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in the Diagnosis and Management of Diabetes Mellitus
David B. Sacks,1* Mark Arnold,2 George L. Bakris,3 David E. Bruns,4 Andrea Rita Horvath,5 M. Sue Kirkman,6

Ake Lernmark,7 Boyd E. Metzger,8 and David M. Nathan9

BACKGROUND: Multiple laboratory tests are used to di-
agnose and manage patients with diabetes mellitus.
The quality of the scientific evidence supporting the
use of these tests varies substantially.

APPROACH: An expert committee compiled evidence-
based recommendations for the use of laboratory test-
ing for patients with diabetes. A new system was devel-
oped to grade the overall quality of the evidence and the
strength of the recommendations. Draft guidelines
were posted on the Internet and presented at the 2007
Arnold O. Beckman Conference. The document was
modified in response to oral and written comments,
and a revised draft was posted in 2010 and again mod-
ified in response to written comments. The National
Academy of Clinical Biochemistry and the Evidence
Based Laboratory Medicine Committee of the AACC
jointly reviewed the guidelines, which were accepted
after revisions by the Professional Practice Committee
and subsequently approved by the Executive Commit-
tee of the American Diabetes Association.

CONTENT: In addition to long-standing criteria based
on measurement of plasma glucose, diabetes can be
diagnosed by demonstrating increased blood hemo-
globin A1c (Hb A1c) concentrations. Monitoring of gly-

cemic control is performed by self-monitoring of
plasma or blood glucose with meters and by laboratory
analysis of Hb A1c. The potential roles of noninvasive
glucose monitoring, genetic testing, and measurement
of autoantibodies, urine albumin, insulin, proinsulin,
C-peptide, and other analytes are addressed.

SUMMARY: The guidelines provide specific recommen-
dations that are based on published data or derived
from expert consensus. Several analytes have minimal
clinical value at present, and their measurement is not
recommended.
© 2011 American Association for Clinical Chemistry and American

Diabetes Association

Diabetes mellitus is a group of metabolic disorders of car-
bohydrate metabolism in which glucose is underutilized
and overproduced, causing hyperglycemia. The disease is
classified into several categories. The revised classifica-
tion, published in 1997 (1), is presented in Table 1. Type 1
diabetes mellitus, formerly known as insulin-dependent
diabetes mellitus (IDDM)10 or juvenile-onset diabetes
mellitus, is usually caused by autoimmune destruction of
the pancreatic islet beta cells, rendering the pancreas un-
able to synthesize and secrete insulin (2). Type 2 diabetes
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Vantaggi dell’HbA1c per la 
diagnosi del diabete 
 
1. Indicatore integrato della glicemia 
2. Digiuno non necessario 
3. Stabile nel campione 
4. Bassa variabilità intra-individuale 
6. Non alterata da fattori acuti (stress, febbre) 
7. Ben standardizzata 
8. Stretta correlazione con il rischio di 
complicanze microvascolari 
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PREVALENCE	
  OF	
  ANEMIA	
  IN	
  DIABETIC	
  
PATIENTS	
  	
  
UK	
  EXPERIENCES	
  (TEESSIDE)	
  

of the responders, non-responders and the 7331 patients on the

diabetes register were similar with regard to age, duration of

diabetes and the proportion with Type 1 diabetes (see Table 2).

Twenty-nine per cent of the reference diabetes register

population were known to have a raised urinary albumin

excretion rate (microalbuminuria or dipstick positive

proteinuria), 21% were known to have retinopathy and 31%

had a history of vascular disease. Forty-two per cent were taking

either an angiotensin-converting enzyme inhibitor or

angiotensin II receptor blocker.

The sample was stratified to ensure that we captured people in

all four groups defined by eGFR. This means that some groups

were over-represented, particularly those with the lowest GFR

who are more likely to be anaemic (Table 1). When estimating

the prevalence of anaemia in our population, it was necessary to

adjust the data to take this into account and not overestimate the

total prevalence.

