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Abstract

Introduction: Diabetes mellitus (DM) is a disease that causes eye complications such as glaucomatous optic
neuropathy. In DM, hyperglycemia is known to the increase of uric acid (UA) excretion, which damages the
endothelial structure and the tight junctions of retinal blood vessels. In addition, alterations of the extracellular
matrix can lead to an increase in trabecular reticular resistance which causes a decreased flow leading to I0P
increase and retinal ganglion cells (RGC).

Aim: To investigate the association of serum uric acid and ganglion cell complex thickness in primary open angle
glaucoma with Type 2 diabetes mellitus

Methods: A cross-sectional observational study was carried out in the University Of Sumatera Utara General
Hospital, Medan, Indonesia from June to October 2021. This involved 32 eyes from 32 POAG patients with a history
of T2DM as a case group and 31 eyes from 31 aged and sex-matched POAG patients without a history of T2DM in
the control group. Venous blood samples from all subjects were examined to measure levels of SUA and all GCC
thickness was assessed (average GCC, superior GCC, inferior GCC, GLV, and FLV) using Spectral Domain OCT (SD-
OCT) to detect the association of UA in POAG with T2DM.

Results: The average UA was 4.98 + 1.21 mg/dL in the case group compared to the control group of 6.46 + 1.68
mg/dL and both groups were statistically significant. The GCC thickness (average, superior, and inferior) for each
parameter was thinner. There was a significant difference in the patient group compared to the control group. In
addition, the Global Loss Volume (GLV) and Focal Loss Volume (FLV) were more in the case group and statistically
significant correlation was found between the case and control group (p<0.05). However, there was no significant
correlation between UA and all GCC thickness (average, superior, inferior, FLV and GLV) in the case and control
group (p>0.05). The correlation between HbA1c and all GCC thickness (average, superior, inferior, GLV and FLV) in
the case group was statistically significant (p <0.05).

CONCLUSION: This study found lower serum uric acid (SUA) levels correlated to thinner GCC thickness in POAG
with T2DM, although no statistically significant correlation was found. There were lower SUA and higher HbAlc
levels in the case group and statistically significant correlation was found. The GCC thickness for each parameter
was thinner in the case group compared to the control group. Therefore, further investigation on larger multicenter
studies is recommended to support these results and hustify the role of uric acid in glaucoma.
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Introduction

In developing countries, diabetes mellitus (DM)
is a prevalent disease and has been predicted to
increase by 20% and 60% between 2010 and
2030, respectively (Shaw et al.,, 2010). DM is a
metabolic disease characterized by

Hyperglycemia from decreased insulin
secretion, insulin action, or both. Based on
pathophysiology, it is classified into insulin-
dependent (type 1 diabetes) and non-insulin-
dependent (type 2 diabetes) (World Health
Organization (WHO, 2011). In Indonesia,
according to International Diabetes Federation
(IDF), in 2014 9.1 million people and an
estimated 14.1 million people will live with DM
in 2035 (International Diabetes Federation,
2019). Meanwhile, type 2 diabetes mellitus
(T2DM) is the most common type of DM with
approximately 90% of all diabetes cases. In
patients with DM, chronic hyperglycemia can
damages various organ failure and causes life-
threatening complications associated with
microvasculature (retinopathy, nephropathy,
neuropathy). (Zheng et al,, 2018).

Primary open-angle glaucoma is the most
common type of glaucoma and the leading
causes of blindness globally, however, the risk
factors for its progression have been identified
(Khouri &  Fechtner, 2015). Vascular
complications in DM will affect the
autoregulation process in the retina and nerve
fiber that leads to ocular vascular damage as
blood flows and oxygen decreases. This
condition causes hypoxia and ischemic damage
in ganglion cells and optic nerve fibers. The
autoregulation mechanism of intraocular
pressure and blood flow causing glaucomatous
damage correlates to primary open-angle
glaucoma (Song et al,, 2016). In several studies,
DM has been associated with predisposing
factors for primary open-angle glaucoma
(Oshitari, 2014; Song et al,, 2016).

