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 Abstract  

Abstract: In many nations, diabetic nephropathy is the leading cause of renal 

failure and a major predictor of death and morbidity among diabetic patients. 

Preventing or early intervention to treat diabetes requires identifying the association 

between certain biomarkers and high protein levels in patients. Angiopoietin-like 

protein-4 (ANGPTL-4) and fibroblast growth factor-23 (FGF-23) were the most 

researched among these biomarkers. The participants depended on urine albumin–

creatinine ratio (UACR) levels in classification of diabetic nephropathy. The study 

involved 176 individuals divided into four groups. The controls (44 as a healthy 

participant). Diabetic groups divided into three groups: Normoalbuminurea (no 

kidney disease and (UACR) levels within the normal range (<30 mg/g), 

Microalbuminuria (diabetic kidney disease patients with moderately increased UACR 

30–300 mg/g), and Macroalbuminuria (diabetic kidney disease patients with severely 

increased UACR >300 mg/g).                                                                            

Determination the levels of serum (ANGPLT-4, and FGF-23) and association with 

early detection and progression of diabetic nephropathy. 
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1.Introduction 

Diabetic nephropathy, or DN, is a major global issue over the world. A common complication of Long-term effects of 

hyperglycemia on kidneys, including damage to their filtration units and blood vessels, lead to structural and functional problems, 

which in turn cause DN (1). As diabetes progresses, the kidneys naturally undergo glomerular hyperfiltration, albuminuria 

increases, and the estimated glomerular filtration rate (eGFR) gradually decreases. A clinical diagnosis of DN can be made when 

there are no symptoms or signs of other main causes of kidney disease (2). In the beginning, there are often no symptoms of DN. 

There is an increase in mortality and sickness rates, a decline in quality of life, and the need for dialysis or a kidney transplant for 

many individuals with renal failure (3). Worldwide, more than six million people die each year from complications related to 

diabetes mellitus (DM), making it the tenth most common killer of persons younger than 70 years old, according to the World 

Health Organization (WHO) (4). Twenty to thirty percent of people with T2D and twenty to forty percent of people with T1D 

develop DKD, according to epidemiological research (5). The cost-effectiveness can be greatly improved by early detection of DN 

and timely treatment of risk factors (6). The pathophysiology of DN is complex and involves multiple factors. One of these is 

oxidative stress, which plays a significant role in the metabolic inflammatory, hemodynamic, and other kidney-related pathologies 

caused by diabetes-induced hyperglycemia (7). These changes in hemodynamics also start and activate several vasoactive systems 
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in the kidneys, which speed up the development of DKD. The advancement of DN and an increase in glomerular perfusion and 

intraglomerular pressure are the results of these actions (8). Many rick factors can contribute to the development and progression of 

DN these risk factors fall into two categories: those that are modifiable such as(genetic factors, male gender, diabetic onset at 5-15 

years, long duration of diabetes, increased age >65 years, and  family history of diabetes and kidney disease), and non-

modified such as(poor blood sugar and pressure control, poor lipid control, smoking, metabolic syndrome, and  sedentary 

lifestyle (9). Early detection of DN, better treatments, and the development of new biomarkers are all necessary for risk prediction. 

Biomarkers employed in these investigations (Angiopoietin Like Protein-4(ANGPTL4), and Fibroblast Growth Factor-23 

(FGF23)). 

2.Materials and Methods  
2.1Subjects: This case-control study will be executed in the Department of Chemistry and Biochemistry at the College of Medicine, 

Mustansiriyah University. The study was executed during the term from the first of December 2023 to the last of July 2024. A total 

of 176 subjects will be included in this study. Samples were collected from the Department of Nephrology and Diabetes Research 

Center of Mustansiriyah University. The participants divided into four groups' according to urine albumin to creatinine ratio 

(UACR), 44 healthy participants as control, and 132 patients with DM divided into three groups (44 patients with normoalbuminurea 

UACR values <30 mg/g), 44 patients with microalbuminuria, UACR values between 30-300 mg/g, and 44 patients with severe DKD 

(macroalbuminuria UACR >300mg/g). The DM patient’s diagnosis according to (American Diabetes Association (ADA) guidelines), 

and DKD patients’ diagnosis according to the guidelines for diagnosis and treatment of DKD and clinical practice guideline for 

diabetes management in chronic kidney disease (KDIGO-2024)(10). Informed consent was acquired from both patients and controls 

for participation in the study, which included a detailed explanation of the research aims. 

