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Pitfalls in Lipid
Profile Testing
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Accuracy and comprehensiveness in
lipid profile testing are increasingly
critical because it is used both to
stratify a patient’s risk for
cardiovascular disease and to tguide
the initiation and monitoring of lipid-
modifying thera_pK to reduce that
ris
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Lipid Profile Testing

e Total cholesterol
e HDL-C, and
e Triglycerides

e L DL-C (calculated or direct
measurement)

e Apolipoproteins (apo Al, apo B)
e Lipoprotein Pattern (electrophoresis)
* Lp(a)

What are those
Challenges?

/7’9 Analytical performance

&

Interpretation of
results

LDL-C
=0.2 mmol/L
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Variations

e Pre-analytical
— Patient preparation
- Specimen collection
e Analytical
— Standardization
- Interferences
e Post-analytical
— Reference ranges
— Interpretation (clinical correlation)

Standardization



Lab No: 05C8014245

Diabetes_lfgni.t_:gri}:g & Lipid Profile

HKID No:

Name : P o
Hosp No: smosvs
DOB: 24/03/1953
Sex/Age: M/52Y

Ref: DR 3262

Hospital: Queen Mary Hospital

Unit/Ward/Bed: QMH/FMSY/%FMSY
Request Loc: QMH/FMSY/%FMSY
Requesting Dr: <.iw.... o750

Collect Date : 02/09/04 01/08/05

Collect Time : 13:45 15:00 c)

Request No. : 9024173 €8014245 - Ref. Range Units

Remark : F/HT DM/LLD

oV 2.2

Cholesterol 5.1 4.3‘(’¢f”” < 5.2 mmol/L

Triglycerides 2.7H -- 4 <L mmol/L
" HpL-C 0.70 L  0.73 L JEZEE R A2 >1.0 mmol/L

LDL-C (calc) 3.1 = < 3.4 mmol/L

< 4.2 mmol/L

Non-HDLC 4.4 H 4.1
Appearance Clear Clear

Drug Lopid

dosage 600 MG

frequency BD
Comment :

3.1

opld —— DUEEKR CHEEED
BD 25%) Gemfibrozil #FH3E
5%

05C8014245 Non-fasting sample unsuitable for full lipid profile measurement.

Humans do not possess
the pathways necessary to
synthesize the essential
precursor fatty acid, a-
linolenic acid (18:3),
essential for production of
the longer bioactive
omega-3 fatty acids.
These long-chain
polyunsaturated omega-3
fatty acids must be
obtained from plant
sources or direct intake of

eicosapentaenoic acid _

(EPA) and
docosahexaenoic acid
(DHA) primarily from
marine or dietary source.

Omega 3 f&Hif

Ecosapentaenoic
acid (EPA) #1
Docasahexaenoic
acid (DHA)

Collect Date : 22/12/04 26/12/04 07/02/05 29/03/05 01/08/05
Collect Time : 10:00 10:45 10:30 10:30 10:00
Request No. :  CC224085 CC264010 C2074105 C3294075 C8014131 Ref. Range Units
Remark : F/HIGH  LOW X F/HYPOKAL F/HYPERTR Hyperlipi
TG DRUG  GOUT/LLD HIGH 10LY demia.Hyp
LIPID/DRU DIET erlipidem
G ia.Lipid-

"~ cnolesterol 10.4 8 8.1 9.2 8 6.6 H 8.2 K <5.2  mmol/L
Triglycerides 16.1 H 5.2 H 4.5 H 3.3 H 7.4 H < 1.7  mmol/L
HDL-C 1.1 1.14 1.8 1.02 1.06 >1.0 mmol/L
LDL-C (calc) -- -- 6.0 H 4an - <3.4  mmol/L
LDL-C 4.4 H 5.6 H 6.4 H - 4.9 H <3.4 mmol/L
Non-HDLC 9.3 H 7.0 H 8.1 H 5.6 H 7.1 H <4.2  mmol/L
Appearance Turbid Clear S)l.Turbid Clear S1.Turbid
Apo Al 1.28 - 1.38 - -- 1.20 - 2.00 a/L
Apo B 2.11H - 2128 .- -- 0.41 - 1.07 a/L

brug Lipanthyl Lopid  Maxepa

dosage 200 G 200 MG 5 GM --
frequency o Qo Qo --
since 07/09/04 - - --
Dbrug Maxepa - Lipanthyl
dosage 56 | -- 200 MG
frequency o - Q@

