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N DIAGNOSIS OF DM

D DM

o consider failure of oral hypoglycemics

your relatives in uk is diabetic send you this result;
1c 42 mmol/mol.

. will you inform him

2 Your dm is ok

b) Your dm is badly controlled
c) [ don’t know



ORY OF Hb Alc

E FIRST TO SHOW THAT A1C
LATED WELL WITH FASTING

NSTRATED THAT THE FRACTION OF
DEPENDS ON THE GLUCOSE LEVELS
A PREVIOUS PERIOD(4 AND 12 WEEKS)

m 1978 - ASSAYS COMMERCIALLY AVAILABLE



GLYCATION OF HEMOGLOBIN

NON-ENZYMATIC ADDITION OF A SUGAR TO AMINO GROUPS OF PROTEINS

FORMATION OF GLYCATED HEMOGLOBIN IS IRREVERSIBLE

CONCENTRATION DEPENDS ON:
A. LIFE SPAN OF RBC

B. BLOOD GLUCOSE CONCENTRATION
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Ierent Hbs

Dr.Sarma@works



B-horns  BETA GLOBIN

BETA GLOBIN

B-horns

Site of HbS
mutation -~

Site of HbE -

mutation

Iron Atom

a-horns
ngoggA a-horms

ALPHA GLOBIN




or haemoglobins migrate more
n HbA in an electric field, called
e up of HbAla + HbA1lb + HbAlc.



is fructose-1, 6 diphosphate and
glucose-6-phosphate attached to
inal of the beta chain.

ic acid linked to the amino

c. 1s Condensation of glucose and the

iinal valine of each beta chain of
globin

'HbA1c makes up 80% of HbAT.



Aldimine
Schiff base
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e
—  Pre-HbAlc

e
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variants S and C have no effect on the

exist in the heterozygous forms

AC.)
'SS or Hb CC patients do not

HDbA present or HbAlc thus criteria other than

ring of HbAlc must be used to assess long

iabetic control in these patients.

3 HDbF levels upto 30 % do not interfere

~ Altered red blood cell turnover eg haemolytic

anaemia, major blood loss or blood transfusion

Carbamylated Hb from attachment of urea may also
interfere






Jiagnosis of Diabetes

ely on fasting glucose and oral



"‘-

r, measuring blood glucose levels
With methodological,
nd practical problems.

-day variation of blood glucose

considerable,

centration ex vivo falls quickly

even when the blood sample is collected

in a fluoride-oxalate tube,
Inter-laboratory levels can vary by at

least 14% in a third of cases.



ance test (OGTT)

reparation, including an appropriate
ore the test and a satisfactory period of

east 2 hours.

e load is poorly tolerated by a significant
people, with nausea, vomiting, delayed
astric tying and issues of venous access all
tentially contributing to an invalid test result.

The test often needs to be repeated and has poor patient
compliance.



stic test for diabetes



"‘-

commendation 2011

sed as a diagnostic test for diabetes
ringent quality assurance tests are in
tandardized to criteria aligned to
ce values, and there are no

s present which preclude its accurate

ent.

Alc of 48 mmol/mol (6.5%) is recommended as
‘the cut point for diagnosing diabetes.

A value of less than 48 mmol/mol (6.5%) does not
exclude diabetes diagnosed using glucose tests.



matic adults with relatively slow
toms a single result 248
suffice.

sooner if diabetes symptoms develop.



1ere HbAlc must not be used as the

ose diabetes

aemia over the preceding 2 - 3

raised if blood glucose
Examples:



ildren and young people
ting Type 1 diabetes (any age)

symptoms
etes who are acutely ill

ication that may cause rapid glucose rise e.g.
s, antipsychotics ,

atic damage/pancreatic surgery



significant chronic medical
mia or any abnormality of red

xist, the diagnosis
be based on measures of blood glucose

sing existing criteria (fasting or random
e level, and OGTT). These






ICAL MANAGEMENT OF
DIABETES

& THE POST-PRANDIAL
LECT THE DAY TO DAY

1C MONITOR CHRONIC GLYCEMIA:

is an essential tool to determine

r a patient has achieved the core goal of
therapy to prevent or delay the development of
- long-term complications of diabetes



JTREATMENT TARGET

ON OF DCCT AND UKPDS,



Reduction in risk (%)*
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United Kingdom Prospective Diabetes Study (UKPDS)

