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Table 2.1-Critena for the diagnosis of diabetes
FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least & h.*
OR

2-h PG =200 mg/dL (11.1 mmol/L) during an OGTT. The test should be performed as described by
the WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in
water.*

OR

A1C =6.5% (48 mmol/mol). The test should be performed in a laboratory using a method that is
NGSP certified and standardized to the DCCT assay.*

OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma
glucose =200 mg/dL (11.1 mmol/L).

*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing.
® Maryam Tohidi GRIES




Intra-individual biologic variability
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Intra- & inter-assay coefficient of variation for glucose

3898 6 (A9l Qs 9 ot i Gy

Sika 3l (5 ) S5 padll v/
Target: 2/2%

Acceptable < 3/3 %

Maryam Tohidi./ RIES



O3 3 S8 (5 8 0 )l

3SR i il YR (5 y8y 5 pandidii o AL 2 5018 v

8 S o il LawDly 50 e ¢all 6 53 Ol 58 e 1) S8V
GR5 O Agad a1 ) pdS (ol oL 3 3 (ile ) 2 ) 90 J gara 45 903 v/

® Maryam Tohidi /&IES



. (< ¢ o\ Z & o " .

BB S el e 3 ARl ) AS
3Ll sled amg/dL/h 5-70) e 43 a5 53 43 sa3 53 KK anall giliav’
R Aigad ) G (448230 ) g gl o Landly Lo g Olulas 1l
(st s 5 o ySL) Aisad 5o yis Jslu jscan Jayl j3 50 jidy acal siliev/

5 o8 Aisa G alals 4883 90 U il ¢ JuiSh (Lol 5 st I e Jayl i v
JENW IS PRSP PR U PSR

mg/dL/h 2 28 <l () e ol 1 3 _Aiile ax 53 4 sled v

Maryam Tohidi / RIES



IS8 g8 03I 35 o AT A

02 )18 0 ¢ Sl ged e Jasied eadilan o e 3 OSSR (gl v/

el 8 U ol Kaiila 4a 325w

Cela 72 W48 - ol il 4a )3 4.

e )3 53 dia A sd e dna s 4n 53 20 Glete led ¢ D Y sk s aKS Gly V
ity aa) A )l

oS lge Ol sie A7) 2l sl anaus 45 gad Ay Ly (2 e e (3 5ed laa Sl p2e Gy a2V

S edlady jaead solass LS A ml s GVl e mg 2-2/5) L3l adlal (Sl

(Cels 48 )

M&yam Tohidi / RIES



JLA* uﬁALJ

MUQJSJE&JSOJHJ‘

(I aile ol /s IS iy o ane) il S Celu 8 v

- 43S

yac < zmua 2 FPG b gie ; diurnal variation v/

OGTT k]

OB 5 IS €058 ¢ s ¢ 12 bl ailed  LiEL Cael 8-14 v/
D0 R Gaa o S >1500r (B a by S YV

2 Cullad G g3 (g v

Aah Cumain y 3 (5 )8 43 91 v/

Gt Slae (il sk o GadS JBon v/




Oral glucose tolerance test (OGTT)

v 75 gr anhydrous glucose load for adults in 250-300 cc water in 5-10
min

v Equivalent to 82.5 gr glucose monohydrate

v MW: glucose 180 , H20 18

v 1.75 gr glucose/ Kg up to 75 gr for children

@ Maryam Tohid® RIES
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Somogyi et al.

compared the glucose content of blood samples simultaneously drawn
from the femoral artery and the fingertip of non-diabetics one-hour
after ingestion of 50 grams of glucose.

Difference : less than 1 mg/dL
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“*Somogyi et al. study
- Aim: difference between fingerstick capillary and venous glucose
- Fasting state (fasting for 10-14 hours)
- 100 healthy individuals

- Fingerstick capillary blood mean value: 89 mg/dL (78-97 mg/dL)

- Venous blood glucose mean value: 5 mg/dL lower (84 mg/dL).

