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Introduction

Diabetes mellitus is a disease marked by chronic hyperglyce-
mia resulting from a defect in secretion and/or action of insu-
lin. This hyperglycemia leads to microangiopathic 
(nephropathy, retinopathy, neuropathy) and macroangio-
pathic (myocardial infarction, stroke, peripheral arterial dis-
ease) complications.1,2

Although measurement of glycated hemoglobin A1c 
(HbA1c) has become the cornerstone of diabetes monitoring 
in clinical practice, the role of this biomarker in reflecting 
long-term glycemic control in individuals with diabetes and 
chronic kidney disease (CKD) has been questioned.3 Indeed, 
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Abstract
Introduction: Assessment of glucose exposure via glycated hemoglobin A1c (HbA1c) has limitations for interpretation 
in individuals with diabetes and chronic kidney disease (CKD). The glucose management indicator (GMI) derived from 
continuous glucose monitoring (CGM) data could be an alternative. However, the concordance between HbA1c measured 
in laboratory and GMI (HbA1c-GMI) is uncertain in individuals with CKD. The purpose of this study is to analyze this 
discrepancy.

Material and method: We performed a multicentric, retrospective, observational study. A group of individuals with 
diabetes and CKD (n = 170) was compared with a group of individuals with diabetes without CKD (n = 185). All individuals 
used an intermittently scanned continuous glucose monitoring (isCGM). A comparison of 14-day and 90-day glucose data 
recorded by the isCGM was performed to calculate GMI and the discordance between lab HbA1c and GMI was analyzed by 
a Bland-Altman method and linear regression.

Results: HbA1c-GMI discordance was significantly higher in the CKD group versus without CKD group (0.78 ± 0.57 [0.66-
0.90] vs 0.59 ± 0.44 [0.50-0.66]%, P < .005). An absolute difference >0.5% was found in 68.2% of individuals with CKD 
versus 42.2% of individuals without CKD. We suggest a new specific formula to estimate HbA1c from the linear regression 
between HbA1c and mean glucose CGM, namely CKD-GMI = 0.0261 × 90-day mean glucose (mg/L) + 3.5579 (r2 = 0.59).

Conclusions: HbA1c-GMI discordance is frequent and usually in favor of an HbA1c level higher than the GMI value, which 
can lead to errors in changes in glucose-lowering therapy, especially for individuals with CKD. This latter population should 
benefit from the CGM to measure their glucose exposure more precisely.
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the assessment of glycemic control by HbA1c in individuals 
with diabetes and CKD has limitations.4 Some non-glycemic 
factors may affect HbA1c levels, such as anemia,5 shorter or 
longer erythrocyte lifespan, erythropoietin, or martial 
therapy.6

Therefore, in these individuals with diabetes and CKD, 
blood glucose monitoring became an important guide of dia-
betes management.7

Until now, self-monitoring of blood glucose was achieved 
by capillary blood glucose tests. But, new medical devices, 
such as continuous glucose monitoring (CGM) or intermit-
tently scanned continuous glucose monitoring (isCGM), 
now provide an effective method for controlling glucose lev-
els.8,9 Studies on the use of CGM or isCGM sensors in the 
individuals with diabetes with CKD are limited.

Given these pitfalls in interpreting HbA1c in CKD, it is 
important to investigate new CGM-derived metrics includ-
ing glucose management indicator (GMI).10 The GMI equa-
tion was developed to estimate HbA1c from the mean 
interstitial glucose provided by the CGM [GMI (%) = 3.31 
+ 0.02392 × mean glucose (mg/dL)].10

Some studies reported discordances between lab HbA1c 
and GMI, but data are still limited in individuals with diabe-
tes and CKD.10,11 The purpose of this study is to compare the 
relationship between HbA1c measured in the laboratory and 
GMI calculated from 14 and 90 days CGM data recorded in 
a large cohort of individuals with diabetes and CKD com-
pared to individuals with diabetes without CKD.

