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Abstract
Purpose: Presence of diabetes in glaucoma patients may inﬂuence ﬁndings while
documenting the progression of glaucoma. We conducted the study to compare individual
and combined effects of diabetes and glaucoma on macular thickness and ganglion cell
complex thickness.
Methods: The present study is a cross-sectional analysis of 172 eyes of 114 individuals.
The groups were categorized according to the following conditions: glaucoma, diabetes
mellitus, both glaucoma and diabetes (‘both’ group), and none of these conditions (‘none’
group). Patients with diabetes did not have diabetic retinopathy (DR). We compared retinal
nerve ﬁber layer (RNFL) thickness, ganglion cell complex (GCC) thickness, foveal loss of
volume (FLV), and global loss of volume (GLV) among the groups. We used random effects
multivariate analysis to adjust for potential confounders.
Results: The mean (SD) age of these individuals was 60.7 (10.1) years. The total average RNFL
and GCC were signiﬁcantly lower in the glaucoma group (RNFL: -36.27, 95% conﬁdence
intervals [CI]: -42.79 to -29.74; P <0.05, and GCC: -26.24, 95% CI: -31.49 to -20.98; P<0.05)
and the ‘both’ group (RNFL: -24.74, 95% CI: -32.84 to -16.63; P<0.05, and GCC: -17.92, 95%
CI: -24.58 to -11.26; P<0.05) as compared with the ‘none’ group. There were no signiﬁcant
differences in the average RNFL values and total average GCC between the diabetes group
and the ‘none’ group. The values of FLV and GLV were signiﬁcantly higher in the ‘glaucoma’
group and the ‘both’ group as compared with the ‘none’ group. The foveal values were
not signiﬁcantly different across these four groups. Among the glaucoma cases, 25% were
mild, 30% were moderate, and 45% were severe; there was no signiﬁcant difference in the
proportion of severity of glaucoma between the ‘glaucoma only’ and ‘both’ groups (p=0.32).
After adjusting for severity and type of glaucoma, there were no statistically signiﬁcant
differences in the values of average RNFL (6.6, 95% CI: -1.9 to 15.2; P=0.13), total average
GCC (3.6, -95% CI: -2.4 to 9.6; P=0.24), and GLV (-3.9, 95% CI: -9.5 to 1.6; P=0.16) in the ‘both
group’ as compared with the glaucoma only group.
Conclusion: We found that diabetes with no DR did not signiﬁcantly affect the retinal
parameters in patients with glaucoma. Thus, it is less likely that thickness of these parameters
will be overestimated in patients with glaucoma who have concurrent diabetes without
retinopathy.
Keywords: Glaucoma; Diabetes; Combined Effects; Macular Thickness; Ganglion Cell Complex
Thickness
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INTRODUCTION
Glaucoma is characterized by progressive optic
neuropathy caused by high intraocular pressure
(IOP) leading to gradual death of retinal ganglion
cells (RGC). The most common type of glaucoma
is primary open angle glaucoma (POAG).[1, 2] The
inner retinal layers also known as the ganglion cell
complex (GCC) are composed of macular nerve
ﬁbre layer (NLF), ganglion cell layer (GCL), and
inner plexiform layer (IPL), which are speciﬁcally
involved in glaucomatous damage.[3] Accuracy
of GCC measurement in detecting glaucoma
is comparable to the detection of glaucoma
by measuring peripapillary retinal nerve ﬁbre
layer (RNFL) thickness. GCC measurements
can potentially be used to monitor glaucoma
progression.[? ] Zeimer and colleagues suggested
that analyzing macular parameters may be used
as an alternative or additional parameter to
peripapillary RNFL thickness in diagnosing
glaucoma.[7] It has been shown that macular
thickness is correlated with optic disc cupping
and RNFL thickness in diagnosing glaucoma.[8, 9]
Furthermore, macular thickness also correlates
with RGC counts and perimetry parameters in both
glaucomatous and normal eyes when diagnosing
glaucoma and analyzing its progression.[8–11]
The estimated global prevalence of diabetes
was 9.3% in 2019.[12] Diabetic retinopathy (DR)
is the most common microvascular complication
of diabetes mellitus. Studies in experimental
animal models have indicated that neuroglial
tissue loss may occur at early stages of
diabetic retinopathy and even precede vascular
changes.[13–15] In diabetic patients, adenosine
monophosphate�activated
protein
kinase
activation and metabolic stress probably occur
as a result of hyperglycemia, hypoglycemia, and
hypoxia; thus, the intraretinal neural tissue may
