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‘ ABSTRACT ’ Background: Chronic kidney disease (CKD) is associated with increased cardiovascular risk, partly due to dyslipidemia.

Patients often develop lipid abnormalities early, which worsen with disease progression. Objective: To evaluate the
association between dyslipidemia, atherogenic index of plasma (AIP), and severity of ckd. Methods: A cross-sectional study was conducted
among 90 CKD patients. Lipid profile, estimated glomerular filtration rate (¢GFR), and AIP were measured and correlated with CKD stages.
Results: The mean age of participants was 55.2 years, with a male predominance (61.1%). Most were in stage 5 CKD (43.3%), followed by stage
4(34.4%) and stage 3 (22.2%). Mean AIP values increased with CKD stage. AIP showed a significant negative correlation with eGFR (r=-0.518,
p<0.001). Total cholesterol, triglycerides, HDL, VLDL, and AIP were significantly associated with CKD stages, while LDL was not. Conclusion:
Dyslipidemia worsens with CKD progression and is reflected by higher AIP values. Stage 5 CKD carries the highest atherogenic risk, highlighting

the importance of early monitoring and intervention.
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INTRODUCTION

Chronic Kidney Disease (CKD) is defined as either kidney damage or
decreased kidney function with decreased glomerular filtration rate
(eGFR) for more than three or more months.' Individuals with CKD
are at an increased risk for cardiovascular disease compared to the
general population.” Lipoprotein(a) (Lp(a)) is a cholesterol-rich
particle existing in human plasma, first described by Berg in 1963.

CKD, with its high prevalence, morbidity and mortality is an important
public health problem. CKD and other noncommunicable diseases
have often been ignored in the face of persistent challenges from and
competition for resources for communicable diseases and high infant
and maternal mortality.’ The reported prevalence of CKD in different
regions ranges from <1% to 13%, and recently data from the
International Society of Nephrology's Kidney Disease Data Center
Study reported a prevalence of 17%.’

The most widely used criteria are a decreased glomerular filtration rate
(GFR <60 mL/min per 1.73 m®) or urinary albumin creatinine ratio >30
mg/g. Patients with CKD are at an increased risk of premature
mortality, independently of the criterion (GFR or albuminuria) used
for diagnosis.”" In CKD leading factor for morbidity and mortality is
cardiovascular disease. The risk of cardiovascular complications is
increases as CKD progresses. Dyslipidemia is one of the leading risk
causes for cardiovascular complication in normal healthy individual as
wellasin CKD."

At the earlier stages of CKD, patients develop both quantitative and
qualitative abnormalities in lipoprotein metabolism which usually
follows a worsening course as renal function deteriorates regardless of
the aetiology of CKD. Early in CKD, there are alterations in
apolipoproteins, lipid transfer proteins, lipolytic enzymes and
lipoprotein receptors. As renal function declines, triglyceride (TG)
concentrations increase and high-density lipoprotein cholesterol
(HDLc) concentrations decline and become dysfunctional, while
levels of low-density lipoprotein cholesterol (LDL-C) remain within
the normal range or become slightly low."”"*

Furthermore, there is progressive accumulation of small less dense and
oxidised LDL particles, decreased concentration of apolipoprotein A-
containing lipoproteins and increased concentrations of TG-rich
apolipoprotein B-containing lipoproteins as glomerular filtration rate
(GFR) declines (Stages 4 and 5). Together these, abnormalities
contribute to the risk of arteriosclerotic cardiovascular diseases which
adversely affects the progression of renal disease and contributes to
cardiovascular morbidity and mortality."”

In Chronic Kidney disease, reduced HDL causes declined reversed
cholesterol transport system. Most of the studies are done to find a best
indicator for atherogenic factor in blood which can calculate the

cardiovascular risk and also helpful for monitoring the treatment
response. It revealed that atherogenic index of plasma (AIP) will be
good predictor for assessing the risk factor of cardiovascular disease.'®
Atherogenic index of plasma reveals the association between
atherogenic and protective lipoprotein and it is also related to
dimension of pre atherogenic and antiatherogenic lipoprotein level.
Based on the AIP value cardiovascular risk will be assessed. AIP value
lower than 0.11 consider low risk, If AIP ranges between 0.11-0.21
considered as an intermediate risk and AIP value >0.21 is considered as
high risk."”

