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            Abstract

            
               
Background: Chronic kidney disease (CKD) is marked by kidney damage or a glomerular filtration rate (GFR) of less than 60 mL/min/1.73
                  m2 for at least three months, regardless of the underlying etiology. When a variety of renal problems are present, albuminuria
                  defined as an albumin-to-creatinine ratio >30 mg/g in two out of three spot urine samples can serve to determine kidney failure. The estimated global rate of CKD is 13.4%. Nearly every aspect of biological life involves lipids. A few of these include
                  acting as hormones or as precursors to hormones, providing energy, storing function and metabolic fuels, acting as functional
                  and structural molecules in bio-membranes and forming insulation to aid in nerve transmission or prevent heat loss. The blood
                  contains a variety of lipoproteins. They are chylomicrons, very-low density lipoprotein (VLDL), intermediate-density lipoprotein
                  (IDL), low-density lipoprotein (LDL) and high-density lipoprotein (HDL), in descending sequence of increasing density. Less
                  dense lipoproteins result from lower protein/lipid ratios. Although some lipoproteins carry cholesterol in its natural "free"
                  alcohol form (the cholesterol-OH group facing the water surrounding the particles), all lipoproteins contain identical amounts
                  of cholesterol. Other lipoproteins carry cholesterol in the form of fatty acyl esters, sometimes referred to as cholesterol
                  esters. Triacylglycerol and cholesterol, which were not employed in the production of bile acids, are converted by the liver
                  into VLDL molecules. 
               

               Aims: The aim of the study was to assess the Lipid levels in CKD and study the correlation between eGFR (which is a marker of severity
                  of CKD) and lipid levels in CKD. 
               

               Materials and Methods: The present study was an observational study. The study was conducted over a period of six months on 180 patients. Blood samples
                  were obtained in Becton Dickinson's commercially available red-capped tubes vacutainers (BD). After that, blood samples were
                  left undisturbed at room temperature for 15-30 minutes to coagulate. For 5 minutes, the tubes were centrifuged at 3000 rpm.
                  After centrifugation, the sample solution (serum) was transferred to a fresh polypropylene tube with a Pasteur pipette. Lipid
                  profile and serum creatinine were done on fully automated SYSMEX BX-3010.
               

               Results: Our results show that mean and standard deviation of serum cholesterol, serum triglycerides, HDL, VLDL and LDL with p-value between males and females in the different stages of CKD shows a statistically significant difference between stage
                  II, III B, IV and stage V.
               

               Conclusion: The present study highlights the progressive increase in serum cholesterol, serum triglycerides, VLDL, LDL levels as CKD
                  advances through its stages. A progressive decline in HDL levels as CKD also advances through its stages. The correlations
                  between eGFR and various biomarkers in the stages of CKD shed light on the complex interactions between renal function, lipid
                  metabolism.
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               Introduction

            This global initiative's justification for tackling the issue is straightforward and obvious. Throughout the world, CKD is
               common. The harmful effects of CKD are well known, as are the underlying scientific and evidence-based methods for prevention,
               detection, evaluation, and therapy. Utilizing current knowledge and resources is crucial for improving chronic disease care
               and outcomes internationally, even though risk factors and care resources differ locally.1 
            

            CKD is marked by kidney damage or a glomerular filtration rate (GFR) of less than 60 mL/min/1.73 m2 for at least three months, regardless of the underlying etiology. When a variety of renal problems are present, albuminuria,
               defined as an albumin-to-creatinine ratio >30 mg/g in two out of three spot urine samples, can serve to determine kidney failure.2 The estimated global rate of CKD is 13.4%.3 In India, one of the most widespread illnesses that is not transmissible. CKD has a significant morbidity, mortality rate,
               and financial impact. 
            

            The three most typical CKD causes are glomerulonephritis, diabetes mellitus and hypertension. One in three persons with diabetes
               and one in five adults with hypertension both have CKD.4 The etiology of CKD also known as chronic kidney disease of undetermined etiology (CKDu), is uncertain in some cases.5 Initially, there are usually no apparent symptoms, but later signs and symptoms could include confusion, exhaustion, nausea,
               and leg edema.6

            Nearly every aspect of biological life involves lipids. A few of these include acting as hormones or as precursors to hormones,
               providing energy, storing function and metabolic fuels, acting as functional and structural molecules in bio-membranes and
               forming insulation to aid in nerve transmission or prevent heat loss.7 Impaired kidney function can have an impact on a variety of tissues, cells and organs involved in lipid metabolism, including
               the liver, gut, plasma, macrophages, and vascular endothelium. Cholesterol is only marginally hydrophilic or soluble in water,
               as a single molecule. Additionally, bile acid, vitamin D, and steroid hormones are all biosynthesized using cholesterol as
               a precursor.8 

            The blood contains a variety of lipoproteins. They are chylomicrons, very-low density lipoprotein (VLDL), intermediate-density
               lipoprotein (IDL), low-density lipoprotein (LDL) and high-density lipoprotein (HDL), in descending sequence of increasing
               density. Less dense lipoproteins result from lower protein/lipid ratios. Although some lipoproteins carry cholesterol in its
               natural "free" alcohol form (the cholesterol-OH group facing the water surrounding the particles), all lipoproteins contain
               identical amounts of cholesterol. Other lipoproteins carry cholesterol in the form of fatty acyl esters, sometimes referred
               to as cholesterol esters.9 Triacylglycerol and cholesterol, which were not employed in the production of bile acids, are converted by the liver into
               VLDL molecules. 
            

            An excessive level of lipids in the blood, such as triglycerides, cholesterol, and/or fat phospholipids, is known as dyslipidemia.
               A risk factor for the emergence of chronic renal disease is dyslipidemia.10 Dyslipidemia develops in CKD patients as a result of altered postprandial lipoprotein and other triglyceride-rich lipoprotein
               metabolism, modifications to lipoprotein structure and reverse cholesterol transport.
            

            So, the present study has been planned to study the severity of CKD with serum lipid levels. 

         

         
               Aims and Objectives

            The aim of the study was to assess the Lipid levels in CKD and study the correlation between eGFR (which is a marker of severity
               of CKD) and lipid levels in CKD. 
            

         

         
               Materials and Methods

            For lipid profile testing, all blood samples taken in plain vacutainer tubes were sent to the Biochemistry laboratory of the
               Biochemistry Department, AIMSR. The investigation lasted six months (October 2022 to March 2023) after receiving clearance
               from the AIMSR Research Committee and the Ethics Committee of Biomedical and Health Research, Adesh University, Bathinda. 

            
                  Inclusion criteria

                All the diagnosed cases of chronic kidney disease (all the patients were evaluated for chronic kidney disease as per the
                  K/DOQI criteria by the National Kidney Foundation for diagnosis of CKD).11 
               

            

            
                  Exclusion criteria

               
                     
                     	
                        All HIV-positive individuals. 

                     

                     	
                        All the patients have a history of gout and /or hyperuricemia.

                     

                     	
                        Patients who are taking anti-tubercular drugs and thiazide diuretics.

                     

                  

               

            

            
                  Methodologies and experimental strategy

               
                     Serum preparation

                  Blood samples were obtained in Becton Dickinson's commercially available red-capped tubes vacutainers (BD). After that, blood
                     samples were left undisturbed at room temperature for 15-30 minutes to coagulate. For 5 minutes, the tubes were centrifuged
                     at 3000 rpm. After centrifugation, the sample solution (serum) was transferred to a fresh polypropylene tube with a Pasteur
                     pipette. 
                  

