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CLINICIAN’S CORNERCLINICAL REVIEW

Assessing Glycemia in Diabetes
Using Self-monitoring Blood Glucose
and Hemoglobin A1c
Christopher D. Saudek, MD
Rachel L. Derr, MD
Rita R. Kalyani, MD

THE PREVALENCE OF DIABETES IS

increasing at an alarming rate,
as are the associated personal
and societal costs. While dia-

betes care should address a number of
risk factors (dyslipidemia, blood pres-
sure, tobacco use, etc), hyperglycemia
itself not only defines the disease but
is the cause of its most characteristic
symptoms and long-term complica-
tions. Good glycemic control reduces
the incidence and progression of mi-
crovascular disease in both type 1 and
2 diabetes.1-4 The impact of hypergly-
cemia on cardiovascular disease is also
becoming increasingly evident.5-7 Al-
though the Diabetes Control and Com-
plications Trial found an increased in-
cidence of hypoglycemia accompanying
intensive glycemic control,8 partici-
pants rated their overall quality of life
as improved by better glycemic con-
trol.9

Assessing glycemia in diabetes,
however, has always been a challenge.
Until about 1910, overt symptoms of
hyperglycemia were the only available
metric of diabetic control.10 The devel-
opment of urine glucose testing
allowed documentation of severe
hyperglycemia, but was seriously lim-

ited by being only semiquantitative,
retrospective, and significantly
affected by urine concentration. An
important change in diabetes care
occurred in the 1970s and 1980s as 2
methods became available: self-
monitoring of blood glucose (SMBG)
and hemoglobin A1c (HbA1c) testing.
Home urine testing became obsolete
except when testing for ketones in
situations of suspected ketoacidosis.

The information derived from these
2 assessment tools is fundamentally dif-
ferent. SMBG reveals the immediate,

See also pp 1681 and 1707.
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Context With the increasing prevalence of diabetes, successful management of blood
glucose control is increasingly important. Current approaches to assessing glycemia
include the use of self-monitoring of blood glucose (SMBG) and hemoglobin A1c (HbA1c).

Objectives To assess the evidence underlying the use of these 2 modalities, to evalu-
ate confounders and sources of error in each test, to describe upcoming develop-
ments, and to reach evidence-based conclusions on their optimal use.

Data Sources, Study Selection, and Data Extraction Reports identified from
MEDLINE searches (1976-2005) using relevant terms were selected for quality and
relevance to the stated questions. Particular attention was paid to larger cohort stud-
ies, clinical trials, meta-analyses, and established recommendations.

Data Synthesis If used properly SMBG gives an acceptably accurate reflection of
immediate plasma glucose levels. Study results vary, but in general, the evidence
supports a positive effect of regular SMBG for improving glycemia, particularly in
individuals treated with insulin. The best timing of SMBG and its frequency are con-
troversial issues, but the clinical recommendation is for regular monitoring with fre-
quency depending on the treatment and the instability of glycemia. In the relatively
near term, SMBG could gradually be replaced by continuous glucose monitoring.
HbA1c measures long-term glycemic control, reflecting a time-weighted mean over
the previous 3 to 4 months. There are a number of physiologic and methodologic
confounders that can affect HbA1c, but standardization of assays has been well
established. The main value of HbA1c is its use as a predictor of diabetic complica-
tions and the proven effect of improved control of HbA1c on complication risk. A
reasonable target value for HbA1c is less than 7%. A new method for measuring
HbA1c may cause significant changes in the recommended levels, the numbers
reported, and even the name of the test.

Conclusion Assessing glycemia in diabetes can be a challenge, but approaches are
available that promote successful management of blood glucose and may thereby lead
to a significant reduction in morbidity and mortality related to diabetes.
JAMA. 2006;295:1688-1697 www.jama.com
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hour-to-hour blood glucose, which in
people without diabetes varies only
about 50% throughout the normal day
but may vary 10-fold in patients with
diabetes. Long-term or month-to-
month glycemia is assessed by HbA1c. In
this review, we summarize the theoreti-
cal and methodological basis, standard-
ization and confounders, evidence of
clinical utility and controversies, and rec-
ommendations for use of SMBG and
HbA1c. We also describe important ad-
vances coming in the near future.

METHODS
Titles and abstracts relevant to SMBG
and HbA1c were retrieved in a search of
MEDLINE, published in English, for the
years 1976 to July 2005. Search terms
included, in various combinations: self-
monitoring of blood glucose, SMBG, gly-
cated hemoglobin, HbA1c, mean glyce-
mia, confounder, standardization,
efficacy, alternate site testing, fre-
quency, postprandial, continuous glu-
cose monitoring, fructosamine, screen-
ing, recommendations, NGSP [National
Glycohemoglobin Standardization Pro-
gram], IFCC [International Federa-
tion of Clinical Chemistry]. In limit-
ing the number of articles evaluated,
preference was given to larger cohort
studies, randomized trials (especially
those that enrolled �100 patients),
prior comprehensive reviews, meta-
analyses, quality of peer-reviewed pub-
lications, and published guidelines.

