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ABSTRACT

Objectives: To Evaluate and compare lipoprotein(a) [Lp(a)], lipid profile and novel lipid indices in
chronic kidney disease(CKD) patients undergoing hemodialysis with healthy controls. To find the correla-
tion between Lp(a) with novel lipid indices.

Methodology: The study group included 30 patients with CKD andage and sex matched 30 healthy con-
trols were selected for the study. Lp(a) was estimated by immunoturbidimetric method. Lipid profile by
enzymatic method. Lipid indices were calculated using appropriate formula.

Results: There was significant increase in Lp (a)(p<0.000), triglyceride(p<0.05) and LDL-Cholesterol
levels in cases compared to controls. Atherogenic index of plasma (AIP), Lipid tetrad index (LTI), Cas-
tellis risk index—2(CRI2) and Atherogenic co-efficient were also significantly increased in cases compared
to controls but there was no significant increase in Castellis risk index — 1(CRI1). AIP showed significant
positive correlation with Lp(a).

Conclusion: The present study concludes that AIP is the better novel lipid index for assessing atheroge-
necity in CKD patients compared to other indices as it doesn’t require special investigation.

Keywords: Lipoprotein (a), Lipid profile, Lipid indices (AIP, LTI, CRI-I, CRI-II, Atherogenic Coeffi-

cient), Chronic kidney disease.

INTRODUCTION

Chronic Kidney Disease (CKD) is defined as ei-
ther kidney damage or decreased kidney function
with decreased glomerular filtration rate for more
than three or more months.! Individuals with
CKD are at an increased risk for cardiovascular
disease compared to the general population. Lipo-
protein(a) (Lp(a)) is a cholesterol-rich particle ex-
isting in human plasma, first described by Berg in
19633 Lp(a) is made up of a low-density lipopro-
tein (LDL) cholesterol particle attached to apoli-
poprotein (a), which is a plasminogen like glyco-
protein* The prevalence of hyperlipidaemia or
dyslipidaemia in CKD is much higher compared to
the general population.> However, in patients with
CKD, the impact of dyslipidemia on cardiovascu-
lar disease is uncertain.

In the absence of an abnormal lipid profile the
possibility of CAD cannot be ruled out. It has
been suggested that the different combinations of

the lipid profile parameters can be used to identify
such high risk individuals. These are the calculated
fractions which can be used in the clinical setting
for assessing the risk of cardiovascular disease be-
yond the routinely done lipid profile.

The retention of lipoproteinparticles of modified
structure and size occurs alreadyin the eatly, pre-
dialysis stage, before the elevationof plasma lipids,
and persists even after successful transplantation.”
Plasma lipids and apolipoproteins may hencebe
unreliable predictors of the cardiovascular risk in
CRFinduceddyslipidemia, especially in the eatly
stages ofkidney disease.

For such patient populations calculations of
novelbioindices have recently been proposed, such
as lipid tetradindex (LTI)8, lipid pentad index
(LPI)® and atherogenic index of plasma (AIP)10,
whose formulas comprise severallipid parameters
(total cholesterol, triglycerides, HDL-C, apoA, apo
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B and Lp(a)). In addition, AIP is an indirect indica-
torof sdLDL levels.!

Thus, the present study was conducted with the
objective of assessing the significance of lipid indi-
ces like Atherogenic Index of Plasma (AIP), Lipid
Tetrad Index (LTI), Castellis Risk Index (CRI) and
Atherogenic Coefficient (AC), in CKD patients
who are at risk for coronary artery disease(CAD)
beyond the routinely done lipid profile especially in
insufficient resource situations.

MATERIAL AND METHODS

The study group included 30 patients with CKD
and 30 healthy controls matched for age and sex
were selected. The study group patients with CKD
were diagnosed with history of kidney damage or
decreased kidney function with decreased glomeru-
lar filtration rate for more than three or more
months. The patients who reported with history of
cigarette smoking, recent myocardial infarction and
vascular diseases, history of taking lipid lowering
drugs were excluded from the study. Controls with
history of cigarette smoking and chronic alcohol-
ism were also excluded from the study.The cases
were selected on the basis of simple random sam-
pling method. The study was conducted from Feb-
ruary 2014- September 2014. The study protocol
was approved by the institutional ethical commit-
tee and informed consent was obtained from the
subjects under study.