The adjusted prevalence of previously unrecognized anaemia

was 15% of all patients, increasing from 9% in those with an

eGFR ‡ 60 ml ⁄ min per 1.73 m2 to 36% of those with an eGFR

< 60 ml ⁄ min per 1.73 m2 (Table 3 and Fig. 1). A further 17%of

patients reported having a history of anaemia and ⁄ or were taking

medication for anaemia. Eleven patients were taking

erythropoietin and, of these patients, 10 had an eGFR

< 60 ml ⁄ min per 1.73 m2. Of the patients with a history of

anaemia nearly half (44%) were still anaemic. The adjusted total

prevalence of anaemia known and previously unknown was

22%. Five per cent of the study population had a previously

unrecognized anaemia below the recommended treatment

threshold for erythropoietin of 11 g ⁄ dl.

Where previously unrecognized anaemia was detected, its

nature was further characterized by measuring haematinics,

reticulocyte count and erythropoietin levels (Fig. 2). Of those

with a previously unrecognized anaemia, 34% had eryth

ropoietin deficiency, 40% had abnormal haematinics and 26%

had an unexplained anaemia. Seven out of the 10 patients with a

haemoglobin less than 11 g ⁄ dl had erythropoietin deficiency.

Forty-nine per cent of the study respondents were known to be

taking angiotensin-converting enzyme (ACE) inhibitors or

angiotensin II receptor blockers compared with 41% of those

on the diabetes district register. Respondents with anaemia,

either known or previously unknown, were more likely to be

taking ACE inhibitors or angiotensin II receptor blockers (75%).

Table 2 Characteristics of study participants

Responders

n = 234

Non-responders

n = 491

Register
population

n = 7331

Age (years) 61.7 ! 12.7 61.3 ! 15.1 61.8 ! 14.2

Diabetes

duration

(years)

8.8 ! 8.6 8.2 ! 7.9 7.5 ! 7.8

Type 1

diabetes*

10.1 10.8 9.4

Mean ! standard deviation (sd) or %.
*Type 1 diabetes defined as diagnosed under the age of

35 years and treated currently with insulin.

Table 3 Proportion of patients with anaemia

eGFR

(ml ⁄ min

per 1.73 m2)

Unrecognized (%)

Treated

(%)

Total

(%)
WHO

definition*

Haemoglobin

< 11 g ⁄ dl

All subjects† 15 5 7 22
> 90 5 0 0 5

60–90 11 4 5 16

59–30 14 7 9 23

< 30 23 13 23 46

*World Health Organization (WHO) definition of anaemia

haemoglobin < 13 g ⁄ dl for males and < 12 g ⁄ dl for females.

†Prevalence adjusted in relation to reference population dis-
tribution of estimated glomerular filtration rate (eGFR).
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FIGURE 1 Prevalence of previously unrecognized anaemia. WHO

definition*; glycated haemoglobin < 11 g ⁄ dl (?).*World Health
Organization (WHO) definition of anaemia: < 13 g ⁄ dl for males and

< 12 g ⁄ dl for females. eGFR, estimated glomerular filtration rate

AUTHOR: The legend for Figure 1 has been amended - please check .
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FIGURE 2 Causes of anaemia in people with diabetes. Estimated

glomerular filtration rate (eGFR) > 60 ml ⁄ min per 1.73 m2; eGFR

< 60 ml ⁄ min per 1.73 m2 (?). EPO, erythropoietin deficiency; Haematinics,
low vitamin B12 or ferritin; Unexplained, anaemia with normal B12, ferritin

MCV anderythropoietin. WorldHealthOrganizationdefinition ofanaemia

< 13 g ⁄ dl for males and < 12 g ⁄ dl for females. eGFR (ml ⁄ min per 1.73 m2)

using Modification of Diet in Renal Disease (MDRD) equation AUTHOR:
The legend for Figure 2 has been amended. Please check.
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Common Variants at 10 Genomic Loci Influence
Hemoglobin A1C Levels via Glycemic and Nonglycemic
Pathways
Nicole Soranzo,1,2 Serena Sanna,3 Eleanor Wheeler,1 Christian Gieger,4 Dörte Radke,5

Josée Dupuis,6,7 Nabila Bouatia-Naji,8 Claudia Langenberg,9 Inga Prokopenko,10,11

Elliot Stolerman,12,13,14 Manjinder S. Sandhu,9,15,16 Matthew M. Heeney,17 Joseph M. Devaney,18

Muredach P. Reilly,19,20 Sally L. Ricketts,15 et al.*

OBJECTIVE—Glycated hemoglobin (HbA1c), used to monitor
and diagnose diabetes, is influenced by average glycemia over a
2- to 3-month period. Genetic factors affecting expression, turn-
over, and abnormal glycation of hemoglobin could also be
associated with increased levels of HbA1c. We aimed to identify such
genetic factors and investigate the extent to which they influence
diabetes classification based on HbA1c levels.

