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Abstract:

Background: Diabetic nephropathy (DN) is a significant contributor to end-stage renal failure in
individuals with type 2 diabetes mellitus (T2DM). Diabetic nephropathy is characterized by tubular
atrophy, glomerular dilation, glomerulosclerosis, interstitial fibrosis, and proteinuria, resulting in
deterioration of kidney function. DN, primarily caused by hyperglycemia, accounts for millions of
deaths globally and is the leading cause of end-stage renal disease. Matrix metalloproteinase 10 is an
enzyme essential for the breakdown of extracellular matrix constituents. Fetuin-A forms soluble
complexes with calcium and phosphate to prevent soft tissue mineralization

Objectives: To determine the levels of Matrix Metalloproteinase 10 and Fetuin-A in Iragi patients with
DN, as these factors are considered excellent predictors for early detection.

Methods: The current study was conducted at Baghdad Teaching Hospital / Medical City between
August and December 2024, involving 143 males and females aged 35-65 years, divided into four
groups based on the albumin-to-creatinine ratio (ACR) criteria. They were: 35 cases of
normoalbuminuria, 33 cases of microalbuminuria, 35 cases of macroalbuminuria, and 40 healthy
individuals as controls. Auto spectrophotometer techniques were used to estimate uric acid levels and
lipid profiles. HbAlc was measured by the I-chroma device, and serum levels of Fetuin-A and matrix
metalloproteinase (MMP-10) were measured using ELISA assay.

Results: The results indicated that Fetuin-A levels (234.3+3.11, (270.1+3.91), (356.7+13.11),
(110.6£4.22) and matrix metalloproteinase levels (316.5+ 10.11), (523.3+ 17.01), (522.3+£19.61),
(209.5+£10.12) were significantly higher in the patient groups relative to the control group. Additionally,
all patients indicated increased levels of triglycerides and cholesterol compared to healthy controls.
Conclusion: Matrix Metalloproteinase 10 and Fetuin-A are significant prognostic indicators for
predicting the first signs of diabetic nephropathy.
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Introduction:

Diabetic nephropathy (DN) is diagnosed based on the
ratio of albumin to creatinine in the patient's urine,
which is compared to its normal ratio. Therefore, the
names normoalbuminuria, microalbuminuria, and
macroalbuminuria were given (1). Researchers have
recently focused on studying the complications of
diabetes, such as diabetic nephropathy (2) and
periodontitis (3). On the other hand, recent studies were
of several biochemical factors, such as Fetuin A,
FBXW?7, apelin, and adipsin, as disease markers (4-6).
Diabetes and its complications have become a major
global health concern in recent decades, because T2DM
is directly linked to metabolic syndrome and an
unhealthy lifestyle, and it is more common in obese
individuals (7). Its micro-complications include DN,
retinopathy, neuropathy, with several factors, including
inflammation, proteinuria, and hypertension, that have
been linked to the progression of DN from early to
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advanced stages (8). Additionally, the chance of
dying from cardiovascular disease is increased in
patients with DN (9). Research indicates that the
onset and progression of DN may be significantly
influenced by insulin resistance, hyperglycemia,
inflammation, and adipose tissue (10, 11).

Fetuin-A, a strong inhibitor of vascular calcification,
has been discovered. It was found in the blood of a
fetal calf by K. Pedersen in 1944 and then in humans
during the 1960s. Fetuin-A forms soluble complexes
with calcium and phosphate to prevent soft tissue
mineralization (12). The liver, an organ essential to
glucose regulation, is the primary producer of the
protein Fetuin-A (13), which prevents calcium from
building up in arteries (14). Fetuin-A, released by
numerous tissues, affects human health through
various mechanisms and roles. It prevents undesirable
calcification in the blood vessels by inhibiting crystal
development and accumulation, while maintaining
calcium and phosphate ion stability, without
hindering bone mineralization (15). Additionally, it
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regulates bone remodelling (16) and is associated
with inflammatory markers in heart and blood vessel
calcification, as well as in valves and coronary artery
disease (17). Individuals exhibiting insulin resistance
and fatty liver demonstrate elevated serum Fetuin-A
concentrations. Elevated serum Fetuin-A levels are
positively associated with subclinical inflammation
and metabolic syndrome, suggesting that Fetuin-A
may have a causal role in the etiology of both
conditions (18). Moreover, pro-inflammatory signals
in glomerular and vascular cells are triggered by high
levels of Fetuin-A, which compromise Kkidney
function (19, 20).

