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Abstract

e AIM: To elucidate the relationship between macular
sensitivity and time in range (TIR) obtained from continuous
glucose monitoring (CGM) measures in diabetic patients
with or without diabetic retinopathy (DR).

e METHODS: This was a cross-sectional study including
100 eyes of non-DR patients and 60 eyes of DR patients.
An advanced microperimetry was used to quantitate the
retinal mean sensitivity (MS) and fixation stability in central
macula. TIR of 3.9-10.0 mmol/L was evaluated with CGM.
Pearson coefficient analysis and multiple linear regression
analysis were used to assess the correlation between TIR
and retinal sensitivity.

e RESULTS: In a comparison of non-DR patients,
significant differences (P<0.05) were found in HbAlc, TIR,
coefficient of variation (CV), standard deviation of blood
glucose (SDBG) and mean amplitude of glucose excursion
(MAGE) values in DR patients. Besides, those DR patients
had significantly poor best-corrected visual acuity (BCVA,
logMAR, P=0.001). In terms of microperimetry parameters,
retinal mean sensitivity (MS) and the percentages of fixation
points located within 2° and 4° diameter circles were
significantly decreased in the DR group (P<0.001, P<0.001,

P=0.02, respectively). The bivariate contour ellipse area (BCEA)
encompassing 68.2%, 95.4%, 99.6% of fixation points were
all significantly increased in the DR group (P=0.01, P=0.006,
P=0.01, respectively). Correlation analysis showed that MS
were significantly correlated with HbA1c (P=0.01). TIR was
positively correlated with MS (r=0.23, P=0.01). SDBG was
negatively correlated with MS (r=-0.24, P=0.01) but there
was no correlation between CV and MAGE with MS (P>0.05).
A multivariable linear regression analysis was performed to
prove that TIR and SDBG were both independent risk factors
for MS reduction in the DR group.

o CONCLUSION: TIR is correlated with retinal MS reduction
in DR patients, suggesting a useful option for evaluating DR
progression.
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INTRODUTION

iabetic retinopathy (DR) is a microvascular complication
D of diabetes that can go undetected until irreversible
damage and even blindness has appeared" ™. DR is the leading
cause of vision loss in working-age adults and the number of
patients with DR around the world will continue to increase
due to the rapidly rising diabetes mellitus (DM) population,
which would climb up to 700 million by 2045"), Published
studies have demonstrated that blood glucose fluctuation
was associated with diabetic nephropathy or retinopathy'®.
HbA1c has been confirmed as the “golden standard” for the
management of glycaemic control. However, there is also
several limitations of HbAlc for the optimal glucose control,
in which hypoglycaemia, hyperglycaemia and glycaemic
fluctuations could not be captured”.
Increasing evidence shows that continuous glucose monitoring
(CGM) could improve glycemic control and decrease risk
of hypoglycemia'®. Time in range (TIR) of glucose is one of
the CGM related indicators. It is defined as the proportion of
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time that an individual’s glucose level spends within desired
target range (usually 3.9-10.0 mmol/L), which provides
valid information for assessing the frequency or severity
of hypoglycemia or hyperglycemia improved within given
time'”. A survey derived from capillary blood glucose (CBG)
monitoring data in the Diabetes Control and Complications
Trial (DCCT) estimated TIR as an important metric to assess
development of DR and proteinuria™. Despite the key role of
TIR in reflecting blood glucose management, there is still lack
of clinical valid evidence on the relationship between TIR and
diabetic microvascular complications.

In most studies, a reduction in thickness of the nerve fiber layer
is obvious in patients that do not have diabetic macular edema
(DME), suggesting that significant neural degeneration occurs
before a clinically apparent fluid accumulation. Furthermore,
DR-associated retinal neurodegeneration might occur before
any detectable microcirculatory abnormalities in ophthalmic
examinations'”.

Microperimetry offers a possibility to record assessment of
retinal sensitivity and the location and stability of fixation"*"".
It has been reported that retinal sensitivities are decreased
compared to control subjects in type 2 diabetes patients without
DME"?. In this aspect, microperimetry has been performed
successfully to characterize central defects in DME"*"”, which
allows precise mapping of the central visual field and accurate
measurement of correlations between structural and functional
abnormalities!®. Therefore, association of TIR outcomes with
neuro-retinal degeneration in DR patients will be warranted.

In the present study, we aim to investigate whether glucose
variability might correlate with the progression of neuro-retinal
degeneration in DR patients.