not adapt to the metabolic stress of diabetes.[16, 17]
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This may partially explain the pathogenesis of
neurodegeneration as an additional component
to microvascular pathomechanism of diabetic
retinopathy. Araszkiewicz et al suggested that
intraretinal neural tissue loss associated with type
1 diabetes directly affects neurodegeneration.[18]
Other authors reported that inner retinal layers
including RNFL, GCL, IPL in the macula had
lesser thickness in patients with type 2 diabetes
and early diabetic retinopathy as compared to
controls.[19] Furthermore, they also found a linear
correlation between GCL thickness and duration
of diabetes.[19] Other authors have also found a
relationship between reduction and the duration of
diabetes, where the reduction in RNFL thickness
was associated with longer duration of diabetes
and this loss was evident in diabetics with and
without diabetic retinopathy.[20, 21]
Although studies have reported that diabetes is
an additional risk factor for POAG, the association
is controversial.[22, 24, 25] Macular thickness
measurement (using asymmetry analysis) can
help for detection and progression of glaucoma,
and is useful in determining the role of diabetes
in neurodegeneration.[26] It is quite likely that
presence of diabetes in glaucoma patients may
inﬂuence the ﬁndings while documenting the
progression of glaucoma. Previous studies have
compared the retinal nerve ﬁbre layer in patients
with glaucoma and diabetes versus those without
diabetes. Some have found no difference in RNFL
thickness in diabetic versus non-diabetic POAG
patients; whereas other authors have suggested
that diabetes may over-estimate the progression
of glaucomatous optic neuropathy.[27, 28]
Thus, we conducted the present study to
compare the individual and combined effects of
diabetes and glaucoma on macular thickness and
ganglion cell complex thickness.
This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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METHODS
This cross-sectional analysis was performed on 172
eyes of 114 individuals. The study was conducted
at Laxmi Eye Institute, Panvel, India. We recruited
the following four types of individuals: those with
glaucoma, diabetes mellitus, both glaucoma and
diabetes (‘both’ group), and those without any
of these conditions (none group). Patients with
glaucoma (primary open angle or angle closure
glaucoma) diagnosed by Anderson’s criteria (three
non-edge points on the pattern deviation map,
pattern standard deviation (PSD), and glaucoma
hemiﬁeld test) were included in the glaucoma
group. Individuals who were diagnosed with
diabetes (based on fasting blood sugar of ≥ 126
mg/dl, two hour post prandial blood sugar of ≥ 200
mg/dl, or glycated hemoglobin of ≥ 6.5 %)s) were
included in the diabetes group and individuals with
both diabetes and glaucoma were included in the
‘both group’. Consenting individuals in the age
group of 40-80 years were included for the present
study. The exclusion criteria were: presence of
any intraocular or neurological diseases affecting
RNFL, optic disc, visual ﬁeld and macular thickness
(due to any reason other than diabetes and
glaucoma), diabetic patients with DR, past history
of any treatment for diabetic retinopathy; past
history of any vitreoretinal surgery, prior history
of uveitis/retinal disease, signiﬁcant media opacity
(such as corneal scarring, any opacity affecting
visual axis, advanced cataract or vitreous opacities
which could affect retinal and perimetry scans);
hyperopia > +3D; and high myopia >-6D.
All
patients
underwent
complete
ophthalmological examination. These were: 1)
Best corrected visual acuity (BCVA) for distance
and near (using Snellen’s Chart and logMAR)
and axial length; 2) Measurement of IOP using
Goldmann applanation tonometer; 3) Four mirror
gonioscopy (indirect gonioscopy using Zeiss
Gonio lens); 4) Slit lamp examination ; 5) Dilated
fundus examination with slit-lamp biomicroscopy
and indirect ophthalmoscopy); 6) Visual ﬁeld
testing using Humphrey Field Analyser (Carl Zeiss,
Germany, USA); 7) Optical coherence tomography
with RTVue (Optovue, USA); 8) RNFL thickness
(superior RNFL, inferior RNFL, average RNFL); 9)
GCC thickness -total GCC, superior GCC, inferior
GCC; 10) Focal loss volume (FLV) and global loss
volume (GLV); 11) Full retinal thickness maps.
A glycated hemoglobin (HbA1c) test was also