Furthermore, renal dysfunction is associated with disturbance of
metabolism in lipoprotein and it leads to dyslipidemia and atherogenic
lipoprotein accumulation. The dyslipidemia spectrum in CKD will
differs from normal population.” The lipoproteins alteration is also
depended upon on CKD stage. With these viewpoints the current study
was designed with the main objectives to find the association between
dyslipidemia and atherogenic index of plasma with severity of CKD.

Methodology

Study Design And Patients

This is a cross-sectional study conducted with total of 90 patients
diagnosed with CKD at Department of General Medicine, Bapuji
hospital attached to J. J. M. Medical College, Davangere, Karnataka.
The ethical committee approval was obtained before the conduct of
study.

Inclusion Criteria

1. Age:>18years

2. Diagnosedas CKD

3. Sonological findings suggestive of CKD
4. Who are willing to give consent

Exclusion Criteria

1. Age:<l8yearsold

2. On treatment with lipid lowering drugs, corticosteroids,
androgens and oral contraceptive pills, highly active antiretroviral
therapy

Medication with immune-suppressive drugs

Diagnosed as hypothyroid

With liver disease, nephrotic syndrome, ischemic heart disease
Who are not willing to give consent

Sk w

Data Collection And Assessment Parameters

After obtaining informed consent, the demographic details, such as
age, gender, nature of underlying renal disease, treatment history if
any, duration and frequency of haemodialysis (if applicable), family
history of non-communicable disease and kidney disease were
recorded in a structured proforma.
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A thorough history taking coupled with a meticulous physical
examination wase done for all the patients included in the study. 5 ml of
venous blood was drawn aseptically from the ante-cubital fossa of the
patient after an overnight fast for lipid profile determination. Estimated
glomerular filtration rate (eGFR) was calculated using following
Cockroft-Gault equation.

CCr={((140-age) x weight)/(72xSCr)}x 0.85 (if female)

Abbreviations/Units

CCr (creatinine clearance) = mL/minute
Age=years

Weight=kg

SCr (serum creatinine) =mg/dL

Based on the eGFR rate, chronic kidney disease patients are grouped
into five stages as shown in Figure 1.
Adapted From: Valdivielso etal., (2019)"
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Figure 1: CKD categories according to KDIGO 2012 Clinical Practice
Guideline for the Evaluation and Management of Chronic Kidney
Disease and heat map of cardiovascular mortality risk.

Atherogenic Index Of Plasma (AIP)

AIP is a good predictor for assessing the risk factor of cardiovascular
disease viz. atherosclerosis and coronary heart disease.' AIP reveals
the association between atherogenic and protective lipoprotein, and it
is also related to size of pre-atherogenic and anti-atherogenic
lipoprotein particle. Based on the AIP value cardiovascular risk was
assessed viz. AIP value <0.11 is considered as low risk, If AIP value
ranges between 0.11-0.21 is considered as intermediate risk and AIP
value >0.21 is considered as high risk.” AIP value was calculated as
logarithmic ratio of triglycerides to high density lipoprotein
cholesterol [log (TG/HDL-C)].”

Statistical Analysis

Data were entered in Microsoft Excel 2021 and statistical analysis was
done using IBM Statistical Software for Social Sciences (SPSS)
version 22. Categorical variables were represented in the form of
percentages and frequencies.

Continuous variables were presented as descriptive statistics (Mean
and Standard deviation). Continuous data were compared by
independent student t-tests and One-way ANOVA and the correlation
assessed by Pearson correlation test. p<0.05 was considered
statistically significant.