since 07/09/04 -- -

cor

05C8014131 Triglycerides > 4.5 Calculated-LDL not available
05€2074105  Lipo Pattern LDL fraction was increased. VLDL fraction was also mildly
elevated. Type ITb hyperlipidaemia?
04CC264010 Triglycerides > 4.5 Calculated-LDL not available
04CC224085 Cholesterol Verified.
Triglycerides Verified. > 4.5 Calculated-LDL not available
HDL-C verified.
Lipo Pattern An i bfracti of pre-beta 1
was noted. Chylomicrons also present. Fish oil supplements
may i with the ic mobility of all
lipoproteins.
Biochemist: Dr. Rxc:aajpang
This 1 is by CAP. Number 71755-25
Report Date/Time:  03/08/05 16:32 Printed on 03/08/05 16:34

Report Destination: QMH/MED/MECM - Endocrine Clinic L2, QMH

HA2372/00 (Rev. 11/03) Page: 1/1
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Friedewald Formula

LDL-C = Total

Cholesterol - [(TG/2.2) +

HDL-C]

S I AR HERRIE IR AR, AOARAR IR, e TTiE, X

VIR
SRR B, R SRR TE .

? TG/2.2 = VLDL-C
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Limitations

Estimating VLDL concentration from plasma triglycerides is not
valid when the triglycerides exceed 400 mg/dL (4.5 mmol/L).
The Friedewald equation, LDL-C = TC — HDL-C - triglyceride/5,
is used to estimate LDL cholesterol.

The term “triglyceride/5” is used to estimate the VLDL-C
concentration. In estimating VLDL from triglycerides, one
assumes there are no chylomicrons in the sample and that
there are no unusual lipoproteins in the sample that would
alter the typical ratio of triglycerides to VLDL particles.

It is well documented in the literature that the Friedewald
equation begins to give less reliable results when the plasma
triglycerides exceed 200-300 mg/dL (2.3-3.4 mmol/L), and

It is not recommended when the triglycerides are greater than
400 mg/dL (4.5 mmol/L) because the term “triglyceride/5” no
longer provides a reliable estimate of the VLDL-C.

Surrogate Markers

Chylo-

micron VLDL IDL LDL HDL
Density {g/mL} <095 0.950— 1.6 1.019- 1.063-
L.006 1019 1063 1210
Components (% dry weight}
Protein 2 8 15 22 40-55
Triacylglycerol 31 6 4
Free cholesterol 2 7 7 8 4
Cholesteral esters 3 12 23 42 12-20
Phospholipids 7 18 22 22 25-30
Apoprotein composition A-LAIL B-100, B-100,  B-100 ALAL
B-48, C-LC-II, C-LCII C-LC-I,
C-LCI, CILE C-LE C-111,
C-111 D.E

Sowrces: Data from D. E Vance and T. B Vance (eds.). Biockenistry of Lipids and Membranes (Red-
wood City, Calif: Benjamin/Commings, 1985); and ]. E Mead, R. B, Alfin-Slater, D. R. Howton, and
G. Popiak, Lipids (New York: Plenum, 1986).

The typical ratio of
triglycerides to ;ILDL particles
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TG/2.2 = VLDL-C

e Fasting
e Triglyceride < 4.5 mmol/L

BAE NIAATCH E n AN 2AE, HEMERMERTCESET N S TTGH
HA g 2R ORI 0 2D AR 12/ SR . BN QA SR AT — R A8 AT
PP URZA S (BFEER) , WA EoK. ?mElELsilomc”Ex%é%ml 1,
WA N S I 12h~14h = A 3L .

*Requirements*

Lab Tests Online® el

Non-commercial
A public resource on clinical lab testing from Pationt-centered
.y the laboratory professionals who do the testing
il
" wove AU WOE TTES IESGR SmHU B BT mmPlL EEIUK
B Use the search box and menus below to quickly navigate the Lab Tests Online site

Search Here @ TESTS CONDITIONS/DISEASES SCREENING
0 the news Direct LDL Cholesterol ;,;',‘.:':,:,’;"_::;:E

understanding
YO Iuats Also known as: Direct LDL-C, Direct LDL, DLDL, LDL D
inside the lab Formal name: Direct Low-density lipoprotein cholesterol

Related tests: LDL, Lipid Profile, Cholesterol, HDL,
about this site Triglycerides, ApoB

site map

send us your

home

Common Questions

1. Why hasn’t the Direct LDL-C replaced the calculated LDL-C test?

uianard 2. Are all LDL molecules the same?