EVIDENCE SYNTHESIS
Self-monitoring of Blood Glucose

With a small fingerprick and a micro-
liter or less of blood, people with dia-
betes can know their blood glucose level
at any time. This allows patients to re-
late events in their daily life and treat-
ment regimen to glycemic results. The
introduction of SMBG thus caused a
shift in the focus of diabetes manage-
ment from the physician’s office into the
hands of the patient. Given proper un-
derstanding and communication with
the health care professional, patients
could, to an extent previously un-
heard of, take control of their own
diabetes.

Current glucose monitors use glu-
cose test strips impregnated with glu-
cose oxidase, glucose dehydrogenase,
or hexokinase to convert blood glu-
cose into gluconic acid and hydrogen
peroxide when a drop of blood is added
to the strip. This reaction is then quan-
tified by various means including col-
orimetric methods, reflectance pho-
tometry, absorbance photometry, and
electrochemistry.11

Standardization and Confounders.
In general, results from glucose meters
are not as accurate as those from
laboratory methods, although they are
far more accurate than the earlier
approach of visual matching to
colors. While standards for accept-
able accuracy vary, the International
Organization for Standardization
(http://www.iso.org) recommends that
more than 95% of readings be within 15
mg/dL (0.83 mmol/L) for glucose read-
ings that are less than 75 mg/dL (4.2
mmol/L), andwithin20% for higher
blood glucose values when compared
with the standard YSI 2700 reference
method(YellowSprings Instruments,Yel-
low Springs, Ohio). Under optimal cir-
cumstances, many meters meet these ac-
curacy standards12; however, there are
confounding variables.

Operator-related errors are a more
significant source of error than are in-
strument-related errors.13 A signifi-
cant between-patient variance has been
reported in glucose meter readings,14 al-
though the role of education in reduc-
ing user inaccuracies was demon-
strated in a before-after study of 280
patients by Bergenstal et al.15 Patient fail-
ure to calibrate the glucose meter regu-
larly is a common cause of error.12 Other
common technique errors include im-
proper use of control solutions, poor
hand washing, and dirty meters.12 Im-
proper storage of test strips, which ex-
poses them to humidity or excessive
temperature, can falsely elevate re-
sults.15 Certain drugs, such as ascor-
bic acid, acetaminophen, dopamine,
and mannitol, can affect the accuracy
of some meters.16 Glucose meters are
also less reliable in the lower ranges of
glycemia17 and may overestimate true

glucose values in the high glycemic
range.14

A low hematocrit increases SMBG re-
sults18 because of the lower erythro-
cyte mass. Erythrocytes are relatively
glucopenic, so the whole blood ap-
plied to strips normally has about 15%
less glucose than plasma glucose, the
difference lessened with anemia. Most
meters today are calibrated to provide
plasma glucose equivalent readings19

and assume a normal hematocrit.
To reduce pain and promote more fre-

quent testing, blood may be drawn from
sites other than the fingertips, such as
the forearm and thigh. This alternate
site testing is a good option for rou-
tine SMBG testing before meals but may
lead to false results after eating, exer-
cising, or with insulin treatment.20,21 For
example, compared with finger blood,
forearm blood glucose appears to rise
more slowly and less high after a small
meal, whereas after exercise, thigh and
forearm glucose levels fall lower than
does fingertip glucose. Therefore, fin-
gertip testing is preferred in circum-
stances of rapidly changing blood glu-
cose levels.

Clinical Utility and Controversies.
The age-adjusted percentage of adults
with diabetes performing daily SMBG
increased from 36% in 1994 to 58% in
2003.22 Frequency of SMBG varies di-
rectly with the intensity of treat-
ment,23 and cost inhibits its use,24 either
insured or out-of-pocket.25 Indeed, the
cost of SMBG is considerable. The
Medicare B program is said to have
spent more than $460 million on SMBG
reimbursement in 2002, more than half
its Part B budget for the diabetes Inter-
national Classification of Diseases, Ninth
Revision code.26 It is therefore impor-
tant to ask whether SMBG positively af-
fects patient care.

