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Abstract

Objectives To comprehensively assess diabetic retinopathy neurodegeneration (DRN) as quantified by retinal neuronal
and axonal layers measured with spectral-domain optical coherence tomography (SD-OCT) in subjects with diabetes
mellitus (DM).

Methods Articles on the topic of examining macular ganglion cell-inner plexiform layer (m-GCIPL), macular retinal nerve
fibre layer (m-RNFL), macular ganglion cell complex (m-GCC), and peripapillary RNFL (p-RNFL) measured with SD-OCT
in DM subjects without DR (NDR) or with non-proliferative DR (NPDR) were searched in PubMed and Embase up to
November 31, 2019. Standardized mean difference (SMD) as effect size were pooled using random-effects model.
Results Thirty-six studies searched from online databases and the CUHK DM cohort were included in the meta-analysis.
In the comparison between NDR and control, macular measures including mean m-GCIPL (SMD = —0.26, p = 0.003),
m-RNFL (SMD = —0.26, p = 0.046), and m-GCC (SMD = —0.28; p = 0.009) were significantly thinner in the NDR group.
In the comparison between NPDR and NDR, only mean p-RNFL was significantly thinner in the NPDR group (SMD =
—0.27; p =0.03), but not other macular measures.

Conclusions Thinning of retinal neuronal and axonal layers at macula as measured by SD-OCT are presented in eyes with
NDR, supporting DRN may be the early pathogenesis in the DM patients without the presence of clinical signs of DR. In the
future, these SD-OCT measures may be used as surrogates of DRN to stratify DM patients with a high risk of DR, and may
be used as a therapeutic target if neuroprotection treatment for DR is available.

Introduction

Diabetic retinopathy (DR), a common complication of
diabetes mellitus (DM), remains the leading cause of
blindness in working-age adults [1, 2]. Currently, available
These authors contributed equally: Ziqi Tang, Ming Yan Chan treatments, for example laser photocoagulation and anti-
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now increasingly evident that diabetic retinal neurodegen-
eration (DRN) plays a prominent role in the pathogenesis
of DR [3-6]. For example, reactive gliosis, diminished
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preclinical DR [9-20], and a recent longitudinal study has
further demonstrated the progressive thinning of macular
ganglion cell-inner plexiform layer (m-GCIPL) is associated
with DR progression [21]. These studies have provided a
better understanding of DR pathogenesis and may lead to
the development of novel and more effective preventive
treatment for early stages of DR [1, 3, 22-25].

However, the conclusions from current clinical studies
are still not entirely consistent, with a few individual studies
failing to find significant associations between the thick-
nesses of retinal layers and DR, and others reaching dif-
ferent conclusions based on different retinal layers
assessment [11, 12, 17-19, 26, 27]. Only one meta-analysis
has been performed thus far but with several limitations
[28]. First, it has included studies with both time-domain
OCT (TD-OCT) and spectral-domain OCT (SD-OCT),
while the results of the two measuring methods are not
interchangeable [28]. Second, the meta-analysis only
included measurements of peripapillary retinal nerve fibre
layer (p-RNFL), ignoring the retinal neuronal and axonal
layers at macula (e.g. m-GCIPL, macular retinal nerve fibre
layer (m-RNFL), macular ganglion cell complex (m-GCC)),
which includes 50% of the retinal ganglion cells and were
shown to become thinning in the clinical studies.

In this study, we conducted a systematic review and
meta-analysis to comprehensively assess DRN as quantified
by m-GCIPL, m-RNFL, m-GCC, and p-RNFL measured
with SD-OCT in subjects with DM. We hypothesized
that the thinning of SD-OCT measurements as surrogates
of DRN could be observed in the preclinical or early
stages of DR.

