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HbAlc

e Glisemik kontroltn klinik yararini
calismalarda gosterdigi icin hedefler
belirlenmis ve klinik pratikte kullanilmaktadir

Glisemik Siirekli Glukoz takibi (CGM)
KontrolUn

v - : e Ozellikle tip 1 DM hastalarinda tedavinin
Dege rlend |1 | meSsi etkinligini ve emniyetini takip, hipogliseminin
onlenmesi icin kullanilir

e Ozellikle instlin kullanan hastalarda doz
ayarlamasi icin kullanihr




HbAlc ve
Diger
olcim
yontemler!
ne siklikla
kullaniimali

HbA1c ve diger glukoz 6lcim yontemleri tedavi
hedeflerindeki hastalar icin yilda en az 2 kez
kullanilmal

Tedavisi degistirilen hastalarda, tedavi hedeflerine
ulasincaya kadar ve stabilizasyon saglanincaya
kadar yilda en az 4 kere ve ihtiyac oldugu sirece

Kullanilan HbA1lc

* National Glycohemoglobin Standardization Program (NGSP)-
ile sertifiye edilmis olmall




Mean of each method compared to the NGSP/DCCT

target (dotted line) in 1993, 1999, 2004, and 2010
based on CAP GH2 survey data. (USA)
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Estimated average glucose (eAG)

A1C (%) mg/dL” mmol/L

5 97 (76-120) 5.4 (4.2-6.7)

6 126 (100-152) 7.0 (5.5-8.5)

7 154 (123-185) 8.6 (6.8-10.3)
8 183 (147-217) 10.2 (8.1-12.1)
9 212 (170-249) 11.8 (9.4-13.9)
10 240 (193-282) 13.4 (10.7-15.7)
11 269 (217-314) 14.9 (12.0-17.5)
12 298 (240-347) 16.5 (13.3-19.3)

Data in parentheses are 95% Cl. A calculator for converting A1C results into eAG, in either mg/dL or mmol/L, is available at professional.diabetes.org/eAG.

<* These estimates are based on ADAG data of ~2,700 glucose measurements over 3 months per A1C measurement in 507 adults with type 1, type 2, or no diabetes. The
correlation between A1C and average glucose was 0.92 (6,7). Adapted from Nathan et al. (6).



HbAlc (Glikohemoglobin)

- HbA1c (%) eAG (mg/dL) eAG (mmol/l)
Onceki 4 ayin ortalama
glukoz dlciminun sonucunu 5 97 54
Verir,
6 126 7.0
1 154 8.6
8 183 10.2
9 212 11.8

The relationship between eAG and HbA1c based on linear

regression analysis was:eAG(mg/dl)= (28.7*HbA1c)-46.7, 10 240 13.4
r2=0.84 (Diabetes Care 2008;31:1-6).

1 269 14.9

12 298 16.5




A1C sinirlari

* Glisemik kontroltin dolayh 6lcimu,
* Degiskenligi az

* Eritrosit yasam suresi (Hemolitik anemi, G6PD eksikligi, Kan nakli,
Eritropoezi uyaran ilaclar, Son donem bobrek yetmezligi, gebelik) gercek
glukoz sonuclarina gore farkl sonuclar elde edilmesine neden olur.

 Hemoglobinopatiler; Heterozigot olanlarda fruktozamin vel.5
anhidroglucitol kullanilabilir. Fakat prognostik durumlari tam
gosterilmemistir

* Alc glisemik degiskenligi ve hipoglisemiyi gostermez,

* Tip 1DM ve insulonopenik Tip 2 hastalarda SMBG veya CGM Alc ile birlikte
kullanilmahdir.



Ulkemizde Bu konuda
standart var mi?

TiCK

Iso 15189 laboratuvar akreditasyonu standardina, iliskin profesyonel
personelin tamamina yada bir kismina, onlarin verimliliklerine ve bu kapsamdaki
sorumluluklarina uygulanabilen kendine has mevzuat ve kosullari oldugu kabul
edilmektedir. ISO 15189 standardi, ISO 17025 Uzerine ilerletiimis bir standart
olup, ozellikle tihbi laboratuvar gorevini aciklarken, ISO 17025 yalniz laboratuvar
kalite yonetim agindaki yetkinligini tanimlamaktadir.



