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ABSTRACT

Background: Retinal complications of diabetes mellitus mainly Type 2 is known as diabetic
retinopathy. Screening or early diagnosis of diabetic retinopathy involve time-consuming and
costly clinical retinal examination and imaging, but they are crucial to prevent vision loss.
Many studies have linked diabetic retinopathy with certain biochemical parameters including
cystatin-C, suggesting that they could serve as biomarkers for diagnosis of diabetic
retinopathy.

Aim To investigate the possible role of serum level of cystatin-C in type 2 diabetes as a
biomarker to identify the presence diabetic retinopathy.

Materials Methods This cross-sectional study was caried out in three hospitals in Baghdad,
Irag. A total of 88 patients with type 2 diabetes mellitus > 40 years were enrolled and assorted
into three groups: 30 patients with no signs of diabetic retinopathy (control), 28 patients with
Non-Proliferative Diabetic Retinopathy (NPDR), and 30 patients with Proliferative Diabetic
Retinopathy (PDR). Serum levels of cystatin-C, cholesterol, triglycerides, high density
lipoprotein cholesterol, as well as glycated hemoglobulin percentage were measured for all
participants. Statistical tests of significance, correlation and receiver operating characteristic
(ROC) analyses were used.

Results The mean level of cystatin-C was significantly higher in patients with diabetic
retinopathy of all stages than in controls. The mean level of cystatin-C in all- stages diabetic
retinopathy patients (NPDR and PDR) was 6.209 + 3.528 ng/dl and in control group was
3.981 + 2.927 ng/dl, (P= 0.004). The ROC curve analysis showed that cystatin-C level had a
sensitivity of 96.6% and a specificity of 63.4% in discrimination of diabetic retinopathy
patients from controls.

Conclusion Serum level of Cystatin-C is a useful biomarker to detect diabetic retinopathy in
type 2 diabetic patients in early stage.
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INTRODUCTION

Diabetes Mellitus (DM) is a metabolic
disorder marked by chronic high blood
sugar (hyperglycemia) due to defects in
insulin secretion or action.!’. The DM
global burden is due to its complications
like heart disease, neuropathy,
amputations, retinopathy and blindness
causing high morbidity and mortality.™

Diabetic Retinopathy (DR) is the
most common eye complication of DM, it
is a major cause of blindness among
working-age individuals in developed
countries.”!  Global DR prevalence is
projected to rise from 103 million in 2020
to 161 million in 2045 which will
contribute 55.8% increase within 25
years.”! In East Mediterranean Region,
prevalence reaches 31% with a variation
depending on healthcare  systems.?
Arabian Gulf countries showed a DR
prevalence of 20.5% among patients with
DM, where the highest rate was in Saudi
Arabia while United Arab Emirates
showed the lowest prevalence rate.’! In
Irag, high DR prevalence was noted, with
71% in Baghdad, and 33.3% in Basra.l" ®
These facts underscore the importance of
early screening and examinations for DR.
A comprehensive dilated eye examination
using a slit lamp and Optical Coherence
Tomography (OCT) provide reliable
diagnostic tools for DR but both are time
consuming and costly."!

Ophthalmologists classify DR into
two main forms according to signs and
degree  of retinal damage; Non-
Proliferative Diabetic Retinopathy
(NPDR), and Proliferative  Diabetic
Retinopathy (PDR).!? The NPDR is
differentiated into three stages mild,
moderate and severe.!*"]

It is essential to detect DR as early as
possible to prevent vision loss. Screening
rates are still low, only 50% or less of
patients with DM were detected in early
stages of DR and were referred to receive
proper ophthalmic care.*?

In terms of pathophysiology, DR
is a microvascular disease characterized by
elevated vascular flow and vascular
leakage due to the presence of vascular
lesions, neovascularization and
inflammation.!*¥! Oxidative stress, edema
in tissues, adhesion molecules expression,
cytokines, reactive glia, and apoptosis of
inner retinal cell also play a role in the
pathophysiology [figure 1]. !

Cystatin-C (Cys-C) is a cysteine
proteinase inhibitor protein that is found in
various body fluids. The gene of this
protein is belonging to the type 2 cystatin
gene family on chromosome 20.1*"]
Clinically, Cys-C  level estimates
glomerular filtration rate due to its low
molecular  weight, complete  kidney
filtration with complete reabsorption and
metabolism in proximal tubules.