" Any diabetes related endpoint
B Microvascular endpoint
N M
B Retinopathy
Albuminuria at 12 years

p=0.052
p=0.015
-34

p=0.000054

~Percent risk reduction per 0.9% decrease in HbA,;UKPDS. Lancet. 1998,352:837-853.



iabetic patients

labetic control



MENT GOALS FOR HBA,C

7%
<7%
5%

<6.5%
<6.5%



d\}antages of HbA

control over 120 days and

enced by diet, exercise, emotional
es on test day

ndex in clinical trials
eful if missed drugs / default diet
* Useful in DD of stress hyperglycemia
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significant management decisions, such
insulin therapy.

lationship with diabetes-related

| nstrated( in an analysis of the
d data from eight studies conducted between
2004, which reported that HbAlc levels were
 strongly related to the presence of diabetic
hy as were blood glucose levels.

(]
It is also strongly associated with macrovascular
outcomes and mortality.)



irﬂitations of HbA1 )

nergency room test to titrate
Dsage

eoister cemia

levated it confirms poor control, if it
r line, it cannot assure good control in
1t past.

Not sensitive enough for use in GDM
Anaemia, Uraemia, Pregnancy
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ES OF HEMOGLOBIN A,C

EMOGLOBIN A1C ASSAYS

S STILL DO NOT UNDERSTAND THE RELEVANCE OF
D UNITS :

IN TO PATIENTS CONCEPT OF % IS NOT INTUITIVE

ECT THE FLUCTUATIONS OF GLYCEMIA



DIZATION IN HEMOGLOBIN A,C ASSAYS

LOBIN STANDARDIZATION

ED IN 1996 TO STANDARDIZE HEMOGLOBIN TEST
O THAT CLINICAL LABORATORY RESULTS ARE
BLE TO THOSE REPORTED IN DCCT.



HZATION OF HB A1C

IAJOR HBA1C HARMONISATION
ZATION, COMPARABILITY)

" (3) THE MONOS-METHOD (SWEDEN)



AT A NEW GLYCATED
& STANDARDS



CATED HEMOGLOBIN ASSAY

C: PRECISELY MEASURES
WITHOUT OTHER

VERY COMPLICATED
UIRES COSTLY EQUIPMENT (A MASS



P and IFCC HbA,c Levels

C (mmol/mol)

2.1
4.3
5.3
6.4
7.0
8.6



ORKING GROUP ON HBA1C ASSAY

ASD AND IFCC MET IN JULY 2003:

TIONS:

UE TO REPORT R
T (NGSP)

E TO IFCC UNITS (MMOL/L)

JLTS IN DCCT (%)

, CHANGE O/ADD OTHER UNITS SUCH AS AVERAGE
GLUCOSE



\G VALUES



fore 2009

would have appeared as:

0% total Hb (3.6-6.8)

is expressed as a percentage of the

emoblobin relative to a calibrator
o the DCCT method



June 2009

ave appeared as:

total Hb (3.6-6.8)
Alc (IFCC)

result has been obtained using the
erence standard



From June 2011

101/ mol (<48)



IFCC-HbAlc
(mmol/mol)
42
48
>3
59
64
75.

Co sensus by ADA,EASD, IFCC and IDF for
worldwide standardization



selationship between old and
1ew units

ol/mol) = [DCCT-
¢ 10.929



T‘HE ATC-DERIVED AVERAGE
MV GOSE (ADAG) STUDY

L STUDY DESIGNED TO:

ARE T RELATIONSHIP BETWEEN
A1C AND AVE GLUCOSE

ERMINE THE MATHEMATICAL
TIONSHIP BETWEEN THE TWO FOR
IABLE CONVERSION

[ABLISH THAT THE RELATIONSHIP IS VALID
ACROSS:

_ DIABETES TYPES

- A WIDE RANGE OF HBA1C LEVELS AND ACE

- DIFFERENT RACES/ETHNICITIES




-DERIVED AVERAGE GLUCOSE (ADAG)
STUDY

STUDY DESIGN:

ICAL CENTERS

E 2 DIABETES
THY VOLUNTEERS

. CGMS EVERY MONTH FOR 4 MONTHS
v" 8-POINT GLUCOSE PROFILES DURING CGMS DAYS
v AT LEAST 7-POINT GLUCOSE PROFILES 3 DAYS PER WEEK
v HBA,C MEASURED 5 TIMES OVER 4 MONTHS IN CENTRAL LAB