RESEARCH DESIGN AND METHODS—We studied associa-
tions with HbA1c in up to 46,368 nondiabetic adults of European
descent from 23 genome-wide association studies (GWAS) and 8
cohorts with de novo genotyped single nucleotide polymor-
phisms (SNPs). We combined studies using inverse-variance
meta-analysis and tested mediation by glycemia using condi-
tional analyses. We estimated the global effect of HbA1c loci
using a multilocus risk score, and used net reclassification to
estimate genetic effects on diabetes screening.

RESULTS—Ten loci reached genome-wide significant associa-
tion with HbA1c, including six new loci near FN3K (lead SNP/P
value, rs1046896/P ! 1.6 " 10#26), HFE (rs1800562/P ! 2.6 "
10#20), TMPRSS6 (rs855791/P ! 2.7 " 10#14), ANK1 (rs4737009/
P ! 6.1 " 10#12), SPTA1 (rs2779116/P ! 2.8 " 10#9) and
ATP11A/TUBGCP3 (rs7998202/P ! 5.2 " 10#9), and four known
HbA1c loci: HK1 (rs16926246/P ! 3.1 " 10#54), MTNR1B
(rs1387153/P ! 4.0 " 10#11), GCK (rs1799884/P ! 1.5 " 10#20)
and G6PC2/ABCB11 (rs552976/P ! 8.2 " 10#18). We show that
associations with HbA1c are partly a function of hyperglycemia
associated with 3 of the 10 loci (GCK, G6PC2 and MTNR1B). The
seven nonglycemic loci accounted for a 0.19 (% HbA1c) difference
between the extreme 10% tails of the risk score, and would
reclassify $2% of a general white population screened for
diabetes with HbA1c.

CONCLUSIONS—GWAS identified 10 genetic loci reproducibly
associated with HbA1c. Six are novel and seven map to loci where
rarer variants cause hereditary anemias and iron storage disor-
ders. Common variants at these loci likely influence HbA1c levels

via erythrocyte biology, and confer a small but detectable
reclassification of diabetes diagnosis by HbA1c. Diabetes 59:
3229–3239, 2010

Glycated hemoglobin (HbA1c) results from glyca-
tion, the nonenzymatic and mostly irreversible
chemical modification by glucose of hemoglo-
bin molecules carried in erythrocytes. The rate

of glycation directly depends on ambient blood glucose
levels, so HbA1c reflects the average concentration of
blood glucose over the average life span of a erythrocyte
(in humans, $3 months), and represents a longer-term
indicator of glycemic status compared to fasting glucose
(FG) (1). In addition to ambient glycemia, it is known that
medical conditions that change erythrocyte turnover (such
as hemolytic anemias, chronic malaria, major blood loss,
or blood transfusion), as well as genetic hereditary ane-
mias and iron storage disorders (caused by rare variants in
genes involved in erythrocyte membrane stability, hemo-
globin function, erythrocyte glucose sensing, and mem-
brane transport) may influence the variability of HbA1c in
populations (2–4).

Common genetic variation also influences HbA1c vari-
ability. The heritability of HbA1c levels is relatively high
(47–59%) when compared with FG (34 –36%) or glucose
levels as determined by 2-h postoral glucose tolerance
test (33%) (5,6). Recent genome-wide association stud-
ies (GWAS) of FG have shown that single nucleotide
polymorphisms (SNPs) near three loci (G6PC2,
MTNR1B, and GCK) are also associated with HbA1c
levels (7–15). A GWAS for HbA1c levels in 14,618 nondi-
abetic women found a suggestive association (P ! 9.8 "
10#8) with SLC30A8 (a known type 2 diabetes locus)
and genome-wide significant association (P % 5 " 10#8)
at a novel locus, HK1, where rare variants are known to
be associated with nonspherocytic hemolytic anemia
(16). This suggests that both glycemic and erythrocyte
genetic factors are associated with variation in HbA1c,
but a more thorough accounting of common variants
comprising the genetic architecture of HbA1c is needed.

