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Abstract

Aims/Hypothesis

Disparities in HbA1c levels have been observed among ethnic groups. Most studies were
performed in patients with diabetes mellitus (DM), which may interfere with results due to
the high variability of glucose levels. We conducted a systematic review and meta-analysis
to investigate the effect of ethnicity on HbA1c levels in individuals without DM.

Methods

This is a systematic review with meta-analysis. We searched MEDLINE and EMBASE up to
September 2016. Studies published after 1996, performed in adults without DM, reporting
HbA1c results measured by certified/standardized methods were included. A random
effects model was used and the effect size was presented as weighted HbA1c mean differ-
ence (95% Cl) between different ethnicities as compared to White ethnicity.

Results

Twelve studies met the inclusion criteria, totalling data from 49,238 individuals. There were
significant differences between HbA1c levels in Blacks [0.26% (2.8 mmol/mol); 95% CI 0.18
t0 0.33 (2.0 to 3.6), p <0.001; I? = 90%, p <0.001], Asians [0.24% (2.6 mmol/mol); 95% Cl
0.16t0 0.33 (1.7 t0 3.6), p <0.001; I? = 80%, p = 0.0006] and Latinos [0.08% (0.9 mmol/mol);
IC 95% 0.06 t0 0.10 (0.7 to 1.1); p <0.001; I = 0%; p = 0.72] when compared to Whites.

Conclusions/Interpretation

This meta-analysis shows that, in individuals without DM, HbA1c values are higher in Blacks,
Asians, and Latinos when compared to White persons. Although small, these differences
might have impact on the use of a sole HbA1c point to diagnose DM in all ethnic populations.
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Introduction

HbA1c has been considered the reference test for the assessment of glycaemic control in indi-
viduals with diabetes mellitus (DM) for over three decades [1-3]. Also, HbAlc levels are
important for therapeutic adjustment and to predict the risk of developing chronic diabetic
complications [1]. An absolute increase of 1% in HbA1c value is associated with 15-20% eleva-
tions in the cardiovascular risk [4] and absolute reductions of 1 to 2% are related to significant
decreases of risk for microvascular complications [2, 3]. Since 2010, this test has also been used
as a diagnostic criterion with the cut-off point of 6.5% (48 mmol/mol) recommended in con-
firming the presence of DM [1, 5]. This cut-off has high specificity, but low sensitivity, and its
isolated use for the diagnosis of DM has been questioned [6, 7].

Although HbA1c has advantages over the traditional tests used to diagnose DM—-fasting
plasma glucose (FPG) and oral glucose tolerance test (OGTT)-and despite the international
efforts to harmonize and standardize laboratory methods, there are some pathophysiological
and methodological situations that may affect the interpretation of HbAlc test and, in specific
cases, limit its use [8, 9]. In a recent meta-analysis we have shown that uraemia, HbS and HbC
do not seem to be associated with alterations in HbA1c results in individuals without DM [10].
In an additional study, we showed that iron deficiency anaemia affects HbAlc results by
upward changes and that this effect depends on the degree of anaemia [11].

In addition to these pathological interferences, studies have shown differences in HbAlc
levels between individuals with DM from different ethnicities that do not seem to be associated
with glucose changes or haematological disorders [12, 13]. These ethnic disparities in HbAlc
levels have been recognized for many years, but have generally been attributed to differences
in the access to health care for different ethnic groups and populations [13]. Most studies that
compared HbA1c levels among ethnicities were performed in individuals with impaired glu-
cose tolerance or overt DM, consequently, the results had to be adjusted for glucose levels [14-
16]. There are still controversial results regarding the differences in the long-term complica-
tions and mortality rates [14, 17-25].

A few data evaluating differences in HbAlc values among individuals without DM from
different ethnic groups, without glucose variability and treatment effects, were reported [18,
20, 22, 25, 26]. Under this condition, the constant blood glucose levels minimize the HbAlc
variability. Thus, in order to assess the presence and the degree of these ethnic differences, we
performed a systematic review and meta-analysis of studies that compared the effect of ethnic-
ity on the HbAIc levels in individuals without DM.

Methods

This systematic review was performed in accordance with the Cochrane Collaboration [27]
and reported in agreement with the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) [28].