The serum Lp(a) was estimated by immunotur-
bidimetric method.!" Total cholesterol was esti-
mated by enzymatic end point method (Choles-
terol oxidase method).”? Serum Triglycerides by
enzymatic method (GPO-PAP Method).!? Serum
HDL-cholesterolby direct method.?! Serum LDL-
Cholesterol was calculated by Friedewaldequa-
tion.12

All parameters were estimated using the kits pro-
vided by RX Daytona autoanalyser. Lipid indices
were calculated using appropriate formulas. Fol-
lowing ate the lipid indices:

1. Atherogenic Index of Plasma (AIP) = log TG/HDLc

2. Lipid Tetrad Index(LTI)= [TotalcholesterolxTtriglycerides
x Lipoprotein(a) / HDL]]

3. Castelli’s Risk Index (CRI-I) = TC/HDLc

4. Castelli’s Risk Index (CRI-II) = LDLc/HDLc

5. Atherogenic Coefficient (AC) = (I'C- HDLc)/HDLc

Statistics: All the values are expressed in
mean * SD .Unpaired ‘t’ test was applied.
Pearson’s correlation was done to see the cor-
relation between serum Lp(a) and serum lipid
parameters of CKD using SPSS(version 16.0)

RESULTS

In the present study, CKD patients and controls
were 30 in number each. The gender distribution
was predominantly males in both groups [Table 1].
There was no significant difference with respect to
body mass index and waist hip ratio in CKD pa-
tients and controls.

Table 1: Demographic profile in Chronic Kid-
ney Disease patients and controls

Profile CKD patients Controls
Age(years) 49.50 +10.77 49.83 £9.40
Males 18 17

Females 12 13
BMI(kg/mt2) 2212+ 1.23 22.01 +3.22
WHR 0.87 = 0.07 0.77 £ 0.07

Values are mean * SD; BMI= Body Mass Index; WHR =
Waist Hip Ratio.

Lp(a) levels were significantly increased(p < 0.001)
in CKD patients compared to controls. In lipid
parameters Triglycerides and LDL-Cholesterol
were significantly increased (p < 0.05) in CKD
patients compated to controls [Table 2.

Among lipid indices, AIP, LTI & CRI-II showed
statistically significant (p< 0.05) in cases compared
to controls. When Lp(a) single variable was corre-
lated with other lipid indices it showed significant
and positive correlation with AIP, & LTI

Table 2: Comparison between Lp(a) and other Lipid parameters in CKD patients and controls

Parameters Mean + S.D p-Value
Cases Controls
Lp(a) mg/dl 61.98 +£36.38 31.00 £ 27.42 0.000%*
Total Cholesterol mg/dl 196.801+540.58 202.60% 470.12 0.661
Triglycerides mg/dl 187.931+60.616 153.13% 64.88 0.036*
HDL-Cholesterol mg/dl 38.60 £ 11.55 4143 £7.78 0.270
LD - Cholesterol mg/dl 125.331+14.38 119.4 £ 09.24 0.024*
VLDL-Cholesterol mg/dl 34.867£11.87 40.41 £ 22.10 0.231

** very significant, * significant, Lp(a) — Lipoprotein (a), HDL —

VLDL — Very Low Density Lipoprotein

High Density Lipoprotein, LDL — Low Density Lipoprotein,
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Table 3: Lipid indices in cases and controls

Lipid Indices Cases Controls p-Value
AIP 0.32%0.19 0.17£0.21 <0.01
LTI 060.483.16+42.543 28.534£4.577.6 <0.0001
CRI1 5.3327+1.471 4.9336%1.452 <0.294
CRI2 3.834%1.384 2.9605%0.8314 <0.004
AC 4.3327+1.471 3.933411.452 <0.2944
Non-HDL Cholesterol 158.2%51.8 161.6£48.04 0.81

Table 4: Correlation between Lp(a) and other
lipid variables

Variable Lp(a) R p-Value
TCl 0.118 >0.05
LDL 0.22 0.0503
AIP 0.00 <0.001
CRI1 0.7775 0.5561
CRI2 0.08837 0.5020
LTI 0.8199 <0.001
AC 0.5024 <0.6175
DISCUSSION

Patients with chronic renal failure (CRF) have an
increased risk of cardiovascular disease (CVD).
Many studies have shown serum Lp(a) levels are
increased in chronic kidney disease patients, result-
ing in adverse cardiovascular outcomes. Study
done by Baldassareet.al.,showed positive relation-
ship between levels of lipoprotein(a) and carotid
intimalthickness.!3

