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Lipid profile (LP) is one of the most commonly performed laboratory investigation globally whose proper performance
and interpretation has significant ramifications on the health of an individual. This mini-review looks at the lipid profile
test inside out — its importance, role of non-HDL cholesterol, candidates for testing, sample collection technique,
preanalytical and analytical errors and limits of normality. Clinicians ordering the test must keep these intricacies in
mind while interpreting the results of the investigation and modifying treatment.
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INTRODUCTION

Lipid profile is one of the most commonly done biochemical tests in day-to-day clinical practice. It represents a combination
of'tests ordered for the assessment of disorders of lipid metabolism and associated complications, particularly atherosclerotic
cardiovascular disease (ASCVD). The burden of ischemic heart disease and cerebrovascular diseases is immense, and
they contribute approximately to 84.5% of cardiovascular deaths and 24.2% of death from all causes.' These figures will
continue to increase owing to a sedentary lifestyle and fat-rich food consumption. An LP entails total cholesterol and its
fractions viz. low-density lipoprotein (LDL), high-density lipoproteins (HDL) and very low-density lipoprotein (VLDL),
and triglycerides (TG).

Cholesterol (3-hydroxy-5,6-cholestene) is a sterol compound containing a cyclopentanoperhydro-phenanthrene (CPP)
skeleton which serves different physiological functions, e.g., synthesis of fat-soluble vitamins, bile acids and hormones.
However, in altered concentrations, they have pathological implications. LDL has a positive correlation with the risk of
ASCVD as seen in the landmark Framingham Heart Study, so is the case with VLDL and TG. On the other hand, HDL has a
protective action and prevent ASCVD.?

Non-HiGH DensITY LiPoPROTEIN CHOLESTEROL

Non-HDL cholesterol is simply defined as the difference between total and HDL cholesterol and constitutes all the
potentially proatherogenic apolipoprotein B (apoB)-containing particles [primarily VLDL, intermediate-density lipoprotein
(IDL), and LDL as well as chylomicron remnants and lipoprotein(a)].’ Its measurement has an advantage over direct LDL
measurement as a more comprehensive ASCVD risk marker as the latter excludes the cholesterol of TGRLs, which are
proatherogenic.

Thus, for patients with diabetes having mixed dyslipidemia, calculated LDL cholesterol might not be an adequate index
of overall lipid-associated risk with non-HDL providing additional information over LDL cholesterol alone. Owing to its



2 1JADD

simple calculation, the non—-HDL cholesterol level is easily available to the physician with every lipid profile report without
any additional cost. Since it excludes the measurement of TG, it avoids the possible downside of TG as a marker of CHD risk
and directly reflects the cholesterol content of all particles that may be proatherogenic. Furthermore, its derivation does not
need an LP to be done in the fasting state, and it avoids the possible imprecision related with the intra-individual variability
of triglyceride measurements. In the Strong Heart Study, a long-term follow-up of patients with diabetic dyslipidemia, non-
HDL cholesterol was a stronger predictor of cardiovascular disease than other lipid parameters, e.g., total/HDL cholesterol
used earlier.>*

WHEN SHouLD WE ORDER A LiPiD PROFILE TEST?

Notwithstanding the subtle differences in different clinical practice guidelines, the fundamental objectives remain the same
for LP testing, i.e., to prevent ASCVD in healthy subjects (primary prevention) and to provide early detection and retard the
progression of disease in those with established ASCVD (secondary prevention). It becomes necessary in a patient with a
family history of premature death due to myocardial infarction in first degree relatives (<55 years in male and <65 years in
female), history of familial hypercholesterolemia or patient with clinical stigmata of familial hypercholesterolemia (xanthoma/
xanthomata or eyelid xanthelasma), patients with comorbidities that are likely to be benefitted from statin use, i.e., patients
with diabetes, chronic kidney disease, HIV, etc. and risk stratification for patients without the disease, who might benefit from
hypolipidemic drug treatment.’

COLLECTION OF SAMPLES

1 mL of venous blood is collected from the antecubital vein and in a gel-barrier transport, green-top (heparin) or
lavender-top ethylenediaminetetraacetic acid (EDTA) vial. Sample should be preserved at ambient room temperature
and serum (gel barrier tubes) or plasma (heparin/EDTA vial) obtained after centrifugation is allowed to separate within
45 minutes. The universal recommendation is that patient should remain fasting for more than 8 hours (preferably 12
hours of complete dietary restriction with exception to water and medicines) but a non-fasting sample would suffice
for total cholesterol and HDL-c estimation, diagnosis of metabolic syndrome and CV risk estimation in patients being
considered for primary prevention. The reason being the utility of LDL-c estimation is limited apart from the management
of familial hyperlipidemia. Most of the risk estimators meant for cardiovascular diseases, e.g., Reynolds risk score,
Framingham risk score, ASCVD pooled cohort risk estimator, etc., take into account only total cholesterol and HDL-c
among all risk factors and these components have negligible variation whether the patient is fasting or in fed-state.
Fasting sample becomes mandatory in cases of suspected genetic causes of hyperlipoproteinemia, premature ASCVD,
hypertriglyceridemia and in those at risk of pancreatitis. The rationale behind fasting is to avoid a post-meal surge of
triglycerides, and reference values that we measure were worked out on fasting blood samples. Moreover, non-HDL
cholesterol (total cholesterol — HDL cholesterol), a secondary target of lipid-lowering therapy can also be estimated in
the non-fasting sample.®

