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ABSTRACT

Introduction: The aim of this study was to
investigate the relationship between actual
measured glycated hemoglobin (HbA1c) and
estimated glycated hemoglobin (EA1c) in the
flash glucose monitoring (FGM) system in Chi-
nese patients with type 2 diabetes.
Methods: This study was conducted in Nanjing
First Hospital. Each patient used FGM twice in a
3-month period (during the first 14 days
immediately after baseline and during a second
14-day period from days 76 to 90 after baseline).
HbA1c measurements were made using a high-
performance liquid chromatography assay
before the start of the first FGM period (base-
line) and at the end of the second FGM period.
Results: A total of 74 patients (35 men; mean
age ± standard deviation [SD] 67.6 ± 5.2 years)

were enrolled in the study. The mean (± SD)
duration of diabetes was 11.9 ± 7.8 months.
The first and second HbA1c measurements were
both higher than the EA1c (both p\0.001).
Mean glucose (MG) gradually decreased over
time and was the lowest on day 14. Linear
regression showed that only HbA1c at baseline
affected the gap between HbA1c and EA1c (b =
0.319, p = 0.01) when the educational level, age,
gender, duration of diabetes, body mass index,
HbA1c at baseline, and number of scans daily
were included as independent variables. The
best model for calculating EA1c was EA1c% =
MG mmol/L 9 0.669 - 0.213 9 8th MG ?

3.351 when MG[ 9.7 mmol/L, and EA1c
% = (MG mmol/L ? 2.590)/1.590 when
MG B 9.7 mmol/L. The correlation coefficient
for EA1c and HbA1c in this model (model 7) is
higher than that reported the original model in
the FGM system 1 (0.955 vs. 0.822, respectively;
p\0.001).
Conclusions: The EA1c used by FreeStyle
LibreTM is lower than the actual measured
HbA1c. Improvement in the glucose levels
during FGM in these patients may contribute to
the lowering of EA1c.
Trial Registration: The study is registered with
ClinicalTrials.gov, number NCT03785301.
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Key Summary Points

Flash glucose monitoring can improve
blood glucose in the short term of 14 days
without the need to adjust hypoglycemic
treatment.

The estimated A1c used by FreeStyle
LibreTM is lower than actual glycated
hemoglobin (HbA1c).

The gap between estimated A1c and actual
measured HbA1c is positively correlated to
the actual HbA1c.

Based on our results, we present an
improved model for estimating A1c in
flash glucose monitoring.

INTRODUCTION

The FreeStyle LibreTM (Abbott Diabetes Care,
Witney, UK) flash glucose monitoring (FGM)
system is one of a new generation of glucose-
testing devices. The FGM system has made
glucose checks easier with its ability to scan a
sensor for a glucose reading at any time, no
need for calibration, and a long sensor lifetime
of 14 days. Many studies have confirmed the
benefit of using the FGM in patients with type 1
or type 2 diabetes [1–4], including reductions in
hyperglycemia, hypoglycemia, and associated
medical costs.

Glycated hemoglobin (HbA1c) is considered
to be the gold standard for the assessment of
glycemic control [5] and has strong predictive
value for diabetes complications [6] and mor-
tality in patients with diabetes [7]. The rela-
tionship between HbA1c and average glucose
levels has been explored in many studies, most
of which used intermittent capillary blood glu-
cose measurements [8, 9] or continuous glucose
monitoring (CGM) [10, 11], resulting in a for-
mula that allowed the calculation of an esti-
mated A1c value using average glucose. The
calculation, namely, estimated glycated

hemoglobin (EA1c), calculated as A1c% = (
mean glucose [MG] mmol/L ? 2.59)/1.59 using
the glucose data recorded by an FGM sensor for
14 days, was installed by Abbott Diabetes Care
as a parameter in the FGM system. In some
studies [1, 2] and clinical work, EA1c has been
used to assess glycemic control, rather than the
actual HbA1c. Dunn and colleagues analyzed
the effects of FGM in more than 50,000 users
worldwide and found that both EA1c and time
in hyperglycemia were gradually reduced with
increasing scan rate from the lowest to highest
scan groups [2]. EA1c has also been used by
clinicians to guide adjustments in the hypo-
glycemic regimen in a large number of patients.
The use of EA1c instead of actual HbA1c mea-
surements can be partially explained by the
desire to reduce blood collections and hospital
visits for HbA1c testing. However, an analysis of
the relationship between EA1c and actual mea-
sured HbA1c has never been performed. Thus,
the aim of the present study was to investigate
the relationship between EA1c as measured in a
FGM system and actual measured HbA1c in
Chinese patients with type 2 diabetes.

