilaclar
HbA1lc diizeylerinde degisiklige sebep olabil-
mektedir (5). HbAlc, 2-3 aylik ortalama glu-
koz duzeylerini yansitirken, bu siire zarfin-
daki postprandiyal hiperglisemi veya hipogli-
semik durumlar gibi glukoz diizeyindeki
degisimler hakkinda bilgi saglayamamak-
tadir (9). Ayrica tedavi modifikasyonu sonrasi
HbA1c diizeylerindeki degisimin yavas olma-
sindan dolayi, plazma glukoz diizeylerindeki
degisimi hizli ve anlamh olarak yansitan,
metabolik olarak stabil olan, diisiik biyolojik
varyasyon gosteren ve Kkolay Olculebilen bir
biyobelirtece ihtiya¢c duyulmaktadir (10).

Fruktozamin plazmadaki tiim proteinlerin
glikasyonunu gostermektedir. Serum protein
konsantrasyonundan ve viicuttaki diger in-
dirgeyici aktivitelerden etkilenebilecegi bildi-
rilmistir (11, 12). Bu eksikliklerin giderilme-
sine yonelik olarak, lizerinde en ¢ok durulan
belirtecler serum 1,5-anhidroglusitol (1,5-
AQ) ve sadece albumin duzeylerindeki
glikasyonu yansitanglikealbumin (GA)'dir. Bu

nedenle son zamanlardaki calismalar bu iki
belirteg lGizerinde yogunlasmustir.

1,5-AG’'nin Fizyolojisi

1,5-AG, dodal olarak meydana gelen bir
monosakkarittir ve D-glukozile, C-1 hidroksil
grubu harig, yapisal olarak 6zdestir (Sekil 1).
Kapali piran halkali yapisi metabolik olarak
stabil olmasmi saglamaktadir. ilk olarak
PolygalaSenega adli bitkide 1888 yilinda
bulunmustur. 1972 yilinda kandan, 1973
yilinda ise BOS'tan elde edilmistir (13).
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Sekil 1. 1,5-AG ile D-glukozun yapisi

Viicuttaki havuzu siirekli olarak 500-1,000
mg diizeyinde korunur. Esas olarak, 4.4
mg/gun olmak lizere, diyet kaynakli olarak
almir. De novo sentezi, 0.4-0.5 mg/giin
olmak tizere, daha nadirdir. Metabolik olarak
inert olan bu maddenin vicuttan tek atiim
yolu renal yol ile olmaktadir (14). Saghkl
Kisilerde tamamimna yakini (%99.9) renal
proksimal tubuldeki SGLT (sodyum glukoz
kotransporter)-4 tarafindan aktif olarak
reabsorbe edilir (15).

Glukoz icin renal esik degeri asildiqinda,
glukoz ve 1,5-AGgeri emilim icin yarnsir.
Bunun sonucu olarak 1,5-AG'nin geri emilimi
azalir ve idrara atilir. Serum 1,5-AG duzeyleri
1-3 gun arasinda anlamh olarak duser.
Normal seviyelerine donmesi ise yaklasik 2
haftalik bir siirecte olur (15, 16). Bu 0Ozel-
lidinden dolay1 diyabetli hastalarda hiper-
glisemi varligini gdstermek icin kullanilir (14,
15, 17).
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1,5-AG reabsorbsiyonumannoz, galaktoz ve
fruktoz gibi SGLT4 tarafindan reabsorbe
edilen monosakkaritlerin varlidindan etkile-
nebilir. Giinliik sitit Griinleri kullaniminin 1,5-
AG diizeylerini anlamli olarak dustrdigii
gosterilmistir (18). Saghkl bireyler arasindaki
1,5-AG duzeylerindeki farkliligin guinluk siit
urinleri kullanimina bagh olabilecedi diisii-
nulmektedir.

Yapilan bir calismada 1,5-AG duzeylerinin
cinsiyetler arasinda farkh oldugu, erkeklerde
kadinlara gore anlaml olarak yiiksek oldugu
bulunmustur (19). Bu sonuca sebep olarak
cinsiyetler arasi renal atilm hizinin farkl
olmasi gosterilmektedir (20).