               

               
                     Specimen storage and handling during testing

                  During testing, the temperature of the specimens was kept between 20 and 25 °C. Specimens were kept at 4-8°C for a maximum
                     of 8 days. If the samples required to be preserved for a longer amount of time, they were put in a deep freezer at -20°C.
                      

               

               
                     Procedure

                  All the samples were collected from the patient attending IPD and OPD Department of Adesh Institute of Medical Science and
                     Research, Bathinda. Serum creatinine, lipid profile (total cholesterol, triglycerides and HDL) was done on fully automated
                     SYSMEX BX-3010. 
                  

               

               
                     Parameters

                  The following parameters were assessed in the following study:

                  
                        Table 1

                     
                           
                              
                                 	
                                    
                                 
                                  Parameters  
                                 

                                 
                              
                              	
                                    
                                 
                                  Methods 

                                 
                              
                              	
                                    
                                 
                                  Biological reference 

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Serum creatinine  
                                 

                                 
                              
                              	
                                    
                                 
                                  Jaffe’s method  

                                 
                              
                              	
                                    
                                 
                                  0.9-1.3 mg/dL (for males)  0.6-1.1 mg/ dL (for females) 

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Serum cholesterol  

                                 
                              
                              	
                                    
                                 
                                  CHOD-PAP Enzymatic photometric test 

                                 
                              
                              	
                                    
                                 
                                  <200 mg/dL 

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  Serum triglycerides  

                                 
                              
                              	
                                    
                                 
                                  Glycerol-3-phosphateoxidase (GPO) 

                                 
                              
                              	
                                    
                                 
                                  <200 mg/dL 

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  HDL  

                                 
                              
                              	
                                    
                                 
                                  Immuno FS 

                                 
                              
                              	
                                    
                                 
                                  ≥35 mg/dL 

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  VLDL  

                                 
                              
                              	
                                    
                                 
                                  TG/5

                                 
                              
                              	
                                    
                                 
                                  <40 mg/dL 

                                 
                              
                           

                           
                                 	
                                    
                                 
                                  LDL  

                                 
                              
                              	
                                    
                                 
                                  Friedewald’s formula 

                                 
                              
                              	
                                    
                                 
                                  <130 mg/dL 

                                 
                              
                           

                        
                     

                  

               

               
                     Statistically analysis

                  The data analysis was done by using suitable software like MS EXCEL 2021. A t-test was used for enumeration data, which were
                     expressed as mean and standard deviation. Pearson’s analysis was employed to correlate the variables. Statistical method p<0.05 was considered to indicate a statistically significant. 
                  

               

            

         

         
               Results

            This study was conducted in Adesh Institute of Medical Sciences and Research, Bathinda. During a six-month period, 180 serum
               samples of CKD patients were tested for lipid profile. The five stages of CKD were determined by the estimated glomerular
               filtration rate (eGFR). The eGFR was calculated using the level of creatinine. In the present study, males and females were
               distributed in the stages based on the eGFR because of their different biological references of serum creatinine in males
               and females. 
            

            The study’s findings are as follows. 

            
                  
                  Table 2

                   Age distribution amongst CKD patients

               

               
                     
                        
                           	
                              
                           
                           
                              Age Group 
                              
                           

                           
                        
                        	
                              
                           
                            No. of Patients 

                           
                        
                        	
                              
                           
                            % 

                           
                        
                     

                     
                           	
                              
                           
                            20-30 

                           
                        
                        	
                              
                           
                            13 

                           
                        
                        	
                              
                           
                            7.2 

                           
                        
                     

                     
                           	
                              
                           
                            31-40 

                           
                        
                        	
                              
                           
                            25 

                           
                        
                        	
                              
                           
                            13.8 

                           
                        
                     

                     
                           	
                              
                           
                            41-50 

                           
                        
                        	
                              
                           
                            26 

                           
                        
                        	
                              
                           
                            14.4 

                           
                        
                     

                     
                           	
                              
                           
                            51-60 

                           
                        
                        	
                              
                           
                            51 

                           
                        
                        	
                              
                           
                            28.3 

                           
                        
                     

                     
                           	
                              
                           
                            61-70 

                           
                        
                        	
                              
                           
                            65 

                           
                        
                        	
                              
                           
                            36.1 

                           
                        
                     

                     
                           	
                              
                           
                           
                              TOTAL 
                              
                           

                           
                        
                        	
                              
                           
                            180 
                           

                           
                        
                        	
                              
                           
                            100 
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              Range 
                              
                           

                           
                        
                        	
                              
                           
                             20-70 
                           

                           
                        
                     

                     
                           	
                              
                           
                           Mean ± SD 
                           

                           
                        
                        	
                              
                           
                             52.8 ± 12.8 

                           
                        
                     

                  
               

            

            The above table shows the age distribution among 180 chronic kidney disease patients. The age of patients ranged from 20-70
               years. The mean± SD for age was 52.8±12.8 years. Only 7.2% of patients were in the age group of 20-30 years., 13.8% of the
               patients were the age between 31-40 years, and 28.3% of the patients were the age between 51-60. The patients between 41 and
               50 years of age were 14.4%. Maximum patients, that is, 36.1%, were in the age group between 61-70 years. 
            

            

            
                  
                  Figure 1

                  Age distribution in CKD patients
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                  Table 3

                  Gender distribution amongst CKD patients

               

               
                     
                        
                           	
                              
                           
                            Gender  
                           

                           
                        
                        	
                              
                           
                           
                              No. of Patients 
                              
                           

                           
                        
                        	
                              
                           
                           
                               Percentage
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            Male  

                           
                        
                        	
                              
                           
                            126 

                           
                        
                        	
                              
                           
                            67.7 

                           
                        
                     

                     
                           	
                              
                           
                            Female  

                           
                        
                        	
                              
                           
                            54 

                           
                        
                        	
                              
                           
                            32.2 

                           
                        
                     

                     
                           	
                              
                           
                            Total  
                           

                           
                        
                        	
                              
                           
                           
                              
                                 
                                 
 180 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           
                               100 
                              
                           

                           
                        
                     

                  
               

            

             As evident from the above table, there were 126 males (67.7%) and 54 females (32.2%) among total of 180 CKD patients. So,
               in the present study, the analysis according to the gender showed marked male preponderance. 
            

            

            
                  
                  Figure 2

                  Gender distribution in CKD patients 
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                  Table 4

                  OPD/IPD wise distribution

               

               
                     
                        
                           	
                              
                           
                           OPD/IPD  
                           

                           
                        
                        	
                              
                           
                           
                              No. of Patients 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Percentage 
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            OPD  

                           
                        
                        	
                              
                           
                            32  

                           
                        
                        	
                              
                           
                            17.7  

                           
                        
                     

                     
                           	
                              
                           
                            IPD  

                           
                        
                        	
                              
                           
                            148  

                           
                        
                        	
                              
                           
                            82.2  

                           
                        
                     

                     
                           	
                              
                           
                            TOTAL  
                           

                           
                        
                        	
                              
                           
                            180 

                           
                        
                        	
                              
                           
                            100  
                           

                           
                        
                     

                  
               

            

            IPD patients had a higher proportion of cases (82.2%) than IPD patients (17.7%). 

