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OBJECTIVEdRecent studies have reported hemoglobin A1c (HbA1c) differences across ethnic
groups that could limit its use in clinical practice. The authors of the A1C-Derived Average
Glucose study have advocated to report HbA1c in estimated average glucose (AG) equivalents.
The aim of this study was to assess the relationships between HbA1c and the mean of three
7-point self-monitored blood glucose (BG) profiles, and to assess whether estimated AG is an
accurate measure of glycemia in different ethnic groups.

RESEARCH DESIGN AND METHODSdWe evaluated 1,879 participants with type 2
diabetes in the DURABLE trial who were 30 to 80 years of age, from 11 countries, and, according
to self-reported ethnic origin, were Caucasian, of African descent (black), Asian, or Hispanic. We
performed logistic regression of the relationship between the mean self-monitored BG and
HbA1c, and estimated AG, according to ethnic background.

RESULTSdBaselinemean (SD) HbA1c was 9.0% (1.3) (75 [SD, 14]mmol/mol), andmean self-
monitored BG was 12.1 mmol/L (3.1) (217 [SD, 55] mg/dL). In the clinically relevant HbA1c

range of 7.0–9.0% (53–75 mmol/mol), non-Caucasian ethnic groups had 0.2–0.5% (2–6 mmol/
mol) higher HbA1c compared with Caucasians for a given BG level. At the mean self-monitored
BG levels #11.6 mmol/L, estimated AG overestimated the actual average BG; at levels .11.6
mmol/L, estimated AG underestimated the actual BG levels.

CONCLUSIONSdFor a given degree of glycemia, HbA1c levels vary among different ethnic
groups. Ethnicity needs to be taken into account when using HbA1c to assess glycemic control or
to set glycemic targets. Estimated AG is not a reliablemarker formean glycemia and therefore is of
limited clinical value.
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The results of hemoglobin A1c (HbA1c)
measurements are used to evaluate
quality of glycemic control in indi-

viduals with diabetes mellitus (1). How-
ever, several studies have reported that
HbA1c levels may be significantly higher
in non-Caucasian patients with diabetes
for a given blood glucose (BG) range (2–
4). It has become clear that HbA1c levels
not only depend on the long-term BG
concentration (5–7) but also may be
influenced by genetic factors (8–10) as
well as environmental factors such as
smoking and obesity (11).

The authors of the A1C-Derived Av-
erage Glucose study proposed to translate
HbA1c into estimated average glucose
(AG) equivalents for monitoring glycemic
control (12). They asserted that this could
facilitate the patient’s comprehension of
the value of a given HbA1c measurement
and could be used instead of HbA1c. How-
ever, the potential racial and ethnic differ-
ences in hemoglobin glycation (3) and the
impact of hemoglobin variants and eryth-
rocyte survival on the HbA1c assay (13)
suggest that estimated AGmay be a biased
estimate of mean self-monitored BG

(SMBG), depending on the specific ethnic
group.

The aims of the current study were
to analyze in the participants of the
DURABLE trial the relationships between
HbA1c and mean SMBG across different
ethnic groups with type 2 diabetes and
to compare HbA1c-derived estimated AG
with mean SMBG to determine whether
estimated AG is an accurate measure of
glycemia.

RESEARCH DESIGN AND
METHODSdThe DURABLE trial (as-
sessing the durability of basal vs. Lispro
Mix 75/25 insulin efficacy) was a global
study with the primary objective of com-
paring the efficacy, safety, and durability
of two starter insulin regimens in patients
with type 2 diabetes (14). It enrolled a
large, diverse cohort of patients from
five continents. The DURABLE trial was
conducted in accordance with the Inter-
national Conference on Harmonization
Guidelines for Good Clinical Practice
and the Declaration of Helsinki. All sites
received approval from Institutional Re-
view Boards, and all patients provided
written informed consent. Men and
women 30 to 80 years of age with type 2
diabetes andHbA1c.7.0% (53mmol/mol)
with use of at least two oral BG–lowering
agents (minimum dose 1,500 mg/day
metformin, one-half maximum daily
dose sulfonylurea, and/or either 30 mg/
day pioglitazone or 4 mg/day rosiglita-
zone) for at least 90 days immediately be-
fore the study were eligible for the study
(14). Patients were excluded if they had a
history of long-term insulin therapy, BMI
.45 kg/m2, recent history of severe hypo-
glycemic episodes, or history of significant
renal, hepatic, hematologic (including he-
moglobinopathy, hemolytic anemia,
sickle cell anemia, and severe blood
loss), oncologic, or cardiac disease. Serum
creatinine screening was performed lo-
cally for all patients. Metformin-treated
patients were excluded if serum creatinine
was$124mmol/L (1.4mg/dL) for women
and $133 mmol/L (1.5 mg/dL) for men.
At study entry, patients self-reported eth-
nic origin based on the following catego-
ries: Caucasian (European, Mediterranean,
Middle Eastern), African descent (black),
East/SoutheastAsian (Myanmarese,Chinese,
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Japanese, Korean, Mongolian, Vietnamese),
Western Asian (Pakistani, Indian Subconti-
nent), Hispanic (Mexican-American, Mex-
ico, Central and South America), and
other (mixed racial parentage, American
Indian, Inuit). Because of the heterogene-
ity of their backgrounds, the small group
of 62 individuals reported as "other" is
not included in this analysis.