Material and Methods

We conducted a retrospective, cross-sectional, multicenter, 
observational study approved by the qualification commis-
sion for research projects of the University of Rouen. We 
performed a review of isCGM users seen at the University of 
Rouen, University of Liege, and Mouscron Hospital diabetes 
care centers from January 2019 to June 2021. All individuals 
with diabetes used the isCGM FreeStyle® Libre™ 1 (Abbott 
Diabetes Care, Alameda, CA) (FSL1). FSL1 is a factory-
calibrated sensor and do not require finger stick blood glu-
cose calibrations and had no hypo/hyperglycemia alarms.

Although it is recommended that only CGM data captured 
at >70% over 14 days are sufficient to estimate HbA1c,12,13 
we also recorded CGM data up to 90 days to maximally 
assess the glucose exposure associated with laboratory-mea-
sured HbA1c. Therefore, we selected individuals with diabe-
tes and CKD whose laboratory-measured HbA1c was 
documented and associated with concomitant CGM data 
downloaded at 14 and 90 days.

The CGM-derived data collected were the percentages 
time in hypoglycemia <70 mg/dL (<3.9 mmol/L), time in 
hyperglycemia >180 mg/dL (>10 mmol/L), time in range 
(TIR) 70 to 180 mg/dL (3.9-10.0 mmol/L), mean interstitial 
glucose, coefficient of glucose variation (GV% = SD/mean 
interstitial glucose), and GMI.12

Demographic characteristics such as type and duration of 
diabetes mellitus (DM), age, sex, body mass index (BMI), 
etiology of CKD, and microvascular and macrovascular-
related diabetes complications were extracted from the com-
puterized medical records. Glucose-lowering therapy, 
erythropoiesis-stimulating agents (EPO), martial supple-
mentation, and red blood cell transfusions were recorded.

HbA1c, hemoglobin (Hb), hematocrit, and iron status 
were sought, the individuals were considered anemic for 
men if the Hb value was <13 g/dL and for women if <12 g/
dL.14

Individuals were stratified into stages of CKD according 
to the Kidney Dialysis Outcomes Initiative (KDOQI) classi-
fication based on the MDRD formula for calculating the esti-
mated glomerular filtration rate (eGFR) (mL/min) as 
follows:

Stage 1: eGFR above 90; stage 2: eGFR between 60 and 
89; stage 3a: eGFR between 45 and 59; stage 3b: eGFR 
between 30 and 44; stage 4: eGFR between 15 and 29; 
and stage 5: eGFR less than 15).15

If eGFRs >60 mL/min CKD was excluded. The lab tests 
selected had to be performed within 30 days before the CGM 
analysis, except for the HbA1c which had to be performed 
within 7 days.

The exclusion criteria were age <18 years, pregnancy, 
acute CKD (<six months), red blood cell transfusions, and 
insufficient CGM data according to guideline criteria to esti-
mate HbA1c.12

Two groups of individuals with diabetes and CKD and 
without CKD (no-CKD) were established.

First, demographic characteristics, laboratory tests, and 
isCGM at 14- and 90-day data were compared between CKD 
and no-CKD groups.

Second, the GMI prediction of HbA1c from 14-day 
isCGM data was compared with 90-day isCGM data in each 
group, respectively.

Third, the HbA1c-GMI difference was calculated for indi-
viduals in each group and compared between the groups.

If the HbA1c-GMI difference in the CKD group is greater 
than in the no-CKD group, we calculate a new linear regres-
sion to calculate a GMI formula specific to the CKD group.

Finally, in both groups, demographic characteristics, 
comorbidities, laboratory tests, and isCGM parameters were 
compared between subjects with an HbA1c-GMI difference 
>0.5% and <0.5%, in order to identify which variables 
influence this difference.

Statistical Analysis

Categorical variables were reported as frequencies (%), and 
continuous variables were reported using means ± standard 
deviation (SD) (with their 95% confidence interval [95% 
CI]). Chi-square tests were used to compare categorical 
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variables and t-test or analysis of variance (ANOVA) for 
continuous variables. The paired t-test was used to compare 
the prediction of HbA1c by the GMI formula from 14- and 
90-day CGM data. Individuals were subdivided as a percent-
age ratio based on the HbA1c-GMI difference threshold. If a 
new GMI formula specific to the CKD group is calculated, 
we will use a linear regression relating the 90-day mean glu-
cose values represented on the x-axis to the laboratory 
HbA1c on the y-axis.

