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ABSTRACT

Objectives: Dickkopf-1 (DKK-1) is WNT/b-catenin pathway antagonist which plays a detrimental role in the development
of diabetic retinopathy (DR). This research aimed to assess serum DKK-1 levels in diabetic patients who have and have not
developed DR and, compare them with the control subjects finding out whether we can use it as an indicator for DR early
diagnosis and to find out which one of the widely used two groups of antidiabetic treatments had the greater effect on this
biomarker and hence on the progression of DR.

Methods: The study participants were divided into two subgroups: First, 70 patients (36 male, 34 female) with type 2 diabetes
mellitus, among them 35 patients diagnosed with DR and 35 with no evidence of DR, and secondly, non-diabetic controls
(11 male, 9 female) were selected from the patients attending Ibn AL-Haitham hospital for ophthalmology and a specialized
center for endocrinology and diabetes. Venous blood samples of all participants were drawn after an overnight fast, and serum
samples were stored at -20°C until DKK-1 assay.

Results: Serum DKK-1 showed significantly lower levels in diabetic patients with (6.1 + 2 ng/mL) or without DR
(14 £ 6.2 ng/mL) when compared to those of controls (34 + 12.25 ng/mL) (p<0.05). Furthermore, serum DKK-1 levels were
lower in the late stage of DR compared to the early stage 5.6 £ 1.7 and 7 + 1.9 ng/mL, respectively. Furthermore, DPP-4
inhibitors cause a better increment in DKK-1 levels when compared to SU in the NDR group.

Conclusions: Reduced serum levels of DKK-1 are related to the existence and worsening of DR and have the prospect to
serve as an indicator for this condition.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic condition characterized
by high blood glucose levels and inadequate insulin production
or insulin resistance. Diabetic retinopathy (DR) is a devastating

dysfunction will occur in the vascular bed in this disease,
resulting in a vascular barrier function abnormality, leading to
retinal feeding issues and exudative edema. This causes retinal
ischemia and the appearance of new blood vessels, resulting

condition that develops slowly and insidiously.! In 2030, people
affected by this condition are expected to rise to 191.0 million
2030.2° Functional and formal abnormalities in the retina
characterize this condition, which is the most prevalent cause
of vision loss in working-age adults. Before any macroscopic
abnormalities in the retina were seen, several microvascular
changes were occurring pathophysiologically in DR.* Pericytes
loss, increased basal membrane thickness, and endothelial

in a proliferative DR process.’ Non-proliferative diabetic
retinopathy (NPDR), on the other hand, is the early stage.
The most common symptoms of NPDR are microaneurysms
and small elongation of retinal blood vessels.® Chronic
hyperglycemia is a significant pathogenic marker of diabetic
retinopathy, with HbAlc levels and the duration of diabetes
being the most relevant determinants in disease start and
progression in most (meta-)analyses.”®

*Author for Correspondence: saraasaad295@gmail.com



Assessment of Serum Levels of the WNT Pathway Antagonist of Type 2 Diabetic Patients with Retinopathy

The WNT/b-catenin pathway was found to play a key
role in determining the fate of stem cell, it 's proliferation,
differentiation, and cell migration.”!° This pathway appears to
be activated in the retinas of people and animal models with
DR, suggesting that it plays a pathogenic role in this disease.!!
The normal formation of the anterior segment of the eye require
the WNT signaling during development. Many developmental
processes, such as the retinal pigment epithelium (RPE), the
lens, the ciliary edge, dorsoventral patterning in the optic
cup, and the retinal vascular system, are regulated by WNT
signaling.'>!?

The Dickkopf-1 protein is an antagonist of Wnt signaling
that links to low-density lipoprotein receptor-related proteins
5 and 6 (LRP5/6) and prevents the WNT-induced Frizzled
(Fz)-LRP5/6 complex from forming. The level of DKK-1
was identified as a diagnostic and prognostic biomarker for a
variety of disorders, including carcinoma of the hepatic cells,
cancer of the pancreas, lung and esophageal cancer. Reduced
serum DKK-1 levels have been involved in diabetic retinopathy
presence, in which Wnt pathway activation is involved in it's
pathogenesis, according to a recent study.'