Materials and methods
Data sources and searches and study selection

Following the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) [29], we conducted a systematic
review and meta-analysis to identify publications on eval-
uating m-GCIPL, m-RNFL, m-GCC, and p-RNFL mea-
sured by SD-OCT in subjects with DM without the DR
(NDR) or non-proliferative DR (NPDR). Two investigators
independently searched the potential records in PubMed
and Embase up to November 31, 2019. The search was
supplemented by manual bibliography searches of eligible
studies. All potential records from electronic databases were
merged in Zotero version 5.0.80 to go through titles and
abstracts. The MOOSE checklist and search strategy are
available in eTables 1 and 2.

All selected studies satisfied the following criteria: (1)
studies with case-control, cross-sectional, or prospective
design; (2) retinal neuronal and axonal layers measured
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with SD-OCT or Fourier-domain OCT measurements; (3)
DR status was classified into no DR (NDR) and/or non-
proliferative DR (NPDR); (4) only one eye of each subject
selected for analysis in manuscript; (5) SD-OCT measure-
ments reported as mean with standard deviation (SD), mean
with 95% confidence interval (95% CI) or median with
interquartile range (IQR); and (6) an English-language
article with full text accessible published on or before
November 31, 2019 in peer-reviewed journals. We exclu-
ded non-English records, conference abstracts, and case
reports. All qualified studies were applied Newcastle-
Ottawa Quality Assessment Form to examine the study
quality [30]. In the whole search and selection process, any
discrepancies were solved by further discussion with a
senior reviewer (CYC).

Data collection

All retrieved records included: (1) study information: title of
each study, authors’ name, publication year, type of OCT
machine; (2) demographic information: type of DM, groups
of DR status, numbers of eye, mean age of each group, DM
duration, and HbAlc; and (3) SD-OCT measurements: the
values of mean thicknesses and each sectoral thicknesses, if
any. We also recorded the exclusion criteria of each study to
ensure the potential confounders of SD-OCT measures were
excluded. Eyes with diabetic macular oedema (DMO),
previous related treatment (e.g. previous laser treatment,
anti-VEGF, or vitrectomy) or other macular diseases were
excluded. When any further information was demanded, the
authors were contacted.

The CUHK DM cohort

We also included data from a DM cohort and healthy
controls recruited from the CUHK Eye Centre, Hong Kong,
in the current meta-analysis named as “CUHK 2019”. Data
extraction followed the same classification described in the
“Data Collection” above, among that, the thicknesses of m-
GCIPL and p-RNFL were included in the current meta-
analysis. The details of the study methodology were
reported elsewhere [31, 32]. In brief, dilated biomicroscopic
fundus examination was performed for assessing DR
severity and DMO by retinal specialists, according to the
International Clinical Diabetic Retinopathy and Diabetic
Macular Oedema Disease Severity Scales [33]. Exclusion
criteria for study eyes included: (1) DMO; (2) undergone
related treatment; (3) eye pathology that interferes with
image quality or retinal segmentation (e.g. dense cataract,
and epiretinal membrane); (4) glaucoma; and (5) presence
of other maculopathies not related to diabetes. Controls
were defined as those without DM, and without any ocular
abnormalities from the ocular examinations. M-GCIPL and
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3534 records assessed by title and abstract identified through
PubMed and Embase

e

v

3460 records excluded due to irrelevant titles and abstracts

74 potential records for full text review

Our cohort named “CUHK 2019” also included in meta-analysis }7 >

v

38 studies were excluded after full text assessment:
1 longitudinal study only;
1 combined NPDR and PDR as one group;
1 measured RNFL in a band of 2.4mm thickness;
1 reported SD-OCT measures not including GCIPL, RNFL, or
GCC;
3 were full-text unavailable;
4 were conference abstracts;
4 were uncategorized DR status;
5 were formats of results could not be transformed for analysis;
5 used Stratus OCT;
6 included both eyes from each subject in analysis;
7 didn’t report the exact mean values in manuscript (i.e.
exhibited in figures).

