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OBJECTIVEdTo determine whether glucose-independent differences in HbA1c exist between
people of African, South Asian, and Chinese ethnicities.
RESEARCH DESIGN AND METHODSdData from 6,701 people aged 19–78 years,
without known diabetes, from Mauritius, and participating in the population-based NonCommunicable Disease Surveys of the main island and the island of Rodrigues were included.
Participants were African (n = 1,219 from main island, n = 1,505 from Rodrigues), South Asian (n =
3,820), and Chinese (n = 157). Survey data included HbA1c, plasma glucose during oral glucose
tolerance testing (OGTT), anthropometry, demographics, and medical and lifestyle history.
RESULTSdMean HbA1c, after adjustment for fasting and 2-h plasma glucose and other factors
known to inﬂuence HbA1c, was higher in Africans from Rodrigues (6.1%) than in South Asians
(5.7%, P , 0.001), Chinese (5.7%, P , 0.001), or Africans from the main island of Mauritius
(5.7%, P , 0.001). The age-standardized prevalence of diabetes among Africans from Rodrigues
differed substantially depending on the diagnostic criteria used [OGTT 7.9% (95% CI 5.8–10.0);
HbA1c 17.3% (15.3–19.2)]. Changing diagnostic criteria resulted in no signiﬁcant change in the
prevalence of diabetes within the other ethnic groups.
CONCLUSIONSdPeople of African ethnicity from Rodrigues have higher HbA1c than those
of South Asian or African ethnicity from the main island of Mauritius for reasons not explained by
plasma glucose during an OGTT or traditional factors known to affect glycemia. Further research
should be directed at determining the mechanism behind this disparity and its relevance to
clinical outcomes.
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I

n 2009, the International Expert Committee recommended that HbA1c be
used in the diagnosis of diabetes at a
threshold level of $6.5% (1). This recommendation was subsequently adopted by
both the American Diabetes Association
and the World Health Organization
(2,3). There has been much debate over
the relative beneﬁts and potential disadvantages of HbA1c over traditional plasma

glucose criteria (4). As HbA1c is not a direct measure of glycemia, there is concern
that levels can vary as a consequence of
factors unrelated to blood glucose levels.
Such factors include the rate of erythrocyte turnover and the rate of protein glycation. Existing evidence suggests the
possibility that HbA1c may vary, independently of glycemia, among people of different ethnicities. Such variability has
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been observed in the U.S. between people
of African American and Caucasian American ethnicities, as well as in Denmark between Inuits and Caucasians (5,6).
However, no such studies have been conducted in developing countries, where
the vast majority of people with diabetes
live.
Mauritius is an island nation in the
southwestern Indian Ocean with a diverse
population of ~1.3 million. This population includes three of the world’s most
populous ethnic groups: South Asians
(Indians), Africans, and Chinese. It thus
presents an ideal setting for the investigation of glucose-independent ethnic variability of HbA1c and provides a unique
opportunity to undertake the ﬁrst analysis of the impact of different ethnicities on
the HbA1c-glucose relationship undertaken outside Europe and the U.S. This
study, conducted in a large multiethnic
population from Mauritius without previously diagnosed diabetes, was designed
to assess 1) the effect of ethnicity on the
relationship between HbA1c and plasma
glucose and 2) whether ethnicity affects
the degree of discordance between
HbA1c and plasma glucose diagnostic criteria.
RESEARCH DESIGN AND
METHODSdCross-sectional data
from 8,158 persons, aged 19–78 years,
were collected during two populationbased studies, the 2009 Mauritius and
Rodrigues Non-Communicable Disease
Surveys, which were conducted, using the
same protocols, on the main island of
Mauritius and on the island of Rodrigues,
respectively. The surveys were conducted
as part of ongoing surveillance of the
prevalence of noncommunicable diseases
and their complications and also to investigate risk factors associated with chronic
disease. Participants resided in 22 clusters
on the main island and 6 from Rodrigues,
constituting representative samples. The
main island of Mauritius is divided into
nine districts. The number of clusters selected within each of these districts was
proportional to the size of its population.
Each of the clusters consisted of between
care.diabetesjournals.org
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900 and 1,100 households, with the exception of two additional clusters, of ~200
households, which were selected to ensure better representation of ethnic minorities. For the Rodrigues survey, the island
was divided into six geographical regions
with one cluster per region. The sample
size of each cluster was proportional to
the population of the respective region.
Within each of the 28 clusters, one in three
households was selected and one adult per
household was invited to participate. The
response rate was 84%. In the main island
survey, participants identiﬁed as being of
South Asian (n = 4,696), African (n =
1,471), and Chinese (n = 187) ethnicities,
whereas in Rodrigues the vast majority
(98%) of participants identiﬁed as African
(n = 1,743). The two surveys were approved by the ethics committee of the
Ministry of Health and Quality of Life,
Mauritius, and written informed consent
was obtained from all participants.
Measurements
Survey data collected included demographics, medical and lifestyle history,
blood pressure, anthropometry, fasting
lipids, HbA1c, and both fasting (FPG) and
2-h (2hPG) plasma glucose during a 75-g
oral glucose tolerance test (OGTT).
Demographic and medical information
was obtained via interviewer-administrated
questionnaires. Participants were asked
what ethnicity they identiﬁed as and
were provided with a list of the most
common ethnic groups in Mauritius
along with the option of answering
“other.” Physical activity was assessed using the Global Physical Activity Questionnaire (7). Participants were then classiﬁed
into three groups based on their activity
time per week, with vigorous activity being doubly weighted: sedentary (0 min),
insufﬁcient (1–150 min) or sufﬁcient
(.150 min). For education, participants
were categorized according to their highest level attained: primary (0–6 years),
secondary (7–12 years) or tertiary. Alcohol intake was categorized into three
groups according to the number of days
per week a participant reported drinking
alcohol and the number of drinks typically consumed on one such day: none,
moderate (1–3 days/week and 1–3
drinks/day or $4 days/week and 1–2
drinks/day), or excessive ($5 drinks
on any number of days per week or $4
days per week, with $3 drinks per day).
Regarding smoking status, participants
were classed as current, previous, or
nonsmokers.
care.diabetesjournals.org