The inflammatory effect of perivascular lipids is
intensified by Fetuin-A. In T2DM, inflammation
affects the kidneys and accelerates the progression of
DN (21). Epidemiological investigations have
demonstrated markedly increased serum Fetuin-A
levels in obesity and its related comorbidities,
including T2DM and its microvascular sequelae (22).
Chronic kidney disease is considered a risk factor for
atherosclerosis. So, the progression of DN causes
disturbances in the levels of lipids and lipoproteins
due to kidney failure (23).

The enzyme matrix metalloproteinase 10 (MMP-10),
sometimes referred to as stromelysin-2, is essential
for the breakdown of extracellular matrix (ECM)
constituents. This process is essential for both
pathological conditions of inflammation and DN, as
well as for normal physiological processes like tissue
remodelling and reproduction (24).
Glomerulosclerosis, tubular atrophy, and interstitial
fibrosis are characteristics of DN. The hallmark of the
pathogenesis of DN is an increased accumulation of
ECM (25). MMP-10 plays a key role in microvascular
complications associated with retinopathy and
nephropathy. Its levels have been found to be
increased in patients with T2DM, which is related to
the risk of nephropathy. This could be a therapeutic
approach to reduce the risk of diabetic complications.
MMPs are involved in physiological processes and
embryonic development. The evaluation of MMP-10
levels in patients with Peripheral Artery Disease
(PAD) may improve clinical decision-making by
identifying high-risk individuals who necessitate
vascular assessment and enhanced treatment
strategies,  ultimately  seeking to  mitigate
cardiovascular complications in PAD patients (26).
Numerous inflammatory and degenerative illnesses
are linked to excess production of elevated MMP
expression. MMPs may be involved in additional
microvascular and macrovascular consequences of
diabetes in addition to DN. For instance,
atherosclerotic  plaques have elevated MMP
expression, which may be the cause of plaque rupture.
It is believed that changes in MMP expression
patterns play a role in the poor wound healing
frequently seen in diabetic individuals (27). MMP-10
is raised in the initial phases of renal dysfunction.
Diabetic patients had significantly elevated levels of
MMP-10 compared to the control groups (28).

This study aimed to evaluate the levels of MMP-10
and Fetuin-A in patients with DN to determine their
potential as biomarkers for the early diagnosis of this
disorder, which has serious health implications.
Additionally, it sought to explore the relationships
between these factors and other relevant diagnostic
indicators.

Cases and Methods

Patients and controls: The study was conducted at
Baghdad Teaching Hospital / Medical City between
August and December 2024. One hundred forty-three
males and females aged 35 to 65 years participated in
this study. The participants included 103 T2DM
patients who were seen in the above hospital,
alongside 40 healthy individuals serving as the
control group.

Study groups: The patients were divided into three
groups depending on albumin to creatinine ratio
(ACR) values, as follows:

* Normoalbuminuria group (G1): 35 individuals with
an ACR < 30 mg/g.

* Microalbuminuria group (G2): 33 individuals with
an (ACR) ranging from 30 to 300 mg/g.

* Macroalbuminuria group (G3): 35 individuals with
an ACR over 300 mg/g.

Exclusion Criteria

- Patients aged above 65 years.

- Individuals diagnosed with other diabetic
complications (neuropathy, retinopathy), and
pregnant women.

- Individuals diagnosed with cancer or endocrine
diseases.

Sample collection and analysis: Nine ml of blood
was taken in the morning from the ulnar vein as a
typical fasting blood test for an overnight fast of 8-12
hours, then the blood sample was divided into three
aliquots. The first aliquot (3 ml) was placed in gel
tubes and permitted to coagulate at room temperature
for 10 minutes. After centrifugation at 800 x g for 10
min, the serum was separated and stored at -20°C in
Eppendorf tubes. The levels of MMP-10 and Fetuin-
A were determined using an enzyme-linked
immunosorbent assay/Sandwich ELISA kit from My
BioSource (USA). The second portion (3 ml) was
utilized for uric acid and lipid profile analyses
employing the auto-spectrophotometric technique.
The third portion (3 ml) was used to measure HbAlc
by I-chroma in an EDTA tube. Urine samples were
collected in sterile glass tubes to determine the urine
albumin-to-creatinine ratio, which was measured
using the FUS 3000 urinalysis device.