Uric acid has been identified as a marker for
several metabolic abnormalities. It is a product
of purine metabolism in blood plasma that acts
as a hydrophilic antioxidant and binds with
radical nitrogen as well as superoxide in plasma
to block the formation of strong peroxynitrite
oxidant (Nasrul, 2012). In DM, the
hyperglycemic condition is assumed to
contribute to the increase of uric acid

reabsorption in the proximal tubule. Uric acid
levels increase during the early stages of glucose

metabolism (Katsiki et al, 2013).
Hyperuricemia is also associated with
microvascular and macrovascular

complications in DM ( Rawal et al.,, 2012; Katsiki
et al, 2013). Therefore, this study aims to
measure SUA level and further investigate the
association of SUA level and GCC thickness as a
structural parameter in POAG in North
Sumatera.

Material and Methods

Study Population

The participants were recruited from the
University of Sumatera Utara General Hospital
in Medan between June to October 2021 with a
consecutive sampling method. This study was
approved by the Health Research Ethics
Committee of the University of Sumatera Utara,
Medan, Indonesia (No.712/KEP/USU/2021)
and carried out with the tenets of the
Declaration of Helsinki. It involved a total of 32
eyes from 32 POAG patients with a history of
T2DM in the case group and 31 eyes from 31
aged and sex-matched POAG patients without a
history of T2DM in the control group. All
participants signed written informed consent.

All subjects passed through the screening of
inclusion and exclusion criteria. Moreover, the
inclusion criteria were POAG with T2DM, aged >
40 years old, IOP > 10 mmHg with Goldmann
Applanation Tonometer (Haag-Streit R900,
USA), glaucomatous optic neuropathy assessed
by the non-mydriatic retinal camera (CR-2 Plus
AF, Canon Medical Systems Europe),
glaucomatous visual field defect (Mean
Deviation (MD) and Pattern Standart Deviation
(PSD)) with Visual Field Analyzer ( HFA3, Zeiss),
GCC thickness (average GCC, superior GCC,
inferior GCC, global loss volume (GLV), and focal
loss volume (FLV) with measurements results
based on significance, namely normal P>5%,
borderline P<5%. It also included outside
normal P<1% with Spectral-Domain Optical
Coherence Tomography (SD-OCT) (Optovue
Inc.,, Fremont, CA, USA) and has more than 180
degrees on gonioscopy, where the trabecular
meshwork is visible. The control group patients
POAG without T2DM. Meanwhile, patients with
diabetic retinopathy, secondary open-angle
glaucoma, history of steroid usage >4 weeks,
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hypertension,  hypercholesterolemia, and
autoimmune diseases were excluded.

Ganglion Cell Complex Analysis

The RTVuelO0 software (Optovue, Inc,
Fremont, CA) obtained 26,000 scans per second
with 5 um axial resolution in tissue. The GCC
scan sample was centered at 0.75 mm
temporally for the fovea, covering a 7x7 mm
square grid on the central macula, consisting of
15 scans with 0.5 mm spacing. Once collected,
the software automatically calculates three
color-coded maps, which was thickness,
deviation map showing percent loss of thickness
due to normative database, and significance
map, shows statistically significant thickness
changes from normal, representing values
Within normal range (p value 595%), contour
(<5%), out of normal range (<1%). Then, the
quantitative indices calculated by the software
included mean GCC thickness, hemifield
thickness (upper GCC, lower GCC), two model-
based diagnostic indices (loss of focus volume
(FLV)) and Global Loss Volume (GLV) Scan high
quality images <5 were excluded and the highest
quality image of the subject was selected for
retention.

Serum Uric Acid Procedure

Laboratory tests were tested at Prodia Clinical
Laboratory, Medan, Indonesia. The
Spectrophotometry method was used to
measure and specifically examine uric acid
using a catalyst and a biosensor. Meanwhile, the
sample of the patient’s blood serum (5 ml) was
taken for examination, with a reference value of
3.4-7.0 mg/dL for male and 2.4-5.7 mg/dL for
female.