The relationship between HbA1c and GMI from 90 days 
CGM data was studied using the Bland-Altman method in 
CKD and no-CKD groups.

The relationship between the HbA1c-GMI difference and 
recorded parameters was analyzed by univariate analysis. In 
a second time, a multivariate analysis will be performed if 
certain parameters that may influence the HbA1c-GMI dis-
cordance in the CKD group are statistically significant in the 
univariate analysis.

Variables with p < 0.05 were statistically significant. All 
statistical analyses or figures were performed by SPSS ver-
sion 20.0 and GraphPad Prism version 9 software.

Results

A total of 355 individuals with diabetes were eligible for the 
study based on the selected criteria.

In total, 59% were male, 73% were type 1 DM, 19.7% 
were type 2 DM, and 7.3% other types of diabetes. Individuals 
were divided into two groups: with CKD (n = 170) and no-
CKD (n = 185).

Main demographic characteristics are reported in Table 1.
Individuals with diabetes in the CKD group were older 

(69.6 ± 12.3 [67.7-71.4] vs 54.0 ± 16.6 [51.6-56.4] years,  
P < .001), had a higher BMI (29.0 ± 6.2 [28.1-30.2] vs 27.6 
± 5.9 [26.7-28.5] kg/m2, P = .038), and type 2 DM and 
other diabetes was more frequent than in the no-CKD group. 
The mean duration of CKD was 8.2 ± 6.3 [7.2-9.5] years. 
The etiology of the renal disease was diabetic nephropathy in 
71.2% of cases. The eGFR stages were distributed as fol-
lows: stage 3a: 41.8%; stage 3b: 31.2%; stage 4: 12.9%; and 
stage 5: 14.1%. The duration of diabetes was not signifi-
cantly different between the two groups (26.7 ± 14.0 [24.7-
28.8] vs 29.2 ± 14.2 [27.0-31.3] years, P = .1).

All individuals were treated with a basal-bolus insulin 
regimen, treatment with EPO concerned 12.4% and martial 
supplementation 11.7% in CKD group.

Micro and macroangiopathy-related diabetes complica-
tions were more frequent in CKD group: 85.3% versus 
51.4% (P < .001) and 48.2% versus 19.5% (P < .001), 
respectively.

For the lab characteristics, hemoglobin values were lower 
in the CKD group (12.5 ± 1.8 [12.2-12.8] vs 14.0 ± 1.5 
[13.8-14.2] g/dL; P < .001) with a higher proportion of ane-
mia (54.5% vs 13.3%; P < .001). Iron serum was lower in 
CKD group (73.7 ± 29.4 [68.3-79.1] vs 103.9 ± 56.6 

[88.7-119.1] µg/dL, P < .001). HbA1c was significantly 
higher in the CKD group (8.2 ± 1.1 [8.0-8.37] vs 7.9 ± 0.9 
[7.75-8.0]%, P < .001) (66.1 ± 12.3 [64.3-68] vs 62.7 ± 
10.6 [61.2-64.3] mmol/mol, P < .001).

In the CKD group, HbA1c was not different between 
eGFR stages (P = .135), nor for the subjects with or without 
anemia, regardless of eGFR stages (P = .18).

There was no difference in 14- or 90-day isCGM metrics 
(GMI, mean glucose, TIR, time spent in hypo/hyperglyce-
mia, and GV%) between CKD versus no-CKD groups. Only 
the comparison between the absolute difference HbA1c-
GMI was significantly higher in the CKD group versus no-
CKD group at 14 days (0.78 ± 0.57 [0.66-0.90]% vs 0.59 ± 
0.4 [0.50-0.66]%, P = .005) and 90 days (0.80 ± 0.5 [0.72-
0.88]% vs 0.57 ± 0.4 [0.49-0.6]%, P < .001).