2.2Inclusion and exclusion criteria: Subjects are adults of either sex. Confirmed DM, diagnosis based on a fasting blood glucose 

(FBG) level ≥ 126 mg/dl and (HbA1c) level of 6.5% or higher. Exclusion criteria infectious disease, presence of other renal or 

urinary tract illness confirmed by clinical or laboratory evidence, cerebrovascular disease, inflammatory diseases, cancer, tumor, 

recent surgery, pregnancy, and previous or current kidney replacement therapy.  

2.3Blood and Urine Sample Collection: Approximately seven milliliters of blood samples were obtained from peripheral venous 

blood. Participants fasted for a minimum of 10 to 12 hours prior to collection. Approximately two milliliters of blood were obtained 

in an EDTA tube for HbA1C analysis, and five milliliters were collected in a gel tube and allowed to stand at room temperature for 

20 minutes. Following coagulation, sera were isolated via centrifugation at 3000 r.p.m for 10 minutes and subsequently divided into 

small aliquots for the measurement of serum constituents, including uric acid, urea, fasting blood glucose, lipid profiles, creatinine, 

and albumin, utilizing a fully automated method with the Cobas C111 Biochemistry Analyzer from Roche, Germany. The remainder 

were preserved at -20°C until analyzed for serum human levels of ANGPTL-4 and FGF-23(Elabscience company USA). The 

analysis will be conducted with enzyme-linked immunosorbent assay (ELISA) kits. Urine samples are analyzed for albumin and 

creatinine levels using an automated urine chemical analyzer, based on measurements of urine microalbumin and urine creatinine. 

The estimated glomerular filtration rate (eGFR) was calculated for each patient utilizing a standardized serum creatinine formula: 

eGFR (ml/ min/1.73m2) =194 x Cr-1.094x age-0.287(0.739 if female) (10). 

3.Statistical Analysis: The gathered data were input into SPSS version 26.0 and Microsoft Excel 2020 for tabulation and analysis. 

Descriptive statistics were employed to encapsulate the demographic and clinical attributes of the study participants. Continuous 

variables were presented as mean ± standard deviation (SD). Categorical variables were expressed as frequencies and percentages. 

For parametric variables, Student's F test (ANOVA) was used to compare means of continuous variables across the four groups and 

Student's (t) test will be used to calculate individual p-value between each base pair, and between each of them and with the 

exogenous factor in patients with DKD using Pearson correlation test. P value < 0.05 is considered significant. Post-hoc comparisons 

were conducted using the Bonferroni test when the ANOVA brought p values of less than 0.05. When continuous variables did not 

meet the assumption of normality, the non-parametric Kruskal Wallis test was used supported by pairwise comparisons were 

performed using Dunn's test with Bonferroni correction. The Chi-squared test was used to seek association among the groups. ROC 

curve analysis was conducted to judge the diagnostic performance of the biomarkers.                                                                                                                      

4.Results and Conclusions 

Demographic Characteristics of the Study Population 

Table 1 displays the basic demographic and clinical characteristics of the sample under study.  Male and female distribution did not 

significantly differ among the groups (p=0.237). The mean age ranged from 46.29±6.29 years in the control group to 66.08±8.04 

years in the Macroalbuminuria group, with no significant difference (p=0.132). BMI values showed a significant difference among 

the groups (p=0.0001), with the highest mean BMI observed in the Normal group and the lowest in the Macroalbuminuria group. 

Fasting blood glucose (FBG) and HbA1c levels also showed significant differences (p=0.0001), with the highest mean values seen in 
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the Normal, Microalbuminuria, and Macroalbuminuria groups compared to the controls. Male and female distribution did not differ 

significantly among these groups (p=0.245).  

Lipid profile parameters significantly differ across the four groups under study (P values <0.05) as shown in (Table 1). The total 

cholesterol level is only different between normal and control groups. Control group was significantly different from all other groups 

when TG levels are compared. Other groups did not show such differences. HDL followed TG in its differences plus a difference 

between patients with normal and microalbuminuria.  