            

            

            
                  
                  Figure 3

                  OPD/IPD wise distribution of CKD patients
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                  Table 5

                   Patients distribution in the stages of CKD based on eGFR

               

               
                     
                        
                           	
                              
                           
                           
                              Stages 
                              
                           

                           
                        
                        	
                              
                           
                            eGFR    value ml/ min/1.73

                           
                           
                              m2 
                              
                           

                           
                        
                        	
                              
                           
                           
                              No. of patients 
                              
                           

                           
                        
                        	
                              
                           
                            Male 

                           
                        
                        	
                              
                           
                            Female 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
 I 

                                 
                              
                           
                           
                        
                        	
                              
                           
                            >90 

                           
                        
                        	
                              
                           
                            10 

                           
                        
                        	
                              
                           
                            7 

                           
                        
                        	
                              
                           
                            3 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
 II 

                                 
                              
                           
                           
                        
                        	
                              
                           
                            60-89 

                           
                        
                        	
                              
                           
                            21 

                           
                        
                        	
                              
                           
                            13 

                           
                        
                        	
                              
                           
                            8 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
 III A 

                                 
                              
                           
                           
                        
                        	
                              
                           
                            45-59 

                           
                        
                        	
                              
                           
                            18 

                           
                        
                        	
                              
                           
                            13 

                           
                        
                        	
                              
                           
                            5 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
 III B 

                                 
                              
                           
                           
                        
                        	
                              
                           
                            30-44 

                           
                        
                        	
                              
                           
                            27 

                           
                        
                        	
                              
                           
                            20 

                           
                        
                        	
                              
                           
                            7 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
 IV 

                                 
                              
                           
                           
                        
                        	
                              
                           
                            15-29 

                           
                        
                        	
                              
                           
                            46 

                           
                        
                        	
                              
                           
                            32 

                           
                        
                        	
                              
                           
                            14 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
 V 

                                 
                              
                           
                           
                        
                        	
                              
                           
                            <15 

                           
                        
                        	
                              
                           
                            58 

                           
                        
                        	
                              
                           
                            41 

                           
                        
                        	
                              
                           
                            17 

                           
                        
                     

                  
               

            

            Above table shows the distribution of patients in the stages of CKD. There were minimum number of male and female present
               in the stage I and maximum number of male and female present in the stage V. 
            

            
                  
                  Figure 4

                  Patients distribution in the stages of CKD
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                  Table 6

                  Distribution of serum cholesterol in the various stages of CKD and their mean and standard deviation with p-value
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Stages 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean ± Standard Deviation in males 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean ± Standard Deviation in females 
                              
                           

                           
                        
                        	
                              
                           
                           p-value 
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage I 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           176.30±25.45  

                           
                        
                        	
                              
                           
                           172.8±9.44  

                           
                        
                        	
                              
                           
                           =0.8276 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage II 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           181.30±19.32  

                           
                        
                        	
                              
                           
                           177.66±11.48  

                           
                        
                        	
                              
                           
                           =0.6364 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III A 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           191.71±12.88 

                           
                        
                        	
                              
                           
                           183.64±12.79  

                           
                        
                        	
                              
                           
                           =0.2504 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III B 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           214.7±27.46  

                           
                        
                        	
                              
                           
                           206.57±17.72  

                           
                        
                        	
                              
                           
                           =0.4740 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage IV 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           243.68±26.81  

                           
                        
                        	
                              
                           
                           215.71±19.71  

                           
                        
                        	
                              
                           
                           =0.0011* 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage V 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           276.15±20.85 

                           
                        
                        	
                              
                           
                           251.34±19.04  

                           
                        
                        	
                              
                           
                           =0.0001* 

                           
                        
                     

                  
               

               

            

            Table  6 shows the mean and standard deviation of serum cholesterol with a p-value between males and females in the different stages of chronic kidney disease, which shows a statistically significant
               difference between stage IV and stage V (p=0.0011 and 0.0001, respectively).
            

            
                  
                  Table 7

                  Distribution of serum triglycerides in the various stages of CKD and their mean and standard deviation with p-value
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Stages 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean ± Standard deviation in males 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean ± Standard deviation in females 
                              
                           

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage I 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           169.71±11.27 

                           
                        
                        	
                              
                           
                           165.83±7.65  

                           
                        
                        	
                              
                           
                            =0.6063 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage II 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           189.8±14.21  

                           
                        
                        	
                              
                           
                           174.61±17.45  

                           
                        
                        	
                              
                           
                            =0.0418* 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III A 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           202.76±22.74 

                           
                        
                        	
                              
                           
                           191.87±13.65  

                           
                        
                        	
                              
                           
                            =0.3355 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III B 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           234.6±24.14  

                           
                        
                        	
                              
                           
                           227.14±19.65  

                           
                        
                        	
                              
                           
                            =0.4698 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage IV 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           249.25±22.15 

                           
                        
                        	
                              
                           
                           229.14±16.00  

                           
                        
                        	
                              
                           
                            =0.0038* 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage V 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           261.26±28.56  

                           
                        
                        	
                              
                           
                           257.93±26.89  

                           
                        
                        	
                              
                           
                            =0.6827 

                           
                        
                     

                  
               

               

            

            Table  7 shows the mean and standard deviation of serum triglycerides with p-value between males and females in the different stages of CKD which shows a statistically significant difference between
               stage II and stage IV (p=0.0418 and 0.0038, respectively).
            

            
                  
                  Table 8

                  Distribution of HDL in the various stages of CKD and their mean and standard deviation with p-value
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Stages 
                              
                           

                           
                        
                        	
                              
                           
                            Mean ± Standard deviation in males 

                           
                        
                        	
                              
                           
                            Mean ± Standard deviation in females 

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage I 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           36.46±2.43  

                           
                        
                        	
                              
                           
                           35.90±1.95  

                           
                        
                        	
                              
                           
                            =0.7355 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage II 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           35.78±2.29  

                           
                        
                        	
                              
                           
                           34.6±1.67  

                           
                        
                        	
                              
                           
                            =0.2227 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III A 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           35.5±1.93  

                           
                        
                        	
                              
                           
                           33.57±1.71  

                           
                        
                        	
                              
                           
                            =0.0685 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III B 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           35±2.30  

                           
                        
                        	
                              
                           
                            32±2.64  

                           
                        
                        	
                              
                           
                            =0.0084* 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage IV 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           34.12±2.33  

                           
                        
                        	
                              
                           
                           31.85±1.99  

                           
                        
                        	
                              
                           
                            =0.0028* 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage V 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           30.41±1.97  

                           
                        
                        	
                              
                           
                           29.76±1.96  

                           
                        
                        	
                              
                           
                            =0.2569 

                           
                        
                     

                  
               

               

            

            Table  8 shows the mean and standard deviation of HDL with p-value between males and females in the different stages of chronic kidney
               disease, which shows a statistically significant difference between stage III B and stage IV (p=0.0084 and 0.0028, respectively).
            