We analyzed in each group whether the GMI calculated 
from CGM data after 14 and 90 days predicted the HbA1C 
measured in the laboratory. In the no-CKD group, the mean 
lab HbA1C was 7.9% (62.7 mmol/mL) while the mean GMI 
were 7.51% (58 mmol/mol) regardless of the time period  
(P = .77). In the CKD group, the mean HbA1C was 8.2% 
(66.1 mmol/mol) and mean GMI were significantly different 
at 14 and 90 days (7.66 [60] vs 7.52% [59 mmol/mol], P = 
.024), respectively (Table 1).

In Figure 1, individuals were subdivided as a percentage 
ratio based on the relative difference HbA1c-GMI threshold 
between CKD and no-CKD groups. The percentage of indi-
viduals is shown on the y-axis. The relative difference 
HbA1c-GMI is given on the x-axis after 90 days of isCGM.

In the group with CKD, 9 (5.3%) individuals had a nega-
tive relative difference (HbA1c < GMI), whereas in the no-
CKD group, 21 (11.4%) individuals had a negative relative 
difference (HbA1c < GMI). In each group, the most indi-
viduals had a positive relative difference (HbA1c > GMI). A 
relative positive difference HbA1c-GMI >0.5% was found 
in 68.2% of individuals in CKD group versus 42.2% in no-
CKD group and a relative positive difference >1.0% was 
found in 37.1% of individuals in CKD group versus 15.1% in 
no-CKD group.

In Figure 2, Bland-Altman tests show that in the CKD 
group, the GMI calculated from 90-day CGM mean glucose 
data was 0.63% lower than the lab HbA1c (bias is 0.63%, SD 
of bias = 0.72; 95% limits of agreement were −0.79% to 
2.05%). In the no-CKD group, GMI calculated from 90-day 
CGM mean glucose data was 0.43% lower than lab HbA1c 
(bias is 0.43%, SD of bias = 0.53; 95% limits of agreement 
were −0.60% to 1.47%).

Therefore, as described in the “Material and Methods” 
section, we suggest a specific new formula to calculate the 
GMI in CKD group (CKD-GMI) based on the linear regres-
sion between HbA1c and CGM mean glucose at 90 days = 
3.558 + 0.026 × [CGM mean glucose (mg/dL)] (r2 = 0.59) 
(Figure 3). The Bland-Altman test shows that in the CKD 
group, the new formula (CKD-GMI) had near-zero average 
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Table 1. Characteristics of Individuals in CKD and No-CKD Groups.

CKD group No-CKD group P-value

Individuals with diabetes 170 185  
Age (years) 69.6 ± 12.3 [67.7-71.4] 54.0 ± 16.6 [51.6-56.4] <.001
Gender
 Male 91 (53.5) 119 (64.3)  
 Female 79 (46.5) 66 (35.7)  
BMI (kg/m2) 29.0 ± 6.2 [28.1-30.2] 27.6 ± 5.9 [26.7-28.5] .038
 <25 47 (29.4) 69 (39.0)  
 >25 113 (70.6) 108 (61.0)  
Diabetes <.001
 T1 DM 98 (57.6) 160 (86.5)  
 T2 DM 54 (31.8) 16 (8.6)  
 Other diabetes 18 (10.6) 9 (4.9)  
Diabetes duration (years) 29.2 ± 14.2 [27.0-31.3] 26.7 ± 14.0 [24.7-28.8] .1
CKD duration (years) 8.3 ± 6.3 [7.2-9.5] —  
Insulin regimens, EPO, iron treatment
 Insulin treatment (%) 100 100  
 Multiple daily injections 152 (89.4) 88 (71.5)  
 Insulin pump therapy 18 (10.6) 35 (28.5)  
 Insulin regimens not reported — 62  
 EPO 21 (12.4) —  
 Iron 20 (11.7) —  
Microvascular complications 145 (85.3) 95 (51.4) <.001
 Albuminuria 100 (65.4) 30 (28.0) <.001
 Retinopathy 97 (57.1) 63 (34.1) <.001
 Neuropathy 81 (47.6) 46 (24.9) <.001
Macrovascular complications 82 (48.2) 36 (19.5) <.001
 Ischemic events (heart, stroke, limb arteritis)
Lab characteristics
 Hemoglobin (g/dL) 12.5 ± 1.8 [12.2-12.8] 14.0 ± 1.5 [13.8-14.2] <.001
 Anemia 91 (54.5) 22 (13.3) <.001
 Serum iron (µg/dL) 73.7 ± 29.3 [68.3-79.1] 103.9 ± 56.6 [88.7-119.1] <.001
 Hemoglobin A1C (%) 8.20 ± 1.1 [8.0-8.37] 7.90 ± 0.9 [7.75-8.0] <.001
 Hemoglobin A1C (mmol/mol) 66.1 ± 12.3 [64.3-68] 62.7 ± 10.6 [61.2-64.3] <.001
 Median hemoglobin A1C (%) (mmol/