SUBJECTS AND METHODS

Ethical Approval Each patient provided informed consent in
accordance with the Declaration of Helsinki, and the study was
approved by the local ethics committee (No.2019KY'150).
Subjects This was a cross-sectional study involving 160 eyes
of 160 type 2 diabetes mellitus (T2DM) patients who were
hospitalized in the Department of Endocrinology at Nanjing
Drum Tower Hospital between February 2019 and July 2021.
The study population was divided into two groups: DR (n=60)
and diabetic non-retinopathy (non-DR; n=100).

All patients and subjects underwent a complete ophthalmic
examination, including distance best-corrected visual acuity
(BCVA) by using the logarithm of the minimum angle of
resolution (logMAR), intraocular pressure (IOP), slit-lamp
biomicroscopy, indirect fundus ophthalmoscopy, and color
fundus photographs. Exclusion criteria included denial of
formal consent, other ocular diseases such as significant media
opacities, glaucoma, and macula disorders, poor fixation, and
any history of retinal surgery or treatment.
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Figure 1 The microperimetry examination A: A photograph of an
eye with non-DR combining with central retinal MS results; B: A
photograph of an eye with DR showing exudates (red arrows) and
haemorrhages (blue arrows) combining with central retinal MS

results. DR: Diabetic retinopathy. MS: Mean sensitivity.

Continuous Glucose Monitoring Parameters A retrospective
CGM system (Medtronic Inc., Northridge, CA, USA) was
used to monitor subcutaneous interstitial glucose for three
consecutive days. Patients had blood glucose regularly detected
for no less than 21 times. TIR was defined as the percentage
of time during a 24h period when the target glucose was in the
range of 3.9-10.0 mmol/L. A number of metrics concerning
glycemic variability (GV) including standard deviation of
blood glucose (SDBG) coefficient of variation (CV), and mean
amplitude of glucose excursion (MAGE) were calculated
during the three-day CGM period. CV=SDBG/the mean of the
corresponding glucose readings (%).

Microperimetry All subjects underwent microperimetry with
dilated pupils, and the contralateral eyes were patched during
the tests. The test was based on the 4-2 threshold staircase
method using the standard Goldmann III stimulus, and the
white background was set at a luminance of 31.4 asb. The
study included a fixation target consisting of a red ring, 1°
in diameter, and 45 stimulation points. Central retinal mean
sensitivity (MS) was evaluated within the central 2° and 10°,
covering approximately 1 and 3 mm of the central retina area
respectively (Figure 1). Fixation stability was evaluated by
classification as stable, relatively unstable, or unstable, and
the MS was expressed in decibels. The bivariate contour
ellipse area (BCEA) value provided a quantitative measure
of fixation stability in the area of eccentric preferred retinal
locus (PRL). BCEA is constructed by plotting the position
of each fixation on Cartesian axes and calculating the area of
an ellipse encompassing given percentage of fixation points
(68.2%, 95.4%, and 99.6%). The test is based on the SDs of
the horizontal and vertical eye movements during fixation!'”.
Statistical Analysis Statistical analyses were conducted
using SPSS for Windows statistical software (ver. 17.0; SPSS
Inc., Chicago, IL, USA). Data are presented as means=SD
for continuous variables and as percentages for categorical
variables. The mean values of TIR, SDBG, CV, MAGE, MS
and BCEA did not show a Gaussian distribution, so the Mann-
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Whitney U test was used for the comparisons. Qualitative
analyses of the stability of fixation were expressed as absolute
and relative percentages. Pearson coefficient analysis was used
to assess the correlation between HbA 1¢ and retinal sensitivity.
Multiple linear regression analysis was used to evaluate the
relationships between CGM and microperimetry parameters. A
value of P<0.05 was interpreted as statistically significant.
RESULTS

The baseline characteristics of participants enrolled in the
study are summarized in Table 1. No significant difference was
found in age, sex distribution, systolic blood pressure, diastolic
blood pressure and IOP. The patients with DR had a longer
history of diabetes and increased HbAlc (P<0.05).

All the CGM parameters derived from CBG data showed
statistically significance between the non-DR group and the
DR group. The DR group had lower TIR levels and higher
SDBG, CV and MAGE levels. The ratio of SD in the DR
group was 2.64+0.67 vs 2.02+0.59 mmol/L in the non-DR
group (P<0.001), CV (%) was 26.15+5.35 vs 24.28+4.66
(P=0.03), HbAlc was 9.57%+1.37% vs 8.43%+1.18%
(P=0.006), MAGE was 5.93+1.34 vs 5.38+1.34 mmol/L
(P=0.02), and TIR was 56.53%+14.32% vs 67.64%=+13.47%
(P<0.001).