Data sources and searches

The search was conducted to select studies that evaluated the HbAlc levels in different ethnic
groups in the absence of DM. The databases used in the search were MEDLINE and EMBASE
through to September 2016. The following keywords were used: "glycated haemoglobin" and
"ethnicity". The complete search strategy is described in S1 Appendix. All possible qualified
studies were considered for review, regardless of the language. We also performed a manual
search, using reference lists of all articles included and relevant reviews in order to find other
possibly relevant studies and when necessary, we contacted authors to request information
necessary to include studies.
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Study selection

Studies were eligible for inclusion if they had been performed in adults above 18 years without
DM [1, 5], to exclude the possible variability of HbAlc due to glucose fluctuations. We, there-
fore, considered that the variability in HbAlc levels was only due to the differences in ethnic
groups. Necessarily, the articles should have a group with White persons and a group of a differ-
ent ethnicity. Articles that included individuals with DM were also included in our systematic
review if they had at least one group without DM and HbA1c¢ levels for different ethnic groups
to perform comparisons. Articles that included only pre-DM individuals were excluded.

The methods for HbAlc determination had to be standardized/certified by the National
Glycohemoglobin Standardization Program (NGSP) and/or International Federation for Clin-
ical Chemistry (IFCC) ([29, 30]; http://www.ngsp.org). When this information was incomplete
or unavailable, we contacted the authors for confirmation of the methodology. Only articles
published after 1996 were eligible, since it was from that date on that the standardization for
the HbA1c methods by NGSP program started [30].

Cross-sectional, cohort and control-case studies were included if they satisfied the above
criteria. Review articles, reports/case studies, animal studies, letters, abstracts without sufficient
data for analysis and studies with pregnant women were excluded.

Data extraction and quality assessment

The list of titles and abstracts resulting from the search strategy was evaluated by two indepen-
dent investigators (GC and ALP). Studies that met the eligibility criteria were selected to be
read in their entirety. The same reviewers performed the data extraction independently. Dis-
agreements were resolved by consensus and, when necessary, by a third investigator (JLC).

The primary outcome required was mean and SD of HbA1C values in different ethnic
groups. We used a standardized form to extract the data that included the following items:
study design, diagnostic criteria for DM, total number of participants, number of participants
within ethnic groups, percentage of men; mean and/or range of ages, mean and SD or SE of
glycaemia and HbA1lc levels and the methodology used to measure HbAlc. If mean and SD of
HbA1lc results were not available in the articles, we contacted the authors by email to obtain
these data. When the manuscript presented sufficient data to calculate these variables, we cal-
culated them with the following formulae: 95% CI = mean * 1.96SE and SE = SD/n. The
articles whose authors did not respond and had insufficient data for the calculations were
excluded. HbAlc values are expressed in % and in mmol/mol throughout the paper, however
we performed the meta-analysis with HbAlc expressed in % (http://www.ngsp.org/convertl.
asp). Unadjusted data were preferable for extraction, otherwise adjusted data were considered
and the adjustments were considered in the sensitivity analysis to investigate heterogeneity
whenever possible. The methodological quality of each study included in the meta-analyses
was also assessed independently by two reviewers (GC and ALP) through a questionnaire
developed by the authors. The questionnaire was adapted from the Newcastle-Ottawa scale
and the Laboratory Medicine Best Practices Initiative Guide to Rating Study Quality [31, 32],
and the questions were related to the study population (age, gender and clinical origin), selec-
tion of participants (diabetes diagnostic tests), study design, classification of ethnic groups and
statistical analysis. The overall quality of each study was arbitrarily classified as: 8-10 stars =
good; 5-7 stars = moderate and less than 5 stars = poor (52 Appendix).

Data synthesis and analysis

Meta-analyses were performed using a random effects model and the effect size was presented
as weighted HbA1c mean difference (95% CI). For data analysis, the White ethnic group was
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considered the control group. We made this choice taking into consideration that most studies
found in the literature have compared the White ethnicity with other ethnicities.

