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Preanalytic variation in FBSe

Reference range of glucosee
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Glucose, Fasting

m An elevated fasting blood
glucose level above 126 mg/dL on

at least two occasions typically
Indicates diabetes

patient should not fast longer than
16 hours.
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glucose, blood

(Blood sugar, Fasting blood sugar )

Normal findings FBS e
Cord: 45-96 mg/dl or 2.5-5.3 mmol/L (Sl units) e
Premature infant: 20-60 mg/dl or 1.1-3.3 mmol/L e
Neonate: 30-60 mg/dl or 1.7-3.3 mmol/L e
Infant: 40-90 mg/dl or 2.2-5.0 mmoljL e
Child <2 years: 60-100 mg/dl or 3.3-5.5 mmol/L e

Child >2 years to adult: 70-105 mg/dl or 3.9-5.8 e
mmol/L

Elderly: increase in normal range after age 50 years e
2-hourPPG e

0-50 years: <140 mg/dl or <7.8 mmol/L (Sl units) e

50-60 years: <150 mg/d| e

60 years and older: <160 mg/dl e




The Epidemic of

Diabetes and Pre-diabetes
|

Diabetes: 26 million (11.3%) and increasing. e

By 2015, 37 million (15%) Americans will have e
diabetes

Pre-diabetes: 57 million: About 1/4 (22.6%) of e
overweight adults aged 45—-74 (CDC data)

http://www.cdc.gov/diabetes/pubs/pdf/ndfs 2007.pdf

nttp://Iwww.cdc.gov/diabetes/pubs/factsheets/prediabetes.htm







“I have bad genes”




STANDARDS OF MEDICAL CARE
IN DIABETES—2011







Classification of Diabetes

Type 1 diabetes e
B-cell destruction e

Type 2 diabetes e
Progressive insulin secretory defect e

Other specific types of diabetes e
Genetic defects in B-cell function, insulin action e

Diseases of the exocrine pancreas e
Drug- or chemical-induced e

Gestational diabetes mellitus e




NCEP ATP Ill. JAMA.
2001;285:2486-2497.

>3 of the Following

Risk Factor Defining Level

Abdominal Obesity (waist circumference)

Men >40 inches (102 cm)
Women >35 inches (88 cm)
Triglycerides >150 mg/dL
HDL Cholesterol
Men <40 mg/dL
Women <50 mg/dL
Blood Pressure >130/>85 mmHg

Fasting Glucose >110 mg/dL



ADA Diagnostic Criteria for Diabetes

Clinical Practice Recommendations 2010

1. A1C 26.5%. The test should be performed in a laboratory using a method tLat is
NGSP certified and standardized to the DCCT assay.*

OR
2. FPG 2126 mqg/dl Fasting is defined as no caloric intake for at least 8 h.*

OR

3. 2-h plasma glucose 2200 mg/dl during an OGTT. The test should be performed
as described by the World Health Organization, using a glucose load containing the
equivalent of 75 g anhydrous glucose dissolved in water.*

OR

4. Random plasma glucose 2200 mg/dl in a patient with classic symptoms
of hyperglycemia or hyperglycemic crisis.

In the absence of unequivocal hyperglycemia, criteria 1-3 should be confirmed by repeat testing.



Criteria for the Diagnosis of Diabetes

Al1lC 26.5%
OR

Fasting plasma glucose (FPG)
2126 mg/dl (7.0 mmol/l)

OR

Two-hour plasma glucose 2200 mg/dl (11.1 mmol/l)
during an OGTT

OR
A random plasma glucose 2200 mg/dl (11.1 mmol/l)
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Criteria for the Diagnosis of Diabetes

Al1C 26.5%

The test should be performed in a laboratory
using an NGSP-certified method standardized to
the DCCT assay*

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




Criteria for the Diagnosis of Diabetes

Fasting plasma glucose (FPG)
2126 mg/dl (7.0 mmol/l)

Fasting: no caloric intake for
at least 8 h*




Criteria for the Diagnosis of Diabetes

Two-hour plasma glucose 2200 mg/dl (11.1
mmol/l) during an OGTT

The test should be performed as described by the

World Health Organization, using a glucose load
containing the equivalent of 75 g anhydrous
glucose dissolved in water*




Criteria for the Diagnosis of Diabetes

In a patient with classic symptoms of
hyperglycemia or hyperglycemic crisis,
a random plasma glucose 2200 mg/d|

(11.1 mmol/l)




What is pre-diabetes?