            
                  
                  Table 9

                  Distribution of VLDL in the various stages of CKD and their mean and standard deviation with p-value
                  

               

               
                     
                        
                           	
                              
                           
                           
                              
                                 
                                 
Stages  

                                 
                              
                           
                           
                        
                        	
                              
                           
                           
                              Mean ± Standard deviation in males  
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean ± Standard Deviation in females  
                              
                           

                           
                        
                        	
                              
                           
                           
                              p-value  
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage I 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           34.14±2.19 

                           
                             

                           
                        
                        	
                              
                           
                           33.36±1.37 

                           
                        
                        	
                              
                           
                           =0.5905 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage II 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           36.8±2.28 

                           
                             

                           
                        
                        	
                              
                           
                           35.61±4.43 

                           
                            

                           
                        
                        	
                              
                           
                           =0.4242 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III A 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           38.37±2.73 

                           
                             

                           
                        
                        	
                              
                           
                           37.50±3.59 

                           
                            

                           
                        
                        	
                              
                           
                           =0.5853 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III B 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           48.32±3.97 

                           
                             

                           
                        
                        	
                              
                           
                           45.82±3.20 

                           
                            

                           
                        
                        	
                              
                           
                           =0.1466 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage IV 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           49.85±4.43 

                           
                             

                           
                        
                        	
                              
                           
                           46.91±2.47 

                           
                            

                           
                        
                        	
                              
                           
                           =0.0250* 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage V 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           52.90±5.07 

                           
                             

                           
                        
                        	
                              
                           
                           52.83±5.47 

                           
                            

                           
                        
                        	
                              
                           
                           =0.9629 

                           
                        
                     

                  
               

               

            

            Table  9 shows the mean and standard deviation of VLDL with p-value between males and females in the different stages of CKD, which shows a statistically significant difference in stage
               IV (p=0.0250).
            

            
                  
                  Table 10

                  Distribution of LDL in the various stages of CKD and their mean and standard deviation with p-value
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Stages 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean ± Standard deviation in males 
                              
                           

                           
                        
                        	
                              
                           
                           
                              Mean ± Standard deviation in females 
                              
                           

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage I 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           84.07±7.90  

                           
                        
                        	
                              
                           
                            82.2±4.60  

                           
                        
                        	
                              
                           
                            =0.7171 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage II 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           113.97±12.19  

                           
                        
                        	
                              
                           
                           112.13±9.93  

                           
                        
                        	
                              
                           
                            =0.7236 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III A 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           118.37±10.40  

                           
                        
                        	
                              
                           
                           114.67±13.86  

                           
                        
                        	
                              
                           
                            =0.5448 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage III B 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           157.99±13.84  

                           
                        
                        	
                              
                           
                           152.78±12.63  

                           
                        
                        	
                              
                           
                            =0.3899 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage IV 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           202.73±25.74  

                           
                        
                        	
                              
                           
                           177.48±18.55  

                           
                        
                        	
                              
                           
                           =0.0019* 

                           
                        
                     

                     
                           	
                              
                           
                           
                              
                                 
                                 
Stage V 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           203.45±14.89  

                           
                        
                        	
                              
                           
                           201.90±19.73  

                           
                        
                        	
                              
                           
                            =0.7447 

                           
                        
                     

                  
               

               

            

            Table  10 shows the mean and standard deviation of LDL with p-value between males and females in the different stages of CKD, which shows a statistically significant difference in stage
               IV (p=0.0019).
            

            
                  
                  Table 11

                  Correlation of eGFR with various parameters (cholesterol, triglycerides, HDL, VLDL and LDL) in the stage I of CKD

               

               
                     
                        
                           	
                              
                           
                           Parameters  
                           

                           
                        
                        	
                              
                           
                            r-value male 

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                        	
                              
                           
                           
                              r-value female 
                              
                           

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. Cholesterol

                           
                        
                        	
                              
                           
                            -0.71448  

                           
                        
                        	
                              
                           
                           =0.07151 

                           
                        
                        	
                              
                           
                           -0.40977  

                           
                        
                        	
                              
                           
                           =0.731755 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. Triglycerides  

                           
                        
                        	
                              
                           
                            -0.86664  

                           
                        
                        	
                              
                           
                           =0.01173* 

                           
                        
                        	
                              
                           
                           -0.80671  

                           
                        
                        	
                              
                           
                           =0.403256 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. HDL  

                           
                        
                        	
                              
                           
                            -0.92129  

                           
                        
                        	
                              
                           
                           =0.003228* 

                           
                        
                        	
                              
                           
                           -0.98317  

                           
                        
                        	
                              
                           
                           =0.117554 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. VLDL  

                           
                        
                        	
                              
                           
                            -0.86664  

                           
                        
                        	
                              
                           
                           =0.01173* 

                           
                        
                        	
                              
                           
                           -0.80671  

                           
                        
                        	
                              
                           
                           =0.403256 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. LDL  

                           
                        
                        	
                              
                           
                            -0.82844  

                           
                        
                        	
                              
                           
                           =0.021431* 

                           
                        
                        	
                              
                           
                            -0.3389  

                           
                        
                        	
                              
                           
                           =0.780499 

                           
                        
                     

                  
               

               

            

            Table  11 shows the correlation of eGFR with various parameters (cholesterol, triglycerides, HDL, VLDL, and LDL) in stage I of CKD.
               The correlation of eGFR with triglycerides, HDL, VLDL, and LDL in males was found to be significant with p-values 0.01173, 0.003228, 0.01173, and 0.021431, respectively, whereas the correlation of eGFR with Cholesterol in males
               was found to be nonsignificant with p-values 0.07151. The correlation of eGFR with cholesterol, triglycerides, HDL, VLDL, and LDL in females was found to be nonsignificant
               with p-values 0.731755, 0.403256, 0.117554, 0.403256, and 0.780499, respectively.
            

            
                  
                  Table 12

                  Correlation between eGFR and parameters (cholesterol, triglycerides, HDL, VLDL and LDL) in the stage II of CKD

               

               
                     
                        
                           	
                              
                           
                            Parameters  
                           

                           
                        
                        	
                              
                           
                            r-value in male 

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                        	
                              
                           
                           
                               r-
                              value in female 
                              
                           

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. Cholesterol 

                           
                        
                        	
                              
                           
                           -0.91411  

                           
                        
                        	
                              
                           
                            =0.000012* 

                           
                        
                        	
                              
                           
                           -0.72961 

                           
                        
                        	
                              
                           
                           =0.040191* 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs.  Triglycerides 

                           
                        
                        	
                              
                           
                           -0.69835  

                           
                        
                        	
                              
                           
                            =0.007975* 

                           
                        
                        	
                              
                           
                           -0.58226 

                           
                        
                        	
                              
                           
                           =0.130131 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. HDL  

                           
                        
                        	
                              
                           
                           -0.53678  

                           
                        
                        	
                              
                           
                            =0.05901 

                           
                        
                        	
                              
                           
                           -0.42682  

                           
                        
                        	
                              
                           
                           =0.292625 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. VLDL  

                           
                        
                        	
                              
                           
                           -0.69835  

                           
                        
                        	
                              
                           
                            =0.007975* 

                           
                        
                        	
                              
                           
                           -0.58226  

                           
                        
                        	
                              
                           
                           =0.130131 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. LDL  

                           
                        
                        	
                              
                           
                           -0.65903  

                           
                        
                        	
                              
                           
                            =0.014293* 

                           
                        
                        	
                              
                           
                            -0.418  

                           
                        
                        	
                              
                           
                           =0.302758 

                           
                        
                     

                  
               

               

            

             

            Table  12 shows the correlation of eGFR with various parameters (cholesterol, triglycerides, HDL, VLDL, and LDL) in stage II of CKD.
               The correlation of eGFR with cholesterol, triglycerides, VLDL, and LDL in males was found to be significant with p-values 0.000012, 0.007975, 0.007975, and 0.014293, respectively, whereas the correlation of eGFR with HDL in males was found
               to be nonsignificant with p values 0.05901. The correlation of eGFR with cholesterol in females was found to be significant
               with a p-value of 0.040191, whereas the correlation of eGFR with triglycerides, HDL, VLDL, and LDL in females was found to be nonsignificant
               with a value of 0.130131, 0.292625, 0.130131, and 0.302758, respectively.
            

