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Abstract

Cardiovascular disease is the leading cause of illness and death across world widely. Lipid and
lipoprotein metabolism disorder like dyslipidemia patients may prone to develop premature
atherosclerosis. Types of dyslipidemia are hypertriglyceridemia, hypercholesterolemia, combined
hyperlipidemia, and low levels of high-density lipoprotein cholesterol. Hypercholesterolemia can
causes atherosclerosis and hypertriglyceridemia can consequence in pancreatitis. The laboratory
findings are beneficial in the analysis and controlling of Dyslipidemia encompass assessment of serum
cholesterol, serum triglycerides, serum high-density lipoprotein cholesterol, and serum low-density
lipoprotein cholesterol by directly and through calculation. Laboratory investigation which are helpful
to eliminate secondary causes of Dyslipidemia are assessment of TSH, Blood sugar levels, liver
function test, serum creatinine, and plasma and urine protein level.
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Abbreviations

TSH: Thyroid-Stimulating Hormone

CVD: Cardiovascular disease

CHD: Coronary Heart Disease

NCEP: National Cholesterol Education Program
ATP: Adult Treatment panel

Introduction

CVD is the primary cause of mortality worldwide [, The main strategy to reduce its
morbidity and mortality comprises the control of cardiovascular disease risk factors, such as
dyslipidemia, which has an important modifiable risk factor [@. Understanding the
relationship between lipids and risk of coronary heart disease is an essential for prevention of
cardiovascular events . Dyslipidaemia is the most common factor for cardiovascular
morbidity and mortality (4. According to Gupta R et al., Dyslipidaemia is the most important
atherosclerotic risk factor [“. Globally, CVD is the primary cause of mortality and high
mortality rate present in low- and middle-income countries . In India, the frequency of
CVD has increased dramatically during the last two decades, accounting for 24 percent of all
deaths among persons aged 25 to 69 years [¥1. CVD now occurs at a younger age in Asian
Indian populations than in other populations . Sedentary lifestyles along with urbanisation
and nutritional alterations are the most likely causes of a rise in CVD occurrences.
Dyslipidemia is a modifiable cardiovascular disease risk factor that has been linked to the
pathophysiology of the disease. Asian Indians, on the other hand, have a unique dyslipidemia
pattern, with reduced serum HDL cholesterol, high triglyceride levels, and high serum LDL
cholesterol 61,

Lipoprotein composition and metabolism

Lipid is insoluble in plasma, so it cannot transported directly through the blood. Lipids are
transported by lipoproteins. They are transported in almost all organs and remain in
circulation to compensate the energy demands. By density gradient centrifugation of plasma,
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different lipid fractions can separated out in chloroform-
methanol organic phase as shown in Figure1 [ &,

Lipoproteins

Lipoproteins are a group of heterogeneous substances,
circulating through the vasculature and existing in a state of
dynamic equilibrium between tissues and liver. Internally, a
lipoprotein transports triglyceride-fats and cholesterol esters,
which are protected from water by the phospholipid
monolayer and Apo-proteins. Because of these qualities, it
can be dissolved in a salt water-based blood pool. The
hydrophilic groups of phospholipids, cholesterol, and
apoproteins are directed outward in these lipoprotein
particles (Figure 2). Constitution of the major classes of
lipoproteins is shown in Table 1 [,

Although dyslipidemia is often asymptomatic, a screening
test is essential for identifying patients who require
treatment. A fasting lipoprotein profile should be performed
once every 5 years in all individuals aged 20 years or older
for risk stratification. Every 4 to 6 years, people with a
family history of early CVD and severe dyslipidemia should
get a fasting lipid test to confirm their total cholesterol and
triglyceride, HDL-C, LDL-C, and non-HDL-C levels. To
assess dyslipidemia and the possibility of cardiovascular
risk, several lipid fractions and lipoproteins can be
measured. High TG, raised small dense LDL-C, and low
HDL-C are all indications of hypercholesterolemia, which is
linked to atherogenic and diabetes-related dyslipidemia.
Patients with such dyslipidemia face a high risk of coronary
heart disease (CHD) 1,