mol)
8.1 (65) 7.9 (62.8) <.001

 eGFR (mL/min/1.73 m2) 37.7 ± 16.0 [35.3-40.2] 97.3 ± 19.8 [92.5-102.2] <.001
Distribution of HbA1c according to eGFR and anemia
 eGFR stages in CKD 

group, n (%)
3a, 71 (41.8) 3b, 53 (31.2) 4, 22 (12.9) 5, 24 (14.1)  

 Hemoglobin A1C (%) 8.3 ± 1.1 8.3 ± 1.01 7.8 ± 1.1 7.8 ± 1.05 .135
 Anemia regardless of 

eGFRs stages
with without  

 Hemoglobin A1C (%) 8.2 ± 1.1 8.00 ± 0.98 .18
14-day isCGM metrics CKD group No-CKD group  
 GMI (= estimated 

HbA1c %)
7.66 ± 1.0 [7.44-7.86] 7.51 ± 0.87 [7.36-7.65] .229

 Absolute difference 
HbA1c-GMI (%)

0.78 ± 0.57 [0.66-0.90] 0.59 ± 0.4 [0.50-0.66] .005

 Glucose (mg/dL) 181.7 ± 42.2 [172-190] 175.3 ± 36.3 [169.2-181.5] .224
 % Time below range 

(<70 mg/dL)
3.8 ± 5.9 [2.6-5.1] 4.4 ± 4.8 [3.6-5.2] .43

 % Time in range 
(70–180 mg/dL)

51.2 ± 20.5 [46.9-55.5] 53.1 ± 19.0 [50.0-56.3] .473

 (continued)
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CKD group No-CKD group P-value

 % Time above range 
(>180 mg/dL)

44.9 ± 22.2 [40.2-49.5] 42.4 ± 20.5 [39.0-46.0] .395

 Coefficient of variation 
(%)

35.7 ± 8.9 [33.8-37.6] 36.6 ± 6.6 [35.4-37.7] .428

90-day isCGM metrics CKD group No-CKD group  
 GMI (= estimated 

HbA1c %)
7.52 ± 0.8a [7.45-7.69] 7.51 ± 0.80b [7.35-7.57] .195

 Absolute difference 
HbA1c-GMI (%)

0.80 ± 0.5 [0.72-0.88] 0.57 ± 0.4 [0.49-0.6] <.001

 Glucose (mg/dL) 178.1 ± 33.1 [173-183] 173.6 ± 31.9 [169.0-178.3] .197
 % Time below range 

(<70 mg/dL)
4.7 ± 4.9 [4.0-5.5] 5.4 ± 5.0 [4.6-6.0] .267

 % Time in range (70-
180 mg/dL)

52.8 ± 17.4 [50.2-55.5] 52.8 ± 16.2 [50.5-55.2] .983

 % Time above range 
(>180 mg/dL)

42.5 ± 18.1 [39.7-45.3] 41.8 ± 18.2 [39.2-44.4] .716

 Coefficient of glucose 
variation (%)

