Glikéz és HbAlc modszerek
bizonyitékokon alapulo alkalmazasa
diabetes mellitus laboratoriumi
diagnosztikajaban és gondozasaban.
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Diabetes mellitus definicidja

» metabolikus rendellenesség, melyben a glukoz sérult/csokkent
anyagcsereben valo hasznositasa hiperglikémiahoz vezet

» Aszénhidrat (protein és lipid) anyagcsere zavarainak 0sszessége,
melyben a glikéz nem megfeleléen hasznosul a szervezetben és
hyperglycaemia alakul ki. (American Diabetes Association 1997)

 Hatterében az inzulin szekrécio defektusa vagy szoveteken valo
hatastalansaga vagy mindketto allhat.



A DM gyakor

Majd 250 millié beteg (IDF 20095)
A 7. leggyakoribb halalok

A kezelés koltsegel magasak

— U.S. 2002: $ 98 billion
— UK: 10%o0f the National Health Service budget (£ 49 billion)

A kezelés magaban foglalja:
— Az akut ellatasokat (hypoglycaemia and ketoacidosis)

— Micro-(retinopathia, neuropathia, nephropathia, and
macrovascularis komplikaciokat (stroke, coronaria betegsegek)



Classification of Diabetes

Type 1 diabetes
— B-cell destruction
Type 2 diabetes

— Progressive insulin secretory defect

Other specific types of diabetes

— Genetic defects in B-cell function, insulin action
— Diseases of the exocrine pancreas

— Drug- or chemical-induced

Gestational diabetes mellitus (GDM)

ADA. |. Classification and Diagnosis. Diabetes Care 2014;37(suppl 1):S14




Diabetes mellitus diagnosztikus kriteriumai
(WHO 1999, *ADA 2014, *2011 [ getees

e éhomi szérum glukdz = 7 mmol/L.

Az éhomi (az utolso étkezéstol legalabb 8 ora telt el) vércukorszint ismételten
eléri, meghaladja a 7 mmol/L-t, az

e OGTT 120. percében = 11,1 mmol/L

Az OGTT 120 percében a szérum glukoz ismételten eléri, meghaladja a 11,1
mmol/I-t,

 random szérum gluk6z = 11,1 mmol/L

A randomszerilen vett vérbdl a vércukorérték ismételten/tunetek mellett eléri,
meghaladja a 11,1 mmol/I-t

* HbA1c 26,5%"

A randomszerilen vett vérbdl a vércukorérték ismételten/tunetek mellett eléri,
meghaladja a 11,1 mmol/I-t



DM és prediabetes diagnosztikai hatarértekek

PREDIABETES

* Riziko faktor
DM, CVD

e Visceral obesity
e Dyslipidaemia

* RR

Diagnézis Mintavétel ideje | Kapillaris teljes vér Vénas
plazma
Nem diabetes | Ehomi <5,6* (4,6*) < 6,17 (5,6")
Diabetes Ehomi > 06,1 >7.0
Mellitus vagy vagy
2h OGTT >11,1 > 11,1
Impaired Ehomi NS NS
Glucose 2h OGTT (75g) >78-<111 >7,8-<11,1
Tolerance
Impaired Ehomi >56<6,1 >6,1*/5,6** < 7,0
Fasting 2h OGTT NS >NS
Glucose

HbAlc: 5,7-6,4%

*WHO **ADA 2014
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Executive Summary: Standards of Medical Care
in Diabetes—2014

Diabetes Care: Glycemic Control

 Two primary techniques available for health providers and
patients to assess effectiveness of management plan on
glycemic control

— Patient self-monitoring of blood glucose (SMBG), or interstitial
glucose

— — HbATC



ADA Evidence Grading System for Clinical Practice
Recommendations

Level of
Evidence Description
A Clear or supportive evidence from adequately
powered well-conducted, generalizable,
randomized controlled trials
Compelling nonexperimental evidence
B Supportive evidence from well-conducted cohort
studies or case-control study
C Supportive evidence from poorly controlled or

uncontrolled studies

Conflicting evidence with the weight of evidence
supporting the recommendation

E Expert consensus or clinical experience

ADA. Diabetes Care 2014;37(suppl 1):S15; Table 1




Laboratory Medicine Practice Guidelines

Guidelines and Recommendations for Laboratory
Analysis in the Diagnosis and Management of
Diabetes Mellitus

Edited by David B. Sacks

Table 3. Matrix for the assignment of grades to guideline recommendations.

Strength of recommendation Quality of evidence Agreement of experts
(Table 2) (Table 1)

A: Strongly recommended High Strong—very strong
Moderate

B: Recommended Moderate Moderate
Low Strong—very strong
Very low Very strong

C: Insufficient information to make rec- Very low MNo agreemeant or very weak

ommendation Low, moderate, high

GPP: Good practice point Expert consensus on best practice




Table 1. Grading the quality of evidence.