After participants had rested for 5
min, two sitting blood pressure measurements were performed using an
automated sphygmomanometer with
appropriate cuff size. If the two measurements differed by .10 mmHg, a third
measurement was taken. The mean pressures were calculated from the two closest
readings. Survey staff measured participants’ weight in light clothing using a mechanical beam balance, height using a
stadiometer, waist circumference at the
midpoint between the iliac crest and the
lower rib border, and hip circumference at
the maximum circumference around the
buttocks.
Blood samples were collected by
venepuncture, with participants having
fasted overnight for at least 8 h. After fasting
samples were taken, a 75-g oral glucose
load was administered, with subsequent
sampling at 2 h. Samples for plasma
glucose testing were collected in ﬂuoride/
oxalate tubes and then centrifuged and
assayed onsite using a YSI 2300 STAT
PLUS instrument. Samples for HbA1c testing were collected in EDTA tubes and processed at Victoria Hospital in Quatre
Bornes using high-performance liquid
chromatography on a Tosoh G7 automated system (Tosoh, Tokyo, Japan).
The HbA 1c samples were ﬂown daily
from Rodrigues to the main island and analyzed the same evening. HbA1c results are
traceable to the International Federation
of Clinical Chemistry and Laboratory
Medicine (IFCC) calibrator set (lot no.
2008.107) and were expressed as NGSPequivalent values, using the following
conversion equation: NGSP (%) =
0.09148 3 IFCC (mmol/mol) + 2.152.
The Tosoh G7 method is not signiﬁcantly
affected by hemoglobin (Hb)S or D traits.
However, some interference has been
noted with HbC and -E traits (8). The
prevalence of these traits in Mauritius is
,1% (9). HbF has minimal interference
with this method, even when levels are
raised, provided that the HbF peak is correctly identiﬁed on the chromatogram
(10). During the study, all chromatograms
were inspected for the presence of Hb variants. Provided there was no interference
present, HbA1c was reported in participants with HbS, -C, or -D along with those
with elevated fetal Hb. If interference was
observed on the chromatogram, the
HbA1c was not reported.
Statistical methods
Data from participants who reported
a previous diagnosis of diabetes or who