RESULTS

The mean age of the study subjects was found to be 55.20 + 14.40
years. Male predominance was observed (61.11%) as compared to
female (38.89%). Majority of the study subjectsi.e., 66.67% were with
diabetes as comorbid condition followed by 33.33% with hypertension
as comorbid condition (Table 1).

Table 1. Distribution Of Study Subjects Based On Demographic
And Comorbidities

e

Figure 2. Distribution of study subjects based on hemodialysis status

The distribution of study subjects based on severity of CKD stage was
illustrated in Figure 3. Results depicted that majority of the study i.e.,
43.33% were diagnosed as CKD stage 5 followed by CKD stage 4
(34.44%) and CKD stage 3 (22.22%).

KD Stage 3
- O Stage &
TN Stage 5

Figure 3. Distribution of study subjects based on severity of CKD

The distribution of study subjects based on AIP value and CKD stage
was represented in Table 2. Results revealed that majority of the study
i.e., 47.78% (43/90) of study subjects in stage 5 CKD having eGFR of
<15 ml/min/1.73 m’) followed by stage 4 CKD with eGFR of 15-29
ml/min/1.73 m’ (35/90; 38.89%) and 13.33% (12/90) study subjects in
stage 3 CKD having eGFR of 30-59 ml/min/1.73 m’. These findings
implied that mean AIP values increased with increased stages of CKD.

Table 2. Distribution Of Study Subjects Based On Aip Value And
Ckd Stage

CKD Stage Frequency AIP Value
3 12 0.67 +£0.12
4 35 0.81 £0.09
5 43 0.86 +0.15

Values were expressed as mean + standard deviation (SD)

There was a statistically significant (p<0.001) negative correlation
exists between eGFR and AIP values (r = -0.518). These findings
inferred that with decreasing eGFR values there is an increase in the
AIP (Table 3).

Table 3. Assessment Of Correlation Between eGFRAnd AIP
Variables Correlation coefficient (r) [p-value
eGFR vs. AIP  [-0.518 <0.001

There was a significant correlation exists between lipid profile of study
subjects and CKD stages. The lipid parameters viz. total cholesterol
(p=0.001), TGL (p<0.0001), HDL (p<0.0001), VLDL (p<0.0001), and
AIP (p<0.0001) were significantly correlated with CKD stages.
However, LDL was non-significantly (p=0.277) correlated with CKD
stages (Table 4). These findings delineated that all the lipid profile
parameters increased with increasing CKD stages except HDL which

Variables Frequency [Percentage in decreased with increasing CKD stages.

Age (years) 55.20 + 14.40

Gender Table 4. Assessment Of Correlation Of Lipid Profile With Stages
Male 55 61.11 OfCKD

Female 35 38.89 Lipid profile CKD Stage |Mean = SD p- value
Comorbidities parameters

Diabetes 60 66.67 Total cholesterols |3 193.27 £ 16.58 0.001
Hypertension 30 33.33 4 215.77 +£20.84
A total of 40 out of 50 study subjects (44%) underwent hemodialysis; 5 221.55+26.51
while 56% (50/90) study subjects did not required hemodialysis TGL 3 192.93 +47.09 <0.0001
(Figure 2). 4 232.48 £55.04
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270.18 +46.51
95.60 + 6.57
95.55+12.78
106.13 £25.14
43.07+5.74
39.66 +6.20
40.66 + 6.62
37.40 & 8.20
44.61 +9.92
53.05+9.16
0.67+0.12
0.81 +0.09
0.86 +0.15
TGL, Triglycerides; LDL, Low-density lipoprotein; HDL, High-
density lipoprotein; VLDL, Very low-density lipoprotein; AIP,
Atherogenic index of plasma