Medicine
Genetic Tests
Home Testing

Lab Methods 1. Why hasn’t the Direct LDL-C replaced the calculated LDL-C test?
Pharmacogenomics Calculated LDL-C is about as accurate as direct LDL-C when triglyceride
Reference Ranges levels are normal. It can be done at no additional cost when a lipid profile is
Sample Lab Report performed.

Screening

Test Reliability
Testing Tips
Tests to Market
Your Role
— 2. Are all LDL molecules the same?
No, LDL and other lipoprotein molecules vary in size and density. Patients
with a larger percentage of small dense LDL molecules are believed to be at
greater risk for atherosclerosis, than those with a higher percentage of
large LDL. It is possible to separate out the different sizes of lipoprotein
molecules by density (through centrifugation) or size and electrical charge
(through electrophoresis). Commercial tests are available that use these
separation techniques. However, the data are not clear on the dinical
usefulness of these tests.

s o t0p)  NtEP://labtestsonline.org/understanding/analytes/
dldl/fag.html

[Back to top ]
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LDL-C

e An important clinical consideration is
when two LDL-C values (calculated
vs direct measurement) are available
but different

e Particularly when the value is
borderline, requiring a decision to
treat or not to treat, such a
difference would be of concern

Limitations

e Discrepancies between the results of
calculated LDL-C and the results of
the direct homogeneous LDL-C
assays are primarily caused by
elevated triglycerides and, to a lesser
extent, by associated insulin
resistance, liver or kidney diseases,
and genetic defects in lipid and
lipoprotein metabolism.
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Limitations

e Dyslipidemia is a hallmark of the
metabolic syndrome and insulin resistance.
The underlying mechanism of the
dyslipidemia of the metabolic syndrome is
the altered metabolism of triglyceride-rich
lipoproteins, such as VLDL and IDL
remnants.

e Patients with type III hyperlipoproteinemia,
characterized by cholesterol enrichment of
the VLDL because of impaired clearance of
remnant lipoproteins, were also reported
to give erroneous values with the
homogeneous assays for HDL-C and LDL-C.

17

Total Cholesterol

HDL LDL VLDL
— LDL-native
—HDL, - VLDL, ,
— Lp(a)

— LDL-size

18
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Density and Size
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01CA164004 TC=315
TG =43
HDL-C = 0.52
LDL-C = 29.0 (by calculation)

Cholestasis & Jaundice

Delta Bilirubin = 132 umol/L LDL-C = 5.0 (by direct method)
Apo Al = <0.25
Apo B =277

HDL

VLDL
LDL
Chylomicrons

Lipids in Health and Disease e

Research Open Access
LDL cholesterol estimation in patients with the metabolic

syndrome

Irene Gazi!, Vasilis Tsimihodimos!, Theodosios D Filippatos!,
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Friedewald (LDL-F) 4]

LDL-F =TC - HDL-C - TG/5 (in mg/dL), excluding patients
with TG concentrations = 400 mg/dL..

Planella (1LDL-P), which focuses on the inclusion of apoB
levels in the estimation of LDL-C levels [21]

LDL-P=0.41*TC-0.14*TG + 0.66*apoB - 10.43 (in mg/
dL).

Hattori (LDL-11), an equation very similar to that pro-
posed by I'riedewald |22]

LDL-H =0.94*TC - 0.94*HDL-C -0.19*TG (in mg/dL).

AMORIS study (LDL-A), including apoA-l levels in the
equation for LDL-C estimation [24]

LDL-A=18.53 + 0.99*TC- 0.1*TG - 0.61*apoA-I (in mg/
dL).

Wagner (LDL-W), also including apoB levels in the for-
mula for the estimation of LDL-C concentration |20|

LDL-W =0.358*TC + 0.776*apoB - 0.149*TG (in mg/dL).