Measurements
Clinical measurements taken at baseline
included HbA1c (Bio-Rad Variant HbA1c

assay; Bio-Rad Laboratories, Hercules,
CA) and fasting BG. HbA1c was mea-
sured by Covance regional laboratories,
which perform regular interregional
quality control in accordance with Na-
tional Glycohemoglobin Standardi-
zation Program Level I certification
(Geneva, Switzerland [European sam-
ples], Sydney, Australia [Australian sam-
ples], Indianapolis, Indiana [North and
South American samples], and Singa-
pore [Indian samples]). In this assay,
the reference range for HbA1c was 4.3–
6.1% (23–43 mmol/mol). Subjects were
trained regarding how to monitor their
own glucose levels using the glucose me-
ters and how to complete the patient di-
aries. In the 2 weeks before the baseline
visit, patients were instructed to record
three 7-point SMBG profiles consisting
of three premeal (first measurement re-
quired to be fasting) measurements,
three 2-h postprandial measurements,
and a measurement at 3:00 A.M. with
a Roche Active or Roche Aviva BG
meter (Roche Diabetes Care, Mannheim,
Germany).

Calculations and analysis
The mean SMBGs were calculated with an
arithmetic mean based on the three
7-point BG profiles. The estimated AG
was calculated by inserting observed
HbA1c into the A1C-Derived Average
Glucose study linear regression equation
(estimated AG [mg/dL] = [28.7 3 HbA1c

(%)] 2 46.7; r = 0.92) (12) and then by
converting to mmol/L. A mean BG index
that quantifies the difference between
mean SMBG and estimated AG for an in-
dividual patient was calculated as follows:
mean BG index [mmol/L] = estimated AG
[mmol/L] 2 observed mean SMBG
[mmol/L].

The baseline characteristics of the
participants are presented as mean (SD).
Means were compared between ethnic
groups with ANOVA. East and West
Asian groups were combined for racial/
ethnic analyses. The Tukey honestly sig-
nificant difference test was used to adjust
for multiple comparisons. When varia-
bles were not normally distributed, me-
dians were compared with nonparametric
Kruskal-Wallis test. Fisher exact test was
used to analyze categorical variables.
Pearson correlation coefficient was used
to determine the association between
variables. A population linear regression
equation was calculated for all ethnic
subgroups using the individual mean
SMBG values and HbA1c at baseline for
each participant. PASW Statistics (version
20; IBM, Armonk, NY) was used to per-
form all statistical analyses.

RESULTSdA total of 1,879 patients
with 7-point SMBG profiles available at

baseline were included in the present
analysis. The mean age was 57 years;
among the entire patient group, 52.4%
were men, 66.0% were Caucasian, 16.2%
were Asian, 12.0% were Hispanic and
5.8% were of African (black) descent.
A comparison of baseline characteristics
between ethnic groups is shown in Table 1.
At baseline, the median duration of di-
abetes was 8.0 years, mean (SD) BMI was
31.7 kg/m2 (6.0 kg/m2) and mean HbA1c

was 9.0% (1.3) (75 [SD, 14] mmol/mol).
Asian patients had significantly higher
postprandial BG levels than Caucasians.
Mean HbA1c levels were significantly
higher in Hispanic and Asian participants
compared with Caucasians.

