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Dyslipidaemia can be regarded as present
when levels of the major lipid and lipoprotein
species in plasma differ profoundly from the
relevant population means and/or when the
specific lipid profiles are associated with the
presence of or an increased risk of a definitive
disease state. As understanding of the pathol-
ogy has increased, classification has become
based more on underlying cause than on the
pattern of abnormality in plasma, as was used
in the classic types I-V of the former WHO
scheme.' Plasma profiles mostly fit into three
basic patterns: mainly hypercholesterolaemia,
mainly hypertriglyceridaemia, and mixed lipae-
mia with cholesterol and triglyceride excess,
often with low levels ofhigh density lipoprotein
(HDL). Empirically this classification is useful
as the three patterns often involve rather differ-
ent primary causes and options for investiga-
tion and management. Population reference
ranges have been defined for the core lipid pro-
file of cholesterol, triglycerides, and HDL,'
plus recommendations on action limits for
intervention as with those from the British
Hyperlipidaemia Association3 and the Euro-
pean Atherosclerosis Society.4 Such lipid action
limits are guidelines and must be interpreted
flexibly and in a wider context. Chemical
pathologists have pioneered the establishment
of lipid clinics but this can over emphasise
laboratory and particularly lipid variables-
management decisions are increasingly reliant
on a widely based perception of overall risk in a
"whole patient" approach.
A very wide range of procedures has been

developed and promoted for the investigation
of dyslipidaemia since the previous broadsheet
on this topic,5 many of which, however, have
not found a clear place in patient management.
In this selection we describe established proce-
dures for the core analyses in some detail, and
outline some other investigations of wide
current application and general interest. We
have also defined some further specialist
procedures and their potential applications
within selected investigative protocols. Refer-
ences on some specific topics are restricted to
definitive reviews"9 where these are widely
available.

Total cholesterol
BACKGROUND
Cholesterol is transported in plasma lipopro-
teins, mostly in low density lipoprotein (LDL),
approximately 75% as ester at their hydropho-
bic core and 25% in unesterified (free) form in
association with phospholipid and apoproteins
at the hydrophilic surface of the complexes. To
measure plasma total cholesterol it is necessary
to disrupt the lipoproteins and quantitatively to
hydrolyse the cholesterol esters before measur-
ing the total cholesterol. Consensus guidelines
have been published by various expert panels
that define cholesterol levels to assign risk, ini-
tiate therapy, and set treatment goals.3 4 10
Accuracy has consequently become of primary
importance in cholesterol measurement. Accu-
racy is attained by use of definitive and
reference methods, calibrated by certified
materials, to assign values to reference serum
pools that are stabilised and used to assess the
accuracy of routine methods. Problems have
been encountered with this approach in
cholesterol measurement that have been
reviewed,6 and are discussed in the calibration
section below and in reference to analytical
goals.

THE ACCURACY BASE
Calibrant
For the definitive and reference procedures this
is a certified pure cholesterol standard (NIST
SRM 91 lb) produced by The American
National Institute of Standards.

Definitive method
An isotope dilution-mass spectrometric
method developed by the USA National
Bureau of Standards" that involves the follow-
ing steps.
(1) Addition of isotopically labelled

cholesterol, as internal standard, to a
measured volume of the sample.

(2) Alkaline hydrolysis of cholesterol esters
and solvent extraction of free cholesterol.

(3) Preparation of a volatile cholesterol deriva-
tive and its isolation by gas chromatogra-
phy.

(4) Mass spectrometric measurement of the
ratio of cholesterol to internal standard
using the intensities of an equivalent ion in

721

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.50.9.721 on 1 S
eptem

ber 1997. D
ow

nloaded from
 

http://jcp.bmj.com/


Winder, Richmond, Vallance

the spectrum of each compound and com-

putation of cholesterol in the sample from
a calibration curve.

Reference method
A modification of that of Abell developed by
the Lipid Standardisation Laboratory of the
Centers for Disease Control and Prevention
(CDC; Atlanta, Georgia, USA).`2 This manual
chemical procedure requires meticulous atten-
tion to protocol details to achieve the required
accuracy and precision. It is only suitable for
reference laboratory use and involves the
following steps.
(1) Alkaline hydrolysis of cholesterol esters

and solvent extraction of free cholesterol.
(2) Evaporation of a portion of the extract.
(3) Reaction of the extracted cholesterol with

sulphuric acid and acetic anhydride in ace-

tic acid (Liebermann-Burchard reaction)
to form a blue-green colour (maximum
620 nm).

Routine methods
There are easily automated colorimetric en-

zymic systems in which all the reactants are

combined in a single reagent. The reaction
sequence is as follows.
(1) Disruption of lipoprotein complexes and

hydrolysis of cholesterol esters by the
action of detergent, lipase, and cholesterol
esterase.

(2) Oxidation of the liberated free cholesterol
to 4-cholestenone by cholesterol oxidase
with the stoichiometric production of
hydrogen peroxide.

(3) The peroxidase catalysed oxidative cou-

pling of 4-aminophenazone and phenol (or
analogues of these compounds) by hydro-
gen peroxide to form a quinoneimine dye
that can be measured photometrically
(maximum 500 nm).

Successful enzyme based dry chemistry sys-

tems have also been developed."3

Calibration of enzymatic procedures
The complex structure of lipoproteins is such
that matrix changes introduced during the
production of lyophilised or frozen reference
sera can modify their reactivity to varying
degrees in different enzymic reagent systems.
Consequently the values assigned to these
materials by the reference method, which is
insensitive to matrix effects, cannot be used
reliably to calibrate or assess the accuracy of
enzymic procedures. This can only be achieved
by direct comparison of results on fresh sera

from patients or fresh-frozen serum pools with
that obtained by the reference method. Access
to reference methodology is available for this
purpose through a national reference labora-
tory network in the United States or through
The National Initiative on Cholesterol Accu-
racy, Measurement and Standardisation
(NICAMS) in the UK. NICAMS distributes
fresh-frozen serum pools to participating labo-
ratories for analysis and subsequently reports,
to individual laboratories, their bias from the
reference values from which calibration adjust-
ment can be made. Commercial cholesterol

calibrators are either serum based materials
with reference or manufacturers' assigned
target values, or free cholesterol standards pre-
pared from NBS certified cholesterol dissolved
in aqueous detergent solution. The latter have
the advantage of stability, batch to batch
consistency, and economy, but are not compat-
ible with all reagent formulations. Whatever
calibrator is used, it is essential to check accu-
racy with fresh human sera or fresh-frozen
serum pools as described above.

Interferences
Haemoglobin-A trough occurs in the haemo-
globin spectrum at 500-520 nm and interfer-
ence is acceptably low if absorbence measure-
ments are made in this spectral range.
Turbidity-The contribution of lipoprotein tur-
bidity at the measuring wavelength is abolished
during the reaction due to "clearing" of the
sample/reagent as a result of lipase and
detergent activity. It is not therefore appropri-
ate to use a sample blank measuring technique
as subtraction of the initial blank from the final
absorbence would erroneously underestimate
the colour developed in these circumstances.
No interference from turbidity will occur with
an effective reagent that completely clears tur-
bidity if reagent blanking is employed.
Bilirubin-Methods involving hydrogen perox-
ide are subject to positive interference by
bilirubin due to spectral overlap, and to
negative interference through oxidisation to
biliverdin with a corresponding reduction in
absorbence at the measuring wavelength and
possibly via consumption of an electrophilic
intermediate by reaction with bilirubin. Rea-
gent blanking rather than sample blanking is
therefore indicated. Bilirubin interference is
difficult to evaluate however, as the protein
bound and glucuronide free chemical forms
appear to react differently. Sample blank
correction for spectral interference using bi-
chromatic or polychromatic techniques are also
invalid if the absorbence of the interferent
changes in the course of the reaction as
described above. Bilirubin interference can be
reduced by incorporation of bilirubin oxidase
or more commonly of potassium ferrocyanide,
which as ferricyanide produced by the hydro-
gen peroxide present oxidises the chromogen
to an intermediate that does not react with
bilirubin.