Glisemik Degerlendirme;
Ambulatuvar Glukoz ile
anlamli iliski

« Ogle Tokluk, Yatma &ncesi
e 7 noktali 6lcim
 HbAlc




A1C ; Etnik etki, Cocuklar, Hb varyantlari




Ayni HbAlc duzeyine sahip 2 hasta farkl glisemik
dalgalanma profili gosterebilir

300 3 )

HbAlc=%7
270

240
210
180
154
120

90

60 \ 4

Gun 1 9 18 27 36 45 94 63 72 81 90

Plazma Glukoz Seviyesi (mg/dl)

Grafik 1 no’lu referanstan uyarlanmigtir.
1.Monnier L, Colette C. Diabetes Care 2008; 31 (Suppl. 2):S150-S154.




HbAlc'nin 6tesinde glisemik kontrol

Glisemik
dalgalanmalar
(MAGE) |- — — — — — — — — — _ Oksidatif stresin . - .
, //l aktivasyonu Hiperglisemiye
o _ 7 A neden olan 3 ana
Ok5|dat|.f stresin " | " Komplikasyon glisemik bozukluk
aktivasyonu | Riski vardir
: Hiperglisemi
nedeniyle
2 patolojik suireg
aktive olur

TKS Sonug olarak
komplikasyon

Glikasyon riski artar

AKS
(HbA1c)

Glisemik dalgalanmalar kan glukoz diizeyinin aglk ve toklukta normal kabul edilen degerlerin {izerinde ve altinda
seyretmesi olarak tanimlanmaktadir.

MAGE: Glisemik dalgalanmalarin ortalama blyukligu.

1.Monnier L, Colette C. Diabetes Care 2008; 31 (Suppl. 2):S150-5154.



CGM ile surekli Glukoz Degerlendirilmesi

CGM lerden elde edilen
ambulatuvar glikoz
profili (AGP)

Tanimlanan aralikta
gegirilen siire (TIR);
(Time in range)
Mikrovaskiiler
komplikasyonlarla iliskili

A P s

70 mg/dl altinda 54 mg/dl altinda 180 mg/dl lizerinde
gegirilen siire(Hedefin gegirilen siire(Hedefin gegirilen siire(Hedefin
altinda gegcirilen siire) altinda gegcirilen siire) Uzerinde gegirilen siire)



'AGP Report -

MRN
14 days ==
% Sensor Time Ry
T i
Glucose Ranges Targets [% of Readings (Time/Day)] ol <%
Target Range 70-180 mg/dL ... Greater than 70% (16h 48min) gl
Below 70 mg/dL ........................Less than 4% (58min) (10,0 mmai) o
Below 54 mgidL ... L @88 than 1% (14min)
Above 180 mgidL ... Less than 25% (Bh)
Above 250 mgidL........ceucnie. LBSS than 5% (1 12min)
Tangal Range:
: sl G R 3 T0-180 maid 5
Each 5% increase in time in range (70-180 mgfdL) is clinically beneficial. _ |_3.';—1:|.|}n:n-rgi-ul 0%
Average Glucose
Glucose Management Indicator (GMI)
Glucose Variability <0 L T ik e
Defined as percent coefficient of variation (%CV); target s36% =54 mg/dL (3.0 mmeliL| =%

Glycemic Targets:
Standards of Medical Care in Diabetes - 2021. Diabetes Care 2021;44(Suppl. 1):S73-S84



Glisemik Hedefler




Tip 1 Glisemik
Kontrol
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e Invaziv yontemler
e Invaziv olmayan ydontemler




G | U kOZ  Ev/Hastane izlemi

e Kesikli

O | C um e Siirekli

Yontemleri




* The use and efficacy of continuous
glucose monitoring in type 1 diabetes
treated with insulin pump therapy: a

randomised controlled trial

e T. Battelino & I. Conget & B. Olsen & I.
Schitz-Fuhrmann & E. Hommel & R.
Hoogma & U. Schierloh & N. Sulli & J.
Bolinder & the SWITCH Study Group

* Received: 15 May 2012 / Accepted: 31
July 2012 / Published online: 11
September 2012 # The Author(s) 2012.
This article is published with open access
at Springerlink.co
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Fig. 2 Mean (£SEM) HbA,. in participants randomised to Off/On
(solid line) and On/Off (dashed line) sequences (all available observa-
tions): months —1 to 0: run in period; months 1 to 6: first period; months
7 to 10: washout; months 11-16: second period. To convert values for
HbA . in % into mmol/mol, subtract 2.15 and multiply by 10.929



e Lancet Diabetes Endocrinol 2017; 5: 700—08

Effect of initiating use of an insulin pump in adults with
type 1 diabetes using multiple daily insulin injections and

continuous glucose monitoring (DIAMOND): a multicentre,
randomised controlled trial

Roy W Beck, Tonya D Riddlesworth, Katrina | Ruedy, Craig Kollman, Andrew ] Ahmann, Richard M Bergenstal, Anuj Bhargava, Bruce W Bode,
Stacie Haller, Davida F Kruger, Janet B McGill, William Polonsky, David Price, Elena Toschi, for the DIAMOND Study Group*