In this study we tested the hypothesis that additional
common genetic factors are associated with HbA1c. We
conducted a meta-analysis of GWAS in up to 46,368
nondiabetic individuals of European ancestry as part of
the Meta-Analyses of Glucose and Insulin-Related Traits
Consortium (MAGIC) effort. In addition to seeking new
common variants affecting HbA1c levels, we sought to
place the size of the effect of novel genetic findings into the

*The entire author list is available in the APPENDIX, and the authors’ institu-
tional affiliations are available in the online appendix at http://diabetes.
diabetesjournals.org/cgi/content/full/db10-0502/DC1.

Corresponding authors: Jose C. Florez, jcflorez@partners.org; Manuela Uda,
manuela.uda@inn.cnr.it; Nicholas J. Wareham, nick.wareham@mrc-
epid.cam.ac.uk; Inês Barroso, ib1@sanger.ac.uk; and James B. Meigs,
jmeigs@partners.org.

Received 11 April 2010 and accepted 5 September 2010. Published ahead of
print at http://diabetes.diabetesjournals.org on 21 September 2010. DOI:
10.2337/db10-0502.

N.S., S.S., E.W., C.G., and D.R. contributed equally to this study.
© 2010 by the American Diabetes Association. Readers may use this article as

long as the work is properly cited, the use is educational and not for profit,
and the work is not altered. See http://creativecommons.org/licenses/by
-nc-nd/3.0/ for details.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked “advertisement” in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

ORIGINAL ARTICLE

diabetes.diabetesjournals.org DIABETES, VOL. 59, DECEMBER 2010 3229

Soranzo et al, Diabetes 2010;59:3229-39 

•  Associations with HbA
1c

in 46,368 nondiabetic adults of 
European descent  

•  23 genome-wide association studies (GWAS) and 8 cohorts 
with de novo genotyped single nucleotide polymorphisms 
(SNPs) 

•  6 new loci near FN3K (HFE, ANK1..) 
•  4 known HbA1c loci (HK1, MTNR1B, GCK, G6PC2/ABCB11) 

•  Reclassification of 2% general population screened for diabetes 
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A1C 7.4% 
1,5-AG 12.4 µg/ml 
PPG max 195 mg/dL 

A1C 7.3% 
1,5-AG 4.5 µg/ml 
PPG max 235 mg/dL  
	


Despite similar A1c levels… 
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HEMOGLOBIN VARIANTS 

Most common variants are HbS, HbC, HbE and HbD 
Cannot use HbA1c for diagnosis (or for monitoring) 
in individuals homozygous for HbS or HbC or with 
HbSC 
Can measure HbA1c accurately in most 
heterozygous Hb variants, if appropriate assay used 
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For Review Only

Table 1  Essential steps in order to provide HbA1c - IFCC standardized results. 
 
 

actions tools 
Choice of the method Evaluate the IFCC certificate  

(ask the manufacturer) 
Calibration Enter the IFCC target values provided by the manufacturer  

(ask the manufacturer for traceability to the IFCC reference system)  
Reporting the HbA1c result Use the mmol/mol units (eventually transform afterwards in % units) 

Report decisional limits (not the reference intervals) 
Monitoring the long-term imprecision Internal Quality Control with two levels materials 

Calculate the CVs per month (or over a longer time frame) 
Evaluating the trueness Regular participation to EQAS exercises  

(commutable materials, IFCC target values assigned by the IFCC reference measurement procedures) 
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!6.5% for the diagnosis of diabetes. A
recently published population-based
study of 3,190 adults of Malay ethnicity
independently concluded that A1C levels
“in the range 6.6 to 7% were optimal for
detecting microvascular complications”
(26).