37 studies identified in meta-analysis

Fig. 1 Flow chart of studies search and studies selection. Shown exhibit the results of electronic database search and studies selection.

p-RNFL thicknesses were obtained from all subjects with
Cirrus HD-OCT (Carl Zeiss Meditec Inc., Dublin, CA,
USA). Eyes with apparent failure in the automatic seg-
mentation of the retinal layers, or with poor image quality
were excluded. Right eyes from each subject were selected
into analysis. Finally, for the m-GCIPL analysis, 84 eyes,
181 eyes, and 179 eyes were included for the control, NDR,
and NPDR groups, respectively; whilst for the p-RNFL
analysis, 86 eyes, 187 eyes, and 190 eyes were included for
the control, NDR, and NPDR groups, respectively.

Data synthesis and analysis

In view of the differences in OCT model and segmentation
algorithms used, standardized mean difference (SMD) were
pooled using random-effects model with inverse variance
method to investigate the relationship of DRN in two
comparisons: (1) NDR group versus control group; (2)
among subjects with DM, NPDR group versus NDR group.
Heterogeneity and variability among the studies were
examined by Higgins® I” test and Q test, respectively. To
compare the strength of association among the SD-OCT
measures in each group comparison, log odds ratio (Log
OR) transformed from SMD, and OR was then calculated.
Meta-regression analysis was performed based on mixed-
effects models to examine whether age, type of DM,
HbAlc, and duration of DM (explanatory variables) had
any potential impact on SMD (outcome variable) in each
comparison.

Subgroup analysis by type of DM was performed using
mixed-effects model. To guarantee the sufficient power,

subgroup analysis was only conducted in comparisons with
the number of studies > 10, and each covariate in the meta-
regression should at least contain in 10 studies [34].

Publication bias was evaluated by Egger’s test.
All statistical analyses were performed using R software
(version 3.5.3, R Foundation for Statistical Computing) in
the packages of “meta” and “metafor”. A p <0.05 indicated
statistically significant.

Results

Figure 1 summarized the selection process for 37 studies
identified in the meta-analysis. Of 3534 records from
PubMed and Embase screened the titles and abstracts for
the eligibility, 74 records were potentially relevant to the
topic of evaluating DRN in subjects with DM, which were
full text reviewed by applying the inclusion criteria and
exclusion criteria. After the review, we excluded studies
that failed to meet our criteria: one study combined NPDR
and PDR as one group; one study measured p-RNFL in a
band of 2.4 mm thickness; one study reported SD-OCT
measurement not including GCIPL, RNFL, or GCC;
three studies were full-text unavailable; four studies were
conference abstracts; four studies were uncategorized DR
status; five studies were formats of results that could not be
transformed for analysis; five studies used Stratus OCT; six
studies included both eyes from each subject; seven studies
did not report the exact mean values in the manuscript (i.e.
only exhibited in figures). Since there was only one reported
longitudinal study [35] that satisfied our criteria, we could

SPRINGER NATURE



1320

Z. Tang et al.

Table 1 Meta-analysis for NDR group versus control group, and NPDR group versus NDR group.

Effect sizes

Heterogeneity Publication Bias

SD-OCT measurements # of cohorts SMD [95% CI] P value! P test (%) Q test (P value) Egger’s test (P value)
Macular GCIPL (NDR group vs Control group)

Mean 16 —0.26 [-0.42, —0.11] 0.003 62 <0.01 0.99
Superior 9 —0.33 [-0.56, —0.10] 0.01 50 0.04 0.16
Superonasal 9 —0.28 [—0.53, —0.04] 0.03 59 0.01 0.33
Superotemporal 9 —0.23 [-0.45, 0.00] 0.051 50 0.04 0.12
Inferior 9 —0.29 [-0.50, —0.09] 0.011 40 0.1 0.13
Inferonasal 9 —0.27 [-0.53, —0.10] 0.041 64 <0.01 0.19
Inferotemporal 9 —0.31 [-0.59, —0.02] 0.04 65 <0.01 0.12
Macular GCIPL (NPDR group vs NDR group)