performed in these individuals. We classiﬁed
the glaucoma into three categories based on
the mean deviation (MD) values (early defect,
moderate defect, and severe defect).[29]
We used spectral domain optical coherence
tomography (SD-OCT) RTVue-100 (Optovue Inc.,
Fremont, California, USA) to evaluate the study
parameters. The instrument uses an 840±10 nm
wavelength illumination source capable of 26000
A-scans/s with a depth resolution of 5 μ. The
peripapillary RNFL thickness map was generated
from multiple circular scans in an area of 3.45 mm
diameter circle with the optic disc as its center. The
distance between the internal limiting membrane
and the outer edge of the RNFL was estimated
to be the RNFL thickness. The GCC complex
thickness maps were taken by multiple horizontal
and vertical line scans in a region 1mm temporal
to the fovea. The GCC thickness for the present
study was the combined thickness of the RNFL,
ganglion cell layer, and inner plexiform layer. We
also assessed the pattern-based parameters: focal
loss volume (FLV) and global loss volume (GLV).
The FLV was the percentage of the total sum of
statistically signiﬁcant GCC volume loss divided by
the GCC map area. The GLV was the percentage
of the sum of negative fractional deviation in
the entire measurement area.[30] We assessed the
retinal macular thickness by using the Retina Map
Scan which consisted of multiple horizontal and
vertical line scans all centered at the fovea. We only
analysed scans with a signal strength of > 65.