Statistical analysis:

The statistical analyses of the data were performed
using SPSS software version 29. The normality for
the variables was reported using: (Shapiro-Wilk test),
especially for small to medium sample sizes. The one-
way analysis of variance (ANOVA) was conducted to
identify any statistically significant differences
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among the means of the four distinct groups: G1, G2,
G3, and the control group. ROC analysis was used to
determine the biomarkers' optimal diagnostic
efficacy, sensitivity, and specificity, with the
significance level being p< 0.05.

Results
The results of lipid profile, HbA1C, and uric acid in
patients and controls are shown in Table 1.

Cholesterol, HDL-C, and LDL-C results revealed
substantial differences among the examined groups.
Both triglycerides and VLDL-C results were found to
be significantly higher in G2 than G3. The results of
HbA1C showed highly significant differences
between patients and controls; these results were
associated with a hyperglycemic condition compared
to controls. Mean uric acid values were significantly
lower in the patient groups than in the controls.

Table 1: Meanz SD of lipid profile, HbA1C, and uric acid in the study groups

Groups Gl G2 G3 G4

Parameter No. (35) No. (33) No. (35) No. (40) P Value
Mean + SD Mean + SD Mean + SD Mean + SD

Age (years) 51.2+1.40° 53.9+1.51 56.6+1.31>F 49.2+1.31 0.0012

Cholesterol 187.2+7.81"°¢ 195.3+7.62 ¢¢ 147.6+6.21" ¢ 161.7+4.11 0.0000

(mg/dL)

TG (mg/dL) 173.5+15.12 205.1+20.01¢ 127.5+10.11¢ 174.3+8.71 0.0029

VLDL 34.7+3.12 41.0+4,12¢ 25.5+2.11¢ 34.9£1.72 0.0029

(mg/dL)

HDL-C 42.4+1.415°¢ 40.1+1.62%°¢ 48.1+1.31~¢ 48.4+0.71 0.000

(mg/dL)

LDL-C 110.0+£7.51"°¢ 114.2+7.62%¢ 74.0+6.21%9 78.545.22 0.000

(mg/dL)

HbA1C 9.0+0.31°°¢ 8.9+0.33%¢ 6.7+0.220 4 4.6+0.08 0.000

Uric acid 4.3+0.14° 4.7+0.22 4.4+0.41" 5.7+0.12 0.0005

(mg/dL)

TG: Triglyceride, VLDL: Very low-density lipoprotein, HDL: High-density lipoprotein, LDL: Low density lipoprotein, HbAlc: Glycated

hemoglobin

2 Significant difference between G1 and G2, ¢ Significant difference between G2 and G3
b Significant difference between G1 and G3, © Significant difference between G2 and G4
°Significant difference between G1 and G4, Significant difference between G3 and G4

Yes, we don't need to because we haven't addressed the impact of gender.

Table 2 shows the results of MMP10 and Fetuin-A
levels for DN patients compared to the healthy group.
Mean MMP10 showed a highly significant increase
between the patients and control groups.
Furthermore, significant differences among all
patient groups (G1, G2, and G3) were identified. The

results indicated a significantly increased level of
Fetuin-A in patients compared to the control group.
Additionally, the results for the patient groups (G1,
G2, and G3) indicated a significant increase in Fetuin-
A levels.