Many studies have sought to answer
this question (TABLE), but there are mul-
tiple sources of bias that are difficult to
overcome. The population studied, the
mode of treatment, duration of the trial,
and study design all affect the general-
izability of results. Uncontrollable bias
is introduced if, for example, people who
test regularly also have generally better

SELF-MONITORED BLOOD GLUCOSE AND HEMOGLOBIN A1C IN DIABETES

©2006 American Medical Association. All rights reserved. (Reprinted) JAMA, April 12, 2006—Vol 295, No. 14 1689

 by guest on May 5, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org


self-care habits, or conversely, if indi-
viduals who test more often have less
stable diabetes, and more need to know
their blood glucose level. Even with a
randomized controlled trial (RCT) de-

sign, the education level of the patient,
and in particular how he or she is taught
to take action based on results, could sig-
nificantly influence the efficacy of
SMBG.38,43 No information is available

on patients who chose not to take part
in studies, which further limits gener-
alizability. Finally, there is little reason
to think that testing without acting upon
the results would be helpful.

Table. Clinical Trials of Self-monitoring of Blood Glucose

Source Design Study Groups
No. of

Participants Setting
Favors
SMBG Outcome

Insulin-treated diabetes*
Wing et al,27 1985 RCT SMBG vs no SMBG 50 United States; two-thirds

self-referred; �20%
ideal body weight

No No statistically significant
difference in HbA1c

Kwon et al,28 2004 RCT SMBG vs no SMBG 110 Korea; Internet-based Yes Significant improvement
of HbA1c

Soumerai et al,24

2004
RCT Free blood glucose

monitors vs
no monitors

3219 United States; health
maintenance
organization

Yes Policy improved rate of
SMBG; SMBG initiators
had HbA1c reduction of
0.63% in patients with
poor glycemic control
(HbA1c �10%)

Non–insulin-treated/
type 2 diabetes*

Fontbonne
et al,29 1989

RCT SMBG vs urine testing vs
no SMBG

208 France No/Yes No statistically significant
difference in HbA1c but
significant correlation
between test frequency
and HbA1c

Allen et al,30

1990
RCT SMBG vs urine testing 54 United States; Veterans

Administration
No No statistically significant

difference in mean
fasting plasma glucose,
HbA1c, weight

Estey et al,31

1990
RCT SMBG vs SMBG with

education/compliance
60 Canada No More SMBG in education

group but no
statistically significant
difference in HbA1c

Rutten et al,32

1990
RCT SMBG vs no SMBG 129 The Netherlands Yes Significant HbA1c

improvement of 0.4%
vs increase of 0.5% in
no SMBG group;
included decision tree
of results

Muchmore
et al,33 1994

RCT SMBG � carbohydrate
counting vs none

23 United States; body mass
index �27.5

Yes Significant improvement
in HbA1c

Jaber et al,34

1996
RCT Pharmaceutical care

(with SMBG) vs none
39 United States; African

American
Yes Significant improvement in

HbA1c and fasting
plasma glucose

Schwedes
et al,35 2002

RCT SMBG vs no SMBG 223 Germany and Austria Yes Significant improvement
of HbA1c

Guerci et al,36

2003
RCT SMBG vs no SMBG 689 France Yes Significant improvement

of HbA1c

Davidson et al,37

2005
RCT SMBG vs no SMBG 88 United States;

predominantly
Latino, low
socioeconomic status

No No statistically significant
difference in HbA1c

Type 2 diabetes
Faas et al,38 1997 Literature

review
SMBG vs urine testing;

SMBG vs no SMBG
617

(6 RCTs)
Type 2 diabetes;

insulin-, and
non–insulin-treated

No No statistically significant
difference in HbA1c

Coster et al,39 2000 Meta-analysis
of RCTs

Monitoring (blood or urine)
vs no monitoring

285
(4 RCTs)

Type 2 diabetes;
insulin-, and
non–insulin-treated

No Nonsignificant improvement
of HbA1c by 0.25%

Sarol et al,40 2005 Meta-analysis
of RCTs

SMBG vs no SMBG 1307
(8 RCTs)

Type 2 diabetes,
non–insulin-treated

Yes Significant HbA1c

improvement of 0.39%

Welschen et al,41

2005
Literature

review
SMBG vs no SMBG 1159

(5 RCTs)
Type 2 diabetes,

non–insulin-treated
Yes Significant HbA1c

improvement of 0.39%

Abbreviations: HbA1c, hemoglobin A1c; RCT, randomized controlled trial; SMBG, self-monitoring blood glucose.
*Studies of type 2 diabetes are listed as non–insulin-treated; studies of type 1 and 2 are listed as insulin-treated.
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Early nonrandomized reports of
SMBG were positive.44-46 Four Veter-
ans Administration studies, however,
each reported no benefit to SMBG,47-50

although 6 of the 10 other retrospec-
tive or cross-sectional studies23,44-46,51-56

did show benefit. A large cohort study
of a managed care population of 24 000
patients found SMBG improved HbA1c

by up to 1%.23 A Canadian cross-
sectional study found patients who were
insured for SMBG had significantly
lower HbA1c levels than those without
coverage,52 and a study of 115 patients
found that HbA1c was not affected by
simply prescribing SMBG.53