THE QUALITY OF THE BODY OF EVIDENCE IS BASED ON:

Level of evidence: This refers to the delailed study methods and the quality of their execution, i.e., the metrodological cua ity
of individual studies. The level of evidence can be:

— High: if the study has an appropriate design for the question being as<ed anc if it is well conducted in representative
populations and is free from design-related biases.

- Moderate: if the study has an appropriate desigr for the question being askad but suffers frem some design-related
biasee thal might influerca the ecnelusions te a certzin extent but would not affect patientimpertant eLtcomes or conelu-
sions signilicanily.

~ Low: if the study is wmngly designed and corducted and there is a high likelinood that its canclusions are grossly biased
and misleading,

Consistency of results across various studies: i.e., when resulls are halerogeneous across stucies, incansistency of results
lowers the sirength of evidenca.
Directness of comparisons: Indireciness applies and lowers quality when, for axample:

- Evidence s indirectly related to the actual question;

— The study sopulation differs from that to whicn the study results would be applied in praciice;

— The ‘es in the study diffars (8.g., in its analytical performance, or a new generation of the seme fest has emerged) from
the cne commonly used cr recommended in practice;

- The outcome of interest for the guideline differs from the one studied in the tral.

Precision-of-ffect estimates: If tha s:udy is relatively small and includes few patients or events, the cenfidznce inferval
around tre effect estimate is relatively large, and imprecisier of results leads to downgrading the quality of evidence.

RATING SCALE FOR THE OVERALL QUALITY OF THE BODY OF EVIDENCE:

High: Further research i very uniikely tachange our contdence in the estimate of ettect. The bocy cf evidence comes from high-
level individual studies that are sufficiently powerec and provide precise, cons stent, and directly applicable results in a relevant
population.

Moderate: Further research is [ikely to have an importantimpact on our corfidence in the estimale of effect and may change the
estimate and the recommendation. The body of evidence comes from high-/moderate-level individuzl studes that are sufficient
to deterrring efecis, but the strength of the evidence is limited by the number, quality, or consistency of the includec studies; by
the gﬂnﬂlﬂi::hllﬂy ot rasults to routine practinn; or ndirect nature of the evidenca.

Low: Further research is very ikely to have an impertant impact on our confidence in the estimate of effact and ia likely to chenge
the estimate #nd the recommendation. The body of evidence s of Iow level and comas from studies with serinus desigr fzws or
with evidence thatis indirect.

Very low: Any estimate of effect is very uncertain. Recommendation may change when higher-quality evidence becorres avai-
able. Evidencs is insufficient to assess the effects cn health outcomes beczuse of imited number or power of studies, important
flaws in their design or conduct, gaps in the chain of evidence, or lack of information.

Table 2. Grading the strength of recommendations.

A.THE NACB STRONGLY RECOMMENDS ADOPTION

Strong recommendations for adoption are made when:
® Thereis high-quality evidence and strong or very sirong agreement of experts that the irterventicn improves important
hezlth outcemes and that benefits substantially outweigh harms; or
® There is moderate-guality evidence and strong or very streng agraemant of experts that tha intervertion imorcves impor-
tan: healih cutceres and that benefits substantially outweigh harms.

Strong recommendations against adnpticn zre mada whan:
® There is high-quality evidense and strong or very sirong agreement of experts that the irterventicn is ineffestive or that
berefits are closely balanced with harms, or tha: harms clearly outwaigh benefits; or
# Thera is moderate-quality evidance and strang or very strong agraement of experts that the intervertion is ineffactive ar
tha: benefits are closely balanced with harrrs, or that harmg outweigh benefits.

B. THE NACB RECOMMENDS ADCOPTION

Recommendations for adoption are made when:
® Thereis mo:!arale-qlmlity evidence and level cfag-'semsnl of axpans that the intarvention inprmrss Irnparlam health
outcomes and that benefits outweigh harms; or
® There is low-quzlity evidence but sirong or very strong agreement and high level of confidence of experts that the inter-
vention improvas important haalth outsomes and that benefits outweigh harme; or
® There ia very low—cuality evicence but very strong egreement and very high level of confidence cf experts thet the inter-
vention improvas important health outcomes and that beefits outweigh harms.

Recommendations against adeption a‘e made when
® There is moderate-quality evidence and level of agreement of axperts that the intarvention is inefective or that benefite
are closely balanced with harms, or that harme outweigh benefts; or
@ There is low-quelity evidence but streng or very strong agreement and high level of confidence of experts that the nter-
vention is ineffectiva or that benefits a-e closely balanzed with harms, or that harms outweigh benefits; ar
® There is very low—cuality evicence but very strong agreement and wery high level of confidence cf experts that the inter-
vention is insffectiva or that benefits a-e closely balanced with harms, or that harms outweigh benefits.