The role of Cys-C in DR may be
attributed to the following aspects. First,
DR is considered as a vascular
complication of diabetes involving changes
in blood wvessels and the potential
connection of Cys-C to endothelial health
might impact the blood vessels of the
retina and affecting the progression of the
condition.™® Second, Cys-C is associated
with  inflammation and  endothelial
dysfunction  which  are  processes
implicated in the development and
progression of DR. Chronic inflammation
and damage to blood vessel walls are
known features of DR.*"!
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Patients and Methods

This cross-sectional study was carried
out at the department of chemistry and
biochemistry, college of medicine,
Mustansiriyah University. A sample of 88
patients > 40 years old with Type 2
Diabetes Mellitus (T2DM), who attended
ophthalmology outpatient clinics in three
hospitals in Baghdad, Irag were enrolled in
the study. They were consecutively
selected and assorted, according to their
clinical examination and  clinical
investigations into three main groups:
PDR group: Involved 30 patients with
features of active PDR in the worse eye,
either newly diagnosed or being treated
during the last 2 years. NPDR group:
Involved 28 patients with features of
NPDR in the worse eye. The patients in the
NPDR group involved two sub groups; 14
patients with mild signs of DR (Mi- NPDR
subgroup), and 14 with moderate to severe
signs of DR (Mo to S-NPDR subgroup).
The total patients in the PDR group and the
two subgroups of the NPDR group (58
patients) comprised patients with all-stages
diabetic retinopathy or total DR patients.
The third group is the control group, it
involved 30 patients with T2DM but no
DR in both eyes. During selection of
participants in this study, sex and age
matching in the three study groups was
taken into consideration.

Inclusion criteria: Patients with
T2DM, aged 40 years old and above.

Exclusion criteria: Patients with
typel DM, chronic renal diseases, chronic
illness and malignancies, uncontrolled
hypertension, retinal diseases other than
DR, pregnant women and smoking.

A study questionnaire was designed
to collect data by direct personal interview
of all participants. The data collected
included general information regarding
sex, age, duration of DM, smoking and
medical history  (chronic illness,
malignancy, renal disease), as well as
taking blood pressure.

A fasting venous blood sample was
collected for measurement of Cys-C by an
Enzyme Linked Immuno-Sorbent Assay
(BIO-RAD, Germany), HbAlc% by an
auto-analyzer (Lifotronic GH-900 Plus,
China), lipid profile of triglyceride, total
cholesterol, high density lipoprotein
cholesterol (HDL-C) and renal function
tests by an automated analyzer
(SPINREACT Spin 200, Spain).

Ethical approval

This study was approved by the ethical
committee of department of chemistry and
biochemistry, College of Medicine,
Mustansiriyah  University. In addition,
official approvals were obtained from
Baghdad Al-Karkh and Baghdad Al-
Rusafa Health Directorates to enroll
patients from ophthalmology out-patient
clinics in hospitals they manage. All
patients had the right to participate
willingly in the study and no enticements
were offered to the participants in return
for their participation. Explanation of the
information and the tests needed for the
purpose of the study was given to patients.
Informed written consents were obtained
from patients to use their information and
test results in the study. Data obtained
were treated as confidential and used only
for the purpose of this study.

Statistical Analysis

All statistical analyses were carried
out using the IBM SPSS software. Data
collected by study questionnaire and
readings obtained from biochemical
analyses were statistically analyzed to
calculate simple measures of frequency,
percentages, means, ranges and standard
deviations. The significance of the
differences between the study groups were
calculated using the suitable statistical tests
such as t-test, chi square, ANOVA and
Kruskal Wallis tests. Correlation and
receiver operating characteristic (ROC)
curve analyses were done.
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Results
The 88 participants in this study
constituted 58 males and 30 females.
Males constituted 70% of control group,
60.7% of NPDR group and 66.7% of PDR
group, while females represented 30%,
39.3% and 33.3% respectively [Figur 2].
The age of control group ranged
from 40 to 76 years old with a mean of
56.8 years. The NPDR group had
approximately similar age range (48 to 80
years) with a mean age of 60.3 years. The
PDR group had an age range between 49
and 72 years with a mean of 59.7 years
which is approximately the same as the
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other two groups. There was no significant
difference in sex and age between groups.
Duration of DM varied between 3 to 30
years. Mean duration of DM in control
group was 10.6 years (range 3-25 years),
the NPDR had a mean DM duration of
15.4 years (range 10-20 years) and PDR
mean DM duration was 16.2 years (range
5-30 years). Table 1 showed that the
duration of DM was significantly different
between the groups. [Tablel]
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Figure.2: Sex distribution among study groups

