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Why is the information important? There is con-
cern among some physicians responsible for
treating diabetic patients that effective glycemic
control is made more difficult because the units
used to monitor long-term glycemic control
(HA1C - %) are different than the units used to
measure daily glucose levels (mg/dl). This dis-
crepancy has lead some clinicians to suggest
that patients would better understand glycemic
control, and clinicians could better communicate
progress if the value used to monitor and re-
port chronic glucose control was the same as
that used to report acute glucose levels. The
suggested unit is the estimated average glucose
(eAG). The equation above provides a simple
way to convert the HA1C value to the eAG.

In 2004, an international working group com-
prised of the American Diabetic Association
(ADA), the European Society for the Study of
Diabetes (ESAD), and the International Diabe-
tes Foundation (IDF) established a working group
to standardize HA1C reporting. The group com-
pleted several important tasks6:

� Immediately adopted
the International Federation of Clinical
Chemistry (IFCC) reference method as
the global standard for manufacturer
calibration of HA1C assays.

� Began using the IFCC methodology to
establish an international certification
process.

� Directed manufacturers to continue
using the DCCT/UKPDS reporting unit
(%).

� Evaluated retrospective data to further
define the relationship between HA1C
and mean blood glucose (or estimated
average glucose – eAG).

� Designed and implemented a prospec-
tive study to confirm/establish the
HA1C/mean blood glucose relationship.

The results of the prospective study recom-
mended above were published in 2008 by
Nathan, et. al.7 The patient population was
multinational, and both Type I and Type II
diabetics were included. The objective of the

Glucose
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6.8 165
6.9 168

7 172
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study was to confirm and/or establish the
relationship between the HA1C value and the
mean blood glucose concentration suggested
by the retrospective evaluation of the data
collected during the DCCT. The following equa-
tion was derived from the Nathan data7:

Estimated average glucose (eAG)  =
(28.7 x HbA1c%) - 46.7

Figure 2 presents the results of the study
graphically. A second, slightly different equation
than that of the DCCT for determining the
estimated average glucose (eAG) based on a
patient’s HA1C value was derived7. As indi-
cated in the chart on the right of the figure, a
HA1C of 6% is equivalent to an eAG of 126
mg/dl. This is in contrast to the DCCT equation
which would result in an eAG of 136 mg/dl at
the same HA1C value5.

The Nathan study demonstrated the follow-
ing7:

� A linear relationship between the HA1C
value and the patient’s mean glucose

concentration in both Type I and Type II
diabetics.

� Estimated average glucose values were
less than those determined by the
DCCT, and there was less “scatter”
among the values.

� The results did not vary by patient age,
sex, type of diabetes, smoking status,
or race.

� African-American patients demonstrated
a slightly different, albeit statistically
insignificant (P=0.07) regression line.
Further study was recommended.

� Asian patients were under-represented
in the patient populations included.
Further study was recommended.

� The authors concluded that the results
support reporting an estimated average
glucose based on the measured HA1C.

Figure 3 compares the DCCT and Nathan
equations. The chart on

the right provides nu-
merical eAG

values for HA1C
levels from 4%
- 8%. It is clear
that the DCCT
equation pro-
vides consis-
tently higher

glucose values
at any given

HA1C measure-
ment, especially

at the higher
end of the
curve. The

nature of the
data collection
for the Nathan

study is
thought to

have provided
glucose values

more represen-
tative of the

patients’ daily
average glucose levels than the DCCT.
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The results of the Nathan study have now raised
the question – “Will HA1C-derived average glu-
cose replace HA1C as the gold standard marker
for glycemic control?”8 Many authorities on the
subject believe that the use of the Nathan equa-
tion to calculate the eAG provides a tremen-
dous opportunity to provide more useful data
to both patients and clinicians.

Figure 4 provides a table of common HA1C re-
sults and the corresponding eAG value using the
Nathan equation8.

Recently, the ADA, the EASD, and the IFD re-
leased a consensus statement which proposed
that HA1C results be reported both in the tradi-
tional DCCT-linked % values as well as with an

Please join AAFP-PT at the COLA Symposium
for Clinical Laboratories

May 6-9, 2009
The Fairmont Hotel

Dallas, TX

AAFP-PT Participants save 20% on registration fees! Register at
www.cola.org and use code DALEXH to receive your discount.
Hurry, offer expires March 13, 2009.
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eAG value.9 To date, laboratories in the US have
been slow to adopt these recommendations. It
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The material necessary to review to answer the following questions may be found in this
issue of the P.O.L. Insight and the AAFP-PT Handbook or on the AAFP-PT website (http://
www.aafp.org/pt and click on Continuing Medical Education). The Test Sheet may be found
on page 17 of this P.O.L. Insight. The Accreditation information may be found on the inside
cover of this issue.