According to NCEP- ATP Ill guidelines, elevated TG is
measured as very LDL (VLDL) as marker for atherogenic
remnant lipoproteins or non-HDL-C. Furthermore, NCEP
ATP Il guidelines implemented that non-HDL-C is
calculated by subtracting HDL-C from total cholesterol and
should be a secondary target if TG is>200 mg/dL.
Atherogenic dyslipidemia are interconnected and each
component predicts CHD risk 1,

Assessment of lipid profile level

According to the diagnostic procedures, the measurement of
total cholesterol (TC), triglycerides (TG), and high-density
lipoprotein-cholesterol (HDL-C) levels in the morning after
overnight fasting (8-12 hours) to determine LDL-C level
using the Friedewald method is the initial step in the
laboratory investigation of dyslipidaemias. The lipid profile
can be determined using serum. Serum is commonly
collected in CLOT- ACTIVATOR tubes, which contain a
clot activator and a serum separator gel. Centrifugation at
4,000 rpm for 10 minutes will separate the serum.
Triacylglycerol, cholesterol, and HDL-cholesterol are all
measured in serum. The Friedewald formula will be used to
calculate the VLDL-cholesterol (VLDL) and LDL-
cholesterol (LDL). Chemical reagents will be used to
measure cholesterol, triglycerides, and HDL-C. When the
triglyceride concentration was less than 4.0 mmol/Il, LDL-C
was estimated using the Friedewald formula 29,

The NCEP-ATP Il criteria recommend that assessing total
and HDL cholesterol is the first step in diagnosing
dyslipidemia. The relationship between LDL cholesterol
levels and CHD risk is continuous over a broad range of
LDL cholesterol levels from low to high, and HDL
cholesterol levels are primarily assessed to determine
atherosclerotic risk. Therefore, ATP Ill adopts the

classification of LDL cholesterol levels shown in Table 2;
[11]

The Friedewald formula can be used to calculate LDL
cholesterol from total cholesterol, total triglycerides, and
HDL cholesterol measurements 1,

LDL-Cholesterol (mg/dl) = Total cholesterol (mg/dl)-
HDL- Cholesterol (mg/dl) — Triglycerides (mg/dl) / 5
However, if the patient is not fasting or if the triglyceride
level exceeds 400 mg/dL (4.52 mmol/L) or if the patient has
chylomicronemia, this method is invalid because substantial
errors in the LDL-C level may arise. Although direct
assessment methods for assessing LDL-C levels have been
used in clinical settings, significant difference in accuracy
and results obtained between kits have been discovered,
particularly in cases with high TG levels [& 11,

The refrigerator test may be beneficial in determining the
existence of high VLDL or chylomicron levels in patients
with high fasting triglyceride levels. A turbid infranate
indicates an increased VLDL level in a plasma sample kept
in the refrigerator for 18 hours; a creamy layer on top
suggests the presence of chylomicrons [ 1,

Lipid fractions

VLDL (Very low-density lipoprotein-Cholesterol), LDL
(Low-density lipoprotein-Cholesterol), and HDL (High-
density lipoprotein-Cholesterol) are the three lipoproteins
that carry cholesterol in fasting serum. The sum of these
three components is total cholesterol 21,

Total Cholesterol (mg/dl) = HDL-C (mg/dl) + VLDL-C
(mg/dl) + LDL-C (mg/dl)

The total cholesterol, total triglycerides, and the amount of
cholesterol found in the HDL fraction, which is easily
precipitated from serum, are all measured in most clinical
laboratories. The majority of triglyceride is found in VLDL
particles, which have five times the amount of triglyceride
by weight as cholesterol. Divide the triglyceride by 5 to
calculate the amount of cholesterol found in the VLDL
fraction 31,

VLDL (mg/dl) = Triglyceride (mg/dl) / 5

Because triglyceride levels are used as a proxy for VLDL,
this formula only works with fasting samples and
triglyceride levels of 400 mg/dL. LDL and VLDL
cholesterol levels can be determined after ultracentrifugation
or by direct chemical measurement at higher triglyceride
levels 31, Total cholesterol levels remain relatively stable
over time; however, measurements of HDL and, in
particular, triglycerides can differ significantly due to
laboratory analytic error and biologic variability in a
patient's lipid level. As a result, the LDL should always be
estimated as the mean of at least two measurement
techniques; if the two estimates differ by more than 10%, a
third lipid profile is obtained. The LDL is estimated as
follows:

LDL-Cholesterol (Mg/dl) = Total Cholesterol (Mg/dl) -
HDL-Cholesterol (Mg/dl) — (Triglyceride (mg/dl)/ 5)
When using Sl units, the formula becomes:

LDL-Cholesterol (mmol/L) = Total Cholesterol
(mmol/L) - HDL-Cholesterol (mmol/L) — (Triglyceride
(mmol/L) /2.2)

Understanding the relationships between the different lipid
fractions is more accurate than total cholesterol in
determining a patient's lipid-related coronary danger. Two
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people with the same total cholesterol level of 275 mg/dL
could have very different lipid profiles. One person may
have an HDL cholesterol of 110 mg/dL and a triglyceride of
150 mg/dL, resulting in an estimated LDL cholesterol of
135 mg/dL; the other person may have an HDL cholesterol
of 25 mg/dL, a triglyceride of 200 mg/dL, and an LDL
cholesterol of 210 mg/dL. If no other factors differed, the
second would have a more than tenfold higher CHD risk
than the first. Many women with apparently high total
cholesterol levels have favourable lipid profiles due to high
HDL cholesterol levels. As a result, determining the lipid
fractions prior to beginning therapy is critical 141,

Some authorities consider the total-to-HDL cholesterol ratio
to be an indicator of lipid-related coronary risk: the lower
the ratio, the better. (In the preceding example, the first
person would have a ratio of 275 110 = 2.5, whereas the
second would have a much lower ratio of 275 25 = 11.)
While ratios can be useful predictors within patient
populations, they can also obscure important information in
individual patients. (A total cholesterol of 300 mg/dL and an
HDL of 60 mg/dL yield the same 5 ratio as total cholesterol
of 150 mg/dL and an HDL of 30 mg/dL.) Furthermore, the
total cholesterol-to-HDL cholesterol ratio will exaggerate
the significance of variations in HDL measurements.
Cholesterol levels in Western populations are around 20%
higher than in Asian populations, with about 5% of adults
exceeding 300 mg/dL. LDL cholesterol levels above 200
mg/dL are found in around 10% of adults. In people, who
are otherwise healthy, total and LDL cholesterol levels
appear to increase with age.

When the serum triglyceride level in a pancreatitis patient is
excluded, there are declines in acute illness, and lipid
studies in such patients are of little benefit. Cholesterol
levels do not remain constant over time, particularly during
childhood, adolescence, and early adulthood. Thus, children
and young adults with relatively high cholesterol levels may
have lower levels later in life, whereas those with low
cholesterol levels may have higher levels.

Risk determinants for dyslipidemia [*4

a) Cigarette smoking, b) Hypertension (BP 140/90 mmHg or
on antihypertensive medication) ¢) Low HDL cholesterol
(<40 mg/dL), d) Family history of premature CHD (CHD in
male first degree relative<55 years; CHD in female first
degree relative<65 years), e) Age (men 45 years; women 55
years).

ATP IlI categorises risk into three categories based on these
risk determinants, which alter the goals and modalities of
LDL-lowering therapy. It aids in the description of these
categories and displays the corresponding LDL-cholesterol

targets (Table 03). CHD and CHD risk equivalents are

included in the highest risk category. The latter have a risk

of major coronary events equal to that of established CHD,

i.e., more than 20% every ten years (i.e., more than 20 of

100 such individuals will develop CHD or have a recurrent

CHD event within 10 years).

CHD risk equivalents include the following:

1) Other clinical forms of atherosclerotic disease
(peripheral arterial disease, abdominal aortic aneurysm,
and symptomatic carotid artery disease);

2) Diabetes Mellitus;

3) Multiple risk factors with a 10-year risk of CHD of
more than 20%.

Risk assessment method: counting major risk factors

and estimating 10-year CHD risk

The following procedure [*° is used to identify high-risk

individuals who do not have clinical manifestations of

atherosclerotic disease such as CHD or other clinical forms
of atherosclerotic disease.

