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Abstract

There has been significant interest in the field of diabetes complications,
particularly diabetic nephropathy. This includes the use of biochemical factors as
early diagnostic markers to prevent the deterioration of patients’ health. Accordingly,
the current study aimed to identify the levels of angiopoietin-like protein-3
(ANGPTL3) and fibroblast growth factor-23 (FGF23) in Iraqi patients with diabetic
nephropathy, which may serve as early indicators for the diagnosis of the disease. The
study included 143 individuals aged 35-65 years who were visiting the Medical City
of Baghdad Teaching Hospital from August to December 2024. The patients were
divided into three groups based on the ACR criteria. The first group was the
normoalbuminuria group (ACR<30 mg/g, 35 patients), and the second was the
microalbuminuria group (ACR =30-300 mg/g, 33 patients). The third group was the
macroalbuminuria group (ACR > 300 mg/g, 35 patients). The fourth group, which
included 40 healthy individuals, represented the control group. The lipid profile, urea,
and creatinine levels were measured using spectrophotometric methods. ELISA was
used to measure ANGPL3 and FGF23 levels. The results showed a significant
increase in both ANGPTL3 and FGF23 levels between the patient and healthy groups.
The results of the lipid profile, urea, HbA1C, and creatinine were consistent with the
results of ANGPTL3 and FGF23, which were found to be significantly increased in
the patient groups compared with the control group. Also, the ROC results confirmed
that these factors are perfect or excellent for this case. In conclusion, depending on
the current outcomes, with ROC results, both ANGPTL3 and FGF23 appear to
possess high detection sensitivity toward the targeted case. It may be used as an
excellent factor for the early prediction of diabetic nephropathy development.

Keywords: Albumin to creatinine ratio, Angiopoietin-like protein 3, Diabetes,
Fibroblast growth factors 23, Nephropathy

BySaa A3l JalsaS 23 duilll LAY gad Jaleg 3 (ligasaaiVl dnpdd) (i) ligina pall
A Nl Cleaall adlall Sl dase 52 danabusad) Lulle

*Email: heba.haqi2305m@csw.uobaghdad.edu.ig

Open Access Articles. This articles is licensed under



mailto:heba.haqi2305m@csw.uobaghdad.edu.iq

Ismael et al. Iraqgi Journal of Science, 2026, Vol. xx, No. x, pp: xx

Tede Gl sadlie o louid juad JBIS D2 Je Lo s 4
Ghall L aay iy daals il oslall IS e o

Ghal,oaay , palell i) 21
Ghall ok ok dnala ccalal) A bl i’
LAl
alasicd Gy Jadg I alie Lalaia) ¢gySudl JSH Plie) Lose Yy g )Sadl els Clie Line Ay aagd
N Al od o cadleg . iayall Anea A (he AlEl 5iSse Apandids LS gl Cilyigall
(FGF23) 23—l WA sas dales (ANGPTL3) 3= (yiasaseai¥l 4wl ¢yl ligicen 3383
ol el 5 CaseS aatand B ally (Sl KU Pliels gulias cule e 3l
Lokl daky A hiies lyeal) Gae (Gle 655 35 Gn atjlel zslin Lads 143 duhall cles
Dl o 3l Glesana DB ) oasal 22822024 precws S bl e 55 DA el
Jsdl (3 canball el degana b (J5Y) deganall (ACR) Jsdl (8 sl ) asal¥) duss
(ACR = Jsill 3 83 (asal¥) Ao gana & Gl e sanally )(Liaie 35 ¢alé/arle ACR < 30)
L) 5080 AiasdV) AL degene o AN degand) culS L( Liape 33 phe/wal30-300
Ll 133 40 cran A Al deganal) Wl L (Loasye 35 ¢ faike 300 < cpasby< ) cpasa)
ciphll Gl @l pladialy GaasbySls Loslls Ol (e (bl & Adaliall degenal) Jas il
Aisale Bl i) <y IFGF23 s ANGPTL3 clisives (ol ELISA lad) axsdul LS. Jsual)
Gsal (ssiunn il il elaally el e gana (uFGF23 s ANGPTL3 (e IS ciligions b
4ty Lgil 205 Cum (FGF23 s ANGPTL3 s aoe il KUl (HDATC) (55l sl sasglls Lsls
Jalsall 238 ) ROC inie il oS LS L dbaliall de ganalls A5)lha i yall desana 8 dagale (S0
Ge AS o 5am (ROC inie il gay cdllall il e 2Ly claliag .Allall o3g) siliae 5l alie
JalaS adatial (Ko Abagied) Allal) o Cai€l) 6 Alle Laleay glaiay FGF23 5 ANGPTL3
ceSall S Plie) joliiy Kl gl lies
1. Introduction