Specificity
Cholesterol oxidase reacts with a number of
3-sterols but as their concentration in plasma is
insignificant, cholesterol oxidase is adequately
specific for the analysis of cholesterol in serum.
The cholesterol esterase used must have very
broad specificity to hydrolyse the wide range of
cholesterol esters occurring in human plasma.
The reagent detergent formulation appears to
be critical in attaining complete hydrolysis with
both microbial and pancreatic cholesterol ester
hydrolases that have markedly different proper-
ties.
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Interpretation
Levels of cholesterol in industrialised commu-
nities are both age and sex related, rising
throughout life in females, steadying in middle
age in males, and with a late fall in both
sexes.'4 '5 Over adherence to inflexible guide-
lines (for example, 5.2 mmol/1l') can be
inappropriate, particularly for the UK where
this value represents approximately the 18th
percentile for UK adults.2 It is helpful to note
that 5.9 mmol/l is an average value for middle
aged men, and that 7.0 mmol/l is average for a
woman aged 70 years but high for a teenager.2
The well known guidelines from the National
Cholesterol Education Panel in the USA'" were
produced for North America, and in Europe
are simply SI conversions of North American
nice round numbers, 5.2 mmol/l = 200 mg/dl,
6.5 = 250, 7.8 = 300, etc. There are concerns
about the quality of data obtained outside
professional laboratories including high street
testing. The analytical precision of many such
procedures is high, and errors in sample collec-
tion and operator procedure can be far more
significant; these can be addressed by training
and liaison with expert units. Any health care
advice given should also not be based solely on
lipid data.

Free cholesterol can be measured using a
similar assay to that used for total cholesterol
without the cholesterol esterase.16 Normally
some 70-75% of serum total cholesterol is
present as ester, about 12% in lecithin-
cholesterol acyltransferase (LCAT) deficiency.

Triglycerides
BACKGROUND
Triglycerides have a glycerol backbone esteri-
fied with fatty acids. They travel in plasma in
the hydrophobic core of lipoproteins, the main
triglyceride carrying lipoproteins being chylo-
microns and very low density lipoprotein
(VLDL). Measurement of triglycerides in
plasma requires hydrolysis, and then
measurement of either liberated glycerol or
fatty acids.8 9

THE ACCURACY BASE
Definitive method
Currently there are no definitive methods for
measuring triglycerides, although a candidate
definitive method based on isotope dilution-
mass spectrometry is under development in the
USA by the National Institute of Standards.

Reference method
An interim reference method has been ac-
cepted by the National Committee for Labora-
tory Standards, based on the CDC method. It
is a chemical method, only suitable for
reference laboratories, and involves silicic
acid-chloroform extraction of samples, alka-
line hydrolysis of triglycerides, and reaction of
liberated glycerol with metaperiodate-
chromotropic acid to form a coloured
product.8 1

Calibrant
Production has been hindered by the lack of
definitive and reference methods.

Routine methods
Enzymic methods have superseded chemical
methods for routine analysis as the reactions
are easily automated and prior adsorption of
non-triglyceride acyl material is not required.
All enzymic methods are based on the
following procedure.
(1) Enzymic hydrolysis of triacylglycerols by

lipase.
(2) Enzymic phosphorylation of liberated

glycerol by glycerol kinase, and enzymic
oxidation of glycerol-3-phosphate by gly-
cerophosphate oxidase to dihydroxyacetone
phosphate and hydrogen peroxide.

(3) As for cholesterol, the peroxidase catalysed
oxidative coupling of 4-aminophenazone
and phenol (or analogues of these com-
pounds) by hydrogen peroxide to form a
quinoneimine dye that can be measured
photometrically (maximum 500 nm). For-
mation of the coloured product, 4-(p-
benzoquinone-monoimino)-phenazone is
monitored at 500 nm against a reagent
blank.

Calibration of enzymic procedures
Triolein, tripalmitate, and tristearate, used sin-
gularly or in mixtures, have all been used as
calibrants although even complex mixtures are
not truly representative of the triglyceride
distribution in human serum. Also, the rate and
degree of hydrolysis of triglycerides by lipase
will be influenced by fatty acid chain length
and degree of unsaturation. Glycerol may be
used to calibrate triglyceride assays but using
glycerol bypasses the initial stages of triglycer-
ide hydrolysis and cannot be considered as a
suitable calibrant for the entire reaction. Most
laboratories calibrate triglyceride assays using
serum based calibrators although assigned val-
ues cannot be independently validated due to
lack of suitable reference methods. Commer-
cial lyophilised materials may contain excess
free glycerol and varying amounts of phos-
pholipids and non-esterified fatty acids. Differ-
ences in calibration policy are an important
source of interlaboratory variability for trigly-
ceride assays.

Interferences
Endogenous glycerol-This potential source of
interference is in practice minimal for most
samples and the potential errors do not have
much influence on clinical management. Most
non-stressed healthy adults have serum levels
of free glycerol in the range 0.09-0.22 mmol/l.
Higher levels are found in diabetics, patients on
parenteral nutrition support who may have
received infusions containing glycerol, patients
with liver failure where up to 35% of measured
triglyceride may represent free circulating gly-
cerol, and patients on treatment with heparin
that activates lipoprotein lipase. Other rare
metabolic causes include congenital adrenal
hypoplasia with glycerol kinase deficiency.'8
Chemical methods incorporate solvent extrac-
tion to exclude free glycerol before final
measurement. Most laboratories in the UK do
not correct for plasma free glycerol but
interference by high endogenous free glycerol
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should be considered in any sample with meas-
ured high triglycerides in the absence of visible
turbidity. Free glycerol can be determined
using reagent systems containing all the
components required to measure triglycerides
and glycerol, but lacking lipase. Any system
used to measure free glycerol must use a
reagent blank containing reagents to overcome
the clearing effect caused by the action of
lipase, and preferably bichromatic
measurement to reduce interference from
turbidity.
Bilirubin-Interference with hydrogen perox-
ide methods is as described for cholesterol.
Haemoglobin-Free haemoglobin competes
with hydrogen peroxide in coupled reactions
and may also interfere with the spectrophoto-
metric measurement of the enzymatic reaction
products. However significant interference
does not occur with moderate haemolysis.
Ascorbate-Interference does not occur at
plasma ascorbate concentrations found in vivo.

Specificity
Problems with incomplete hydrolysis by lipase
at the 2-position of glycerol were resolved
initially by addition of proteases such as
chymotrypsin and finally by availability ofmore
effective lipases from microbial sources-for
example, chromobacterium viscosum. Mono-
and diglycerides are hydrolysed by microbial
lipases, phospholipids are not.