When a person's blood glucose levels are |
higher than normal but not high enough for a
diagnosis of diabetes

“Borderline diabetes”
“A touch of sugar”

PRE-DIABETES
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Prediabetes: IFG, IGT, Increased A1C

Categories of increased risk for diabetes
(Prediabetes)*

FPG 100-125 mg/dl (5.6-6.9 mmol/l): IFG
or

2-h plasma glucose in the 75-g OGTT
140-199 mg/dl (7.8-11.0 mmol/l): IGT

or
AlC 5.7-6.4%

*For all three tests, risk is continuous, extending below the lower limit of a range
and becoming disproportionately greater at higher ends of the range.




Who should get tested for pre-
diabetes?

1-Age 45 or older e
2- Overweight e
3-Family history of diabetes e

4-Other risk factors for diabetes or pre- e
diabetes: sedentary lifestyle, hypertension,
low HDL cholesterol, high triglycerides,
history of gestational diabetes or giving birth
to a baby weighing more than 9 pounds, or
belonging to an ethnic or minority group at
high risk for diabetes



Role of Alc Testing to Diagnose Diabetes:

Joint Recommendations from IDF, EASD, and ADA

Advantages of Alc over FPG or OGTT:
1-better indicator of overall glycemic exposure o .

2-less variability, unaffected by outside factors 0
like stress

3-not a timed test, requires no fasting; more Q
convenient

4-Better at predicting complications O

5- 2 6.5% seems to be a reasonable cut-pointto O
avoid over-diagnosis.

6- An Alc 5.7-6.4% indicates high risk for o
developing diabetes: “pre-diabetes”



ADA Diagnostic Criteria:
Normal, Diabetes, and Pre-diabetes

Clinical Practice Recommendations 2010

I
Parameter Normal Diabetes Pre-diabetes Method

1 Fasting Plasma <100 >126 100-125 No caloric intake
Glucose (mg/dl) for at least 8 h
2 2-h plasma <140 >200 140-199 WHO method: 75
glucose on g glucose load
OGTT (mg/dl)
3 Random plasma <140 >200 - with classic
glucose (mg/dl) symptoms |
of hyperglycemia
or Crisis
4 A1C <5.7 >6.5 5.7 -6.4 NGSP certified
9% method

standardized to
the DCCT assay



TESTING F?ﬁ DIABETES
ASYMPTOMATIC PATIENTS



Recommendations:
Testing for Diabetes in Asymptomatic Patients

Consider testing overweight/obese adults 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 (E)

Use A1C, FPG, or 2-h 75-g OGTT (B)

In those with increased risk for future diabetes
ldentify and, if appropriate, treat other CVD risk factors (B)

ADA. 11. Testing in Asymptomatic Patients. Diabetes Care 2011 ;34 (suppl
1):513-S14.




Criteria for Testing for Diabetes In
Asymptomatic Adult Individuals (1)

1. Testing should be considered in all adults who are overweight (BMI 225
kg/m?*) and have additional risk factors:

Physical inactivity -
« First-degree relative with diabetes
» High-risk race/ethnicity (e.g., African

American, Latino, Native American,
Asian American, Pacific Islander)

 Women who delivered a baby
weighing >9 Ib or were diagnosed with
GDM

» Hypertension (2140/90 mmHg or on
therapy for hypertension)

HDL cholesterol level -

<35 mg/dl (0.90 mmol/l) and/or a
triglyceride level >250 mg/dl
(2.82 mmol/l)

Women with polycystic ovarian -
syndrome (PCOS)

Al1C 25.7%, IGT, or IFG on -
previous testing

Other clinical conditions -
associated with insulin
resistance (e.g., severe obesity,
acanthosis nigricans)

History of CVD -

*At-risk BMI may be lower in some ethnic groups.

ADA. Testing in Asymptomatic Patients. Diabetes Care 2011;34(suppl 1):S14. Table 4.




Criteria for Testing for Diabetes In
Asymptomatic Adult Individuals (2)

2. In the absence of criteria (risk factors on previous slide),
testing for diabetes should begin at A€ 45 years

3. If results are normal, testing should be repeated

at least at 3-year intervals, with consideration of

more frequent testing depending on Initial results and
risk status




S OB SR g g g g (edigiy sl Gl Al aBe ) sl
At ) ) Culid aAll 6 A 9 A (el Adkla (O RS
RPN

b e cullad Uy Cl pand) i 5 3 e Jal Ay i G (5 ke
M Ve 93 gl 0 JilA L ) 39d e Juala G gl
(2 (pa ol U e 5 e e Cuadidi UG pal o 44y 38

Cir b 5 ol Silag S i gue add e (8 b gl
Wl o Gl 3 By oS Cle

B9 9 s olan g gale A il P LY il O ey
ﬁdﬁwﬁ:\y




Culyd gl Al
[

Ol ) Ay Al g Lidas 5 Y 5 lea a8 cla s )t Culld
&Ydmudw\dh@femjumuﬁ\!wﬁdﬁdmu

(Sl ) b G gaad) o)

0 313 8 by Oy Sl 09 8 Oa) 9 i o 5 Ol gl 4 s o

Ml o g8

a5 lan JAIS g Olayd ade Cjpgea 3 ) Gl iyl 4g e 3 2

RETIPANETIRUINE .