Figure 1 depicts the relationship be-
tween HbA1c and mean SMBG for all par-
ticipants in the different ethnic groups
and the corresponding regression equa-
tions and resulting regression lines for
the ethnic groups. Differences between
the ethnic groups are the largest in the
clinically relevant HbA1c range of 7.0–
9.0% (53–75 mmol/mol). In this range,
as depicted in Table 2, the level of
HbA1c is 0.2–0.5% (2–6 mmol/mol)
higher in Asian, Hispanic, and African de-
scent participants compared with Cauca-
sian participants.

The estimated AG levels, calculated
fromHbA1c levels, are given in Table 1. As
expected from the HbA1c values, esti-
mated AG is significantly higher in His-
panic and Asians than in Caucasians.
Figure 2 depicts the relationship between
the estimated AG and the mean SMBG.
When estimated AG is an accurate reflec-
tion of mean SMBG, we expect a 1:1 linear

Table 1dBaseline characteristics of the study population by ethnicity

All* Caucasian Asian Hispanic African descent

n (%) 1,879 1,241 (66.0) 304 (16.2) 225 (12.0) 109 (5.8)
Age, years 57 6 10 59 6 10 53 6 9‡ 54 6 10‡ 55 6 11‡
Male, % 52.4 56.6 45.7† 40.9† 46.8
Body weight, kg 88.4 6 20.8 93.3 6 19.8 69.4 6 14.1‡ 84.4 6 18.4‡ 93.2 6 19.6
BMI, kg/m2 31.7 6 6.0 32.7 6 5.7 27.2 6 5.0‡ 31.8 6 5.8 32.7 6 6.4
Known duration of diabetes, years 8.0 (5.0–12.5) 9.0 (6.0–13.0) 7.0 (4.0–12.0)† 8.0 (5.0–13.0) 7.0 (4.0–12.0)
HbA1c, % 9.0 6 1.2 8.9 6 1.2 9.2 6 1.3† 9.4 6 1.4‡ 9.1 6 1.3
HbA1c, mmol/mol 75 6 14 74 6 13 77 6 15† 79 6 15‡ 76 6 15
Fasting BG level, mmol/L 10.8 6 3.0 10.9 6 2.9 10.6 6 3.0 10.8 6 3.3 10.3 6 3.2
Premeal BG level, mmol/L 11.1 6 3.1 11.1 6 2.9 11.2 6 3.3 11.4 6 3.3 10.7 6 3.4
Postprandial BG levels, mmol/L 13.3 6 3.3 13.2 6 3.1 14.2 6 3.6‡ 13.3 6 3.3 12.6 6 3.6
Mean 7-point BG levels, mmol/L 12.1 6 3.1 11.9 6 2.9 12.5 6 3.3* 12.3 6 3.3 11.4 6 3.3
Estimated AG, mmol/L 11.8 6 2.0 11.6 6 1.9 12.1 6 2.1† 12.4 6 2.2‡ 11.9 6 2.1

Data are mean6 SD or median and interquartile range, unless otherwise specified, and were compared between Caucasian and other ethnic groups using ANOVA.
Tukey honestly significant difference test was used to adjust for multiple comparisons. Fisher exact test was used to analyze categorical variables. *P , 0.05, †P ,
0.01, ‡P , 0.001, all vs. Caucasians.
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relationship, which apparently is not the
case. When we plotted the relationship
between mean SMBG and mean BG in-
dex, i.e., the difference between estimated

AG and mean SMBG, we observed a
clearly deviant pattern. With mean BG
levels ,11.6 mmol/L (210 mg/dL), this
difference is .0, whereas at higher BG

levels this difference becomes negative.
These findings indicate that at lower lev-
els of mean BG, estimated AG overesti-
mates true BG levels; at levels .11.6
mmol/L (210 mg/dL), estimated AG un-
derestimates the true BG level. This pat-
tern proved similar for all ethnic groups
(data not shown).