Biomarkers were significantly different among the four groups under study. However, all of the parameters showed a trend of 

increment from control group to macro passing through normal and micro groups as shown in (Table 1).   

5.Discussion:  

Diabetic nephropathy is clinically characterized by a progressive deterioration of renal function, with or without the presence of 

proteinuria, and is among the most common and serious chronic microvascular complications of diabetes (11). The results in (table1) 

of gender show there are no significant differences between females and males in the four groups. This implies that the DN is not 

affected by physiological changes for both sexes and can affect both genders with the same effect. These results were agreed upon by 

the studies conducted by (12), while these results disagreed with a study conducted by (13).  

The range of age for this study was more than 40 years old for the four study groups, with no significant difference. These results 

were agreed upon by the studies conducted by (11), while disagreeing with a study conducted by (14). This implies that the groups 

included in the study were chosen based on their age within a narrow range to eliminate the potential issues associated with age 

differences that could potentially impact the levels of the markers used and, as a result, the nature of the study.  

BMI values showed a significant difference among four groups. These results disagree with the study conducted by (11) show no 

significant differ between groups while agree with study conducted by (15). These findings indicate that the BMI of diabetic three 

groups is higher than that of control groups, which is consistent with the studies conducted by (16). When BMI is more than the 

optimal range, that means an individual may be overweight or increase the chance of obesity. The development of insulin resistance 

is strongly correlated with obesity, which is a significant risk factor for the development of hyperglycemia. As we are aware, obesity 

is one of the risk factors for DN (17). Other BMI values showed lower in the macro group compared with normo and 

microalbuminuria in diabetic groups. These results disagreed with a study conducted by (13) while agree with study conducted by 

(18) show in macro less than normo and microalbuminurea. One of the most important managements of DN reduce weight (19). 

Furthermore, patients experience a variety of symptoms, particularly dialysis patients who experience weight loss, which can result in 

a decrease in their BMI.  

Significant differences were observed in FBG levels, and show the three diabetic groups higher compared with control these results 

agree with studies conducted by (20). Micro and macro show lower levels than normoalbuminurea these results disagree with studies 

conducted by (13) which show apposite that. The results of HbA1c levels were significantly different. These results showed the 

diabetic groups higher than control these results agree with studies conducted by (21). Macroalbuminuria groups show lower than 

micro group these results disagree with study conducted by (12).  

Lipid profile parameters significantly differ across the four groups under study. The results show higher levels in patients groups 

compared with control for (TC, Tg, and LDL-C), and in macro lower than normo and micro this result agrees with study conducted 

by (22). For the serum TC and Tg levels the results show higher in normo than micro and macro this result disagrees with study 

conducted by (23) but in same time agreed between micro and macro. One of the most critical aspects of DN management is the 

adjustment of lipid profiles, particularly TC and Tg. During this stage of DKD, the medication is administered with great intensity. 

Results of high-density lipoprotein cholesterol show lower levels in patients’ groups than control this result agrees with study 

conducted by (12). The current findings indicate that low HDL-C levels may be linked to an elevated risk of DKD, which is 

consistent with the hypothesis that high HDL-C levels may yield a protective effect (24).  

ANGPTL-4, plays a significant role in energy metabolism (25). The current study groups show there are significant differences 

between four study groups. These results agree with those conducted by (23) in urine sample. FGF-23 is a hormone that is primarily 

produced by osteocytes and is a critical regulator of phosphate and vitamin D homoeostasis (20). Study groups show there are 

significant differences between four study groups. These results agree with those conducted by (26) when compared between diabetic 

and non-diabetic and agree with study conducted by (11) compared between patients’ groups with T1DM. The elevated serum 

FGF23 concentration resulted from impaired renal function rather than diabetes, as diminished eGFR is associated with increased 

serum FGF23 levels. In another investigation, no significant difference in serum FGF23 concentration was found between patients 

with T2D and controls, although, similar to our study, elevated quantities were identified in those with diabetic kidney impairment 

(27). Biochemical parameters of serum (urea, albumin, uric acid, eGFR and creatinine) showed significant statistical differences 

across the four groups these results agree with study conducted by (28). In our study demonstrated a subsequent elevation in the AUC 
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from the normoalbuminuria, microalbuminuria, to the macroalbuminuria group, with optimal performance observed in the 

macroalbuminuria group. This means the (UACR, ANGPTL-4, and FGF23) have good sensitivity and specificity. Serum markers 

levels of (ANGPTL-4, and FGF23) increased in patients with normo, micro and macroalbuminurea diseases, and this cooperated in 

the pathophysiology of the disease. This agreed with studies conducted by (29). 