Irk ve etnik koken, 1,5-AG diizeylerini etkile-
yen diger faktorlerdir. Tip 2 DM’li hastalar
uzerinde yapilan bir calismada, Asya ve
Afrikalilarda 1,5-AG dizeylerinin beyaz irka
gore anlamli olarak daha yiiksek oldugu
saptanmustir (21).

1,5-AG’nin Klinik Uygulamalardaki Yeri

Klinik olarak diyabet gelismeden 6nce, erken
faz insulin sekresyonu ve periferal dokularda

1,5-Anhidroglusitoltin Diyabetteki Yeri

insulin duyarhiliginin azalmasi sonucunda
postprandiyal hiperglisemi gibi metabolik
anormallikler gorilmeye baslar. Bu ytizden
normoglisemi diizeylerine yakin Kisilerdeki
postprandiyal hiperglisemiyi belirlemek icin
duyarh bir belirtece ihtiya¢ oldugu bilinmek-
tedir (22). Bu amacla, bozulmus glukoz tole-
ransina sahip hastalar tizerinde yapilan bir
calismada yukleme sonrasi glukoz diizeyleri
ile 1,5-AG arasinda guglu ters Kkorelasyon
saptanirken, HbAlc ile iliski bulunma-mustir
(17). Yine iyi kontrollii DM hastalarinda, 1,5-
AG dizeylerinin postprandiyal hiperglisemiyi
yansittiqi  belirtilirken, HbAlc'nin  bu
dalgalanmay1 yakalayamadidgi saptanmistir
(Tablo I) (9, 21).

1,5-AG diizeylerinin 6zellikle HbAlc diizeyleri
hedef deger veya yakininda bulunan diyabet
hastalarinda, giinlik glisemik dalgalanmalari
yansitti@i diistiniilmektedir (24, 25). Dungan
ve ark. diyabet hastalarnin yonetiminde 1,5-
AQ ile HbAlc'nin birlikte kullanimini iceren
bir algoritma 6nermistir (Sekil 2)(9).

Tablo 1. 1,5-AG ve HbAlc'nin karsilastiriimasi (5)

1,5-AG

HbAlc

Hiperglisemiye cevap
Hiperglisemide diizeyi

Glukoz diizeylerini yansittigi
zaman dilimi

Gozlenen buiyiik degisimler

Postprandiyalhiperglisemi ile
iliskisi

Diyabet tanisi

DM subtiplerinin
tanimlanmasi

Diyabet komplikasyonlari ile
iliskisi

Sinirhiliklart

Reabsorbsiyoninhibisyonu

Azalir

Birkag guin - hafta

Orta glisemik kontrol (<% 8)

Yiiksek

Uygun degil

Olasi

Yetersiz

Gebelik, ¢ok ytiksek trigliserid duzeyleri,

Kronik KC hast., siddetli bobrek yetmezlidi,

kistikfibrozis, gastrektomi

Hemoglobin glikasyonu

Artar
2-3 ay

Orta-ytiksek hiperglisemi
degerleri

Dusuk
Kullanilabilir

Yetersiz

Kullanilabilir

Anemi, hemoglobinopati,
transfiizyon, tiremi, hemodiyaliz,
Kronik KC hastahg, alkolizm
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HbAic
Olgtmi
1
| 1
HbA1c < %8 HbA1c > %8
L
| |
1,5-AG < 6 1,5-AG > 6 1,5-AGkisa sureli
ng/ml pg/ml | | genelglisemik
- - diizey icin

kullanilabilir
Hedef ortalama

eyaachk glukod
degerleri

I— Hedet
postprandiyal

glukozdegerleri

Sekil 2. 1,5-AG kullanimi i¢in 6nerilen algoritma

1,5-AG’'nin DM Tipleri Ile iliskisi

1,5-AG'nin diyabet tiplerinin ayrimlanma-
sinda kullanilabilecedine dair yayinlar mev-
cuttur. Ozellikle Tip 2 diyabetli (T2DM) hasta-
lar ile Karsilastirildiginda fulminant Tip 1
diyabetli (T1DM)'li Kkisilerde 1,5-AG diizeyleri
anlamh olarak diisuk bulunmusken, HbAlc
diizeyleri acisindan iki grup arasinda anlaml
bir fark saptanmamustir (26).