Statistical Analysis
We estimated the mean and standard deviation
(SD), and median and interquartile range (IQR)
for continuous variables and the proportions for
categorical variables. The means across the groups
were compared using analysis of variance (ANOVA)
with a pair-wise post-hoc comparison with Tukey’s
correction. The medians were compared using
the Kruskal-Wallis test with Dunn’s correction. The
proportions were compared using the chi square
test or Fisher’s exact test for low expected cell
counts. We used Pearson’s correlation co-efﬁcient
(r) as measure of correlation between two linear
variables.
We used random effects linear models for
multivariate analysis. The advantages of these
models are that they account for both withinindividual and between-individual variance. Since
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in some instances we used both eyes from the
same individual, these models were useful.[31]
While building these multivariate models, we did
not consider each eye as a separate entity but
accounted for the fact that two eyes might belong
to the same individual.
Data was entered in Ms Excel (© Microsoft, USA)
and analysed using Stata Version 15.1 (© StataCorp,
College Station, Texas, USA). A p value of < 0.05
was considered statistically signiﬁcant.
The study was approved by the Institutional
Ethics Committee of Laxmi Eye Institute and
Charitable Hospital.

RESULTS
The mean ± SD age of participants was 60.7 ±
10.1 years; it was signiﬁcantly lower in the group
without any condition (53.7 ± 7.0) as compared
with all the other three groups (Table 1). We
included 72 (63%) males and 42 (37%) females
in the present study; there was no signiﬁcant
difference in the distribution of gender across
these groups (P=0.43). The HbA1C mean ± SD
was 5.60 ± 0.67; it was signiﬁcantly lower in
the ‘none’ group (5.07 ± 0.31) as compared with
the diabetes group (6.10 ± 0.52) (P<0.001) and
‘both group’ (6.01 ± 0.66) (P<0.001). However,
there were no signiﬁcant differences in the HbA1c
values between the none group and the glaucoma
group (P=0.93) or between the diabetes group and
‘both group’ (P=0.91). The median (IQR, BCVA) in
our population was 0.18 (0 to 0.18); it was not
signiﬁcantly different across all four groups. The
mean IOP in our population was 16.7 ± 3.9 mm
Hg; it was maintained and not signiﬁcantly different
across these groups (P=0.61). We have provided
additional details of each parameter in Table 1. The
median (IQR, BCVA) duration of diabetes mellitus
in our study population was 7 (range, 5 to 12) years.
In our glaucoma cases, 25% were mild, 30% were
moderate, and 45% were severe; there was no
signiﬁcant difference in the proportion of severity of
glaucoma in the ‘glaucoma only’ and ‘both’ groups
(P=0.32).
The mean ± SD RNFL thickness was maximum in
the ‘none’ (104.9 ± 7.2) group and minimum in the
glaucoma group (67.5 ± 13.3). All measurements of
RNFL followed this pattern. In general, we found
that there was no signiﬁcant difference in RNFL
thickness between the ‘none’ group and diabetes
508

group; however, mean RNFL in the glaucoma and
‘both’ group was signiﬁcantly lower as compared
with the ‘none’ group and diabetes group (Table
2). The mean ± SD total average GCC was
also signiﬁcantly higher in the ‘none’ group as
compared with the glaucoma and ‘both’ groups
(Figure 1). The median (IQR) FLV in the ‘none’
group (0.51 [0.09 to 1.60]) was signiﬁcantly lower
as compared with the glaucoma (7.84 [3.68 to
10.15]) (P<0.001) and ‘both’ groups (6.75 [2/31 to
9.29]) (P<0.001); however, it was not signiﬁcantly
different from the diabetes group (0.70 [0.30 to
1.39]) (P>0.99). There was no signiﬁcant difference
in the median (IQR) FLV between the glaucoma
group and the ‘both’ group (P=0.84) (Figure 2).
Similarly, the median (IQR) GLV in the ‘none’
group (1.18 [0.20 to 2.73]) was signiﬁcantly lower
as compared with the glaucoma (20.44 [15.45 to
32.68]) (P<0.001) or ‘both’ groups (18.49 [10.57 to
24.21]) (P<0.001); however, it was not signiﬁcantly
different from the diabetes group (2.39 [1.12 to 6.27])
(P=0.33). As with the GLV values, there was no
signiﬁcant difference between the glaucoma group
and ‘both’ group (P=0.39) (Figure 2). In general,
total foveal value was only signiﬁcantly different
between the diabetes group and glaucoma group.
However, individual foveal values were lower
in the glaucoma group and ‘both’ group as
compared with the ‘none’ group and diabetes
group except for superior and nasal parafoveal
values which were higher in the glaucoma group
when compared to the “both” and “none” groups.
The values of these two parameters, i.e. the GLV
and FV values were only signiﬁcantly lower in the
glaucoma group as compared with the ‘none’ and
diabetes only groups. We have presented all the
data in Table 3. Among diabetics, the correlation
between HbA1c and average RNFL was weak and
not statistically signiﬁcant (r = 0.02; P=0.79); a
similar weak correlation was found with individual
RNFL values. Similarly, the correlation between
HbA1c and total average GCC was weak and not
statistically signiﬁcant (r = -0.06; P=0.56); this similar
weak correlation was observed in individual GCC
values. The mean ± SD axial length (available for
analysis) was 23.15 ± 0.99 mm. After adjusting
for demographics and type of eye, we found
that even though the average RNFL reduced with
each mm increase in axial length, it was not
statistically signiﬁcant (Estimate: -5.01, 95% CI: 11.64 to 1.63; P=0.13). Similarly, after adjusting for
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Figure 1. The mean values for ganglion cell complex (GCC) thickness in patients with glaucoma, diabetes, both (diabetes and
glaucoma), and none (172 eyes).
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FLV: None vs Glaucoma <0.001, Glaucoma vs Diabetes <0.001, None vs Both < 0.001, Diabetes vs Both < 0.001
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Figure 2. Box plot showing the focal loss of volume (FLV) and global loss of volume (GLV) parameters in patients with glaucoma,
diabetes, both (diabetes and glaucoma), and none (172 eyes).
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Table 1. Table showing the demographic and clinical characteristics of 172 eyes, India.
None (A)