Tapping National Health and Nutri-
tion Examination Survey (NHANES)
data cross-sectionally, Harris found
more SMBG among insulin-treated
people, but no relationship between
frequency of HbA1c and SMBG54;
Blonde et al disputed this finding.55 A
recent evaluation from Italy found no
effect of SMBG in people with type 2
diabetes not taking insulin,56 consis-
tent with their previous emphasis on
the need for an educational link to
SMBG.57

RCTs have had more positive re-
sults, including all 6 of those studying
more than 100 participants (Table).
Kwon et al randomly assigned 110 pa-
tients to usual care or Internet-based
evaluation of SMBG, finding that
with rapid feedback, SMBG proved ben-
eficial.28 Guerci et al in the Auto-
Surveillance Intervention Active (ASIA)
trial studied patients in 265 French phy-
sicians’ offices, finding small but sig-
nificant benefit from SMBG.36 Schwedes
et al, in a German RCT of non−insulin-
treated patients, found improved HbA1c

with SMBG.35 A recent smaller study by
Davidson et al stands out as a negative
RCT. It found no effect of pre- and post-
prandial SMBG in 89 community clinic,
non−insulin-treated participants of pre-
dominantly low socioeconomic status
in Los Angeles, with educators blinded
to group assignment.37

Two systematic reviews and 2 meta-
analyses were reviewed (Table), all of
people with non–insulin-treated dia-
betes. Faas, in 1997, noted no signifi-

cant evidence of benefit in type 2 dia-
betes, but recommended more studies.38

The meta-analysis by Coster et al of 285
patients also found that blood or urine
monitoring had nonsignificant effect.39

The 2 most recent reports, however,
were positive. Sarol et al, summarized
8 RCTs of 1307 patients, and found a
significant reduction in HbA 1c of ap-
proximately 0.4% among patients who
performed SMBG.40 Welschen et al re-
cently reviewed the literature for non–
insulin-using people with diabetes, con-
cluding that SMBG does have a
favorable effect on HbA1c,

41 although in
a counterpoint, Davidson disputed the
conclusion.26

In sum, the larger, more recent trials
reviewed in this article support the con-
clusion that SMBG, if effectively trans-
lated into action, improves glycemia.
The data are most conclusive for insu-
lin-using people, in whom SMBG as part
of a complete regimen to improve gly-
cemia does reduce long-term compli-
cations of diabetes.1 The evidence that
links SMBG to improved glycemia in
non–insulin-requiring type 2 diabetes
is less definitive.

Recommendations for Use. Consis-
tent communication between the pa-
tient and health care professional is es-
sential to effective implementation of
self-monitoring and maintenance of pa-
tient motivation. When patients moni-
tor regularly, they should be taught how
to act immediately on the results as well
as communicate the results to the health
care professional. The health care pro-
fessional must in turn take note of and
evaluate results, communicate treat-
ment modifications based on the re-
sults, and include follow-up.

There are no definitive clinical stud-
ies on optimal frequency of SMBG, so
this is best decided by the individual pa-
tient and clinician. The American Dia-
betes Association (ADA) recommends
SMBG 3 or more times daily for type 1
diabetes and no specific frequency is
recommended for type 2.58 It is reason-
able to recommend more frequent
SMBG in people with more unstable
glycemia, those prone to hypoglyce-
mia, and when treatment changes are

made. We believe that glycemic goals
should be individualized, but the ADA
has recommended that adults with type
1 or 2 diabetes aim for preprandial
plasma glucose between 90 and 130
mg/dL (5.0-7.2 mmol/L) and peak post-
prandial plasma glucose less than 180
mg/dL (�10 mmol/L).58

The optimal timing of SMBG test-
ing also remains controversial. Mon-
nier et al have made the most detailed
analyses of this issue.59,60 They found
that the “extended post-lunch” (5 PM)
values predicted HbA1c less than 7%
with better sensitivity and specificity
than did fasting glucose. But in less well-
controlled type 2 patients, a 3-point
daily testing system was optimal, one
fasting (8 AM), one postprandial (10
AM), and one postabsorptive (5 PM). In
people with type 1 diabetes, a 4- to
8-point daily system was recom-
mended. In another study, peak post-
lunch blood glucose values did not
affect HbA1c after controlling for mean
glycemia.61

In diabetic pregnancy, when the ob-
ject is to approach euglycemia for the
benefit of the developing fetus, post-
prandial testing has proven efficacy for
both women with pregestational type
1 diabetes62 and women with gesta-
tional diabetes.63

Epidemiologic studies suggest that
postprandial hyperglycemia is more
predictive of adverse cardiovascular
outcomes,64,65 but these effects are
relatively small and the data are drawn
mainly from populations with mild
diabetes or even HbA1c within the
normal range. It is not at all clear,
therefore, that postprandial glucose
measurements are predictive of cardio-
vascular or other diabetic complica-
tions beyond their effect on HbA1c. In
other words, if preprandial SMBG and
HbA1c values are in a good range, there
is little evidence to recommend testing
after a meal.

