
Factors associated with the difference in HbA1c and FreeStyle Libre Glucose 
management indicator (GMI) in patients with type 1 diabetes

Priya Sarkar1, Manushri Jain1,2, Tejas Kalaria2, Brett Healey1, Rajeev Raghavan1, Rousseau Gama2

1 Diabetes and Endocrinology, New Cross Hospital, Royal Wolverhampton NHS Trust, Wolverhampton WV10 0QP
2 Clinical Biochemistry, New Cross Hospital, Black Country Pathology Services, Royal Wolverhampton NHS Trust, Wolverhampton WV10 0QP

Background
• Abbott FreeStyle Libre® flash glucose monitoring system

measures interstitial fluid glucose levels.
• Increasingly used in patients with type 1 diabetes mellitus

(T1DM) and selected patients with other types of diabetes.
• Large number of T1DM patients on Libre in our centre.
• Routine clinical observation is that FreeStyle Libre glucose

management indicator (GMI) is similar to laboratory-
measured HbA1c in most but not in all patients.

• We, therefore, set out to assess if any particular
characteristic is associated with differences in HbA1c and
GMI.

Patients
Persons	with	T1DM	on	FreeStyle Libre from	a	single	diabetes	
centre	whose	sensor	was	active	>70%	of	the	time	were	included.	

Methods
• Baseline characteristics, latest HbA1c, eGFR and full blood

count were collected from medical records.
• HbA1c, biochemistry tests and blood count were measured

respectively by Sebia Capillarys 3 Tera, Abbott Architect and
Sysmex XN-9000.

• Ambulatory glucose profile data for 28-, 60- and 90-day
periods ending at the date of last available HbA1c were
collected from LibreView.

• An arbitrary difference in HbA1c and GMI within ±5% was
considered non-significant. Characteristics of patients with
HbA1c higher or lower than GMI by ≥5% were compared.

• Data were tabulated in Excel (Microsoft Corp.) and statistical
analyses were performed using SPSS Statistics for Windows,
version 26 (IBM Corp.).

• The GMI data were non-parametric (Shapiro-Wilk test) and
therefore data were expressed as median and interquartile
range (IQR).

• Spearman correlation was used to measure the degree of
association and the Mann-Whitney U test was used to assess
the significance of the difference.

Results
• A total of 267 T1DM patients (53.6% females, age 45±15

years) with complete data were included in the analysis.
• Median (IQR) HbA1c, body-mass index (BMI) and

haemoglobin (Hb) were 61 (53-70) mmol/mol, 26.7 (23.7-
29.6) kg/m2 and 140 (130-148) g/L.

• HbA1c correlated (p<0.001) with 28-day (ρ=0.822), 60-day (ρ
=0.835) and 90-day (ρ =0.817) GMI. The 60-day GMI
correlated the best with HbA1c (figure 1) and, therefore, was
used in subsequent data analysis in preference to the other
two. HbA1c was ≥5%, within ±5% and ≤-5% of 60-day GMI in
45.3%, 38.6% and 16.1% of patients.

• When compared with patients whose HbA1c was lower than
GMI by ≥5%, patients whose HbA1c was higher than GMI by
≥5% had higher age (p <0.001), higher HbA1c (p <0.001),
lower eGFR (p <0.001), lower haemoglobin (p= 0.008) and
lower mean corpuscular haemoglobin (MCH) (p <0.001)
(figure 2).

• The difference in gender, ethnicity, BMI, red blood cell
count, mean red cell volume, % time sensor is active, 60-day
GMI, glucose variability or time above, below or within
target was insignificant (p >0.01 for each).

Conclusions and discussion
• Relatively advanced age, poor diabetes control and low

MCH are associated with an HbA1c higher than GMI,
whereas reduced renal function, relatively low
haemoglobin and high MCH are associated with an HbA1c
lower than GMI.

• An HbA1c higher than fructosamine-derived standardized
predicted HbA1c has previously been noted in patients with
higher HbA1c [1].

• Anaemia and CKD are well known to affect HbA1c [2][3]. The
effect of anaemia on HbA1c is varied and depends on the
aetiology of the anaemia [3]. That information, however,
was not available for our cohort.

• The difference of HbA1c and GMI could also be due to
calibration bias of either the HbA1c measured in the
laboratory or average glucose measured by Libre which is
then used to derive GMI, based on a set linear regression
equation. This, however, may also indicate a potential for
further optimisation of the regression equation.
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Figure	2:	Age,	HbA1c,	eGFR,	haemoglobin	and	MCV	in	patients	with	HbA1c	
higher	than	60-day	GMI	by	≥5%	(marked	as	group	1)	and	HbA1c	less	than	
60-day	GMI	by	≥5%	(marked	as	group	2)

Figure 1: Difference of HbA1c and 60-day GMI plotted against HbA1c result