were on medication for diabetes were
excluded from all analyses (n = 1,016).
In addition, data from participants who
were pregnant (n = 65), who had not
fasted adequately (,8 h) (n = 64), who
did not identify with one of the speciﬁed
ethnicities (n = 34), or on whom laboratory
testing was not performed (n = 349) were
also excluded. Participants were categorized on the basis of their self-reported
ethnicity. Given the possibility of genetic,
environmental, and lifestyle differences
between the main island and the island
of Rodrigues, it was decided to subclassify
participants according to which island
they were from. This concern only applied to people of African ethnicity, as almost the entire population from
Rodrigues identiﬁed as African. Characteristics of the groups were compared using ANOVA for normally distributed
data, Pearson x2 tests for categorical
data, and nonparametric K sample tests
for non–normally distributed continuous
data.
ANOVA was used to assess differences in crude mean HbA1c between the
ethnic groups. Mean HbA1c, after adjustment for FPG and 2hPG initially (model
1) and then additionally for age, sex, BMI,
systolic blood pressure, education, physical activity, smoking status, and alcohol
intake (model 2), was also compared
between the groups. Adjusted means
were calculated using linear regression
followed by calculation of marginal effects at the means of the covariates. Comparisons were performed using the
adjusted Wald test. These analyses were
also performed with further stratiﬁcation
by glucose tolerance status, deﬁned using the World Health Organization
(WHO) 2006 OGTT criteria (11). Normal glucose tolerance was deﬁned as
having FPG ,6.1 mmol/L and 2hPG
,7.8 mmol/L, intermediate hyperglycemia as FPG $ 6.1 but ,7.0 mmol/L or
2hPG $7.8 but ,11.1 mmol/L, and new
diabetes as FPG $7.0 mmol/L or 2hPG
$11.1 mmol/L.
For assessment of the correlation of
the HbA1c criteria with the OGTT criteria
between the ethnic groups, the probability of obtaining an HbA1c $6.5% in a person who meets the OGTT criteria for
diabetes (FPG $7.0 mmol/L or 2hPG
$11.1 mmol/L) and the probability of obtaining an HbA 1c ,6.5% in a person
without diabetes according to the OGTT
criteria were calculated. These probabilities have been described as the sensitivity
and speciﬁcity of HbA1c, but the use of
DIABETES CARE, VOLUME 36, JUNE 2013
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these terms assume that the OGTT identiﬁes only true diabetes cases. To investigate
whether differences in these probabilities
were mediated by factors other than ethnicity, logistic regression was performed
with adjustment for potential confounding factors (age, sex, BMI, systolic blood
pressure, education, physical activity,
and smoking status). All assumptions of
the regression models were assessed, and
interactions between covariates were
tested for.
The age-standardized prevalence of
undiagnosed diabetes within each ethnic
group was calculated using either the
OGTT (WHO, 2006) or HbA1c diagnostic
criteria (WHO, 2011). Age standardization (using the direct method) was performed using national census data from
2008 provided by the government of
Mauritius.
All analyses were performed using
Stata (version 11.1; StataCorp, College
Station, TX). To account for the design of

the surveys, we used Stata survey commands, which calculate variance allowing
for the clustered sampling method used.
RESULTSdData from 6,701 participants without known diabetes were included in the analyses. Characteristics of
the study population are described in Table 1. The mean age of participants was
43.8 years, 53.9% were women, and
mean BMI was 24.9 and 26.4 kg/m2 in
men and women, respectively. In general,
Africans from Rodrigues had the lowest
level of educational attainment, had the
highest mean BMI, and were most likely
to have excessive alcohol intake, while
Africans on the main island were most
likely to smoke. The Chinese participants
were older, better educated, and less
likely to smoke than all the other groups.
The South Asian group had the most abstainers from alcohol and, along with the
Chinese, the highest mean plasma glucose levels.