The heterogeneity among the studies was evaluated by the inconsistency test (I*), where
0%, 25%, 50% and 75% indicate, respectively, absent, low, moderate and high heterogeneity
among studies [28]. We explored the heterogeneity by re-running the meta-analysis removing
studies one at a time to determine the contribution of each study to heterogeneity.

Meta-analyses were performed using Review Manager Version 5.3 (Revman—Cochrane
Collaboration). Funnel plots were constructed using Stata version 10.1 software (Stata,

College Station, TX). Asymmetry was assessed by visual inspection or by Egger’s test if in the
meta-analysis had been included at least 10 studies, as recommended, for investigation of pub-
lication bias [27,33]. A P value <0.05 was considered statistically significant in all analyses
except for publication bias (Egger test), where a value of P <0.1 was considered statistically
significant.

Ethics approval was not required, as we pooled previously published studies.

Results
Search results

Following the initial strategy, we identified 3,555 studies. After the examination of titles and
abstracts, 61 studies were selected for a full text analysis and 12 studies met the inclusion crite-
ria [19, 20, 22, 24, 25, 34-40]. All manuscripts have provided sufficient data for quantitative
analysis, totalizing data from 49,238 individuals. Three of them were cohort studies and 9 pre-
sented cross-sectional design (Fig 1). All selected studies were published between 1999 and
2016. The characteristics and the main findings of these studies are shown in Table 1.

Quality assessment

The evaluation of the studies quality is shown in Table 2. Of these 12 studies, 10 were classified
as being of good quality [19, 20, 22, 24, 25, 34, 35, 38-40] and three met all the quality criteria
[20, 35, 38]. Two studies with moderate quality presented insufficient data for criteria selec-
tion, study design and statistical analysis. The authors did not describe mean and SD for
HbAlc [36, 37], therefore it was necessary to contact them for that information. In addition,
one of the works was a symposium poster presentation, without enough data in the abstract.

The subgroup comparing Black and White persons included a large number of individuals
and the majority of the studies presented good quality. It consisted of African Americans, Brit-
ish African Caribbeans and Black Brazilians [19, 22, 24, 25, 36, 37, 40]. The five studies in the
subgroup of Asians and Whites were carried out in the United Kingdom and included individ-
uals of South Asian origin, mainly from India and Pakistan [20, 34, 35, 37, 38]. One study had
moderate quality [37] due to being a congress communication with insufficient information.
Three studies were included in the subgroup that compared Latinos and Whites persons, from
United States [22, 25, 39]. The absence of heterogeneity and the good quality of the studies
were strong points of this sub-meta-analysis, although two presented research questions
slightly different from our own meta-analysis [22, 25].

Meta-analysis

All studies included in this review had compared HbA1c values in White persons with HbAlc
values in Blacks, Asians and/or Latinos. Subgroup analyses were performed based on each eth-
nicity compared with the control group (White persons). Some studies have been included in
more than one subgroup, depending on the ethnic groups analysed (Fig 2).
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Articles identified from initial search
MEDLINE n= 273
EMBASE n= 3433

Manual search n= 1

Records after duplicates removed
n= 3555

<] Articles excluded based on title and/or abstract
n= 3494

\

\

Potentially relevant publications retrieved
for detailed review
n= 61

49 studies excluded due to:
Only diabetic participants n= 20
Age <18 years n= 1

Do not meet the research question n= 13

A4

Insufficient data n= 3

No email answer n= 3

Duplicate data n=7

HbA1c method not NGSP-certified n= 2

Y

Studies included in this review
n=12

Fig 1. Flowchart of the article selection process.
doi:10.1371/journal.pone.0171315.9001

Seven studies were included in the meta-analysis for Blacks and Whites [19, 22, 24, 25, 36,
37, 40], totalling 27,576 subjects in this subgroup. Blacks had significantly higher HbA1lc values
than Whites. The difference was of 0.26% [2.8 mmol/mol; 95% CI 0.18 to 0.33 (2.0 to 3.6), p
<0.001]; and a high heterogeneity among studies was observed (I = 90%, p for heterogeneity
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Table 1. Characteristics of 10 studies included in this review.
Study, Year, |N; % men; |Study Population HbA1c Method Main Findings
Ref Number |Age Design

(years)
Burden, Cross- Healthy individuals from outside Leicester, | Immunoassay DCA Indo-Asians presented higher HbA1c
1999 [34] Sectional | England. Information on age, sex, ethnicity | 2000; Bayer Diagnostic values than Whites [5.7% (39 mmol/mol)
Whites 135 45.0; and presence of DM were obtained by and 5.3% (34 mmol/mol), respectively].