[ 1 mg/dL to 7 mg/dL in 93% of the patients studied ]
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Table 2.1—Criteria for the diagnosis of diabetes
FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*
OR

2-h PG =200 mg/dL (11.1 mmol/L) during an OGTT. The test should be performed as described by
the WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in
water.*

. /
A1C =6.5% (48 mmol/mol). The test should be performed in a laboratory using a method that is

NGSP certified and standardized to the DCCT assay.*
OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma
glucose =200 mg/dL (11.1 mmol/L).

*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing.

Standards of Medical Care in Diabetes. Diabetes Care 2016;39(Suppl. 1):513-S22 | DOI: Maryam Tohidi &RIES
10.2337/dc16-S005
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v glycated hemoglobin

v" glycohemoglobin

v" glycosylated hemoglobin
v' HbA1l

v HbA1C

All indicate :

Hemoglobin that has been modified by the non-enzymatic addition of glucose.



¢ Glycated hemoglobin is formed
non-enzymatically by the 2-step
reaction:

v First reaction:

Rapid, reversible, dependent to
circulating glucose level &
produce a labile aldimine or
Schiff base

v" Second reaction:

Slow, aldimin undergoes Amadori
rearrangement , convertion to a
stable ketoamine (glycosylated
hemoglobin)

Non-enzymatic Glycation of Proteins
(Amadori Reaction)

0
/4
H~C
|
H=~C—0H
|
HO=~C=H
I
H=C~OH
H~C=0OH
1
CHAOH

Glucose

Glucose + hemoglobin

Marks, Marks, and Smith, ¢. 83
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» HbAI1C is the specific glycated species and is also
Interchangeably accepted term for reporting all GHb results.

» Major clinical diabetes organizations recommend use of the
term A1C or “Al1C test" to describe HbA1c in clinical practice.

/




HbAILC is the specific glycated species
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HbA1C for monitoring of glycemic control

v" Since 1976, as an index of mean blood glucose levels over the past 2-4 months.
v Also as a measure of risk for development of diabetes complications

v" Youngest erythrocytes contributing to a greater extent than older ones so HbA1C
levels represent a “weighted” average of glucose levels.



Impact of blood glucose levels on HbA1C

v ~50% of the HDA1C === plasma glucose levels over the last month

v ~75% of the HDALC === plasma glucose levels during the last 2 months

v 50% of the HbA1C plasma glucose levels over the 30 days
v’ ~ 40 % of the HbA1C plasma glucose levels during the days 31-90
v' ~10 % of the HbALC plasma glucose levels during the days 91-120

* Lenters-Westra et al. Haemoglobin Alc: Historical overview and current concepts. Diabetes Research and Clinical Practice (2013)



Hbalc represents more recent
sugars
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PMean plasma glucose
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These estimates are based omn ADAG data of
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wwith type 1L, tywpe 2, and mo diabetes., The
correlation between ALC amnd averages
eslucose was 0.92 (ref. 78). A calculator for
conwvertinmng A1C results inmnto eAG, in either
mgdLlL or mymolSL, is awvwailable at http oSS,
professional.diabetes.org/enG.
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Table 6. 1—Estimated average glucose
(eAG)

AL1C (26) mg/dL™ mmo /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 (1L47—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 calcula-
tor for converting A1C results into eAG, in
either mg/dL or mmol/L, is awvailable at
professional.diabetes.org/eAG. *These esti-
mates are based on ADAG data of ~~2,700
glucose measuraments owver 3 months per
A1C measurement in 507 adults with type 1,
type 2, or no diabetes. The cormrelation be-
tween A1C and average glucose was 0.92
(13,14). Adapted from MNathan et al. (13).
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Table 5.1—Mean glucose levels for specified A1C levels (24,28)

Mean plasma glucose* Mean fasting glucose Mean premeal glucose Mean postmeal glucose Mean bedtime glucose