HbAlc < %8.0 olan T1DM'li cocuklarda, 1,5-
AG duizeyleri kontrol grubuna goére dusiik
bulunmustur ve T1DM'i Kisilerin izlemi ile
insiilin tedavisine yanitin degerlendirilme-
sinde kullanilabilecedi bildirilmistir (27, 28).

75g OQTT testinde benzer glukoz degerleri
bulunan gebelerin, plazma 1,5-AG diizeyle-
rinin farkhh oldugu gosterilmistir. Bu farkli-
hdin gebelikteki fizyolojik glukoz esigindeki
degdisimin bireyler arasinda degisiklik gos-
termesinden kaynaklandigi belirtilmistir(29).
Bunun aksine Tip 1 diyabetli gebelerde
yapilan baska bir calismada 1,5-AG diizey-
lerinin, glisemikdegisiklikleri gOstermesi
acisindan c¢ok iyi bir belirtec oldugu,
HbAlc'nin aksine hiperglisemi ataklarini
yakaladiqi bildirilmistir (30). Yine aym
calismada gebeligin 3. Trimestirinda Olgiilen
1,5-AG dizeylerinin  makrozomi riski ile
gugclui bir sekilde iliskili oldugu bulunmustur.

Tedavi Izleminde Kullanimi

Yaklasik olarak 2 giin ile 2 hafta gibi kisa
sureli glisemik diizey hakkinda bilgi verdigi
icin, seri 1,5-AG Olcuimlerinin hastalarin te-
daviye uyumunu ve yanitini takip etmede

yararli olabilece@i disiiniilmektedir. HbAlc
diizeyleri = %7 olan Tip 1 ve Tip 2 diyabetli
hastalar uzerinde yapilan bir calismada, te-
davi sonucu serum 1,5-AG diizeylerinin 2
hafta icinde anlaml olarak yikseldigi sap-
tanirken, HbA1c diizeylerinde 4 haftaya kadar
herhangi bir degisiklik olmamustir (10).

Bobrek ve Karaciger Fonksiyonlan ile
iliskisi

Kronik bobrek yetmezlidi (KBY) evre 4-5, re-
nal tubulerasidoz ve uremi gibi durumlarda
1,5-AG diizeylerinin kullaniminda sinirlama-
larin oldugunu bildiren yaymlar mevcut olsa
da (31-33), diyabete bagl olarak en sik
gorilen bobrek yetmezlidi olan evre 1-3
KBY'de kullaniminda sakinca olmadiqi, bu
hastaliklarda aclik glukozu ve HbAlc ile
yakindan iligkili oldugu gosterilmistir (31).

Kronik karaciger hastalidl olan Kisilerde
hipersplenizm nedeniyle eritrosit yasam
suresi kisalir. Buna bagh olarak HbAlc
diizeylerinin diisiik olabilecedi gosterilmistir
(34). Ayrica karaciger sirozu olan hastalarda
serum 1,5-AG dizeylerinin,glukoz degderle-
rinden badimsiz olarak diisiik oldugu bildi-
rilmistir(35,36). Bu disiklugiin, 1,5-AG'nin
karacigerdeki de novo sentezinin azalmasi ve
karaciger hastalidina sekonder bozulan renal
tubuler fonksiyon nedeniyle olustugunu
bildiren yaymlar mevcuttur (36).

1,5-AG'nin DM Komplikasyonlari ile
iliskisi

Postprandiyalhiperglisemi, diyabetli Kisiler-
deki Kkardiyovaskiiler hastaliklar sonucu olu-
san morbidite ve mortalite icin bagimsiz bir
risk faktoriddur (37, 38). Ayrica bozulmus
glukoz toleransi olan Kisilerde postprandiyal
hiperglisemi kardiyovaskiiler hastaliklarin
olusumunu arttirmaktadir (37, 39).