Interpretation
As with cholesterol, concentrations in unse-
lected UK adults are age and sex related, with
fasting concentration in most healthy adults
falling below 2.0 mmol/l.' High values are
commonly secondary to other metabolic disor-
der, moderate excess can also be an artefact
arising through the common belief of patients
that the instruction to fast before a blood test
means that they must avoid a major meal, but
that snacks are permitted. There is increasing
interest in the extent and duration of postpran-
dial lipaemia, which correlates with the pres-
ence of clinical coronary disease and improves
with fitness.'9 A standard challenge lipid test
meal has not yet been agreed.

High density lipoprotein cholesterol
Various techniques have been used to isolate
HDL including ultracentrifugation, electro-
phoresis, gel filtration, immunoaffinity column
chromatography, and specific precipitation
techniques.9 20 The various precipitation meth-
ods effectively remove apoB containing parti-
cles including Lp(a) lipoprotein, but superna-
tants can differ in their content of lipid and
apoA-I particles.2' Ultracentrifugation and
precipitation techniques are the most com-
monly used methods; a definitive method has
not yet been established.

Reference method
The major lipoprotein fractions, including
HDL particles, are conventionally classified
according to the floatation properties in salt
solutions during ultracentrifugation.22 While
this is considered as a candidate reference

method it suffers from incomplete recovery of
HDL, contamination ofHDL fraction by apoB
associated cholesterol, mostly Lp(a), and loss
of apoA-I from HDL. Precipitation of Lp(a) is
also essentially complete using polyethylene
glycol PEG 6000.23 The CDC method below
overcomes some of these problems by combin-
ing ultracentrifugation with selective precipita-
tion, using the heparin-manganese chloride
method.
(1) Remove chylomicrons and VLDL by

ultracentrifugation.
(2) Precipitate LDL and intermediate density

lipoproteins (IDL) from the bottom frac-
tion using the heparin-manganese chloride
method.

(3) Measure HDL cholesterol in supernatant
using the Abell-Kendall reference method
for cholesterol.

Calibrant
A primary calibrant for HDL cholesterol is not
yet available.

Routine methods
Precipitation techniques are almost always
used for routine measurement of HDL
cholesterol as the procedures are rapid, inex-
pensive, and do not require an ultracentrifuge.
The most widely used methods are the
phosphotungstic acid-magnesium chloride
method, the dextran sulphate-magnesium
chloride, and the heparin-manganese chloride
method. ApoB containing lipoproteins
(VLDL, IDL, LDL) are selectively precipitated
from serum using polyanions and divalent cat-
ions. After centrifugation, cholesterol is meas-
ured in the supernatant.21 24 Although most of
the major epidemiological studies (and the
Lipid Research Clinics method20) involve the
heparin-manganese chloride method, draw-
backs include prolonged incubation and inter-
ference by manganese ions in enzymic
cholesterol methods. The phosphotungstic
acid method overcomes some of these draw-
backs (although interference by turbidity re-
mains) and has gained popularity, but in some
studies it has underestimated cholesterol con-
centrations by 5-10% compared with values
determined by ultracentrifugation and the
heparin-manganese chloride method. Labora-
tories should ensure that appropriate reference
ranges are cited. With the heparin-manganese
method, higher concentrations of manganese
chloride are required if EDTA plasma rather
than serum is used, as chelation of manganese
by EDTA reduces the free manganese concen-
tration. With the sodium phosphotungstate-
magnesium chloride method, precipitating
reagent before cholesterol determination as
above is prepared from stock solutions of the
two main reagents, or is ready prepared in kit
methods. None of these established methods
can be fully automated, but homogeneous
automatable assays for HDL cholesterol are
being introduced at acceptable cost.25

Reference ranges
Heparin-manganese method2 (phosphotung-
state, - 0.05 mmol/l lower). UK adults: female
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1.0-2.2 mmol/l, male 0.9-1.7 mmol/l, little
change with age after puberty.' 15

Interferences
Manganese-The heparin-manganese chloride
procedure can cause interference in the analyti-
cal phase as manganese precipitates with phos-
phate present in cholesterol methods using
phosphate based reagent buffers, and by direct
interference with the colour development by
manganese chloride. Both of these effects cause
overestimation of HDL cholesterol. Although
interference by manganese chloride can be
reduced by adding EDTA or sodium bicarbo-
nate to the HDL supernatant to remove excess
manganese ions, interference by manganese
chloride in enzymatic cholesterol methods is
one of the factors why other precipitating
reagents that do not interfere with enzymatic
cholesterol methods are being increasingly
used.
Samples with high triglyceride concentrations-
Incomplete sedimentation of precipitated apoB
containing lipoproteins, resulting in suspension
of the aggregates in solution or floatation of the
aggregates over a clear infranatant, can occur
when serum triglyceride concentrations exceed
about 4.5 mmol/l because the lipid rich aggre-
gate is of insufficient density to sediment. Tri-
glyceride rich lipoproteins can be removed
from serum by ultracentrifugation before
precipitation, or the lipoprotein aggregates
formed after precipitation can be removed by
ultrafiltration through a 0.22 gm filter, pro-
tected by a prefilter to prevent blockage as
plugged filters can remove HDL as well as
insoluble aggregates.

Specificity
Although the exact nature of the interaction of
the precipitating reagents with lipoproteins is
unknown, the specificity of the precipitation
depends on the lipid:protein ratio of the
lipoprotein, the precipitants used, the ionic
strength of the reaction mixture, and the
reagent concentrations. Specificity of the pre-
cipitation can be checked by electrophoresis or
by apoA-I and apoB measurement in the
supernatant and in the precipitate after re-
solubilisation in 0.6 mol/l sodium chloride.

High density lipoprotein subfractions
BACKGROUND
A range of clinical and laboratory studies sug-
gest that the apparent protective relation
between HDL and coronary heart disease may
be due to specific subfractions within the
overall density range."6 Subfractions within
HDL material as defined by density can be
demonstrated and isolated by ultracentrifuga-
tion and electrophoretic methods.0 24 The
main fractions, defined as HDL2 and HDL3,
have been of interest because the approxi-
mately 30% present as the higher density
HDL2 component makes the greater contribu-
tion to interindividual variation and the
inverse association in populations between
HDL and cardiovascular risk. This is strange
because HDL2 seems to be the product of
transfer of cholesterol from cells after esterifi-

cation, rather than the precursor substrate,
which is HDL3 one would expect reverse
cholesterol transport to be driven by the
acceptor not the product. Precipitation tech-
niques have also been developed to mimic the
HDL2/HDL3 breakdown, using either dextran
sulphate or combinations of heparin-
manganese to precipitate apoB containing
lipoproteins, and dextran sulphate to precipi-
tate HDL2 from the total HDL supernatant.
The lack of standardisation of methods for
measuring HDL subfractions has limited the
application of these techniques, the clinical
significance is uncertain and their popularity
has waned. Reference ranges differ widely
depending on the technique used and, for pre-
cipitation methods, the concentration, mo-
lecular weight, source, and batch number of
dextran sulphate all influence the measured
concentrations of HDL subfractions.20 24 If
precipitation techniques are used, values
should be compared with those by ultracen-
trifugation, especially for disorders such as
diabetes mellitus, where the composition and
physical properties of HDL may differ from
those in non-diabetic people. New batches of
dextran sulphate should be validated against
HDL subfractions determined by ultracen-
trifugation and checked against previous batch
numbers. In addition, because of the interac-
tion of dextran sulphate with clotting factors
in plasma, different concentrations of dextran
sulphate are required for serum and plasma.
Many data have been published but in view of
these drawbacks a precipitation technique for
measuring HDL subfractions cannot be cur-
rently recommended. HDL can also be subdi-
vided by electroimmunoassay into particles
containing apoA-I only, and apoA-I with
apoA-II.27 The apoA-I only material broadly
corresponds with the HDL2 density range, and
in some but not all studies has acted as
cholesterol acceptor from cholesterol loaded
cells, and has shown a slightly greater inverse
correlation with cardiovascular risk than that
with total HDL.27-2'ApoA-I may also promote
mobilisation from intracellular cholesterol
pools in the initial stages of reverse cholesterol
transport.29 None of these and other methods
that have been applied to HDL subfraction
analysis have yet shown clear clinical advan-
tage over total HDL but current interest
remains high.