Statistical Analysis

Data analysis was carried out using Statistical
Package for Social Science (SPSS) version 23.0
and all categorical data were presented as
frequency (n) and percentage. The relationship
between SUA and GCC thickness in POAG with
T2DM was analyzed using independent t-test for
normal distribution data and Mann-Whitney
test for nonparametric data. Spearman and
Fisher Exact test was used when the value in any
value less than 5. Meanwhile, P value lower than
0.05 were considered statistically significant.

Results

A total of 32 POAG patients with type 2 diabetes

mellitus and 31 POAG patients without T2DM as
control were recruited. The majority of the
subjects were male (53.1%) in the case group
and female (64.5%) in the control group, the
differences were not statistically significant (p =
0.159). There were also no significant
differences in age, with a mean age of 56.75 +
9.51 years in the case group and 55.71 + 10.65

years in the control group (p= 0.684). No

significant differences on 10P, with mean 10P
25.13 £5.25 mmHg in the case group and 22.39
+5.92 mmHg in the control group (p=0.008).
Based on the MD visual field, 6 subjects in the
case group and 20 subjects in the control group

were in mild category, 13 subjects in the case
group and 9 subjects in the control group were

in moderate category, 13 subjects in the case

group and 2 subjects in the control group were

in severe category. Furthermore, in MD visual
field significant differences was found, with a
mean MD -10.61 £7 in the case group and -5.05
+ 3.75 in the control group (p <0.001). The
study showed that there were differences in SUA

level, with median SUA of 4.7 (3-7.5) mg/dl in
the case group, and 7.15 (3.7-9.2) mg/dl in the

control group (p= 0.001). There were also
significant differences in HbAlc level, with a
median HbAlc 6.7 (4.9-6.7) in the case group,
and 5.5 (4.7-6.6) in the control group (p<0.001).

Table 1. Demographic Characteristic of Subjects

Case Control

Subject Characteristic (m=32) m=31) p

Gender, n (%)
Male 17 (53.1)
Female 15 (46.9)

11 (35.5) 0.159
20 (64.5)

Apge, years

Mean+SD 56.75+9.51 5571+£10.65 0.6840

Systemic Blood Pressure, mmHg

Mean+SD 126.16+17.76 127.11+18.01 0.787¢
Diastolic Blood Pressure, mmHg

Mean+SD 75.8528.05 76.1419.04 0.701v
10P, mmHg

Mean+SD 25.13+5.25 2239592 0.0082

PSD
Mean£SD 7.03£233 4.87 £ 1.66 <0.001=
Uric Acid, mg/dL

Median (Min - Max) 47(3-75) 745(3.7-92)  0.001¢

HbAlc, %
Median (Min — Max) 67(49-67) 55(47-66)  <0.001¢

aChi Square, PT Independent, cFischer’s Exact, dMann

Whitney

Table 2 showed the GCC thickness in the case
and control group. A significantly thinner GCC in
average, superior, inferior was found and more
FLV and GLV in the case compared to the control

group
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Table 2. GCC thickness in case and control group
GCC thickness case (n=32) control (n=31) P
Average GCC, n (%)
Median (min - max)

Figure 3, using Spearman correlation, showed
no significant correlation between SUA and
inferior GCC thickness in both case and control

79.8 (47.85-109.61) 99.37 (72.27-144.54)

Superior GCC, n (%)

Median (min - max) 77.65 (60.32-110.36)  95.62 (64.15-155.21)

I;::g::?uiimri(:fa]x) 79.13 (29.88-114.35)  103.23 (65.05-182.73)  <0.001: group (p>005)
;L:iiizrflﬁin -max) 803 (0.54-32.03) 332 (5.74) <0.0012 Figure 3. Scatter plot SUA level and inferior GCC 3150
GLV, n (%) tooeq .
Median (min - max) 16.87 (0.65-44.02) 5.19 (0.28-27.31) <0.001: R
aMann Whitney ; .
Table 3 shows the analysis of the relationship 3 [T~ o ¥ ¥oo,
between SUA and GCC thickness in the case and . T~
control group. With Spearman correlation, there <o %\”‘«\
was no significant relationship between SUA S goe =
and all GCC thickness in both case (P>0.05). '