37.4 ± 7.8 [35.8-39.1] 37.7 ± 6.4 [36.6-38.8] .795

The results are expressed as means ± SD with [95% CI], or n or n (%). Anemia is defined if Hb in men <13 g/dL and women <12 g/dL.
Abbreviations: CKD, chronic kidney disease; BMI, body mass index; DM, diabetes mellitus; EPO, erythropoiesis-stimulating agents; eGFR, estimated 
glomerular filtration rate; isCGM, intermittently scanned continuous glucose monitoring; GMI, glucose management indicator; CI, confidence interval.
aHbA1c-GMI discordance between 14 and 90 days (P-value: .024).
bHbA1c-GMI discordance between 14 and 90 days (P-value: .77).
P value <.05 were statistically significant.

Table 1. (continued)

≤ 0,1 > 0,1 > 0,2 > 0,3 > 0,4 > 0,5 > 0,6 > 0,7 > 0,8 > 0,9 > 1,0

%
 In

di
vi

du
al

s

Rela�ve difference HbA1c-GMI (%) aer 90 days of isCGM

CKD group with GMI formula no-CKD group with GMI formula
100

90

80

70

60

50

40

30

20

10

0

Figure 1. Individuals were subdivided as a percentage ratio based on the relative difference HbA1c-GMI threshold between CKD and 
no-CKD groups. Abbreviations: GMI, glucose management indicator; CKD, chronic kidney disease.
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bias −0.007%, standard deviation of bias = 0.72; 95% limits 
of agreement are −1.42% to 1.4% (data not shown). Figure 4 
is similar to Figure 1, adding the HbA1c-GMI difference 
according to the new CKD-GMI formula (green column) in 
the CKD group. We show that the CKD-GMI formula 
reduces the difference in the CKD group.

We then performed a univariate analysis (Table 2) to 
investigate the relationship between the HbA1c-GMI differ-
ence >0.5% versus <0.5% and the following characteris-
tics: age, gender, BMI, type of diabetes, microvascular and 
macrovascular complications, EPO and iron treatment, 
90-day isCGM-derived parameters, anemia, and eGFR stage. 
In the no-CKD group, subjects had significantly more micro 
and macrovascular complications, frequent hyperglycemia, 

fewer hypoglycemia, and lower GV when the difference 
threshold was >0.5%. In contrast, in patients with CKD, 
none of the studied parameters was associated with HbA1c-
GMI divergence. Therefore, the multivariate analysis was 
not performed in the CKD group.

Discussion

In this large multicenter study, mainly involving individuals 
with type 1 diabetes, we show that between the groups com-
pared (CKD vs no-CKD), CGM-derived parameters were 
similar while HbA1c levels were different. HbA1c is mostly 
higher than GMI. We found discordances (HbA1c-GMI) 
especially in individuals with diabetes and CKD.

In fact, 68% of individuals with CKD and 42% of those 
without CKD had an absolute discordance greater than 0.5%. 
These data are higher than those of the original Bergenstal 
cohort, where 28% of individuals had a difference greater 
than 0.5%.10 Our results are therefore closer to those of a 
recent “real life study” by Perlman et al,16 which showed that 
50% of subjects had a discordance over 0.5%. Furthermore, 
in the Perlman study, only CKD was associated with the 
discordance.

The significance of the discordance has not sufficiently 
been studied in the CKD population.4

In our study, HbA1c was significantly higher in individu-
als with diabetes and CKD than in those without, whereas 
CGM-derived data were similar. However, we did not iden-
tify in the CKD individuals, the underlying cause of the 
discordance.

Older age of individuals would be a factor in the differ-
ence between HbA1c and average blood glucose,17 but this 
parameter was not found in our study, nor was gender,18 ane-
mia or degree of eGFRs rates, iron, or EPO.6,19

Nevertheless, some hypothesis can be suggested.
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First, laboratory HbA1c interpretation has limitation for 
people with CKD.4 However, some potentially interfering 
parameters were not recorded in our study, such as erythro-
cyte life span, hypoxia, uric acid levels, dysthyroidism, or 
liver disease.18 Second, the GMI formula estimates HbA1c 
from mean glucose values regardless of the CGM model 
used.