CONCLUSIONSdWe report the as-
sociation between glycemic measures in a
large racially and ethnically diverse pop-
ulation of patients with type 2 diabetes.
There is a clear difference in the relation-
ship between HbA1c and mean SMBG in
different ethnic groups, with the highest
HbA1cdfor a given BG leveldin His-
panic participants and in participants of
Asian and African descent and the lowest
HbA1c in Caucasians. In the clinically

Figure 1dA–D: The relationship between HbA1c and mean SMBG in the Caucasian, Asian, Hispanic, and African descent ethnic groups. The
regression equations are as follows: (A) Caucasian HbA1c (%) = 0.273mean SMBG (mmol/L) + 5.66; (B) Asian HbA1c (%) = 0.253mean SMBG
(mmol/L) + 6.05; (C) HispanicHbA1c (%) = 0.283mean SMBG (mmol/L) + 5.92; and (D) African descent HbA1c (%) = 0.263mean SMBG(mmol/L) +
6.17, where mean SMBG is the mean of the SMBG profiles.

Table 2dComparison of HbA1c values at different mean BG levels between the different
ethnic groups

Mean BG

6.0 mmol/L 9.0 mmol/L 12.0 mmol/L 15.0 mmol/L

Caucasian 7.29 (56.3) 8.11 (65.1) 8.92 (74.0) 9.74 (83.0)
Asian 7.56 (59.1) 8.32 (67.4) 9.07 (75.6) 9.83 (83.9)
Hispanic 7.61 (59.7) 8.46 (69.0) 9.30 (78.1) 10.15 (87.4)
African descent 7.71 (60.8) 8.48 (69.2) 9.25 (77.6) 10.02 (86.0)
D Asian 2 Caucasian 0.27 (3.0) 0.21 (2.3) 0.15 (1.6) 0.09 (0.9)
D Hispanic 2 Caucasian 0.32 (3.5) 0.35 (3.8) 0.38 (4.1) 0.41 (4.4)
D African descent 2 Caucasian 0.42 (4.6) 0.37 (4.1) 0.33 (3.6) 0.28 (3.1)

Data presented as HbA1c % (mmol/mol).
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relevant HbA1c range of 7.0–9.0% (53–75
mmol/mol), non-Caucasian ethnic
groups had a 0.2–0.5% higher HbA1c

compared with Caucasians. These results
add to the growing literature describing
higher HbA1c levels in non-Caucasian
populations for a similar degree of hyper-
glycemia. Although biological and analyt-
ical variations may contribute to this

difference, it is unlikely that these varia-
tions explain all of the difference.We have
assessed diurnal variation in HbA1c when
measured in five different samples ob-
tained between 8:00 A.M. and 11:00 P.M.

in patients with type 2 diabetes (15).
The resulting HbA1c values were nearly
identical (median intra-individual varia-
tion 1.3%), indicating very low biological

and analytical variations within an indi-
vidual. Even when laboratories use
multiple analyzers, the total analytic im-
precision is low (16). This suggests that
the HbA1c difference of (absolute) 0.2%
(2.2 mmol/mol) is clinically relevant.

Another important finding is the re-
lationship between estimated AG, calcu-
lated on the basis of HbA1c measurement
(12), and the actual values of mean BG as
derived from self-monitoring. In the A1C-
Derived Average Glucose study report,
estimated AG was calculated in 507 pa-
tients (.80% Caucasians) by combining
weighted results obtained during a
3-month period from at least 2 days of
continuous glucose monitoring per-
formed four times, with seven-point daily
BG monitoring performed at least 3 days
per week (12). Although there was a good
correlation between HbA1c and estimated
AG (R2 of 0.84 for the whole group), vi-
sual inspection of this relationship
shows that an HbA1c of, for instance,
7% (53 mmol/mol) was associated with
estimated AG varying between 7.0
mmol/L (127 mg/dL) and 11 mmol/L
(200 mg/dL). In the current study, we
observed a clear discrepancy between es-
timated AG and actually measured mean
BG levels. With BG levels #11.6 mmol/L
(210 mg/dL), estimated AG was higher
than the actual average mean BG. When
mean BG levels were.11.6 mmol/L (210
mg/dL), estimated AG was significantly
lower than the measured BG levels.
Thus, estimated AG overestimated BG at
lower glucose levels and underestimated
mean BG at higher glucose levels. From
these results, we conclude that calcula-
tion of estimated AG from HbA1c with
the current formula leads to inaccurate
results.