NI questionnaire. Random whole blood glucose levels

; were higher in Indo-Asian than in White

Indo-Asians | 127; 48.0; tients.

NI pa
Likhari, 2010 Cross- Individuals referred from primary care to lon-Exchange HPLC A1c | South-Asian individuals had higher
[35] Sectional | perform OGTT at New Cross Hospital, Tosoh; Tosoh HbA1c values than Whites [6.1% (43
Whites 103; 52.4; Wolverhampton, England. Only Corporation mmol/mol) and 5.9% (41 mmol/mol),

63.2 normoglycemic individuals were included respectively] for similar FPG and 2hG

’ (FPG <110 mg/dL and 2hG <160 mg/dL). levels.

South-Asians g?;g4'4; Ethnicity classification was by self-report.
Kehl, 2011 Cohort Data from NHANES |1l 1988—1994. lon-Exchange HPLC HbA1c levels were higher in non-
[22] American individuals aged >20 years. Diamat Analyzer System; | Hispanic Blacks than in Mexican-
Non-Hispanic | 5,573; Ethnicity and DM classification were by Bio-Rad Laboratories Americans and Whites [5.4% (36 mmol/
Whites 48.6: 45.9 self-report. mol), 5.3% (34 mmol/mol) and 5.2% (33

- - mmol/mol), respectively]. After
Non-Hispanic | 3,584; adjustment for sex and age, only in non-
Blacks 45.2,40.0 Hispanic Whites the highest HbA1c
Mexican- 3,541; levels were associated with overall
Americans 54.5; 36.3 mortality and cardiovascular disease.
Selvin, 2013 Cross- Participants from the ARIC study. History | lon-Exchange HPLC Blacks had higher HbA1c values than
[24] Sectional | of DM was determined by the records at Tosoh HbA1c 2.2; Tosoh | Whites [5.8% (40 mmol/mol) and 5.4%
Whites 8,593: visit 2 or visit 1. A1C G7 Tosoh (36 mmol/mol), p<0.001, respectively].

44.3:56.9 Corporation There were no differences in the
association of HbA1c with kidney
Blacks 2’48%; disease and vascular outcomes in blacks
35.5;55.8 compared with whites.
Chapp- Cohort Participants from the Pathobiology of lon-Exchange HPLC Bio- | HbA1c was higher in African American
Jumbo, 2012 Prediabetes in a Biracial Cohort Rad; Bio-Rad participants than in Whites [5.7% (39
[19] (POP-ABC) study. Normoglycemic Laboratories mmol/mol) and 5.5% (37 mmol/mol),
Whites 135; 31.1; individuals (FPG <100 mg/dL and 2hG respectively] even after adjusting for age,
47.2 <140 mg/dL) from Memphis region, United adiposity, blood glucose, and other
- States. Ethnicity was classified by self- variables. Blacks were younger and had
African 167;26.9; report. lower FPG, 2hG and total hemoglobin
Blacks 43.8 levels than Whites.
Mostafa, Cross- Primary care participants of the ADDITION | lon-Exchange HPLC HbA1c, FPG and 2hG levels were
2012 [20] Sectional | study. DM classification was by OGTT Variant Il; Bio-Rad independently higher in South Asians
White 4,688; NI: according to the WHO 1999 criteria. Laboratories than in Whites. The authors attributed
Europeans NI the difference partly to factors related to
- glycaemia. The results adjusted for
South Asians | 1,352; NI; multiple regression analysis in model 2
NI were used in this meta-analysis.
Bower, 2013 Cross- Participants of the study NHANES 2005—- | lon-Exchange HPLC In people without DM both non-Hispanic
[25] Sectional | 2008. History of DM was defined by self- Tosoh A1C G8; Tosoh blacks and Hispanics was observed
Non-Hispanic | 2,612; report or by insulin use. Corporation higher HbA1c values compared with non-
Whites 47.8:56.7 Hispanic whites [5.7% (39 mmol/mol),

- - 5.6% (38 mmol/mol) and 5.5% (37 mmol/
Non-Hispanic | 805; 45.3; mol), respectively]. There were no ethnic
Blacks 93.5 differences in the association of HbA1c
Hispanic 996; 49.2; with retinopathy.