Increased levels of Lp(a) in CKD is an independ-
ent risk factor for premature atherosclerotic coro-
nary heart disease. The exact mechanism of Lp(a)
as a cardiovascular risk factor is unknown. But it’s
pro-atherogenic and pro-thrombogenic effects
have been hypothesized.!* Atherosclerotic renal
disease accounts for more than one third of all
cases of end stage renal disease.!> However, CKD
may lead to increased Lp(a) levels as a result of
increased hepatic synthesis induced by an acute
phase reaction or by protein losses from either
proteinuria or peritoneal dialysis.!o

AIP is an indirect indicator of small dense LDL
levels . The value of AIP indicates a balance be-
tween the actual concentration of plasma TG and
HDL-c, which predetermine the direction of the
cholesterol transport in the intravascular pool (i.e
the flux of newly produced cholesteryl esters by
lecithin cholesterol acyltransferase) toward athero-
genic LDL-c or beneficial HDIL-c.!” Clinical stud-
ies have shown that AIP predicts cardiovascular
risk and that it is an easily available risk marker and
a useful measure of the response to treatment.!8
Atherogenic lipoprotein phenotype is characterised

by high TG, low HDLc and rise in small dense
LDLc." In such a scenario, it is essential to go be-
yond the routinely done lipid profile; especially, in
centres with insufficient resources and owing to
high cost of mostly available tests, these lipid ratios
may prove a boon in the patient management.

On evaluation of lipid ratios, in the current study,
we observed that Atherogenic Index of Plasma
(AIP) was significantly higher in cases as compared
to controls (p < 0.001). AIP is a ratio calculated as
(logTG)/HDLc. Studies have shown an inverse
relationship that exist between TG and HDLc and
that the ratio of TG to HDLc is a strong predictor
of infarction.?? AIP is being used by some practi-
tioners as a significant predictor of atherosclerosis.
Moreover, studies have shown that in situations
where other atherogenic risk parameters like TG
and HDLc appear normal, AIP may be the diag-
nostic alternative.?!

Studies have shown its role in predicting cardio-
vascular risk and effectiveness of therapy.?? LTI
was described by Enas et al as a new way to as-
sesscardiovascular risk. Characterized by the mul-
tiplication ofthree atherogenic particles, which are
total cholesterol triglycerides and Lp (a), and the
division of this productby the non-atherogenic
HDL particle, the index describesthe overall lipid
profile of patients.?? Castelli’s Risk Ratio (CRI) is
based on three important lipid profile parameters
i.e. TC, LDLc and HDILc. CRI-I calculated as the
ratio of {TC/HDLc} and CRI-II as
{LDLc/HDLc}?, was found to be significantly
higher in cases compared to controls (p<0.001).

CONCLUSION

From the present study we observed that only
three indices viz- AIP, LTI, CRI-2 were signifi-
cantly increased in cases compared to controls.
When these three indices were compared with
Lp(a) only AIP & LTI showed significant quan-
tribution. Out of which AIP is the best and pre-
ferred indice because it doesn’t require any special
investigation. The aforementioned observations
suggest that lipid ratios like Atherogenic Index of
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Plasma, Castelli risk index and LTI could be used
for identifying individuals at higher risk of cardio-
vascular disease in Indian population in the clinical
setting especially when the absolute values of indi-
vidual lipoproteins seem normal and in individuals
with elevated TG concentrations. These can be
easily calculated from the routinely done lipid pro-
file parameters especially in centres where new
tests are not possible due to cost factor. Thus, the
use of these indexes should be encouraged to
complement the existing profile of tests for identi-
tying high risk individuals for CAD and effective
drug management.

The increased pathological values of AIP suggest-
that this index may have a potential application in
routineclinical practice as an indirect indicator of
sdLDL levels.

REFERENCES

1. Levis AS, Coresh ], Balk E, Kaus AT, Levin A, Steffes
MW et.al., National Kidney Foundation Practice Guide-
lines for Chronic Kidney Disease and Evaluation, Classifi-
cation and Stratification. Ann Intern Med 2003; 139:137-
147.

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 atherosclero-
sis. Atherosclerosis 1999;85:1-14.

4. Kamstrip PR, Nordestgard BG. Extreme lipoprotein(a)
levels and Myocardial infarction. Circulation 2008;117:176-
184.

5. Chan CM. Hyperlipidemia in Chronic Kidney Disease.
Ann Acad Med Singapore 2005; 35:31-35.

6. Bonnie CH, Florain K, Srinivasan B, Alfred C. Lipopro-
tein Metabolism and Lipid Management in Chronic kidney
disease. ] Am SocNephrol 2007; 18:1246-1261.