Orta diizeyde kontrollii hiperglisemisi olan
T2DM'li hastalarda retinopati ile 1,5-AG'nin
yakin bir iliskide oldugu saptanmistir(40).
1,5-AG diizeylerinin KBY'si olmayan hastalar-
daki albuminiiri ile iliskili oldugunu goésteren
yayinlar mevcut olsa da (41), albuminiri ve
diyabetik nefropatininglukoz degerlerindeki
fluktuasyonlardan daha cok kan basinci gibi
diger faktorlerden etkilendigdi, 1,5-AG diizey-

[
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lerinin bu komplikasyonlar ile istatistiksel
acidan anlamh bir iliski icinde olmadigini
bildiren yaymlar da mevcuttur (5).

Diyabeti olan ve olmayan erkeklerde 1,5-AG
diizeylerinin kardiyovaskiiler hastalik riskinin
belirlenmesinde  kullanish ~ bir  belirteg
olabilecegi gdsterilmistir (42). Ohira ve ark.
yaptiklar ¢alismada, tedavi rejimi uygulanan
T2DM'li kisilerde damar sertligini gosteren
indeks ile 1,5-AG diizeylerindeki degdisim
arasinda anlaml bir iliski oldugunu goster-
mistir (43).

1,5-AG’nin Olciim Yontemleri

1,5-AG serum, plazma ve idrarda Olculebilir.
Kan ornekleri 2-8°C'de 7 gun, 22°C'de 5 gun
ve -80°C'de ise uzun siire stabildir (Glyco-
mark, www.glycomark.com). Kan 1,5-AG
dizeyleri enzimatik Kit, ELISA, gaz Kkro-
matografisi-kiitle spektrometrisi (GC/MS) ve
yiiksek performans likit kromatografisi(HPLC)
ile olgtilebilir (44).

Enzimatik Kolorimetrik testte 2 asamali
endpoint metod kullanilir. ilk asamada
numune birinci reaktif (glukokinaz,
pirtivatkinaz, fosfoenol piriivat) ile inkiibe
edilir ve numunedeki glukoz, glukoz-6-P'a
doner. ikinci reaktifteki piranozoksidaz
enzimi 1,5-AG'Yyi okside eder ve hidrojen
peroksit olusur. Peroksidaz enzimi ise bu
bilesikten renkli urtinleri olusturur (Sekil 3)
(45).

Reaction 1 (Pretreatment)

N—(L \/’” \/

@ N A

Reaction 2
{r 11.54G]
Sekil 3. 1,5-AG enzimatik Ol¢iim reaksiyonu
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Sonug olarak;HbAlc, 2-3 ay gibi uzun sureli
dglukoz degerlerini yansitirken, bu sireg
icerisinde meydana gelen ve diyabet kompli-
kasyonlarina sebep olabilecek Kkisa sureli
glukoz piklerini yansitamamaktadir. 2 giin -
2 hafta arasinda olusan hiperglisemik siireg-
leri yakalamasi acisindan 1,5-AG, HbA1c' ye
yardimci olabilecek bir biyobelirtectir. Demir
eksikligi anemisi gibi HbAlc duzeylerini
etkileyen durumlarda 1,5-AG'nin Kullanimi
avantajh olabilir.

KAYNAKLAR

1. Kato A, Kunimatsu T, Yamashita Y, Adachi I,
Takeshita K, Ishikawa F. Protective effects of dietary
1,5-anhydro-D-glucitol as a blood glucose regulator
in diabetes and metabolic syndrome. J Agric Food
Chem. 2013 Jan 23; 61(3): 611-7.

2. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of
the prevalence of diabetes for 2010 and 2030.
Diabetes Res Clin Pract. 2010 Jan; 87(1): 4-14.

3. Intensive blood-glucose control with sulphonylureas
or insulin compared with conventional treatment
and risk of complications in patients with type 2
diabetes (UKPDS 33). UK Prospective Diabetes Study
(UKPDS) Group. Lancet. 1998 Sep 12; 352(9131):
837-53.