AlC

% (mmol/mol) mg/dL mmol/L mg/dL  mmol/L mg/dL mmol/L mg/dL mmol/L mg/dL mmol/L
<6.5 (48) 122 6.8 118 6.5 144 8.0 136 1.5
6.5-6.99 (48-53) 142 19 139 1.7 164 9.1 153 8.5
7 (53) 154 8.6

=7.0-7.49 (53-58) 152 8.4 152 8.4 176 9.8 177 9.8
7.5-7.99 (58-64) 167 9.3 155 8.6 189 10.5 175 9.7

8 (64) 183 10.2

=8.0-8.5 (64-69) [1?8 9.9 179 9.9 206 114 222 123 ]
9 (75) 212 11.8

10 (86) 240 134

11 (97) 269 14.9

12 (108) 298 16.5

A calculator for converting A1C results into eAG, in either mg/dL or mmol/L, is available at http://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,
and no diabetes. The correlation between A1C and average glucose was 0.92 (28).

Standards of Medical Care in Diabetes. Diabetes Care 2016;39(Suppl. 1):513-S22 | DOI:
10.2337/dc16-S005
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Glycated hemoglobin (HbA1c) >6.5% on at least two occasions can be
used to diagnose diabetes using a method that 1is National
Glycohemoglobin Standardization Program certified and standardized to

the DCCT (Diabetes Control and Complications Trial) assay.

HENRY’S

Clinical Diagnosis and Management by Laboratory Methods. 22th Ed, 2011.
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Methods of measuring HbA1c

Ion exchange chromatography : low pressure
HPLC

Electrophoretic methods

Immunoturbimetric methods

Affinity methods

Chemical methods: e.g thiobarbituric method

Electrospray iontophoresis

Mass spectroscopy
Reversed phase HPLC



Methods of HBA1C measurement

s Based on charge difference
s+ Based on structural difference

The major difference among these methods lies the way Hb is separated
from its glycated form.

L ® 36



T §.1=Components ofthe comprenensive adetes medica evaluafion

Laboratory evaluation
¢ A1C, if the results are not available within the past 3 months
e If not performed/available within the past year
e Fasting lipid profile, including total, LDL, and HDL cholesterol and triglycerides, as needed
e Liver function tests
e Spot urinary albumin—to—creatinine ratio
e Serum creatinine and estimated glomerular filtration rate
e Thyroid-stimulating hormone in patients with type 1 diabetes or dyslipidemia or women
aged =50 years

» Diabetes Care Volume 39, Supplement 1, January 2016 Maryarn Tohid®/ RIES



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

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

® Maryam Tohidi / RIES
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DCCT: Diabetes control & complication trial research group
UKPDS: United Kingdom prospective diabetes study
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Relationship of HbA, - to Risk of
Microvascular Complications

Diabetes Control and Complications Trial

(DCCT)
157
13 Retinopathy
;\°\ 11 Nephropathy
; Neuropathy
&_’2 9 - Microalbuminuria
2 !
©
g) 5
3
1 i T T i I

HbA, ¢ (%)

Skyler JS. Endocrinol Metab Clin North Am. 1996;25:243-254.
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HbA1C as a diagnostic tool

v 2009, International expert began to recommend HbALC for
diagnostic purpose.

v 2010, the ADA incorporated HbA1c into clinical practice guidelines.

This recommendation Is also supported by other major diabetes
organizations:

- International Diabetes Federation
- European Association for the Study of Diabetes
- World Health Organization






HbA1C as a diagnostic tool

Epidemiology/Health Services Research
ORIGINAL ARTICLE

Screening for Diabetes and Pre-Diabetes

With Proposed A1C-Based Diagnostic
Criteria

- =5 3 e — - g - R
Dariv E. OLson, mp, prp’ Davip C. ZIEMER, MDD~ s diabetes and 5.7-6.4% for the highest
Mary K. RHEE, MD™ . JerriiFEr G. TwoMBLY, MD, PHD . risk to progress to diabetes (5).