T T
00 50,00 100,00 150,00 20000

Inferior GCC

Table 3. Association SUA with GCC thickness

Case (n=32)
|

T

Contrel (n=31)
P by

Uric acid Avg GCC 0305 0190 08100 00# Figure 4, using Spearman correlation, showed
Superior GCC 0.559= 0.109 0.827= -0.040 L )
Inferior GCC 0515 0.122 0.760: 0.056 no significant correlation between SUA and FLV
FLV 0.738= -0.063 0.624= 0.090 .
GLV 0377 064 0736+ -0.062 in both case and control group (p>0.05).
aSpearman
Figure 4. Scatter plot SUA level and FLV
Figure 1, using Spearman correlation, showed .
no significant correlation between SUA and °
average GCC thickness in both case and control
group (p>0.05). .
Figure 1. Scatter plot SUA level and average GCC
E — ° 2 ° o FLV
5 T -
ot T — Figure 5, using Spearman correlation, showed
3 000y T no significant correlation between SUA and GLV
oo in both case and control group (p>0.05).

Figure 1. Scatter plot SUA level and GLV

Figure 2, using Spearman correlation, showed
no significant correlation between SUA and c ,
superior GCC thickness in both case and control wl % o
group (p>0.05). . R o
; g o
Figure 2. Scatter plot SUA level and superior GCC ™ ° o
w 2500 % e
5 TEE=— GLV
s z Table 4 showed the analysis result of

relationship between HbA1c and GCC thickness
in the case and control group. With Spearman

Superior GCC
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correlation, there is a significant relationship
between SUA and all GCC thicknesses in both
case (p<0.05), suggesting that the progression of
structural damage of GCC in POAG with T2DM
was probably caused by metabolic predisposed
such as glycated hemoglobin.

Table 4. Association HbA1c with GCC thickness
Case (n=32) Control (n=31)
P P r

r

HbAlc Avg GCC <0.001+ 0667  0.101 -0.300
Superior GEC ~ <0.0013  -0.620  0.275 -0.202
Inferior GCC 0.0012  -0553  0.088: -0.132
FLV <0.001+  0.660 0,682 -0.077
GLV 0.001: 0578 0622 -0.092
aSpearman

Figure 6, using Spearman correlation, showed a
significant correlation between HbAlc and
average GCC thickness (p<0.001) with
correlation value (r=-0.667). It means that there
was a strong correlation between an increasing
HbAlc level will be followed by a decreasing
average of GCC thickness.

Figure 6. Scatter plot HbAlc level and average GCC
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Figure 7, showed a significant correlation
between HbAlc and superior GCC thickness
(p<0.001) with correlation value (r=-0.620). It
means that an increasing HbAlc level will be
followed by decreasing in superior GCC
thickness with strong correlation level.

Figure 7. Scatter plot HbAlc and superior GCC
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Figure 8, showed a significant correlation
between HbA1c and inferior GCC thickness (p =

0.001) with correlation value (r= -0.553). It

means that an increasing HbAlc level will be
followed by a decrease in inferior GCC thickness
with moderate correlation level.

Figure 8. Scatter plot HbA1lc level and inferior GCC
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Figure 9 showed a significant correlation
between HbAlc and FLV (p <0.001) and the
correlation value was (r = 0.660). This means
that there’s a strong correlation between an
increase in HbA1lc levels and an increase in FLV.

Figure 9. Scatter plot HbA1lc level and FLV
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Figure 10 showed a significant correlation
between HbAlc and GLV (p = 0.001) with a
correlation value of (r = 0.578). It means that an
increasing HbA1c level will be followed by more
GLV.