Table 2 listed all the automatically calculation of microperimetry
parameters in the two groups. Compared to the control group,
the MS in the central 10° macular area was significantly
decreased in the DR group (24.86+4.23 vs 28.56+1.38 dB;
P<0.001). Similar significant differences were observed in the
fixation stability 2° (82.52+7.07 vs 76.73+£9.15 dB; P<0.001)
and in the fixation stability 4° (82.93+8.35 vs 79.26+8.83 dB;
P=0.02). BCEAs encompassing 68.2%, 95.4%, 99.6% of
fixation points in DR group were significantly increased than
the non-DR group (P=0.01, P=0.006, P=0.01). In the non-DR
group, fixation was stable in 56 eyes (56%), relatively unstable
in 19 eyes (19%), and unstable in 25 eyes (25%). In the DR
group, fixation was stable in 40 eyes (67%), and relatively
unstable in 20 eyes (33%).

The results of the correlation analysis between HbAlc and
microperimetry parameters suggested that only MS was
significantly correlated with HbAlc level (=-0.22, P=0.01).
In terms of other microperimetry parameters, there was no
significant correlation among the HbA I ¢, fixation stability and
BCEAs.

Considering that MS is a sensitive and accurate indicator to
reflect early retinal functional changes under glucose stress,
we performed a Pearson correlation analysis between the MS
value and CGM variables. CGM parameters, including SDBG
(r=-0.24, P=0.01) and TIR (r=0.23, P=0.01), were strongly
associated with MS. Multivariate linear regression further
indicated an association between the MS value and SDBG/TIR

Table 1 Baseline characteristics of participants

Parameters NO?,;EI;O%;)UF) D(R;Eg%tip P
Age (y) 52.45+3.27  54.50+4.02 0.7
Gender (male/female) 55/45 28/32 0.33
History of diabetes (y) 18.29+7.38 22.2+7.45 0.002°
SBP (mm Hg) 120.9+6.89 121.4+6.28 0.67
DBP (mm Hg) 79.0616.09 81.26+6.17 0.61
HbA1lc (%) 8.43+1.18 9.57+1.37 0.006°
SDBG (mmol/L) 2.02+0.59 2.64+0.67 <0.001°
CV (%) 24.28+4.66 26.15%5.35 0.03°
MAGE (mmol/L) 5.38+1.34 5.93+1.34 0.02°
TIR (%) 67.64+13.47 56.53+14.32 <0.001°
BCVA (logMAR) 0.06+0.04 0.27+0.09 0.001°
IOP (mm Hg) 17.01:0.69  16.31#¥0.75  0.49

DR: Diabetic retinopathy; Non-DR: Type 2 diabetic patients without
diabetic retinopathy; BCVA: Best-corrected visual acuity; I0P:
Intraocular pressure; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; SDBG: Standard deviation of blood glucose; CV:
Coefficient of variation; MAGE: Mean amplitude of glucose excursion.

°Statistically significant.

Table 2 Microperimetry measurements in each group 3x3 mm’
Parameters Nor};)lil}gg))up DE_'EE%;F) P

MS 28.56+1.38 24.86%4.23 <0.001°
FS, 2° 82.52+7.07 76.73+£9.15 <0.001°
FS, 4° 82.93+8.35 79.26+8.83 0.02°
BCEA, 68.2 deg2 6.13+13.42 6.83+2.69 0.01°
BCEA, 95.4 deg2 11.13%4.17 13.25+4.83 0.006°
BCEA, 99.6 deg2 28.03+11.8 33.33+14.65 0.01°

DR: Diabetic retinopathy; Non-DR: Type 2 diabetic patients without
diabetic retinopathy; FS: Fixation stability; MS: Mean sensitivity;

BCEA: Bivariate contour ellipse area. “Statistically significant.

variables. The other CGM parameters showed no significant
association with the MS value (P>0.05; Table 3).
DISCUSSION

In this study, we found that both MS value and FS (2° and
4°) was significantly lower in the DR group compared to
the non-DR group. We also focused on four indicators for
GV assessment, namely TIR, SDBG, CV, and MAGE. All
CGM parameters were highly different between two groups
of subjects. Additionally, there was a significant negative
correlation between the HbAlc level and the MS value.
Furthermore, we found CGM parameters including SDBG and
TIR were closely correlated with MS decrease in DR group.
Microperimetry allows real-time assessment of the retina
and can determine the retinal light sensitivity in certain
areas, which provides more information on retinal functions.
Previous studies using microperimetry reported a decrease in
the MS in diabetic patients without DR"*'. A reduction in
MS was also found in both type 1 and type 2 diabetic patients
without DME"”". Consistent with these previous studies,
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Table 3 Linear regression analysis evaluating association between the CGM variables and the MS value