4y Aol g b Udee g la g Comne 38 culi s ¥t Sl
(@yﬂ‘bm\gl&ahwdﬂdﬂd‘hhw)uﬁw\

MLQ.AJ.U\SJUASQOJJJA\&A.\UJ&MMJAUA.‘M\CM\JJ.\JE ®
uadﬁasdal&uumcggJ\djuaJJ33ua\&e.uJL\u.UA‘\.aYu.uc_ul.m °

AW

L) [ FO LgYUw/u.\UJ‘AAAu@u/UAN" w:/gjsté/uate
MUL’AL’SMHAUJJJJAG_&GALSJQLS‘WJ&‘JQJ‘L’Sﬂw 9 YL Sy

LDL , TG 05 Y0/ HDL O Ol @ (ool il @

&dMMJAQJ}\S\.ﬁMJJYh@AJQ Ot Jlw FO LSYUJUQ\
AR e dua g JhS g WAL 68 a8 uﬂ‘-w‘ g




Hyperglycemia
(high blood sugar)
Symptoms
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(Low blood sugar,
Insulin reaction)

FAST
Symptoms HEARTBEAT
’ A ’ 3
2(‘( } } @ Q
ANXIOUS HUNGER
N S
e
(] &
2" i
WEAKNESS D N
VISION FATIGUE HEADACHE IRRITABLE




(wﬂﬁgJﬁ)aﬁaﬁunué\ﬂ‘ AL 1t
o

LA 508 059, § (shimi R

(IS i 30k s ) Lagid gl

05818 € 1 guas

AL

418 (358 p gl S

p.9S i g

g g S aS

Oy

UAJ““‘UMUME&A i Gl s

ol $isad) 32305 (Biay o 22 99 ,50a  6WL) Gl ged] WU oo pen LS
(udlisa gl a8 )3 o o da) g9 50 ¥ YL/




DETECTION
AND
DIAGNOSIS
OF
GESTATIONAL
DIABETES MELLITUS
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gestational diabets & related tests

O'SuUivan test(1 hours after 50 gr glu) e

Screening Is done between weeks 24 and e

28 of gestation.
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gestational diabets & related tests
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~ Recommendations:
Detection and Diagnosis of GDM (1)

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

In pregnant women not previously known e
to have diabetes, screen for GDM at 24-

28 weeks gestation, using a 7/5-g OGTT
and the diagnostic cutpoints in Table 6 (B)




Screening for and Diagnosis of GDM
Perform a 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

Perform OGTT in the morning after an overnight fast of
at least 8 h

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

ADA. I11. Detection and Diagnosis of GDM. Diabetes Care 2011;34(suppl 1):S15. Table 6.




~ Recommendations:
Detection and Diagnosis of GDM (2)

Screen women with GDM for persistent e
diabetes 6-12 weeks postpartum (E) e

Women with a history of GDM should have e
lifelong screening for the development of

diabetes or prediabetes at least every three
years (E)




Glycemic Recommendations for Non-
Pregnant Adults with Diabetes (1) _

Preprandial capillary plasma /0-130 mg/dl*
glucose (3.9-7.2 mol/l)

Peak postprandial capillary <180 mg/dI*
plasma glucoset (<10.0 mmol/l)

*Postprandial glucose measurements should be made 1-2 h after the beginning of the meal, generally peak
levels in patients with diabetes.




- Recommendations:
Dyslipidemia/Lipid Management

Screening

In most adult patients e

Measure fasting lipid profile at least annually e

In adults with low-risk lipid values (LDL e
cholesterol <100 mg/dl, HDL cholesterol >50
mg/dl, and triglycerides <150 mg/dl)

Lipid assessments may be repeated every 2 years (E) e

ADA. VI. Prevention, Management of Complications. Diabetes Care 2011;34(suppl
1):S29.




Recommendations: Glycemic, Blood Pressure, Lipid Control
In Adults

Blood pressure <130/80 mmHg'

Lipids <100 mg/dl (<2.6
LDL cholesterol mmol/l)?