Some events in DM may have influenced platelet secretion
of DKK-1, resulting in a decrease in DKK-1 levels. This,
in turn, may have resulted in the Wnt signaling pathway
upregulation, which may lead to retinal inflammation and the
formation of new blood vessels through the increased release of
inflammatory and proangiogenic factors such as tumor necrosis
factor (TNF-a), intracellular adhesion molecule (ICAM-1), and
vascular endothelial growth factor (VEGF).'*!° As a result, it
seems acceptable to conclude that lower DKK-1 levels play a
key role in the onset and progression of DR, with the ability
to be used as an indicator for DR prediction.

The American Diabetes Association recommends
metformin and sulfonylurea in conjunction with metformin to
achieve tight glycemic control in those with type 2 diabetes
and lifestyle changes.'® Patient adherence is harmed by
hypoglycemia and weight gain caused by SU, which may have
a deleterious influence on long-term treatment.

According to the “American Association of Clinical
Endocrinologists/American College of Endocrinology”
guidelines published in 2009, incretin-based medicine is
recommended in the management of people with type 2
diabetes!” Three DPP-4 inhibitors are used to treat type 2
diabetic patients: Sitagliptin, Vildagliptin, and Saxagliptin.
They work by inhibiting the enzyme DPP-4 and increasing
the activity of incretins like glucose-dependent insulinotropic
peptide (GIP) and glucagon-like peptide-1 (GLP-1). They also
help regulate blood glucose levels and improve 24-hour blood
glucose fluctuation. Glycated hemoglobin levels and glucose
swings appear to be reduced by Vildagliptin.'"® Linagliptin
and alogliptin also lowered HbAlc levels."” Furthermore,
decreasing postprandial blood glucose rises is likely to
alter oxidative stress indicators. Measuring the antagonist
of canonical WNT signaling is thought to be important in
predicting DR in its early stages since current treatment focuses
on late-stage DR when vision has already been compromised

and based on the results, we can choose an antihyperglycemic
agent that has a better effect on this biomarker and thus on the
progression of DR. In this study, we measured serum levels of
Dickkopf-1 in diabetic patients that have or have not developed
DR and compare the results with healthy controls to correlate
them with the severity of DR and to find out whether we
can use serum DKK-I levels as a biomarker for diagnosing
diabetic retinopathy at early stages. Furthermore, we aim to
find whether SU+ metformin or DPP4is+metformin had a
greater effect on this oxidative stress marker, thereby slowing
DR’s progression.

MATERIALS AND METHODS

Study Participants

From November 2021 to March 2022, a case-control study was
conducted at the Ibn Al-Haitham Hospital Of Ophthalmology
and a Specialized Center For Endocrinology and Diabetes. The
study was approved by the ethical committee of the College
of Pharmacy, University of Baghdad before it began, and it
followed the Declaration of Helsinki. After the participants
were given full information about the study’s goal, they gave
their informed consent. Plasma samples were drawn from
patients with type 2 DM that have developed DR, have not
developed DR (NDR), and healthy subjects. All of the patients
had diabetes for at least 5 years and were given either DPP4 is
or SU to treat it. Healthy controls were age-matched people who
didn’t have any signs of diabetes, ocular bleeding, exudation,
or any abnormal new blood vessels.

Previous intraocular surgery, other neovascular disorders
in the eye, such as occlusion of the central retinal vein (CRVO)
and age-related macular degeneration, a history of any
inflammation in the eye, and glaucoma were all excluded. Other
exclusion criteria included significant cardiac, pulmonary, or
hepatic insufficiency, autoimmune disorders including type
1 DM, history of newly diagnosed malignant neoplasms, a
recent history of thrombotic events, bone disease, pregnancy,
or lactation, regular use of non-steroidal anti-inflammatory
drugs, antioxidants or antiplatelet agents (since platelets are
the major source that releases DKK-1).

The World Health Organization’s criteria were used to
make all type 2 diabetes diagnoses*’ and according to the
findings in the Early Treatment Diabetic Retinopathy Study
(ETDRS), an independent ophthalmologist diagnoses diabetic
retinopathy using ophthalmoscopy, fundus photography (FP),
or optical coherence tomography (OCT).?! Diabetic retinopathy
is classified into either non-proliferative diabetic retinopathy
(NPDR) or proliferative diabetic retinopathy (PDR) using’ The
international clinical DR severity scale’.?? FBG, HbA ¢, lipid
profile, urea, and creatinine were all reported by the clinical
laboratory. A patient with hypertension means having an
arterial blood pressure of greater than 140/90 mm Hg at rest
or using antihypertensive medication. Body mass index (BMI)
was measured by computing weight and height. Prior histories,
personal characteristics, diabetes duration, and antidiabetic
therapy were all recorded on a data collection sheet for all
participants.
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Collection of Blood Samples