Table 2 shows that mean HbA1c was
higher in Africans from Rodrigues (6.1%)
than in Africans from the main island
(5.7%, P , 0.001), South Asians (5.7%,
P , 0.001), and Chinese (5.7%, P ,
0.001) after adjustment for FPG, 2hPG,
and other factors known to affect glycemia. No signiﬁcant differences were seen
between any of the other ethnic groups (P
. 0.5 for all comparisons). Stratiﬁcation
by glucose tolerance status showed that
differences in adjusted mean HbA1c between the ethnic groups persisted across
the spectrum of glycemia (Fig. 1). The
difference in adjusted mean HbA1c between Africans from Rodrigues and South
Asians varied with age (P = 0.008), being
greatest in those aged ,40 years (0.5 percentage points) and least in those aged
.60 years (0.3 percentage points). There
was also an interaction with age (P =
0.014), such that the difference in adjusted mean HbA 1c between Africans
from the main island and those from

Table 1dParticipant characteristics overall and by ethnic group

Overall
n
Age (years)
Women
BMI (kg/m2)
Men
Women
Current smoker
Waist circumference (cm)
Men
Women
Blood pressure (mmHg)
Systolic
Diastolic
Plasma glucose (mmol/L)
FPG
2hPG
HbA1c (%)
Education
Primary or none
Secondary
Tertiary
Physical activity
Sedentary
Insufﬁcient (,150 min/week)
Sufﬁcient ($150 min/week)
Alcohol intake
None
Moderate
Excessive

South Asian

African (Rodrigues)

African
(main island)

Chinese

P

6,701
43.8 6 13.5
3,640 (53.9)

3,820
44.0 6 13.1
2,112 (55.3)

1,505
42.1 6 13.9
775 (51.5)

1,219
44.2 6 13.7
649 (53.2)

157
54.5 6 13.2
79 (50.3)

,0.001
0.064

24.9 6 4.5
26.4 6 5.5
1,417 (21.2)

24.7 6 4.3
25.7 6 5.1
677 (17.8)

25.6 6 4.6
28.3 6 5.7
347 (23.1)

25.0 6 4.8
26.7 6 5.9
377 (30.9)

24.1 6 3.1
23.3 6 3.9
16 (10.2)

0.006
,0.001
,0.001

86.5 6 11.2
81.5 6 12.2

86.4 6 10.7
79.3 6 10.9

87.9 6 12.4
87.7 6 13.6

85.4 6 11.3
81.6 6 12.2

84.7 6 8.6
77.9 6 9.2

0.107
,0.001

127 (115–143)
79 (71–87)

126 (114–143)
78 (70–86)

128 (117–143)
80 (73–88)

129 (117–146)
79 (71–87)

129 (115–142)
76 (71–83)

,0.001
,0.001

5.6 (5.3–6.1)
6.6 (5.6–8.1)
5.8 6 0.8

5.7 (5.3–6.1)
6.7 (5.7–8.4)
5.8 6 0.01

5.5 (5.1–5.9)
6.4 (5.5–7.6)
6.0 6 0.02

5.6 (5.2–6.1)
6.6 (5.5–8.1)
5.7 6 0.03

5.6 (5.3–6.2)
6.8 (5.6–8.6)
5.8 6 0.06

,0.001
,0.001
,0.001
,0.001

3,317 (49.8)
2,832 (42.5)
515 (7.7)

1,628 (42.9)
1,774 (46.7)
397 (10.5)

1,016 (67.9)
453 (30.3)
28 (1.9)

647 (53.4)
504 (41.6)
61 (5.0)

26 (16.7)
101 (64.7)
29 (18.6)

694 (10.6)
1,883 (28.8)
3,951 (60.5)

417 (11.1)
1,115 (29.7)
2,217 (59.1)

161 (11.3)
398 (27.9)
868 (60.8)

102 (8.5)
327 (27.3)
769 (64.2)

14 (9.1)
43 (27.9)
97 (63.0)

3,217 (49.7)
2,728 (42.1)
531 (8.2)

2,145 (58.5)
1,299 (35.4)
224 (6.1)

637 (42.5)
682 (45.5)
179 (12.0)

365 (31.4)
675 (58.0)
124 (10.7)

79 (48.0)
72 (49.3)
4 (2.7)

0.182

,0.001

Data are means 6 linearized SD, n (%), or median (25th–75th percentile).
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rather than the OGTT criteria [7.9%
(5.8–10.0)].