*More or less stringent glycemic goals may be appropriate for individual patients. Goals should be individualized based on:
duration of diabetes, age/life expectancy, comorbid conditions, known CVD or advanced microvascular complications,
hypoglycemia unawareness, and individual patient considerations.

tBased on patient characteristics and response to therapy, higher or lower systolic blood pressure targets may be
appropriate.

tIn individuals with overt CVD, a lower LDL cholesterol goal of <70 mg/dl (1.8 mmol/l), using a high dose of statin, is an
option.




Recommendations:
Nephropathy Screening

Assess urine albumin excretion annually (E) e

In type 1 diabetic patients with diabetes duration of 5 e
years

In all type 2 diabetic patients at diagnosis e
Measure serum creatinine at least annually (E) e

In all adults with diabetes regardless of degree of urine e
albumin excretion

Serum creatinine should be used to estimate GFR and e
stage level of chronic kidney disease, If present

ADA. V1. Prevention, Management of Complications. Diabetes Care 2011;34(s




Stages of Chronic Kidney Disease

GFR (ml/min per
1.73 m? body
surface area)

Description

Kidney damage™ with normal or
Increased GFR

Kidney damage™ with mildly decreased
GFR

Moderately decreased GFR 30-59
Severely decreased GFR 15-29

Kidney failure <15 or dialysis




Management of CKD in Diabetes (1)

GFR (ml/min/
1.73 m?) Recommended

All patients Yearly measurement of creatinine, urinary albumin
excretion, potassium

45-60 Referral to nephrology if possibility for nondiabetic kidney
disease exists

Consider dose adjustment of medications
Monitor eGFR every 6 months

Monitor electrolytes, bicarbonate, hemoglobin, calcium,
phosphorus, parathyroid hormone at least yearly

Assure vitamin D sufficiency
Consider bone density testing

Referral for dietary counselling




Management of CKD in Diabetes (2)

GFR (ml/min/
1.73 m?) Recommended

30-44 Monitor eGFR every 3 months

Monitor electrolytes, bicarbonate, calcium,
phosphorus, parathyroid hormone,
hemoglobin, albumin, weight every 3—6
months

Consider need for dose adjustment of
medications

Referral to nephrologist
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Conclusions

The G7 (when the HbF peak is properly recognized) and =
Variant Il methods show minimal interference in HbA,
measurement up to HbF of ~30%.

The DCA 2000, 2.2+ and CLC330/385 methods =
underestimate HbA . In the presence of elevated HbF,
especially at HbF Ievels > 20%.

Physicians need to be aware of =
potential interferences when
Interpreting HbA, . results.

Effect of Elevated Fetal Hemoglobin on HbAlc Measurements: Five Common Assay
Methods compared to the IFCC Reference Method. C. Rohlfing, S. Connolly, J.

England, R. Little. Dept. of Pathology & Anatomical Sciences, U of Missouri School of
Medicine, Columbia MO.



Reference Intervals
Hb- Alc & Hb-A1l

- Mean (%) | Interval (%)

Hb Al
(Alat+b+c)

Hb Alc only
(DCCT —
equivalent)

6.5

4.5

5.0-8.0

4.0-6.0



reference intervals Alc
|

The effects of age on reference intervals are controversial
.Some studies show age-related increases

(0.1 % per decade after age 30), and other reports show no increase.
Results are not affected by acute iliness.

Intraindividual variability is minimal.

In patients with poorly controlled diabetes mellitus, values
may extend to twice the upper limit of the reference
Interval or more but
rarely exceed 15%.

Values greater than 15% should prompt
further studies to determine the possible
presence of variant hemoglobin.
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ADA Guidelines

Treatment goal normal or near normal with HbA . < 7%.
Correlation between HbA,. and mean plasma glucose

levels.

Mean plasma glucose
A1C (%) mg/dL mmol/L
6 135 7.5
7 170 9.5
8 205 115
9 240 13.5
10 275 15.5
11 310 17.5
12 345 19.5
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Method selection Alc

The selection of method by a laboratory is
Influenced by several factors, including:
1-sample volume,

2-patient population,

3-cost.

4-It Is advisable to consult clinicians in this
process.

The ADA recommends that laboratories should =
use only GHb assays that are certified by the
National Glycohemoglobin Standardization
Program (now known as the NGSP) as
traceable to the DCCT reference.
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Specimen Collection and Storage

Patients need not be fasting. Venous blood should be collected
In tubes containing EDTA ,oxalate, or fluoride.

Sample stability depends on the assay method.

Whole blood may be stored at 4 °C for up to | week.

Above 4°C, Hb Alatb increases in a time- and temperature-
dependent manner, but Hb Alc is only slightly affected.

Storage of samples at -20°C is not recommended. For most
methods, whole blood samples stored at -70 °C are stable for at
least 18 months.