LDL 0.277

HDL <0.0001

VLDL <0.0001

AIP <0.0001
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DISCUSSION

The leading etiology of hospital admissions and death in CKD patients
is cardiovascular disease.” The spectrum of cardiovascular disease
likely begins in the early stages of CKD to reach critical level at the
initiation of renal replacement therapy.”"* Dyslipidemia, one of the
traditional risk factors for coronary artery disease occurs frequently in
CKD.” However, the pattern of dyslipidemia in CKD patients differs
from the general population. Furthermore, AIP will be good predictor
for assessing the peril factor of cardiovascular disease.” Atherogenic
index of plasma revels the association between atherogenic and
protective lipoprotein and it is also related to dimension of pre
atherogenic and antiatherogenic lipoprotein level.” With this context
in the current cross-sectional study we aimed to determine the
association between dyslipidemia and atherogenic index of plasma
with severity of CKD.

Results of our study revealed that, the mean age of the study subjects
was found to be 55 years with male predominance. Majority of the
study i.e., 43.33% were diagnosed as CKD stage 5 followed by CKD
stage 4 (34.44%) and CKD stage 3 (22.22%). AIP values increased
with increased stages of CKD. There was statistically significant
(p<0.001) negative correlation exists between eGFR and AIP values (r
=-0.518). These findings were comparable with the literature findings
reported by various other research investigators.

In a study conducted by Magar et al., showed that CKD patients
exhibited dyslipidemia pattern irrespective of the hemodialysis
status.” These findings were consistent with our study wherein 44%
underwent hemodialysis; while 56% study subjects did not required
hemodialysis.

Phukan et al, reported that TGL and VLDL of the CKD group was
elevated and the HDL-C was decreased when compared with the
control group.” Raju et al., reported similar findings where in TGL and
VLDL of the CKD group was elevated and the HDL-C was decreased
when compared with the control group. However, there was no
significant difference in serum total cholesterol and LDL-C in both the
groups.”

Chijioke et al., reported that TC, TGL, HDL-C, LDL-C, and VLDL
levels of the CKD patients were significantly (p<0.05) different in both
sexes on comparing with the control group. The cardiovascular risk
indices such as TC/HDL-C, and LDL-C/HDL-C of the study group
were higher than that of the control group.” In concurrence with
literature findings, in our study the lipid parameters viz. total
cholesterol (p=0.001), TGL (p<0.0001), HDL (p<0.0001), VLDL
(p<0.0001), and AIP (p<0.0001) were significantly correlated with
CKD stages. However, LDL was non-significantly (p=0.277)
correlated with CKD stages.

Ekonoyan reported that reduced catabolism of the lipoprotein rich
triglyceride is one of the basic disturbances of lipoprotein metabolism
in kidney disease.” High triglyceride levels can be explained by
significant increases in the levels of apolipoprotein C-III, which is a
potent inhibitor of Lipoprotein lipase.”” In CKD, plasma Lp(a) levels
are greatly influenced by the GFR values, and are elevated in the earlier
stages of renal impairment.”'

There are certain limitations of this cross-sectionals study. Firstly, the
study was conducted in a small sample size and hence further studies

with higher sample size are needed. Secondly, the study lacked a non-
CKD control group, and hence randomized studies with case-control
groups are warranted.

CONCLUSION

In conclusion, lipid metabolism significantly varies in most patients
with renal failure. The results of our current study unequivocally
demonstrated that dyslipidemia in CKD tends to worsen as the disease
(or stage of CKD) advances. In CKD stages 3 to 5, dyslipidemia may
result in an elevated atherogenic index. It is clear that stage 5 of CKD
carries a higher risk for atherogenic index, as evidenced by the
increased AIP and decreased eGFR. A new understanding of early
diagnosis and prognosis of atherogenic risk will be provided by the
stage-wise atherogenic index.

REFERENCES

1. Levey AS, CoreshJ, Balk E, Kausz AT, Levin A, Steffes MW, Hogg RJ, Perrone RD, Lau
J, Eknoyan G; National Kidney Foundation. National Kidney Foundation practice
guidelines for chronic kidney disease: evaluation, classification, and stratification. Ann
Intern Med. 2003;139(2):137-47.