Any suggestion that the relationship
between chronic glycemic levels and the
long-term complications of diabetes may
be better expressed as a continuum,
rather than as a strictly dichotomous re-
lationship, is belied by the retinopathy
findings presented herein. There is a low
prevalence of “any” retinopathy at A1C
levels !6.5% that may reflect a contin-
uum of risk; alternatively, retinopathy re-
lated to conditions other than diabetes
(e.g., hypertension) or inaccurate assess-
ment of long-term glycemic levels with a
single A1C measurement may contribute
to this observation. However, the sub-
stantial increase in the prevalence of mod-
erate retinopathy at A1C levels !6.5%
supports a threshold level of glycemia that
results in retinopathy most characteristic
of diabetes.

This cut point should not be con-
strued as an absolute dividing line be-
tween normal glycemia and diabetes;
however, the A1C level of 6.5% is suffi-
ciently sensitive and specific to identify
individuals who are at risk for developing
retinopathy and who should be diag-
nosed as diabetic. The A1C level is at least
as predictive as the current FPG and
2HPG values. In selecting a diagnostic
A1C level !6.5%, the International Ex-
pert Committee balanced the stigma and
costs of mistakenly identifying individu-
als as diabetic against the minimal clinical
consequences of delaying the diagnosis in
someone with an A1C level !6.5%. The

committee agreed to emphasize specific-
ity rather than sensitivity. This decision
was aided by the parallel decision to rec-
ommend effective prevention strategies
for the highest at-risk group with an A1C
between 6.0 and 6.5%. (See below.)

LIMITATIONS OF A1C AS
THE RECOMMENDED
MEANS OF DIAGNOSING
DIABETES — The A1C assay is the
test of choice for the chronic management
of diabetes and is now being recom-
mended for its diagnosis; however, there
are parts of the world where the costs of
providing the assay preclude its routine
use. In such circumstances, clinicians
should continue to use the previously rec-
ommended approaches to diagnose dia-
betes based on glucose measurements.
The International Expert Committee en-
courages clinicians worldwide to move as
quickly as possible to A1C testing using
standardized methods and instrumenta-
tion. However, the decision to change to
A1C assays as the means of diagnosing
diabetes should take into account the per-
formance of local A1C assays and the local
prevalence of conditions that may inter-
fere with the assay. (See below.)

Although the discussion above argues
for using the A1C assay for the diagnosis
of diabetes in nonpregnant individuals,
there are patient conditions that either
will require a specific A1C assay method
or will preclude A1C testing. First, some
hemoglobin traits, such as HbS, HbC,
HbF, and HbE, interfere with some A1C
assay methods (49). Currently, many as-
say methods can correct for the presence
of the most common hemoglobin traits
(www.ngsp.org), and affinity assays that
are unaffected by hemoglobin traits may

be used (49). Second, any condition that
changes red cell turnover, such as hemo-
lytic anemia, chronic malaria, major
blood loss, or blood transfusions, will
lead to spurious A1C results. Clinicians
must be aware of these conditions, partic-
ularly in populations in which they are
more prevalent. As in the setting where
A1C assays are unavailable, the tradi-
tional diagnostic tests (e.g., FPG, 2HPG)
must be used in individuals in whom in-
terpreting the A1C is problematic. Third,
A1C levels appear to increase with age
(50), but the extent of the change,
whether it relates to factors other than
glucose metabolism, and the effect of the
age-related increases on the development
of complications are not sufficiently clear
to adopt age-specific values in a diagnos-
tic scheme. Similarly, racial disparities in
A1C, based on putative differences in the
relationship between glucose levels and
A1C, have been suggested (51); however,
here too, their etiology and significance
are unclear, and it is premature to estab-
lish race-specific diagnostic values. Fi-
nally, there are rare clinical settings, such
as rapidly evolving type 1 diabetes, where
the A1C level will not have had time to
“catch up” with the acute elevations in
glucose levels; however, in these very rare
cases, diabetes should be diagnosable
with typical symptoms and casual glucose
levels "200 mg/dl (11.1 mmol/l) despite
a nondiagnostic A1C level.