Table 2dHbA1c before and after adjustment by ethnicity
Ethnic group

Crude

Model 1*

Model 2†

6.0 (6.0–6.1)
5.7 (5.6–5.8)‡
5.8 (5.6–5.9)‡
5.8 (5.6–6.0)x

6.1 (6.1–6.2)
5.7 (5.6–5.8)‡
5.7 (5.6–5.8)‡
5.8 (5.6–6.0)**

6.1 (6.1–6.2)
5.7 (5.6–5.8)‡
5.7 (5.6–5.8)‡
5.7 (5.6–5.9)‡

Figure 1dMean HbA1c by ethnicity and glucose tolerance status. IFG, impaired fasting glucose;
IGT, impaired glucose tolerance. *P , 0.005 vs. African (Rodrigues). †P = 0.05 vs. African
(Rodrigues). ‡P = 0.03 vs. African (main island). xAdjusted for FPG, 2hPG, age, sex, and BMI.

CONCLUSIONSdThese results from
a large multiethnic cohort in Mauritius
show that people of African ethnicity
from Rodrigues have higher HbA1c than
people of South Asian, Chinese, or African ethnicity on the main island for reasons not explained by FPG and 2hPG or
traditional factors known to affect glycemia. Differences in HbA1c were present
among participants with normal glucose
tolerance, those with intermediate hyperglycemia, and those with newly diagnosed diabetes. Additionally, there was
ethnicity-related variability in the correlation between HbA1c and plasma glucose
diagnostic criteria for diabetes. Despite
there being almost no difference in the
prevalence of diabetes calculated using
the HbA1c criterion compared with the
OGTT criteria among the other ethnic
groups, among Africans from Rodrigues
the prevalence was dramatically higher
when measured using HbA 1c, thus suggesting that ethnic differences in the
glucose-HbA1c relationship may be sufﬁcient to alter the epidemiological landscape of diabetes considerably.
No differences in the HbA1c-glucose
relationship were found between South
Asians, Chinese, and Africans from the
main island of Mauritius. Nevertheless,
it is likely that the ﬁndings relating to Africans from Rodrigues may apply to some
(though not all) African populations elsewhere. In the U.S., people of African ethnicity have already been shown to have
higher HbA1c than people of other ethnicities independently of glucose (5,12). The
African population in Mauritius is believed to have largely originated from Madagascar, Mozambique, and other East
African nations, although some people
were also brought from West Africa as
slaves (13).
The relationship between HbA1c and
plasma glucose in people without known
diabetes has not previously been explored
between the ethnic groups investigated in
this study. However, the magnitude of the
differences observed (0.3–0.4 percentage
points) is not dissimilar to that seen between groups in other studies. Ziemer
et al. (5) found that on average, black
Americans had a 0.29 percentage point
higher HbA1c than white Americans in
NHANES III (P , 0.001) after adjustment for plasma glucose and other factors known to be associated with HbA1c.
Another recent study of subjects without

care.diabetesjournals.org
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African (Rodrigues)
African (main island)
South Asian
Chinese

Data are means (95% CI). *Adjusted for FPG and 2hPG. †Adjusted for FPG and 2hPG, age, sex, BMI, systolic
blood pressure, education, physical activity, smoking, and alcohol. ‡P , 0.001 vs. African (Rodrigues). xP =
0.06 vs. African (Rodrigues). **P = 0.002 vs. African (Rodrigues).

Rodrigues was smallest among the group
aged 40–49 years (0.3 percentage points)
and greatest in the groups aged 50–59
and 70–79 years (0.5 percentage points).
Among participants who met either
FPG or 2hPG criteria for diabetes, the
proportion who also had an HbA 1c
$6.5% was 59% (95% CI 48–70) for Africans from Rodrigues, 50% (41–59) for
Africans from the main island, 59% (54–
64) for South Asians, and 57% (36–76)
for Chinese. However, adjustment for potential confounding factors revealed a signiﬁcant difference between Africans from
the main island and South Asians in the
odds of a participant with glucose levels in
the diagnostic range also meeting the
HbA1c diagnostic criterion [odds ratio
1.6 (95% CI 1.1–2.3)]. Among participants with plasma glucose below the