A consensus panel concluded that
evidence is not adequate to support
routine postprandial blood glucose
testing.66 Uncertainty about exact tim-
ing postprandially and exact meal con-
tent were cited. Our practice is to rely
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on fasting, preprandial, and bedtime
SMBG unless there is a special circum-
stance such as an unexplained discrep-
ancy between HbA1 c and SMBG
results, pregnancy, or mild glucose
intolerance. Also, given the potential
seriousness of nocturnal hypoglyce-
mia,67 it is clinically indicated to test in
the middle of the night if patients have

any symptomatic evidence of night-
time lows and to make appropriate
treatment adjustments.

Patients using insulin pumps are a
subgroup with special need for fre-
quent blood glucose monitoring, both to
guide their bolus insulin dosing and be-
cause if insulin delivery is inadvertently
interrupted, they become insulinope-

nic very rapidly and ketoacidosis can de-
velop quickly.68

SMBG can be used most effectively by
using data management features avail-
able on the glucose meter to calculate
means, variance, and trends by time-of-
day or over weeks and months. Most me-
ters can now easily download results into
a personal computer, so managed data
(graphs, averages) can be quickly
printed. The only requirements are that
the time and date be correctly entered
into the meter, and that the office have
a connecting cable and simple soft-
ware. Examples of such downloads are
in FIGURE 1 and FIGURE 2. In our opin-
ion, this data management capability is
useful and underutilized.

The Future: Continuous Glucose
Monitoring. Continuous glucose moni-
toring (CGM) is in its infancy as a prac-
tical clinical tool, but it is likely to
change diabetes management. Mov-
ing from intermittent SMBG to CGM
is a conceptual as well as a technical ad-
vance. With CGM, the continuous,
sometimes extreme fluctuations of
blood glucose are readily apparent.
Alarms can be set to alert patients of
high or low blood glucose concentra-
tions. The immediate effect of every di-
etary and therapeutic intervention can
be seen.

Figure 1. Sample Data Downloaded From Blood Glucose Meters by Time of Day

0

50

100

150

200

250

300

350

0

50

100

150

200

250

300

350

12 AM 6 AM 12 PM 6 PM 12 AM 12 AM 6 AM 12 PM 6 PM 12 AM

Time of Day

G
lu

co
se

, m
g/

d
L

A

Time of Day

B

Sample data downloaded from blood glucose meters over the 90 days prior to the visit. In panel A, the patient clearly has good glycemic control during the day but
levels are high between about 5 and 7 AM. This illustrates the “dawn phenomenon,” in which hyperglycemia occurs in the dawn hours. In panel B, the patient tests
regularly 3 times daily and has much better, more stable glucose levels in the morning than at noon or at 5 PM, when the level is higher and more variable. Regimen
adjustment could include more daytime insulin or oral agent coverage or modification of dietary intake.

Figure 2. Sample Data Downloaded From Blood Glucose Meters Continuously

G
lu

co
se

, m
g/

d
L

Date

0

50

100

150

200

250

300

350

400

450

500

4/7

   

3/8 3/28 4/17 5/72/16 2/26 3/18 4/27 5/17

Glycemic control is clearly worse throughout the month of March. The patient started a better nutritional plan
in April and the results are evident. Discussion with the patient could include lessening antidiabetic treatment
to avoid hypoglycemia.
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At present, there are several CGM
products on the market and more are un-
der development.69 These monitors mea-
sure glucose concentration in subcuta-
neous interstitial fluid, which can reflect
changes in blood glucose concentra-
tions reasonably quickly.70,71 Recent re-
ports describe the use of CGM in clini-
cal and research settings,72-74 but the
monitors are not easily used on a rou-
tine, clinical, long-term basis. Spectros-
copy-based75 and fluorescence-based
sensors,76 which could be entirely non-
invasive, have been slow to develop.