4. Stratton IM, Adler Al, Neil HA, Matthews DR, Manley
SE, Cull CA, et al. Association of glycaemia with
macrovascular and microvascular complications of
type 2 diabetes (UKPDS 35): prospective observational
study. BMJ. 2000 Aug 12; 321(7258): 405-12.

5. Kim WJ, Park C-Y. 1,5-Anhydroglucitol in diabetes
mellitus. Endocrine. 2013 Feb; 43(1): 33-40.

6. Mokdad AH, Bowman BA, Ford ES, Vinicor F, Marks
JS, Koplan JP. The continuing epidemics of obesity
and diabetes in the United States. JAMA. 2001 Sep
12; 286(10): 1195-200.

7. The effect of intensive treatment of diabetes on the
development and progression of long-term
complications in insulin-dependent diabetes
mellitus. The Diabetes Control and Complications
Trial Research Group. N Engl J Med. 1993 Sep 30;
329(14): 977-86.

8. Diagnosis and classification of diabetes mellitus.
Diabetes Care. 2011 Jan; 34 Suppl 1: S62-9.

9. Dungan KM. 1,5-anhydroglucitol (GlycoMark) as a
marker of short-term glycemic control and glycemic
excursions. Expert Rev Mol Diagn. 2008 Jan; 8(1): 9-19.

10. McGill JB, Cole TG, Nowatzke W, Houghton S,
Ammirati EB, Gautille T, et al. Circulating 1,5-
anhydroglucitol levels in adult patients with diabetes
reflect longitudinal changes of glycemia: a U.S. trial
of the GlycoMark assay. Diabetes Care. 2004 Aug;
27(8): 1859-65.

11. Van Dieijen-Visser MP, Seynaeve C, Brombacher PJ.
Influence of variations in albumin or total-protein
concentration on serum fructosamine concentration.
Clin Chem. 1986 Aug; 32(8): 1610.

103




Saglam B ve ark.

12.

13

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

[

Schleicher ED, Mayer R, Wagner EM, Gerbitz KD. Is
serum fructosamine assay specific for determination
of glycated serum protein? Clin Chem. 1988 Feb;
34(2): 320-3.

. Servo C, Pitkdnen E. Variation in polyol levels in

cerebrospinal fluid and serum in diabetic patients.
Diabetologia. 1975 Dec; 11(6): 575-80.

Yamanouchi T, Tachibana Y, Akanuma H, Minoda S,
Shinohara T, Moromizato H, et al. Origin and
disposal of 1,5-anhydroglucitol, a major polyol in
the human body. Am J Physiol. 1992 Aug; 263(2 Pt
1): E268-73.

Yamanouchi T, Shinohara T, Ogata N, Tachibana Y,
Akaoka I, Miyashita H. Common reabsorption system
of 1,5-anhydro-D-glucitol, fructose, and mannose in
rat renal tubule. Biochim Biophys Acta. 1996 Aug
29; 1291(1): 89-95.

True MW. Circulating biomarkers of glycemia in
diabetes management and implications for
personalized medicine. J Diabetes Sci Technol.
2009 Jul; 3(4): 743-7.

Yamanouchi T, Akanuma Y. Serum 1,5-
anhydroglucitol (1,5 AG): new clinical marker for
glycemic control. Diabetes Res Clin Pract. 1994 Oct;
24 Suppl: S261-8.

Koga M, Murai J, Saito H, Mukai M, Kasayama S.
Habitual intake of dairy products influences serum
1,5-anhydroglucitol levels independently of plasma
glucose. Diabetes Res Clin Pract. Elsevier Ireland
Ltd; 2010 Oct; 90(1): 122-5.

Wang Y, Zhang YL, Lei CH. A study on the
association of serum 1 , 5- anhydroglucitol levels
and the hyperglycaemic excursions as measured by
continuous glucose monitoring system among
people with type 2 diabetes in China. 2012;
(November 2011): 357-62.