Antecubital vein blood samples of 10 mL were obtained.
Within one week, two milliliters of blood were transferred to
an ethylene diamine tetraacetic acid (EDTA) tube and kept
at (+2 to +8°C) for the HbA lc assay. To obtain the serum, the
remaining 8 mL of blood was transferred to a gel tube and
allowed to coagulate for 30 minutes before being centrifuged
for 10 minutes at 3000 rpm. The hospital’s laboratory used a
portion of the serum to assess fasting blood glucose (FSG),
HBAIc, creatinine, urea, and lipid profile on the day of
collection. The remaining serum was frozen in Eppendorf
tubes at (-20°C) until the Dickkopf-1 levels were measured.

Measurement of DKK-1 Levels

Commercial enzyme-linked immunosorbent assay (ELISA)
kits (MyBioSource, USA) were used to measure plasma DKK-1
levels. This assay is a “sandwich enzyme immunoassay” that
allows the detection of DKK-1 in the range of 0.5 to 150 ng/mL.
The procedures were carried out following the manufacturer’s
recommendations. Variations across and within assays were 8
and 10%, respectively.

Other Biochemical Parameters

Fasting blood glucose was measured using an enzymatic
colorimetric method,>*> HBAIC was measured using the
D-10™ hemoglobin testing system, which depends on the
chromatographic separation of analytes,?* lipid profile, and
urea were measured using an enzymatic hydrolysis method,?*?3
and creatinine was assessed by alkaline hydrolysis method.?

Statistical Analysis

Statistical Package for the Social Science (SPSS, IBM, USA
version 25) was used to conduct statistical analysis. The
Kolmogorov—Smirnov test was used to examine the data
distribution. Data were provided as the median, interquartile
range, and frequencies, depending on their distribution. When
multiple comparisons were assigned, the Kruskal-Wallis H
test was employed; the Mann—Whitney U-test was used when
just two comparisons were allocated. To compare categorical
variables, a Chi-square test was used. The relation between
DKK-1 and the study variables was determined using the
Spearman correlation test. A receiver-operating characteristic
analysis determined the optimal “cutoff score” of serum DKK-1
level for distinguishing non-diabetic controls from patients. A
25% confidence intervals with the area under the curve (AUC)
and sensitivity and specificity were used to assess diagnostic
accuracy. A two-tailed p-value of less than 0.05 was considered
statistically significant.

RESULT

The demographic, clinical, and biochemical features of the
participants were listed in Table 1. Total 70 diabetic patients,
including 35 patients with DR and 35 patients without DR, and
20 non-diabetic controls were included in this study.

Serum Levels of Circulating DKK-1 in Diabetic
Retinopathy Patients

Serum DKK-1 levels in the three participating groups showed
a statistically significant difference (p<0.05, Kruskal-Wallis

Table 1: Sociodemographic and clinical characteristics of the

participants

Variables DR NDR Control

N=35 n=35 n=20
Age (years) 49+9 488.25 45+ 14
Gender (m/f) 22/13 14/21 11/9
BMI (kg/m?) 29.73 293 285+4
Smoking 15? 8 8
Blood pressure 28 13
Stage ~ NPDR 14 35
Normal re}t)ilr?ell2 2

35
TREATMENT SU/  17/18 17/18
DPP4
FBS(mg/dl) 200+£47* 190 +90* 89.5+9.5
HBAI1C % 9+12 8+0.8* 5+0.2
TC(mg/dl) 250+£90° 180 + 40" 150 + 16.75
LDL(mg/dl) 180 +20° 178 + 8* 149+0.4
HDL(mg/dl) 34+7 33+3 345+7
TG(mg/dl) 190 + 60? 178 + 45° 90+ 11.75
S.CR(mg/dl) 1.5+0.4% 1.0+0.2¢ 0.6+0.2
B.U(mg/dl) 49 £ 6* 35+ 11° 23+95

