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Abstract 
Background:  Chronic kidney disease (CKD) is frequently associated with 
disturbances in lipid metabolism, which contribute significantly to the increased 
cardiovascular risk observed in these patients. Dyslipidemia in CKD is characterized 
by alterations in various lipid parameters that may worsen with declining renal 
function. The present study aimed to evaluate lipid profile alterations across different 
stages of chronic kidney disease. Materials and Methods:  This hospital-based cross-
sectional study included 115 patients diagnosed with CKD. Patients were categorized 
into Stage 3b, Stage 4, and Stage 5 CKD based on estimated glomerular filtration rate 
(eGFR). After overnight fasting, blood samples were collected for analysis of lipid 
profile parameters including total cholesterol, triglycerides, HDL, LDL, and VLDL using 
standard biochemical methods. Statistical analysis was performed to compare lipid 
parameters among CKD stages, and p < 0.05 was considered statistically significant. 
Results: Most patients were in Stage 5 CKD (79.13%), followed by Stage 4 (13.04%) 
and Stage 3b (7.83%). Serum triglyceride and VLDL levels increased significantly with 
advancing CKD stages (p < 0.0001), whereas HDL levels showed a significant decrease 
(p < 0.0001). Total cholesterol and LDL levels increased gradually but did not show 
statistically significant differences. Conclusion: CKD is associated with progressive 
dyslipidemia characterized by elevated triglycerides and VLDL levels and reduced 
HDL concentrations. Early detection and management of lipid abnormalities may help 
reduce cardiovascular risk in CKD patients. 
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INTRODUCTION 
Chronic kidney disease (CKD) is a major global public health problem characterized by a progressive and irreversible 

decline in renal function over time. It is defined as abnormalities of kidney structure or function persisting for more than 

three months, with implications for health (1). CKD is associated with significant morbidity and mortality and represents 

an increasing burden on healthcare systems worldwide. The rising prevalence of diabetes mellitus, hypertension, obesity, 

and aging populations has contributed substantially to the growing incidence of CKD globally (2). 

 

One of the most important complications of CKD is the increased risk of cardiovascular disease, which remains the leading 

cause of death in patients with renal impairment. Studies have demonstrated that individuals with CKD have a markedly 

higher risk of cardiovascular morbidity and mortality compared with the general population (3). This elevated 

cardiovascular risk is attributed to several metabolic and physiological abnormalities associated with renal dysfunction. 
 

Among these abnormalities, dyslipidemia plays a crucial role in the pathogenesis of atherosclerosis in CKD patients. Lipid 

metabolism is significantly altered in chronic kidney disease, resulting in characteristic changes in serum lipid profile. 

These alterations often include elevated triglycerides, increased very low-density lipoprotein (VLDL), decreased high-

density lipoprotein (HDL), and variable changes in low-density lipoprotein (LDL) and total cholesterol levels (4). Such 

lipid abnormalities contribute significantly to the development and progression of cardiovascular disease in CKD patients. 

The mechanisms responsible for dyslipidemia in CKD are complex and multifactorial. Impaired activity of lipoprotein 

lipase and hepatic lipase, increased hepatic synthesis of triglyceride-rich lipoproteins, and decreased clearance of 

circulating lipoproteins contribute to abnormal lipid metabolism in these patients (5). In addition, oxidative stress, chronic 

inflammation, and alterations in apolipoprotein metabolism further exacerbate lipid abnormalities in CKD (6). 
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Previous studies have reported that lipid abnormalities become more pronounced as renal function declines. Patients with 

advanced stages of CKD often demonstrate higher triglyceride levels, reduced HDL concentrations, and increased 

atherogenic lipid ratios, which significantly increase their risk of cardiovascular complications (7,8). Therefore, evaluation 

of lipid profile alterations across different stages of CKD is important for early identification of patients at high 

cardiovascular risk. 

 

Understanding the pattern of lipid abnormalities in CKD may help clinicians implement early preventive and therapeutic 
strategies to reduce cardiovascular morbidity and mortality in this vulnerable population. Therefore, the present study was 

undertaken to evaluate lipid profile alterations across different stages of chronic kidney disease and to assess the 

relationship between CKD severity and changes in major lipid parameters including total cholesterol, triglycerides, HDL, 

LDL, and VLDL (9). 

 

METHODOLOGY 
The present study was a hospital-based cross-sectional observational study conducted in the Department of Biochemistry 

in collaboration with the Department of Medicine at a tertiary care teaching hospital. The study included 115 patients 

diagnosed with chronic kidney disease (CKD) attending the outpatient and inpatient departments. Ethical clearance was 

obtained from the Institutional Ethics Committee, and written informed consent was obtained from all participants prior to 

enrollment. Patients were classified into different stages of CKD based on their estimated glomerular filtration rate (eGFR) 

according to standard clinical guidelines. 