Other aspects ofHDL analysis and
interpretation
RATIOS OF TOTAL:HDL CHOLESTEROL IN

PREDICTION OF PREMATURE CARDIOVASCULAR
EVENTS

Long term follow up data from the Framing-
ham, Helsinki Heart, and PROCAM studies
show that relative risk is increased at ratios
above 5 in men and women, but some difficul-
ties arise in their interpretation.30.3' Absolute
risk may not be greatly increased, and the ratio
is an indirect term based on two measure-
ments, each subject to error and imprecision,
particularly for HDL where assay performance
is poor at the low levels on which action based
on ratio is particularly recommended. Finally,
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it is not certain that risk associated with a
cholesterol of 12 mmol/l and excess LDL is
contained by an HDL cholesterol above
2.4 mmol/l; any such demonstration will be
significant. Ratios are more favourable for the
UK population than for that North America,
but LDL cholesterol concentration are higher2:
at high concentrations ofLDL the excess LDL
associated risk may overwhelm any predictive
value of the ratio above that derived from the
primary data including HDL. An HDL
cholesterol above 2 mmo/l may be reassuring,33
a level below 1.0 mmol/l may be of concern,
intermediate values are less readily interpreted.

RELATIONS WITH HYPERTRIGLYCERIDAEMIA
Excess surface coat released during the meta-
bolism of triglyceride rich lipoproteins is a
major source of nascent HDL and underpins
the strong inverse association in populations
between concentrations of triglycerides and
HDL. Arguments on which term to consider in
risk analysis can undervalue this precursor-
product relation as well as the association of
impaired clearance of triglycerides with im-
paired production of HDL. Population studies
also suggest that hypertriglyceridaemia can be
associated with increased risk through other
mechanisms, particularly prothrombotic
effects,34 as well as secondary hypertriglyceri-
daemia through other metabolic disorders
notably diabetes and obesity. VLDL density
and composition may also then differ from
average values although associations with
specific atherogenic mechanisms are not defi-
nitely established. It is clear that hypertrigly-
ceridaemia indicates increased risk, although
the mechanisms involved may be multiple and
not fully defined, and it may not necessarily be
a primary target for any treatment although any
reduction may be welcomed.

INVESTIGATION OF VERY LOW LEVELS OF HDL

Serum concentrations of HDL below
1.0 mmol/l can arise when clearance of trigly-
ceride particles is impaired. Very low concen-
trations arise in rare genetic syndromes associ-
ated with defects in the structure and expres-
sion of apoA-I (for which some 30 variants are
reported), defects of LCAT and the related
structural variants of fish-eye disease, and of
lipid transfer proteins in plasma-cholesterol
ester transfer protein (CETP). Specific mo-
lecular and biochemical procedures to identify
these disorders have been developed: com-
pound heterozygotes for these disorders and in
various patterns are also described.35 36 These
enzyme disorders are not all associated with
increased expression of premature cardiovas-
cular disease. Rate of lipid turnover through
HDL fractions rather than overall concentra-
tion of HDL may be the important variable,
but turnover studies as with stable isotopes are
logistically demanding and impracticable in
other than occasional single patients. There is a
real need for a practical clinical laboratory pro-
cedure to determine rates of apoA-I/HDL
turnover. The clinical presentation including
corneal opacification and family affect may
alert to such syndromes, on which expert

advice should then be sought. It can always be
helpful to enquire if parents could be related.
Otherwise, the characterised disorders are van-
ishingly rare and investigation of patients with
low HDL to identify any underlying defect,
particularly of apoA-I by standard electro-
phoretic charge shift procedures, is generally
unrewarding. Preliminary wider screens for
non-charge shift variation in apoA-I using high
throughput semiautomated multititre array
diagonal gel electrophoresis (MADGE) tech-
nology applied to restriction digests of apoA-I
DNA,37 and of families with clustering of low
HDL'8 has also been unproductive. As gene
expression of lipoprotein lipase can be en-
hanced by fibrates, the effect of treatment for
three weeks can be revealing, a significant rise
in HDL and fall in triglycerides suggesting that
a cycling defect is involved. Decisions on any
long term treatment may then follow.

LDL and LDL cholesterol
BACKGROUND
LDL has been defined as material within the
density range 1.006-1.063 g/ml, a range in-
cluding LDL, IDL, and Lp(a). LDL contains
apoB-100 as essentially the sole apolipoprotein
(> 98%), and LDL carries some 70% of total
plasma cholesterol when other fractions are not
in excess: levels then correlate closely with
those of total cholesterol. The three methods
commonly used for determining LDL, usually
as LDL cholesterol, involve ultracentrifuga-
tion, precipitation, and immunological meth-
ods. Methods for direct determination have
also recently been introduced. In samples
without hypertriglyceridaemia LDL can read-
ily be calculated. It is reported that LDL can be
stored long term without loss of floatation and
other properties by addition of hypertonic
sucrose and storage at -700C.39

Definitive method
Not yet established.

Reference method
There is no reference method for LDL
cholesterol although this LRC [ quantification
method has been adopted as a candidate refer-
ence method by the CDC.
(1) VLDL and chylomicrons are removed by

ultracentrifugation at density 1.006 kg/l,
followed by tube slicing or other retrieval.

(2) Infranatant cholesterol concentration
(IDL, LDL, and HDL) following ultracen-
trifugation is determined by the Abell-
Kendall reference method.

(3) Precipitation of apoB containing lipopro-
teins from the infranatant using heparin
and manganese chloride: determination of
supernatant HDL cholesterol by the Abell-
Kendall reference method.

(4) LDL cholesterol = infranatant cholesterol
- HDL cholesterol.

Calibrant
A primary calibrant for LDL cholesterol is not
yet available.
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Investigation of dyslipidaemias

Routine methods
Calculation-The Friedewald equation40 is
based on the observation that serum triglycer-
ide concentrations are highly correlated with
VLDL cholesterol, provided VLDL is not
present in excess or of abnormal composition,
and chylomicrons are absent; 12-16 hour fast-
ing samples are required. The cholesterol con-
tent of normal VLDL in SI units is then about
half that of total serum triglycerides. Hyper-
triglyceridaemic serum is by definition not
normal, particles of abnormal composition are
present and this empirical relation allowing
calculation ofVLDL cholesterol does not hold.
Several modifications have been proposed but
provided that the above conditions are met
with total triglycerides below 4.5 mmol/l the
Friedewald formula remains the best approach
for laboratories without access to an ultracen-
trifuge. Gradient methods can give a well
defined VLDL product but have limitations as
yields are reduced through compromises on
elution of overlapping fractions and adhesion
of VLDL to tube walls. For the Friedewald
equation (all concentrations in mmol/l):
LDL cholesterol = total cholesterol - HDL

cholesterol - (triglycerides/2.2)
The contribution of high levels of Lp(a)

above the 95th percentile to calculated LDL
can be corrected, noting however that LDL is
also a constituent of Lp(a).23
Immunochemical methods-These are now avail-
able for direct measurement of LDL
cholesterol in serum or plasma, using specific
antibodies to non-apoB components coated on
to solid phase particles to remove HDL and
VLDL.4' In a recent study, results using fresh
serum were highly correlated with ultracen-
trifugation in both the fed and fasting state, and
the method can be used at concentrations of
triglycerides beyond those invalidating the
Friedewald method.40 41 However, there was a
significant negative bias for samples stored at
-70°C and measured by the immunochemical
method compared with ultracentrifugation.
Interest in determination of LDL is driven by
the strong association with atherosclerotic risk
and by the requirement in statin clinical trials
to determine LDL as the most statin sensitive
lipoprotein. Direct methods based on density
or immunochemical specificity may improve
product specificity, but yields can be incom-
plete and costs high in comparison with those
for calculated values.