Americans 51.9
(Continued)
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Table 1. (Continued)
Study, Year, |N; % men; |Study Population HbA1c Method Main Findings
Ref Number |Age Design
(years)
Miranda, Cross- Participants of the study CAMELIA 2006— | Immunoassay LabMax African-Brazilian adults showed higher
2013 [36] Sectional | 2007. DM classification by self-report of a | 240; Labtest Diagnostica | HbA1c levels compared with Whites,
Whites 190; NI; previous diagnosis, hypoglycemic even after adjusting for potential
NI medication and / or FPG >126mg/dL. confounders [6.0% (42 mmol/mol) and
5.8% (40 mmol/mol), respectively].
Blacks 156; NI; Blacks had lower levels of income and
NI education and higher frequency of DM
and hypertension. HbA1c values for the
groups without DM included in our study
were made available by the authors.
Tillin, 2013 Cohort Tri-ethnic population-based cohort from lon-Exchange HPLC HbA1c levels were statistically higher in
[37] North West London. As contacted with the | Tosoh A1C G8; Tosoh South Asian and African-Caribbean
European 582: 76.9; authors, the analyses presented in the Corporation individuals compared with European
Whites NI follow-up were based on people without Whites persons [6.1% (43 mmol/mol),

- DM. 6.0% (42 mmol/mol) and 5.8% (40 mmol/
African- 150; 51.3; mol), respectively]. After multivariate
Caribbean NI analysis, the ethnic differences in HbA1c
South Asians | 341; 82.9; values remained unchanged.

NI
Shipman, Cross- Demographic and laboratory data from lon-Exchange HPLC South Asian patients presented higher
2015 [38] Sectional | non-diabetic South Asian (Indian, Tosoh A1C G7; Tosoh HbA1c levels, but lower fasting glucose
Whites 711; 42.8; Pakistani and Bangladeshi) and White Corporation concentrations than White patients after

57.5 patients living in the United Kingdom were adjustment for hematological,

- collected following anonymization. biochemical and demographic factors

South Asian | 237; 41.8; [5.9% (41 mmol/mol) and 5.8% (40

47.9 mmol/mol), respectively].
Aviles- Cross- Individuals without self-reported diabetes | lon-Exchange HPLC HbA1c differs among Hispanics/Latinos
Santa, 2016 Sectional | from six Hispanic/Latino heritage groups, | Tosoh A1C G7, Tosoh of diverse heritage groups and between
[39] enrolled from 2008 to 2011 in the Hispanic | Corporation non-Hispanic whites and Hispanics/
Whites NI: NI NI Community Health Study/Study of Latinos, Latinos after adjustment for glycemia and

- - and non-Hispanic white adults enrolled other covariates.
Hispanics/ | NI; NI; NI during the 2007—2012 cycles of the
Latinos National Health and Nutrition and
Examination Survey.

Carson, Cross- Participants of the CARDIA study, data lon-Exchange HPLC African-American patients without
2016 [40] Sectional | from the year 20 examination (2005— Tosoh A1C G7; Tosoh diagnosed diabetes had higher mean
Whites 1,445; 2006). Diabetes was defined as a self- Corporation levels of HbA1c than Whites after

48.3;45.7 report of a physician diagnosis of diabetes multivariable adjustment. The racial

- or use of insulin or oral hypoglycemic differences observed for HbA1c
Afrlca_n- 1,100; medications. persisted after further adjustment for
Americans 41.3;44.7

HbA1c, glycated hemoglobin; NI, not informed.

doi:10.1371/journal.pone.0171315.t001

FPG and 2hG and were of similar
magnitude.