1) The number of risk factors should be determined.

2) For individuals with multiple (2+) risk factors, a 10-
year risk assessment using Framingham scoring is
performed to identify individuals whose short-term (10-
year) risk warrants consideration of intensive treatment.

Estimating the 10-year CHD risk adds a step beyond risk
factor counting to the risk assessment process, but it is
essential as it allows for better targeting of intensive therapy
to those who will benefit from it 6, When a 0-1 risk factor
is present, Framingham scoring is not required because 10-
year risk rarely reaches levels that require serious action;
however, a very high LDL level in such a person may
prompt consideration of pharmacological therapy to lower
long-term risk 1. Framingham scoring considers age, total
cholesterol, HDL cholesterol, blood pressure, and cigarette
smoking as risk factors. Total cholesterol is recommended
for 10-year risk assessment as it has a larger and more
robust Framingham database than LDL cholesterol, and
though LDL cholesterol is the primary goal of therapy
1181 11, Framingham scoring divides people with various risk
factors into three groups: those with a 10-year risk of CHD
of more than 20%, those with a risk of 10-20%, and those
with a risk of 10%. It should be noted that this two-step
sequence can be reversed and produce essentially the same
results 21, The major risk factors are used for the initial risk
assessment in ATP 111 to define the core risk status. Other
risk modifiers should only be considered for changing the
therapeutic strategy after the basic risk status has been
determined 24,

Table 1: Compositions of Major Lipoproteins €]

Class Protein (%) | Cholesterol (%) | Phospholipid (%) | Triacylglycerol (%)
High density lipoprotein 33 30 29 8
Low density lipoprotein 25 50 21 4
Intermediate density lipoprotein 18 29 22 31
Low density lipoprotein 10 22 18 50
Chylomicrons <2 8 7 84

Table 2: LDL, total, and HDL cholesterol (mg/dL), serum triglyceride, and cholesterol/HDL ratio (ATP I11 classification) (111

LDL cholesterol

Optimal

<100 mg/d|

Near optimal/above optimal

100-129 mg/dl

Borderline high

130-159mg/dI
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High 160-189 mg/dI
Very high > 190 mg/dI
Total Cholesterol
Desirable < 200 mg/dI
Borderline high 200-239 mg/dl
High > 240 mg/dI
HDL cholesterol
Low <40 mg/dl
High > 60 mg/dl
Serum Triglyceride
Normal <150 mg/DI
Borderline-high 150-199 mg/dL
High 200-499 mg/dL
Very high >500 mg/dL
Cholesterol/ HDL Ratio
Normal <45
Risk to develop Cardiovascular events >4.5
Table 3: Three categories of risk that modify LDL cholesterol goals [
Risk Category LDL Goal (mg/dL)
CHD and CHD risk equivalents <100
Multiple (2+) risk factors* <130
Zero to one risk factor <160
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Fig 2: Diagrammatic representation of lipoprotein and cholesterol molecule

Conclusion

Individually, CHD continues to take a toll on the number of
lives lost and the quality of life for cardiac event survivors.
Unless the disease is controlled and/or prevented, the
economic burden on individuals and society will continue to
rise. In light of this, it is concluded that patients with CHD
have a different lipid profile, with higher levels of TGs, total
cholesterol, VLDL and LDL and lower levels of serum
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HDL,; this difference may play a role in the pathophysiology
observed in patients with CHD.

Conflict of Interest
Not available

Financial Support
Not available



International Journal of Advanced Biochemistry Research

References

1.

10.

11.

12.

Kopin L, Lowenstein C. Dyslipidemia. Annals of
Internal Medicine. 2017;167(11):1TC81-1TC96.
Do0i:10.7326/AITC201712050. PMID: 29204622.
Anderson TJ, Mancini GB, Genest J, Jr, Grégoire J,
Lonn EM, Hegele RA, et al. The new dyslipidemia
guidelines: What is the debate? Canadian Journal of
Cardiology. 2015;31(5):605-12.
D0i:10.1016/j.cjca.2014.11.007. Epub 2014 Nov 11.
PMID: 25816728.

Mooradian AD. Dyslipidemia in type 2 diabetes
mellitus. Nature Clinical Practice Endocrinology &
Metabolism. 2009;5(3):150-9.