LDL subfractions
Three major and four or more other specific
fractions can be identified within the LDL
density range by density gradient centrifuga-
tion, or by non-denaturing gradient gel electro-
phoresis for which commercial systems are also
available.42 The patterns produced on density
or gel analysis do not exactly correspond
because size and shape also influence gel
mobility; gel methods can be applied to
gradient fractions or to whole plasma. Patterns
can be studied and defined in detail,42 43 or
broadly defined as pattern A with a preponder-
ance of larger more buoyant LDL, and pattern
B with a bias towards small dense LDL

particles. A scoring system based on gel analy-
sis has also been developed.43 Pattern B with
low HDL and generally moderate hypertrigly-
ceridaemia is associated with premature
coronary heart disease, and with non-insulin
dependent diabetes.42 44 LDL subfraction
analysis is important in defining individuals
and families at risk of premature vascular
disease, and measuring responses to lipid
medication.45 Patterns are under genetic influ-
ence, but they are also affected by other causes
of impaired clearance of triglyceride lipopro-
teins and HDL generation, through associated
effects on cholesterol ester transfer between
lipoproteins and a resulting bias towards
smaller denser LDL. Although that dynamic
process can readily be monitored by triglycer-
ide and HDL measurement without LDL sub-
fraction analysis, small dense LDL may turn
out to be a significant and specific atherogenic
component in the clinical expression of that
relation.

Oxidised LDL
LDL that has been subject to minor oxidative
modification can enter cells through the
uncontrolled scavenger pathway, and it has
chemotactic and proliferative properties con-
sistent with enhancement of atherosclerosis.46
Several methods to determine the oxidation
status of LDL have been developed, including
the identification of thiobarbituric acid react-
ing substances (TBARS), the resistance to
copper ion dependent oxidation as determined
spectrophotometrically by lag times, and direct
determination of lipid hydroperoxides in
plasma.47 48 Pattern B LDL is more vulnerable
to copper dependent oxidation.49 Autoantibod-
ies to oxidised LDL can also be determined,
and commercial kits are available-in most but
not all studies plasma concentrations are
higher in patients with accelerated atheroscle-
rotic vascular disease.50 Potential implications
were emphasised by a recent report of a specific
endothelial receptor for oxidised LDL.5' The
oxidative damage theory of atherosclerosis46 is
extremely attractive and is widely pursued in
clinical trials, however, transfer of these mostly
in vitro observations to practical effects in vivo
and their management remains uncertain.52

Lp(a) lipoprotein
BACKGROUND

Lp(a) particles can be isolated by density
gradient ultracentrifugation in the density
range from 1.047-1.10 g/ml, overlapping that
of LDL. They consist of LDL linked to one
molecule of apo(a) by a single disulphide
bond.3 Apo(a) does not circulate exclusively
with LDL: apoB-100-apo(a) complexes have
also been found in triglyceride rich particles,
especially postprandially. Unlike other apolipo-
proteins, apo(a) has a kringle-like structure
similar to haemostatic and fibrinolytic proteins.
Also, there is considerable variability in apo(a)
molecular size with over 30 reported isoforms,
due mainly to the varying number of kringle 4
type 2 repeats within the apo(a) molecule. Two
Lp(a) isoforms are expressed through codomi-
nant inheritance (rarely they may be the same,
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in homozygotes). In addition, an apparent null
form may be present but expressed below the
usual detection limit (5 mg%). High molecular
weight isoforms correlate broadly with below
mean amounts in plasma and slow mobility
within a standard electrophoretic system,
smaller isoforms with higher amounts and
increased mobility. A specific nomenclature
based on the number of kringle 4 repeats and
electrophoretic mobility is proposed54: the
value of determining molecular pattern rather
than total concentration in plasma has not been
decided. Factors controlling Lp(a) in plasma
and the balance between effects on production
and removal remain contentious. In high risk
populations such as heterozygotes for familial
hypercholesterolaemia, high concentrations are
associated with above mean risk of accelerated
vascular disease.55 High concentrations are also
seen in nephrotics, ethnic differences also
arise.56 Reference ranges are very skewed, with
a mode of about 12 mg% and 90th percentile
at about 38 mg%. Lipid and related clinics see
many patients with concentrations well above
100 mg%: the convention to express LDL as
LDL cholesterol in mmol/L and Lp(a) in mg%
or g/l obscures the fact that in these patients
Lp(a) is far from a trace component, and of the
order of 50% of their LDL can circulate as
Lp(a). Calculated LDL can be corrected for
Lp(a). 23

Definitive and reference methods
There are currently no definitive or reference
methods.

Calibration
There is no primary calibrant for Lp(a). There
is an embryonic method review and QA
scheme.49

Routine assays
Commercially available assay systems include
immunoradiometric assays (IRMA) for apo(a)
and intact Lp(a), immunoturbidimetric assays
and enzyme linked immunosorbent assays
(ELISA). Immunoturbidimetric methods are
ideal for screening large numbers of samples as
assays can be automated but problems may
occur in some assays with lipaemic samples.
ELISA methods are less matrix sensitive but
usually have higher imprecision than immuno-
turbidimetric assays.7 9 Detailed protocols
are available from the manufacturers.

Calibration
Lp(a) results are usually expressed in terms of
total lipoprotein mass even though there is
some variation in the protein, lipid, and carbo-
hydrate composition. There are also problems
with expressing Lp(a) in terms of total protein
mass due to the considerable size heterogeneity
within the apo(a) molecule. It is not possible to
ensure that the composition of any calibrator is
as close as possible to that of the analyte in
plasma: a choice of the most frequently occur-
ring Lp(a) phenotypes has to be made. The
application of Lp(a) measurements in the
management of dyslipoproteinaemia has been
limited by the lack of suitable primary

calibrants and the large interlaboratory vari-
ability in Lp(a) measurements. An alternative
approach in development is to determine Lp(a)
cholesterol. Active review continues.