The ultimate goal of CGM is to drive
a closed-loop insulin delivery system,
the “artificial pancreas.”77 This goal, in
early stages of development, depends
on the sensors being robust, accurate,
and easy to use.69

Hemoglobin A1C

In the late 1960s, a minor component
of human hemoglobin A was noted to
be increased in patients with diabe-
tes.78 By the mid-1970s, HbA1c was
shown to decrease as glycemic control
improved, and thus, the potential of
HbA1c as a clinical and research tool was
recognized.79 Over the last 25 years,
HbA1c testing has come into common
use, serving as a convenient method for
evaluating average glycemia over the
previous several months.

HbA1c is defined as the stable ad-
duct of glucose at the N-terminal amino
group of the �-chain of hemoglobin Ao
(N-[1-deoxyfructosyl]hemoglobin).80 It
forms as a posttranslational modifica-
tion, in which glucose condenses with
the free amine group on the N-
terminal valine residues of the hemo-
globin �-chain. The resulting Schiff base
is unstable and undergoes an irrevers-
ible Amadori rearrangement to form a
stable ketoamine.81 Glycation also oc-
curs at certain lysine residues on the
hemoglobin �- and �-chains; total gly-
cohemoglobin or total glycated hemo-
globin refer to measurement of these
products as well as HbA1c. Glycated he-
moglobin is quantified most com-
monly with methods that distinguish
it from nonglycated hemoglobin on
the basis of either charge (cation-

exchange chromatography, electro-
phoresis, isoelectric focusing) or struc-
tural characteristics (affinity chroma-
tography, immunoassays).82

A direct relationship exists between
HbA1c and mean glycemia because eryth-
rocytes are continuously glycated dur-
ing their 120-day lifespan and the rate
of glycohemoglobin formation is pro-
portional to the ambient glucose con-
centration. In the Diabetes Control and
Complications Trial, an HbA1c of 6%
(measured by ion-exchange high-
performance liquid chromatography)
corresponded to a mean plasma glu-
cose level of 135 mg/dL (7.5 mmol/L),
and each 1% increase in HbA1c corre-
sponded to an increase in mean plasma
glucose level of approximately 35 mg/dL
(2 mmol/L).83 One caveat in interpret-
ing the linearity of this relationship is
that HbA1c does not reflect blood glu-
cose levels equally over the previous 120
days. Rather, recent changes in glyce-
mic control are overrepresented in
HbA1c. About 50% of HbA1c is deter-
mined by glycemia during the 1 month
preceding the measurement, 25% from
the 30 to 60 days before the measure-
ment, and 25% from the 60 to 120 days
prior to the measurement.84

Standardization and Confounders.
Comparing study results and setting
HbA1c goals assumes reliability and
comparability of methods. In the early
1990s, there were over 20 available
methods, with widely varying refer-
ence ranges. The National Glycohemo-
globin Standardization Program
(NGSP) (http://www.missouri.edu
/~diabetes/ngsp.html) was created to
remedy this situation and has been
highly successful. Currently, 99% of
laboratories in the United States use cer-
tified assays that are traceable to the Dia-
betes Control and Complications Trial
glycohemoglobin reference (ion-
exchange high-performance liquid
chromatography) with a total impreci-
sion (coefficient of variation) of 4% or
less. Reliable standardization of the as-
say is also increasing internationally.

While age, sex, ethnicity, and non-
fasting state do not affect HbA1c test re-
sults, confounding conditions do ex-

ist. Hemoglobin variants commonly and
unpredictably interfere with HbA1c

measurements. Hemoglobin S or C
carriers may have spuriously high or
low HbA1c results measured by ion-
exchange high-performance liquid
chromatography due to coelution of the
variant with either HbA1c or HbA, and
results may be affected when using
other methods as well.85 With more
than 700 hemoglobin variants re-
ported, most clinically silent, unsus-
pected errors in HbA1c results may oc-
cur. Chemically modified hemoglobin,
such as carbamylated hemoglobin as-
sociated with uremia and acetylated he-
moglobin formed after ingestion of large
doses of salicylates, can falsely in-
crease results.86,87 A hemoglobin vari-
ant should be suspected if the HbA1c

reading is surprisingly high or low, or
is significantly changed coincident with
a change in laboratory method. In these
cases, a boronate affinity chromatog-
raphy method of measuring HbA1c may
be more reliable. Bry et al have re-
viewed this topic88 as has the NGSP Web
site.

Many conditions also exist that al-
ter HbA1c levels independent of the as-
say method. Any process that short-
ens erythrocyte lifespan decreases
HbA1c, since glycation increases with
age of the red cell. Kidney disease, liver
disease, hemolytic anemia, hemoglo-
binopathies, and recovery from blood
loss will all decrease HbA1c on this ba-
sis. Vitamins C and E have been re-
ported to lower HbA1c measurements,
possibly by inhibiting glycation.89,90

Lower HbA1c levels are found in dia-
betic and nondiabetic pregnant women,
probably due both to lower fasting
blood glucose and a shortened eryth-
rocyte lifespan, prompting a proposal
for lowering the upper normal limit for
HbA1c in pregnancy.91

Iron-deficiency anemia, on the other
hand, has been associated with in-
creased HbA1c.92 Any process that slows
erythropoesis, such as aplastic ane-
mia, will increase HbA1c by causing an
older erythrocyte cohort.