Baseline* Pooled follow-up* Adjusted mean p valuet
difference (95% or
99% Cl)t%
CGM plus CSlt (n=37)  CGM plus MDI (n=38)  CGM plusCSll (n=36)  CGM plus MDI (n=36)
Length of data, h 628 (576 to 648) 637 (618 to 655) 1702 (1515t01843) 1713 (1634-1776)
Time in range 70-180 mg/dL (3-9-10-0 mmol/L)
Min per day 708 (162) 762 (224) 791 (157) 741 (225) 83 (17 t0 149) 0-01
Proportion of day 49% (11) 53% (16) 55% (11) 51% (16) 6% (1to 10) 0-01
Mean glucose concentration 0-005
mg/dL 185 (24) 178 (31) 172 (22) 182 (33) -14 (226 to-1)
mmol/L 10-3 (1-3) 9.9 (1.7) 9.5(1-2) 101 (1-8) -0-8 (-1-4to-0-1)
Hyperglycaemia
>180 mg/dL (>10-0 mmol/L), min per day 661 (55710 836) 601 (467 to 793) 614 (455to 694) 660 (457 to 823) 0-007
>250 mg/dL (13-9 mmol/L), minperday 260 (176 to371) 220 (105 to 309) 5 (120 to 274) 221 (115 t0 299) 0-02
>300 mg/dL (>16-6 mmol/L), min per day 110 (56 to 165) 61(25t0104) 61 (30to 102) 69 (32to 109) 0-04
180 mg/dL (10-0 mmol/L), area under curve 32 (22t0 42) 25 (14 to 36) 22 (16t032) 27 (15to 36) 0-02
Hypoglycaemia
<70 mg/dL (<3-9 mmaol/L), min per day 34 (25to 58) 41(23t075) 49 (34t079) 32 (15to 51) 0-0001
<60 mg/dL (<3-3 mmol/L), min per day 14 (9 to 27) 16 (11to 30) 23 (15to0 41) 12 (6to 25) 0-0002
<50 mg/dL (<2-8 mmol/L), min per day 4 (2to 10) 4(2,12) 9(4to17) 4(2to9) 0-0009
70 mg/dL (3-9 mmol/L), area above curve 0:25 (0-17 to 0-45) 0-28 (0-18 to 0-50) 039 (0-25to 0-71) 0:21(0-10to 0-43) 0-0002
Coefficient of variation 39% (37% to 42%) 37% (35% to 42%) 39% (37% to 43%) 37% (33%to 39%) . 0-25

Data are median (IQR), mean (SD), or n (%), unless otherwise specified. 95% Cl for the primary outcome of time in range and 99% Cl for mean glucose. CGM=continuous glucose monitoring. CSll=continuous
subcutaneous insulin infusion. MDI=multiple daily injections. *Baseline refers to time of randomisation for this trial; pooled follow-up combines all data collected in follow-up excluding the first 4 weeks for all
participants randomly assigned, and excludes one participant in the CGM plus CSlI group and two in the CGM plus MDI group with less than 72 h of follow-up data (none of whom completed the study). t95% Cls
for the primary outcome; 99% Cls for mean glucose and all other secondary outcomes, $Treatment group comparisons based on linear regression models adjusted for the corresponding baseline value, baseline
HbA,, and clinical site as a random effect; because of skewed distributions, the models for the hyperglycaemia, hypoglycaemia, and coefficient of variation are based on ranks using van der Waerden scores.

Table 3: CGM outcome metrics



Laboratuvar Glukoz dlcumler;

Enzymatic

Hexokinase

Equipment Intended Use Sample Type Range Ref.
Laboratory e  Blood
YSI 2700 Pfoint— «  Plsn 0-2500 mg/dL  [14]
of-care e  Serum
YSI 2950D Laboratory e CSF 52500 mg/dL  [15]
e Blood
Biosen C-Line/S-Line PLailb?raftory e Plasma 9-900 mg/dL [16]
oint-of-care | oo o
Beckman Coulter DxC 800 ~ e 5700 mg/dL  [17]
Abbott ARCHITECT
e labaratory L& Serui 1-800 mg/dL  [18]
. . e  Urine
Hitachi 917 2-750 dL 18
itac T mg/ [18]

Cobas ¢ 701/702

2-750 mg/dL

[19]




Invitro Yontemler
Enzimatik-amperometrik metod
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Invitro:
Hekzokinaz yontemi
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SMBG
Kendi kendine glukoz olctimleri