<0.001). After the sensitivity analysis, by re-running the meta-analysis removing a study at a
time, only when excluding the study by Selvin et al [24] the heterogeneity decreased, and we
found a similar significant difference [0.24% (2.6 mmol/mol); 95% CI 0.22 to 0.27 (2.4 to 3.0),
p <0.001; I* = 49%, p for heterogeneity = 0.08]. When excluding the studies by Selvin et al [24]
and by Carson et al [40] together there was no evidence of heterogeneity among studies (I* =
0%, p for heterogeneity = 0.64). We also investigated the effect of HbAlc methodology in the
heterogeneity by performing an analysis excluding the study by Miranda et al [36], which was
the only study that used immunoassay method. There was no change in the heterogeneity,
although we observed a little increase in the difference of HbAlc values between Blacks and
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Table 2. Adapted Newcastle-Ottawa quality assessment scale for the studies included in the meta-analysis.

Author (Ref #) Year Population Studied Selection Study design Ethnicity Statistical Analysis Total Score ®
Burden [34] 1999 *% * *% %% % 9
Likhari [35] 2010 *% *% *% %% %% 10
Kehl [22] 2010 *% * * *% *% 8
Selvin [24] 2013 *% * * *% *% 8
Champ-Jumbo [19] 2012 *% *% *% *% *% 10
Mostafa [20] 2012 * *% *% % %% 9
Bower [25] 2013 *% * * % %% 8
Miranda [36] 2013 ** * * %% % 7
Tilin [37] 2013 * * * * * 5
Shipman [38] 2015 ** *% *% *% *% 10
Avilés-Santa [39] 2016 *% *% *% %% * 9
Carson [40] 2016 *% * %% * %% 8

& The total score ranges from zero to 10 stars, the highest quality studies are awarded a maximum of 10 stars.

doi:10.1371/journal.pone.0171315.t002

Whites (0.30% [3.3 mmol/mol; 95% CI 0.28 to 0.33 (3.1 to 3.6), p <0.001; 1’ = 92%, p for het-
erogeneity <0.001) when only studies that measured HbA1c by HPLC were considered. How-
ever, after carefully evaluating all studies, we were not able to explain the reasons why they
individually contributed to the increase in heterogeneity and they were not excluded from the
primary meta-analysis. The visual analysis of funnel plot did not demonstrate publication bias.
In the subgroup comparing Asian and White individuals, 5 studies were included [20, 34,
35, 37, 38], totalling 8,312 individuals. Asians had significant higher HbA1c values than Whites
and the difference was of 0.24% [2.6 mmol/mol; 95% CI 0.16 to 0.33 (1.7 to 3.6), p <0.001]. A
high heterogeneity among studies was also observed (I” = 80%, p for heterogeneity = 0.0006).
After the sensitivity analysis, only when removing the study by Shipman et al [38] there was a
decrease in the heterogeneity. The difference in HbAlc levels remained similar however a
moderate heterogeneity among studies was observed [0.28% (3.1 mmol/mol); 95% CI 0.21 to
0.35 (2.3 to 3.8), p <0.001; I* = 59%, p for heterogeneity = 0.06]. We were not able to explain
the reasons why this study individually contributed to the increase in heterogeneity and it
was not excluded from the primary meta-analysis. To investigate the contribution of HbAlc

Other ethnicities White ethnicity Mean Difference Mean Difference
Study or Subgroup __Mean _ SD _Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.4.1 Black ethnicity x White ethnicity
Bower 2013 57 08 805 55 1 2612 151% 0.20(0.13,0.27] T
Carson 2016 56 07 1100 53 05 1445 16.0% 0.30(0.25,0.35) bt
Champ-Jumbo 2012 668 043 167 545 036 135 137%  0.23[0.14,032 ——
Kehl 2011 544 06 3584 52 15 5573 162%  0.24[0.20,0.28] b
Miranda 2013 598 09 156 575 082 190 83%  0.23[0.050.41] —_—
Selvin 2013 58 08 2484 54 05 8593 166%  0.40(0.37,043) e

Tilin 2013 601 048 150 584 04 582 140%  0.17(0.09,025 ——
Subtotal (95% CI) 8446 19130 100.0% 0.26[0.18, 0.33] ->
Heterogeneity: Tau®= 0.01; Chi*= 62.32, df= 6 (P < 0.00001); F= 90%
Testfor overall effect Z= 6.87 (P < 0.00001)