            
                  
                  Table 13

                  Correlation between eGFR and parameters (cholesterol, triglycerides, HDL, VLDL, and LDL) in the stage III A of CKD

               

               
                     
                        
                           	
                              
                           
                             Parameters  
                           

                           
                        
                        	
                              
                           
                            r-value in male 

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                        	
                              
                           
                            r-value in female 

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. Cholesterol 

                           
                        
                        	
                              
                           
                           -0.61631  

                           
                        
                        	
                              
                           
                           =0.024981* 

                           
                        
                        	
                              
                           
                           -0.82634  

                           
                        
                        	
                              
                           
                           =0.084817 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR    vs.  Triglycerides  

                           
                        
                        	
                              
                           
                           -0.78431  

                           
                        
                        	
                              
                           
                           =0.001514* 

                           
                        
                        	
                              
                           
                           -0.93932  

                           
                        
                        	
                              
                           
                           =0.017919* 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. HDL  

                           
                        
                        	
                              
                           
                           -0.54264  

                           
                        
                        	
                              
                           
                           =0.055697 

                           
                        
                        	
                              
                           
                           -0.91385  

                           
                        
                        	
                              
                           
                           =0.030399*  

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. VLDL  

                           
                        
                        	
                              
                           
                           -0.78431  

                           
                        
                        	
                              
                           
                           =0.001514* 

                           
                        
                        	
                              
                           
                           -0.93932  

                           
                        
                        	
                              
                           
                           =0.017919* 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. LDL  

                           
                        
                        	
                              
                           
                           -0.54112  

                           
                        
                        	
                              
                           
                            =0.05624 

                           
                        
                        	
                              
                           
                           -0.83597  

                           
                        
                        	
                              
                           
                           =0.078435 

                           
                        
                     

                  
               

               

            

            Table  13 shows the correlation of eGFR with various parameters (cholesterol, triglycerides, HDL, VLDL, and LDL) in stage III A of
               CKD. The correlation of eGFR with cholesterol, triglycerides, and VLDL in males was found to be significant with p-values 0.024981, 0.001514, and 0.001514, respectively, whereas the correlation of eGFR with HDL and LDL in males was found
               to be nonsignificant with p-values 0.055697 and 0.05624. The correlation of eGFR with triglycerides, HDL, and VLDL in females was found to be significant
               with p-values 0.017919, 0.030399, and 0.017919, whereas the correlation of eGFR with cholesterol and LDL in females was found to be nonsignificant,
               with p-value 0.084817 and 0.078435 respectively. 
            

            
                  
                  Table 14

                  Correlation between eGFR and parameters (cholesterol,triglycerides, HDL, VLDL and LDL) in the stage III B of CKD

               

               
                     
                        
                           	
                              
                           
                           
                              
                                 
                                 
Parameters  

                                 
                                   

                                 
                              
                           
                           
                        
                        	
                              
                           
                           
                              
                                 
                                 
r-value in male  
                                 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           
                              
                                 
                                 
p-value  
                                 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           
                              
                                 
                                 
r-value in female  
                                 

                                 
                              
                           
                           
                        
                        	
                              
                           
                           p-value  
                           

                           
                        
                     

                     
                           	
                              
                           
                           eGFR vs Cholesterol 

                           
                        
                        	
                              
                           
                           -0.9007 

                           
                            

                           
                        
                        	
                              
                           
                           <0.00001* 

                           
                        
                        	
                              
                           
                           -0.91624 

                           
                            

                           
                        
                        	
                              
                           
                           =0.003753* 

                           
                        
                     

                     
                           	
                              
                           
                           eGFR vs 

                           
                           Triglycerides 

                           
                             

                           
                        
                        	
                              
                           
                           -0.84139 

                           
                            

                           
                        
                        	
                              
                           
                           <0.00001* 

                           
                        
                        	
                              
                           
                           -0.83185 

                           
                            

                           
                        
                        	
                              
                           
                           =0.020543* 

                           
                        
                     

                     
                           	
                              
                           
                           eGFR vs HDL 

                           
                             

                           
                        
                        	
                              
                           
                           -0.5727 

                           
                            

                           
                        
                        	
                              
                           
                           =0.008409* 

                           
                        
                        	
                              
                           
                           -0.89601 

                           
                            

                           
                        
                        	
                              
                           
                           =0.00633* 

                           
                        
                     

                     
                           	
                              
                           
                           eGFR vs VLDL 

                           
                            

                           
                        
                        	
                              
                           
                           -0.84139 

                           
                            

                           
                        
                        	
                              
                           
                           <0.00001* 

                           
                        
                        	
                              
                           
                           -0.83185 

                           
                            

                           
                        
                        	
                              
                           
                           =0.020543* 

                           
                        
                     

                     
                           	
                              
                           
                           eGFR vs LDL 

                           
                            

                           
                        
                        	
                              
                           
                           -0.55037 

                           
                            

                           
                        
                        	
                              
                           
                           =0.01199* 

                           
                        
                        	
                              
                           
                           -0.50091 

                           
                            

                           
                        
                        	
                              
                           
                           =0.25317 

                           
                        
                     

                  
               

               

            

            Table  14 shows the correlation of eGFR with various parameters (cholesterol, triglycerides, HDL, VLDL, and LDL) in stage III B of
               CKD. The correlation of eGFR with cholesterol, triglycerides, HDL, VLDL, and LDL in males was found to be significant with
               p-values <0.00001, <0.00001, 0.008409, <0.00001 and 0.01199, respectively. The correlation of eGFR with cholesterol, triglycerides,
               HDL, and VLDL in females was found to be significant with p-values 0.003753, 0.020543, 0.00633, and 0.020543 whereas the correlation of eGFR with LDL in females was found to be nonsignificant
               with p-value 0.25317.
            