Diabetes (B)

Glaucoma (C)

Both (D)

P-value

Total eyes

43

43

43

43

Total individuals

26

28

29

31

Age: Mean ± SD

53.7 ± 7

61.5 ± 8.9

61.1 ± 10.1

65.4 ± 8.9

<0.001

Male

16 (62)

19 (68)

15 (52)

22 (71)

0.43

Female

10 (38)

9 (32)

14 (48)

9 (29)

Median (IQR)

0 (0 to 0.18)

0 (0 to 0.18)

0.18 (0 to 0.18)

0.18 (0 to 0.18)

0.31

HbA1c: Mean ± SD

5.07 ± 0.31

6.10 ± 0.52

5.15 ± 0.34

6.01 ± 0.66

<0.001

Intraocular pressure (IOP);
Mean ± SD

16.91 ± 3.13

16.62 ± 3.65

16.07 ± 4.21

17.16 ± 4.62

0.61

Gender

BCDVA (logMAR)

BCDVA, best corrected distance visual acuity
Both indicates patients with both diabetes and glaucoma
HbA1c is glycated hemoglobin
Table 2. Table showing the retinal nerve ﬁbre layer (RNFL) values in patients with diabetes, glaucoma, both, and none (43 eyes
each).
None (A)

Diabetes (B)

Glaucoma (C)

Both (D)

P-value

104.1 ± 7.2

99.3 ± 10.2

67.5 ± 13.3

78.5 ± 14.5

b,c,d,e,f

Average superior RNFL

104.2 ± 16.5

101.6 ± 11.5

69.2 ± 15.9

82.1 ± 16.6

b,c,d,e,f

Average inferior RNFL

101.7 ± 7.7

97.0 ± 10.5

65.9 ± 13.0

74.9 ± 13.7

b,c,d,e,f

Superior RNFL

127.3 ± 11.7

121.4 ± 16.3

80.0 ± 20.7

95.5 ± 23.1

b,c,d,e,f

Temporal RNFL

78.1 ± 8.9

74.9 ± 10.9

58.9 ± 15.6

64.6 ± 11.3

b,c,d,e

Inferior RNFL

128.5 ± 11.3

120.5 ± 15.0

76.3 ± 16.3

87.2 ± 20.3

b,c,d,e,f

Nasal RNFL

83.2 ± 8.8

80.8 ± 11.9

54.7 ± 12.1

66.7 ± 13.8

b,c,d,e,f

Average RNFL

𝑎

A vs B <0.05, 𝑏 A vs C <0.05, 𝑐 A vs D < 0.05, 𝑑 B vs C < 0.05, 𝑒 B vs D < 0.05, 𝑓 C vs D < 0.05
In average superior RNFL the scan shows the RNFL thickness of entire superior hemisphere (180 degrees) so only 2 values
present- Average superior and average inferior. On the other hand, in a superior RNL thickness, only superior 90 degrees
thickness is calculated.
Foveal thickness is central most thickness of diameter 1mm around the fovea
Both indicates patients with both diabetes and glaucoma

these parameters, the change in total average GCC
was -3.29 units (95% CI: -8,53 to 1.95; P=0.21).
After adjusting for age, gender, HbA1c values,
and IOP, we found that the average RNFL and
total average GCC were signiﬁcantly lower in the
glaucoma group and ‘both’ group as compared
with the ‘none’ group. Furthermore, RNFL and GCC
values in the glaucoma group were signiﬁcantly
lower as compared with the ‘both’ group. There
was no signiﬁcant difference in the average
RNFL values and total average GCC between the
510

diabetes group and ‘none’ group. The values of FLV
and GLV were signiﬁcantly higher in the ‘glaucoma’
group and ‘both’ group as compared with the
‘none’ group. Only, the GLV was signiﬁcantly
different between the glaucoma group and the
‘both’ group. As with the earlier two parameters
(RNFL and GCC), there was no signiﬁcant difference
in the FLV and GLV values between the diabetes
group and ‘none’ group. The foveal value was
not signiﬁcantly different across these four groups.
In general, age, HbA1c values, and IOP were not
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Table 3. Table showing the foveal parameters in patients with diabetes, glaucoma, both (diabetes and glaucoma), and none (43
eyes each).
None (A)

