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Studies of differences in glycosylated
hemoglobin (HbA1c) have defined race/
ethnicity as a social construct (1,2), not
using objective biological parameters,
and thus comparisons may have been
confounded (3). Among blacks without
diabetes, we investigated whether the
proportion of European genetic ances-
try (PEA) mediates the sickle cell trait
(SCT) and HbA1c relation and whether
PEA tracks HbA1c levels over time ac-
counting for SCT.
We used data from three Jackson Heart

Study (JHS) visits (2000–2004, 2005–2008,
and 2009–2013), occurring at 4-year inter-
vals. We excluded participants with diabe-
tes (use of glucose-lowering medication
or fasting blood glucose [FBG] $126
mg/dL) or prediabetes (FBG $100 mg/dL)
at visit 1. We estimated PEA using 1,444
ancestry-informative markers. The rs334
variant defined SCT, and rs1050828 in-
dicated glucose-6-phosphate dehydro-
genase (G6PD) deficiency. HbA1c was
assessed by high-performance liquid chro-
matography (Tosoh analyzer; assays co-
efficient of variation 1.4–1.9%).
Using visit 1 data, we estimated three

relations (Fig. 1A) corresponding to re-
gressions of 1) SCT on HbA1c (c), 2) SCT
on PEA (a), and 3) both SCT and PEA on
HbA1c levels (c9). The indirect effect of
PEA on HbA1c was estimated using the

difference between c and c9. Complete
mediation is observed when c9 5 0 and
partial mediation when c2 c9� 0 (Fig. 1A).

We used mixed models to test longi-
tudinal changes in HbA1c and their differ-
ences between groups (defined by PEA
and SCT). We also conducted analyses
restricted to 1) participants free of di-
abetes across the three visits or 2) indi-
viduals without G6PD deficiency. In all
models, we adjusted for baseline age, sex,
educational attainment, current smoking,
FBG, HOMA of insulin resistance, and
ferritin levels.

At enrollment (visit 1, n 5 3,569),
mean 6 SD age was 53 6 13 years (63%
women),meanHbA1cwas 5.45%60.45%,
and mean FPG was 87.8 6 6.2 mg/dL.

Using visit 1 data, we observed no
association between PEA and SCT (a in
Fig. 1A) (bPEA [SE]520.009 [0.007], P5
0.23). There was a significant associa-
tion between SCT and HbA1c (c) (bSCT

[SE] 5 20.18 [0.03], P , 0.001), which
was not affected by PEA (c9) (bPEA

[SE]520.19 [0.10], P5 0.089). Because
c2 c95 0, PEA has nomediating effect on
the SCT and HbA1c relation.

Without accounting for SCT, HbA1c did
not differ between the low PEA and high
PEA groups (difference 0.055 [SE 0.036],
P 5 0.120) across visits. Differences in
HbA1c between high-PEA and low-PEA

individuals became apparent after strat-
ification by SCT (Fig. 1B). Across the three
study visits, individuals with low PEA
had significantly higher HbA1c com-
pared with individuals with high PEA
in the non-SCT group (difference 0.06
[SE 0.01], P5 0.005). In the SCT group,
there was no significant HbA1c differ-
ence between the high-PEA and low-
PEA groups (difference 0.02 [SE 0.04],
P 5 0.750). Similar results were ob-
served among participants free of di-
abetes across the three visits in the
non-SCT and SCT groups (Fig. 1C).
Among non-SCT individuals, HbA1c

was higher in the low-PEA group versus
the high-PEA group (difference 0.06 [SE
0.01], P 5 0.008). After excluding indi-
viduals with G6PD deficiency, the results
remained unchanged in the non-SCT
and SCT groups. In the non-SCT group,
low-PEA individuals had higher HbA1c
compared with high-PEA individuals (dif-
ference 0.05 [SE 0.01], P 5 0.011).

Across visits and PEA status, HbA1c was
significantly lower in the SCT group ver-
sus the non-SCT group (difference 0.23
[SE 0.04],P,0.001). Similar resultswere
observed among individuals without di-
abetes at all three visits (difference 0.22
[SE 0.04], P , 0.001) or without G6DP
deficiency (difference 0.22 [SE 0.04],
P , 0.001).

1Division of Endocrinology, Diabetes, and Metabolism, Department of Medicine, Johns Hopkins University, Baltimore, MD
2Jackson Heart Study, Jackson State University, Jackson, MS
3Department of Medicine, University of Mississippi Medical Center, Jackson, MS
4Division of Endocrinology, Diabetes, and Metabolism, Department of Medicine, University of Tennessee, Memphis, TN

Corresponding author: Justin B. Echouffo-Tcheugui, jechouf1@jhmi.edu

Received 16 May 2019 and accepted 17 July 2019

© 2019 by the American Diabetes Association. Readers may use this article as long as the work is properly cited, the use is educational and not for profit,
and the work is not altered. More information is available at http://www.diabetesjournals.org/content/license.

Justin B. Echouffo-Tcheugui,1

StanfordE.Mwasongwe,2MarioSims,3

Samuel Dagogo-Jack,4

Sherita H.Golden,1 Adolfo Correa,3 and

Solomon K. Musani3

e166 Diabetes Care Volume 42, October 2019

e-
LE
TT
ER

S
–
O
B
SE
R
V
A
TI
O
N
S

https://doi.org/10.2337/dc19-0982
http://crossmark.crossref.org/dialog/?doi=10.2337/dc19-0982&domain=pdf&date_stamp=2019-08-28
mailto:jechouf1@jhmi.edu
http://www.diabetesjournals.org/content/license


Among blacks without diabetes, we
observed higher HbA1c levels among
individuals with low PEA versus those
with high PEA in the non-SCT group, but
not in the SCT group. This suggests
independent PEA and SCT effects,
with a predominance of the SCT effect.
Our findings are consistent with prior
evidence of differences in HbA1c be-
tween blacks and whites (1), including
the effect of SCT status (4). However,
our investigation differs from prior
studies, which examined SCT only (5)
or genetic ancestry only (3), seldom
accounted for G6PD (3,5), included
individuals with prediabetes or diabe-
tes, and did not track HbA1c over time
(3–5).
The inclusion of individuals from a

single racial/ethnic group but with a
heterogeneous ancestry allowed a bet-
ter disaggregation of ancestry-specific
HbA1c-related genetic determinants
from the social factors that correlate
with race/ethnic groupings. The ob-
served differences among individuals
without diabetes or prediabetes sug-
gest that PEA captures nonglycemic

factors. The PEA effect was explained
by neither SCT nor G6PD.
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Figure 1—A: Schematic conceptual framework for the mediation analysis investigating the relations among SCT, PEA, and HbA1c. B: Adjusted mean of
HbA1c across Jackson Heart Study visits by SCT and PEA status across the three study visits. C: Adjusted mean of HbA1c by SCT and PEA status among
Jackson Heart Study participants remaining free of diabetes across the three study visits.
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