Table 2: Mean£SD MMP10 and Fetuin-A levels for patients and controls

Groups G1 - No. (35) G2 - No. (33) G3 - No. (35) G4 - No. (40) P Value
Parameter Mean + SD Mean + SD Mean + SD Mean + SD

MMP10 316.5+10.11> ¢ 523.3+£17.01*¢ 522.3+19.61"f 209.5+10.12 0.000
(pg/mL)

Fetuin-A 234.3+3.113 P ¢ 270.1+3.91>%¢ 356.7+13.1104f 110.6+4.22 0.000
(ng/mL)

a Significant difference between G1 and G2, d Significant difference between G2 and G3
b Significant difference between G1 and G3, e Significant difference between G2 and G4
c Significant difference between G1 and G4, f Significant difference between G3 and G4

95% Confidence Intervals (Tukey)

Fetuin-A-G3 - Fetuin-A-G4- - ¢ Column means diff.
Fetuin-A-G2 - Fetuin-A-G4- : .
Fetuin-A-G2 - Fetuin-A-G3- e~
Fetuin-A-G1 - Fetuin-A-G4-{ o~
Fetuin-A-G1 - Fetuin-A-G3- ~e~
Fetuin-A-G1 - Fetuin-A-G2- o
T T T 1
-200 -100 O 100 200 300

Difference between group means

Figure 1: 95% Confidence Intervals and the Variation
in Group Means of Fetuin-A

Post-hoc pairwise comparisons were performed
utilizing Tukey’s HSD test to ascertain the significant
differences among the Fetuin-A groups. The 95%
confidence interval plot shows the mean differences
among all group pairs. Confidence intervals that
intersect zero suggest a lack of statistical significance
the differences between groups, while intervals that
are wholly above or below zero show statistically
significant differences between groups. Significant
variations were noted among the Fetuin-A groups,
since their confidence intervals do not overlap with
zero, as shown is Figure 1
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95% Confidence Intervals (Tukey)
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Figure2: 95% Confidence Intervals and the Variation
in Group Means of MMP10

Post-hoc pairwise comparisons were performed with
Tukey’s HSD test. The resulting plot of the 95%
confidence interval illustrates the mean differences
among all group pairs. Comparisons with confidence
intervals that include zero suggest that the respective
groups do not exhibit significant differences. In

contrast, intervals that are wholly above or below zero
indicate  statistically  significant  differences.
Significant differences have been detected between
different MMP10 groups, as indicated by confidence
intervals that do not intersect zero except G2 -G3, as
shown is Figure 2.

Receiver operating characteristic (ROC) curve
The ROC curve data for Fetuin-A and MMP-10 in the
normoalbuminuria group are shown in Table 3 and
Figure 3. The Fetuin A data demonstrated a distinct
cutoff value (>165.5) with 100% sensitivity, 100%
specificity, and an AUC value of 1, showing it as a
possible diagnostic marker. The ROC data analysis
for the MMP10 marker revealed a definitive cutoff
value (>296.5), showing a sensitivity of 70.5% and a
specificity of 95%, with an AUC value of 0.8890,
indicating that it is a good diagnostic marker.

Table 3. ROC data of Fetuin A and MMP10 in the normoalbuminuria group

AUC 95% confidence intervals Sensitivity% Specificity% Cut off
Fetuin-A 1 1.000 to 1.000 100 100 > 165.5
MMP10 0.8890 0.815 to 0.962 70.5 95 > 296.5
I TLamnmIi-m
MMP10
100
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80
2 80
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Figure 3: ROC curve analysis of MMP10 and Fetuin-A in normoalbuminuria

The ROC curve results for Fetuin-A and MMP10 in
the microalbuminuria group are shown in Table 4 and
Figure 4. The Fetuin-A data for this group
demonstrated an absolute cutoff value (>207.0),
96.7% sensitivity, 100% specificity, and an AUC
value of 0.9977, showing that Fetuin-A is a possible

diagnostic marker. The ROC curve analysis for the
MMP-10 factor shows a very clear cutoff value
(>363.0), with a sensitivity of 96.9%, a specificity of
100%, and an AUC value of 0.9856, indicating that
MMP-10 is a possible diagnostic marker.