Diabetic kidney disease is a disease caused by hyperglycemia, which is characterized by
damage in the blood vessels, renal tubules, glomeruli, and fibrosis in the kidneys, leading to a
gradual decline in kidney function and kidney failure. Diabetic complications are closely linked
to various biochemical parameters, particularly those related to sugar or lipid metabolism and
kidney and liver functions. Hyperglycaemia can lead to microvascular complications, resulting
in nephropathy [[1, 2], retinopathy [3, 4], neuropathy, and an increased risk of heart disease [5,
6] . In diabetics, lipid abnormalities, such as elevated triglyceride and low-density lipoprotein
(LDL) levels and decreased high-density lipoprotein (HDL) levels, are also associated with
insulin resistance and cardiovascular complications [[7] . Furthermore, diabetes complications
include the effect of hyperglycemia on periodontitis [8].

A previous study [9] evaluated the levels of matrix metalloproteinases-9 (MMP-9) and tissue
inhibitors of matrix metalloproteinases-1 (TIMP-1) in patients with cardiovascular disease and
diabetes mellitus. This study showed the possibility of using these factors as markers for the
early prediction of cardiovascular disease development in individuals with type II diabetes. In
another study, the levels of arginase I and Il were evaluated in patients with atherosclerosis and
type II diabetes. The study reported that the increasing levels of these isoenzymes can occur as
atherosclerosis progresses in patients with type Il diabetes mellitus [10]. In addition, numerous

other studies in this field have been conducted to explore various important biochemical factors,
such as the estimation of FBXW?7 and fetuin-A protein ranks in patients with T2DM and the



Ismael et al. Iraqgi Journal of Science, 2026, Vol. xx, No. x, pp: xx

effect of metformin on their levels [11], in addition to the estimation of pentraxin 3 and nitric
oxide levels and the effect of metformin on their ranks in patients with T2DM [12].

In this study, the estimation of ANGPTL3 and FGF23 levels in Iraqi patients with diabetic
nephropathy was studied as an excellent early prognostic factor. A complex condition with
several underlying causes, type 2 diabetes is characterized by elevated blood sugar levels caused
by either insufficient insulin production or activity, or both. A healthy pancreas generates the
appropriate amount of insulin to deliver glucose to cells. The cells of the body may not react to
the insulin produced by an inefficient pancreas or may produce too little insulin. Blood glucose
levels increase and accumulate, leading to the development of diabetes [13].

FGF23 is a bone-derived hormone that plays a central role in phosphate homeostasis, vitamin
D metabolism, and bone mineralization. It is a protein that is released from bone cells
(osteocytes and osteoblasts). Its purpose is to improve renal phosphate excretion to maintain
blood phosphate levels. Fibroblast growth factor 23 (FGF23) regulates calcium and phosphate
balance Its levels are affected by calcium concentrations, as it acts on the kidneys to enhance
phosphate secretion and inhibit vitamin D activity, which can have a specific effect on calcium
levels. [14-17]. In a recent study [18], FGF23 was associated with proteinuria and
musculoskeletal complications in patients with systemic lupus erythematosus. In another study,
high levels of FGF23 were positively associated with cardiovascular disease [19].
Angiopoietin-like protein 3 (ANGPTL3) is a 460-amino acid glycoprotein that is primarily
produced by renal glomerular cells and hepatocytes. Angiopoietin-like protein 3 is an important
regulator of lipid and glucose metabolism. The literature indicates that the level of this factor
in the blood may be affected by fasting and nutritional status and is involved in the
abnormalities found in obesity [20]. Another study in patients with obstructive sleep apnea
found elevated levels of ANGPTL3, which is considered a biomarker for cardiovascular disease
risk [21]. Furthermore, DN is characterized by progressive impairment of kidney function due
to damage to the glomeruli and tubules [22] . Chronic kidney disease is considered a risk factor
for atherosclerosis. Therefore, the progression of diabetic nephropathy causes disturbances in
the levels of lipids and lipoproteins due to kidney failure.

Thus, this study aimed to evaluate the levels of ANGPTL3 and FGF23 in patients with
diabetic nephropathy to determine the potential of these factors as biomarkers for the early
diagnosis of this disorder, which poses serious complications to public health, as well as to
determine the relationships between these important factors and other relevant diagnostic
factors.