1.4.2 Asian ethnicity x White ethnicity

Burden 1999 57 05 127 53 04 135 18.9% 0.40(0.29,0.51] =
Likhari 2010 611 058 3% 59 04 103 10.6% 0.21[0.01,0.41] — =&
Mostafa 2012 574 073 1352 55 068 4688 25.8% 0.24(0.20,0.28] o

Shipman 2015 59 054 237 58 06 711 220% 0.10(0.02,0.18] ——

Tilin 2013 61 065 341 584 04 582 2286% 0.26(0.18, 0.34] ==
Subtotal (95% CI) 2093 6219 100.0%  0.24[0.16,033] -
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Fig 2. Forest plot diagram of the effect of ethnicity on HbA1c (%) levels in non-diabetic persons;
Cl = confidence interval; SD = standard deviation.

doi:10.1371/journal.pone.0171315.9002

PLOS ONE | DOI:10.1371/journal.pone.0171315 February 13,2017 8/14



@° PLOS | ONE

HbA1c and ethnicity

methodology, we re-ran the meta-analysis without the study by Burden et al [34], which used
an immunoassay to measure HbAlc, and we found very similar results (0.22% [2.4 mmol/mol;
95% CI0.19 to 0.25 (2.1 to 2.7), p <0.001; I? = 70%, p for heterogeneity <0.001). The funnel
plot showed no significant asymmetry, by visual analysis.

Three studies were included in the subgroup that compared the HbA ¢ values between
Latino and White persons [22, 25, 39], totalling 22,117 individuals. Latinos had higher HbAlc
values than Whites, with a low but significant difference and no evidence of heterogeneity
among studies [0.08% (0.9 mmol/mol); IC 95% 0.06 to 0.10 (0.7 to 1.1); p <0.001; I = 0%; p
for heterogeneity = 0.72]. In this subgroup all studies used HPLC methodology.

Discussion

In this systematic review, we have evaluated the effect of ethnicity on HbAlc values in individ-
uals without DM. The absolute HbA1c values were significantly higher in Black (0.26%), Asian
(0.24%) and Latino (0.08%) persons when compared to Whites. As far as we know, this is the
first systematic review with meta-analysis that compared the effect of ethnicity on HbAlc lev-
els in individuals without DM in whom HbA ¢ excursions are small.

In 2 previous meta-analysis that evaluated differences in glycaemic control among ethnicities
in patients with DM, HbA1c mean value was around 8.0% (64 mmol/mol) for White patients
[12, 41]. Relative increments of 8.1% and 6.2% in HbA1c values were estimated for African-
Americans and Latinos, respectively, in these studies. In our meta-analysis, HbAlc mean value
for White persons was around 5.5% (37 mmol/mol) and we found positive relative differences
of 4.7%, 4.4% and 1.5% for Blacks, Asians and Latinos, respectively. Taking into account the
results by Kirk et al [12,14] and the results of this meta-analysis, we can assume that other factors
beyond blood glucose levels, glycaemic control, the access to health care or the quality of diabetes
care, may account for a portion of the variations in HbA1c levels for these ethnic groups. In our
review, since all studies apparently evaluated healthy persons, with glucose levels below the cut-
off point for DM, we may presume that the differences found in HbA1c values between Blacks,
Asians and Latinos and White individuals are probably independent of DM status and/or other
factors related to health care. However, it is not possible to affirm that all variables that could
influence for glycaemia in these subjects have been properly evaluated in each study. In the liter-
ature, differences in HbA1lc values were also observed in individuals with pre-diabetes. Blacks,
Latinos, American Indians, and Asians presented higher HbA1c values than Whites [14, 42].

The ethnicity did not modify the association between HbA1c and the risk for cardiovascular
disease and final-stage renal disease, and prevalent retinopathy in non-diabetic individuals
supporting the same interpretation of HbAlc for the prognosis of diabetic complications
among all populations [43]. However, differences in the relationship between HbA1lc and
mean self-monitored blood glucose were found across the different ethnic groups with DM
[44]. Recently, a sub-analysis of the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) glycaemia trial showed that patients who failed to reach the HbAlc target in the
standard treatment group after 1-year of study protocol were more likely to be Black, have
severe hypoglycaemia and be on insulin therapy [45].