Heparinized samples should be assayed within 2 days and
may not be suitable for some methods of analysis (e.g.,
electrophoresis).



2002 National Academy of

Clinical Biochemistry Guidelines
|

Interassay CV < 5% (ideally < 3%) e

2 control materials with different mean values e
Verify values below lower limit of reference interval e
by repeating testing

Verify values above 15% by repeat testing e

Schiff base (labile HbA,.) should be removed e
before assay

Reference range 4 - 6% e
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Methods for determining glycated 5-5'
haemoglobins :

1-based on charge differences:

lon-exchange chromatography
HPLC

electrophoresis

Isoelectric focusing

2-based on structural differences

affinity chromatography
Immunoassay.

3- Chemical methods a third option rarely used.



Methods for determining
glycated haemoglobins

lon-exchange chromatography

Measures HBA1 — total glycated haemoglobins
(Ala + 1b + 1c)

HPLC Both HbAlc and HbA1 can be reported,
Electrophoresis can measure HbAlc but less
specific .

Isoelectrophoresis HbAlc adequately
resolved from HbAlal, HbAlb and S and F.



[ ]
onssan 5 € 0N iu Gy, 5
s Aa S a5y ALjSE
|
Sl 3 G pe 4 a3fly Jlai) 3SR (g 5k ST Gl 0 s 0
A 3a Ol R o 31l J1 sy 8 Jiie (S5 s IS 45 Gl
9 Sd e gy ) 2L e ey g ot b (S5 (ES)
JJ‘JJ‘}&&@Q%#&MJDJ&*&L{}
D ady 3 9S8 (ol gad (5 ey IS gy U3 age ki g
) piga B Qg Glasi Jo g b 4 g Ola) Ol gi- )
L’él.h\ Sla d ual.g_a' &J LgJ\Jg\A.:U -Y



Direct Enzymatic HbAlc

Diazyme’s NSGP and IFCC Certified Direct Enzymatic Hb}i\lc g
assay has no interference from hemoglobin variants

Including HbC, HbS, HbE, and caramylated acetylated Hb or
labile HbAlc.

This unique freedom from interference combined with =
unparalleled precision (intra and inter % CV values less than
2.6%) means that Diazyme’s Direct Enzymatic HbAlc assay
provides unigue performance advantages over conventional
Immunoassay and chromatography methods.

Diazyme’s patented enzymatic method measures HbAlc directly =

using only a single instrument channel and completely
eliminates the latex particles cuvette
contamination often seen in HbAlc

Immunoassay methods.
This reduces instrument maintenance requirements. =



lon-Exchange Minicolumns  3s::

lon-exchange chromatography separates
hemoglobin variants on the basis of charge.

The cation exchange resin (negatively
charged), packed in a disposable minicolumn,
has an affinity for hemoglobin, which is

positively charged.

The patient's sample is hemolyzed and an aliquot of
the hemolysate iIs applied to the column.



A buffer is applied and the eluent collected. The ionic
strength and pH of the eluent buffer are selected so that
GHDbs are less positively charged than Hb A, do not
bind as well to the negatively charged resin, and are
therefore eluted first.

The GHbs-Ala + Alb+ Alc expressed collectively as Hb
Al-are measured in a spectrophotometer.

A second buffer of different ionic strength can be added to =
the column to elute the more positively charged main
hemoglobin fraction. This is read in the

spectrophotometer and GHb is expressed as a
percentage of total hemoglobin.

Methods that separate Hb Ala+b from Hb Alc -
by using two different buffers have also been described



High-Performance Liquid Chromatography :

Hb Alc and other hemoglobin fractions can be separated by HPLC, which
employs cation-exchange chromatography.

Several fully automated systems are commercially available. =
Assays require only 5 microL of whole blood, and fingerstick samples can
be collected in a capillary tube for analysis.

Anticoagulated blood is diluted with a hemolysis reagent

containing borate.

Samples are incubated at 37°C for 30 minutes to remove Schiff base and
Inserted in the autosampler.

A step gradient using three phosphate buffers of increasing ionic strength
IS passed through the column.

Detection Is performed at both 4 15 and 690 nm, and results

are quantified by integrating the area under the peaks.

Analysis time is as short as 3 to 5 minutes.

All HPLC methods had CVs less than 3.5% in a 2003
CAP survey.

Hb Alc by HPLC was used for analysis of all patient samples in the
DCCT71and UKPDS



Electrophoresis (Alc)

Agar gel electrophoresis on whole-blood hemolysates‘ at pH
6.3 provides good resolution of Hb A and Hb Al.

The gel contains negatively charged moieties that interact
with the hemoglobin. After 25 to 35 minutes, the GHb
separates on the cathodic side of Hb A.