Specificity
Major problems with antibody production for
Lp(a) assays are the size heterogeneity of
apo(a), the differences in antigenicity between
apo(a) as part of the Lp(a) molecule compared
with free apo(a), and cross reactivity with plas-
minogen that has some structural similarities to
apo(a) and through which Lp(a) may be
antithrombolytic. Antibodies against epitopes
present in the kringle 4 type 2 repeat sequence
should not be used as these epitopes will be
present in varying numbers depending on the
apo(a) molecular size. Antibodies raised
against purified, free apo(a) often do not react
with that apo(a) when a part ofthe whole Lp(a)
molecule. Even when these problems are over-
come, the composition of the calibrator can
have a profound effect on the measured Lp(a)
concentration. Variation in Lp(a) concentra-
tions of an individual on treatment may
however be more significant.
Long term follow up studies suggest that

Lp(a) concentrations are a conditional risk fac-
tor, not clinically significant unless LDL is also
in excess.58 However, that assessment is based
mainly on follow up studies of patients with
average or moderately raised Lp(a): whether
extreme excess with concentrations well above
1 g/l constitutes a direct risk association with
premature coronary heart disease independent
of other elements of the lipid profile is not yet
clear, although preliminary data suggest that it
is. High concentrations are also associated with
multiple cerebral infarctions.59 The underlying
pathology is not clear, perhaps involving
antithrombolytic effects or direct accumulation
within the arterial wall. There is no definite
procedure to lower Lp(a) in a patient without a
predisposing disorder such as nephrosis. High
Lp(a) concentrations can be considered as
indicating increased risk and bias towards more
active intervention in the management of
hypercholesterolaemic patients.

Apolipoproteins
Interest derives from the value of apolipopro-
teins as markers of specific classes of lipopro-
teins, and of the number of such lipoprotein
particles present, and through variation in their
structure and expression in genetic disease.
Apolipoproteins are assayed using a variety of
immunological techniques. Those present in
serum at low concentrations, for example
apoC-II and apoC-III, are usually assayed by
sensitive procedures such as radioimmuno-
assay and ELISA; those present at higher con-
centrations, for example apoA-I and apoB, can
be assayed by immunoprecipitin techniques.
From the many reported qualitative and quan-
titative procedures and their clinical
applications,79 consideration is restricted to
the quantification of apoA-I and apoB by end
point immunoturbidimetry, and the qualitative
assay of apoC-II and phenotyping of apoE by
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agarose gel isoelectric focusing and molecular
methods

ApoA-I AND ApoB

Definitive and reference methods
There are no current definitive or reference
methods.

Calibration
There are no primary calibrants for apoA-I and
apoB. Protein concentration of purified apoA-I
can be determined either by the Lowry method
or by amino acid analysis. However problems
remain for the assignment of a primary
calibrant for apoB as there are differences in
values measured by the Lowry method com-

pared with values calculated from the amino
acid content.

Routine methods
The most commonly used methods are immu-
noprecipitin procedures, which include immu-
nonephelometry and immunoturbidimetry,
use polyclonal antibodies and either kinetic or

end point measurements to determine the
antigen concentration. Both types of assay are

fast, reproducible, and easily automated. Rea-
gent suppliers have produced application notes
for a wide variety of discrete analysers.

Calibration
Manufacturers can now standardise assays

against a secondary reference material (SRM)
selected by the IFCC committee on apolipo-
proteins and accepted by the WHO as suitable
SRMs. The SRM is a lyophilised serum for
apoA-I and a liquid stabilised serum for apoB,
designated SPl-01 and SP3-07, respectively.

Interferences
Lipaemia can cause significant interference
with methods based on immunoturbidimetry
and immunonephelometry. Ultracentrifuga-
tion cannot be used to clear the samples as sig-
nificant amounts of apoB are also removed.
Lipase can be used to clear the samples but the
procedure should be carefully investigated to
ensure that lipase treatment does not cause

erroneous values from change in the reactivity
of the apolipoprotein being measured.

Specificity
Commercially available antibodies are usually
well characterised but users should check the
cross reactivity of antisera with other apolipo-
proteins such as apoA-II, apoA-IV, and apoE,
and the reactivity of the antibody with apoA-I
and apoB, each of which may be present in a

number of different lipoprotein particles.

Applications
The predominant apoB component is the
entire product (100% apoB, thus apoB-100),
which is expressed in normal VLDL, LDL, and
IDL. A sequence representing 48% of that
form is expressed by intestine and released in
chylomicrons. Specific immunochemical pro-
cedures to measure apoB-48 may allow more

specific analysis of postprandial lipaemia than
approaches using oral retinoyl esters as labels

of intestinal lipoproteins.60 Other truncated
products (for example a 37% product apoB-
37) can be released in various forms of
hypobetalipoproteinaemia, with some intesti-
nal lipid absorption if the defect is beyond the
apoB-48 level. Diagnosis can be approached
through specific analysis of the apoB gene, par-
ticularly when the defect does not allow
expression of a product in plasma6": heterozy-
gotes are hypocholesterolaemic and plasma
levels of apoB are reduced. In abetalipoprotei-
naemia the defect is not defined but apparently
prevents expression of apoB for which the cod-
ing sequence is normal: heterozygotes are
broadly normocholesterolaemic.

Concentrations of apoB and apoA-I track
moderately from childhood to adult years.
Correlations are of similar magnitude to those
for HDL and LDL, there is no clear advantage
in evaluating levels of apolipoproteins rather
than their parent lipoproteins in studies of early
life prediction of atherosclerotic risk.62 ApoB
can be a marker of particle number, hyperabo-
betalipoproteinaemia is present when LDL of
above mean protein to lipid content is present,
a relation that can also be expressed by LDL
density subfraction analysis. For adults, argu-
ment continues over whether LDL as
cholesterol or apoB is the most clinically
informative and analytically accessible marker
of cardiovascular risk.63

ApoE
ApoE is associated with chylomicrons, VLDL,
and HDL, and is involved in the binding of
chylomicron and VLDL remnants to the
hepatic remnant receptor and to the LDL
apoB/E receptor. Defective clearance of this
material gives rise to the anomalous floating 3
band-that is, material of f mobility (because
apoB forms are present) within VLDL (nor-
mally pre-1) density material isolated by ultra-
centrifugation (fig 1). Three common alleles
(c-2, e-3, and &-4) express a genetically
polymorphic protein and three common iso-
forms designated E-2, E-3, and E-4 with codo-
minant inheritance, and six corresponding
apoE phenotypes as 2/2, 3/3, 4/4, 2/3, 2/4, and
3/4, with approximately 60% of the population
being apoE 3/3 homozygotes. The major apoE
isoforms arise from amino acid substitutions at
two sites, positions 112 and 158.7 These
amino acid substitutions confer charge differ-
ences, thus enabling separation of the isoforms
by isoelectric focusing. ApoE2 has a lower
binding affinity for its receptors than does
apoE3 or apoE4. Some 2% of subjects
homozygous for the E-2 allele develop familial
(type III) dysbetalipoproteinaemia, particularly
when defective removal is further stressed by
another lipid disorder, such as diabetes,
alcoholism or further genetic lipoprotein de-
fect. Additionally there is an association
between the apoE-4 allele and the development
of neurofibrillary tangles in Alzheimer's dis-
ease. Genotyping or phenotyping to determine
apoE alleles appears at present to be much
more important practically than the
measurement of serum apoE concentration,
but apoE deficient patients with massive
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Figure Agarose gel electrophoresis of whole serum and VLDL prepared byfloatation at
d < 1. 006 and washed by re-floatation in 0.15 M sodium chloride, staining with Sudan
redlblack. Anomalous (floating /3) material is present in the VLDL density sample.

xanthomatosis are reported and high concen-

trations arise in patients with primary biliary
cirrhosis, perhaps a factor in the apparent pro-
tection from cardiovascular disease in spite of
severe lipaemia. Delipidated VLDL is useful
starting material for recognition of absolute
deficiency or qualitative variation in apoE,
apoC-II (and apoA-I) as all these components
are normally present in adequate amounts for
analysis. ApoE typing can be achieved on deli-
pidated whole serum or plasma without
separation of VLDL.