Nowatzke W, Sarno MJ, Birch NC, Stickle DF, Eden T,
Cole TG. Evaluation of an assay for serum 1,5-
anhydroglucitol (GlycoMark) and determination of
reference intervals on the Hitachi 917 analyzer. Clin
Chim Acta. 2004 Dec; 350(1-2): 201-9.

Herman WH, Dungan KM, Wolffenbuttel BHR, Buse
JB, Fahrbach JL, Jiang H, et al. Racial and ethnic
differences in mean plasma glucose, hemoglobin
Alc, and 1,5-anhydroglucitol in over 2000 patients
with type 2 diabetes. J Clin Endocrinol Metab. 2009
May; 94(5): 1689-94.

Weyer C, Bogardus C, Mott DM, Pratley RE. The
natural history of insulin secretory dysfunction and
insulin resistance in the pathogenesis of type 2
diabetes mellitus. J Clin Invest. 1999 Sep; 104(6):
787-94.

Buse JB, Freeman JLR, Edelman S V, Jovanovic L,
McGill JB. Serum 1,5-anhydroglucitol (GlycoMark ): a
short-term glycemic marker. Diabetes Technol Ther.
2003 Jan; 5(3): 355-63.

Kishimoto M, Yamasaki Y, Kubota M, Arai K,
Morishima T, Kawamori R, et al. 1,5-Anhydro-D-
glucitol evaluates daily glycemic excursions in well-
controlled NIDDM. Diabetes Care. 1995 Aug; 18(8):
1156-9.

Yamanouchi T, Inoue T, Ogata E, Kashiwabara A,
Ogata N, Sekino N, et al. Post-load glucose

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

measurements in oral glucose tolerance tests
correlate well with 1,5-anhydroglucitol, an indicator
of overall glycaemic state, in subjects with impaired
glucose tolerance. Clin Sci (Lond). 2001 Sep; 101(3):
227-33.

Koga M, Murai J, Saito H, Mukai M, Kasayama S,
Imagawa A, et al. Serum 1,5-anhydroglucitol levels
in patients with fulminant type 1 diabetes are lower
than those in patients with type 2 diabetes. Clin
Biochem. 2010 Oct; 43(15): 1265-7.

Nguyen TM, Rodriguez LM, Mason KJ, Heptulla RA.
Serum 1,5-anhydroglucitol (Glycomark) levels in
children with and without type 1 diabetes mellitus.
Pediatr Diabetes. 2007 Aug; 8(4): 214-9.

Moses AC, Raskin P, Khutoryansky N. Does serum
1,5-anhydroglucitol establish a relationship between
improvements in HbAlc and postprandial glucose
excursions? Supportive evidence utilizing the
differential effects between biphasic insulin aspart
30 and insulin glargine. Diabet Med. 2008 Feb;
25(2): 200-5.

Kilpatrick ES, Keevilt BG, Richmond KL, Newland P,
Addison GM. Plasma 1,5-anhydroglucitol
concentrations are influenced by variations in the
renal threshold for glucose. Diabet Med. 1999 Jun;
16(6): 496-9.

Nowak N, Skupien J, Cyganek K, Matejko B, Malecki
MT. 1,5-Anhydroglucitol as a marker of maternal
glycaemic control and predictor of neonatal
birthweight in pregnancies complicated by type 1
diabetes mellitus. Diabetologia. 2013 Feb 2; 7-11.

Kim WJ, Park C-Y, Lee K-B, Park SE, Rhee EJ, Lee
WY, et al. Serum 1,5-anhydroglucitol concentrations
are a reliable index of glycemic control in type 2
diabetes with mild or moderate renal dysfunction.
Diabetes Care. 2012 Feb 1; 35(2): 281-6.

Emoto M, Tabata T, Inoue T, Nishizawa Y, Morii H.
Plasma 1,5-anhydroglucitol concentration in patients
with end-stage renal disease with and without
diabetes mellitus. Nephron. 1992 Jan; 61(2): 181-6.

Fujisawa T, Ikegami H, Tsutsui T, Kawaguchi Y, Ueda
H, Shintani M, et al. Renal tubular function affects
glycosuria-related urinary excretion of 1,5-
anhydroglucitol. Diabetes Care. 1999 May; 22(5):
863-4.