Pearson correlation

Multivariate Linear regression

Variables

r 95%Cl P s 95%Cl P
SDBG (mmol/L) -0.24 -0.39 to -0.07 0.01° 0.41 -1.80to0 -0.18 0.01°
CV (%) -0.08 -0.25t0 0.08 0.33 0.06 -0.13 t0 0.09 0.74
MAGE (mmol/L) -0.04 -0.21t00.12 0.60 0.20 -0.41t00.39 0.96
TIR (%) 0.23 0.07 to 0.38 0.01° 0.02 0.01 to 0.08 0.02°

CGM: Continuous glucose monitoring; MS: Mean sensitivity; SDBG: Standard deviation of blood glucose; CV:

Coefficient of variation; MAGE: Mean amplitude of glucose excursion; TIR: Time in range. °Statistically significant.

we found a significant decrease in the MS in DR group. In
addition, we measured the MS using the MP-3, which is one
of the latest generation microperimeters. For many years,
MS measurements were performed using the MP-1, whose
procedure were meant to be interrupted and restarted several
times by examinee eye blink or rotation. Additionally such
eye movements would resulted unreliable data. In contrast, the
MP-3 device features an automatic eye-tracking system and an
improved dynamic range of between 0-34 dB. In addition, this
device can register the eye position 25 times/s, thus facilitating
the experimenter. In patients with retinitis pigmentosa, the
MP-3 test estimates retinal sensitivity more accurately than the
Humphrey field analyzer™. Thus, estimates produced by the
MP-3 are more reliable, and better for assessing visual function
in diabetic patients without DR.

Evidence has confirmed that HbA I¢ value is a well-established
metric to predict the progression of diabetes complications,
including DR or diabetic nephropathy and cardiovascular
events”™”. However, contrary to expectation, in a few studies
limitations of the measurement of HbA I¢ for lack of accuracy
affected with many factors including anaemia, pregnancy,
hemoglobinopathy ethnicity were observed™>*.. For the
record, research has increased in recent years as CGM has
become more popular to assess overall glycemic control. A
recent study evaluated 18 randomized controlled trials (RCTs)
comprising type 1 and type 2 diabetes patients and recognized
TIR as a critical indicator correlated with HbAlc value.
Besides, Beck et al™ demonstrated similar clinical connection
between effects of TIR with HbAlc levels, which derived
from 4 RCTs in type 1 diabetes patients. Therefore, TIR has
been accepted as a meaningful indicator to assess risk for
diabetic vascular complications. A study conducted in China
based on a large sample size found that TIR could be regarded
as a measure to reveal diabetic cardiovascular events””.
Additionally, research data including a large sample size from
China also found that TIR is closely related to the risk of
DR"™. Using the data from DCCT, Beck ez a/™ found a strong
association of TIR with the risk of development or progression
of retinopathy.

Extensive effort has been made to exploring the morphological
characteristics of DR™, but the pivotal role of visual function
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changes, and their relationships with pathological variations
in the early stage of the disease, have not been thoroughly
investigated. Previous summarization of the relation among
different functional changes in the anatomical features of DR
patients showed that inner retinal layer thickness changes
correlated with alterations in retinal sensitivity in non-DR
patients'"”. There were only very small differences in the
ganglion cell layer (GCL) and GCL-inner plexiform layer (IPL)
thicknesses, and in retinal sensitivity, when comparing the
non-DR and control group. Hatef et al*” reported that macula
sensitivity increased with retinal thickness (for thicknesses
<280 pm). In contrast, the macula sensitivity decreased with
increases in retinal thickness (for thicknesses >280 pm). In
branch retinal vein occlusion patients, capillary non-perfusion
in the superficial and deep layers could be translated into
retinal sensitivity reductions by using microperimetry”".
Therefore, retinal sensitivity examinations are essential for
evaluating the status of the entire macular.

To the best of our knowledge, few studies have been conducted
to analyze the relation between TIR and diabetic retinal
sensitivity reductions. It is expected that TIR can be used to
assess various changes in the functional features of non-DR
patients by microperimetry. Our study could help to understand
whether neurodegenerative damage is the milestone in the
progression of DR.

The major limitation of this study was that it was a single-
center, cross-sectional trial with a small sample size. It is
therefore necessary to conduct a follow-up study to confirm
our findings. Another limitation was the use of a central fovea
area of 3x3 mm”, which may be limited in terms of its ability
to reveal early microvascular changes.

In conclusion, the results of our study confirmed a significant
association of TIR with the functional damage in the
early stage of DR. Microperimetry may be a sensitive and
physiologically relevant tool to detect early changes in diabetic
patients. The value of TIR might be assumed as an outcome
metric in future studies. A compelling study are needed to
elucidate the relationship between TIR and DR.
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