            
                  
                  Table 15

                  Correlation between eGFR and parameters (cholesterol, triglycerides, HDL, VLDL and LDL) in the stage IV of CKD

               

               
                     
                        
                           	
                              
                           
                            Parameters  
                           

                           
                        
                        	
                              
                           
                           
                               r
                              -value in male 
                              
                           

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                        	
                              
                           
                           
                              r-
                              value in female 
                              
                           

                           
                        
                        	
                              
                           
                            p-value

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. Cholesterol 

                           
                        
                        	
                              
                           
                           -0.79004  

                           
                        
                        	
                              
                           
                           <0.00001* 

                           
                        
                        	
                              
                           
                           -0.69389  

                           
                        
                        	
                              
                           
                            =0.006* 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR    vs.  Triglycerides  

                           
                        
                        	
                              
                           
                           -0.69473  

                           
                        
                        	
                              
                           
                           =0.000011* 

                           
                        
                        	
                              
                           
                           -0.76179  

                           
                        
                        	
                              
                           
                           =0.001572* 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. HDL  

                           
                        
                        	
                              
                           
                           -0.58734  

                           
                        
                        	
                              
                           
                           =0.000413* 

                           
                        
                        	
                              
                           
                           -0.67064  

                           
                        
                        	
                              
                           
                            =0.00875* 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. VLDL  

                           
                        
                        	
                              
                           
                           -0.69473  

                           
                        
                        	
                              
                           
                           =0.000011* 

                           
                        
                        	
                              
                           
                           -0.76179  

                           
                        
                        	
                              
                           
                           =0.001572* 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. LDL  

                           
                        
                        	
                              
                           
                           -0.75887  

                           
                        
                        	
                              
                           
                            <0.00001* 

                           
                        
                        	
                              
                           
                           -0.65075  

                           
                        
                        	
                              
                           
                           =0.011855* 

                           
                        
                     

                  
               

               

            

            Table  15 shows the correlation of eGFR with various parameters (cholesterol, triglycerides, HDL, VLDL, and LDL) in stage IV of CKD.
               The correlation of eGFR with cholesterol, triglycerides, HDL, VLDL, and LDL in males was found to be significant with p-values <0.00001, 0.000011, 0.000413, 0.000011, <0.00001 and 0.000091, respectively. The correlation of eGFR with cholesterol, triglycerides,
               HDL, VLDL, and LDL in females was found to be significant with p-values of 0.006,0.001572, 0.00875, 0.001572, and 0.011855, respectively.
            

            
                  
                  Table 16

                  Correlation between eGFR and parameters (cholesterol, triglycerides, HDL, VLDL and LDL) in the stage V of CKD

               

               
                     
                        
                           	
                              
                           
                            Parameters  
                           

                           
                        
                        	
                              
                           
                            r-value in male 

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                        	
                              
                           
                            r-value in female 

                           
                        
                        	
                              
                           
                            p-value 

                           
                        
                     

                     
                           	
                              
                           
                            eGFR vs. Cholesterol 

                           
                        
                        	
                              
                           
                           -0.90054  

                           
                        
                        	
                              
                           
                            <0.00001* 

                           
                        
                        	
                              
                           
                           -0.86373  

                           
                        
                        	
                              
                           
                            <0.00001* 
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            Table  16 shows the correlation of eGFR with various parameters (cholesterol, triglycerides, HDL, VLDL, and LDL) in stage V of CKD.
               The correlation of eGFR with cholesterol, triglycerides, HDL, VLDL, and LDL in males was found to be significant with p-values <0.00001, 0.000107, <0.00001, 0.000107, and <0.00001, respectively. The correlation of eGFR with cholesterol, triglycerides,
               HDL, VLDL, and LDL in females was found to be significant with p-values <0.00001,0.005755, <0.00001, 0.005755, and 0.011929, respectively.
            

            
                  Stage I

               Figure  5, Figure  6, Figure  7, Figure  8, Figure  9.
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               Figure  10, Figure  11, Figure  12, Figure  13, Figure  14.
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               Figure  25, Figure  26, Figure  27, Figure  28, Figure  29.
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               Figure  30, Figure  31, Figure  32, Figure  33, Figure  34.
               

               
                     
                     Figure 5

                     Showing correlation of eGFR and serum cholesterol in stage I
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                     Figure 6

                     Showing correlation of eGFR and serum triglycerides in stage I
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                     Figure 7

                     Showing correlation of eGFR and serum HDL in stage I 
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                     Showing correlation of eGFR and VLDL in stage I
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                     Figure 9

                     Showing correlation of eGFR and LDL in stage I
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                     Showing correlation of eGFR and serum cholesterol in stage II
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                     Showing correlation of eGFR and serum triglycerides in stage II
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                     Showing correlation of eGFR and serum HDL in stage II
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                     Showing correlation of eGFR and VLDL in stage II
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                     Showing correlation of eGFR and LDL in stage II
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                     Showing correlation of eGFR and serum cholesterol in stage III A
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                     Figure 16

                     Showing correlation of eGFR and serum triglycerides in stage III A
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                     Showing correlation of eGFR and serum HDL in stage III A
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                     Showing correlation of eGFR and VLDL in stage III A
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                     Figure 19

                     Showing correlation of eGFR and LDL in stage III A 
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                     Figure 20

                     Showing correlation of eGFR and serum cholesterol in stage III B
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                     Figure 21

                     Showing correlation of eGFR and serum triglycerides in stage III B
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                     Showing correlation of eGFR and serum HDL in stage III B
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                     Showing correlation of eGFR and VLDL in stage III B
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                     Showing correlation of eGFR and LDL in stage III B
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                     Showing correlation of eGFR and serum cholesterol in stage IV
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                     Showing correlation of eGFR and serum triglycerides in stage IV
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                     Showing correlation of eGFR and serum HDL in stage IV
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                     Showing correlation of eGFR and VLDL in stage IV
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                     Showing correlation of eGFR and LDL in stage IV
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                     Showing correlation of eGFRand serum cholesterol in stage V
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                     Showing correlation of eGFR and serum triglycerides in stage V
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                     Showing correlation of eGFRand serum HDL in stage V
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                     Showing correlation of eGFRand VLDL in stage V
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                     Figure 34

                     Showing correlation of eGFR and LDL in stage V
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               Discussion

            CKD is a prevalent health condition that affects millions of individuals worldwide.12 It is a progressive and irreversible disease that results in the gradual deterioration of kidney function over time. CKD can
               have various causes, the most common being diabetes and high blood pressure.13 The progression of CKD occurs in stages, each characterized by the level of kidney function and the presence of symptoms.
               The five stages of CKD are determined by the estimated glomerular filtration rate (eGFR) which measures how well the kidneys
               are filtering waste. Diagnosing CKD involves various tests and assessments. The eGFR mentioned earlier is calculated using
               a blood test that measures the level of creatinine, a waste product produced by muscle metabolism.14 
            

            This might be the first observational study conducted to assess serum uric acid, serum C-reactive protein, and lipid levels
               in chronic kidney disease patients. To achieve the objectives of this study, 180 participants attending outpatient departments
               (OPD) and inpatient departments (IPD) of medicine at AIMSR hospital, Bathinda, were enrolled. The participants were further
               classified into the stages of chronic kidney disease for correlation and to identify the status of biochemical parameters.
               