G. THE NAGB CONGLUDES THAT THERE IS INSUFFICIENT INFORMATION TO MAKE A RECOMMENDATION

Grade C is applied in the following circumstances:
# Evidence is lacking, scarce, or of very low quality, the balance of benefits and hams cannol be determined, and there s
no or very low level of agreement cf experts for or against adootion of the recemmendation.
& At any level of evidence—particularly if the evidence is haterogeneous o inconsistent, indirect, or inconclusive—if thers
is no agreement of expers for or against adoption of the recommandation.

GPP. THE NACE RECOMMENDS IT AS GOOD PRACTICE FOINT

Good practice points (GPPs) are recommendations mostly driven by expert consensus and professional agreement and are
based on the irformation listed below and/or professiona experience, or widely accepted standards of est practice This
categary applies predominantly to tachnical (e.g., preanalytizal, analytical, postanalyticall, erganizational, 2conomic, or cuality-
managemert aspects of laboratory practice. In these cases, evidence often comes from observatonal studies, audit redorts,
casa series or case studies, nonsystematic reviews, guidance or fechnizal documens, non—evidence-based guidelines, per-
sonsl opinions, expert conaensua, or poaition alatements, Recommendations are often based on empirical data, uaual practice,
qualily requirerents, and standards sel by professional or legislative autheilies or aceredilalion bodies, elc.




Kit kell vizsgalni?

Diagnosztika, szlirés

Recommendation

QOutcome studies are needed to determine the effectiveness
of screening.
C (moderate)




ADA recommendations: Testing for Diabetes in
Asymptomatic Patients

Test overweight/obese adults (BMI =225 kg/m?) with one or
more additional risk factors; in those without risk factors,
begin testing at age 45 years B

If tests are normal, repeat testing at least at 3-year intervals
IS reasonable E

To test for diabetes/prediabetes, the A1C, FPG, or 2-h 75-g
OGTT are appropriate B

In those with prediabetes, identify and, if appropriate, treat
other CVD risk factors B

ADA. Il. Testing for Diabetes in Asymptomatic Patients. Diabetes Care 2014;37(suppl 1):S16




ADA Recommendation: Screening for
Type 2 Diabetes

 Testing to detect type 2 diabetes and prediabetes should be
considered in children and adolescents who are overweight

and who have two or more additional risk factors for
diabetes E

ADA. II. Testing for Diabetes in Asymptomatic Patients. Diabetes Care 2014;37(suppl 1):S17-S18




ADA Recommendations:
Detection Gestational DM

» Screen for undiagnosed type 2 diabetes
at the first prenatal visit in those with
risk factors, using standard diagnostic criteria B

* Screen for GDM at 24-28 weeks [ —————
Of geStatK)n |n preg nant women not All pregnant women not previously known to have diabetes

should undergo testing for GDM at 24-28 weeks of gestation.
A (high)

previously known to have diabetes A

o Screen women with GDM for persistent diabetes at 6—12 weeks
postpartum, using OGTT, nonpregnancy diagnostic criteria E

« \Women with a history of GDM should have lifelong screening for the
development of diabetes or prediabetesat least every 3 years B

ADA. IlI. Detection and Diagnosis of GDM. Diabetes Care 2014;37(suppl 1):518




Vércukor (mintatipus, mérés helye)
DM diagnozis céljabol

Recommendation

When glucose is used to establish the diagnosis of diabetes,

it should be measured in venous plasma.
(A (high)
\/

Vénas plazma

Recommendation

When glucose is used for screening of high-risk individuals,

v measured in venous plasma.
B (moderatg)

Recommendafion

Kézponti laborban

Plasma glucose should be measured in an accredited labora-
tory when used for diagnosis of or screening for diabetes.

Recommendation

Blood for FPG analysis should be drawn in the morning
after the individual has fasted overnight (at least 8 h).

Ehomi (8 6ra) B(low)




Vercukor meghatarozas -
- preanalitika

Recommendation

To minimize glycolysis, one should place the sample tube
immediately in an ice—water slurry, and the plasma should
be separated from the cells within 30 min. If that can-
not be achieved, a tube containing a rapidly effective gly-
colysis inhibitor, such as citrate buffer, should be used for
collecting the sample. Tubes with only enolase inhibitors,
such as sodium fluoride, should not be relied on to prevent

glycolysis.
€ i moderate D

Posta "mI|I25 %)

Preanalitikai (605

Carrano et al. Clin Chem 2007:;53:1338-42

A plazma éhomi glukoz érték diurnalis
variaciot mutat (reggel magasabb mint
délutan)

Ex vivo (levett mintaban) a glukéz értéke

csokken elsosorban a ver alakos elemei
altali glikolizis kovetkeztében.
— Az glikolizis mértéke 5-7%/6ra (~ 0,6
mmol/L 6ranként), befolyasolja a kiiindulasi
vercukor, hdmérséklet, fehérvérsejtszam. Az

els0 négy orat kovetden 72 oraig stabil
marad a vércukor a mintaban.