2. Materials and Methods
2.1. Patients and controls

The study included 143 subjects (male and female), aged 35-65 years, among whom 103
patients with diabetes who visited Baghdad Teaching Hospital/Medical City between August
2024 and December 2024 and 40 healthy individuals as a control group. The waist-to-hip ratio
(WHR) and body mass index (BMI) were calculated for all groups.
The patient groups with type 2 diabetes and nephropathy complications were divided into three
groups depending on the albumin-to-creatinine ratio (ACR) values:
e  Normoalbuminuria group (G1): 35 patients with an ACR <30 mg/g.
e  The microalbuminuria group (G2) included 33 patients with an ACR range of 30-299 mg/g.
e  Macroalbuminuria group (G3): 35 patients with an ACR of >300 mg/g. As well as
e The control group (G4): It included 40 subjects who appeared to be in good health and did
not suffer from any diseases.
2.2. Exclusion Criteria
- Individuals aged >65 years.
- Individuals diagnosed with diabetic neuropathy.
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- Individuals diagnosed with DR.
-Individuals with DCM.
We excluded all diabetic complications and kidney diseases (except diabetic nephropathy).
2.3. Sample collection and analysis

Eight milliliters of blood was withdrawn from the cubital vein and divided into two portions .
The first portion (6 mL) was clotted in gel tubes at room temperature for 20 min. After 5 min
of centrifugation, the serum was separated and stored in Eppendorf tubes. The samples were
kept at a temperature -25° C for later analyses of biochemical factors, and 3 mL was used for
the evaluation of ANGPTL 3 and FGF 23 by ELISA (My BioSource, USA). The second (3 mL
was used for tests (urea and creatinine) and lipid profile level using auto spectrometry. The
anticoagulant test for HbA1lc measured by I-chroma in the second portion (6 mL) of EDTA
tubel . Urine samples were obtained in a sterile glass tube to ascertain the urine
albumin/creatinine ratio, which was quantified using the FUS 3000 urinalysis apparatus [[23].

2.4. Statistical Analysis

The data were statistically analyzed using Statistical Package for the Social Sciences version
29, and the variable means were given. One-way analysis of variance was employed to ensure
that the means of the four independent groups under investigation (control group and patient
groups) differed statistically [24]. Receiver operating characteristic curve analysis was
performed to ascertain the optimal diagnostic value, sensitivity, and specificity of the
biomarkers.

3. Results

Table 1 shows the results of age, BMI, and WHR in the patient groups (G1, G2, G3) and
control group (G4) in the current study. In the case of age, the results revealed significant
differences between the groups of (G1-G3) and (G3-G4), while no significant differences
between (G1-G2) and (G1-G4), as recorded in Table 1. The results of BMI indicated a
significant difference between G2 and G3 only, while no significant differences were observed
between the other groups, which may be attributed to good glycemic control in
macroalbuminuria (G3). The WHR results showed significant differences between the patient
and control groups. This can be attributed to the high visceral fat level within the abdominal
area.

Table 1: Results of age, BMI, and WHR in the patient and control groups
Groups

G1 G2 G3 G4
Parameters n=35 n=33 n=35 n=40 P Value
Age 51.24+1 45 53.91+1.5 56.64+1.31> 1 49.23+1.3 0.0012
(years)

d d 0.0034

BMI Kg/m2 31.93+ 0.9 3424+ 1.3 28.5240.96 30.45+0.99

c d, e d, f,c 0'000
WHR 0.93+0.01 0.92+0.01% 0.96+£0.01% % 0.83+0.003

G1: Normoalbuminuria group, G2: Microalbuminuria group, G3: Macroalbuminuria group, G4:
Control group, WHR: waist-to-hip ratio, significant differences p< 0.05, p > 0.05, significant differences
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

Table 2 lists the results of creatinine and urea of all the studied groups. Creatinine results
revealed highly significant differences among all the studied groups (patients and healthy
groups). Significant differences were found between G1 and G3 and between G2 and G3.
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Significant differences were recorded between G3 and G1. The results of urea showed that there
were highly significant differences among all the studied groups of patients and controls.
Significant differences in the urea case can be explained in detail. A significant difference was
found between G1 and G3, similarly between G2 and G3. Significant differences were noted
between G3 and G1, as reported in Table 2. These results confirmed the kidney disorders that
occurred in terms of urea and creatinine due to hyperglycemia compared with the control group.
The results of albumin-to-creatinine ratio (ACR) for the patient groups (G1-G3) were showed
significant differences among patient groups and represented the three classified groups,
including normoalbuminuria, microalbuminuria, and macroalbuminuria. Furthermore, HbA1C
showed highly significant differences among patients and control groups, and these results were
associated with hyperglycemia condition compared with normal cases, as shown in Table 2.