METHODS

Patients

This study was conducted in Nanjing First
Hospital from December 2018 to July 2019.
Patients with type 2 diabetes considered eligible
to be enrolled in the study were (1) aged C

18 years, (2) had HbA1c\11.0%; and (3) were
drug naı̈ve or in stable hypoglycemic therapy
for at least 3 months prior to the study. Exclu-
sion criteria were: (1) pregnancy or currently
attempting to conceive; (2) presence of infec-
tion or acute metabolic complications of dia-
betes, such as ketoacidosis or hyperosmolar
state (coma); (3) allergy to medical grade adhe-
sive or isopropyl alcohol used to prepare the
skin; (4) presence of skin lesions, scarring, red-
ness, infection, or edema at sensor application
sites; (5) presence of anemia or other diseases
that may affect HbA1c testing; (6) presence of
any other condition considered to warrant
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exclusion according to the researchers involved
in the study.

The study protocol was approved by the
Institutional Ethics Committee of Nanjing First
Hospital, Nanjing Medical University (number
KY20170904-04), and was in accordance with
the Helsinki Declaration of 1964, as revised in
2013. All patient provided written informed
consent forms to participate in the study.

Study Design

Glycated hemoglobin was measured using a
high-performance liquid chromatography assay
(Bio-Rad Laboratories, Inc., Hercules, CA, USA)
at baseline, and FGM was used for 14 days in
patients after the baseline blood collection (pe-
riod 1). The sensor was worn on the back of the
upper arm to record subcutaneous interstitial
glucose concentration at 15-min intervals
without the requirement for self-monitoring of
blood glucose (SMBG) for calibration. Patients
could scan the sensor to read the glucose level at
any time. The frequency of scanning by each
patient for each sensor was calculated by
counting the number of scans divided by the
duration of sensor use (14 days), according to
recorded start and end times. Patients were
required to keep track of their food intake and
exercise while wearing the FGM sensor and
could alter their diet and exercise according to
the glucose levels provided by FGM. Patients
were also instructed to maintain their therapy
with glucose-lowering agents during FGM in
order to prevent the effects of a large glycemic
variation caused by drug changes on the EA1c
in FGM. The dosage of glucose-lowering agents
could be adjusted by clinicians according to the
results of the FGM and HbA1c when the FGM
sensors were removed. To diminish the influ-
ence of any changes in diet and exercise on the
EA1c, readings from FGM were also taken from
days 76 to 90 (± 2) (period 2) and the HbA1c
was measured again when at the end of this
second FGM period. The height, weight, course
of disease, concomitant diseases, and medica-
tion of all patients were recorded.

Statistical Analysis

All statistical analyses were performed using
SPSS version 16.0 software (IBM Corp., Armonk,
NY, USA). Data are presented as the mean ±

standard deviation (SD) or as percentages. Dif-
ferences between the EA1c and HbA1c were
examined using Student’s paired t test and
univariate tests. Differences in daily MG level
during the 14-day study period were analyzed
by repeated measures analysis of variance
(ANOVA) followed with a Bonferroni test. The
correlations of EA1c and HbA1c in the two FGM
periods were compared using the cocor package
(https://comparingcorrelations.org/). The mod-
els for the relationship between EA1c and
HbA1c were analyzed using stepwise linear
regression and exponential and quadratic
equations. Total MG and the MG for each day,
scanning frequency, and the SD of glucose
levels in the FGM system were used to construct
the models. The best fits, based on assessment of
correlation coefficient values closest to 1.0
using Pearson correlations, were determined.
Stepwise linear regression was also performed to
test potential risk factors possibly influencing
the gap between EA1c and HbA1c (HbA1c -

EA1c); these variables were included as inde-
pendent variables. p values\0.05 were consid-
ered to indicate statistical significance.

RESULTS

Patient Characteristics

A total of 80 patients were enrolled in the study,
of whom six were excluded from the analyses
due to interruptions in FGM. The final study
population thus comprised 74 patients, of
whom 35 (47.3%) were men; the mean age (±
SD) of the patients was 67.6 ± 5.2 years. At
baseline, the mean duration of type 2 diabetes
was 11.9 ± 7.8 months, mean body mass index
(BMI) was 25.1 ± 3.8 kg/m2, and mean HbA1c
was 7.7 ± 1.3%. Fifty-two (70.3%) patients were
on insulin therapy, and two patients were drug
naı̈ve. The baseline characteristics of the
patients are given in Table 1.
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Differences between EA1c and Actual
Measured HbA1c

The HbA1c at baseline was significantly higher
than the EA1c (7.7 ± 1.3 vs. 7.1 ± 1.3%,
respectively; p\ 0.001). After 3 months (period
2), the HbA1c remained higher than the EA1c
(7.5 ± 1.1 vs. 6.9 ± 1.1%, respectively;
p\0.001), although it should be noted that the
actual HbA1c measurement was made after the
second period of FGM.