— Adlikolizis gatolhaté Na-fluorid vagy
jodacetat EDTA, citrat vagy Litium heparin —
hoz adagolt alkalmazasaval.

— Bar afluorid hosszu glikoz stabilitast
biztosit, de a mintavételt koveto els0 oraban
torténd vércukor csokkenést (0,17-0,551
mmol/L) nem védi Ki.

— Adglikolizis minimalizalasara heparinos
csOben vett mintat azonnal jégbe kell
helyezni, majd az alakos elemek
elkulonitésére centrifugalni és a plazmat
elkiloniteni szlikséges. Ha fluorid is van
benne akkor 8 6ran at 25 C-on stabil vagy
72 6ran at 4 fokon. Ez rutin korilmények
kozott nem megvaldsithato.



Az OGTT helyes kivitelezésenek kritériumai*

 Avizsgalatot reggel, éhomra kell elvégezni, elozetes (8-14 oran
at) koplalast kovetoen.

» Aterhelést megel0z0 3 napon at korlatozas nélkuli, de legalabb
150 g szénhidratot tartalmazo etrend tartasa szukséges.

» Ateszt elvegzese: 75 g vizmentes glukoz 250-300 ml vizben
feloldva, 5 perc alatt kell elfogyasztani. (Gyermek: 1,75
g/testtomeg kg, max: 75 g)

 \ercukor meres a terheléses vizsgalat 0. es 120. percében
o OGTT reprodukalhatosaga (imprecision) 50-66%

*WHO



OGTT: Screening for and Diagnosis of Gestational DM
“One-step” (IADPSG Consensus)

o Performa 75-g OGTT, with plasma glucose
measurement fasting and at 1 and 2 h, at 24—
28 weeks of gestation in women not

previously diagnosed with overt diabetes Recommendation
Gidm should be diagnosed by a 75-g OGTT according to the

* Perform OGTT in the morning after e

ETD

an overnight fast of at least 8 h

« (GDM diagnosis: when any of the following
plasma glucose values are exceeded

— Fasting: =2 5.1 mmol/L
— 1h: 210.0 mmol/L
— 2 h: 2 8.5 mmol/L

ADA. lI. Detection and Diagnosis of GDM. Diabetes Care 2014;37(suppl 1):519; Table 6



OGTT: Screening for and Diagnosis of GDM
“Two-step” (NIH Consensus)

e Perform 50-g GLT (nonfasting) with plasma glucose
measurement at 1 h (Step 1) at 24-28 weeks of gestation in
women not previously diagnosed with overt diabetes

* |f plasma glucose level measured at 1 h after load is 2140
mg/dL* (7.8 mmol/L), proceed to 100-g OGTT (Step 2) when
patient is fasting

« GDM diagnosis: plasma glucose measured 3 h after the test
is 2140 mg/dL’
(7.8 mmol/L)

*ACOG recommends 135 mg/dL in high-risk ethnic minorities with higher prevalence of GDM.

ADA. IlI. Detection and Diagnosis of GDM. Diabetes Care 2014;37(suppl 1):519; Table 6




Vercukor meghatarozas analitikal
bizonytalansaga

Megkerdojelezheto Igazoltan laborhiba felel
eredmény (393/51746; 0.8 %) [ (160/51746: 0,30 %) petegellatast okozott

Rendben (98,9 %

0sszes laborhiba 160
46
Nem megfelel 6
betegellatashoz
Vezeto6 hibak
dont 6en
analitikai hibak 24 (52%)

Carrano et al. Clin Chem 2007:53:1338-42




Az analitikal teljesitokepesseget a meres
bizonytalansaggal jellemezzuk

(trueness, bias)

Ezt szeretnénk | Random hiba | Szisztematikus
hiba
Imprecision jo r0ssz jo
(repeatability+
reproducibility)
Valodisag jo jo r0ssz




Elvart analitikai teljesitoképesség

Impr.
(%)

Bias / TE anal (%)

2,2-0/6,9

Recommendation

On the basis of biological variation, glucose measure-
ment should have an analytical imprecision =2.9%, A bias
=2.2%, and a total error =6.9%. To avoid misclassification
of patients, the goal for glucose analysis should be to mini-
mize total analytical error, and methods should be without

le bias.
B (low)

ADA: <10 (1,67-22,2
mmol/l)

IS0 15197;