KirsTEn HERRICK, MSC Lawrence S. PHILLIPS, MD ™

Because A1C testing is readily avail-
able in the U5, is relatively well stan-

A report from the National Health and Nutrition Examination Survey

(NHANES) study showed that cut of > 6.5% missed 70% of DM cases
compared to standard OGTT. / 2010

® 43



HbA1C as a diagnostic tool

METABOLIC SYNDROME ANMD RELATED DISORDERS ORIGINAL ARTICLES
Volume 12, NMumber 5, 2014

o Mary Ann Lebert, Inc.

Pp. 258—268

DO 101089 met. 2013.0128

Use of HbA1c for Diagnoses of Diabetes and Prediabetes:
Comparison with Diagnoses Based on Fasting and 2-Hr
Glucose Values and Effects of Gender, Race, and Age

Fangjian Guo, MD.! Douglas R. Moellering, PhD," and W. Timothy Garvey, MD ™=

This study compared HbA1C to both FPG & 2h glucose.
HbA1C had low sensitivity & high specificity for identifying DM &

prediabetes.
This study concluded that the data argue greater use of OGTT and both FPG

and 2-hr glucose values for diagnosis of diabetes and prediabetes. / 2014

S ® 44
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* To get these goals, at least two QC materials with different
average concentrations should be used at the beginning and
at the end of the day’s run to monitor performance and

quality control of assay.




Standardization of HbA1C reports

v The NGSP express HbA1C values as a proportion of the total Hgb (%
HbA1C).

v The IFCC recommends presenting HbA1C values as mmol of HbA1C
per mole of total Hgb.

v" From 2007, based on a globally accepted consensus, HbA1C should be
presented in both IFCC (mmol/mol) & NGSP (%) units.
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Factors that affect interpretation of HbA1C

v'Any condition that shorten RBC

survival

- recovery from acute blood loss
- hemolytic anemia
- poorly controlled diabetes

v’ Blood transfusion Falsely low HbA1C

regardless of assay method )
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Factors that affect interpretation of HbA1C

v’ Iron deficiency anemia

Malondialdehyde, which is increased in patients
with iron deficiency anemia enhances the glycation
of hemoglobin.

v'Elevated HbA1C but not glycated albumin in late

pregnancy in non-diabetic women is related to iron
deficiency.

Higher HbA1C

J

Hashimoto K, et al.: A1C but not serum glycated albumin is elevated in late pregnancy
owing to iron deficiency. Diabetes Care 2008;31:1945-8. ®5]
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Factors that affect interpretation of HbA1C

v' Chronic renal failure

- Interference from carbamylated Hb

- Renal anemia b b

® Study.com

- Erythropoetin intake

/

These factors make it difficult to interpret the HbA1C results in
diabetic patients with chronic renal failure.




Interferences are method specific.

Product instructions from the manufacturer
should be reviewed before use of the
HbA1c assay method.



Limitations of HbA1C

v Hyperglycemia has been associated with a decrease in erythrocyte
survival, suggesting that HoAlc levels in poorly controlled patients
may underestimate their mean plasma glucose concentration.

v HbA1C also does not provide a measure of glycemic variability or
hypoglycemia.

v For patients prone to glycemic variability, especially type 1 diabetic
patients or type 2 diabetic patients with severe insulin deficiency,
glycemic control Is best evaluated by the combination of results from
self-monitoring and the A1C.

® Maryam Tohidi / RIES
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Conclusion

-~

v’ Although efforts of the NGSP and IFCC work group on
standardization of HbA1C have been provided improvements in
the consistency of HbA1C assays but do not guarantee the best

performance in all laboratories.

/




-

v'To achieve accurate and precise HbA1C values, laboratories must
select a NGSP certified method, set optimal quality control
protocols, and being aware of the factors that affect HbA1C

measurement including sample storage, RBC survival and

Interfering conditions or substances.

/




-

v'Using HbA1c as a diagnostic tool for diabetes as a substitute for

FPG & OGTT will depend on local considerations including

population characteristics, availability of a national quality assurance

program, and the accessibility and cost of the test.