We studied whether glycemic labil-
ity, independent of mean glycemia, af-
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fects HbA1c. Analyzing the SD of blood
glucose in patients performing fre-
quent SMBG, we found that after con-
trolling for mean glycemia, HbA1c is not
affected by glycemic lability.93 An-
other report reached a similar conclu-
sion on glycemia after lunch.62

Clinical Utility and Controversies.
The measurement of HbA1c has been the
primary index of glycemia in the Dia-
betes Control and Complications Trial,
the United Kingdom Prospective Dia-
betes Study, and many other studies. It
is therefore the basis upon which gly-
cemic control is known to be a media-
tor of diabetic complications. The Dia-
betes Control and Complications Trial
reduced mean HbA1c by 1.8% in the in-
tensively treated group (7.3% vs 9.1%),
and this difference resulted in a 76%
(95% confidence interval [CI], 62%-
85%) decrease in the development of
new retinopathy, a 39% (95% CI, 21%-
52%) reduction in microalbuminuria,
and a 60% (95% CI, 38%-74%) de-
crease in the development of clinical
neuropathy.1 Similarly, in type 2 diabe-
tes, the United Kingdom Prospective
Diabetes Study found a 25% (95% CI,
7%-40%) decrease in microvascular
complications associated with the 10%
reduction in HbA1c achieved in the in-
tensively treated group.3

Surprisingly, the relatively short pe-
riod of intensive control imposed in the
Diabetes Control and Complications
Trial has now been shown to have long-
lasting beneficial effects years after the
HbA1c levels of the groups merge.94,95

HbA1c is also the accepted measure of
long-term glycemia in the Framing-
ham65 prospective cohort study and the
long-term follow-up study to the Dia-
betes Control and Complications Trial,96

both of which have found a lower risk
for macrovascular complications with
improved glycemia.

While abundant evidence demon-
strates that improved HbA1c reduces the
risk of complications, it is not clear
whether regular assessment of HbA1c it-
self improves diabetic control. Larsen
et al more than 15 years ago did find
in an RCT of 240 patients with type 1
diabetes that treatment decisions made

using quarterly HbA1c results were more
successful in lowering future HbA1c re-
sults than those based only on blood or
urine glucose testing.97

An outside analysis of the Diabetes
Control and Complications Trial raised
the theory that there are “fast glyca-
tors” who, independent of glycemia
alone, may be at greater risk of dia-
betic complications.98,99 This theory is
disputed,100,101 however, and most evi-
dence supports the conclusion that
HbA1c correlates with complication risk
because it reflects glycemia, not be-
cause it causes complications directly.

Recently, NGSP-certified rapid HbA1c

assays have become available, allow-
ing office and home testing. Point-of-
care HbA1c testing at the clinic visit gives
patients immediate feedback and al-
lows the physician to make timely
therapy changes. RCT evidence sug-
gests that point-of-care HbA1c testing
may be superior to central laboratory
testing in decreasing HbA1c levels in type
1 and type 2 diabetes.102,103 Benefits of
home testing, including increased pa-
tient autonomy and self-knowledge,
must be weighed against the possibil-
ity of misuse, misinterpretation, and
avoidance of the regular medical care
system. No evidence exists to evaluate
home HbA1c testing.

In addition to HbA1c, 2 other long-
term indicies of glycemia, fructos-
amine and 1,5 anhydroglucitol (1,5-
AG), are available but less widely used.
Fructosamine, the product of posttrans-
lational glycation of serum proteins,
predominantly albumin, provides a re-
flection of glycemia over a shorter time
frame than does HbA1c. The reliability
of the fructosamine assay is variable,
bringing into question its clinical
utility. One study found the mean gly-
cemia over a prior 2-week period was
better predicted by HbA1c than fructos-
amine.104 Even as an adjunct to home
blood glucose monitoring, weekly fruc-
tosamine testing did not improve HbA1c

levels.105

Recently, the US Food and Drug Ad-
ministration approved a measure of the
1,5-AG assay. This measures serum lev-
els of a molecule that is excreted in the

urine with competitive inhibition by
glucose. Thus, glucosuria inhibits
1,5-AG reabsorption at the renal tu-
bule level, 1,5-AG excretion in-
creases, and the serum levels fall with
hyperglycemia. One study found an in-
crease in 1,5-AG within 2 weeks of ini-
tiating treatment in patients with poorly
controlled type 2 diabetes before a
change in HbA1c was seen.106 In an-
other study of 76 patients with well-
controlled type 2 diabetes, 1,5-AG lev-
els correlated with the degree of daily
glycemic excursion, despite similar
HbA1 c values among treatment
groups.107 The assay is marketed and
could be useful as a marker of post-
prandial hyperglycemia, presumably be-
cause glycosuria ensues postprandi-
ally. Further studies are needed,
however, to make a convincing case that
1,5-AG actually reflects postprandial
hyperglycemia.