HbA1c levels are determined by several
factors, as has been described in several re-
cent articles. In addition to BG levels, age,
sex, BMI, mean corpuscular hemoglobin,
mean corpuscular hemoglobin concentra-
tion, current smoking, and alcohol con-
sumption are independent predictors of
HbA1c level (11). The data presented in
this report confirm previous articles in
which it was described that persons of Af-
rican descent have higher HbA1c levels
than Caucasian persons across the full
spectrum of BG levels (17,18). Another
study reported a 0.5% (6 mmol/mol)
higher HbA1c in Hispanics compared
with Caucasians (2). The investigators con-
cluded that these differences may be based
on types of lifestyles, health care access and
utilization, or socioeconomic factors, and

Figure 2dA: Relationship between the estimated AG and the mean SMBG values. The observed
regression line (solid line) differs significantly from the expected regression line (dotted line).
B: Relationship between the mean BG index (difference between estimated BG and measured BG)
and the mean SMBG values. At mean SMBG levels of#11.6 mmol/L (210 mg/dL), estimated AG
overestimates the actual average BG; at BG levels .11.6 mmol/L (210 mg/dL), estimated AG
underestimates the true BG levels.
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also possibly on biological differences
such as hemoglobin glycation or erythro-
cyte survival (2). However, there was in-
sufficient data to compare HbA1c levels
stratified for glycemic control based on
BG monitoring. Our present analyses
clearly show a 0.32–0.41% (3–5 mmol/mol)
absolute difference in HbA1c between
Hispanics and Caucasians for a given
mean BG level ranging from 5.6 to 15.0
mmol/L (100–260 mg/dL; Table 2). This
difference may be explained, in part, by
genetic determinants. In the third Na-
tional Health and Nutrition Examination
Survey, it recently was shown that at
many HbA1c genetic loci there is substan-
tial race–ethnic heterogeneity in risk al-
lele frequencies (19). For the clinical
situation, these results imply that goals
for HbA1c need to be different according
to ethnic background, and also that cutoff
values for establishing the presence of
type 2 diabetes are different accord-
ing to ethnic background. For example,
it recently was demonstrated that reti-
nopathy prevalence begins to increase
at a lower HbA1c level in those of African
descent than in Caucasians (18). Thus,
in studies in which intensive diabetes
treatment has been applied, such as the
ACCORD study, using the same HbA1c as
treatment target for people from different
ethnic backgrounds may have created a
higher risk of hypoglycemia for those of
Asian, African, or Hispanic origin. In this
respect, reassessment of the ACCORD
study results (20) with special attention
to the relationship between ethnic back-
ground and risk of hypoglycemia seems
warranted. An interesting finding in this
study was that compared with Caucasians,
Asians had higher postprandial BG lev-
els despite similar fasting and premeal
BG levels. This finding may suggest
that this postprandial increase is a
specific feature of type 2 diabetes in
Asians.

One limitation of our study is that the
association of HbA1c and BG has been
based on a single HbA1c determination
and on mean BG levels assessed from
only three 7-point SMBG profiles ob-
tained within a period of 2 weeks. How-
ever, the DURABLE trial included
patients with relatively stable glycemic
control and also ensured that BG mea-
surements could be compared among
participants by using a single type of BG
meter (Roche, Mannheim, Germany). It
has been shown clearly that HbA1c levels
reflect average glycemia of the most re-
cent 5 weeks (21). We have no data

regarding the quality of BG self-monitoring
by the participants, because many of the
participants may have been taught this
technique during the run-in phase of
the DURABLE trial. However, clinical ex-
perience suggests that patients find these
BG meters easy to understand and use.
Finally, there is a large amount of scatter
in the data (as depicted in Fig. 1), possi-
bly as a result of biological variation or
experimental/analytical error. However,
this scatter was rather similar to the re-
sults presented by McCarter et al. (22) in
type 1 diabetic individuals. Greater num-
bers would have allowed for more de-
tailed subanalyses.

We conclude that ethnicity has a strong
influence on the relationship between
HbA1c and mean BG levels obtained by
self-monitoring. This background needs
to be taken into considerationwhen assess-
ing HbA1c levels as part of evaluation of
(quality of) diabetes treatment and for set-
ting glycemic targets. Moreover, at mean
BG levels ,11.6 mmol/L (210 mg/dL),
estimated AG overestimates the actual
average BG; at levels .11.6 mmol/L (210
mg/dL), estimated AG underestimates the
true BG levels, which limits the use of esti-
mated AG as an accurate marker of glyce-
mia in clinical practice.
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