Notwithstanding the above limita-
tions of A1C testing, the assay has numer-
ous important advantages compared with
the currently used laboratory measure-
ments of glucose (Table 1). The preva-
lence of diabetes in some populations
may not be the same when diagnosis is
based on A1C compared with diagnosis

Figure 2—Prevalence of retinopathy by 0.5% intervals and severity of retinopathy in participants aged 20–79 years. NPDR, nonproliferative
diabetic retinopathy. Adapted with permission from (S.C., personal communication).
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changes red cell turnover, such as hemo-
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must be aware of these conditions, partic-
ularly in populations in which they are
more prevalent. As in the setting where
A1C assays are unavailable, the tradi-
tional diagnostic tests (e.g., FPG, 2HPG)
must be used in individuals in whom in-
terpreting the A1C is problematic. Third,
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whether it relates to factors other than
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of complications are not sufficiently clear
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are unclear, and it is premature to estab-
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nally, there are rare clinical settings, such
as rapidly evolving type 1 diabetes, where
the A1C level will not have had time to
“catch up” with the acute elevations in
glucose levels; however, in these very rare
cases, diabetes should be diagnosable
with typical symptoms and casual glucose
levels "200 mg/dl (11.1 mmol/l) despite
a nondiagnostic A1C level.

Notwithstanding the above limita-
tions of A1C testing, the assay has numer-
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the currently used laboratory measure-
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lence of diabetes in some populations
may not be the same when diagnosis is
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 the methods used in laboratories were not able to distinguish
an HbA1c result of 59 mmol/mol (7.5%-DCCT) from a previ-
ous HbA1c result of 53 mmol/mol (7.0%-DCCT). This means
that one in five laboratories using various HbA1c methods do
not meet the criteria for optimal diabetes care management.

Discussion

In this study we derived the CVa from the individual par-
ticipating laboratories in the Dutch SKML/Belgian WIV

external quality scheme. Almost every laboratory was able to
report HbA1c results within a TEa limit of 6%. However, based
on the calculated RCVs, almost 22% of HbA1c methods are not
able to distinguish an HbA1c result of 59 mmol/mol (7.5%-
DCCT) from a previous HbA1c result of 53 mmol/mol
(7.0%-DCCT). This may have a profound impact on the
management of patients with diabetes if changes in medica-
tion are made due to changes in serial HbA1c measurements.
Indeed, the International Diabetes Federation recommends
starting insulin therapy above an HbA1c value 58 mmol/mol

FIG. 1. Measured hemoglobin A1c results compared with the target value (TV) of 41.0 mmol/mol (5.9%-Diabetes Control
and Complications Trial [DCCT])! allowable total error of 6%. IFCC, International Federation of Clinical Chemistry.

FIG. 2. Measured hemoglobin A1c results compared with the target value (TV) of 61.8 mmol/mol (7.8%-Diabetes Control
and Complications Trial [DCCT])! allowable total error of 6%. IFCC, International Federation of Clinical Chemistry.

HBA1C METHOD EFFECT ON OPTIMAL DIABETES CARE 3
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25 
This may suggest that hemoglobin glyca-
tion or red cell survival differs among ra-
cial/ethnic groups.

A limitation of our analyses is that de-
termination of undiagnosed diabetes and
high risk for diabetes/pre-diabetes is
based on a single measurement of A1C,
FPG, and 2-h glucose from subjects who
self-reported that they fasted appropri-
ately (for FPG and 2-h glucose), whereas
retesting is suggested for diagnosis in a
clinical setting. Consequently, some prev-
alence estimates may be overstated (11).
In addition, although there should be lim-
ited interference from hemoglobin traits
due to the A1C assay methods used in
NHANES (2,12), A1C levels may be spu-
rious with conditions that change red cell
turnover (e.g., anemia) (12,13) regardless
of the assay method used.

Some individuals with self-reported
diabetes may not have had diabetes de-
tected if A1C criteria had been used.
When we excluded individuals self-
reporting diabetes who reported not us-
ing glycemic medications and who had
A1C !6.5%, prevalence of diagnosed di-
abetes decreased 0.9%. This was a larger
decrease than when we performed the
same analysis excluding those with FPG
!126 mg/dl (0.3% decrease) or those

with 2-h glucose !200 mg/dl (0.2% de-
crease). Consequently, our estimates of
diagnosed and total diabetes may be over-
stated, and the percent of total diabetes
that is undiagnosed may be understated.

The international expert committee
emphasized that glucose and A1C levels
reflect different aspects of glucose metab-
olism. The purpose of their report was not
to establish identical prevalences in defin-
ing new criteria for diabetes and high risk
for diabetes but rather to identify individ-
uals at risk for diabetes complications and
diabetes so that preventive treatment
could follow. It will be important to de-
termine longitudinally whether compli-
cation rates differ between individuals
detected by glucose criteria or by A1C
criteria.