Table 2: Results of creatinine, urea, ACR, and hemoglobin A1C in the patient and control

groups
Groups G1 G2 G3 G4
Parameters n=35 n=33 n=35 n=40 Ll

Creatinine (mg/dL) —  co0. 6040 13194030 6.62940.6% ¢ 0.5688+0.02 0.000

Urea (mg/dL) 30.65+1.6 39.9846.8¢  105.9£10>¢ 35.78+1.6
ab ad b, d 0.001

ACR (mg/g) 3.8342.5%0  74.03+242%9  363.4+63.0% -
b,

HbA1C 8.962+0.3 8.852+03%¢  6.653£0.20¢F 4.613+0.08 0.000

c

G1: Normoalbuminuria group, G2: Microalbuminuria group, G3: Macroalbuminuria group, G4:
Control group, significant differences p< 0.05, p > 0.05.

3 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

The results of the lipid profile in the patient and healthy groups in the current study are shown
in Table 3. The cholesterol and LDL results revealed a highly significant increase in the patient
groups than in the control group. In contrast, the results of HDL showed a significant decrease
in the patient groups (G1 and G2) than in the control group. Also, both TG and VLDL results
were significantly increased in G2 than in G3. These results can be attributed to the lipid
disturbances of diabetes and its complications.

Table 3: Results of lipid profile in all the studied groups

Groups
Gl G2 G3 G4
Parameters n=35 n=33 n=35 n=40 P Value
b,
Cholesterol 187.2£7.8 195.3+7.6 ¢-¢ 147.6+6.2b ¢ 161.7+4.1 0.0000
(mg/dL) ¢
a 0 0.0029
TG (mg/dL) 173.5£15 205.1420 127.5£10 174.348.7
a a 0.0029
VLDL (mg/dL) 347143.1  41.01+4.1 25.50+2.1 34.85+1.7
b,
HDL (mg/dl) 24 4o06t160c 48.06x1300 48.38+0.7 0.000
b,
DL (mgar) 00T 14047 60 73.9946.2b4 7848452 0.000

G1: Normoalbuminuria group, G2: Microalbuminuria group, G3: Macroalbuminuria group, G4:
Control group, significant differences p< 0.05, p > 0.05.

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
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¢ Significant difference between G1 and G4,' Significant difference between G3 and G4

Table 4 shows the results of ANGPTL3 and FGF23 for all the studied groups. The ANGPTL3
level was significantly increased between the patient groups compared with the control group.
Furthermore, these results revealed a highly significant increase among the patient groups (G1,
G2, and G3). Similarly, the results of FGF23 showed a highly significant increase in the patient
groups compared with the control group. Moreover, a highly significant increase in FGF23
results was recorded among patient groups (G1, G2, and G3), as shown in Table 4.

Table 4: Results of ANGPTL3 and FGF-23 in the patients and control groups
Groups G1 G2 G3 G4

Parameters n=35 n=33 =35 n=40 P Value
ANGPTL3 (pg/mL)  807.8+£35%%¢ 1170+16.8° 123635 f 192.0£6.6 0.000
0.000

243.5+12.7%b

FGF-23 (pg/mL) 439.8422.8%4¢ 554 5424, 1% F 100.3+1.9

G1: Normoalbuminuria group, G2: Microalbuminuria group, G3: Macroalbuminuria group, G4:
Control group, significant differences p< 0.05, p > 0.05.

3 Significant difference between G1 and G2, ° Significant difference between G2 and G3

b Significant difference between GI and G3, © Significant difference between G2 and G4

¢ Significant difference between G1 and G4,' Significant difference between G3 and G4

Receiver operating characteristic curve

The receiver operating characteristic (ROC) is a statistical analysis used to find the
appropriate specificity and sensitivity of a diagnostic test by drawing a graph that relates the
relationship between sensitivity and specificity. The ROC test for ANGPTL3 markers had a
very clear cut-off value ( > 353.7) with 100% sensitivity and 100% specificity, with the area
under the curve (AUC) at a high value (100), which is equal to a value of (1), indicating that
ANGPTL3 is a perfect diagnostic marker for the normoalbuminuria group (Table 5 and Figure
1). Furthermore, the ROC data of FGF23 had a very clear cut-off value ( > 124.9) with a
sensitivity of 97% and a specificity of 97%, with the AUC at a high value (96), which is equal
to a value of 0.96, indicating that FGF23 is an excellent diagnostic marker, as shown in Table
5 of the normoalbuminuria group and illustrated in Figure 2.