Conclusion: our study explains the correlation between serum ANGPTL4, and FGF23 levels and albuminuria in patients with 

diabetic nephropathy. The levels of ANGPTL4, and FGF23 increases significantly in different stage of patients with diabetic 

nephropathy compared with control and with the development of albuminuria state; therefore, it is possible to use ANGPTL4, and 

FGF23 as an early detection and progression of diabetic nephropathy. 

Acknowledgments: First of all, I want to thank Allah for all the blessings during the pursuit of my academic and career goals.I would like 

to express my gratitude to the Department of Chemistry and Biochemistry at Mustansiriyah University/College of Medicine. 

Recommendations: 

1. It is possible to use the (Angiopoietin-Like Protein-4,and Fibroblast Growth Factor-23), and compare the results obtained in 

diabetic kidney disease with those in patients with chronic kidney disease, which result from non-diabetic causes. 

2. It is possible to use the (Angiopoietin-Like Protein-4,and Fibroblast Growth Factor-23) in early detection of liver diseases such 

as fatty liver disease or in controlling and monitoring on this disease. 

Table1: displays the basic demographic and clinical characteristics of the sample under study. 

Variables Non diabetic Diabetic  

p-value 
Controls 

  

Normo 

Albuminuria 

Micro 

   albuminuria  

Macro 

  albuminuria  

Sex Male 29 (65.9%) 28 (63.6%) 21 (47.7%) 23 (52.3%)  

0.237 Female  15 (34.1%) 16 (36.4%) 23 (52.3%) 21 (47.7%) 

Age, years 

Mean±SD 

46.29±6.39 52.09±8.88 56.43±9.64 66.08±8.04 0.132 

BMI, kg/m2 

Mean±SD 

26.514±4.612 31.070±3.722 32.410±5.219 28.961±6.992 0.0001 

FBG,mg/dl Mean±SD 97.909±10.000 154.889±15.578 148.676±9.817 146.946±9.447 0.0001 

HbA1c% Mean±SD 4.811±0.350 8.275±1.491 8.777±1.533 8.556±1.353 0.0001 

Duration/years Not applicable  4.95 ± 2.69 9.20 ± 2.69 18.88 ± 6.73 0.0001 

Medication Oral  Not applicable 41 (93.2%) 26 (59.1%) 17 (38.6%) 0.0001 

Injection 3 (6.8%) 18 (40.9%) 27 (61.4%) 

TC mg/dl            154.67±33.50 

1 

186.990±28.494 175.790±42.715 171.898±51.159 0.003 

TG mg/dl 132.746±38.518 167.335±27.364 173.432±34.990 159.135±33.440 0.0001 

HDL-C mg/dl 45.971±4.711 39.818±4.309 36.682±6.816 34.452±4.619 0.0001 

LDL-C mg/dl 92.621±23.728 119.564±25.103 123.736±30.983 101.877±17.864 0.0001 

 

UACR mg/g 

17.269±4.271 22.049±4.555 137.882±74.815 850.459±186.022 0.0001 

 

ANGPTL4ng/ml 

25.631±7.341 57.514±12.615 69.982±8.546 76.636±9.011 0.0001 

 

FGF23pg/ml 

169.193±48.537 393.976±68.564 504.495±80.224 695.597±114.232 0.0001 
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Urea mg/dl 22.455±6.125 31.432±9.503 51.455±28.188 130.045±29.759 0.0001 

Creatinine mg/dl 0.840±0.144 1.015±0.170 1.383±0.356 5.195±1.283 0.0001 

eGFR 101.727±9.478 80.545±13.827 54.614±13.650 10.886±2.830 0.0001 

 

Uric acid mg/dl 

4.986±1.107 5.252±1.820 6.242±1.340 7.919±4.111 0.0001 

 

Albumin mg/dl 

4.532±0.632 4.675±0.559 7.299±2.382 3.025±0.625 0.0001 

BMI: body mass index, FBG: fasting blood glucose, HbA1c: glycated hemoglobin, TC: total cholesterol, TG:  triglycerides, HDL-C: 

high density lipoprotein, LDL-C: low density lipoprotein, UACR: urinary albumin to creatinine ratio, eGFR: estimation of glomerular 

filtration rate. 