Routine methods for apoE phenotyping
Summary procedure64-Post-translational sia-
lylation of apoE increases the anodal mobility
of the isoform and may lead to problems in
distinguishing the apoE 3/3 from the E3/2 phe-
notypes. Pretreatment of serum, plasma or

VLDL sample with neuraminidase removes

minor sialated isoforms and clarifies pattern
interpretation. Most applications using anti-
bodies to apoE detection (as opposed to
protein staining) use delipidated whole serum

rather than isolated VLDL. To prepare VLDL,
plasma is gently overlaid with 0.15 M sodium
chloride solution (d = 1.006 g/dl) in a centri-
fuge tube, and centrifuged with the Havel
procedure,22 conveniently in a benchtop ma-

chine. For delipidation, aspirated VLDL is
added slowly to 7.5 vol methanol while vortex-
ing, then an equal volume of ice cold diethyl
ether is added. After standing, centrifuged
rewashed samples are dried under nitrogen.
Apolipoproteins are then separated by isoelec-
tric focusing in agarose gels, blotted on to
nitrocellulose membranes, which are then
immunofixed using mouse monoclonal anti-
bodies to human apoE. ApoE bands are visual-
ised using goat antimouse IgG-HRP conjugate
as second antibody and 4-chloronaphthol as

substrate.

ApoE genotyping
Genotyping methods eliminate problems
caused by post-translational modification and
have the potential to identify rare but func-
tional variants with changes other than at resi-
dues 112 and 158. These additional non-
standard variants may involve a different or no
charge shift and can be misclassified by
isofocusing methods, but can be classified on
charge shift-for example, as E-2*, E3**, the
asterixes defining a non-standard structure but
with the charge of a common form.64 65 Elegant
high throughput procedures can define E-2/3/4
status through electrophoretic analysis of
restriction digests of polymerase chain reaction
amplified DNA.65 Oligonucleotide probes can
also be used but may not be informative on
additional non-standard variants, some of
which so perturb triglyceride particle clearance
that they show dominant expression. Until the
incidence of these presumed rare to very rare
variants and protocols for their assessment are
defined, recognition of floating a material by
electrophoresis and lipid staining of washed
fasting or well preprandial VLDL for a floating
P band remains a universal screening test (fig
1). Any positive patient with an apparent
profile other that E2/2 should have a sample of
whole blood taken into EDTA and stored for
expert analysis of the apoE gene. Concern has
been expressed that laboratories undertaking
apoE genotyping for cardiovascular assessment
should record apoE-2 status only in view of the
potential implications of apoE-4 status being
revealed incidentally, and the potential for
information to be accessed without the pa-
tient's consent.

ApoC-II
ApoC-II is an activator for LPL that contains
binding sites for LPL at the carboxyl terminal.
Concentrations in plasma are some 10-fold
greater than those required for complete
activation of LPL. Major impairment of
triglyceride lipoprotein clearance is associated
with homozygous autosomal recessive apoC-II
deficiency, usually assessed qualitatively using
polyacrylamide gels and isoelectric focusing of
delipidated VLDL in the system also used for
apoE. There are currently no commercially
available methods for apoC-II assay.
ApoC-II and apoC-III in VLDL resolves

into four major bands with apoC-II at pI 4.8.6'

Hepatic lipase and lipoprotein lipase
Hepatic lipase is synthesised in hepatocytes
and is bound to capillary endothelium in
hepatic sinusoids by heparan sulphate. Al-
though hepatic lipase has been less extensively
studied than lipoprotein lipase LPL, hepatic
lipase is probably involved in the later stages of
the hydrolysis of triglycerides in chylomicron
remnants and IDL, as well as in the hydrolysis
of phospholipids and triglycerides in HDL.
Very rare autosomal recessive deficiency is
associated with mixed lipaemia similar to that
of apoE-2/2 homozygotes, and some excess
premature vascular disease.
LPL is synthesised by various tissues includ-

ing adipose tissue, skeletal muscle, heart, lung,
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and lactating mammary glands. LPL is bound
to heparan sulphate on the surface of endothe-
lial cells. This enables LPL to extend into the
capillary lumen where triglycerides in chylomi-
crons and VLDL are hydrolysed. ApoC-II is
required for maximum activity of LPL. Com-
plete or major autosomal recessive deficiency
of LPL or apo C-II can be associated with
major impairment of triglyceride lipoprotein
clearance, with hyperchylomicronaemia
spreading into excess of IDL and VLDL, and
associated mental confusion, attacks of ab-
dominal pain and pancreatitis that can progress

to pancreatic deficiency including diabetes.
There may be a second exacerbating lipid
overload as with alcoholism or diabetes. Many
reduced activity truncated variants of LPL are

also reported: heterozygous or other partial
deficiency with dominant pattern family effect
may be the underlying defect in at least some
cases of dominant familial combined
hyperlipidaemia.67 Quantitative assessment of
LPL activity and gene analysis rather than
absolute definition of deficiency has therefore
become of interest.
Both LPL and hepatic lipase can be

displaced from capillary endothelial binding
sites by intravenous injection of heparin. Post-
heparin lipolytic activity (PHLA) is deter-
mined before and after intravenous heparin
administration.5 Labelled oleic acid is hydro-
lysed from glycerol tri[l-'4C]-oleate by LPL
and hepatic lipase, and counted after solvent
extraction. LPL activity is selectively measured
after inhibition of hepatic lipase by various
methods, conveniently by selective denatura-
tion using sodium dodecyl sulphate (SDS), and
with heat inactivated serum as a source of
apoC-II. Hepatic lipase activity is measured, in
the absence of apoC-II, using molar sodium
chloride to inhibit LPL. The conditions for
sample collection and assay procedure are not
closely defined. Heparin doses of 10-100 U/
kg, commonly 40, more recently up to
100-that is, about 3000-8000 U for an adult,
are often used. Release into plasma is initially
rapid but not linear with time and discrimina-
tion between normal and defective samples
may be assessed at 10 or 15 minutes.5 68 Note
that patients are significantly anticoagulated
and should not be released for at least several
hours after the heparin. The procedure of
Henderson et al 68 is effective, for which
reference ranges determined for adults in the
UK were: males, LPL 3.3-24, hepatic lipase
8.5-38.9 units; females, LPL 6.4-23.4, hepatic
lipase 5.1-16.9 units as gmol/h/ml. The main
diagnostic application is to confirm genetic
deficiency: activity below 2 pmol/h/ml is con-

sidered 0. It is again helpful to enquire if
parents could be related.

Other issues in analysis and
interpretation
SECONDARY LIPAEMIA

Abnormal lipid profiles can wholly or partly
result from other metabolic disorders, and
resolve on treatment.69 It can be impracticable
to investigate any further underlying disorder
until that additional metabolic background is

resolved. Common associations from a long list
include hypercholesterolaemia in older patients
with hypothyroidism, and mixed lipaemia in
association with ethanol abuse, non-insulin
dependent diabetes mellitus and glucose intol-
erance usually with obesity, chronic hepatic or
renal impairment, and the use of some anti-
hypertensive agents." Exotic presentations
include moderate hypertriglyceridaemia in
association with use of vitamin A analogues in
the treatment of acne and psoriasis,70 and
major hypertriglyceridaemia with chylomi-
crons in immunoglobulin excess syndromes7":
the immunoglobulin may complex with
heparin, LPL or apoC-II components acting in
the clearance of triglyceride rich lipoproteins.
A fasting lipid profile can reasonably include
glucose. Liver and renal profile, and thyroid
profile if clinically indicated (most often in
postmenopausal women) may be performed on
any follow up sample to confirm dyslipidaemia.
Laboratory algorithms for identification of
other causes of secondary lipaemia are imprac-
ticable because of the high expense of untar-
geted tests and the very wide range of potential
influences. What might be done will depend on
the level of clinical information available.
Patients on treatment should also have occa-
sional liver and renal profiles, and creatine
kinase to exclude any muscle pathology from
medication.