            

            CKD can develop at any age and various conditions can lead to CKD (Mary Mallappallil et al., 2014).15 Previously study, Ji Cheng Lv et al., 2019 have reported, CKD becomes more common with increasing age.16 For every decade above age 40 years, GFR declines by 10 ml/min such that by age 70 years, the GFR has declined by about 30
               ml/min. The aging process, compounded by risk factors as well as hemodynamic and nonhemodynamic consequences of activation
               of the renin-angiotensin system, makes the elderly susceptible to CKD. Therefore, in this present study, in order to verify
               the impact of age for the outcomes of CKD participants were categorized into different age groups, which indicate;7.2% of
               cases were in the age groups of 20 to 30 years,13.8% of cases were in the age groups of 31 to 40 years,14.4% of cases were
               in the age groups of 41 to 50, 28.3% of cases were in age groups of 51 to 60 years, while 36.1% of the cases were in the age
               groups of 61 to 70 years suggested that highest number of cases were in the older age groups (Table  5). This clearly indicated that increase in the age may have direct impact on the CKD. The age of patients in the present study
               ranged from 20-70 years. The mean± SD for age was 52.8±12.8 years. Maximum patients, that is, 36.1% were in the age group
               between 61-70 years. The other studies like those done by Vandana Menon et al., 2003, Madero et al., 2009 and Zhibin li et
               al., 2013 were had the ages of the patients as 52±12, 52±12 and 58.7± 12 respectively, which was almost similar to the present
               study. 17, 18, 19 On the contrary, a study by Kentaro Kohagura et al., 2013 had mean± SD of the age of patients as 42.4± 18.5, which was lesser
               than the present study and that by Liu et al., 2021, Sebastjan bevc et al., 2017, Ailing zahang et al., 2021 and Yin et al.,
               2013 was having mean± SD of age as 63.5 ±13.5, 72.5±5, 73.63 ±10.26, 73.63 ±10.26 respectively which was higher than the present
               study group.20, 21, 22, 23, 11 
            

            In the present study, there were 122 males (67.7%) and 58 females (32.2%) among total of 180 CKD patients. So, in the present
               study, the analysis according to the gender showed marked male preponderance. As the enrolment of patients in the present
               study was random so a greater number of males could be due to high prevalence of kidney disease in males as compare to females
               because of differences in hormones levels. Higher testosterone levels in men may cause a loss in kidney function. On the other
               hand, men’s kidneys may not be protected by estrogen, which is higher in women until menopause. This was in accordance with
               other studies by Mohamed E. Suliman et al., 2006 and Oluseyi A. Adejumo et al., 2016 who were also having a greater number of males in their studies in their studies as compared to females.24, 25 Also, H.K. Aggarwal et al., 2018 were having a greater number of males as was there in the present study.26 Only the study by Sebastjan Bevc et al., 2017[22] had a greater number of females than males.22 
            

            Over time, CKD became roughly twice as likely to develop in people with high cholesterol. People who have kidney disease are
               more likely to experience heart issues. In the previous studies, Matthew B Lanktree et al., 2017 analysed data from prospective cohorts to investigate the association between cholesterol levels and the development of CKD
               over time.27 It reported an increased risk of CKD in individuals with higher cholesterol levels and Liu miao et al., 2021 also examined the relationship between cholesterol levels and the incidence of kidney disease.28 It was found that higher cholesterol levels were associated with an increased risk of incident kidney disease. In this study,
               we examined the variations in serum cholesterol levels across different CKD stages and explored potential gender-based differences
               in these levels. Our findings highlight a significant pattern in serum cholesterol levels as CKD progresses through its different
               stages. Notably, there is a steady increase in serum cholesterol levels with advancing CKD stages. The rise in cholesterol
               levels becomes more pronounced in the later stages of CKD, with stages IV and V demonstrating substantially higher cholesterol
               levels compared to the earlier stages (Stage I, Stage II, and Stage III) (Table  10). This escalating trend suggests a potential association between advanced CKD stages and elevated serum cholesterol levels.
               In agreement with the current study, Oluseyi A Adejumo et al., 2016 explored the association between cholesterol levels and
               the risk of developing kidney dysfunction. 26 It found that higher total cholesterol levels were associated with an increased risk of developing renal dysfunction. In
               agreement to these statements, Chang et al., 2015 also examined the relationship between serum lipid levels and the risk of
               incident CKD.29 It found that abnormal lipid profiles were associated with an increased risk of developing CKD. Renal dysfunction in later
               stages of CKD may disrupt the clearance of lipoproteins and contribute to dyslipidemia, ultimately resulting in elevated serum
               cholesterol levels. Interestingly, we also assessed potential gender-based variations in serum cholesterol levels within each
               CKD stage. While there were variations between males and females, statistical significance was not consistently achieved across
               all stages. This suggests that, within the scope of this study, gender might not be a primary factor influencing serum cholesterol
               levels in CKD patients. The increase in cholesterol concentrations in current study might due to impaired renal function,
               alcohol consumption, altered lipoprotein metabolism and hormonal disfunction. 
            

            Triglyceride levels also rise in CKD. Early in the progression of chronic renal illness, triglyceride levels in serum start
               to rise and peak in stage IV (Takaaki Kosugi et al., 2021.30 In the previous studies, Kanno et al., 2015 investigated the link between triglyceride levels and the progression of CKD in a Japanese population. It found that higher
               triglyceride levels were associated with a higher risk of CKD progression and Naraneethan et al., 2014 assessed the impact
               of triglyceride levels on CKD progression and mortality in a cohort of patients participating in the Kidney Early Evaluation
               Program.31 It found that higher triglyceride levels were associated with a greater risk of CKD progression and mortality. In this study,
               we examined variations in serum triglyceride levels across various CKD stages and explored potential gender-based differences
               in these levels. Our findings reveal a discernible pattern in serum triglyceride levels as CKD progresses through its stages.
               There is a consistent upward trend in triglyceride levels with advancing CKD stages. Notably, stages II, IV, and V exhibited
               significantly higher mean serum triglyceride levels compared to earlier stages (Stage I and Stage III A) (Table  11). This observation suggests a potential link between advanced CKD stages and elevated serum triglyceride levels. 
            

            In agreement to the current study, Yanni wang et al., 2016. This study explored the relationship between triglycerides and
               the development of diabetes in individuals with CKD, as diabetes is a leading cause of CKD.32 The increasing triglyceride levels seen with CKD progression could be attributed to multifactorial factors. Renal dysfunction
               and impaired glomerular filtration can influence lipid metabolism, leading to altered triglyceride clearance. Additionally,
               hormonal changes and inflammation associated with CKD could contribute to dyslipidemia. Interestingly, our study also explored
               gender-based differences in serum triglyceride levels within each CKD stage. While some variations were noted, statistical
               significance was not consistently achieved. This suggests that, within the scope of this study, gender might not be a primary
               determinant of serum triglyceride levels in CKD patients. The increase in triglycerides concentrations in current study might
               due to impaired renal function and also by some medications like corticosteroids and immunosuppressants which lead to hypertriglyceridemia.
               
            

            High-density lipoprotein cholesterol (HDL-C) is a traditional protective factor for CVD, which was thought to achieve its
               protective effect by mediating the reverse cholesterol transport pathway, but it is known to decrease significantly in CKD
               patients (Matthew B Lanktree et al., 2017).27 In the previous studies, JA Lamprea et al., 2005 examined the association between HDL cholesterol levels and the prevalence
               of CKD in a multi-ethnic population.33 It found that low HDL cholesterol levels were independently associated with a higher prevalence of CKD and JM Mora et al.,
               2011 explored the relationship between HDL cholesterol levels and the risk of CKD as a secondary outcome.34 In this study, we examined the variations in HDL levels across different CKD stages and explored potential gender-based differences
               in these levels. Our findings reveal a notable trend in HDL levels as CKD progresses through its stages. There is a general
               downward trajectory in HDL levels as CKD advances, with the later stages of CKD showing significantly lower HDL levels compared
               to the earlier stages (Stage I and Stage II) (Table  12). This observation raises important questions about the potential impact of declining HDL levels on the cardiovascular risk
               profile of CKD patients. 
            