Diabetes (B)

Glaucoma (C)

Both (D)

P-value

Foveal

244.60 ± 31.61

251.11 ± 20.49

236.00 ± 26.68

244.40 ± 19.03

d

Superior hemisphere
parafoveal

307.69 ± 20.52

306.41 ± 18.48

287.09 ± 20.30

297 ± 21.69

b,d

Inferior hemisphere
parafoveal

307.51 ± 20.78

304.51 ± 19.49

282.09 ± 21.84

290.09 ± 22.75

b,c,d,e

Temporal parafoveal

297.60 ± 22.45

298.00 ± 19.73

273.67 ± 20.42

283.84 ± 21.77

b,c,d,e

Superior parafoveal

311.95 ± 19.67

308.67 ± 18.19

289.18 ± 20.26

298.56 ± 22.19

b,d

Nasal parafoveal

310.81 ± 22.85

309.83 ± 20.54

293.41 ± 22.51

302.48 ± 23.13

b,d

Inferior parafoveal

310.32 ± 20.04

305.30 ± 19.93

281.16 ± 23.05

289.35 ± 23.70

b,c,d,e

Superior hemisphere
perifoveal

287.65 ± 19.07

280.02 ± 16.94

261.20 ± 19.32

267.00 ± 17.37

b,c,d,e

Inferior hemisphere
perifoveal

279.88 ± 13.22

272.67 ± 17.96

250.37 ± 18.88

254.63 ± 18.39

b,c,d,e

Temporal perifoveal

274.76 ± 14.23

267.79 ± 17.46

247.79 ± 18.37

252.04 ± 17.91

b,c,d,e

Superior perifoveal

285.04 ± 18.93

276.27 ± 17.48

257.83 ± 20.16

263.18 ± 17.46

b,c,d,e

Nasal perifoveal

302.81 ± 20.38

295.95 ± 17.74

274.18 ± 20.42

282.16 ± 19.31

b,c,d,e

Inferior perifoveal

272.79 ± 12.99

265.25 ± 18.56

242.58 ± 19.60

245.79 ± 18.96

b,c,d,e

𝑎

A vs B <0.05, 𝑏 A vs C <0.05, 𝑐 A vs D < 0.05, 𝑑 B vs C < 0.05, 𝑒 B vs D < 0.05, 𝑓 C vs D < 0.05
Table 4. Table showing the estimates and 95% conﬁdence intervals (CI) multivariate analysis for retinal nerve ﬁbre layer (RNFL),
ganglion cell complex (GCC), focal loss of volume (FLV), global loss of volume (GLV), and Foveal in 172 eyes.
Average RNFL

Total Average GCC

Focal loss of
volume

Global loss of
volume

Foveal

Estimate (95% CI)

Estimate (95% CI)

Estimate (95% CI)

Estimate (95% CI)

Estimate (95% CI)

Reference

Reference

Reference

Reference

Reference

Diabetes

-3.4 (-11.4 to 4.7)

-0.8 (-7.3 to 5.8)

-0.03 (-2.05 to 1.99)

1.55 (-3.70 to 6.80)

9.43 (-6.36 to 25.23)

Glaucoma

-36.3 (-42.8 to
-29.7)*

-26.2 (-31.5 to
-20.9)*

6.50 (4.88 to 8.13)*

20.98 (16.76 to
25.21)*

-3.27 (-16.02 to 9.48)

4.72 (2.66 to 6.77)*

14.84 (9.56 to
20.12)*,𝑎

1.63 (-14.19 to 17.45)

None

Both
Age

-24.7 (-32.8 to -16.6) -17.9 (-24.6 to -11.3)*,𝑎
*,𝑎
0.1 (-0.2 to 0.3)