2. Sarnak MJ, Coronado BE, Greene T. Cardiovascular dis ease risk factors in chronic renal
insufficiency. ClinNephro 2002; 57:327-335.

3. Mbewu AD, Durington PN. Lipoprotein(a): Structure and possible involvement in
thrombogenesis and atherosclerosis. Atherosclerosis 1999; 85:1-14.

4. Abraham G, Varughese S, Thandavan T, Iyengar A, Fernando E, Naqvi SA, Sheriff R,
Ur-Rashid H, Gopalakrishnan N, Kafle RK. Chronic kidney disease hotspots in
developing countries in South Asia. Clin Kidney J. 2016;9(1):135-41.

5. Enelordache B, Perico N, Bikbov B, Carminati S, Remuzzi A, Perna A, Islam N, Bravo
RF, Aleckovic-Halilovic M, Zou H, Zhang L, Gouda Z, Tchokhonelidze I, Abraham G,
Mahdavi-Mazdeh M, Gallieni M, Codreanu I, Togtokh A, Sharma SK, Koirala P, Uprety
S, Ulasi I, Remuzzi G: Chronic kidney disease and cardiovascular risk in six regions of
the world (ISN-KDDC): A cross-sectional study. Lancet Glob Health 4: €307-e319,
2016.

6. Wanner C, Amann K, Shoji T. The heart and vascular system in dialysis. Lancet. 2016;
388:276-284.

7. Ortiz A, Covic A, Fliser D, Fouque D, Goldsmith D, Kanbay M, Mallamaci F, Massy
ZA, Rossignol P, Vanholder R, Wiecek A, Zoccali C, London GM; Board of the
EURECA-m Working Group of ERA-EDTA. Epidemiology, contributors to, and
clinical trials of mortality risk in chronic kidney failure. Lancet. 2014;383(9931):1831-
43.

8. Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Work Group.
KDIGO clinical practice guideline for the diagnosis, evaluation, prevention, and
treatment of chronic kidney disease-mineral and bone disorder (CKD-MBD). Kidney
Int Suppl. 2009:S1-130.

9. Perez-Gomez MV, Bartsch LA, Castillo-Rodriguez E, Fernandez-Prado R, Fernandez-
Fernandez B, Martin-Cleary C, Gracia-Iguacel C, Ortiz A. Clarifying the concept of
chronic kidney disease for non-nephrologists. Clin Kidney J. 2019; 12:258-261.

10. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita K, Gansevoort RT,
Kasiske BL, Eckardt KU. The definition, classification, and prognosis of chronic kidney
disease: a KDIGO controversies conference report. Kidney Int. 2011; 80:17-28.

11.  Ma KW, Greene EL, Raij L. Cardiovascular risk factors in chronic renal failure and
hemodialysis populations. Am J Kidney Dis. 1992;19(6):505-13.

12. Tsimihodimos V, Dounousi E, Siamopoulos KC. Dyslipidemia in chronic kidney
disease: an approach to pathogenesis and treatment. Am J Nephrol. 2008;28(6):958-73.

13.  PandyaV, Rao A, Chaudhary K. Lipid abnormalities in kidney disease and management
strategies. World J Nephrol. 2015;4(1):83-91.

14.  Mikolasevic I, Zutelija M, Mavrinac V, Orlic L. Dyslipidemia in patients with chronic
kidney disease: etiology and management. Int J Nephrol Renovasc Dis. 2017; 10:35-45.

15. Omotoso BA, Hassan MO, Okunola OO, Sanusi AA, Arogundade FA. Pattern of
Dyslipidaemia in Patients with Chronic Kidney Disease. Nigerian Journal of Health
Sciences. 2019;19(2).p39.

16.  Purohit P, Sharma P. Atherogenic index: A potential cardiovascular risk marker in
coexisting hypothyroidism and diabetes mellitus at diagnosis. Journal of Obesity and
Metabolic Research 2016;3(1):46.