Mean 8 —0.12 [-0.32, 0.09] 0.21 57 0.02 0.12
Superior 3 —0.00 [—0.35; 0.35] 0.98 0 0.51 0.29
Superonasal 3 —0.00 [—0.21, 0.21] 1.0 0 0.77 0.29
Superotemporal 3 0.02 [-0.48, 0.51] 0.9 15 0.31 0.39
Inferior 3 —0.06 [—0.26, 0.14] 0.33 0 0.79 0.10
Inferonasal 3 0.04 [-0.15, 0.23] 0.44 0 0.81 0.48
Inferotemporal 3 —0.03 [—0.34, 0.28] 0.72 0 0.62 0.74
Macular RNFL (NDR group vs Control group)

Mean 9 —0.26 [-0.51, —0.01] 0.046 52 0.03 0.16
Macular RNFL (NPDR group vs NDR group)

Mean 8 —0.20 [-0.40, 0.10] 0.06 10 0.35 0.13
Macular GCC (NDR group vs Control group)

Mean 11 —0.28 [-0.48, —0.09] 0.009 46 0.05 0.17
Macular GCC (NPDR group vs NDR group)

Mean 5 0.01 [—0.26, 0.28] 0.92 14 0.33 0.78
Peripapillary RNFL (NDR group vs Control group)

Mean 26 —0.12 [-0.29, 0.05] 0.17 77 <0.01 0.12
Superior 16 —0.17 [-0.41, 0.07] 0.14 85 <0.01 0.18
Inferior 16 —0.04 [-0.38, 0.30] 0.8 89 <0.01 0.19
Nasal 16 —0.13 [-0.45, 0.19] 0.41 91 <0.01 0.63
Temporal 16 —0.14 [-0.38, 0.10] 0.23 84 <0.01 0.57
Peripapillary RNFL (NPDR group vs NDR group)

Mean 16 —0.27 [-0.51, —0.03] 0.03 79 <0.01 0.03
Superior 9 —0.43 [-0.98, 0.11] 0.1 91 <0.01 0.07
Inferior 9 —0.35 [—-0.64, —0.06] 0.025 72 <0.01 0.12
Nasal 9 —0.69 [—1.86, 0.48] 0.21 97 <0.01 0.08
Temporal 9 —0.18 [-0.41, 0.05] 0.1 61 <0.01 0.24

Statistically significant P values' are highlighted in bold.

SMD standardized mean difference, NDR no diabetic retinopathy, NPDR non-proliferative DR,GCIPL ganglion cell layer-inner plexiform layer,
RNFL retinal nerve fibre layer, GCC ganglion cell complex, 95%CI 95% confidence interval.

not perform any meta-analysis and thus excluded it. The
remaining 36 studies and the “CUHK 2019” cohort with a
total of 6220 subjects were finally identified in the meta-
analysis. No additional trials were established from a bib-
liography search of included studies. All identified studies
were tested by Newcastle-Ottawa Quality Assessment
Form, and had good or fair quality. eTable 3 exhibited the
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characteristics of the 37 eligible studies [9-20, 26, 36-58].
Publication bias was only observed in the SMD of mean
p-RNFL between NPDR and NDR (p = 0.03).

Table 1 shows the SMDs of m-GCIPL, m-RNFL, m-GCC,
and p-RNFL measurements for two comparisons in the meta-
analysis: (1) NDR group versus control group; and (2) among
subjects with DM, NPDR group versus NDR group.
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Table 2 Strength of associations

between SD-OCT measurements Group Comparison SD-OCT measures® Log OR [95%ClI] P value OR [95%CI]
in the group comparisons. NDR vs Control m-GCIPL 0.43 [0.19, 0.68] 0.0005 1.54 [1.21, 1.97]
m-RNFL 0.42 [0.06, 0.79] 0.02 1.52 [1.06, 2.20]
p-RNFL 0.19 [-0.07,0.46] 0.14 1.21 [0.93, 1.58]
NPDR vs NDR m-GCIPL 0.19 [-0.10, 0.48] 0.19 1.21 [0.99, 1.62]
m-RNFL 0.319 [0.001,0.638] 0.0495 1.38 [1.0, 1.89]
p-RNFL 0.45 [0.09, 0.81] 0.015 1.57 [1.09, 2.25]

Statistical significant P values are written in bold.