Doi: 10.1038/ncpendmet1066. PMID: 19229235.

Gupta R, Rao RS, Misra A, Sharma SK. Recent trends
in epidemiology of dyslipidemias in India. Indian Heart
Journal. 2017;69(3):382-392.
D0i:10.1016/j.ihj.2017.02.020. Epub 2017 Mar 6.
PMID: 28648438; PMCID: PMC5485409.

Joshi SR, Anjana RM, Deepa M, Pradeepa R, Bhansali
A, Dhandania VK, et al. ICMR-INDIAB Collaborative
Study Group. Prevalence of dyslipidemia in urban and
rural India: The ICMR-INDIAB study. PLoS One.
2014;9(5):e96808.

D0i:10.1371/journal.pone.0096808. PMID: 24817067,
PMCID: PMC4016101.

Sawant AM, Shetty D, Mankeshwar R, Ashavaid TF.
Prevalence of dyslipidemia in young adult Indian
population. Journal of the Association of Physicians of
India. 2008;56:99-102. PMID: 18472509.

Ahotupa M. Oxidized lipoprotein lipids and
atherosclerosis. Free Radic Res. 2017;51(4):439-447.
D0i:10.1080/10715762.2017.1319944. Epub 2017 May
9. PMID: 28412863.

Kasper Dennis L. Harrison’s Principles of Internal
Medicine. 19th edition/editors, Dennis L. Kasper,
Anthony S. Fauci, Stephen L. Hauser, Dan L. Longo, J
Larry Jameson, Joseph Loscalzo. New York: McGraw
Hill Education Medical, Print; c2015.

Asgari S, Abdi H, Hezaveh AM, Moghisi A, Etemad K,
Beni HR, et al. The Burden of Statin Therapy based on
ACC/AHA and NCEP ATP-III Guidelines: An Iranian
Survey of Non-Communicable Diseases Risk Factors.
Scientific Reports. 2018;8(1):4928.
Doi:10.1038/s41598-018-23364-9. PMID: 29563602;
PMCID: PMC5862872.

Kayamori Y, Nakamura M, Kishi K, Miida T,
Nishimura K, Okamura T, et al. Comparison of the
Japan Society of Clinical Chemistry reference method
and CDC method for HDL and LDL cholesterol
measurements using fresh sera. Practical Laboratory
Medicine; 2021;25:e00228.
Doi:10.1016/j.plabm.2021.e00228. PMID: 34095414,
PMCID: PMC8145738.

National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult Treatment
Panel 11I). 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 IlI) final report.
Circulation. 2002;106(25):3143-421. PMID: 12485966.
White J, Swerdlow DI, Preiss D, Fairhurst-Hunter Z,
Keating BJ, Asselbergs FW, et al. Association of Lipid

13.

14.

15.

16.

17.

18.

19.

20.

~163 "~

Fractions with Risks for Coronary Artery Disease and
Diabetes. Journal of the American Medical Association
Cardiology. 2016;1(6):692-9.
D0i:10.1001/jamacardio.2016.1884. PMID: 27487401;
PMCID: PMC5642865.

Nikkari T, Luukkainen P, Pietinen P, Puska P. Fatty
acid composition of serum lipid fractions in relation to
gender and quality of dietary fat. Annals of Medicine.
1995;27(4):491-498.
Doi:10.3109/07853899709002458. PMID: 8519511.
Schrade W, Biegler R, Boehle E. Fatty-acid distribution
in the lipid fractions of healthy persons of different age,
patients with atherosclerosis and patients with
idiopathic hyperlipidaemia. Journal of Atherosclerosis
Research. 1961;1:47-61. D0i:10.1016/s0368-
1319(61)80053-7. PMID: 13748547.

Grundy SM, Cleeman JI, Daniels SR, Donato KA,
Eckel RH, Franklin BA, et al. American Heart
Association; National Heart, Lung, and Blood Institute.
Diagnosis and management of the metabolic syndrome:
an American Heart Association/National Heart, Lung,
and Blood Institute Scientific Statement. Circulation.
2005;112(17):2735-52.
doi:10.1161/CIRCULATIONAHA.105.169404. Epub
2005 Sep 12. Erratum in: Circulation. 2005 Oct
25;112(17):e297. Erratum in: Circulation. 2005 Oct
25;112(17):298. PMID: 16157765.