7. Luz PL, Favarato D, Faria-Neto JR Jr, Lemos P, Chagas
AC.High ratio of triglycetides to HDL-cholesterol predicts
extensivecoronary disease. Clinics (Sao Paulo) 2008; 63(4):
427-32.

8. Das B, Daga MK, Gupta SK. Lipid Pentad Index: A
novelbioindex for evaluation of lipid risk factors for
atherosclerosisin young adolescents and children of pre-
mature coronary arterydisease patients in India. ClinBio-
chem 2007; 40(1-2):18-24.

9. Bogavac-Stanojevi, N, Jeli-Ivanovi, Z, Spasojevi,-
Kalimanovska V,Spasi S, Kalimanovska-Ostri, D. Lipid
and inflammatory markersfor the prediction of coronary
artery disease: a multi-markerapproach. ClinBiochem
2007; 40(13-14): 1000-6.

10. Dobiasova M, Frohlich ]. The plasma parameter log
(IG/HDLC)as an atherogenic index: correlation with
lipoprotein particlesize and esterification rate in apoB-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

lipoprotein-depletedplasma ClinBiochem

2001; 34(7): 583-8.

(FER(HDL)).

Tate JR, Berg K, Couder CR, Dati F, Kostner GM, Mar-
covina SM, etal.,, International Foundation of Clinical
Chemistry and Laboratory Medicine. Standardization pro-
ject for the measurement of Lp(a). ClinChem Lab Med
1999; 37:949-958.

Nader R, Russel W. Lipids, Lipoproteins, Apolipoproteins
and other Cardiovascular Risk Factors In: Cark AB, Ed-
ward RA, David EB editors. Tietz Textbook of Clinsssical
Chemistry and Molecular Diagnostics 4% edition: Phila-
delphia: Saunders. 2006:903-951.

Baldassarre D, Tremoli E, Francischini G, Michelagnoles
S, Sirtori C. Plasma lipoprotein(a) is an independent factor
associated with carotid wall thickening in severely but not
moderately hypercholesterolemia patients. Stroke 1996;
16:1044-1049.

Black W, Wikken L. Decreases in Apolipoproteins (a) after
renal transplantation. Implication of lipoprotein(a) me-
tabolism. ClinChem 1992; 37:353-357.

Raitakari OT, Adams MR Celermajee DS. Effect of Lp(a)
on the early functional and structural changes of athero-
sclerosis. ArteriosclerThrombVascBiol 1999;19: 990-995.

DieplingerH,Lackner C, Kronenberg F. Elevated plasma
concentrations of lipoprotein(a) in patients with end stage
renal disease are not related to the size polymorphism of
apolipoprotein(a). ] Clin Incest 1993; 91:397-401.

Dobiasova M, and Frohlich J. “Understanding the 16-
mechanism of LCAT reaction may help to explain the
high predictive value of LDL-C-HDL-C cholesterol ratio”,
Physiol Res., 1998;47:387-97.

Frohlich], and Dobiasova M. “Fractional esterification rate
of cholesterol and ratio of triglyceride to HDL-C-C are
powerful predictors of positive findings on coronary angi-
ography”, Clin Chem., 2003;49:1873-80.

Dyslipidemia of Central Obesity and Insulin Resistance.
Improving Prognosis in Type 1 Diabetes. Proceedings
from an Official Satellite Symposium of the 16th Interna-
tional Diabetes Federation Congtess. Diabetes Care, (22)
S3.

Gaziano JM, Henne kens CH, Donnell CJ, Breslow JL,
Buring JE, Fasting triglycerides, high density lipoprotein,
and risk of myocardial infarction. Circulation., 1997;
96:2520-2525.

NwaghaU], Ikekpeazu EJ, Ejezie FE, Neboh EE, Maduka
IC. Atherogenic index of plasma as useful predictor of
cardiovascular risk among postmenopausal women in
Enugu, Nigeria. African Health Sciences. 2010; 10(3):248—
252.

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. ] Lipid Res. 2011; 52:566-571.

Enas EA, Dhawan ], Petkar S. Coronary artery disease in
Asian Indians: lessonlearnt and the role of lipoprotein(a).
Indian Heart J. 1997;49(1):25-34.

Castelli W.P., Abbott R.D., McNamara P.M., Summatry
estimates of cholesterol used to predict coronary heart
disease. Circulation. 1983; 67(4): 730-734.

NJMR | Volume 5 | Issue 1| Jan — March 2015

Page 42