Quantification is performed by scanning densitometry at 415
nm.

Results generally agree well with those obtained by
HPLC or column chromatography, but are less
precise.

Minor variations in pH, ionic strength, or temperature have
ittle effect on results. Hb F migrates to the same region

as Hb Al and causes a falsely increased Hb Al value, but
Hb Sand Hb C do not




Isoelectric Focusing (Alc)

The hemoglobin variants separate on isoelectric
focusing on the basis of their migration in gel
containing a pH gradient.

Ampholines in the pH range of 6 to 8 establish the
gradient in I-mm-thick acrylamide gel slabs .

Hb Alc is adequately resolved from Hb Ala +Alb &
S, and F.

Results showed close agreement with other
methods. The equipment is expensive and IS not
widely used in the United States, but is more
popular in Europe



Immunoassay (Alc)

Assays for Hb Alc have been developed using
antibodies raised against the Amadori product of
glucose (ketoamine linkage) plus the first few (four

to eight) amino acids at the N-terminal end of the
chain of hemoglobin.

widely used assay measures Hb Alc in whole
blood by inhibition of latex agglutination.



Immunoassay (A

1c)
|

Enzyme immunoassays using monoclonal antibodies are
commercially available and most exhibit low imprecision
These assays have been shown to correlate well with

HPLC. The antibodies do not recognize
Intermediates or other GHbs (such as F

labile
b Ala or Hb Alb)

because both the ketoamine with glucose and the specific
amino acid sequences are required for binding. Similarly,

other hemoglobin variants, such as Hb

-, Hb A2, Hb S,

and carbamylated hemoglobin are not ¢
The procedure has been adapted for

etected.
capillary blood

samples using a bench-top analyzer with reagent
cartridges designed for use in physicians' office

laboratories.
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Reference Intervals

fructoseamine
|

Values in a nondiabetic population e
range from 205 to 285 micmol/L.

The reference interval corrected e
for albumin is 191 to 265 micmol/L



Standardization of Methods for

determining glycated haemoglobins
|

Diabetes Control and Complications Trial (DCCT) =
HbAlc measurement systems have been standardized =
through a process of alignment with the original DCCT
method. This has been undertaken by the US National
Glycohemoglobin Standardisation Program (NGSP) .

UK Consensus Statement =

Glycemic control is best measured by HbAlc =
The method should be a DCCT —alighed HBAl1c method =

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



Sample EDTA whole blood stable 1 week at 4°C =
HbAlc half life 35 days =

1% increase in %HbAIcC is equivalentto a =
rise in average blood glucose of 35 mg/dL.

International Expert Committee says HbAlc should =
be the diagnostic test for diabetes.

The value of 2 6.5% decision point =

6.0-6.4% Iindicate individuals at high risk of =
developing diabetes



Use of the
Estimated Average
Glucose (eAG) In
Patient Care

®

American Diabetes Associatione
Cure o Care e« Commitmente




A Typical Patient Encounter

“So, Mrs. Smith, it looks like you do
have diabetes.

Your repeat fasting blood sugar was
178, and as you recall the first one
was 187.

Over 126 iIs diabetes.

Also, your hemoglobin Alc was way too
high at 8.6%. Normal is less than
6%. We need to get it below 7%.”




The Concept of Average Glucosle

We tell patients the HbAlc reflects their o
*average glucose over 2-3 months”

But: do we know this for sure? e



The Clinical Dilemma
HbAlc: useful for research, risk prediction, taJrget o
of therapy
Well standardized e

HOWEVER, difficult to explain to patients e
Concept of % Is not intuitive e

Glucose more familiar to patients from self- e
monitoring or from laboratory glucose results



The A1C-Derived Average
Glucose (ADAG) Study

International study designed to:

Carefully look at relationship between HbAlc and e
average glucose

Determine the mathematical relationship between the e
two for reliable conversion

Establish that the relationship is valid across: e

- Diabetes types
- A wide range of HbAlc levels and age

- Different races/ethnicities

Nathan et al, Diabetes Care 31:1473, 2008



ADAG Study Conclusion:
HbAlc Correlates Highly With AG

450
400

350

AG (mg/dl) = 28.7 x HbAlc — 46.7

3 4 5 6 7 8 9 10 11 12 13

Measured HbAlc (%)



eAG

Estimated Average Glucose

Tight correlation between HbAlc and AG e
allows us to translate HbAlc into an
estimated Average Glucose (eAG)

eAG will apply to the majority of patients with e
diabetes

Barring “traditional” conditions interfering with the e

assay or the relationship between glycemia and
HbAlc



ADAG Study
“Translation” of HbAlc into eAG

eAG
(mmol/l) (mg/dl) HbAlc (%)
5.4 97 5
7.0 126 6
8.6 154 14
10.2 183 8
11.8 212 9