Pre-ANALYTICAL ERRORS

In addition to food intake, certain other factors also affect the LP estimation that needs consideration prior to interpretation
of the test results. Applying a tourniquet too long (2—5 mins) prior to sample collection can falsely elevate cholesterol levels
by 5-15%. It is observed that there is the effect of seasonal variation on lipid profile, e.g., in winter the cholesterol is found
to be little increased and the same happens for triglycerides in summer. When one assumes supine from an upright posture
there is a pooling of blood and the resultant dilutional effect cab bring down triglycerides by 15% and cholesterol by 10%.
Nephrotic syndrome can cause hypercholesterolemia including total, LDL and VLDL fractions and the same happens in
hypothyroidism also. In any acute infection or inflammatory states, there is an alteration of the usual lipid profile with the
triglycerides going high and cholesterol coming down. The changes usually become apparent within the first 24-48 hours
after MI, become most obvious in 4-7 days, and then come to the baseline after some months when we can re-estimate the
lipid profile.”
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UrpPer LimiTs oF NorRMAL FOR ComPONENTS OF LipiD PROFILE (TABLES 1-3). (TARGETS FOR Low-DENsITY
LipoPROTEIN AND NON-HIGH-DENSITY LIPOPROTEIN MAY NOT APPLY TO THOSE WiTH DIABETES OR FOR SECONDARY
PREVENTION)

Table 1. Testing during non-fasting conditions®

Components Upper limit of normal (mg/dL) Upper limit of normal (mmol/L)
Triglycerides 175 2

Total cholesterol 190 5

LDL cholesterol 115 3

Remnant cholesterol (IDL+VLDL) 35 0.9

Non-HDL cholesterol 150 3.9

HDL cholesterol 40 1

Table 2. Testing during fasting conditions [when triglyceride in non-fasting state is more than Smmol/L (440 mg/dL)]?

Components Upper limit of normal (mmol/L) Upper limit of normal (mg/dL)
Triglycerides 1.7 150

Remnant cholesterol (IDL+VLDL) 0.8 30

Non-HDL cholesterol 3.8 145

Total cholesterol

Same as fasting Same as fasting
LDL cholesterol
HDL cholesterol

Table 3. Categorization of increased cholesterol values in dyslipidemia adults and children according to the National
Cholesterol Education Program (NCEP) guidelines’

Categories LDL cholesterol values (mg/dL)

Adults Children and adolescent
Acceptable <129 <110
Borderline high 130-159 110-129
High >160 >130

LABORATORY MIETHODS

Total cholesterol is measured by the cholesterol oxidase phenol 4-amino antipyridine method (CHOD-PAP) where cholesterol
esters are hydrolyzed and then oxidized to produce a red hue. After incubation of the resultant at 37° C for 10 minutes,
absorbance from the quinoneimine dye is measured at 505 nm. Other estimation methods are the Lieberman Burchat method
and the Sulkowski method. Triglycerides are measured with glycerol-3-phosphate oxidase-phenol-4-amino pyrophosphate
(GPO-PAP) method. It is hydrolyzed and oxidized to produce a red colour; the absorbance of which is measured similarly as
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before. LDL, VLDL and chylomicrons are precipitated by the addition of polyethylene glycol (PEG) 6000. After centrifugation
HDL remains in the supernatant and is measured with the CHOD-PAP method as described earlier. The LDL cholesterol
estimation can be done in two ways; indirect and direct. The indirect approach is based on the Friedewald cholesterol
estimation formula.’ The formula is as follows-

LDL-c (mg/dL) =TC (mg/dL) — HDL-c (mg/dL) — TG (mg/dL)/5

The direct approach utilizes homogeneous enzymatic direct assays. In the initial chemical reaction, LDL-c is separated by
incubation with different sets of reagents (containing ascorbic acid, oxidase, peroxidase, buffer, detergent, etc. to dissolve non-
LDL lipid fractions). Then hydrogen peroxide is formed by the action of cholesterol esterase and oxidase in the reagent which
then reacts with 4-aminoantipyrin to emit a blue complex. The absorbance of this complex gave the LDL-c concentration in
the sample. In few situations, such as when triglyceride exceeds 400 mg/dL, the direct methods are employed to validate the
results obtained from Friedewald equation. These methods are more reliable as they comply with the standard requirements
recommended by the NCEP for LDL-c assays. Its precision and accuracy (CV and bias <4%) hold for an even fed state.!

The apoprotein components B and A-1 represents the pro and anti-atherogenic lipids in the body. Therefore, the ratio of
apoB: ApoAl is a strong indicator and predictor of atherosclerotic cardio vascular disease particularly in patients with type
2 diabetes. In addition, it is a stronger predictor than any cholesterol ratio for that matter viz total cholesterol: HDL-c ratio,
LDL-c: HDL-c or non-HDL-c: HDL-c. The cut-off value for apoB: apoA1 for prediction of coronary artery disease 0.72-0.8.!!