/
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Table 7—Components of the comprehensive diabetes evaluation

Laboratory evaluation
o A1C, if results not available within past 2-3 months

¢ If not performed/available within past year

-asting lipid profile, including total, LDL, and HOL cholesterol and triglycerides

iver function tests /

.'I'

est for urine albumin excretion with spot urine albumin-to-creatinine ratio

o Serum creatinine and calculated GFR
o TSHin type 1 diabetes, dyslipidemia, or women over age 50 years

® Maryam Tohidi / RIES




Table 11—Defimitions of
abrmnormalities 1m albuminmn excretion

Spot collection

Category (/Mg creatinine)
Normal =Z 30
Increased urinary = 30

albumin excretion®

*Historically, ratios between 30 and 299
have been called microalbuminuria and
those 300 or greater have been called
macroalbuminuria (or clinical albuminuria).

Standards of Medical Care in Diabetes. Diabetes Care Volume 37, Supplement 1, January 2014.
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(24-h or timed collections are more burdensome and add
little to prediction or accuracy.

KStandards of Medical Care in Diabetes. Diabetes Care 2016;39(Suppl. 1):S72-S80 | DOI: 10.2337/dc16-S012




S8 e sall QA Cufia 3 ) ga

pad 51X e

) el 24 by pad S Cullad

LS)‘)J\ LSLQ’ g_u)s.c
YU Dl & LIS
L N I D

J\.J L_u Al LSJLA.U

Sac s

~N o g b~ W N R



A Al g Sy 4 (o (TS Ay Copa gl e 5 € 0140
Jsd i 5 o (5, v
4 sad & 53V
e Jg) )l 4dgal -]
At Jla) Olad )3 ab day el ¢ 2 gd 4 K 8alial ) 5ol 45 gai dS s j3 -2
AL J ) 4 ga
354l 3 bl g il Cada sca
Sl ol atda SO Jilas e 4 ol Sl 4a 50 4-20 e 2 )0

(S (s (58 A gai ¢ adal (and 35 (5] ol p Y ca g Cudia (5 siaa all RN
s aladl (e ) dual 58 L



A 5
da 5 o) 5l Uiy 4r4a) SPOL UFINE 3 (e sall Jadd (5 5% 5 3
S e et 58 0 310 s (e sl ) (aliaia) dlipstick b
02 oS ) ) 2l S e 5 Ale il A e D)5 o O
clle Giain e )sSl yle 5 hydration cussas ¢l ol culale

ALEL e Sia (el

® Maryam Tohidi / RIES ®



O gall 9 % a8 Glada glgdig

—alisa (B )%k
v' Radioimmunoasay
v Enzyme linked immunoassay
v Nephelometric assay

v Immunoturbidometric assay






Table 7—Components of the comprehensive diabetes evaluation

Laboratory evaluation
o A1C, if results not available within past 2-3 months

¢ If not performed/available within past year /

-asting lipid profile, including total, LDL, and HOL cholesterol and triglycerides
iver function tests

.'I'

est for urine albumin excretion with spot urine albumin-to-creatinine ratio

o Serum creatinine and calculated GFR
o TSHin type 1 diabetes, dyslipidemia, or women over age 50 years
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Friedewald formula

LDL- Cholesterol =

[ total cholesterol] — [HDL-Cholesterol] —[Plasma TGS ]/

* IF TG > 400 mg/dl
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Table 7—Components of the comprehensive diabetes evaluation

Laboratory evaluation
o A1C, if results not available within past 2-3 months

¢ If not performed/available within past year

o Fasting lipid profile, including total, LDL, and HDL cholesterol and triglycerides
o Liver function tests

o Test for urine albumin excretion with spot urine albumin-to-creatinine ratio
o Serum creatinine and calculated GFR
o TSHin type 1 diabetes, dyslipidemia, or women over age 50 years &
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Thyroid function assessment
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