The physiological mechanisms underlying these differences, at any glucose concentrations,
remain unknown. Some biological factors have been suggested as possible causes, such as vari-
ations in the glycation gap (defined as the difference between the measured HbAlc and the
HbA1lc value predicted from glycated serum proteins/fructosamine), differences in erythro-
cytes survival, variances in haemoglobin glycation, heterogeneity in the glucose concentration
gradient across the erythrocyte membranes and differences in the passage of glucose mediated
by GLUT1 transporter into the erythrocyte [46-48]. Therefore, one can assume that Black,
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Asian and Latino populations could possibly present specific physiological characteristics that
differentiate them from the White population.

Genetic studies have also been conducted to explore the causes for differences in HbAlc
levels among persons of similar blood glucose values. A study conducted in a cohort of nondia-
betic twins concluded that 66% of the glycation gap is heritable and the environment influ-
ences the other 31% [49]. Another study observed that the contribution of genetic ancestry to
HbA1c values seems to represent only a very small portion of the higher HbA1lc levels in Afri-
can-Americans and that socioeconomic and other metabolic factors represent the main causes
for that disparity [50]. More recently, fructosamine 3-kinase (FN3K), an enzyme that is related
to protein deglycation, may be associated to HbAlc levels [51]. It is involved in the removal of
fructosamines, the final products from Amadori rearrangement, and in vitro experiments
showed that when erythrocytes were incubated in the presence of glucose and a competitive
inhibitor of EN3K, there was an increase about twofold in the rate of accumulation of HbAlc
[51]. Moreover, studies have reported that genetic variants may be responsible for increasing
or reducing its enzymatic activity and consequently affecting HbAlc levels [52, 53]. However,
yet there are no studies comparing the activity or presence of variants of FN3K among differ-
ent ethnicities and its relationship with HbA1c levels.

It is known that HbA1c levels are lower in Whites when compared to Blacks and other eth-
nic populations and there is an ongoing debate about what these differences mean and how
they impact on the diagnosis and monitoring of people with DM [53-56]. In this meta-analysis
we provided information on the amount of these differences, expressed as HbA1lc absolute val-
ues, in individuals without DM. Whether different therapeutic targets and diagnostic cut-off
points for DM should be used among ethnic groups is still unclear [54, 55]. A proper evalua-
tion of the glycemic impact on HbAlc levels in different ethnicities could resolve the issue.
However, until now no published study in this field has adequately addressed this question
[54]. Despite this, the individualization of glycaemic goals has been highlighted in the recent
years and personalized approaches for medical care, based on patient clinical characteristics,
are recommended [55, 57].

This study has strengths and limitations. An important high point of this research is that it
is the first study to compare the effect of ethnicity on the HbAlc levels in individuals without
DM, and based on a comprehensive literature search without any language restriction. Fur-
thermore, we only included studies in which HbA1lc was measured by standardized methods
and in most studies included, the quality was good. The major limitation of our meta-analysis
is that most studies did not provide quantitative data for FPG and/or 2-h plasma glucose.
Moreover, no data on postprandial glycaemia were available; therefore we cannot affirm that
the differences of HbAlc levels were not at least partially due to differences in glycaemic fac-
tors. Some studies have classified the individuals as without DM by self-assessment and not by
glucose-based tests. Consequently, we could not perform a meta-regression to explore the
blood glucose values as a source of the heterogeneity. In addition, we were unable to measure
how much the presence of pre-diabetic individuals has influenced the results of HbAlc in our
analysis. Finally, other factors such as exercise, diet, and other related lifestyle behaviors may
affect HbAlc levels, leading to potential for residual confounding, and the bias could have
been differential by race/ethnicity.

In conclusion, this meta-analysis shows that, in individuals without DM, HbA1c values are
higher in Blacks, Asians and Latinos when compared to White persons. Although small, these
disparities might have impact on the use of a sole HbAlc cut-off point to diagnose DM in all
ethnic populations. Until now, if these differences are clinically relevant is still unknown.
Moreover, we have to better understand the mechanisms involved in the HbA1c variability
among ethnic groups to improve its clinical applicability.
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