13.4 240 10



Note that the numbers are different

DCCT ADAG

(mg/dl)  (mg/dl) HbA1lc (%)
135 126 6
170 154 4
205 183 8
240 212 9

275 240 10



Consensus Statement IFCC, EASD,
IDF, ADA Sept 2007)

HbAlc assay to be standardized worldwide using e
the new IFCC standard and expressed as:

% as currently used (DCCT values) e
IFCC units in mmol HBAlc/mol HbA e

eAG in mmol/l or mg/dL (if ADAG study meets its e
data acceptability goals)

This paved the way for reporting both e
HbAlc and eAG on lab reports

Diabetes Care and Diabetologia, 2007



What Won't Change...And What's New
|

To a clinician, there is no change in the HbAlc e
assay

To clinical chemists, there iIs a new IFCC standard e
In the background

We have the potential for a valuable educational tool e
for patients




What Can Clinicians and
Educators Do?

Choose which term—A1C or Average Glucose—to use e
with each patient (some may already be used to A1C)

In verbal communications, no need to say “estimated” e
We want to keep the Ain A,B,Cs e

Use updated table, calculator on www.diabetes.org, or e
other tools to convert A1C to average glucose

“Lobby” your lab to report both numbers e




What Can Clinical Chemists Do?

Even with tools, most clinicians will not take the e
time to calculate conversions

Reporting both HbAlc (DCCT-aligned) AND eAG on lab reports e
will do the most to promote wide use of the term

Professional and patient education may drive demand e

Conversion is a simple regression equation e



A Typical Patient Encounter

“S0, Mrs. Smith, it looks like you do
have diabetes. Your average blood
sugar is around 200.

When people don’'t have diabetes, this
number is below 125.

We need to work with you to try to
get this number, the average
glucose, down below 150 over the

next few months with some weight
loss, exercise, and a medication.
Let’s talk some more about what you
can do...”




Glucose in CSF & urine 24 hours

Csf glucose: o

40-70 (2.2-3.9mmollL) (60% of e

plasma value) e

CSF glucose concentrations should be approximately e
60% of the plasma concentrations and must always be e

compared with concurrently measured plasma glucose e
for adequate clinical interpretation.

Urine 24hr glucose: e
1-15mgldL (0.1-0.8mmolIL) e




A Typical Patient Encounter

“Wow, I’'m not happy to hear
that...l know that diabetes
can do some bad things. Tell
me what | can do to get my
average glucose down.”




MEASUREMENT
OF GLUCOSE IN URINE

Qualitative Method e

using "Benedict's"reagent (cupric ion complexed e
to citrate in alkaline solution),

reducing substances convert cupric to cuprous e

lons,forming yellow cuprous hydroxide or red
cuprous oxide.

Semiquantitative Methods e

Convenient paper test strips are commercially e
available from a number of manufacturers
(Clinistix and Diastix, Bayer Corp., and Chemstrip
IIG, Roche Diagnostics, Indianapolis)




MEASUREMENT
OF GLUCOSE IN URINE

Semiqguantitative Methods: e

False-positive results may be produced by e
contamination of urine with H202 or a strong
oxlidizing agent, such as hypochlorite

(bleach).

Exposure of dipsticks to air gives false- e
positive readings after 7 days.

False-negative results may occur with large e
guantities of reducing substances, such as
ketones, ascorbic acid, and salicylates




MEASUREMEN'T
OF GLUCOSE IN URINE

guantitative Methods: e

The hexokinase or glucose dehydrogenase e
procedures are recommended for greatest

accuracy and specificity.

Glucose oxidase procedures that depend e
only on the consumption of oxygen or the
production of H202 are also reliable
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Adult: 50-100 pg/mL; Sl units: 50-100 ng/L
Child: 0-148 pg/mL; Sl units: 0-148 ng/L

. Fasting sample.

m Hormone secreted by the alpha cells of the islets of

Langerhans.

m Glucagon deficiency may occur with pancreatitis,
pancreatic cancer, cystic fibrosis.

m Elevated glucagon levels occur with

glucogonoma (cancer of the alpha islet cells), diabetes,
acute pancreatitis,cirrhosis, stress, renal failure,
rejection of transplanted kidney.




Insulin 13
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Insulin assay

Abnormal findings e
Increased levels e
Insulinoma e
Cushing's syndrome e
Acromegaly e

Obesity o

Fructose or galactose intolerance e
Decreased levels e

Diabetes e

Hypopituitarism e




Insulin assay 3

Normal findings e
6-26 IU/ml or 43-186 pmol/L (51 units)
Newborn: 3-20 iU/ml
Possible critical values >30 1U/ml

Insulin assay is used to diagnose insulinoma(tumor of the islets of
Langerhans).