NDR no diabetic retinopathy, NPDR non-proliferative DR, m-GCIPL macular Ganglion cell layer-inner
plexiform layer, m-RNFL macular retinal nerve fibre layer, p-RNFL peripapillary RNFL, SD-OCT spectral-
domain optical coherence tomography, OR odds ratio, 95%CI 95% confidence interval.

#All the SD-OCT measures were in mean thickness of m-GCIPL, m-RNFL, or p-RNFL.

m-GCIPL thickness

NDR eyes had significant thinning in the mean m-GCIPL
thickness compared with control eyes among sixteen
cohorts [9-11, 16-19, 36—41]. (SMD = —0.26; 95%CI =
[-0.42, —0.11]; p=0.003). In the sectoral analysis
involving nine cohorts [9-11, 15-19], except for super-
otemporal quadrant, NDR eyes had significant thinning in
all the remaining quadrants (all p<0.05) (eFig. 1A).
However, no significant differences were observed in the
NPDR group compared with NDR group in both mean and
sectoral m-GCIPL thicknesses (all p>0.05) (eFig. 1B)
[9, 10, 36-39, 41].

m-RNFL thickness

NDR eyes had significant thinning in mean m-RNFL com-
pared with control among nine cohorts [9, 13, 37, 38, 40-43]
(SMD = -0.26; 95%CI=[-0.51, —0.01]; p=0.046)
(eFig. 2A). No significant differences were observed in the
comparison between NPDR and NDR among 8 studies
(eFig. 2B) [9, 13, 37, 38, 41-44].

m-GCC thickness

NDR eyes showed significant thinner mean m-GCC than
control group among 11 cohorts [12, 15, 20, 26, 40, 45-48]
(SMD = —-0.28; 95%CI=[-0.48, —0.09]; p=0.009)
(eFig. 3A). No significant differences were observed in the
comparison between NPDR and NDR in mean m-GCC
among five cohorts (eFig. 3B) [12, 26, 45, 46].

p-RNFL thickness

No significant differences were observed between NDR
eyes and control eyes in the mean p-RNFL thickness among
26 cohorts [10-12, 14, 15, 17-20, 26, 36, 39, 41, 45—
49, 51, 53-56, 58], as well as all sectors (all p>0.05)
(eFig. 4A). NPDR eyes had significant thinning in mean

p-RNFL compared with NDR eyes among 16 cohorts
[10, 12, 26, 36, 39, 42, 45, 46, 49-53] (SMD = —0.27,
95%CI =[—-0.51, —0.03]; p =0.03). In the sectoral analy-
sis, similar finding was observed in the inferior quadrant
among nine cohorts [10, 36, 42, 49, 51-53] (SMD = —0.35;
95%Cl =[—0.64, —0.06]; p=0.025), but not in other
quadrants (eFig. 4B).

Strength of associations of SD-OCT measurement

We further compared the strength of associations of SD-OCT
measurement in the two group comparisons as shown in
Table 2. In the comparison between NDR and control,
m-GCIPL (OR: 1.54, 95%CI = [1.21, 1.97]) showed stronger
association, than that of m-RNFL (OR: 1.52, 95%CI = [1.06,
2.20]) and p-RNFL (OR: 1.21, 95%CI = [1.06, 2.20]). In the
comparison between NPDR and NDR, p-RNFL showed
stronger association (OR: 1.57, 95%CI =[1.09, 2.25]), than
that of m-RNFL (OR: 1.38, 95%CI=[1.0, 1.89]) and
m-GCIPL (OR: 1.21, 95%CI =[0.99, 1.62]).

Meta-regression

We did not observe any significant impact on SMD in
m-GCIPL and p-RNFL from age, type of DM, HbAlc, and
duration of DM in the group comparisons (eTable 4).
The remaining SD-OCT measures with each covariate less
than 10 cohorts didn’t have sufficient power to perform the
meta-regression.