DR, diabetic retinopathy; NDR, diabetic patients without DR; PDR,
proliferative DR; FBG, fasting blood glucose; BMI, body mass
index; NPDR, non-proliferative DR; HBAlc, glycated hemoglobin;
SU, sulfonylurea; DPP4is, dipeptidyl peptidase 4 inhibitors; TC,
total cholesterol; LDL, low-density lipoproteins; HDL, high-density
lipoproteins; TG, triglyceride; BU, blood urea; S.Cr, serum creatinine,
for categorical variables comparision such as gender, smoking status, and
blood pressure, The chi-square test was used, for multiple comparisons of
age, BMI, FBS, HBAlc, TC, LDL, HDL, TG, S.CR, BU “Kruskal-Wallis
test” was used; when only two comparisons are required while Mann—
Whitney U-test was conducted. Data were expressed as numbers, median
+ interquartile range, * vs control,” vs DR group, p<0.05.

H test). Significantly lower serum levels of DKK-1 found in
patients with DR (median= 6.1 =2 ng/mL) in comparison with
those in the NDR groups (14 £+ 6.2 ng/mL; p<0.051, Mann—
Whitney U-test) and non-diabetic controls (34 = 12.25 ng/mL;
p<0.05, Mann—Whitney U-test) as shown in Figure 1a. These
results indicated that increased serum DKK-1 levels have a
link to the existence of DR or its development. Furthermore,
there is a relationship between DR severity and serum DKK-1
levels. Furthermore, DKK-1 levels in the circulation were less
in the PDR group (5.6 = 1.7 ng/mL) than in NPDR patients
(7 £ 1.9; p<0.05, Mann—Whitney U-test; Figure 1b). These
results find out that decreased DKK-1 levels are associated
with the severity of DR or its progression.

There are no statistically significant differences in DKK-1
levels among DR patients taking either SU or DPP4 (p>0.05,
Mann—Whitney U-test; Figure 2a). in the other hand DKK-1
levels were significantly higher in NDR patients taking DPP4
compared to those taking SU (p<0.05, Mann—Whitney U-test;
Figure 2b ). This means in those without retinopathy DPP-4
inhibitors may delay the incidence or slow the progression
of DR.
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Figure 1: serum DKK-1 levels of the study groups. (a) serum DKK-1
levelsin the healthy individuals, diabetic patients with (DR) and without
diabetic retinopathy(NDR). (b) DKK-1 levels among patients in
different stages of DR. Data were analyzed with Kruskal-Wallis H test

and Mann—Whitney U-test.
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Figure 2: serum levels of DKK-1 levels in diabetic patients taking
either SU or DPP-4 inhibitors. (a) DKK-1levels in the DR group. (b)
serum DKK-1 levels in the NDR group. Mann—Whitney U-test was
used to make the comparison.

Correlation of DKK-1 with the Study Variables

Correlation studies of serum DKK-1 with the studied variables
of the pooled data are shown in Table 2. Serum DKK-1 has a
negative correlation with FBS, HBAI1C, TC, TG, S.CR, and
urea. While there was no correlation between serum DKK-1
with HDL and LDL (P>0.05).

Dickkopf-1 Levels as an Indicator for the Diagnosis of
Diabetic Retinopathy.

The receiver operating characteristic (ROC) analysis was done
to determine if serum DKK-1 levels can be considered as an
indicator diagnosing of DR. The area under the ROC curve
(AUC) was used to determine total accuracy. The optimum
diagnostic cutoff for DKK-1 was 9.05 ng/mL, with an AUC
0f 0.993 (95% CI 0.982-1.000; p<0.05). This corresponds to a
sensitivity of 94%, and specificity of 91% as shown in Table 3
and Figure 3. These results give an idea that the serum DKK-1
level may be used as an indicator for the detection of DR.

DISCUSSION

It has been revealed that Dickkopf-1(DKK-1) is a secretory
protein that can inhibit the Wnt signaling transduction pathway.
The Wnt signaling pathway has a well-known involvement
in embryogenesis, organogenesis, and homeostasis. This
signaling pathway is essential for a variety of physiological
activities, including cellular proliferation, tissue regeneration,
embryonic development, and many other systemic and local
consequences, and it can be regulated at multiple levels.?
Therefore, any disruption in the route may result in complex
repercussions.