When combined with a fasting blood sugar, insulin assay is
very accurate in detecting insulinoma. After the patient fasts 12
to 14 hours, the insulin/glucose ratio should be less than 0.3

Interfering factors

* Anti-insulin antibodies can interfere with insulin radioimmunoassay.
 Food intake and obesity may cause increased insulin levels.
 Recent administration of radioisotopes may affect test results




C-peptide

C-peptide is used in evaluating patients who are
suspected of having an insulinoma. In patients wjth
an autonomous secreting insulinoma, C-peptide
levels are high.

Further, C-peptide can be used to monitor treatment e
for insulinoma. A rise in C-peptide levels indicates a
recurrence or progression of the insulinoma.

Likewise, some clinicians use C-peptide testing as
an indicator of the adequacy of therapeutic surgical
pancreatectomy in patients with pancreatic tumors.

C-peptide also can be used to diagnose "insulin e
resistance" syndrome.




C-peptide
Connecting peptide insulin, Insulin C-peptide,
Proinsulin C-peptide

Test explanation and related physiology e

In the islet of Langerhans of the pancreas, the chains of pro insulin are e

broken down to form insulin and C-peptide. Because C-peptide has a

longer half-life than insulin, more C-peptide exists in the peripheral circulation.
In general,

C-peptide levels correlate with insulin levels in the blood. The e
capacity of the pancreatic beta cells to secrete insulin can be evaluated by
directly measuring either insulin or C-peptide. In most cases,direct
measurement of insulin is more accurate. C-peptide levels, however more
accurately reflect islet cell function in the following situations:

|. Patients with diabetes who are treated with exogenous insulin and who have e
antiinsulin antibodies

2. Patients who secretly administer insulin to themselves (factitious e
hypoglycemia). Insulin levels will be elevated. Direct insulin measurement in
these patients tends to be high because the insulin measured is the self-
administered exogenous insulin. But C-peptide levels in that same specimen will
be low because exogenously administered insulin suppresses endogenous
insulin (and C-peptide) production.

3. Diabetic patients who are taking insulin. This is done to see if the diabetic
patient is in remission and may not need exogenous insulin.




Abnormal findings C peptide

Increased levels e
nsulinoma e
Renal fallure e
Pancreas transplant e

Decreased levels o
—actitious hypoglycemia e
Radical pancreatectomy e
Diabetes mellitus e




C-peptide
Connecting peptide insulin, Insulin C-peptide,

Proinsulin C-peptide
|

Normal findings e
Fasting: 0.78-1.89 ng/ml or 0.26-0.62 nmol/L (S| units)
1 hour after glucose load: 5-12 ng/ml
Interfering factors
 Because the majority of C-peptide is degraded in the kidney,
renal failure can cause increased levels .
e Drugs that may cause increased levels of C-peptide include

oral hypoglycemic agents (e.g., sulfonylureas).

patient care Before
PT Instruct the patient to fast for 8 to 10 hours betore the test.
Only water is permitted.




diabetes mellitus autoantibody panel
Insulin autoantibody IAA. Islet cell antibody ICA
Glutamic acid decarboxylase antibody [GAD ADb])

Procedure and patient care Before e |
PT Tell the patient that no fasting Is required. o

e Collect 4to 6 ml venous blood inaplain e
red-top or a

blood/serum separator tube. e
Abnormal findings e
Increased levels e

Type 1 DM/IDDM e

Insulin resistance e

Allergies to insulin e
Factitious hypoglycemia e




diabetes mellitus autoantibody panel
Insulin autoantibody IAA. Islet cell antibody ICA
Glutamic acid decarboxylase antibody [GAD ADb])

Test explanation and related physiology e ‘
Type 1 diabetes mellitus (DM) is insulin-dependent diabetes' e
(IDDM). It is now becoming increasingly recognized that this e

disease is an "organ specific" form of autoimmune disease that e
results in destruction of the pancreatic islet cells and their
products.

These antibodies are used to differentiate type 1 DM from e
type 2 non-insulin-dependent DM. e

Nearly 90% of young diabetics have one or more of these e
autoantibodies at the time of their diagnhosis.

Type 2 diabetics have low or negative titers. e

The panel is useful to screen relatives of IDDM patients who are e
at risk of developing the disease. Sixty percent to 80% of

first-degree relatives with both ICA and |AA will develop e
IDDM within 10 years. e

The presence of these antibodies identifies which gestational e
diabetic will eventually require insulin permanently. e