Mean Daily Glucose During FGM

The repeated ANOVA revealed that there was no
difference in MG between the two periods of
FGM (8.8 ± 2.2 vs. 8.6 ± 1.9; p = 0.663). How-
ever, the daily MG reading changed with time
(F = 7.2, p\ 0.001 in the multivariate tests). To
assess the influence of these changes in blood
glucose on the EA1c, we pooled the FGM data
from the two FGM periods and calculated the
MG of each day (see Fig. 1). The MG was highest
on the third day and then gradually decreased;
this reduction in MG compared to the third day
became statistically significant on the tenth day
(p = 0.015), and MG on the 14th day was the
lowest readings. MG on the first day was slightly
lower than that on the second and third days
(p = 0.070 and 0.054, respectively), and there
was no difference between MG on the second
and third days (p = 0.722).

Factors Influencing Difference
between EA1c and Actual Measured HbA1c

To explore the factors that have the potential to
influence the difference between EA1c and
HbA1c (DA1c = HbA1c - EAlc), we performed

Fig. 1 Daily mean glucose of the patients during 14 days
of flash glucose monitoring (FGM). Values are pooled data
from two 14-day FGM monitoring periods.
Asterisk(s) indicates a signficance difference in mean
glucose (MG) as compared to MG on third day of 14-day
FGM (*p\ 0.05; **p\ 0.01)

Table 1 Baseline characteristics of patients

Patient characteristics Values

Age (year) 67.6 ± 5.2

Sex (male) 35 (47.3%)

Diabetes duration (months) 11.9 ± 7.8

BMI (kg/m2) 25.1 ± 3.8

HbA1c (%) 7.7 ± 1.3

Systolic blood pressure (mmHg) 139.7 ± 16.7

Smoking 14 (18.9%)

Hypertension 53 (71.6%)

DKD 6 (8.1%)

Retinopathy 5 (6.8%)

Neuropathy 13 (17.6%)

Carotid plaque 24 (32.4%)

Family history of diabetes 42 (56.8%)

Insulin use 52 (70.3%)

Sulfonylurea use 28 (37.8%)

Metformin use 30 (40.5%)

a-Glucosidase use 35 (47.3%)

Thiazolidinedione use 4 (5.4%)

DPP-4 inhibitor use 3 (4.05%)

Glinide use 5 (6.76%)

Data are presented as the mean ± standard deviation
(SD), or as a number with the percentage in parenthesis
BMI Body mass index; DKD diabetic kidney disease; DPP-
4 dipeptidyl peptidase-4, HbA1c glycated hemoglobin
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linear regression, including educational level,
age, gender, duration of diabetes, BMI, HbA1c at
baseline and times of daily scan as independent
variables in the model. The results showed that
only HbA1c at baseline affected the DA1c
(b = 0.319, p = 0.010). We then combined the
baseline and endpoint data and observed that
DA1c increased with increasing HbA1c
(r = 0.316, p\0.001), as shown in Fig. 2. The
frequency of scanning [number of scans
daily = 11.9 (interquartile range 7.7–15.9)] was
correlated to EA1c and HbA1c (r = - 0.164 and
- 0.225, p = 0.016 and 0.006, respectively).
However, there was no correlation between scan
rates and DA1c (p[0.05).

Correlation Analysis between EA1c
and Actual Measured HbA1c

Pearson analysis was performed to investigate
the relationship between EA1c and the actual
measured HbA1c, with both EA1c values found
to be significantly and positively correlated to
the real HbA1c values (r = 0.752 and 0.810,
respectively; both p\ 0.001). The correlations
between EA1c and the actual measured HbA1c
in the first and second FGM periods were similar
(p = 0.255). Thus, we combined the EA1c from
these two FGM periods and the values from the

two HbA1c tests; the correlation coefficient was
0.822 [p\ 0.001 (n = 148)]. We then performed
linear regression under different conditions to
search for a better model of EA1c (shown in
Table 2). Models 1 to 4 in Table 2 were calcu-
lated using MG only. The correlation coefficient
in models 2 to 4 was not higher than the pre-
vious EA1c and was lower in the exponential
and quadratic equation than in the linear
regression. Given the influence of scanning
frequency and variation in daily glucose levels,
in the linear regression for models 5 to 8 we
included MG on the second to 14th day of
FGM, the SD of glucose levels (which repre-
sented glycemic variability), and the number of
scans daily. In addition, given the strong effect
of baseline HbA1c, which indicated blood glu-
cose control, on DA1c, in two models we strat-
ified the patients by MG (median value in
model 6; by quartile in model 7). The best
model was found to be EA1c% = MG mmol/L 9

0.669 - 0.213 9 8th MG ? 3.351 when MG[
9.7 mmol/L and EA1c% = (MG mmol/L ?