DKK-1 levels in the circulation were found to be
considerably lower in patients with DR compared to NDR

Table 2: Spearman,s correlations of serum DKK-1with the studied

variables
Variables r-value p-value
FBS -0.610 0.000*
HBAIC -0.734 0.000*
T.C -0.697 0.000*
LDL 0.04 0.67
HDL 0.08 0.453
TG -0.722 0.000%*
S.Cr -0.721 0.000*
UREA -0.775 0.000%*

FBG, fasting blood glucose; HbAlc, glycated hemoglobin; TC,
total cholesterol; LDL, low-density lipoproteins; HDL, high-density
lipoproteins; TG, triglyceride; BU, and S.Cr, serum creatinine;* significant
when the p-value of spearman correlation was <0.05.

Table 3: Receiver operating characteristic curve and AUC analysis of
DKK-1 for retinopathy

. 95%CI of Optimal
Variable AUC AUC P-Value cut-Off SN SP
DKK-1 0993 0.982-1.000 0.000*  9.05 0.94 091

AUC, the area under the curve; CI, confidence interval; SN, sensitivity;
SP, specificity; DKK-1,Dickkopf-1.

ROC Curve

7

Sensitivity

00
0o 02 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties.

Figure 3: Receiver operating-characteristic curve analysis for PDR
prediction using serum DKK-1 levels.

patients and non-diabetic controls in this investigation.
Furthermore, when compared to people with NPDR, they
were much lower in the advanced stage of DR (PDR). DR’s
presence, severity, or progression is associated with reduced
DKK-1 levels. The present study’s findings agreed with
previous studies; In a Chinese clinical study, Qiu et al. wanted
to determine whether plasma and vitreous DKK-1 levels are
linked with diabetic retinopathy in type 2 diabetes mellitus.
They discovered that blood DKK-1 levels were considerably
lower in the DR group than in the non-diabetic control group.
In addition, they examined the association between DKK-1
levels and the acuity of DR. PDR patients have lower serum
DKK-1 levels than NPDR patients.?’

Chen et al. did another investigation using the eyes of
human donors and diabetic animal models to evaluate the
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probable impact of the Wnt signaling pathway in DR. The
findings suggest that the Wnt pathway may play a pathogenic
role in DR by inducing oxidative stress and, as a result,
inflammation in the retina. They discovered that blocking Wnt
signaling pathway by intravitreal injection of different doses
of purified DKKI1 into streptozotocin-diabetic rats inhibits
the ROS generation induced by high glucose levels, alleviated
retinal inflammation, vascular leakage, and N'V in those DR."

This may support our findings in Figure 2 in which DKK-1
levels were higher in those who taking DPP4is compared to
those taking SU due to the ability of DPP-4 inhibitors to prevent
nitrosative (reactive nitrogen and oxygen species) stress,
inflammation, and cell death in retinal cells.?®

DPP4 inhibitors have been designed to prevent incretins
such as GIP and GLP-1 from breaking down, extending their
effect. These incretins could limit WNT pathway activation
by inhibiting the formation of reactive oxygen species (ROS)
and plasminogen activator inhibitor-1 (PAI-1) via the cAMP
pathway.?’ DPP-4 inhibitors slowed the advancement of
diabetic retinopathy, according to Chung et al., who reviewed
the medical records DR patients and examined the effects of
DPP-4 inhibitors on the DR progression based on the” diabetic
retinopathy severity scale”. Vildagliptin was compared to
Sulfonylurea for the treatment of diabetic retinopathy in a
large retrospective cohort study conducted by Kolaczynski et
al. using data collected from the German electronic medical
record database. In this clinical scenario, the incidence of
retinopathy was considerably reduced in the vildagliptin group
compared to the sulfonylurea group.”!

However, there is a lack of clinical data on the effectiveness
of using DPP-4 inhibitors in treating diabetic retinopathy at
this time. Existing research suggests that this class can improve
vascular homeostasis and even reverse the hemodynamic
abnormalities associated with early diabetic retinopathy in
diabetic patients.*?

Depending on the ideal “cut-off” score of serum DKK-1
obtained from the ROC curve, we want to find if circulating
DKK-1 levels can be considered as an indicator for DR.
The findings revealed that DKK-1 had a 99.3% probability
of distinguishing DR samples from normal people, with a
sensitivity of 94% and a specificity of 91%.