+ 0,83 mmol/L
(eredmények 95%) ha
ve<4,2 mmol/l

+20% (eredmények
95%) ha vc=4,2 mmol/l

Recommendation

Multiple performance goals for portable glucose meters have
been proposed. These targets vary widely and are highly con-
troversial. Manufacturers should work to improve the impre-
cision of current meters, with an intermediate goal of limiting
total error for 93% of samples to =15% at glucose concen-
trations =5.6 mmol/l (100 mg/dl) and to <<0.8 mmol/1 (15
mg/dl) at glucose concentrations <<5.6 mmol/1 (100 mg/dl).
Lower total error would be desirable and may prove neces-
sary in tight glucose-control protocols and for avoiding hypo-

] ia in all settings.
a‘ C (low) )

SN




.2. A valds teljesitmeény kulonbozosege

Valos imprecision TE anal
(%) (%)

5,47 target vc L6000 labor

Minoseg- 72%-a <1,1%;
12%-a <3,4%
Vannak eszkozok, melyek a regi (£) ISO
POCT 2,5-8 15197 elvarasnak sem felelnek meg.

ADA elvarasnak alig felel meg készulék




Az analitikali teljesitoképesseg kulonbozosege

DM .. . :
diagnosztikaban an,a s plazma TE aonal. TE anal: 10% TE a:l al:
e glikoz (mmol/L 3% 25%

kritikus pontok
Nem DM 6,1 59 | 63 | 55 | 6,7 46 | 7,7
DM éhhomi 7,0 68 | 72 | 63 | 77 53| 8,8
DM 2h OGTT 11,1 10,8 | 11,4 | 10,0 | 12,2 84 | 14,0
IGT 2h OGTT als6 7,8 76 | 80 | 70 | 86 59199




Az analitikai teljesitmények
kulonbozosége
es az alkalmazhatdsag
m Kozponti laboratoriumi
analizator:
m DM diagndzisanak
megallapitasa
m Hordozhato glukometer:

m Nem ajanlott a diagnozis

megallapitasara

m |-es tipust DM 3x naponta

SMBG

glucose monitoring

Recommendation

There are insufficient published data outcome to support a
role for portable meters and skin-prick (finger-stick) blood
samples in the diagnosis of diabetes or for population
screening.

C (moderate)

Recommendation

The imprecision of the results, coupled with the substan-
tial differences among meters, precludes the use of glucose
meters from the diagnosis of diabetes and limits their useful-
NESSa ening for diabetes.

Recommendation

SMBG is recommended for all insulin-treated patients with

dia .
fﬁ (high) \

Recommendation

In patients with type 2 diabetes treated with diet and oral

agents, SMBG may help achieve better control, particularly

when therapy is initiated or changed. Data are insufficient,

however, to claim an associated improvement of health out-

comes. The role of SMBG in patients with stable type 2 dia-
trolled by diet alone is not known.




ADA Recommendations:
Glucose Monitoring SMBG

SMBG is especially important for patients treated with insulin to monitor for

and prevent asymptomatic hypoglycemia and hyperglycemia

 Patients on multiple-dose insulin (MDI) or insulin pump therapy should do SMBG B
— Prior to meals and snacks
— Occasionally postprandially
— At bedtime
— Prior to exercise
— When they suspect low blood glucose
— After treating low blood glucose until they are normoglycemic
— Prior to critical tasks such as driving

» When prescribed as part of a broader educational context, SMBG results may be
helpful to guide treatment decisions and/or patient self- management for patients
using less frequent insulin injections or noninsulin therapies E

« When prescribing SMBG, ensure that patients receive ongoing instruction and
regular evaluation of SMBG technique and SMBG results, as well as their ability to
use SMBG data to adjust therapy E

ADA. V. Diabetes Care. Diabetes Care 2014;37(suppl 1):S21




ADA Recommendations:
Glucose Monitoring CGM

 Continuous glucose monitoring (CGM) with intensive insulin
regimens useful tool to lower A1C in selected adults (age
=25 years) with type 1 diabetes A

o Although evidence for A1C-lowering less strong in children,
teens, and younger adults, CGM may be helpful; success
correlates with adherence to device use C

— CGM may be a supplemental tool to SMBG in those with
hypoglycemia unawareness and/or frequent hypoglycemic
episodes E

ADA. V. Diabetes Care. Diabetes Care 2014;37(suppl 1):S21-S22




Vizelet cukor meghatarozas

« Vercukor koncentraciorol a vesekuszob kulonbsegel
(kb 10 mmol/L) miatt nem ad egyértelmi tajékoztatast

 Csak a specifikus glukoz reakcion alapulo tesztcsikok
hasznalandok (pl GOD)

» Egyszeri vizeletmintabol

 Ajanlas (NACB LM): semiquantitativ vizelet cukor
meghatarozas csak azon DM betegeknél ajanlott, akik
nem tudnak otthonukban vercukor onellenorzest
vegezni.