Table 1: Comparison of basic demographic characteristics of study groups

q Control NPDR PDR P-value*
LALELL N=30 N=28 N=30
Sex Male 21 (70.0%) 17 (60.7%) 20 (66.7%) 0753
N (%) Chi’ test
Female 9 (30.0%) 11 (39.3%) 10 (33.3%)
Age (years) 0.209
(Mean & SD) 56.77 £9.87 60.29 £ 7.67 59.67 £ 6.26 ANOVA test
Duration of DM
(years) 10634678 | 15434243 | 1623+2.32 0.0001
(M + SD) Kruskal Wallis test
eant

*P-value: Significance at < 0.05
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The comparison of biochemical parameters
of study groups revealed that PDR group
had the highest levels of HbA1c%, total
cholesterol and triglyceride while control
group had the highest level of HDL-C. In
spite of these results, no statistically
significant differences in all biochemical
parameters among study groups were
found [Table 2].

Levels of Cys-C were compared
between controls in which mean Cys-C
was (3.98 £ 2.93 ng/dl) and total DR
patients (NPDR and PDR) in whom mean
Cys-C was (6.21 + 3.53 ng/dl). The
comparison revealed statistically
significant higher levels of Cys-C in
patients with DR than in controls (P=
0.004) as shown in table 3.

Table 2: Comparison of basic biochemical parameters among study groups

Parameter Control NPDR* PDR' p
P-value
(mean £ SD) N=30 N=28 N=30
HbAlc 0.456
o 778 +£1.17 8.14+ 1.60 8.19 +1.33 D436
Cholesterol | ¢/ 1. 5673 | 171264922 | 187.53+32.51 0.338
(mg/dl) ’ ) ’ ’ ) ) Kruskal Wallis test
Triglyceride | 120 1 5467 | 137.904+59.45 | 147.55+ 85.48 0.662
(mg/dl) Kruskal Wallis test
HDL-C 0.231
(mg/dl) | 49B1%1043 | 466541227 | 44461330 Bl

* NPDR= non-proliferative diabetic retinopathy. ¥ PDR= Proliferative diabetic retinopathy.

tP-value: Significance at < 0.05.

Table 3: Comparison of cystatin-C level between all-stages diabetic retinopathy patients

and control group

Control Total DR* Patients ¥
N=30 P-value
Cystatin- C
(ng/dI) 3.98 +2.93 6.21 +3.53 0.004
(meaniSD) Independent t-test

*DR= Diabetic retinopathy. ‘P value: Significance at < 0.05
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Comparison of the level of Cys-C among
the main study groups is shown in table 4.
The comparison revealed a statistically
significant difference in levels of Cys-C
between groups (P= 0.014). Patients’ Mean
Cys-C in NPDR and in PDR groups were
5.97 + 3.11 ng/dl and 6.43 £ 3.9 ng/dl

respectively, they were noticeably higher
than in control group (3.89 = 2.93 ng/dl).

Table 5 shows a comparison of Cys-C
levels according to the stage of DR. The
comparison revealed statistically non-
significant difference (P= 0.89) among the
mean of Cys-C levels

Table 4: Comparison of Cystatin-C level among main study groups

Control NPDR* PDR’ pvalue®
N=30 N=28 N=30 alue
Cystatin-C
(ng/dl) 0.014
(mean + SD) 3.98+2.93 5.97+3.12 6.43+3.92 Cruskal Walls test

*NPDR= Non-proliferative diabetic retinopathy. + PDR= Proliferative diabetic retinopathy.

1P-value: Significance at < 0.05.

Table 5: comparison of cystatin-C level according to the stage of diabetic retinopathy

Mild NPDR* Moderate to PDR! pvalue®
N=14 severe NPDR N=30
N=14
Cystatin-C
(ng/dI) 5.96 +3.09 5.98 £3.24 6.43 £3.92 0.89
(mean £ SD) Kruskal Wallis test

*NPDR= Non-proliferative diabetic retinopathy. 1PDR= Proliferative diabetic retinopathy.