 

Patients aged 18 years and above with confirmed CKD were included in the study. Individuals with acute kidney injury, 

chronic liver disease, hypothyroidism, nephrotic syndrome, or those receiving lipid-lowering medications were excluded 

in order to avoid confounding effects on lipid metabolism. Clinical and demographic details of the participants were 

recorded, and patients were categorized into Stage 3b, Stage 4, and Stage 5 CKD according to their eGFR values. 
 

After an overnight fasting period of 8–12 hours, approximately 5 mL of venous blood was collected under aseptic 

conditions. The blood samples were centrifuged to obtain serum, which was used for biochemical analysis. Serum lipid 

profile parameters including total cholesterol, triglycerides, and high-density lipoprotein (HDL) were measured using 

standard enzymatic methods on an automated analyzer. Low-density lipoprotein (LDL) and very low-density lipoprotein 

(VLDL) were calculated using standard formulas. The collected data were analyzed statistically, and results were expressed 

as mean ± standard deviation, with comparisons between CKD stages performed using appropriate statistical tests. A p-

value <0.05 was considered statistically significant. 

  

RESULTS 

 

Table 1: Distribution of Study Participants According to CKD Stage 

CKD Stage Number of Patients (n) Percentage (%) 

Stage 3b 9 7.83 

Stage 4 15 13.04 

Stage 5 91 79.13 

Total 115 100 

 

 

Fig 1: Distribution of Study Participants According to CKD Stage. 
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A total of 115 patients diagnosed with chronic kidney disease (CKD) were included in the present study. The distribution 

of participants according to CKD stage is presented in Table 1. The majority of patients were classified as Stage 5 CKD, 

comprising 91 patients (79.13%), followed by Stage 4 CKD with 15 patients (13.04%), while Stage 3b CKD accounted for 

9 patients (7.83%). Thus, the study population was predominantly composed of individuals with advanced CKD. 

 

Table 2: Lipid Profile and Atherogenic Indices Across Different CKD Stages 

Parameter 
Stage 3b (n=9) 

Mean ± SD 

Stage 4 (n=15) 

Mean ± SD 

Stage 5 (n=91) 

Mean ± SD 
p-value 

Total Cholesterol (mg/dL) 151.77 ± 18.80 156.73 ± 26.16 165.56 ± 29.85 0.25 

Triglycerides (mg/dL) 113.66 ± 10.57 130.26 ± 18.19 164.29 ± 11.66 <0.0001 

VLDL (mg/dL) 22.73 ± 2.10 26.05 ± 3.63 32.85 ± 2.33 <0.0001 

HDL (mg/dL) 49.22 ± 3.38 43.66 ± 7.02 35.08 ± 5.20 <0.0001 

LDL (mg/dL) 81.15 ± 17.67 87.01 ± 27.28 97.61 ± 31.84 0.17 

Cholesterol/HDL Ratio 3.08 ± 0.34 3.73 ± 1.23 4.87 ± 1.35 <0.0001 

LDL/HDL Ratio 1.64 ± 0.34 2.11 ± 1.06 2.91 ± 1.22 0.001 

 
The comparison of lipid profile parameters across different stages of CKD is summarized in Table 2. Mean total cholesterol 

levels demonstrated a gradual increase with advancing CKD stage, rising from 151.77 ± 18.80 mg/dL in Stage 3b to 156.73 

± 26.16 mg/dL in Stage 4 and 165.56 ± 29.85 mg/dL in Stage 5. However, the difference in total cholesterol levels across 

CKD stages did not reach statistical significance (p = 0.25). In contrast, serum triglyceride levels showed a significant 

increase with CKD progression. The mean triglyceride concentration increased from 113.66 ± 10.57 mg/dL in Stage 3b to 

130.26 ± 18.19 mg/dL in Stage 4 and 164.29 ± 11.66 mg/dL in Stage 5, and this difference was highly statistically 

significant (p < 0.0001). Similarly, serum VLDL levels increased progressively across CKD stages, with mean values of 

22.73 ± 2.10 mg/dL in Stage 3b, 26.05 ± 3.63 mg/dL in Stage 4, and 32.85 ± 2.33 mg/dL in Stage 5, demonstrating a highly 

significant difference between groups (p < 0.0001). Conversely, HDL levels decreased significantly with increasing 

severity of CKD. Patients with Stage 3b CKD had the highest mean HDL level (49.22 ± 3.38 mg/dL), which declined to 

43.66 ± 7.02 mg/dL in Stage 4 and further to 35.08 ± 5.20 mg/dL in Stage 5. This reduction in HDL concentration across 

CKD stages was statistically highly significant (p < 0.0001). Although LDL levels demonstrated a gradual increase across 