17.  Dobiasova M, Frohlich J, Sedova M, Cheung MC, Brown BG. Cholesterol esterification
and atherogenic index of plasma correlate with lipoprotein size and findings on coronary
angiography. J Lipid Res. 2011;52(3):566-571.

18.  Deighan CJ, Caslake MJ, McConnell M, Boulton-Jones JM, Packard CJ. Atherogenic
lipoprotein phenotype in end-stage renal failure: origin and extent of small dense low-
density lipoprotein formation. Am J Kidney Dis. 2000;35(5):852-62.

19.  Valdivielso JM, Rodriguez-Puyol D, Pascual J, Barrios C, Bermudez-Lopez M,
Séanchez-Nifio MD, Pérez-Fernandez M, Ortiz A. Atherosclerosis in Chronic Kidney
Disease: More, Less, or Just Different? Arterioscler Thromb Vasc Biol.
2019;39(10):1938-1966.

20. Dobiasova M. AIP--atherogenic index of plasma as a significant predictor of
cardiovascularrisk: from research to practice. Vnitrnilekarstvi. 2006;52(1):64-71.

21.  Rayner HC, Pisoni RL, Bommer J, Canaud B, Hecking E, Locatelli F, Piera L, Bragg-
Gresham JL, Feldman HI, Goodkin DA, Gillespie B, Wolfe RA, Held PJ, Port FK.
Mortality and hospitalization in haemodialysis patients in five European countries:
results from the Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial
Transplant. 2004;19(1):108-20.

22.  YusufS, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, Budaj A, Pais
P, Varigos J, Lisheng L; INTERHEART Study Investigators. Effect of potentially
modifiable risk factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study. Lancet. 2004;364(9438):937-52.

23. Balode AA, Khan ZK. Serum lipid profile in chronic kidney discase patients on
haemodialysis. Indian Journal of applied research. 2011;3(8):20-2.

24.  Magar LR, Mohammad AM, Anil SS. A study of lipid profile in chronic renal failure
patients undergoing hemodialysis. IOSR Journal of Dental and Medical Sciences.
2016;15(6):1-3.

25. Phukan RR, Goswami RK. Unusual Dyslipidemia in Patients with Chronic Kidney
Diseases. J Clin Diagn Res. 2017;11(1):BC01-BC04.

26. RajuDSSK, Lalitha DL, Kiranmayi P. A Study of Lipid Profile and Lipid Peroxidation in
Chronic Kidney Disease with Special Reference to Hemodialysis. J Clinic Res
Bioeth.2013:4:143.

27.  Chijioke NN, Bartimaeus EA, Okeke CU. Lipid profile in chronic renal failure patients
ondialysis. European J Cardiovascular Medicine. 2012;1(2.39):1-07.

28.  Eknoyan G. On the epidemic of cardiovascular disease in patients with chronic renal
disease and progressive renal failure: a first step to improve the outcomes. Am J Kidney

40 | INDIAN JOURNAL OF APPLIED RESEARCH [




Volume - 15 | Issue - 10 | October - 2025 | PRINT ISSN No. 2249 - 555X | DOI : 10.36106/ijar

29.

30.

31.

Dis. 1998;32(5 Suppl 3):S1-4.

Visconti L, Benvenga S, Lacquaniti A, Cernaro V, Bruzzese A, Conti G, Buemi M,
Santoro D. Lipid disorders in patients with renal failure: Role in cardiovascular events
and progression of chronic kidney disease. J Clin Transl Endocrinol. 2016; 6:8-14.
Pandya V, Rao A, Chaudhary K. Lipid abnormalities in kidney disease and management
strategies. World J Nephrol. 2015;4(1):83-91.

Milionis HJ, Elisaf MS, Tselepis A, Bairaktari E, Karabina SA, Siamopoulos KC.
Apolipoprotein(a) phenotypes and lipoprotein(a) concentrations in patients with renal
failure. AmJ Kidney Dis. 1999;33(6):1100-6.

| _INDIAN JOURNAL OF APPLIED RESEARCH | 41