Working electrode
coated with enzyme

Reference electrode Counter electrode

Test strip

Current-to-voltage
[ converter

Meter



CGMS
Kana gore 6-12 dakika gecikmeli
Olcme

e Kablosuz alici 1
 RF
* Transmitter

* Sensor; Glukoz oksidaz -platin ........ Uretilen voltaj
* (Dokular arasi siviya yerlestirilmis)




AMBULATUVAR GLUKOZ PROFILI (AGP)
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Bazi Ulkelerde onayli glukoz dlcum ydntemleri

Release Glucose

Guideline/Sta Device Type Criteria

Year

Concentration

95% within +12%
275mg/dL | gger within +15%
95% within +12
UCM 380325 BGMS mg/dL
. <T5md/dL | b i 415
ood & Drug USA 2016 /dL
Administration | [47,48] ‘9‘;%/ e
(FDA) UCM 380327 SMBG Entire range | oo,/ :ithﬁ o0
European
Medill::'ines EU [49] E11\5]119579 2015 n‘?gl/‘oc(IJL 95% within £15%
Agency (EMA)
Health Canada Ca?ada
[50]
Agencia
Nacional de :
e 2 () Brazil
Vigilancia [51]
Sanitaria -
gfgvzsm <100 mg/dL | 95% within 15
ina Food & mg/dL
Drug China
Administration [52]
(CFDA)
Pharmaceuticals
and Medical Japan BGMS /SMBG
Devices Agency [53,54] SO 15197 2013
(PMDA)
él;(:)rj;)euhc it Entire range = 99% within Zones A
PR [55-57] [giTg{)li:S) &ér]inof Parkes Error
TGA




Turkiyede onay kurumu




ZINDE-LAB ACON marka On 3365849 0682607535118 ABD Analiz Sonucu 07.08.2017

SAGLIK HIZ. Call Plus Kan Uygunsuz
LTD. STI Sekeri Cihazi
Al-Fe Tip Saglik Rheamed NK2401 4712805620265 Tayvan Analiz Sonucu 07.12.2017
Hizmetleri Ltd. marka Uygunsuz
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marka Kan

Sekeri Izleme

TICK

00 o Nanotek Caresens COAO36E000001- 8809126640143 Guney Analiz Sonucu 07.12.2017
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urdn listesi s
Olclim Cihaz
(GM505C
model)
Olgun Medikal Glucosfia P/N: 7K- 4260236850275 Almanya Analiz Sonucu 07.12.2017
Ins. Ve Tic. Ltd. marka CSO03POON Uygunsuz
Sti. Glucosfia
Linda Kan
Sekeri Olclim

Cihaz



TICK

Guvensiz
urun listesi

Ime Dc Saglik
Urdnleri San. ve
Tic. Ltd. Sti.

Ime-Dc
Marka
Fidelity Kan
Seker
Olcum
Cihaz Seti

SN- 4260155930089 ALMANYA
H16J00001-

00040/SN-

H15J00301-

000480/SN-

H15J00601-

(ptaishelal

Analiz Sonucu
Uygunsuz

08.08.2017



KODU: 398547
KAN SEKERi OLCUMU (STRiP VEYA MIKRO KUVET) TEKNiIK SARTNAMESi

TC k 398547 kodlu malzeme igin asagidaki sartlar gecerlidir:
Se e r 1. Bu kaleme teklif verecek firma stripler ile birlikte 150 adet cihaz verilmelidir. Verilecek cihazlarin dzellikleri
2C oc o agagida belirtilen ozelliklere sahip olmalidir:
O I g U m Cl h a / i. Sistem biyosensdr veya elektrokimyasal yéntemle dlcim yapmalidir.
2 il. Yapilacak Glgtimler uluslararasi dogruluk standardi (150:2013:15197) gerekliliklerini kargilamalidir.
Sa rt n a m e | e rl iifi Kan sekeri 6l¢ciim arahigi en az 20-500 mg/dl olmalidr.

iv. Olgiim siiresi en fazla 5 saniye olmalidir.

V. Hastane protokolline gére belirlenen ylksek ve diisiik seviyeler disindaki sonuglar igin cihaz uyar
vermelidir.




Glycemic targets

Table 6.3—Summary of glycemic recommendations for many nonpregnant

adults with diabetes

ALC <7.0% (53 mmol/mol)*#
Preprandial capillary plasma glucose B0-130 mg,/dL* (4.4-7.2 mmol/L)
Peak postprandial capillary plasma glucoset <2180 mg/dL* (10.0 mmoaol/L)

*More or less stringent glycemic goals may be appropriate for individual patients. #0GM may be
used to assess ghycemic target as noted in Recommendation 6.5b and FAg. 6.1. Goals should be
individualized based on duration of diabetes, age/life expectancy, comorbid conditions, known
OVD or advanced microvascular complications, hypoglycemia unawareness, and individual patient
considerations (as per Fig. 6.2). tPostprandial glucose may be targeted if A1C goals are not met
despite reaching preprandial glucose goals. Postprandial glucose measurements should be made
1-2 h after the beginning of the meal, generally peak levels in patients with diabetes.