Lipoprint System (LDL-L) |25, 26]

Standardization

18/8/2020
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Calibrator for automated systems

759350 10x3ml 152297 = 2002-09
Kalibrationsserum/Calibration serum/Sérum de calibration/Suero de calibracion ~ Code: 152297
Lo itt Code: 152722
Value Sheet Standardized with Calibrator for automated systems
Calibration Values masterlot 199462
Component [Method Calibration value Units
Bestandtes Methode Kalibrationswert MaBeinheit
Constituant Méthode Valeur de calibration Unité
Componente Método Valor de calibracion Unidad
Método Valordecalbragio | Unidades
HITACH! COBAS C0BAS
Systems INTEGRA MIRA
25°c| 2840 O u
47.43 kat!
c H E substrate:  butyrylthiocholine
Substrat:  Butyryithiocholin 30°c| 3570 © w
Cholinesterase substrato:  butiriltiocolina 5962 ukat
Cholinestérase
Colinesterasa 37°c| 5150 O | 5150 u
Colinesterase 86.01 kat/!
substrate:  acetylthiocholine ‘
Substrat:  Acetylthiocholin rc| 1840 w
substrato:  acetiltiocolina 30.73 wkat!
Also for calibration of HOL cholesterol foliowing
precipitation with phosphotungstic acid and dextran sulfate 153 O | 153 153 0| mod
CHOL auch i die Kalibration von HOL-Cholesterin nach oms| 398 398 398 mmol
Fallung mit Phosphorwolframs3ure und Dextransulfate 153 153 153 o
cholesterol total |CH0D-PAP Egalement pour la calibration du cholestérol HOL aprés
(Gesamt-Cholesterin précipitation par 'acide phosphotungstique et sulfate de dextran
Cholestérol total También para calibrar el colesterol HOL tras precipitacion 149 149, 149 mg/dl
Colesterol total con dcido fosfotingstico e sulfato de dextrano Abet Kendal’|  3.87 387 mmol
Anche per la calibrazione del test HDL-colesterolo doso 149 49 149 ol
precipitazione mediante acido fosfotungstico ed destran-solfato Ll 4
0Y.b2 pPKavl

37°C{ 5150 O

86.01

5150
86.01

u/
pkat/l

37°c| 1840

30.73

u/
pkat/l

Abell Kendall*

153 O
3.98
1.53

153
3.98
1.53

ID/MS’

153
3.98
1.53

O

mg/dl

mmol/l

g/l

149
3.87
1.49

149
3.87
1.49

149
3.87
1.49

ma/dl

mmol/l

g/l

26
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T 0 assays./ Nicht fiir Tests mit Fest-Faktor Kalibrierung./ Ne pas utiliser
Nao utilizar em alibragao com factor fixo.

O not for use in the U.S./ Nidt fiir USA vorgesehen/Ne sont pas destinés aux Etats-Unis/No
Footnotes see last page/FuBnglen siehe letzte Seite/Voir les notes en derniére page/Notas: véase la

N

?Merging of Roche with Boehringer Mannheim/Hitachi
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CDC Lipid Reference
Laboratory

“Most US NIH funded epidemiological
and interventional studies performed
over the last 30 years have traced their
total cholesterol values to the reference
methods performed at the

CDC Lipid Reference Laboratory”

28
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CDC Lipid Reference
Laboratory

“The National Cholesterol
Education Program (NCEP)
recommends that total
cholesterol measurements be
traceable to the CDC reference
(i.e., Abell-Kendall) method”

29

CDC Lipid Reference
Laboratory

“Thus, NIST and the CAP anticipate that most

manufacturers of total cholesterol reagents
and calibrator materials, at least for

distribution in the United States, will wish to

use the CDC reference values, and NOT the

NIST definitive method (ID/MS) values at this

time”

Mass Spectrometer

30
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LDL-C
(Calculated vs Direct)

e There are numerous pitfalls and

31

32

inaccuracies in the routine lipid
profile testing.

When two LDL-C values (calculated
vs direct measurement) are available
but different; particularly when the
value is borderline, requiring a
decision to treat or not to treat, such
a difference would be of

. f";\; k@:i W E »
oy 5
b ‘\‘D.‘;" & N

Myths or Reality

It is really the number of LDL particles and
their composition that are critical, not just
concentration of LDL-C.

The other important issue of note is that
most laboratories are measuring the
cholesterol content of the high-density
lipoprotein, that is, HDL-C, and that does
not always correlate with the content of
protein moiety in the HDL particle.

Y
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