0.1 (-0.1 to 0.3)

-0.01 (-0.07 to 0.05) -0.08 (-0.24 to 0.08)

0.25 (-0.23 to 0.73)

Reference

Reference

Reference

Reference

Reference

Male

-4.1 (-8.8 to 0.6)

-4.4 (-8.3 to -0.6)*

0.79 (-0.40 to 1.97)

3.07 (0 to 6.13)*

12.70 (3.49 to 21.89)

HbA1c

-0.6 (-5.2 to 3.9)

-1.8 (-5.6 to 1.9)

0.24 (-0.91 to 1.39)

0.60 (-2.37 to 3.57)

-2.25 (-11.16 to 6.4)

IOP

0.2 (-0.3 to 0.7)

-0.3 (-0.8 to 0.1)

0.001 (-0.13 to 0.13)

0.15 (-0.18 to 0.48)

0.11 (-0.81 to 1.03)

0.20 (-6.86 to 7.27)

-0.47 (-18.75 to 17.81)

229.96 (175.15 to
284.76)

0.43

0.65

0.79

Gender
Female

Constant
Rho

101.4 (73.3 to 129.4)* 111.6 (88.7 to 134.5)*
0.76

0.41

* p < 0.05; 𝑎 The values in glaucoma patients are signiﬁcantly lower compared with both group
Both indicates patients with both diabetes and glaucoma
IOP = Intraocular pressure
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signiﬁcantly associated with any of the parameters.
Gender, however, was associated with some of
these parameters; males had signiﬁcantly lower
total average GCC values and higher GLV values
as compared with females. We have presented all
the estimates in Table 4.
In the subgroup analysis (only on patients in
the glaucoma or ‘both’ groups), we found that
after adjusting for severity (mild, moderate, severe)
and type of glaucoma (open angle/close angle)
in addition to the above factors, there were no
statistically signiﬁcant differences in the values of
average RNFL (6.6, 95% CI: -1.9 to 15.2; P=0.13), total
average GCC (3.6, -95% CI: -2.4 to 9.6; P=0.24), and
GLV (-3.9, 95% CI: -9.5 to 1.6; P=0.16) in the ‘both
group’ when compared with the glaucoma group.
The severe glaucoma group however, showed
signiﬁcantly low values of all these parameters.
In another subgroup analysis (only patients in the
diabetes only or ‘both’ groups), we found that
average RNFL (-19.1, 95% CI: -26.1 to -12.1; P<0.001)
and total average GCC (-15.9, 95% CI: -21.6 to
10.3; P<0.001) were signiﬁcantly lower in the ‘both’
group as compared with the diabetes only group.
Whereas, FLV (4.2, 95% CI: 2.7 to 5.7; P<0.001)
and GLV (11.9, 95% CI: 7.9 to 15.9; P<0.001) were
signiﬁcantly higher in the ‘both’ group as compared
with the diabetes only group. Duration of diabetes
was not signiﬁcantly associated with any of these
parameters.