OLD AGE
Lipid profiles in the elderly are both more vari-
able and less predictive of outcome than with
serial data from earlier in life.'4 15 Other age
related metabolic disorders such as myeloma,
hypothyroidism, and diabetes may also affect
interpretation but these influences are uncom-
mon, and lipid screening is not additionally
valuable in alerting to their presence.'4

FAMILIAL HYPERCHOLESTEROLAEMIA
Diagnosis ofheterozygote familial hypercholes-
terolaemia (FH) can be clearcut through clini-
cal presentation and family background, or
uncertain particularly when the gene has
passed through the female line that can avoid
dramatic expression of premature vascular
disease.72 Analysis for specific receptor defects
is not yet practicable outside relatively homo-
geneous populations in whom most cases have
arisen through a founder effect. Until recently,
specific defects could be defined in only about
20% of definite FH cases but advancing
technology is rapidly increasing that total to
above 50%: some 400 different defects in the
LDL receptor gene are now reported, plus oth-
ers in the receptor binding ligand region of
LDL-apoB-100 (Humphries SE, personal
communication, 1997).72 7 Some defects seem
to have mild clinical associations, thus clinical
advantage may follow exact analysis.74 Ongo-
ing analysis of UK FH DNA collections
suggests that no single currently recognised
defect affects more than a few per cent of
known cases.76 Oligonucleotide probe ap-
proaches may allow exact diagnosis within
affected families for whom the defect has
already been defined, and less specific cell
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based studies of receptor mediated uptake of
LDL are promising,77 78 but FH remains
predominantly a clinical diagnosis. The rare
homozygotes are most often found to be com-
pound heterozygotes for two different
mutations.72 73 Levels of Lp(a) may influence
the risk of premature cardiovascular disease in
FH.55 For new cases, widely based family
screens are recommended, initially for total
cholesterol only, to confirm equivocal diagnosis
and to identify other affected members who
may wish advice. Children with an affected
parent and cholesterol above 6.7 mmol/I are
probably affected: testing by age 2 and diagno-
sis by age 10 is recommended.79

SPECIMEN COLLECTION AND HANDLING
Anticoagulants
Most laboratories use serum or EDTA
plasma.69 The latter has the advantage of
inhibiting metal ion induced oxidation of lipo-
protein and enzymic lipolysis of triglyceride
and phospholipid. This is offset by the fluid
shifts created by small molecular weight
anticoagulants that can result in a reduction in
plasma lipid concentrations by 3% or more
depending on the volume of blood taken into
the container and the resultant concentration
of anticoagulant. Oxalate, citrate, and fluoride
are not recommended as they cause even
greater shifts and fluoride can inhibit some
enzymic measurements. Heparin does not pro-
duce fluid shifts and is acceptable for
cholesterol measurement, but activates LPL
with a reduction in triglyceride concentrations.

Phlebotomy
Samples must be collected without prolonged
venous occlusion, and prandial status should
be recorded.69 Increases in lipid concentration
of 10-15% can result from haemoconcentra-
tion if a patient stands for 15 minutes or if a
tourniquet is applied for more than five
minutes. Ideally, therefore, the patient should
be seated for 15 minutes in a waiting area and
a tourniquet if necessary should not be applied
for more than two minutes. Overnight fasting
without water restriction is necessary for a full
profile, always recommended if active interven-
tion is considered. Random sampling is nearly
always adequate for total cholesterol and initial
screening but total triglyceride concentrations
may be uninterpretable and any excess can
invalidate HDL assays because non-HDL pre-
cipitates are lipid enriched and will not spin
down. The sticky nature of the plasma samples
can also reduce precision over a wide range of
laboratory tests. Sampling at midday after an
early light breakfast is a compromise that usu-
ally produces adequate basic profiles, particu-
larly in slimmer younger patients. Any hint of a
creamy appearance is unusual, should be
recorded, and requires a formal overnight fast-
ing repeat plus further detailed assessment.
Hospitalised patients particularly after acute
events such as infarction may have misleading
lipid and general metabolic profiles. A sample
is often taken at an early stage with acute
admissions (for example, for cardiac enzymes).
This sample may be useful for determining

total cholesterol as concentrations within 24
hours of hospitalisation for acute myocardial
infarction correlate well with those recorded
two years later.80 Patients with FH are also
generally very hypercholesterolaemic even at
acute admission. The relevance of any other
acute lipid data to any later stable profile
remains to be established: lipid profiles may not
be stable and representative until up to three
months after an acute event, which may be the
optimal time for any detailed assessment.
Intercurrent medication particularly with 13
blockers and diuretics can also modify lipid
profiles.69

Specimen storage
Serum or EDTA samples are stable at 0-4°C
for most lipid components for up to four days
although serum specimens may show some
hydrolysis of triglycerides and phospholipids.
For longer term storage, stability of lipids is
better at -70°C than at -20°C. The stability of
apoA, apoB, and apo(a) defined by assay
reproducibility are method dependent. Re-
peated freezing and thawing should be avoided
by multiple aliquoting of initial samples.
Frozen samples should be thawed rapidly to
37°C and used immediately. Rehydration of
lipoproteins may be assisted by pre-addition of
hypertonic sucrose.39 Fresh plasma should be
used for lipoprotein fractionation.

Analytical goals and biological variation
With the publication of guidelines that define
lipid and lipoprotein concentrations to assign
risk, initiate treatment, and to define therapeu-
tic goals, accuracy has become of increasing
importance and it has been recommended that
a bias of less than 3% should be achieved for
cholesterol measurements. Other targets for
bias and imprecision for lipid analytes include
5% for triglycerides, 4% for LDL cholesterol,
4% and 5% for HDL cholesterol, and 3% for
apoA-I and apoB.8'-84 It has also been recom-
mended that total intraindividual variation
(CVi) of the measurement-a combination of
biological and analytical variation-should be
less than 5%, to assign risk reliably with a sin-
gle measurement. The biological variation of
cholesterol (CVb) has been shown to be 6.5%
and it can be calculated that to achieve a CVi of
5%, duplicate measurements are necessary if
the analytical variation CVa is less than 2%, but
three or four measurements are necessary at a
CVa greater than 2%. From this perspective it
is interesting to note that the CVb for LDL is
9.5%, for HDL 7%, for triglyceride 23%, for
Lp(a) 8.6%, for apoA-I 8%, and for apoB 9%.
The analytical requirements for these analytes
will therefore be very demanding if similar
guidelines are to be applied.

OTHER BIOLOGICAL AND PRE-ANALYTICAL
VARIATION
Many other pre-analytical variables are impor-
tant in defining the lipid profile. These can be
biological, such as age, behavioural such as
alcohol related, clinically induced by drugs or
disease, as well as relating to sample collection
and handling, and have been comprehensively
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reviewed.69 Lipid reference ranges are both age
and sex dependent: also, for the core analyses
true biological variation is at least as important
as laboratory imprecision.
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