Giintekin U, Giimriik¢iioglu HA, Yaman M, Oztiirk F,
Akyol A, Gumriik¢iioglu FN, et al. Compliance With
Dyslipidemia Guidelines in Daily Practice: How
Effective Is Cardiovascular Risk Prevention? Clinical
Therapeutics. 2018;40(12):2031-2040.
D0i:10.1016/j.clinthera.2018.10.002. Epub 2018 Nov 2.
PMID: 30392816.

Lin HQ, Wu JY, Chen ML, Chen FQ, Liao YJ, Wu YT,
et al. Prevalence of dyslipidemia and prediction of 10-
year CVD risk among older adults living in southeast
coastal regions in China: A cross-sectional study.
Clinical Interventions in Aging. 2019;14:1119-1129.
D0i:10.2147/CIA.S207665. PMID: 31354254; PMCID:
PMC6590841.

Zhang M, Deng Q, Wang L, Huang Z, Zhou M, Li Y, et
al. Prevalence of dyslipidemia and achievement of low-
density lipoprotein cholesterol targets in Chinese adults:
A nationally representative survey of 163,641 adults.
International Journal of Cardiology. 2018;260:196-203.
D0i:10.1016/j.ijcard.2017.12.069. Erratum in
International Journal of Cardiology. 2018: PMID:
29622441.

Berglund L, Brunzell JD, Goldberg AC, Goldberg 1J,
Sacks F, Murad MH, et al. Endocrine society.
Evaluation and treatment of hypertriglyceridemia: an
Endocrine Society clinical practice guideline. Journal of

Clinical Endocrinology and Metabolism.
2012;97(9):2969-89. D0i:10.1210/jc.2011-3213.
Erratum in: J Clin Endocrinol Metab.
2015;100(12):4685. PMID: 22962670; PMCID:

PMC3431581.

Kones R. Primary prevention of coronary heart disease:
integration of new data, evolving views, revised goals,
and role of rosuvastatin in management. A
comprehensive survey. Drug Design, Development and
Therapy. 2011;5:325-80. DOI: 10.2147/DDDT.S14934.



International Journal of Advanced Biochemistry Research

21.

22.

23.

Epub 2011 Jun 13. PMID: 21792295; PMCID:
PMC3140289.

Elsamadisi P, Cha A, Kim E, Latif S. Statin Use With
the ATP 1lIl Guidelines Compared to the 2013
ACC/AHA Guidelines in HIV Primary Care Patients.
Journal of Pharmacy Practice. 2017;30(1):64-69. DOI:
10.1177/0897190015611774. Epub 2016 Jul 9. PMID:
26584848.

Harley CR, Gandhi S, Heien H, Nelson SP. The
comparative effectiveness of rosuvastatin vs. other
statins in patients with an increased risk of failure to
reach NCEP ATP IIl goal. International Journal of
Clinical Practice. 2008;62(6):889-95. DOl:
10.1111/j.1742-1241.2008.01771.x. PMID: 18479282.
Sangros FJ, Torrecilla J, Girdldez-Garcia C, Carrillo L,
Mancera J, Mur T, et al. Association of General and
Abdominal Obesity With Hypertension, Dyslipidemia
and Prediabetes in the PREDAPS Study. Revista
Espafiola de Cardiologia (Engl. Ed). 2018;71(3):170-
177. English, Spanish. Do0i:10.1016/j.rec.2017.04.035.
Epub 2017 Aug 5. PMID: 28789915.

How to Cite This Article

Parveen FS, Quamri MA, Ahmed K, Shahid A. Diagnostic criteria of
dyslipidemia with lipid fractions & its association with the risk of
coronary heart disease: A review. International Journal of Advanced
Biochemistry Research. 2022;6(2):159-164.

Creative Commons (CC) License

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which
allows others to remix, tweak, and build upon the work non-
commercially, as long as appropriate credit is given and the new
creations are licensed under the identical terms.

~ 164~