2.590)/1.590 when MG B 9.7 mmol/L (model 7
in Table 2). The correlation coefficient in model
7 was significantly higher than that in model 1
(previous EA1c) (p\0.001).

DISCUSSION

The results of our study reveal that in our
patient population there was a gap between the
EA1c in the FreeStyle Libre FGM system and the
actual measured HbA1c and that this gap
between EA1c and actual HbA1c was positively
correlated to the levels of baseline HbA1c.
Therefore, we conclude that EA1c should be
calculated with the MG and adjusted using MG
on the eighth day of FGM when MG is at a high
level because the FreeStyle Libre FGM system
itself has the effect reducing blood glucose
(Table 2).

The difference between EA1c and actual
measured HbA1c is mainly caused by the
reduction in MG. Several studies have reported
the effects of FGM on blood glucose [12, 13].
However, these studies were conducted in
patients who were taking insulin therapy, and
the insulin doses were adjusted during FGM.

Fig. 2 Relationship between glycated hemoglobin
(HbA1c) and the gap between actual measured HbA1c
(A1c) and estimated A1c (EA1c) during FGM. A total of
148 HbA1c measurements and the corresponding EA1c in
the FGM system were included in linear regression

Diabetes Ther (2020) 11:2019–2027 2023
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Moreover, these studies had durations of [
10 weeks. We found that the MG decreased
significantly in a short period of 14 days with-
out any change in the use of glucose-lowering
agents. One possibly explanation for this
change in blood glucose is an improved diet and
increased physical activity. However, this pos-
siblity needs to be further examined via analy-
ses of the changes in diet and exercise during
FGM in the present study population (study
remains ongoing). Previous studies showed that
FGM improved blood glucose control better in
patients with high HbA1c levels than those with
relatively lower levels [14, 15]. Although these
studies explained the positive correlation
between baseline HbA1c and DA1c, they did not
calculate the EA1c in patients with high MG
separately. Thus, we performed linear regres-
sions among patients stratified according to MG
to investigate different models of EA1c calcula-
tion in patients with different blood glucose
control. Moreover, all of the variables we
included in the models were from FGM;
patients therefore did not need to provide
additional blood samples or do other tests.

Kumagai et al. found that glucose values
tended to be lower when measured using FGM
than with CGM [16]. Moreover, it has been
reported that the accuracy of data on the first
day is lower than that on the other days during
the FGM period [17, 18]. As a result, total MG
(MG over the 14-day FGM period) in FGM is
lower than the actual measured blood glucose
level, and the EA1c calculated with total MG
only is also lower than the actual HbA1c. The
accuracy is stable in the middle stage of FGM
[18], and thus adjustment of the EA1c using MG
on eighth day of FGM partially solves this
problem. The correlation coefficient increased
in the model that was adjusted with MG on the
eighth day.

Dunn et al. found that EA1c was negatively
correlated to scan rates [2]. Our result confirmed
that finding. However, we found no correlation
between scan rates and DA1c, although we
cannot exclude the influence of a smaller sam-
ple size and/or shorter study duration compared
to the previous study.

This study has a number of limitations that
need to be discussed. First, the change in diet

and physical activity during FGM needs to be
further studied. Secondly, findings using a lar-
ger sample size may be more convincing.
Thirdly, our study was limited to a single center,
which should be expanded. Moreover, although
we did not allow any change in the dosage of
glucose-lowering agents during FGM, we did
permit changes in glucose-lowering agents
immediately after the FGMs, in view of medical
ethics; thus, the reduction in glucose level
during the second FGM period may have been
affected. However, the interval between the two
FGMs (62 days) is sufficiently long to diminish
the influence of hypoglycemic agent adjust-
ment, and the influence of glucose-lowering
agent adjustment on EA1c and HbA1c may be
similar, so that it may have little influence on
the relationship between EA1c and HbA1c in
the second FGM. The correlations between EA1c
and actual HbA1c in the first and second FGM
period were similar in this study, which con-
firms our hypothesis.

In clinical work, the underestimation of
actual HbA1c may result in a neglect of the
effects of glucotoxicity during the past
3 months, which in turn may lead to diabetic
complications. In studies, the use of EA1c may
lead to a misjudgment of glycemic control in
patients. We suggest a better model for EA1c
calculation to resolve these problems. The
proper use of EA1c will reduce both the number
of blood samples taken and hospital visits. The
results of this study may be useful for the
application of FGM.

CONCLUSIONS

The EA1c in FreeStyle Libre is lower than the
actual measured HbA1c. The improvement in
glucose levels during FGM in these patients may
contribute to the lowering of EA1c.
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