If A1C criteria are adopted by the
American Diabetes Association, the iden-
tification of a smaller high-risk group may
be considered advantageous because of
the limited availability of resources. How-
ever, a substantial proportion of individ-
uals similar to those in the Diabetes
Prevention Program (14) would be missed
and not receive preventive intervention to
reduce risk. The nearly 1% of the popu-
lation previously diagnosed with diabetes
who no longer have diabetes by A1C cri-

teria may need careful explanation of the
alternative diagnostic criteria, the arbi-
trary cut point for diagnosis along a con-
tinuum of risk, and the progressive nature
of dysglycemia so that diabetic/pre-
diabetic conditions are not thought to be
less real or serious. While the change in
diagnosis in some from diabetes to high
risk of diabetes using A1C criteria might
not alter recommended glycemic control
and lifestyle management, recommended
blood pressure and lipid targets would
differ (15), requiring careful consider-
ation of individualized therapeutic goals.

A change to A1C criteria would also
impact national surveillance of these con-
ditions. Estimated self-reported diabetes
based on surveys and the tracking of tem-
poral trends would likely be difficult to
interpret for some time before these crite-
ria are fully assimilated in medical prac-
tice. An interim period of measurement
both by A1C and glucose may be neces-
sary for international and domestic his-
torical comparisons.

The potential impact of these dramat-
ically lower estimates of diabetes, and
particularly of high risk for diabetes, on
public perception of the magnitude and
seriousness of diabetes is concerning. The
fact remains that diabetes and its sequelae

Figure 1—Undiagnosed diabetes in the U.S. population aged !20 years by three diagnostic criteria—NHANES 2005–2006. Comparisons were
calculated among individuals in the OGTT subsample in 2005–2006 (n " 2,017); consequently some estimates may differ slightly from those in Table
1. The thresholds of diagnostic criteria for diabetes were A1C !6.5%, FPG !7.0 mmol/1, and 2-h glucose !11.1 mmol/1. Point estimates (%) and
95% CIs for the categories are: A1C alone " 0.3 (0.0–0.7); FPG alone " 0.2 (0.0–0.5); 2-h glucose alone " 2.5 (1.9–3.2); A1C and FPG not 2-h
glucose " 0.0; A1C and 2-h glucose not FPG " 0.1 (0.0–0.3); FPG and 2-h glucose not A1C " 1.0 (0.3–1.8); A1C, FPG, and 2-h glucose " 1.2
(0.5–2.0); total A1C " 1.6 (0.7–2.5); total FPG " 2.5 (1.2–3.8); total 2-h glucose " 4.9 (3.4–6.4); diagnosed diabetes " 7.8 (6.7–8.8);
nodiabetes " 86.9 (84.6–89.1).
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Diabetes 
 
FPG:     4.4 % 
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HbA1c: 7.3 % 

Pre-diabetes 
 
FPG:     10.6 % 
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COMMENTARY 
HbA1c

 
in type 2 diabetes diagnostic criteria: addressing the right questions to move the field forwards 

Unimportant questions 
 
Does HbA1c diagnose the same 
group of patients as glucose-
based criteria? 
 
How does the cardiovascular risk 
factor profile differ in individuals 
identified by various diabetes 
diagnostic criteria in cross-
sectional studies? 
 
Should oral glucose tolerance 
testing be part of future diagnostic 
algorithms? 

Important questions 
 
Which glycaemia measurement is the 
best predictor of microvascular disease?  
 
 
Does use of HbA1c

 
as a diagnostic 

measure lead to earlier diagnosis of type 
2 diabetes and thereby improve  
clinical outcomes? 
 
 
In which patients should HbA1c

 measurement be combined with fasting 
glucose? 
  
What is the impact of using HbA1c

 
for 

diabetes diagnosis on laboratory costs 
and what are the potential savings 
elsewhere? 
 