Recommendations. The relation-
ship between control and complica-
tions is continuous, with no single gly-
cemic threshold below which the risk of
complications is sharply reduced or
eliminated.108 Furthermore, the risk of
hypoglycemia increases with lower
HbA1c, at least in type 1 diabetes8 (less
clearly for type 2 diabetes109,110). There-
fore, determining a glycemic target in-
volves considering the individual risk-
benefit ratio; there is no scientific basis
for choosing a single, universal target
HbA1c.

The ADA currently recommends that
patients with type 1 and 2 diabetes
achieve HbA1c levels less than 7%,58 a
level that confers a low risk of compli-
cations (eg, 9-year progression of rate
of retinopathy �4%111). In some cir-
cumstances, such as elderly patients or
those prone to hypoglycemia unaware-
ness, target HbA1c should be adjusted
upward, and some people with diabe-
tes can achieve HbA1c of 6.5% or less.
Studies to determine the ideal fre-
quency of HbA1c testing are lacking, but
expert opinion suggests twice-yearly
testing in patients meeting goals and
quarterly testing in patients not meet-
ing goals or in whom therapy is
changed.58
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It remains controversial whether
HbA1c should be accepted as a means
of screening or diagnosing diabetes. It
would provide a simple laboratory test
that does not require the patient to fast
and is not greatly affected by diet or ac-
tivity level of the previous few days. Pro-
ponents also point to improvements in
assay standardization112 that have im-
proved sensitivity and specificity when
compared with criterion standard oral
glucose tolerance testing. Indeed, the
specificity for detecting undiagnosed
diabetes in one study was 97.4% for
HbA1c results 2 SDs above the mean
(�6.1%).113 At present, however, HbA1c

testing is not accepted for screening or
diagnostic purposes.58

The Future of HbA1c. The Interna-
tional Federation of Clinical Chemis-
try has developed a new, more specific
reference method for measuring gly-
cated hemoglobin.114 Using mass spec-
troscopy and capillary electrophoresis,
this method assays the glycation of
valine residues on hemoglobin. With
this more specific measurement, the
International Federation of Clinical
Chemistry reference range is about
1.3% to 1.5% lower than NGSP val-
ues.115 The normal range would thus
be approximately 2% to 4% rather
than the present 4% to 6%, and all val-
ues in the diabetic range would be
about 2% lower than we are used to. A
strong correlation exists between the
existing and the new assays, however,
and a conversion equation has been
developed.115

It is likely that this new Interna-
tional Federation of Clinical Chemis-
try method will become the anchor for
glycated hemoglobin assays world-
wide, but debate is ongoing as to how
the new results will be reported, and
even what the new test will be called.
Changing the HbA1c reference range
could cause confusion for profession-
als and the public alike, given the de-
cades-long effort to educate people
about the importance of measuring
HbA1c and the goal of maintaining
HbA1c at less than 7%. One study found
that simply modifying HbA1c refer-
ence ranges caused a deterioration in

glycemic control in patients.116 The new
anchor could be converted to NGSP-
standardized results and be reported in
the familiar units. An alternative pro-
posal is to conduct a large interna-
tional trial, better establishing the ex-
act relationship of the new results to
mean blood glucose, and to change the
name of the test from HbA1c to mean
blood glucose equivalent. With a new
reference range, new targets, and a new
name, the results could be reported in
familiar plasma glucose values rather
than as percent HbA1c.117

SUMMARY
Management of glycemia in diabetes is
crucially important to the prevention
of both acute and long-term complica-
tions. The 2 fundamental approaches
to assessment, SMBG and HbA1c, pro-
vide fundamentally different but
complementary information. Regular
SMBG is to be encouraged, particu-
larly in patients using insulin, al-
though the frequency can vary widely
dependent particularly on the glyce-
mic stability of the patient and the need
to follow treatment changes. HbA1c, the
criterion standard measure of chronic
glycemic control and complication risk,
should be measured every 3 to 6 months
to assess the success of the treatment
regimen. Changes in both approaches
are ongoing but with proper control of
glycemia, diabetes can be successfully
managed.
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