Recommendation

Semiquantitative urine glucose testing is not recommended
for routine care of patients with diabetes mellitus.
B (low)




Diabetes mellitus kovetésének laboratoriumi
markerei

e (Fruktozamin) E
e HbAlcC A
70

HPbA1C%



Fruktozamin

a plazma feheérjék glukoz altali nem enzimatikus, poszttranszlacios
glikozilacioja soran keletkezo ketoamin.

~ a méreést megel0z0 2-3 hét atlagos vercukor koncentracioval

— Neg interferencia: total protein vagy albumin szint csokkenéssel jard
megbetegedésben: majelégtelenség, nephrosis sy

meghatarozas: kolorimetrias teszttel, jol automatizaltan, olcson
lehetseges

Alkalmazas:

— szinte kizardlag a diabeteses terhesek gondozasaban, gyorsabban valtozé
glikémias allapot kovetésében hasznalatos

— nincs meggy6z0 klinikai bizonyitéka annak, hogy a fruktdzamin koncentracio
osszefuggésben volna a diabetes hosszutavu komplikacidinak kialakulasaval



HbA, .

glikalt haemoglobin, glikohemoglobin: [OTAE ST EYRE R AE
— a hemoglobin A és mas hemoglobin lancok glukoz- R =
modosulasai SAMPLE |D® uuﬂmuumfuunwnﬂacu]
glikozilalt Hb: nem ajnlott elnevezés!! pot | s N
HbA1: fast Hb, a HbA glikalt mddosulasai o ried | B o
— HbA,, HbA,, és HbA, (80%) glukoz-altali Hb o a28|| t'ss| | 1727865
maodosulasokbal all |® TOTAL ARERA 1883615
HbA1C: (@ atc 5.9% |
— HbA1 (a2B2) béta lancok N terminalis valin -
aminocsoportjanak glukoéz altali médosulasa. i
Mindazok az 0sszefliggések, melyek a diabeteses
beteg atlagos glikémias statusara, a diabeteses st
komplikaciok kialakulasara és a diabetes gondozas
minoségére utalnak, a HbA, . értek alapjan kerultek 1%
ookt T
£ i A “a = ale
HbA: é H \
adult Hb (0282) : g
@ | 2 3




HbA,

o Lassu poszttranszlacios, nem enzimatikus reakcioban

» Aszintézis mértéke azon vercukor koncentracio fuggvenye,
aminek a hemoglobint tartalmazo eritrocitak atlag 120 napos
élettartalmuk alatt ki vannak téve (2-3 honap atlagos
vercukorszintjérol tajékoztato teszt)

* J0 korrelaciot mutat elsosorban a microvascularis, kevesbe a
macrovascularis komplikaciok kialakulasaval

 szeéles korben hasznalt biomarker a glikémia kezelés
megfeleloségének megitéléseben

« Az ADA ajanlasa alapjan a diabetes gondozas soran kovetendd
terapias cél a HbA1C 7% alatt tartasa, a hipoglikémias epizodok
szamanak emelkedése miatt, sok betegnél nem cél a 6,5% alatti
ertekek eléréseére.



Mit jelent az [FCC standardizacio?

IFCC WG-HbA1c (1995) a HbA1c nemzetkozi standardizacio megoldasara

Referens mérési modszer kialakitasa:

— ftisztitott elsGdleges kalibrator (3-N1-deoxifructosyl-hemoglobin) ez a reagens gyarto
cegek szamara elsddleges referens anyag (2007-t6l beszerezhet6 az IRMM (Institute
for Reference Materials and Measurements)-nél.)

—  Uj referencia-médszer a HbA1c-tesztek standardizalasara alkalmas és nem
hasznalhato a klinikai laboratoriumokban (HPLC-MS; HPLC-kapillarelfo)

Referens laboratoriumok vilagszerte, melyek a referens modszert életben
tartjak

Az IFCC modszer és mértékegysegek elfogadtatasa ADA, EASD, IDF altal
(2007. majus 4-én, Milandban)

Valamennyi gyarté HbA1c modszerenek IFCC kalibrator/modszer szerinti
konverzioja

A HbA1c eredményeket mindenutt IFCC egységben (mmol/mol) és az
IFCC-NGSP egyenlet alapjan szamitott NGSP egységben (%) kell kozolni



Approved IFCC reference method for the measurement of HbA1c in
human blood

Clin Chem Lab Med. 2002 Jan;40(1):78-89.

Method:
» haemoglobin is cleaved into peptides by the enzyme endoproteinase Glu-C,
« the glycated and non-glycated N-terminal hexapeptides of the

beta-chain obtained are separated and quantified by
— HPLC and electrospray ionisation mass spectrometry
— HPLC and capillary electrophoresis with UV detection.

Both principles give identical results.