However, the GMI formula has only been validated for 
the Dexcom G5, Guardian 3, and Navigator 2 CGM.20 Recent 
studies have therefore raised the question of the accuracy of 
the GMI formula depending on the CGM used.16,21 Pleus 
et al described differences in GMI measurements between 
Dexcom G5 and FreeStyle Libre sensors, worn by the same 
study subjects, GMI differed by up to 1.13% (absolute differ-
ences), with a 75th percentile of 0.42%.21 Therefore, this 
suggests that the formula for estimating HbA1c from average 
glucose should be specific to a brand of CGM including the 
Free style Libre used in our study.

Nevertheless, although there are still significant interpre-
tation problems in understanding the HbA1c-GMI difference, 
it is interesting to consider this difference from a clinical 
perspective.11,22

The question is whether the presence of a difference 
implies a risk of developing diabetic nephropathy or whether 
the difference is simply indicative of a more extensive glyca-
tion process in individuals with CKD. At present, there are 
no large prospective studies using CGM over the long term 
to demonstrate a causal relationship.

The main strength of our study is the analysis of discor-
dance between HbA1c-GMI through a comparison of 14- and 
90-day isCGM data with HbA1c measurement in a large 

“real-life” population. Thus, isCGM provides an efficient 
method to understand the full spectrum of glucose exposure. 
In previous studies including people with diabetes and CKD, 
the discordance was analyzed only with data for up to 14 
days. We validate the discordance also at 90 days of CGM 
data.23

Moreover, it is recognized that 14 days of CGM data are 
sufficient to predict HbA1c.12 We therefore compared the 
prediction of HbA1c from GMI calculated from 14-day and 
90-day CGM data in the two study groups. In no-CKD group, 
we confirm that 14 days of CGM data provide a suitable esti-
mate of glucose parameters for a three-month period.12 
Whereas, for individuals with CKD, GMI were significantly 
different at 14 and 90 days (7.66% vs 7.52%, P < .024). 
Thus, GMI appears to be closer to HbA1c with analyses at 14 
days than with analyses at 90 days in CKD. These findings 
are in accordance with the study of Presswala et al24 who 
found a correlation between HbA1c and mean glucose con-
centration by FSL at 14 days in individuals with CKD (how-
ever, 90-day recordings were not analyzed).

The main limitation of our analysis is the lack of knowl-
edge about the accuracy of isCGM in the CKD population, 
because there was no calibration of the CGM device worn by 
the individuals. But in contrast to other studies, all individu-
als had the same isCGM. This reduces the misinterpretation 
due to different CGM-derived data.

To understand the discordance, we looked at patients with 
various comorbidities known to affect the accuracy of 
HbA1c. However, our study does not determine the reason 
for the discordance, probably due to the cross-sectional 
nature of the study.
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Finally, as recently advocated in a pediatric population,25 
we recommend a new formula estimating HbA1c from the 
mean interstitial glucose captured by the isCGM sensor spe-
cific to individuals with CKD.

But, to reduce the gap HbA1c-estimating HbA1c, it is 
therefore advised that new models take into account not only 
CGM-derived data but also the patient’s renal status, and 
other interindividual variations such as red blood cell life 
span, glucose uptake, and glycation rates.26

Conclusions

The difference between HbA1c and GMI is yet described in 
real-world clinical practice. We also noted a discrepancy of 
>0.5% in 68% of individuals with diabetes and CKD. The 
difference showed a lower GMI than HbA1c, significantly 
more important in the CKD group than in the non-CKD group.

The physiological consequences of this discrepancy are not 
clear. However, this HbA1c-GMI difference should be 
explored because studies have hypothesized a relationship 
between the glycation gap and the development of micro or 
macro vascular complications.27 However, a large prospective 
study is needed to validate this hypothesis. Finally, our study 
suggests that GMI data should be adapted to some popula-
tions, such as individuals with diabetes suffering from CKD.
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