 Table 2: Post hoc tests for serum lipid profile, study biomarkers, and renal function tests:  

Variables Control vs 

Normal 

Control vs 

Micro 

Control vs 

Macro 

Normal vs 

Micro 

Normal vs 

Macro 

Micro vs Macro 

TC 0.001 0.084 1.000 0.466 0.466 1.000 

TG 0.0001 0.0001 0.002 1.000 1.000 0.294 

HDL-C 0.0001 0.0001 0.0001 0.032 0.227 0.277 

LDL-C 0.0001 0.0001 0.495 1.000 0.006 0.0001 

ANGPTL4 1.000 0.0001 0.0001 0.0001 0.0001 0.0001 

FGF23 0.0001 0.0001 0.0001 1.000 0.0001 0.0001 

UACR 0.0001 0.0001 0.0001 0.0001 0.0001 0.008 

Urea 0.295 0.0001 0.0001 0.0001 0.0001 0.0001 

Creatinine 1.000 0.001 0.0001 0.068 0.0001 0.0001 

eGFR 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

Uric acid 1.000 0.093 0.0001 0.335 0.0001 0.008 

Albumin 1.000 0.0001 0.0001 0.0001 0.0001 0.0001 

 

Table 3: Diagnostic value in normoalbuminurea as compared to control group   

 

Variables 

Area under the 

curve 

 (AUC) 

ROC 

Confidence interval  p-value 

(AUC 

0=0.5)  

Best cut-off 

criterion 

Sensitivity 

(%) 

Specificity (%) Efficiency 

 

Lower  Upper  

UACR 

mg/gm 

0.809 0.717 0.900 0.0001 18.3200 93.2 63.6 78.4 

ANGPTL4ng/ml 0.994 0.984 1.000 0.0001 42.2595 95.5 97.7 96.6 

FGF23 pg/ml 0.994 0.983 1.000 0.0001 275.3070 97.7 97.7 97.7 

CRP mg/dl 0.741 0.639 0.843 0.0001 4.9500 81.8 59.1 70.45 
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Table 4: Diagnostic value in microalbuminuria as compared to control group   

 

Table 5: Diagnostic value in macroalbuminuria as compared to control group   

 

Variables 

Area under 

the ROC 

curve (AUC) 

Confidence interval  p-value 

(AUC0=0.5

)  

Best cut-off 

criterion 

Sensitivity (%) Specificity (%) Efficiency 

 

Lower  Upper  

UACR mg/g 1.000 1.000 1.000 0.0001 201.5810 100 100 100 

ANGPTL-4 

ng/ml 

1.000 1.000 1.000 0.0001 55.0930 100 100 100 

FGF23 pg/ml 1.000 1.000 1.000 0.0001 406.2060 100 100 100 

CRP mg/dl 0.994 0.984 1.000 0.0001 8.7000 97.7 95.5 96.6 

 

        

                     Figure1: UACR in four groups of the study                                                          Figure 2: ANGPTL4 in four groups of the study 
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Variables 

Area under the 

ROC curve (AUC) 

Confidence interval  p-value 

(AUC0=0.5

)  

Best cut-off 

criterion 

Sensitivity (%) Specificity (%) Efficiency 

 

Lower  Upper  

UACRmg/g 1.000 1.000 1.000 0.0001 30.0210 100 100 100 

ANGPTL-4 

ng/ml 

1.000 1.000 1.000 0.0001 49.3885 100 100 100 

FGF23pg/ml 1.000 1.000 1.000 0.0001 313.9475 100 100 100 

CRP mg/dl 0.933 0.886 0.980 0.0001 8.1200 79.5 90.9 85.2 
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                                                                                Figure 3: FGF23 in four groups of the study                               
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