The following are some of the limitations of our research.
First, further longitudinal clinical investigations are needed
to evaluate whether decreased serum levels of DKK-1 make
people more subjected to DR, and whether detecting DKK-1
levels can help with early diagnosis and prognosis. second,
we should measure whether DKK-1 levels in local tissues
like the vitreous are connected with circulating levels. Third,
lifestyle factors like nutrition and exercise were not taken into
account. Fourth, 26 weeks was the duration of the majority
of clinical trials of DPP-4 inhibitors as monotherapy or in
combination with metformin. As a result, it’s unclear whether
a full therapeutic response has been obtained. Finally, due to
the small number of study participants, we were unable to
find whether clinical characteristics such as gender, age have

a relationship with DKK-1 levels which should be confirmed
in future research.

Our findings revealed that the existence and progression
of DR are related to lower DKK-1 levels. Reduced circulating
DKK-1 levels may result in activation of Wnt pathway in the
retina in DR, and could be used as a biomarker to forecast
the disease. We believe that drugs that promote DKK-1
expression or exogenous DKK-1 supplements could be useful
in preventing and treating DR. However, more research into
DKK-1’s therapeutic potential in the treatment of DR in humans
is needed.

REFERENCES

1. Khalil H. Diabetes microvascular complications—A clinical
update. Diabetes Metab Syndr Clin Res Rev. 2017;11:S133-9.

2. Lee R, Wong TY, Sabanayagam C. Epidemiology of diabetic
retinopathy, diabetic macular edema and related vision loss. Eye
Vis. 2015;2(1):1-25.

3. Yau JWY, Rogers SL, Kawasaki R, Lamoureux EL, Kowalski
JW, Bek T, et al. Global prevalence and major risk factors of
diabetic retinopathy. Diabetes Care. 2012;35(3):556—64.

4. Kern TS, Tang J, Berkowitz BA. Validation of structural and
functional lesions of diabetic retinopathy in mice. Mol Vis.
2010;16:2121.

5. Barber AJ, Gardner TW, Abcouwer SF. The significance of
vascular and neural apoptosis to the pathology of diabetic
retinopathy. Invest Ophthalmol Vis Sci. 2011;52(2):1156—-63.

6. Rodriguez ML, Pérez S, Mena-Molla S, Desco MC, Ortega
AL. Oxidative stress and microvascular alterations in diabetic
retinopathy: Future Therapies. Oxid Med Cell Longev. 2019;2019.

7. Rangasamy S, McGuire PG, Das A. Diabetic retinopathy and
inflammation: novel therapeutic targets. Middle East Afr J
Ophthalmol. 2012;19(1):52.

8. Al-Kharashi AS. Role of oxidative stress, inflammation, hypoxia
and angiogenesis in the development of diabetic retinopathy.
Saudi J Ophthalmol. 2018;32(4):318-23.

9. ten Berge D, Koole W, Fuerer C, Fish M, Eroglu E, Nusse R.
Wnt signaling mediates self-organization and axis formation in
embryoid bodies. Cell Stem Cell. 2008;3(5):508—18.

10. Ten Berge D, Kurek D, Blauwkamp T, Koole W, Maas A,
Eroglu E, et al. Embryonic stem cells require Wnt proteins
to prevent differentiation to epiblast stem cells. Nat Cell Biol.
2011;13(9):1070-5.

11. Chen Q, Ma J. Canonical Wnt signaling in diabetic retinopathy.
Vision Res. 2017;139:47-58.

12. Drenser KA. Wnt signaling pathway in retinal vascularization.
Eye Brain. 2016;8:141.

13. Fujimura N. WNT/B-catenin signaling in vertebrate eye
development. Front cell Dev Biol. 2016;4:138.

14. ChenY, HuY, Zhou T, Zhou KK, Mott R, WuM, et al. Activation
ofthe Wnt pathway plays a pathogenic role in diabetic retinopathy
in humans and animal models. Am J Pathol. 2009;175(6):2676—85.

15. Voorzanger-Rousselot N, Goehrig D, Facon T, Clézardin P,
Garnero P. Platelet is a major contributor to circulating levels
of Dickkopf-1: clinical implications in patients with multiple
myeloma. Br J Haematol. 2009;145(2):264—6.

16. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini
E, Nauck M, et al. Management of hyperglycaemia in type 2
diabetes: a patient-centered approach. Position statement of

1JDDT, Volume 13 Issue 2, April - June 2023

Page 492



Assessment of Serum Levels of the WNT Pathway Antagonist of Type 2 Diabetic Patients with Retinopathy

17.

18.

19.

20.

21.

22.

23.

24.

the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD). Diabetologia.
2012;55(6):1577-96.