Glycemic Targets:
Standards of Medical Care in Diabetes - 2021. Diabetes Care 2021;44(Suppl. 1):S73-S84



DIABETES TECHNOLOGY

Table 71— Comparison of ISO 151972013 and FDA blood glucose meter accuracy standards

Setting FDA (206,207)

150 15197:2013 (208)

Home use 95% within 15% for all BG in the usable BG ranget
9o% within 20% for all BG in the usable BG ranget

Hospital use 95% within 12% for BG =75 mg/dL
95% within 12 mg/dL for BG <75 mg/dL
98% within 15% for BG =75 mg/dL
98% within 15 mg/dL for BG <75 mg/dL

953 within 15% for BG =100 mg/dL
5% within 15 mg/dL for BG <100 mg/dL
8%% in A or B region of consensus error grigs

BG, blood glucose; FDA, U.S. Food and Drug Administration; ISO, International Organization for Standardization. To convert mg/dLto mmaol/L,

see http://endmemo.com/medical/unitconvert/Glucose.php. *The range of blood glucose valuesfor which the meter has been proven accurate
and will provide readings (other than low, high, or error). #Values outside of the "clinically acce ptable” A and B regions are considered "outlier”

readings and may be dangerous to use for therapeutic decisions (209).

Diabetes Technology:

Standards of Medical Care in Diabetes - 2021. Diabetes Care 2021;44(Suppl. 1):S85-S99



DIABETES TECHNOLOGY

S Table 72—Interfering substances for
ghucose readings
Glucose oxidase monitors
Uric acid
Galactose
Xvlose
Acetaminophen
L=-DOPA
Ascorbic acid

Glucose dehydrogenase monitors
lcodextrin (used in peritoneal dialysis)

Diabetes Technology:
Standards of Medical Care in Diabetes - 2021. Diabetes Care 2021;44(Suppl. 1):S85-S99



DIABETES TECHNOLOGY

Table 7.3—Continuous ghucose monitoring (CGM) devices

Type of CGM Description

Real-time CGM (rtCGM) CGM systems that measure and display glucose levels continuously

Intermittenty scanned CGM [isCGM) CGM systems that measure glucose levels continuously but only display glucose values when swiped
by a reader or a smartphone

Professional CGM CGM devices that areplaced on the patientin the provider's office [orwithremote instruction) and worn

for a discrete period of time (generally 7-14 days). Data may be blinded or visible to the person
wearing the device. The data are used to assess glycemic patterns and trends. These devices are not

fully owned by the patient—they are aclinic-based device, asopposed to the patient-owned riCGM f
BCGM devices.

Diabetes Technology:
Standards of Medical Care in Diabetes - 2021. Diabetes Care 2021;44(Suppl. 1):S85-S99



In vivo Glukoz Olcim Yontemleri

* Cilt Gzerinden

* Nefes

e Tukruk

* Dokular arasi sividan
e Kandan



Self-Powered Implantable Skin-Like
Glucometer for Real-Time Detection of
Blood Glucose Level In Vivo

Wanglinhan Zhang, Linlin Zhang, Huiling Gao, Wenyan Yang, Shuai Wang, Lili Xing, and Xinyu

1

Xue

Nanomicro Lett. 2018; 10(2): 32.
Published online 2018 Jan 4. doi: 10.1007/s40820-017-0185-x
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Potential application, device architecture,
material system, and experimental design of self-
powered implantable skin-like glucometer. a
Potential application. b Device architecture,
material system, and fabrication procedure. c
Optical images of the device
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Integration of nanomaterials towards signal amplification of electrochemical biosensors.
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Figure 4. [llustration of types of carbon-based nano-hybrid and nano-composite materials in electrochemical
glucose biosensors (A) AgNP/MWCNT; (B) rGO/Polymer and (C) IMWCNT/Polypyrrole.
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Figure 5. Schematic representation of flow-injection-based amperometric glucose biosensor. Glucose

oxidase was immobilized on Fe3O,4 core nanoparticles in association with Au seeds [78].
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Figure 6. Representation of an amperometric glucose biosensor based on a polythiophene/SiO,
nano-composite in the presence of surfactants [101].