Table 5: ROC curves of ANGPTL3 and FGF23 in the normoalbuminuria group

LTS AUC Sensitivity% Specificity % Cut off
ANGPTL3 ! 100 100 .-
FGF23 0.96 97 97 > 1249

Angiopoitin-like protin 3

100
80
(&1 8]

40

Sensitivity's

20

O : L | | L |
O 20 40 60 80 100
100% Specificity“o
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Figure 1: ROC curve analysis of ANGPTL3 expression in normoalbuminuria

FGF-23

Sensitivity%

o - I | | | |
o 20 40 60 80 100

100%6 - Specificity %

Figure 2: ROC curve analysis of FGF-23 expression in normoalbuminuria

The ROC analysis results for both ANGPTL3 and FGF23 in microalbuminuria are recorded
in Table 6. ANGPTL3 has a very clear cut-off value (> 680.3) with 100% sensitivity and 100%
specificity, with the AUC at a high value (100), which is equal to a value of 1, indicating that
ANGPTL3 is a perfect diagnostic marker for the microalbuminuria group (Table 6 and Figure
3). Furthermore, the ROC data of FGF23 had a very clear cut-off value (> 189.8) with a
sensitivity of 96% and a specificity of 100%, with an AUC of 96, which is equal to a value of
0.96, indicating that FGF23 is an excellent diagnostic marker of microalbuminuria (Table 6 and
Figure 4).

Table 6: ROC curves of ANGPTL3 and FGF23 in the microalbuminuria group

Parameters

AUC Sensitivity %o Specificity% Cut off
ANGPTL3 1 100 100 > 680.3
FGF-23 0.96 96.9 100 > 189.8
Angiopoitin-like protin 3
100
80
s
£ eo
2 ao
(=53
o

20

o - L ] L L] L]
o 20 40 €60 80 100

100% - Specificity?%

Figure 3: ROC curve analysis of ANGPTL3 expression in the microalbuminuria group
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Figure 4: ROC curve analysis of FGF-23 in the microalbuminuria group

In addition, the ROC analysis for ANGPTL3 and FGF23 in macroalbuminuria is
documented in Table 7. The results of ANGPTL3 showed that it has a very clear cut-off value
(> 391.0) with 100% sensitivity and 100% specificity, with the AUC at a high value (100),
which is equal to a value of 1, indicating that ANGPTL3 is a perfect diagnostic marker of
macroalbuminuria (Table 7 and Figure 5). Furthermore, the ROC data of FGF23 had a very
clear cut-off value (> 241.5) with a sensitivity of 100% and a specificity of 100%, with an
AUC of 1 indicating that FGF23 is a perfect diagnostic marker of macroalbuminuria, as shown
in Table 7 and Figure 6.

Table 7: ROC curves of ANGPTL3 and FGF-23 in the macroalbuminuria group

AUC sensitivity % specificity % Cut off
ANGPTL3 1 100 100 >391.0
FGF-23 1 100 100 >241.5

Angiopoitin-like protin 3

100
80
s0

40

Sensitivity%

20

o - | L | ] |
o 20 a0 60 s0 100

100% - Specificity%

Figure 5: ROC curve analysis of ANGPTL3 expression in the macroalbuminuria group
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Figure 6: ROC curve analysis of FGF-23 in the macroalbuminuria group

4. Discussion

Diabetic nephropathy (DN) is a complication of diabetes that causes progressive kidney
damage and possible kidney failure. It is characterized by persistent urine protein (albuminuria).
It is a leading cause of end-stage kidney disease (ESKD). Treatment focuses on blood sugar
and blood pressure control. Chronic high blood sugar damages the kidney tubules and
glomeruli, making it difficult to prevent the disease and identify the risks associated with
diabetic kidney disease [25] studies have been conducted to identify the etiology of diabetic
nephropathy, which includes tubular and glomerular damage and fibrosis, to predict these
conditions earlier by measuring the related biochemical factors [26-28]. The current study
included determining some biochemical levels such as ANGPTL3 and FGF23 in patients with
diabetes and the complications of diabetic effect on the kidneys. The three groups of patients
were classified based on ACR, which is an important criterion for determining the degree of
kidney damage resulting from the effects of blood sugar [29, 30]. There was also a fourth
control group within the age ranges of all groups. Along with additional variables, such as
creatinine and urea, which validate the criteria results, the above indicators indicate the
emergence of problems caused by diabetes. Risk factors for diabetic kidney disease (DKD)
include inflammation, fibrosis, and high blood sugar [31].