Figure 10. Scatter plot HbAlclevel and GLV
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Discussion

This study investigated the correlation between
SUA level and GCC thickness as a parameter in
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POAG with T2DM in Medan, North Sumatera,
Indonesia. The correlation between HbA1lc level
and GCC thickness in POAG with T2DM was also
observed, and statistically significant
differences in the case and control group were
found. Based on previous research, there is no
report on the relationship between serum uric
acid (SUA) level and GCC thickness as a
structural parameter in POAG with T2DM.

In previous studies, SUA was found to be related
to cardiovascular disease, hypertension, and
systemic disease. However, only few study had
tested the correlation between serum uric acid
(SUA) and DM, and the result had been
conflicted. Higher SUA was found at some stage
in the early levels of impaired glucose
metabolism (Bandaru & Shankar, 2011), where
higher SUA was inversely associated with T2DM.
Several studies showed that the relevant
pathological mechanism in UA includes
inflammations, oxidative stress, endothelial
dysfunction, and inhibiting insulin pathways
(Xiong Q., Liu].,, Xu.Y, 2019). Invivo and in vitro
discoveries, assumed that UA make
contributions to endothelial disorder by
inducing anti-proliferative consequences at the
endothelium (Kanellis ], Kang DH. 2005).
Moreover, changing of extracellular matrix
(ECM) led to an increase in the resistance of
trabecular meshwork, causing a decreased
outflow which induced high IOP and retinal
ganglion cell (RGC) death due to remodeling
ECM (Liu et al., 2020).

In this study, more male subjects (53.1%) in
POAG with T2DM was found. These results were
different from Alzahrani and Prabavathi's study,
where female participants with T2DM were
more than male. It also revealed that female
were more susceptible in DM because of
hormonal dysfunction associated with estrogen
deficiency, specifically after menopause that led
to metabolism deregulation ( K et al, 2014;
Alzahrani et al,, 2019).

The results also showed that there was no
significant difference in mean age between the
case and the control group, the mean age in the
case group was 56.75 + 9.51 years. This is
similar to Prabhavathi (2014) and Pavljasevi¢
(2009) which reported that the average age of
patients with POAG and T2DM was between 41
to 60 years. The risk of POAG was higher in
patients who are were more than 50 years old

and who had metabolic abnormalities, while the
other risk factors include age, gender, and family
history ( Pavljasevi¢ & Asceri¢, 2009; K et al,,
2014; Alzahrani et al.,, 2019).

In mean IOP, there was significant difference
between the two groups (p=0.008). These
results are similar to Beaver Dam Eye and
National Health Studies, as well as a meta-
analysis, which showed that diabetes was
significantly = correlated with intraocular
pressure (D. Zhao et al, 2015). Although the
mechanism underlying this phenomenon
remains unclear, in vitro studies have suggested
that high glucose status may induce
extracellular matrix (ECM) over-synthesis by
cells of extracellular mesh. This can lead to an
accumulation of ECM in the trabecular
meshwork, which contributes to obstruction of
water outflow, leading to elevated IOP and the
development of glaucoma. (A.-F. Li et al., 2004;
Sato & Roy, 2002).

Based on visual field examination, mean MD
visual field in the case group was statistically
significant compared to the control group
(p<0.001). The severity of glaucoma could be a
risk factor in GCC changes. This result was
similar to Sacca study in 2005 that found that
rise of IOP and decreased visual field correlated
to oxidative DNA damage in TZ2DM.
Furthermore, Sari study in 2020 showed that
high HbA1c levels significantly correlated with
visual field loss in T2DM (Sacca et al., 2005; Sari
etal, 2021).