Subgroup analysis by type of DM

We did not observe any significant differences between
type 1 DM (TIDM) and type 2 DM (T2DM) in mean
GCIPL (p=0.12), mean m-GCC (p =0.89), and mean
p-RNFL (p =0.12) in NDR versus control, and in mean
p-RNFL (p =0.46) between NPDR and NDR (eTable 5).
Other SD-OCT measures with less than 10 cohorts did not
have sufficient power to perform the subgroup analysis.
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Discussion

In this systematic review and meta-analysis, we demon-
strated that there was significant thinning of retinal neuronal
and axonal layers at macula in NDR eyes compared with
control eyes, supporting the concept that such SD-OCT
measures at macula, as surrogate markers for DRN, may
indicate early pathogenesis of DR even before the presence
of any microvascular abnormalities detected clinically.

Our meta-analysis firstly showed that m-GCIPL, m-RNFL,
and m-GCC as measured by SD-OCT were thinner in NDR
eyes than in control eyes. The accumulating evidences
revealed that neuroretinal alterations begin sooner than the
development of DR [7, 54, 55], and thus pathophysiology
related to neurodegeneration in diabetic retina has been spe-
cifically emphasized in recent years [4, 25, 56, 57]. The
structural consequence of DRN is evidenced by the thinning
of retinal neuronal and axonal layers caused by neural
apoptosis and reactive gliosis [5, 10, 44, 58]. Currently,
numerous cross-sectional studies reported that the reduction in
m-GCIPL thickness as measured by SD-OCT reflected
structural neuroretinal alterations, in particular, some of the
changes occurred in DM patients even without clinical signs
of DR [9, 10, 15, 16, 20, 46]. Not only the reported cross-
sectional studies, a longitudinal study also well documented
that a progressive shrink of m-GCIPL and m-RNFL in DM
without DR as well as retinal neuronal and axonal thinning in
donors’ eyes without DR and diabetic mouse model [5].
Taken together, these findings and our data supported that
DRN may be the early pathogenesis in DM individuals even
before the appearance of any microvascular abnormalities
detected clinically.

In addition, we observed that the association of NDR with
thinner m-GCIPL was stronger than that of p-RNFL, sug-
gesting that RGCs changes in the macular region are likely
to be more susceptible and sensitive to neurodegenerative
processes than p-RNFL axonal reduction in NDR eyes. One
longitudinal study further demonstrated the progressive thin-
ning of m-GCIPL thickness can contribute to the prediction of
DR progression [21]. Since the macular region contains more
than 50% of total RGCs and as the RGC cell body size is 10
to 20 times the diameter of their axons, RGCs at macular area
may be more vulnerable to suffer an alteration than RGC
axons at peripapillary region in face of neurodegenerative
processes [59, 60]. Therefore, m-GCIPL thinning may be a
better marker for tracking DRN in parallel with its potential
predictive value on DR progression. In regard to p-RNFL, we
did not detect any significant thinning in p-RNFL between
NDR eyes and control eyes, inconsistent with a previous
meta-analysis. [28]. Indeed, the studies included in the
previous meta-analysis were comprised both SD-OCT and
TD-OCT p-RNFL measures which were incomparable and
interchangeable due to different image resolutions [61-64].
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Compared with NDR, we noticed a significant reduction
in p-RNFL in NPDR eyes. Lim et al recently examined the
mean p-RNFL loss was —0.92 um/y in the NDR group and
—1.16 ym/y in the NPDR group which was 2.9-fold and
3.3-fold greater than that of the control group, respectively,
evincing that the thinning of p-RNFL caused by neurode-
generation in the stage of NPDR may be more progressive
than in NDR [35]. It is plausible that DRN may initially
occur in RGC dendrites and cell bodies at macula (i.e.,
ganglion cell layer and inner-plexiform layer) in NDR
eyes and then it may subsequently and mainly appear in
RGC axons (i.e., p-RNFL layer) after DR is developed.
Alternatively, the vascular leakage due to the disruption of
the blood-retinal barrier and glial swelling within peripa-
pillary vessels could mask the p-RNFL thinning. As a
results, p-RNFL thinning may not be distinguished at very
early stage of DR. It is noteworthy that the publication bias
was presented in p-RNFL between NPDR and NDR,
the interpretation should be cautious. Further studies are
warranted to confirm.