The results of the current study indicated disturbances in lipid levels in patients with diabetes
compared to healthy individuals. These disorders are characterized by a decrease in high-
density lipoprotein levels and an increase in low-density lipoprotein, triglyceride, and
cholesterol levels. The disturbance in lipids is associated with type 2 diabetes 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[32].
Furthermore, the current study recorded a significant increase in urea and creatinine levels in
the patient groups compared with their normal levels. High glucose levels are associated with
elevated urea and creatinine levels [33[33]. High blood glucose affects the glomeruli, epithelial
cells, fibroblasts, and vascular endothelium, which explains the elevated blood urea and
creatinine levels associated with CHG [34].

The current study relied on the ACR to classify patient groups based on the severity of
kidney disease in patients with diabetes. This criterion is important because it confirms the
presence of DKD in its primary and advanced forms, based on the presence of urine protein
[35].

Fibroblast growth factor 23 is a protein that is produced in bone cells. It is considered an
essential factor for regulating the body’s phosphate levels. Its main effect is on mineral
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metabolism and its role in maintaining phosphate levels and inhibiting the synthesis of active
vitamin D3 in the kidneys. FGF23 is produced in osteocytes when phosphate levels rise. It is
released into the kidneys and binds to its klotho receptor. This binding prevents the reabsorption
of phosphate from the kidneys, resulting in more excretion in the urine, which helps lower the
blood phosphate level. In addition, it works to reduce the synthesis of the active vitamin D,
which leads to excessive calcium absorption and bone mineralization, by inhibiting 25-
hydroxyvitamin D lo-hydroxylase in the kidneys.[36, 37] . Mutations in FGF23 make its
protein resistant to proteolysis and increase phosphate loss, which leads to rickets due to a lack
of phosphate in the body. Excessive FGF23 production, as occurs in some tumors, leads to
tumor-related OM. FGF23 overexpression has also been linked to cardiovascular disease,
chronic kidney disease, vascular calcification, and endothelial disorders [38]. Therefore, it is
considered a biomarker for determining the risk of developing chronic and acute diseases and
appears early in CKD [39].

ANGPTL3 regulates lipid metabolism by synergizing with ANGPTL4 and ANGPTLS to form
protein-protein complexes. It also inhibits the lipase enzyme in lipoprotein and liver, and studies
have indicated its association with lower levels of triglycerides and low-density lipoprotein
cholesterol. ANGPTLS3 activity was found to be high when it binds to low-density lipoprotein
particles [40, 41]. Angiopoietin-like protein 3 is associated with heart disease, kidney disease,
and lipid metabolism [42].

More recently, ANGPTL3 has been identified as an important mediator of kidney injury in
diabetic nephropathy through numerous mechanisms, including glomerular damage,
dyslipidemia, and increased inflammation, making it a promising therapeutic target. The level
of INGPTLS3 in the blood serum increases in the case of diabetic nephropathy and increases as
the severity of the condition increases and dyslipidemia occurs. This result is consistent with
the results of the current study [43, 44]. Similarly, FGF23 plays an important role in diabetic
nephropathy, as it is associated with fibrosis, inflammation, and disease progression, and
regulates phosphate levels. It has been reported that blocking its action reduces kidney damage
in animal models, suggesting that it could be a potential target for treating the disease [45].

According to the results of ANGPTL3 and FGF23 in the current study, these factors have a
high considerable increase among all the studied groups. These results were supported by the
ROC findings, which confirmed the sensitivity of both factors toward this case of kidney
disorders. Moreover, the ROC outcomes are in agreement with several previous studies. In these
studies, markers such as connective tissue growth factor (CTGF), angiotensin-converting
enzyme 2 (ACE2), and ATPase were found to be good or perfect markers in their studied cases.
Similarly, ANGPTL3 and FGF23 were found to be perfect or excellent markers for the studied
case [1, 2].

Conclusion

Based on the findings reported in this study, ANGPTL3 was found to be a perfect predictor
of diabetic nephropathy and the diagnosis of renal function. Additionally, FGF23 is an excellent
indicator for monitoring the development of DKD complications. According to the ROC curve
analysis results, they are excellent markers for the early prediction of diabetic nephropathy in
all disease stages.
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