FPG or 2hPG diagnostic criteria, the proportion who also had an HbA1c ,6.5%
was signiﬁcantly lower among Africans
from Rodrigues [86% (84–88)] than
among South Asians [95% (93–96)],
Chinese [91% (88–94)], or Africans from
the main island [95% (93–96)]. These differences persisted after adjustment for
potential confounding factors.
Table 3 shows that changing from
the OGTT (FPG and 2hPG) to HbA 1c
diagnostic criteria had minimal impact
on the age-standardized prevalence of
undiagnosed diabetes among people of
South Asian, Chinese, or African ethnicity from the main island, whereas
among Africans from Rodrigues, the
prevalence of diabetes was substantially
higher when the HbA1c criterion was applied [17.3% (95% CI 15.3–19.2)]

1537
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Table 3dAge-standardized prevalence of diabetes using either OGTT (incorporating both
FPG and 2hPG) or HbA1c among persons without previously diagnosed diabetes of
different ethnic groups*
Ethnic group
African (Rodrigues)
African (main island)
South Asian
Chinese

OGTT-deﬁned prevalence

HbA1c-deﬁned prevalence

7.9 (5.8–10.0)
11.5 (9.7–13.2)
11.5 (10.3–12.6)
10.0 (4.0–15.9)

17.3 (15.3–19.2)
9.4 (7.4–11.5)
10.9 (9.7–12.2)
10.4 (0.3–18.3)

Data are % (95% CI). *Standardized against national census data from 2008 provided by the government of
Mauritius.

diabetes found HbA1c to be on average
0.22 percentage points higher in black
compared with white Americans (14).
This analysis also adjusted for plasma glucose and several other factors, including
red cell parameters such as Hb and hematocrit.
There are essentially two explanations for the existence of ethnic differences in HbA1c. First, it is possible that
HbA1c detects real patterns of chronic glycemia that are not accurately reﬂected in
results from the OGTT. In a substudy of
the Atherosclerosis Risk in Communities
(ARIC) study, Selvin et al. (15) demonstrated that not only HbA1c but also other
measures of chronic glycemia, including
glycated albumin and fructosamine, were
relatively elevated in black Americans.
Their ﬁnding supports the notion that
variation in chronic glycemia explains
the existence of differences in HbA1c between black and white Americans. An additional analysis of the ARIC cohort found
that the relative contribution of metabolic
and demographic factors to HbA1c among
black Americans far outweighed that of
genetic ancestry (16). This again supports
the theory that ethnic differences in
HbA1c most likely relate to differences in
chronic glycemia.
The second possible explanation for
ethnic differences in the HbA1c-glucose
relationship is that factors unrelated to
glycemia, such as the rate of erythrocyte
turnover or the rate of protein glycation,
also vary with ethnicity. Although underpowered to investigate the relationship,
the A1c-Derived Average Glucose (ADAG)
study showed a trend (P , 0.07) toward
higher HbA1c in people of African background, independent of chronic glycemia,
which was measured using a combination of continuous glucose monitoring
and frequent capillary glucose testing
(17). This would suggest that factors
other than chronic glycemia might be involved. Numerous mechanisms could
1538
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theoretically underlie ethnic variability
in HbA1c, although there are currently
none proven. HbA1c is affected by changes
in either erythropoiesis or hemolysis,
with levels having been shown to vary
in a number of disease states and with
some therapeutic interventions (18). For
example, the prevalence of thalassemias
may vary or there may be differences in
iron metabolism between the ethnic
groups (19). The prevalence of the
b-thalassaemia trait on the main island
of Mauritius has been reported as 4.0%
among Indians and 2.2% among Africans
(9). To our knowledge, no information
on the prevalence of Hb disorders in Rodrigues has been published. Iron deﬁciency has been associated with elevated
HbA 1c in numerous studies (20–22).
Furthermore, even in healthy individuals
heterogeneity has been observed in both
the average erythrocyte life span and the
glucose concentration gradient across the
erythrocyte membrane (23,24). Genetics
are also important in determining an individual’s HbA1c. It has been estimated
that 40–60% of the population variance
in HbA1c can be explained by heritability
(25,26). Therefore, it is quite plausible
that one or a combination of these factors
could provide a mechanism for ethnic
differences in HbA1c.
The strengths of this study include its
large, population-based, multiethnic
sample and the fact that the OGTT was
performed on so many individuals. Furthermore, there was extensive assessment
of potential confounding factors, and
laboratory measures were performed uniformly, including the use of the same
standardized HbA1c assay.
One might question the existence of
ethnic differences between two groups of
people reporting to be of African heritage.
It is worthwhile to note that Table 1
shows BMI to be more similar between
main island African and South Asian
women than it is between African women