Expression of HbA1c:
HbA1c is measured as ratio between the glycated and non-glycated hexapeptides

Calibrators:
mixtures of highly purified HbA1c and HbAO.
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MAGYAR LABORATORIUMI
DIAGNOSZTIKAI TARSASAG

A Magyar Laboratdoriumi Diagnosztikai Tarsasag
és a Magyar Diabetes Tarsasag utmutatdja

laboratoriumi szakemberek szamara a HbAlc
standardizacioval kapcsolatos ismeretekrol



IFCC szerinti HbA1c /Ao
eredménykozles s

YAR LABORATORIUMI
IAGNOSZTIKAI TARSASAG

» Az IFCC referens modszerre visszavezetheto
HbA1c eredmények mmol HbA7c és mol Hb-A0
(glikalatlan hemoglobin) hanyadosakeént, roviden:
mmol/mol-ban keruljenek kiadasra.

 Tovabba a mmol/mol-ban kapott ertéket szamoljuk
vissza DCCT/NGSP egységre (%):

NGSP% =1[0.0915 * IFCC mmol/mol]+ 2.15)

» Az igy szamolt szazalekos érteket is kozoljuk a
leleten.



Osszefliggés a régi és az

Uj eredmenyek kozott '+~

MAGYAR LABORATORIUMI
DIAGNOSZTIKAI TARSASAG

* Az U] IFCC referens modszer DCCT_HbA1c % UjIFCC
és a jelenleg hasznélatban levé HbA1c_mmol/m
DCCT vagy mas néven NGSP ol
szerinti %-os értékre kalkulalt 4.0 20
tesztek eredménye kozott 5.0 31
0sszefliggést az alabbi 6.0 42
egyenlet irja le: 6.5 48

« |FCC_HbA1c (mmol/mol) = 7.0 53
[DCCT_HbA1c (% ) - 2.15] x 7.5 59
10.929 8.0 64

9.0 75
10.0 86




Hasznalhato-e a HbA1C a diabetes mellitus szlrésére
vagy a diagnozis felallitasahoz?

* |geny racionalitasa:

— Epidemiologiai vizsgalatok adatai szerint a DM betegek 30-
50%-a nem diagnosztizalt. 3-bol 1 esetben az ehomi érték
normalis s csak az OGTT 120 perces ertéke koros
Europaban. Az OGTT azonban idoigényes, kenyelmetlen,
draga és igy viszonylag ritkan hasznalatos.

 Analitikai fejlodés:

— A HDbA1C teszt analitikal teljesitokepessege javult,
standardizacio



HbA1C DM diagnosztikaban PRO

e AHDA1C érték jobban tukrozi a glikemias allapotot, mint egy egyszeri

idopontban tortent vércukormeres

e AHDbA1C meghatarozas biologiai variabilitasa kisebb:

— vercukor intraindividualis variabilitasa jelent0s (15-20%)-a HbA1C
meghatarozase csak mintegy 2%

— A HbA1C meghatarozast kevéesbé befolyasoljak akut allapotok pl stress,
betegség

 Technikai elonyok:
— A HbA1C: preanalitikai instabilitas kisebb
— A HbA1C: nem szlkseges, hogy a beteg eéhezeés allapotaban legyen,

nem kotott a vizsgalat egy adott idoponthoz

Biologiai variabilitas (CV)

Analitikai kivanatos variabilitas(%)

Between subject

Total analitical

Minta tipus Analit Within subject variation variation Imprecision % | Bias % error %
S Fasting glucose 5,70 6,9 29 2,2 6,9
B HbA1C 3.4 5,1 1,7 1,5 4,3




HbA1C DM diagnosztikaban KONTRA

* HbA1C nemzetkozi standardizalasa folyamatban van, és jelenleg még nem
teljesen befejezett, A HbA1C teszt analitikai teljesitoképessége javult, de
vitathato: A HbA1C mérések jobban standardizaltak, mint a vércukor

meghatarozasok
* AHbA1C meghatarozas dragabb, nem elérhetdé szamos orszagban
 hasznalhatosagi limitaciok:
— A'hemoglobin variansok (hemoglobinopatiak) félrevezeté HbA1c
ertékeket eredményezhetnek (metodika fuggo)
— carbamylated Hb in patients with renal failure
— Lerovidult vvt élettartam: félrevezetden alacsonyabb HbA1c

* hemolitikus anémia

e kronikus malaria
— Vvt-élettartam meghosszabbodas: félrevezetden magas HbA1c és
fruktdzamin
e vashianyos anémia



HbAlc DM diagnodzisra: IGEN

ADA ,position statement” 2010, 2014

— 26,5% kuszobértékkel, a diabetes mellitus

diagndzisanak elsddleges, a hagyomanyos
vércukor tesztek mellett alternativan
valaszthatd teszt