CKD stages, from 81.15 ± 17.67 mg/dL in Stage 3b to 87.01 ± 27.28 mg/dL in Stage 4 and 97.61 ± 31.84 mg/dL in Stage 

5, the difference was not statistically significant (p = 0.17). To further assess cardiovascular risk, atherogenic lipid indices 

were analyzed across CKD stages. The cholesterol-to-HDL ratio increased progressively with CKD severity, rising from 

3.08 ± 0.34 in Stage 3b to 3.73 ± 1.23 in Stage 4 and 4.87 ± 1.35 in Stage 5, with the difference being highly statistically 

significant (p < 0.0001). Similarly, the LDL-to-HDL ratio demonstrated a significant upward trend, increasing from 1.64 
± 0.34 in Stage 3b to 2.11 ± 1.06 in Stage 4 and 2.91 ± 1.22 in Stage 5, and this variation across CKD stages was statistically 

significant (p = 0.001). 

 

Table 3A: Distribution of Dialysis Frequency According to CKD Grade. 

Dialysis Frequency Stage 3b 

(n=9) n (%) 

Stage 4 (n=15) 

n (%) 

Stage 5 (n=91) n 

(%) 

Total 

(n=115) 

p-value 

N.A (No Dialysis) 9 (100.00) 0 (0.00) 0 (0.00) 9 <0.001 

Twice/Week 0 (0.00) 3 (4.48) 64 (95.52) 67  

Thrice/Week 0 (0.00) 12 (30.77) 27 (69.23) 39  

Total 9 (7.83) 15 (13.04) 91 (79.13) 115  

 

 

Table 3B: Mean Dialysis Frequency (per week). 

CKD Stage Mean ± SD 

Stage 3b 0 ± 0 

Stage 4 2.00 ± 0.82 

Stage 5 2.28 ± 0.51 

Overall 2.27 ± 0.98 
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Fig 2: Distribution of dialysis frequency according to CKD stage. 

 
The distribution of dialysis frequency according to CKD stage is presented in Table 3. All patients in Stage 3b CKD were 

not on dialysis (100%), whereas patients in advanced stages required regular dialysis. In Stage 4 CKD, 4.48% of patients 

underwent dialysis twice weekly and 30.77% underwent dialysis thrice weekly. In Stage 5 CKD, the majority of patients 

were on dialysis, with 95.52% receiving dialysis twice weekly and 69.23% undergoing thrice-weekly dialysis. The 

association between CKD stage and dialysis frequency was found to be highly statistically significant (p < 0.001). 

Furthermore, the mean dialysis frequency increased with disease severity, from 0 ± 0 sessions per week in Stage 3b to 2.00 

± 0.82 in Stage 4 and 2.28 ± 0.51 in Stage 5, indicating a progressive rise in dialysis dependency with advancing CKD. 

 

DISCUSSION 
Chronic kidney disease (CKD) is a progressive disorder characterized by gradual loss of renal function and is frequently 
associated with metabolic abnormalities, particularly disturbances in lipid metabolism. Dyslipidemia is a common finding 

in CKD and contributes significantly to the development of accelerated atherosclerosis. Consequently, patients with CKD 

have a markedly increased risk of cardiovascular disease, which remains the leading cause of morbidity and mortality in 

this population. Previous studies have shown that cardiovascular complications are significantly more prevalent among 

CKD patients compared with the general population (10,11). 

 

In the present study, the distribution of patients according to CKD stage revealed that the majority of participants were in 

advanced stages of the disease. Stage 5 CKD accounted for the largest proportion of patients (79.13%), followed by Stage 

4 (13.04%) and Stage 3b (7.83%). This predominance of advanced CKD stages is consistent with observations reported in 

hospital-based studies where patients often present late due to lack of early screening and delayed diagnosis (12). 

The present study demonstrated progressive alterations in lipid profile parameters with increasing severity of CKD. Mean 

total cholesterol levels showed a gradual increase from Stage 3b to Stage 5; however, this increase was not statistically 

significant. Similar findings have been reported in earlier studies where total cholesterol levels did not show a consistent 

or significant change across different stages of CKD (13). This variability may be explained by factors such as malnutrition, 

chronic inflammation, and altered hepatic lipid metabolism commonly observed in advanced renal disease. 

 

In contrast, serum triglyceride levels showed a significant increase with advancing stages of CKD in the present study. A 
similar pattern was also observed for very low-density lipoprotein (VLDL) levels, which increased significantly with 

worsening renal function. These findings are in agreement with previous studies that have reported elevated triglyceride 

and VLDL concentrations in CKD patients (14,15). The underlying mechanism is believed to involve reduced activity of 

lipoprotein lipase and hepatic lipase, leading to impaired clearance of triglyceride-rich lipoproteins, along with increased 

hepatic synthesis of VLDL. 

