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OBJECTIVE

To assess the relationship between the glucose management indicator (GMI) and
HbA1c in non-White individuals with diabetes.

RESEARCH DESIGN AND METHODS

We performed a retrospective analysis of continuous glucose monitoring metrics
in individuals with diabetes divided by race into non-White and White cohorts.

RESULTS

We evaluated 316 individuals (non-White n5 68; White n5 248). Although GMI
was not different (7.6 vs. 7.7; P 5 not significant) between the cohorts, HbA1c

was higher in the non-White cohort (8.7% vs. 8.1%; P 5 0.004). HbA1c higher
than GMI by ‡0.5% was more frequently observed in the non-White cohort (90%
vs. 75%; P 5 0.02). In the non-White cohort only, duration of hypoglycemia was
longer among those with HbA1c higher than GMI by ‡0.5% compared with those
with HbA1c and GMI within 0.5%.

CONCLUSIONS

A differential relationship between HbA1c and GMI in non-White versus White
individuals with diabetes was observed. In non-White individuals, a greater dif-
ference between HbA1c and GMI was associated with higher risk of
hypoglycemia.

A discrepancy between laboratory HbA1c and mean glucose measured by both self-
blood glucose monitoring and continuous glucose monitoring (CGM) (1,2) has been
described in individuals with diabetes of different races (1,3,4). In addition, HbA1c
tends to run higher in non-White individuals at the same mean glucose level (3).
The glucose management indicator (GMI), the CGM-derived metric reflecting the

mean sensor glucose, has been introduced to address the discrepancy between
laboratory HbA1c and estimated HbA1c using mean glucose value measured by
CGM (5). The relationship between HbA1c and GMI in different races has not been
described.
In this study, we assessed the relationship between laboratory HbA1c, GMI, and

time spent in hypoglycemia in non-White versus White individuals with diabetes.
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RESEARCH DESIGN AND METHODS

We conducted a retrospective cross-sec-
tional study on data collected at a tertiary
diabetes center of patients undergoing
professional CGM (proCGM) (FreeStyle
Libre; Abbott Diabetes Care, Inc., Ala-
meda, CA) between 1 January 2017 and
31 December 2020. Demographic and
clinical data were retrieved from elec-
tronic health records. The study was insti-
tutional review board approved.

Data from adult patients (age $18
years) with type 1 diabetes (T1D) or T2D
who were prescribed proCGM were col-
lected. Patients receiving insulin (basal,
basal/bolus, or pump) with CGM wear
time of 14 days and $70% available
data were included in this analysis.
Patients with T2D not receiving insulin
and those without recorded race were
excluded.

CGM metrics were evaluated as per
the international consensus on use of
CGM (6). GMI was calculated as 3.31 1
(0.02392 × mean glucose in mg/dL)
(5,6). Laboratory HbA1c values, all per-
formed at a single laboratory (Tina-
quant HbA1c Gen. 3; Roche Diagnos-
tics), were collected within 1 month of
proCGM wear.

On the basis of the reported race in
the electronic health record, patients
were divided in two groups: non-
White—including American Indian or
Alaska Native, Asian, Black or African
American, Native Hawaiian, or Pacific
Islander—and White.

For categorical variables, data are
reported as number (n) and percentage
(%) of the cohort. Data are reported as
mean ± SD for data with normal distri-
bution and as median and first and third
interquartile (quartile 1, quartile 3) for
data with nonnormal distribution. SAS
version 9.4 software was used for all
analyses and included Pearson correla-
tions, Student t tests, Fisher exact tests,
and simple linear regression modeling.
A P value of <0.05 was considered sta-
tistically significant.

RESULTS

We evaluated 316 patients (mean age
60 ± 18 years, 51% female, duration of
diabetes 24 ± 15 years, and T1D 45%
and T2D 55%) with diabetes receiving
insulin. Insulin regimens included multi-
ple daily injections (85%), pump (14%),
and basal insulin only (<1%). Participants

were divided into two cohorts identified
by race as non-White (22%; n 5 68) and
White (78%; n 5 248). The two cohorts
did not differ in age, sex, duration of dia-
betes, or BMI. In the non-White cohort,
more patients had T2D versus T1D (78%
vs. 22%), while in the White cohort, the
percentages of patients with T2D and
T1D were similar (49% vs. 51%). CGM
metrics did not differ between the non-
White versus White cohort, including
time in range (728 ± 34 vs. 722 ± 307
min/day; P 5 not significant [ns]), time
spent in hypoglycemia (<70 mg/dL)
(median 63 [interquartile range 17, 24]
vs. 63 [14, 144] min/day; P 5 ns), coeffi-
cient of variation (39 ± 11% vs. 39 ±
10%; P 5 ns), and GMI (7.7 ± 1.5% vs.
7.6 ± 1.3%; P 5 ns). HbA1c was higher in
the non-White compared with the White
cohort (8.7 ± 1.6% vs. 8.1 ± 1.3%; P 5
0.01).