Table 4. ROC data of Fetuin A and MMP10 in the microalbuminuria group

AUC 95% confidence intervals Sensitivity% Specificity% Cut off
Fetuin-A 0.9977 0.9921 to 1.000 96.7 100 > 207.0
MMP10 0.9856 0.9571 to 1.000 96.9 100 > 363.0
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Figure 4: ROC curve analysis of MMP10 and Fetuin-A in the microalbuminuria group

The ROC curve results for the Fetuin-A and MMP10
factors in the macroalbuminuria group are presented
in Table 5 and Figure 5. Fetuin-A results of the
macroalbuminuria group revealed a clear cutoff value
(> 205.6) with 100% sensitivity, 100% specificity,
and an AUC value of 1, indicating that Fetuin-A is a

possible diagnostic marker. Similarly, the ROC curve
results of the MMP-10 factor revealed a very clear
cutoff value (> 342.5) with a sensitivity of 100%, a
specificity of 100% and an AUC value of 1,
indicating that MMP-10 is a possible diagnostic
marker.

Table 5. ROC data of Fetuin A and MMP10 in the macroalbuminuria group

AUC 95% confidence intervals Sensitivity% Specificity% Cut off
Fetuin-A 1 1.000 to 1.000 100 100 >205.6
MMP10 1 1.000 to 1.000 100 100 >3425
. MMP10
Fetuin-A
100
100
80
80 <
N 2
> £ 60
= 60 >
> =
= =
= w
2 40 c 40
@
»n w
20 20
04— T T T 1 0¥ y y J ’
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100% - Specificity% 100% - Specificity%
Figure 5: ROC curve analysis of MMP10 and Fetuin-A in the macroalbuminuria group
Discussion

Numerous investigations have been conducted to
determine the etiologies of DN, tubular and
glomerular impairment, and fibrosis, as well as to
predict these disorders early by measuring associated
variables (29, 30).

The current study included determining Matrix
Metalloproteinase1l0 (MMP-10) and Fetuin-A, in

T2DM patients and the renal complications of
diabetes. The above indicators point to the emergence
of problems caused by diabetes. Risk factors for DN
include inflammation, fibrosis, and high blood sugar
(312).

The results of the present study indicated the presence
of disturbances in lipid levels in T2DM patients
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compared to healthy individuals. These disorders are
characterized by a decrease in the level of HDL-C and
an increase in the levels of LDL-C, triglycerides, and
cholesterol.

The current study found that MMP-10 and Fetuin-A
were considerably higher among all study groups.
These results are supported by the results of ROC
findings, which confirmed the high sensitivity of both
these factors to this case of kidney disorders.
Moreover, ROC outcomes are in agreement with
several previous studies (2), (3).

The disturbance in lipids is associated with T2DM
and obesity, as the breakdown of fats into glycerol
and free fatty acids leads to increased inflammation
as a result of the metabolic changes that can occur as
a consequence of obesity development (32).

Chronic DN is attributed to the damage in the
glomerular cells, which results in an elevated level of
MMP10. This can be a good indicator in monitoring
disease progression (33). The results of the current
study revealed a highly significant increase in Fetuin-
A in all patient groups compared to controls.
Moreover, it found highly significant differences
among the patient groups themselves, which may be
attributed to the presence of an association between
Fetuin-A and insulin resistance, obesity or liver
disease (34). It was found that Fetuin A has a basic
role in many conditions, like T2DM, insulin
resistance, non-alcoholic liver disease, cardiovascular
diseases, tumors, and brain diseases, in addition to
metabolic disorders (35). Fetuin A is utilized as a
biomarker in certain cancers, as it functions as a
regulator of the inflammation that accompanies
cancer, in addition to several other mechanisms, such
as regulating cell growth pathways, cell adhesion, and
disease invasion (16). Fetuin-A is also related to
metabolic disorders associated with thyroid disorders
(36), in addition to its association with obesity and
insulin resistance in T2DM (37).

The MMP-10 is an enzyme that breaks down the
extracellular matrix that provides structural support to
tissues. The current study revealed a highly
significant increase in MMP 10 in all patient groups
compared to controls. Furthermore, highly significant
differences were found between normo-albumimuria
and both micro and macro albumimuria groups, but
no significant differences between micro and macro
groups. These outcomes specify that MMP-10 could
be a primary biomarker for this disease, with levels
increasing significantly from the earliest stages of the
disease when compared to healthy individuals (33).

Conclusion

Fetuin-A and matrix metalloproteinase 10 can be
significant indicators for the early prediction of
diabetes and diabetic nephropathy, corroborated by
ROC analysis demonstrating their high sensitivity
and specificity for the disease.
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