ALWALHS | UDY EXCLUDED KNOWN
SOURISESYIO S INACCURACY” OF HB A1C

OBINOPATHY

5 PREGNANCY
3 HEPATIC OR RENAL DISEASE



A ALY I DY OTHER FACTORS EXAMINED

C-AVERAGE GLUCOSE
JIFFER BY:
BETES
S OR NC TES
'UNT OF GLUCOSE
R

ABILITY

CITY/RACE
(BUT TREND

HITES,
>sMO

NG



(DCCT)
AG mmol/l (mg/dL)

0)

9.4 (170)
11.4 (205)

- 13.3(240)

15.3 (275)
17.2 (310)
19.2 (345)

f HbA,c vs. Average Glucose

HbA c (%)

O 00 N O U,

10
11
12



0, No 6, Feb 9, 1994)

Mean BG mg %

80.5
147.1
213.7
280.3




IMPLICATIONS

BETWEEN HBA1C
S US
TIMATED AVERAGE

1CINTO A
COSE (eAG)

VILL APPLY TO THE MAJORITY OF
EINTS WITH DIABETES

ING “TRADITIONAL” CONDITIONS
INTERFERING WITH THE ASSAY OR THE
RELATIONSHIP BETWEEN GLYCEMIA AND
HBA1C




eAG: the advantages

_M far,patlentsl docs/ no decimals

||‘;3- T = V] Q¥

‘!




eAG: the disadvantages !

relatnshlp between A1C and

-




=l

PDATED TABLE, CALCULATOR OR OTHER
S TO CONVERT A1C TO AVERAGE GLUCOSE

“LOBBY” YOUR LAB TO REPORT BOTH NUMBERS






CONCLUSIONS

OF Hb A1C WAS ACCOMPISHED BY THE
DUNTRIES ,BUT WHAT ABOUT OTHER

ED IN OUR REGIO
RDS

O IMPLEMENT THE NGSP

)UD REPLACE THE TRADITIONAL Hb Alc WITH
JAVANTAGES & SOME DISADVANTAGES

PRACTIONERS & CHEMISTS SHOUD COORDINATE TO
RANSLATE THE HbA1C TO eVG



C GLYCATED HEMOGLOBIN METHOD &
TANDARDS (1995)
THE NAME OF THE ASSAY

LY BEING MEASURED: N-
1EMOGLOBIN BETA CHAIN

AT IS
LFRUCTOSE-1-YL
EMOGLOBIN

S USING THE OLD AND NEW METHODS
*ORRE FAIRLY CLOSELY, BUT THE NEW IFCC

EFERENCE NUMBERS ARE #1.3-1.9% LOWER THAN
CURRENT VALUES






HbATlc relies on RBC
mal lifespan Conditions with
survival or higher fraction
ve reduced HbAlc

re older population of



ange chromatography
HBAT - total glycated
ins (Ala +1b + 1c)

and HbAT1 can be
esis can measure
but less specific .

ectrophoresis HbAlc adequately
from HbAlal, HbAlb and S and



ntibodies raised against the
roduct of glucose (ketoamine

the first 4-8 amino acids at the N-
eta chain by inhibition of latex
cific for HbAlc

uses

ophenylboronic acid bound to agarose
ibre matrix to react with cis-diol
of glucose bound to haemoaglobin.

Measures HbA1



-

s Control and Complications Trial (DCCT)
icenter randomized trial

rement systems have been

ugh a process of alignment with the
0d. This has been undertaken by

National Glycohemoglobin Standardisation
m (NGSP) .

nsensus Statement

Glycemic control is best measured by HbAlc

The method should be a DCCT -aligned HBA1c
method

The assay should have acceptable within assay
precision <3% and between assay imprecision <5%



ETHOD BIORAD VARIANT HbAlc

ciples of ion-exchange HPLC,
ce from labile Alc, lipaemia or

haemoglobin Alc calibrators provided in the kit are
traceable to the Kyoto 2002 Calibrator set prepared
by the IFCC working group on standardization of
HbA1lc. The specimens were prepared in the
Netherlands at a hospital with ISO 9001:2000
certificate.