 2009-A CME Questions

1. True or False: LIS is a common abbreviation for Laboratory Integration System.

A. True

B. False

 2. An LIS can:

A. Manage laboratory workflow

B. Send test order information to analyzers & transmit results back to the EHR

C.Identify tests to be sent to the reference laboratory

D.All of the above

 3. True or False:  Having an LIS provides tools to ensure regulatory compliance and monitor
quality indicators.

A. True

B. False

 4. True or False: An LIS always works independently from other systems in your facility.

A. True

B. False

8. Bell, JR. “The New Glycohemoglobin Standard.”
Clinical Laboratory News; October 2008.

9. Levenson, D. “Groups Issue Consensus State-
ment on HbA1C Standardization.” Clinical Labora-
tory News; November 2007.
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5. The main types(s) of interfaces used by LIS is (are):

A. ASTM

B. HTML

C.HL7

D.A & C only

6. True or False: Health Language 7 (HL7) is an interface that standardizes how information
moves from one system to another.

A. True

B. False

 7. The ASTM interface:

A.Was developed by the American Society for Testing & Materials

B. Is used by instrument manufacturers to transfer information between an analyzer and
the LIS

C.Is outdated and no longer used

D.A & B only

 8. True or False: Information is transmitted in a one-way flow from LIS to analyzers

A. True

B. False

 9. True or False: Bundling and LIS with an analyzer purchase is always a good way to save
money.

A. True

B. False

10. Which of the following resources can assist in selecting the right LIS for your facility:

A. Talk with or visit another office using the system your are considering

B. Check out the vendor’s website

C.Review the LIS survey in the November issue of CAP TODAY.

D.All of the above

11. True or False: Adding an LIS is the solution to a bad laboratory workflow.

A. True

  B.False

12. In addition to the features of an LIS, you should also consider which of the following factors

  A.  Availability of training

  B.  Cost of interfacing with various other systems

  C. Cost of future upgrades & support

  D. All of the above

13. You should anticipate the need to replace the LIS hardware:

  A.Every other year

  B.Every 3-5 years

  C. Every 7-10 years

  D. Every 15-20 years
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14. The most frequently cited CLIA deficiency in 2007 was:

A. Failure to document QC

B. Performing tests outside the scope of the CLIA certificate

C. Failure to perform bi-annual verification of accuracy on tests for non-regulated
analytes

D. Failure to follow manufacturer’s instructions for testing

15. True or False: 6% of laboratories surveyed were cited for this deficiency.

A. True

B. False

16. Options for meeting this requirement include:

A. Enrolling in a proficiency testing program

B. Performing periodic split-sample testing

C. Either A or B

D. A only

17. True or False: Diabetes is the 10th leading cause of death in the developed world.

A. True

B. False

18. Uncontrolled diabetes can cause failure of:

A. Eyes

B. Kidneys

C. Heart

D. All of the above

19. True or False:  According to the ADA definition, diabetes is groups of metabolic diseases

characterized by hyperglycemia resulting from defects in insulin secretion, insulin action or
both.

A. True

B. False

20. HA1C is formed by:

A. The addition of glucose onto the beta chain of hemoglobin A

B. A genetic mutation in the structure of the hemoglobin molecule

C. Exposing the hemoglobin molecule to high temperatures

D. None of the above

21. True or False:  The glycation reaction is reversible.

A. True

B. False

22. The rate of HA1C formation is directly proportional to _____________________:

A. The patient’s weight

B. The patient’s cholesterol level

C. The amount of glucose in the patient’s blood

D. The patient’s age
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23. True or False: The recommended HA1C value is <6%.

A. True

B. False

24. True or False:  Reporting glucose results in mg/dL and HA1C as a percentage is confusing
for many patients.

A. True

B. False

25. True or False: The estimated average glucose (eAG) is a calculated value based on the
measured HA1C result.

A. True

B. False

26. HA1C results can be affected by ________________________:

A. Daily glucose variation

B. Exercise

C. Recent food intake

D. None of the above

27. True or False: The values derived using the Nathan formula are lower than those
determined by the DCCT calculation.

A. True

B. False

28. According to the DCCT formula, plasma glucose rises __________ mg/dL for every
0.4% rise in the HA1C.

A. 10

B. 14.2

C. 18.3

D. 20

29. The ADA currently proposes reporting ____________________________.

A. Only estimated average glucose (eAG) values

B. Only HA1C values in percent

C. Both HA1C & eAG values

D. Only glucose values in mg/dL

30. The COLA Laboratory Symposium will be held in _______________________ in May
2009.

A. Dallas, TX

B. St. Louis, MO

C. Baltimore, MD

D. Atlanta, GA
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