from Rodrigues and African women from
the main island. This, along with other
differences noted in Table 1, suggests
that in fact these are two distinct populations. The Rodrigues survey was conducted several months after the Mauritius
survey, but the laboratory quality-assurance
data showed no evidence that assay drift
could explain the observed differences
in HbA1c. Seasonal variation in HbA1c
has previously been hypothesized, with
the limited evidence available indicating that levels are higher at cooler times
of year (27). The Rodrigues survey was
conducted in December (i.e., summer),
thus, if anything, suggesting that the differences observed in the current study
were an underestimation. Finally, the requirement to transport samples daily
from Rodrigues to the laboratory in
Mauritius would not be expected to affect
results, as assays were conducted on the
day of collection, and there is good evidence of stability of HbA1c for at least 24 h
of storage across a range of temperatures
(28).
There are essentially two key possible
explanations for differences between the
African populations on the island of
Rodrigues and the main island of Mauritius. First, given the diverse population
on the main island, the likelihood of
genetic admixture between the ethnic
groups is high, and this might have diluted ethnic differences. On the contrary,
the population on Rodrigues is almost
entirely of African descent. The second
possibility is that the two groups originate
from different populations. This is quite
feasible given the complex immigration
history of Mauritius, with French and
British colonialists bringing in slaves from
various parts of Africa. Genetic studies
have shown that African peoples possess
the greatest amount of within-population
genetic diversity of any of the major
human population groups (29). Thus, it
should not be surprising to ﬁnd differences between two geographically separated
groups of Africans.
Some limitations of the study include
the small number of Chinese participants,
which may have restricted the study’s
ability to accurately detect differences between this group and others. Additionally, glycemic tests were only performed
on one occasion. It would also have been
helpful to have data on red cell parameters and the prevalence of hemoglobinopathies in each ethnic group, as this
would have aided interpretation of the
ﬁndings. Finally, it is often postulated
care.diabetesjournals.org
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that prospective studies looking for differences in long-term clinical outcomes
would be superior to cross-sectional studies, such as this one, in assessing the signiﬁcance of ethnic differences in the
relationship between HbA1c and plasma
glucose. However, to date, large studies,
such as DETECT-2, which pooled data
from .44,000 individuals of diverse ethnic backgrounds, have failed to show
FPG, 2hPG, or HbA1c to be clearly superior in their cross-sectional associations
with clinical outcomes, let alone to show
signiﬁcant ethnic differences in their predictive capabilities (30). A prospective
study attempting to show ethnic differences in the capacity of the three measures of
glycemia to predict outcomes would
likely need to be considerably bigger
than the DETECT-2 cohort. Therefore,
large cross-sectional studies like this one
are essential in assessing the impact of
nonglycemic factors on HbA1c.
In conclusion, this study found that
people of African ethnicity from the island
of Rodrigues have higher HbA 1c than
those of South Asian, Chinese, or African
ethnicity from the main island of Mauritius for reasons not explained by OGTT
results or traditional factors known to affect glycemia. These ﬁndings do not argue
against or in favor of using HbA1c to diagnose diabetes, as such a determination
should be based on the ability of the respective diagnostic categories to predict
clinical outcomes. Rather, the ﬁndings
suggest that the relationship between
HbA1c and OGTT results is not the same
in all ethnic groups. The mechanism behind this difference and its relevance to
clinical outcomes should be investigated
in future studies in order to clarify the
validity of using HbA1c to diagnose diabetes in diverse populations.
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