            In agreement to the current study, Hiroo Sonoda et al., 2017 investigated the association between HDL cholesterol levels and the decline of kidney function in elderly individuals.35 It is reported that lower HDL cholesterol levels were linked to a greater decline in kidney function over time. Our study
               also examined gender-based differences in HDL levels within each CKD stage. While variations were observed, statistical significance
               was only achieved in certain stages. This suggests that gender might have a nuanced influence on HDL levels in CKD patients,
               with differences possibly arising from hormonal and metabolic variations. Reduced HDL levels are considered a risk factor
               for cardiovascular diseases, which are highly prevalent in CKD patients. The declining trend in HDL levels throughout CKD
               stages underscores the need for comprehensive cardiovascular risk management strategies in CKD patients. 
            

            VLDL levels also correlated with CKD (Jhi kai huang et al., 2022).36 In the previous studies, Mora et al., 2007 examined the relationship between VLDL cholesterol and various health outcomes,
               including CKD and Klag et al., 2000 investigated the relationship between serum lipids, including VLDL cholesterol, and the
               risk of nephropathy in individuals with type 2 diabetes, which is a common cause of CKD.37, 38 In this study, we explored variations in VLDL levels across different CKD stages and examined potential gender-based differences
               in these levels. Our findings reveal an intriguing pattern in VLDL levels as CKD progresses through its stages. While not
               consistently significant across all stages, there is a noticeable upward trend in VLDL levels as CKD advances. Notably, stages
               IV and V exhibited significantly higher VLDL levels compared to earlier stages (Stage I and Stage III B) (Table  13). This suggests a possible association between advanced CKD stages and elevated VLDL levels. Elevated VLDL levels are often
               associated with an increased risk of cardiovascular diseases due to their role in transporting triglycerides. The observed
               increase in VLDL levels as CKD advances could potentially contribute to the heightened cardiovascular risk commonly observed
               in CKD patients. In agreement to the current study, Van der velde et al., 2010.39 This study investigated the predictive value of apolipoprotein B (a component of VLDL) for renal function decline in patients.
               Mechanistically, altered lipid metabolism and reduced renal function might contribute to the observed changes in VLDL levels.
               Our study also explored gender-based differences in VLDL levels within each CKD stage. While some variations were noted, statistical
               significance was not consistently achieved. This suggests that gender might not be a primary determinant of VLDL levels in
               CKD patients within the scope of this study. Elevated VLDL levels are associated with dyslipidemia and increased cardiovascular
               risk. The observed trend in VLDL levels throughout CKD stages underscores the importance of comprehensive cardiovascular risk
               management strategies for CKD patients, particularly those in advanced stages. 
            

            LDL modifications in the CKD increase cardiovascular risk (Charles J. Ferro et al., 2018).40 In the previous studies, Takaaki kosugi et al., 2021 examined the association between LDL cholesterol levels and the risk of kidney function decline in older adults.30 It is found that higher LDL cholesterol levels were independently associated with an increased risk of kidney function decline
               and Mora et al., 2007 investigated the relationship between serum cholesterol levels, including LDL cholesterol, and the progression
               of CKD in patients without diabetes.39 It is suggested that high LDL cholesterol levels might contribute to the progression of kidney disease. In this study, we
               examined variations in LDL levels across different CKD stages and explored potential gender-based differences in these levels.
               Our findings demonstrate a significant pattern in LDL levels as CKD progresses through its stages. There is a clear and consistent
               increase in LDL levels with advancing CKD stages. Notably, stages IV and V exhibit significantly higher mean LDL levels compared
               to the earlier stages (Stage I, Stage II, and Stage III A) (Table  14). This observed trend underscores a potential association between advanced CKD stages and elevated LDL levels. In agreement
               to the current study, Chang et al., 2019 examined the relationship between LDL cholesterol levels and the risk of developing
               CKD in a prospective cohort.29 It was found that higher LDL cholesterol levels were associated with an increased risk of incident CKD. In agreement to these
               statements, Kamanna and Kashyap et al., 2013 discusses the importance of managing LDL cholesterol levels in individuals with
               CKD to reduce cardiovascular risk and potentially slow CKD progression.41 Elevated LDL levels are recognized as a major risk factor for cardiovascular diseases, which are common comorbidities in
               CKD patients. The increasing LDL levels observed as CKD progresses could further contribute to the elevated cardiovascular
               risk in this population. Altered lipid metabolism, inflammation, and reduced renal function in later stages of CKD could all
               play a role in the observed changes in LDL levels. Interestingly, our study also evaluated gender-based differences in LDL
               levels within each CKD stage. While variations were noted, statistical significance was only achieved in Stage IV. This suggests
               that, within the scope of this study, gender might not consistently influence LDL levels in CKD patients. 
            

            In this study, we explored the correlations between eGFR and lipid parameters in the stages of CKD patients. The correlations
               between eGFR and lipid parameters demonstrate varying strengths and significance. In males, eGFR is negatively correlated
               with cholesterol, triglycerides, HDL, VLDL and LDL. In females, the relationships are generally weaker and not statistically
               significant for most parameters. These correlations highlight the intricate interplay between renal function and lipid metabolism.
               As eGFR decreases in stages of CKD, adverse changes in lipid profiles, particularly decreased HDL and increased VLDL, could
               potentially contribute to the progression of renal dysfunction and the heightened cardiovascular risk commonly associated
               with CKD. 
            

            It's important to acknowledge some limitations of our study, including the relatively small sample size and the observational
               design. The observational design restricts our ability to establish causal relationships between lipid levels and CKD progression.
               Additionally, our study did not consider factors such as dietary habits, lifestyle, infections, comorbidities and medication
               use, which could influence lipid levels. 
            

            The link between elevated lipid levels and CKD progression carries clinical implications. Elevated cholesterol, triglycerides,
               VLDL, LDL levels and declining HDL levels are recognized risk factors for atherosclerosis and cardiovascular diseases, which
               are common comorbidities in CKD patients. The association between high cholesterol, triglycerides, VLDL, LDL levels and declining
               HDL levels and cardiovascular risk highlights the importance of managing lipid profiles in CKD patients, especially as the
               disease advances. 
            

            Future research could benefit from longitudinal designs that track changes in lipid levels as CKD progresses. Additionally,
               investigating the mechanisms behind dyslipidemia in CKD, including factors related to altered lipid metabolism and renal dysfunction,
               could provide deeper insights into the observed patterns. 
            

         

         
               Conclusion

            CKD is one of the non-communicable diseases that have had an increase in deaths related to them over the previous two decades.
               The present study highlights the progressive increase in serum cholesterol, serum triglycerides, VLDL, LDL levels as CKD advances
               through its stages. A progressive decline in HDL levels as CKD also advances through its stages. The correlations between
               eGFR and various biomarkers in the stages of CKD shed light on the complex interactions between renal function, lipid metabolism.
               The negative correlations with lipid parameters suggest that even in early CKD stages, there are indications of altered physiological
               processes. 
            

            The correlations underscore the importance of considering multiple biomarkers in assessing CKD progression and cardiovascular
               risk. 
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