DISCUSSION
The study found that average RNFL, average
GCC, FLV, and GLV were signiﬁcantly lower in
individuals with glaucoma and those with both
glaucoma and diabetes versus the controls or
patients with diabetes only. After adjusting for
the severity of glaucoma, we did not ﬁnd any
signiﬁcant differences in the retinal parameters
in glaucoma patients with or without diabetes.
Furthermore, there were no signiﬁcant differences
in average RNFL, average GCC, FLV, and GLV
between controls and diabetes only groups. Thus,
we found that the presence of diabetes without
retinopathy did not have any signiﬁcant effect on
the retinal parameters either in patients who had
glaucoma or those who did not have glaucoma.
It has been hypothesized that degeneration
of retinal neurons and glial cells may play a
role in the pathogenesis of diabetic retinopathy
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and may even occur before the development of
aneurysms.[32–34] Leakage of serum proteins and
lipids in the intraretinal space because of increased
retinal vascular permeability in diabetic patients
may result in higher values of retinal parameters
observed in diabetic patients. Araszkiewicz et al
found that mean RNFL, and superior and inferior
ganglion cell layer (GCL) were signiﬁcantly thicker
in diabetic patients as compared with controls,
and were signiﬁcantly thinner in diabetic patients
with retinopathy.[18] A similar ﬁnding was also
reported by Garcia-Martin and colleagues;[35] who
reported that the GCL thickness was signiﬁcantly
less in patients with diabetes as compared with
healthy controls. However, in their study, they
found that the RNFL was signiﬁcantly thinner
only in the outer inferior quadrant. Another
study found that although serum Hb1Ac levels
had a signiﬁcant negative correlation with the
whole RNFL thickness, it was not signiﬁcantly
correlated with other parameters such as average
macular GCL and average macular thickness.[36]
Some authors have suggested that thinning of
the inner retina may be seen in patients with
diabetes even before changes suggestive of
diabetic retinopathy.[37] However, other studies did
not ﬁnd any signiﬁcant difference in the mean
RNFL values between POAG patients with and
without diabetes, or correlation between RNFL,
and diabetic and ocular parameters.[27, 38] As
seen in our study, diabetes was not signiﬁcantly
associated with any of these parameters. There
were no signiﬁcant differences between controls
and diabetic patients, or between patients who had
glaucoma with or without diabetes. Furthermore,
neither HbA1c levels nor the duration of diabetes
was signiﬁcantly associated with any of these
parameters.
Spaide compared the retinal neurovascular
parameters in three groups – controls, diabetic
patients, and glaucoma patients.[39] The author
found that RNFL thickness and GCL volume were
signiﬁcantly lower in the glaucoma group as
compared with the healthy controls. However, only
GCL volume was signiﬁcantly lower in diabetics
as compared with healthy controls. Another study
reported there was a linear trend of reduction
in the RNFL thickness based on the visual ﬁeld
defects in patients with glaucoma.[40] Both of
these studies have not used multivariate analysis
to estimate the mean differences. In our study,
after adjusting for potential confounders (such as
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age, duration of diabetes, Hb1Ac levels, IOP) we
found that there was a signiﬁcant difference in the
retinal parameters between healthy individuals and
those with glaucoma, and those with glaucoma
and diabetes. However, there were no signiﬁcant
differences between the glaucoma group and
those with glaucoma and diabetes. Furthermore,
we also found that even though there was a
signiﬁcant reduction in the retinal parameters in
individuals with severe VF defects, there was no
association with IOP, duration of diabetes, or HbA1c
levels. Thus, even though similar pathways of
neuroretinal inﬂammation has been proposed in
the retinal changes occurring from both glaucoma
and diabetes,[41, 42] we did not ﬁnd the parameters
to be signiﬁcantly altered due to diabetes in
individuals with and without glaucoma.
We only assessed data at one point in time–
a cross-sectional analysis, so as a consequence
a longitudinal follow-up study is recommended to
identify the trajectory of the changes to the retinal
parameters and its association with progression in
glaucoma and diabetes. Nonetheless, as we have
used random effects multivariate models to study
the association between retinal parameters and
the presence of diabetes, glaucoma, or both, this
study is an addition to the existing literature. As
discussed in the methods section, these models
account for both between-individual and withinindividual variances.[31] The effect of systemic
conditions (such as diabetes) on both eyes in the
same individual may be correlated; this needs
to be considered while modelling for multivariate
analysis. We have used models which account for
this correlation. A group of diabetic patients with
DR and glaucoma together could potentially show
that retinal thickening might hide glaucomatous
RNFL and GCC thinning; as a result, we did not
include these patients in the study.
In summary, we found that diabetes without
retinopathy did not signiﬁcantly affect the
retinal parameters in patients with glaucoma.
Furthermore, the values of retinal parameters were
not signiﬁcantly lower in patients with diabetes
when compared with healthy controls. We did not
ﬁnd any signiﬁcant effect of diabetes on RNFL,
GCC, and macular thickness parameters. Thus, it is
less likely that we may overestimate the thickness
of these parameters in patients with glaucoma who
have concurrent diabetes without retinopathy.
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