How best can diabetes and 
cardiovascular risk screening be 
combined? 
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Glicemia a digiuno, 
criticità 

-  Digiuno da ≥8 ore (variazione durante la giornata) 

-  Ampia variabilità biologica  

-  Intra-individuale  CV 4,6 – 8,3 % 
-  Tra-individui  CV 7,5 – 12,5 % 

-  Instabilità  

-  Fattori acuti  

-  Differenze plasma/siero/sangue intero 

-  FPG meno legata alla complicanze diabetiche (vs. HbA1c) 

 

Chan et al Clin Chem 1989;35:315 
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PRESTAZIONI 
ANALITICHE  

A. Mosca - UniMI 3
3

 da aggiornare per nuova soglia (100 mg/dL) 

CONTROLLO DI QUALITÀ  

A. Mosca - UniMI 3
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…. prove di letteratura dimostrano un deterioramento delle prestazioni quando uno 
stesso strumento viene utilizzato da operatori non esperti, quali pazienti non 
opportunamente preparati (95).  
 
Anche variazioni di lotto di materiale possono determinare scostamenti significativi.  
 
In assenza di una supervisione da parte di un Organismo di Riferimento nazionale la 
Struttura di Diabetologia deve quindi sviluppare un programma di verifica periodica 
della precisione e della concordanza rispetto a metodi di riferimento, in 
collaborazione con il laboratorio accreditato di riferimento (vedasi Appendice).  

CQI: utile anche per valutare eventuali problemi di conservazione delle strisce 
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VALUTAZIONE ESTERNA DI 
QUALITÀ (VEQ)  

A. Mosca - UniMI 3
5

 

… sono ancora poco diffusi programmi di Valutazione Esterna di Qualità dedicati 
esplicitamente agli strumenti portatili e quelli operativi presentano problemi ancora 
non risolti di commutabilità dei materiali.  
 
E’ comunque opportuno che le strutture di riferimento diabetologico e di laboratorio 
scelgano una strategia a questo proposito, basata su un programma di VEQ o su 
confronto tra dati. A questo scopo, le Società Scientifiche scriventi sono impegnate 
nella stesura di idonei protocolli (vedasi Appendice)  

… Ha la finalità di misurare l’inesattezza (confrontabilità)  
Va gestita in diretta collaborazione con la struttura del laboratorio delegata alla 
gestione delle analisi decentrate elaborando una strategia gestionale idonea allo 
specifico contesto locale. L’orientamento è quello di mantenere il sistema analitico 
allineato ai criteri minimi proposti dalla norma ISO 15197.  
 
La riferibilità di ogni tipologia di glucometro può essere ottenuta attraverso il dosaggio 
periodico di materiali di controllo interni. Nella gestione dei risultati di tale programma 
devono essere definiti a priori i limiti di accettabilità e le eventuali azioni correttive.  

STABLE WHOLE BLOOD CONTROL 
MATERIAL 

A. Mosca - UniMI 3
6

 

A whole blood glucose Quality Control (CueSee) 
that is stable for >2 months. 
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Conclusioni	
  
1.  ≈50	
  %	
  dei	
  pazienL	
  ha	
  un	
  diabete	
  non	
  diagnosLcato	
  

2.  L’HbA1c	
  predice	
  lo	
  sviluppo	
  delle	
  complicanze	
  microvascolari	
  

3.  HbA1c	
  e	
  glicemia	
  a	
  digiuno	
  per	
  la	
  diagnosi	
  del	
  diabete:	
  maggiore	
  
sensibilità?	
  (HbA1c	
  da	
  sola	
  adeguata	
  per	
  lo	
  screening)	
  

4.  HbA1c	
  uLlissima	
  per	
  il	
  pre-­‐diabete	
  

5.  Traguardi	
  analiLci	
  per	
  l’HbA1c	
  almeno	
  agli	
  standard	
  minimi	
  basaL	
  
sulla	
  variabilità	
  biologica	
  
(imprecisione	
  ≤1.9	
  %,	
  bias	
  ≤±2.8	
  %,	
  ET	
  ±5.9	
  %)	
  

6.  Si	
  auspica	
  una	
  sperimentazione	
  delle	
  raccomandazioni	
  del	
  
documento	
  di	
  consenso	
  in	
  collaborazione	
  tra	
  team	
  diabetologici	
  e	
  
professionisL	
  di	
  laboratorio	
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