A HbA1C teszt 26,5%-0s diagnosztikus
kUszobértékének kivalasztasa, az ehomi
vércukor és a 120 perces OGTT
kUszobértékeihez hasonloan, a retinopathia
prevalenciajanak inflexids pontjahoz
harmonizaltan tortént

diagnosztikus célbdl véegzett meghatarozas:
National Glycohemoglobin Standardization
Program (NGSP) szerint mindsitett és a
Diabetes Control and Complications Trial

% NATIONAL ACADEMY
of CLINICAL BIOCHEMISTRY 201 1

[
qC “THE ACADEMY OF AACC

Recommendation

Hb A, may be used for the diagnosis of diabetes, with values
>0.5% being diagnostic. An NGSP-certified method should be
performed m an accredited laboratory. Analogous fo its use mthe
management of diabetes, factors that interfere with or adversely
effectthe Hb A, assay will preclude its use in diagnosis.

A (moderate

Recommendation

Pomt-of-care Hb A, assays are not sufficiently accurate to

modszerére visszavezethetGen kalibralt daomosis of diabe
teszttel. Beteg kozeli modszerrel (POCT) m@ﬂmﬂ iabztes.

vegzett HbA1C meghatarozasok, nem
kellden pontosak a diagnosztikahoz.




Point-of-care Hb A1c assays for the diagnosis of diabetes?
(NACB-LMPG: imprecision and trueness below 2 and 6%)

Point-of-care Hb A1c assays are not sufficiently accurate to use for the diagnosis of
diabetes. B (moderate= further research is likely to have an important impact on the
recommendation) NACB-LMPG, ADA

WHO allows the use of POC HbA1c assays when this is the only option available or
when a stringent quality assurance program is in place
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HbA1lc for glycaemic control

Recommendaiion

Treatment goals should be based on ADA recommendations,
which include generally maintaining Hb A, concentrations at
<7% and more-stringent goals in selected individual patients
if they can be achieved without significant hypoglycemia or
other adverse treatment effects. Somewhat higher intervals
are recommended for children and adolescents and may be
appropriate for patients with a limited life expectancy, exten-
\ / sive comorbid illnesses, a history of severe hypoglycemia, or

advanced complications (note that these values are applicable
only if the NGSP has certified the assay method as traceable

Recommendation

Hb A, _should be measured routinely in all patients with dia-
Ilitus to document their degree of glycemic control.

tgthe DCCT reference).
D



ADA Recommendations: FREQUENCY and POCT A1C
testing

 Perform the A1C test at least two times a year in
patients meeting treatment goals (and have stable
glycemic control) E

 Perform the A1C test quarterly in patients whose
therapy has changed or who are not meeting glycemic
goals E

 Use of point-of-care (POC) testing for A1C provides the
opportunity for more timely treatment changes E

ADA. V. Diabetes Care. Diabetes Care 2014;37(suppl 1):S22-S23




ADA Recommendations:

HbA1c Goals in Adults during glycaemic control

Lowering A1C to below or around 7% has been
shown to reduce microvascular complications
and, if implemented soon after the diagnosis of
diabetes, is associated with long-term reduction
in macrovascular disease. reasonable A1C goal
for many nonpregnant adults is <7% B

Providers might reasonably suggest more
stringent A1C goals (such as <6.5%) for
selected individual patients, if this can be
achieved without significant hypoglycemia or
other adverse effects of treatment. Appropriate
patients might include those with short duration
of diabetes, long life expectancy, and no
significant CVD C

Less stringent A1C goals (such as <8%) may be
appropriate for patients with B

— History of severe hypoglycemia, limited life
expectancy, advanced microvascular or
macrovascular complications, extensive comorbid
conditions

— Those with longstanding diabetes in whom the
general goal is difficult to attain despite DSME,
appropriate glucose monitoring, and effective doses
of multiple glucose lowering agents including insulin

of hyperglycemia:

Risks potentially associated
with hypaglycemia, other
adverse events

Disease duration

Life expectancy

Important comorbidifies

Established vascular
complications

Resources, support system

More Less
stringent stringent
Low High
/_-'__-_
Newly diagnosed Long-standing

‘L

Long Short

_4—

Absent Few / mild Severe

_‘—

Absent Few/ mild Severe

e

Readily available Limited

ADA. V. Diabetes Care. Diabetes Care 2014;37(suppl 1):S23




Glycemic Recommendations for
Nonpregnant Adults with DM

A1C <7.0%

Preprandial capillary plasma 3.9-7.2 mmol/L’
glucose

Peak postprandial capillary plasma <10.0 mmol/L’
glucoset

*Goals should be individualized based on these values.
tPostprandial glucose measurements should be made 1-2 h after the beginning of the meal, generally peak levels in patients with diabetes.

ADA. V. Diabetes Care. Diabetes Care 2014;37(suppl 1):S26; Table 9
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