Cacciatore L, Cozzolino G, Giardina MG, De Marco F,
Sacca L, Esposito P, et al. Abnormalities of glucose
metabolism induced by liver cirrhosis and
glycosylated hemoglobin levels in chronic liver
disease. Diabetes Res. 1988 Apr; 7(4): 185-8.

Yamagishi S, Ohta M. Serum 1,5-anhydro-D-glucitol
levels in liver cirrhosis. Acta Diabetol. 1998 Apr;
35(1): 65-6.

Koga M, Murai J, Saito H, Mukai M, Toya D, Tanaka
N, et al. 1 , 5-Anhydroglucitol levels are low
irrespective of plasma glucose levels in patients with
chronic liver disease. 2011; (January 1995): 121-5.

Glucose tolerance and mortality: comparison of WHO
and American Diabetes Association diagnostic criteria.
The DECODE study group. European Diabetes
Epidemiology = Group. Diabetes  Epidemiology:
Collaborative analysis Of Diagnostic criteria in Europe.
Lancet. 1999 Aug 21; 354(9179): 617-21.

Turk Klinik Biyokimya Derg 2014; 12(2)



38.

39.

40.

41.

42.

45.

Turk Klinik Biyokimya Derg 2014; 12(2)

Ceriello A, Hanefeld M, Leiter L, Monnier L, Moses A,
Owens D, et al. Postprandial glucose regulation and
diabetic complications. Arch Intern Med. 2004 Oct
25; 164(19): 2090-5.

Tominaga M, Eguchi H, Manaka H, Igarashi K, Kato
T, Sekikawa A. Impaired glucose tolerance is a risk
factor for cardiovascular disease, but not impaired
fasting glucose. The Funagata Diabetes Study.
Diabetes Care. 1999 Jun; 22(6): 920-4.

Kim WJ, Park CY, Park SE, Rhee EJ, Lee WY, Oh KW,
et al. Serum 1,5-anhydroglucitol is associated with
diabetic retinopathy in Type 2 diabetes. Diabet Med.
2012 Sep; 29(9): 1184-90.

Selvin E, Francis LMA, Ballantyne CM, Hoogeveen
RC, Coresh J, Brancati FL, et al. Nontraditional
markers of glycemia: associations with
microvascular conditions. Diabetes Care. 2011 Apr;
34(4): 960-7.

Watanabe M, Kokubo Y, Higashiyama A, Ono Y,
Miyamoto Y, Okamura T. Serum 1,5-anhydro-D-
glucitol levels predict first-ever cardiovascular
disease: an 11-year population-based cohort study
in Japan, the Suita study. Atherosclerosis. 2011 Jun;
216(2): 477-83.

Ohira M, Endo K, Oyama T, Yamaguchi T, Ban N,
Kawana H, et al. Improvement of postprandial
hyperglycemia and arterial stiffness upon switching

44,

45.

1,5-Anhidroglusitoltin Diyabetteki Yeri

from premixed human insulin 30/70 to biphasic
insulin aspart 30/70. Metabolism. 2011 Jan; 60(1):
78-85.

Onorato JM, Langish RA, Shipkova PA, Sanders M,
Wang J, Kwagh J, et al. A novel method for the
determination of 1,5-anhydroglucitol, a glycemic
marker, in human urine utilizing hydrophilic
interaction liquid chromatography/MS(3). J
Chromatogr B Analyt Technol Biomed Life Sci. 2008
Oct 1; 873(2): 144-50.

Selvin E, Rynders GP, Steffes MW. Comparison of two
assays for serum 1,5-anhydroglucitol. Clin Chim
Acta. 2011 Apr 11; 412(9-10): 793-5.

Yazisma adresi:

Baris Sadlam

Dokuz Eyliil Universitesi, Tip Fakiiltesi,

Tibbi Biyokimya Anabilim Dali, izmir, Tiirkiye
Tel: 0232 412 4401

Faks: 0232 4124439

E-posta: barissaglam86@gmail.com

105





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