 

High-density lipoprotein (HDL) levels in the present study showed a significant decline with increasing CKD severity. 

Patients with Stage 3b CKD had the highest mean HDL levels, which decreased progressively in Stage 4 and Stage 5 

disease. Similar findings have been reported in several previous studies where reduced HDL concentrations were associated 

with declining renal function and increased cardiovascular risk in CKD patients (16,17). Reduced HDL levels in CKD may 

be attributed to impaired synthesis of apolipoprotein A-I, decreased reverse cholesterol transport, and oxidative 

modification of HDL particles. 

 

Although low-density lipoprotein (LDL) levels showed an increasing trend across CKD stages in the present study, the 

difference was not statistically significant. Comparable results have been reported in earlier investigations where LDL 
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levels remained relatively unchanged despite progressive renal impairment, although qualitative alterations such as the 

formation of small dense LDL particles may contribute to increased atherogenicity (18). 

 

In addition to conventional lipid parameters, the present study also assessed atherogenic lipid ratios, which are considered 

important indicators of cardiovascular risk. The cholesterol-to-HDL ratio and LDL-to-HDL ratio increased significantly 

with advancing CKD stages. These findings suggest that worsening renal function is associated with a progressively more 

atherogenic lipid profile. Similar observations have been reported in previous studies demonstrating that lipid ratios are 
strong predictors of cardiovascular risk in patients with CKD (19). 

 

An important finding of the present study was the significant association between CKD stage and dialysis frequency, with 

a clear increase in dialysis dependency observed in advanced stages of the disease. All patients in Stage 3b CKD were 

managed conservatively without dialysis, whereas the majority of patients in Stage 5 CKD required regular dialysis, 

predominantly on a twice- or thrice-weekly basis. This progressive increase in dialysis requirement reflects the severity of 

renal impairment and declining glomerular filtration rate. Notably, the escalation in dialysis frequency observed in 

advanced CKD stages paralleled the worsening of dyslipidemia, particularly the marked elevation in triglyceride and VLDL 

levels and the reduction in HDL concentrations. 

 

The interplay between dialysis and lipid metabolism is complex and multifactorial. Hemodialysis has been shown to 

significantly influence lipid homeostasis through mechanisms such as reduced lipoprotein lipase activity, chronic 

inflammation, oxidative stress, and repeated exposure to dialysis-related factors, all of which contribute to impaired 

clearance of triglyceride-rich lipoproteins and reduced HDL levels (20,21). Studies comparing CKD patients on 

conservative management and those undergoing hemodialysis have demonstrated significantly higher triglyceride and 

VLDL levels along with lower HDL concentrations in dialysis-dependent patients, indicating a more atherogenic lipid 

profile (22,23). 
 

Furthermore, uremic dyslipidemia in advanced CKD is characterized by accumulation of triglyceride-rich lipoproteins, 

increased VLDL, and decreased HDL levels, which persist even in patients undergoing dialysis (24). Although dialysis 

may partially improve certain lipid parameters in some cases, the overall dyslipidemic pattern remains largely pro-

atherogenic, particularly in end-stage renal disease (25). The higher atherogenic lipid ratios observed in Stage 5 CKD 

patients in the present study may therefore be attributed to the combined effects of severe renal dysfunction and dialysis-

related metabolic alterations. 

 

Overall, the findings of the present study indicate that CKD is associated with characteristic alterations in lipid metabolism, 

including elevated triglyceride and VLDL levels, reduced HDL concentrations, and increased atherogenic lipid ratios. 

These abnormalities become more pronounced as renal function declines and may contribute significantly to the increased 

cardiovascular risk observed in CKD patients. Early identification and management of dyslipidemia in CKD patients may 

therefore play an important role in reducing cardiovascular morbidity and improving overall clinical outcomes. 

 

CONCLUSION 
The present study demonstrated that chronic kidney disease is associated with significant alterations in lipid metabolism, 

which become more pronounced with advancing stages of the disease. Patients with advanced CKD showed significantly 

elevated triglyceride and VLDL levels along with a marked reduction in HDL concentrations, while total cholesterol and 
LDL levels exhibited a gradual but non-significant increase. These findings indicate the presence of a progressively 

atherogenic lipid profile in patients with worsening renal function.The observed dyslipidemia in CKD patients may 

contribute substantially to the increased cardiovascular risk associated with renal impairment. Elevated triglycerides, 

reduced HDL levels, and increased atherogenic lipid ratios may promote the development of atherosclerosis and 

cardiovascular complications in these patients. Therefore, early evaluation and regular monitoring of lipid profile in CKD 

patients are essential for identifying individuals at higher cardiovascular risk. Timely management of dyslipidemia may 

help reduce cardiovascular morbidity and improve overall clinical outcomes in patients with chronic kidney disease.. 
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