Next, we looked at absolute and rela-
tive differences between HbA1c and
GMI in the two racial cohorts. An abso-
lute difference between HbA1c and GMI
$0.5 (considered clinically significant)
was present in 72% of the non-White
cohort and 66% of the White cohort
(P 5 0.03). HbA1c higher than GMI by
$0.5% was more frequent in the non-
White versus White cohort (90% vs.
75%; P 5 0.02); however, HbA1c lower
than GMI by $0.5% did not differ
between the two cohorts (10% vs. 25%;
P 5 ns).

Next, we examined the percentage of
time spent in hypoglycemia (<70 mg/dL).
Participants in the non-White cohort
spent more time in hypoglycemia when
HbA1c was higher than GMI by $0.5%
compared with when HbA1c and GMI
values were within 0.5% (8% vs. 4%; P 5
0.01). In the White cohort, the percent-
age of time spent in hypoglycemia did
not differ, whether the difference
between HbA1c and GMI was $0.5% or
<0.5% (9% vs. 7%; P 5 ns) (Fig. 1).

CONCLUSIONS

In this cross-sectional study, we found a
differential relationship between labora-
tory HbA1c and GMI in a White versus
non-White cohort of patients with dia-
betes receiving insulin. A clinically signif-
icant difference between laboratory
HbA1c and GMI ($0.5%) was observed
more frequently in the non-White than
White cohort. In addition, a relative

difference of HbA1c greater than GMI by
$0.5% was observed in 90% of the
non-White cohort compared with 75%
of the White cohort and was strongly
associated with higher time spent in
hypoglycemia in the non-White cohort
only. To our knowledge, this is the first
time that the relationship between
HbA1c and GMI in a population of differ-
ent races has been described.

The identified discrepancy between
HbA1c and GMI and its strong correla-
tion with time spent in hypoglycemia in
the non-White cohort highlight the
additional value of the use of CGM in
non-White individuals with diabetes, in
whom HbA1c tends to run higher than
GMI. Obtaining CGM-derived metrics,
along with the measurement of HbA1c,
in non-White individuals with diabetes
receiving insulin therapy can help to
establish the relationship between GMI
and HbA1c. This relationship remains
constant over time within a patient
(7,8) and can guide clinicians to develop
a personalized patient-centric treatment
plan that may allow a higher HbA1c goal
in some non-White individuals in order
to avoid hypoglycemia.

Our results are consistent with data
in the literature, where HbA1c is found
to be higher in the non-White versus
White population, for the same mean
glucose level (4). Furthermore, a clini-
cally significant discrepancy ($0.5%)
between HbA1c and GMI was described
in �19% of adults with diabetes (5) and
in up to 50% of older adults with T1D. In
the latter group, GMI was more closely
associated with time spent in hypoglyce-
mia and hyperglycemia compared with
HbA1c (9). A small study suggested that
the GMI formula may be influenced by
CGM systems and patient race (5,10);
however, the current CGM reports display
the GMI value calculated using a stan-
dardized formula (5). The majority of the
non-White cohort in our analysis was rep-
resented by individuals with T2D treated
with insulin, in whom the use of CGM is
currently limited (11). Larger studies
about the impact of race on measures of
glycemia in T1D and T2D are needed.
Nonetheless, our data underscore the
importance of CGM use in clinical prac-
tice, especially in non-White individuals
receiving insulin therapy.

The limitations of our study include
the retrospective single-center observa-
tional design, and therefore, causality
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cannot be assessed. Additionally, the
FreeStyle Libre CGM may not be accu-
rate in detecting hypoglycemia (12), and
CGM data are from one-time-only wear
and may not reflect long-term glycemic
control.
In conclusion, these data suggest a

racial difference in the relationship bet-
ween GMI and HbA1c. GMI can provide
additional information on glycemic con-
trol and time spent in hypoglycemia in
non-White individuals that is not identi-
fied by HbA1c alone. Non-White patients
receiving insulin therapy will benefit from
CGM-derived measurements in addition
to HbA1c.
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Figure 1—Percentage of time spent in hypoglycemia in non-White and White cohorts divided
by difference between HbA1c and GMI within 0.5% (no difference) and HbA1c greater than GMI
by$0.5%.
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