Rodbard HW, Jellinger PS, Davidson JA, Einhorn D, Garber AJ,
Grunberger G, et al. Statement by an American Association of
Clinical Endocrinologists/American College of Endocrinology
consensus panel on type 2 diabetes mellitus: an algorithm for
glycemic control. Endocr Pract. 2009;15(6):540-59.

Hussein EA, Kadhim DJ, Al-Auqgbi TF. Belief About Medications
Among Type 2 Diabetic Patients Attending the National Diabetes
Center in Iraq. Iraqi J Pharm Sci (P-ISSN 1683-3597, E-ISSN
2521-3512). 2017;66-74.

Owens DR, Swallow R, Dugi KA, Woerle HJ. Efficacy and
safety of linagliptin in persons with Type 2 diabetes inadequately
controlled by a combination of metformin and sulphonylurea: a
24-week randomized study 1. Diabet Med. 2011;28(11):1352—61.
Association AD. 2. Classification and diagnosis of diabetes:
Standards of Medical Care in Diabetes—2020. Diabetes Care.
2020;43(Supplement_1):S14-31.

Solomon SD, Goldberg MF. ETDRS grading of diabetic
retinopathy: still the gold standard? Ophthalmic Res.
2019;62(4):190-5.

Wilkinson CP, Ferris III FL, Klein RE, Lee PP, Agardh CD, Davis
M, et al. Proposed international clinical diabetic retinopathy and
diabetic macular edema disease severity scales. Ophthalmology.
2003;110(9):1677-82.

VICKI S. FREEMAN. Carbohydrates. In: Michael L. Bishop,
Edward P. Fody LE, editor. Clinical Chemistry Principles,
Techniques, and Correlations. 8th ed. Philadelphia; 2018. p.
740-89.

Raffick A. R. Bowen, Amar A. Sethi, G. Russell Warnick and
ATR. Lipids and Lipoproteins. In: Michael L. Bishop, Edward
P. Fody LES, editor. Clinical Chemistry Principles, Techniques,
and Correlations. 8th editio. Philadelphia: Wolters Kluwer; 2018.

25.

26.

27.

28.

29.

30.

31.

32.

p. 789-864.

Elizabeth L. Frank. Nonprotein Nitrogen Compounds. In:
: Michael L. Bishop, Edward P. Fody LES, editor. Clinical
Chemistry Principles, Techniques, and Correlations. 8th editio.
Philadelphia: Wolters Kluwer; 2018. p. 636—73.

Huang Y, Liu L, Liu A. Dickkopf-1: current knowledge and
related diseases. Life Sci. 2018;209:249-54.

Qiu F, He J, Zhou Y, Bai X, Wu G, Wang X, ef al. Plasma and
vitreous fluid levels of Dickkopf-1 in patients with diabetic
retinopathy. Eye. 2014;28(4):402-9.

Gongalves A, Marques C, Leal E, Ribeiro CF, Reis F, Ambrosio
AF, et al. Dipeptidyl peptidase-IV inhibition prevents blood—
retinal barrier breakdown, inflammation and neuronal cell
death in the retina of type 1 diabetic rats. Biochim Biophys Acta
(BBA)-Molecular Basis Dis. 2014;1842(9):1454—63.

Ojima A, Matsui T, Maeda S, Takeuchi M, Yamagishi S.
Glucose-dependent insulinotropic polypeptide (GIP) inhibits
signaling pathways of advanced glycation end products (AGEs)
in endothelial cells via its antioxidative properties. Horm Metab
Res. 2012;44(07):501-5.

Chung Y-R, Park SW, Kim JW, Kim JH, Lee K. Protective
effects of dipeptidyl peptidase-4 inhibitors on progression of
diabetic retinopathy in patients with type 2 diabetes. Retina.
2016;36(12):2357-63.

Kolaczynski WM, Hankins M, Ong SH, Richter H, Clemens
A, Toussi M. Microvascular outcomes in patients with type 2
diabetes treated with vildagliptin vs. sulfonylurea: a retrospective
study using German electronic medical records. Diabetes Ther.
2016;7(3):483-96.

Mamputu J-C, Renier G. Advanced glycation end products
increase, through a protein kinase C-dependent pathway, vascular
endothelial growth factor expression in retinal endothelial
cells: inhibitory effect of gliclazide. J Diabetes Complications.
2002;16(4):284-93.

1JDDT, Volume 13 Issue 2, April - June 2023

Page 493