DTA whole blood stable 1 week at

35 days

bAlc is equivalent to a

average blood glucose of 35 mg/dL.

em 2009; 55: 1612-14

tional Expert Committee says HbAlc
be the diagnostic test for diabetes.

he value of = 6.5% decision point

6.0-6.4% indicate individuals at high risk of
developing diabetes



Jmation ofr HbA1C

re many methods of estimation

igh Performance Liquid
phy) - Gold standard.

etric meth. - HbA, Ab
Affinity chromatography

Immuno-tur

= Electrophoretic methods
Method based on chemical reactions.
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etermining glycated
bins

charge differences:

atography,

lectric focusing
se based on structural differences
atfinity chromatography and immunoassay.

Chemical methods a third option rarely used.



cewvalues of HbA1C

s than 6% - Normal
o - Good control of DM
'nsatisfactory control

. More than Very poor control

Values depet
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-15% less than plasma glucose. Loss of
rox 5-7% per hour (5-10 mg/dL)
glucose (FBG) should be 10 hour fast

cimen is stable for 7 days is a

\ Clin Chem 2005; 51:1573-1576
~Harmonisation of POCT devices with laboratory
use a factor of 1.11 to convert POCT values in
whole blood to plasma values



Standardisation of HbA1c Assays.

FbAlc measured by ion-exchange
chromatography as the glucose changes
the charge on the haemoglobin
molecule.

Originally calculated as a percentage of
the HBA peak.

After the DCCT trial and the importance
of meeting a set target was established a
standardised approach was used to

align methods to the DCCT method.

Not a true standard, so a reference
standard was produced and a method
assigned by isotope dilution mass
spectrometry. Enables to report values
in molar terms.

Mnutes



glucose

Relationship between HbA1c and average finger blood

(il
(10.0
7 -
.5 (11

- 140
100 *

L

ng/dl (14.4 mmol/l)

)
)
)
)




tion such as a diet or fasting, and is stable
the appropriate specimen tube.

een endorsed as a diagnostic test

d Health Organization, the



enous HbAlc in UK laboratories

1 national quality assurance schemes

10 requirements. HbAlc should

ly be measured on a laboratory venous blood

. Point-of-care FIbAlc should not be used for

is unless the healthcare staff have been

riately trained and the HbAlc method used can

nstrate an internal quality control and external

- quality assessment performance that matches that of a
laboratory method. Confirm a point-of-care diabetes
diagnosis with laboratory venous HbAlc



oWitroe ?

as a tiger which boasted

faster than any one.
d a rabbit and failed to

r; “of course |

ember the rabbit was running
ife and I, for my dinner.”
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cated Hb - GHDb

t types of Glycation products
from the HbA depending
drate moiety - namely

RIDA 1 7%
HbAq 5> - Gl 6 phos -N-terminal valine
HbAqp, -Other CHO - N-term. valine

iphos -N-term. valine



ith some methods but
are available.



Sirecting HbA7

te hyperglycemia

aneamia

Life span
Abnormal Hb like S-Hb, Hb C
Serum opalescence - T TG

M N N = [

On the method of estimation
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isk of developing
plications



e

d red blood cell survival time will lower the HbAlc

y lead to a false negative result. Red blood cell

s reduced in any haemolytic anaemia, and it

ced in chronic renal failure, severe liver

) of chronic disease. Vitamin B12 and

eficiencies may shorten red blood cell survival

common clinical situation that shortens red blood

vival time occurs when patients undergo regular

my for medical indications (eg, haemochromatosis)

use they are regular blood donors. Iron deficiency

have an impact on red blood cell survival and the

- HbAIlc level. The congenital variants of the haemoglobin
molecule (haemoglobinopathies), which may be relatively
common in certain ethnic communities (eg, African,
Mediterranean) in Australia, affect glycation

Cl



e

mendation 20111

sed as a diagnostic test for diabetes
ringent quality assurance tests are in

» standardised to criteria aligned to
rnational reference values, and there are no

s present which preclude its accurate

ent.

¢ of 48 mmol/mol (6.5%) is recommended as
‘the cut point for diagnosing diabetes. A value of less

than 48 mmol/mol (6.5%) does not exclude diabetes
diagnosed using glucose tests.



RDIZATION IN HEMOGLOBIN
A,C ASSAYS

IALLY AVAILABLE

> 30 GLYCOHEMOGLOBIN ASSAY METHODS
- IMMUNOASSAYS
- ION-EXCHANGE HPLC

 _ BORONATE AFFINITY HPLC
W'i‘TH CONSIDERABLE DIVERGENCE EXISTING BETWEEN HBA1C RESULTS.