SUA level was lower in the case groups
compared to the control groups. This suggested
that UA can play important role in the beginning
of the diseases process, which effects the
diseases. The glaucomatous damage can also be
affected by other factors, therefore, further
investigation on the correlation between UA and
glaucoma was recommended. Meanwhile,
several reports suggested that glaucomatous
damage is associated with inhibiting insulin
pathway which can cause a decrease of UA levels
(Kushiyama, A. TanakaK., Hara,S. Kawazu
,5.,2014). When hyperglycemia happened for a
long period, it caused changes in biochemical
and molecular pathways, including
inflammatory oxidative stress, advanced
glycation end products (AGEs), protein kinase C
pathway, causing endothelial damage and loss of
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pericytes. Chronic low-grade inflammation had
a major role in the progression and acceleration
of the deterioration of macrovascular and
microvascular disease such as glaucoma
(Brownlee, 2005; Giacco & Brownlee, 2010).

HbA1lc levels were higher in the case groups
compare to the control groups. There was a
possibility that elevated glucose levels would
produce an increased ECM build-up in
trabecular meshwork, contributing to anti-
outflow, elevating IOP, and leading to glaucoma
(Guo et al., 2005; Soto et al., 2014).

Based on GCC thickness examination, it was
found that the median of superior GCC, inferior
GCC, and average GCC in the case group were
lower than the control group, while median FLV
and GLV were statistically significant. According
to Zhao et al., glucose metabolism and period of
metabolic abnormalities was important in
figuring out the progression of glaucoma. DM
could caused structural abnormalities in the
small blood vessels of the optic nerve, and this
might harm the optic nerve head (ONH), the
retinal nerve fiber layer (RNFL) and increased
retinal ganglion complex (RGC) which could
exacerbate glaucomatous optic neuropathy.
This result was similar to Demir and Lima's
study, which concluded that GCC thickness
(Average GCC, Superior GCC, Inferior GCC) were
thinner in T2DM patients compared to non-DM
patients (Demir et al,, 2014; Lima et al,, 2010).
Jia also reported that superior GCC thickness
was thinner in T2DM without retinopathy and
there was no alteration in peripapillary RNFL
thickness. This result suggested that GCC
thickness affected earlier than RNFL thickness
in DM (Jia et al., 2020).

In this study, there was no significant difference
between SUA with all parameters of GCC
thickness in the case group and the control
group (p>0.05). While there was no recent study
on the correlation between uric acid and
primary open-angle glaucoma with patients
with a history of T2DM. Li's study in 2017
showed that there was a significant decrease in
uric acid in patients with primary close angle
glaucoma (S. Li et al,, 2017). Shera's study 2018
also stated that there was a significant decrease
in uric acid level in primary open angle
glaucoma patients compared to the control
group (Serra et al,, 2018).

This study also found a statistically significant
difference between HbA1lc with all parameters
of GCC thickness (average, superior, inferior,
FLV and GLV) in the case group and the control
group (p<0.05) and revealed correlation on
average, superior GCC and FLV, that GCC
thickness that found thinner in higher HbA1C.
This was similar to Lima’s study which showed
that GCC thickness components (average GCC,
superior GCC, inferior GCC) were thinner in
T2DM patients compared to those non-diabetic.
This study supported that T2DM patients had an
early neurodegenerative mechanism in the
retina because of hyperglycemia. This result is
also similar to Demir's study in 2019, which
showed a significant difference in FLV and GLV
in the case group compared to the control group,
that FLV and GLV measurements were
parameters of significant GCC loss. According to
Srinivasan's study in Australia, neuropathy
diabetes with GCC FLV abnormalities can be an
independent predictor of neuropathy diabetes (
Lima et al.,, 2010; Demir et al., 2014; Srinivasan
etal, 2016).

The limitation of this study was the small sample
size used that limited the clinical impact.
Moreover, further investigation was
recommended to identify any other risk factor
for POAG with T2DM to obtain a more reliable
and representative result. Larger multicenter
studies was recommended to support these
results and validate the role of UA in glaucoma.

Conclusion

This study revealed that lower serum uric acid
level correlated to thinner GCC thickness in
primary open-angle glaucoma with type 2
diabetes mellitus, although there was no
statistically significant correlation between
serum uric acid levels and GCC thickness in
primary open-angle glaucoma with type 2
diabetes mellitus in Indonesian patients.
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