1P-value: Significance at < 0.05
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Correlation analysis to investigate the ROC analysis [Table 7]. They showed an
association of Cys-C level with the basic area under the curve (AUC) of 0.70 with a
biochemical parameter was carried out. diagnostic accuracy of 80%. At an
Table 6 showed that HbA1c% value had a optimum cut-off value of 2.29 ng/dl, Cys-
significant positive correlation with Cys-C C level had 96.6% sensitivity and 63.4%
level, while Serum levels of total specificity in differentiation of DR
cholesterol, triglyceride and HDL-C were patients.

found to have no significant correlation
with Cys-C level.

The Cys-C level was evaluated for its
performance in discrimination of patients
with DR from control group patients using

Table 6: Correlation of cystatin-C level with basic biochemical parameters

Cystatin-C
R 0.378
0,
R 0.015
Cholesterol P-value 0.886
. . R -0.012
Triglyceride P-value 0.912
High Density Lipoprotein R - 0.045
Cholesterol P-value 0.680
Cystatin-C R
P-value

*P-value: Significance at <0.05

Table 7: Receiver operating characteristic curve analysis for cystatin-C level to
discriminate patient with diabetic retinopathy from patients without retinopathy
(controls)

AUC | Cut-off value |Sensitivity | Specificity Accuracy P-value

Cystatin-C |0.70 | 2.29 ng/dl 96.6% 63.4% 80% 0.003

AUC = area under the curve
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DISCUSSION

Diabetic retinopathy is one of the
most common complications of DM and is
one of the leading causes of vision loss."!
Early diagnosis and management are
essential in preventing such destiny and
screening for DR is recommended for all
patients with T2DM at time of diagnosis
and during follow-up. About half of
patients with DM are not screened for DR
because of the time consuming and costly
examination procedures.*? Finding rapid
and relatively affordable test is important
to improve DR screening rates in patients
with T2DM and to send only high-risk
patients to confirmation the examinations.

In this study, participants in all
groups (control, NPDR and PDR) have
been considered for sex and age-matching
to eliminate the confounding effect of
these factors. Sex was reported to be a
predisposing factor for DR development in
T2DM patients. Some studies showed that
women are more likely to develop DR and
sight loss than men and female sex is
associated with higher prevalence of DR in
all stages.*®'°! Age also plays a role in
development of DR in diabetic patient,
some studies have reported that old age is
an important risk factor.[2%?!

Duration of DM has strong
association with the progression of DR, so
it was unlikely to match participants of the
study groups for this factor. This
association was proved by Amelia and
colleagues in a study carried out in
Indonesia 2021 and in Malaysia by
Naserrudin and colleagues 2022.2%:%2]

Metabolic changes play a role in the
development of DR and so this study has
investigated four biochemical parameters
which are known to have the most
important role, these parameters are
HbAlc, cholesterol, triglyceride and HDL-
C.

Participants in the three main groups
had close levels of the four important
biochemical parameters with no significant
difference as shown in table 2, which
eliminates any confounding effect of these

biochemical parameters on the biomarker
of this study. A study in Saudi Arabia had
linked high levels of HbAlc with the
development of DR.”!' Another study
found that increased levels of HbAlc is
likely to be associated with progression to
PDR.*! Levels of serum cholesterol and
TG are also found to be associated with the
occurrence of DR, positive association
between total cholesterol/TG ratio and the
presence of DR in Chinese individuals has
been found.”® Association of base line
levels of cholesterol and TG with the
occurrence of DR was found.”®! Positive
association was found between levels of
HDL-C and the risk to develop DR.?"!
There is an inversed relationship between
serum levels of HDL-C and the risk of DR
development in T2DM patients, lower
levels of HDL-C were found to be
significantly associated with advanced
forms of DR.[%3%°

Cystatin-C serum level showed a
significant elevation in T2DM patients
with DR than those without DR (P= 0.004)
indicating an association between elevation
of Cys-C levels and DR development in
T2DM patients. Qureshi and colleagues in
a study carried out in Lahore, Pakistan
found the same relation and concluded that
level of Cys-C can be useful biomarker in
detecting DR and its progression.*® The
results of this study also agrees with a
meta-analysis study caried out in China
that found the same relation of Cys-C with
DR and recommended Cys-C as a
screening marker and even a prognostic
indicator for DR.1*!

The serum level of Cys-C was found
by the researcher to be highly sensitive
(96.6%) and moderately specific (63.4%)
in differentiating diabetic patients with DR
from those without DR, so it is a good and
affordable biomarker for screening to find
diabetic patients with DR even in early
stage.
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Conclusions

According to the above findings in

addition to the high sensitivity of Cys-C
level in discrimination of DR patients from
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