Conditions Where Friedewald Equation is Less Reliable

Friedewald’s formula is precluded for LDL-C derivation when the individual is not fasting. A fasting sample is needed for
Friedewald’s formula in its essence abides by the law that the triglyceride to cholesterol ratio in VLDL is fixed. In non-
fasting samples (containing chylomicrons and chylomicron remnants), this ratio is deranged. Hence, VLDL-C would be
overestimated, and LDL-C will be falsely low. Chylomicrons are particles enriched in triglycerides and can interfere with
the VLDL calculation from triglyceride levels without considering the significant contribution of chylomicrons towards
a total pool of triglycerides. Chylomicrons could also be found in the genetic syndromes of hyperlipidemia, e.g., type I
(familial hyperchylomicronemia), type III (familial dysbetalipoproteinaemia), and type V familial hyperlipidemia (combined
hypertriglyceridemia. In these conditions, there would be different isoforms of VLDL which could not be easily calculated
from TG levels and put in the formula. It is better to go for elementary procedures, viz., ultra-centrifugal isolation and
electrophoretic separation of components.

Friedewald et al. observed when patients with serum TG is beyond 400 mg/dL were not excluded, the correlation between
direct and indirectly estimated cholesterol measurement weakened.'>!#

CoNCLUSION

Lipid profile is an important laboratory test with significant ramifications. The clinician should be adept in optimum utilization
of this test when indicated keeping in mind the associated pros and cons to help in the maximal reduction of ASCVD risk.

DECLARATION OF CONFLICTING INTERESTS

The author declares absence of any conflict of interest.

FunDING

No funds were received for publishing this article.

REFERENCES

1. Barquera S, Pedroza-Tobias A, Medina C, Hernandez-Barrera L, Bibbins-Domingo K, Lozano R, et al. Global Overview of the
Epidemiology of Atherosclerotic Cardiovascular Disease. Arch Med Res. 2015; 46(5):328-38.



Lipid Profile: A Review of its Basics 5

10.

11.

12.

13.

14.

Dawber TR, Kannel WB, Lyell LP. An approach to longitudinal studies in a community: the Framingham Study. Ann N'Y Acad
Sci. 1963; 107:539-56.

Hsia SH. Non-HDL cholesterol: into the spotlight. Diabetes Care. 2003; 26(1):240-42.

Lu W, Resnick HE, Jablonski KA, Jones KL, Jain AK, Howard WJ, et al. Non-HDL cholesterol as a predictor of cardiovascular
disease in type 2 diabetes: the strong heart study. Diabetes Care. 2003; 26(1):16-23.

Sundjaja JH, Pandey S. Cholesterol Screening. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing. Last up-
date- 10" May 2021. Online available at- https://www.ncbi.nlm.nih.gov/books/NBK560894/.

Driver SL, Martin SS, Gluckman TJ, Clary JM, Blumenthal RS, Stone NJ. Fasting or Nonfasting Lipid Measurements: It De-
pends on the Question. J Am Coll Cardiol. 2016; 67(10):1227-234.

Cooper GR, Myers GL, Smith SJ, Schlant RC. Blood lipid measurements. Variations and practical utility. JAMA. 1992;
267(12):1652-660.

Nordestgaard BG, Langsted A, Mora S, Kolovou G, Baum H, Bruckert E, European Atherosclerosis Society (EAS) and the
European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) joint consensus initiative, et al. Fasting is not
routinely required for determination of a lipid profile: clinical and laboratory implications including flagging at desirable con-
centration cut-points-a joint consensus statement from the European Atherosclerosis Society and European Federation of Clin-
ical Chemistry and Laboratory Medicine. Eur Heart J. 2016; 37(25):1944-958.

Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults. Executive Summary of The Third
Report of The National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel I1I). JAMA. 2001; 285(19):2486-497.

Nauck M, Warnick GR, Rifai N. Methods for measurement of LDL-cholesterol: a critical assessment of direct measurement by
homogeneous assays versus calculation. Clin Chem. 2002; 48(2):236-54.

Yaseen RI, El-Leboudy MH, El-Deeb HM. The relation between ApoB/ApoA-1 ratio and the severity of coronary artery disease
in patients with acute coronary syndrome. Egypt Heart J. 2021; 73(1):24.

Chatterjee BP, Sendhav S, Kakaiya A, Chatterjeec Biswas P. A comparative analysis of direct LDL-C assay and Friedewald’s
formula in subjects of ischemic heart disease & stroke in a tertiary care centre. Int J Clin Biochem Res. 2018; 5(4):541-546.
Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem. 1972; 18(6):499-502.

Krishnaveni P, Gowda VM. Assessing the Validity of Friedewald’s Formula and Anandraja’s Formula For Serum LDL-Choles-
terol Calculation. J Clin Diagn Res. 2015; 9(12):BC01-4.