In the subgroup analysis stratified by type of DM, we
did not discern any significant differences in the asso-
ciations of SD-OCT measurement in the two group
comparisons between T1DM and T2DM, consonant with
the earlier meta-analysis [28], suggesting that the extent of
DRN may be similar in different types of DM. Previous
studies have already reported that DRN is mainly caused
by a cascade of metabolic processes, for instance, low-
grade inflammation, immune cell activation, extracellular
glutamate accumulation and an imbalance of local pro-
duction of neurotrophic factors, which are indirectly
triggered by hyperglycaemia regardless of resulting from
T1DM or T2DM [25, 65, 66].

Our study may have several implications. First, SD-
OCT measurement can be a surrogate or indicator of
DRN. As SD-OCT has been piloted for screening DMO in
different DR screening programs [67, 68], SD-OCT can
potentially be used to screen for DRN simultaneously.
Particularly, recent longitudinal studies showed that eyes
with m-GCIPL thinning are at risk for DR progression
[21]. Nevertheless, a threshold of retinal neuronal or
axonal layer thinning for DRN should be established in
the next stage. Second, the current management of earlier
courses of DR relies almost exclusively on metabolic
activities control. Research on experimental molecular
targets and strategies for preserving neural retina is being
conducted [69]. DRN measured by SD-OCT can be a
therapeutic target or surrogate if neuroprotection treat-
ment for earlier stages of DR is available. Third, the retina
is composed of a neurovascular unit (NVU) [65]. A recent
OCT-angiography study demonstrated that changes in
retinal capillary network can be detected in NDR eyes and
changes in retinal capillary network can predict DR
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progression and development of DMO [31]. Examining
both retinal neuronal and axonal thinning as well as
changes in retinal capillary network using the advanced
OCT technology may facilitate the understanding of DR
pathophysiology.

There are several strengths of our study. First, we only
included studies using SD-OCT or Fourier-domain OCT to
measure retinal neuronal and axonal thinning at both
macular and peripapillary regions, eliminating studies using
TD-OCT which are not comparable. Second, we performed
subgroup analysis by type of DM. However, our study had
some limitations. First, NDR was determined by fundus
assessment only and some eyes with NDR may have
detectable vascular abnormalities by fluorescein angio-
graphy or OCT-angiography which may confound our
results. Second, our meta-analysis mainly focuses on SD-
OCT measurements that broadly used for assessing glau-
coma. Most of the reported studies did not include other
retinal neuronal layers (e.g. inner nuclear layer, outer
nuclear layer, and outer plexiform layer). Third, although
there are three longitudinal studies to study the related field
in the current literature [5, 21, 35], we cannot include it in
the current meta-analysis as one used TD-OCT [5] and one
divided DR groups into progression and non-progression
group rather than by DR severity [21].

In conclusion, our findings showed that m-GCIPL, m-
RNFL, and m-GCC thinning as measured by SD-OCT are
present in eyes with NDR, supporting the concept that DRN
may be the early pathogenesis in individuals with DM even
before the onset of any microvascular abnormalities detec-
ted clinically. In the future, neuroretinal alterations as
measured by SD-OCT may be used as surrogates of DRN to
stratify DM patients at high risk for DR, and may be used as
a therapeutic target or surrogate if neuroprotection treatment
for earlier stages of DR is available.

Summary
What was known before

e Diabetic retinal neurodegeneration happened in the early
pathogenesis of diabetic retinopathy, but the results from
the current clinical studies still not consistent.

What this study adds

e In this meta-analysis, we found significant thinning of
macular ganglion cell-inner plexiform layer, macular
retinal nerve fibre layer, and macular ganglion cell
complex in diabetes subjects without clinical retinopathy
signs, compared with normal controls.
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