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Background.

In 2007, the 4™ Joint European Societies’ Task Force on Cardiovascular Disease Prevention
issued new guidelines for the implementation of health strategies and measures at
European, national, and local level to promote -cardiovascular health and prevent

cardiovascular disease (CVD)."?

In this communication of the Royal Belgian Society of Clinical Chemistry, the content of the
guidelines is summarized with emphasis on management of dyslipidemia. These guidelines
on CVD prevention aim to assist clinical biologists, physicians, and other health professionals
to fulfil their role in this endeavour, particularly with regard to achieving effective preventive
laboratory measures in day-to-day clinical practice.

Alarming results recently emerged from the EUROASPIRE Il Study, a survey of 12
European countries. High-risk individuals in primary-prevention programs are still not being
managed effectively, with too few of these patients following the European guidelines for
CVD prevention, with high prevalences of persistent smoking and obesity, and more than
80% never having received any advice about the importance of following a heart-healthy
lifestyle program. Blood-pressure, lipid, and glucose control are inadequate, with most

patients drastically undertreated and not achieving the targets defined in the guidelines.

Multidisciplinary efforts can effectively alter patient behaviour and modify risk factors. In order
to achieve these objectives, there is an urgent need for updating and harmonizing laboratory
reports of lipid analyses throughout Belgium in concordance with the European guidelines.

This document reflect the consensus arising from a multi-disciplinary partnership between
the major European professional bodies represented in the 4" Task Force, and the scientific
societies involved at the national level: the Belgian Lipid Club (BLC) and the Royal Belgian
Society of Clinical Chemistry (SRBCC-KBVKC).

The European consensus is different from the U.S. National Cholesterol Education Program
(NCEP) — Adult Treatment Panel Il (ATP 11I) guidelines.? Both European and U.S. guidelines
recognize LDL-cholesterol as a primary focus of lipid management, but they are discordant
with regard to the management of HDL-cholesterol, triglycerides, and emerging risk

biomarkers such as apolipoprotein B and C-reactive protein.*

In 2010, updated European guidelines on lipid management will become available from a
joint ESC-EAS (European Atherosclerosis Society) Task Force which just started to work.
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What are the objectives of these guidelines?

1. To achieve metabolic characteristics of people who are apparently healthy:

- Total cholesterol <5 mmol/L (190 mg/dL)
- LDL cholesterol < 3 mmol/L (115 mg/dL)
- Glucose < 6 mmol/L (110 mg/dL)

2. To achieve more rigorous risk factor control in high risk subjects, especially those with
established CVD or diabetes.

- Total cholesterol < 4.5 mmol/L (175 mg/dL) with an  option of <4 mmol/L
(155 mg/dL) if feasible

- LDL cholesterol < 2.5 mmol/L (100 mg/dL) with an op  tion of <2 mmol/L
(80 mg/dL) if feasible

- Fasting glucose < 6 mmol/L (110 mg/dL) and HbAlc <  6.5%

3. To guide clinicians to achieve their goals by harmonization of lab reports.

- Clinical laboratories in Belgium should clearly and consistently provide the target
values (goals) with the measured values on the patient report.

- Lab reporting with “reference ranges” for lipids is NOT recommended and should be
avoided.

How to assess cardiovascular risk?

- Those with known CVD, type 2 or type 1 diabetes with microalbuminuria, or markedly
increased individual risk factors, are automatically at INCREASED CVD RISK and
need management to all risk factors.

- For all other patients, the SCORE risk chart (Systematic COronary Risk Evaluation)
can be used to estimate total risk: this is critically important because many people
have mildly raised levels of several risk factors that, in combination, can result in
unexpectedly high levels of total CVD risk.

- Use the low-risk population SCORE chart to assess 10-year risk of fatal CVD in
asymptomatic patients in Belgium and Luxembourg. Updated, re-calibrated charts are
available for Belgium.®

- “High risk” is defined as® 5% 10-year risk of CVD death .
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- calibrated SCORE chart for Belgium:
total risk of dying from CVD within the coming 10 years (in %).
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What are the CVD risk components ?

- History: previous CVD or related diseases, family history of premature CVD, smoking,
exercise and dietary habits, social and educational status.

- Examination: blood pressures, heart rate, heart and lung auscultation, foot pulses,
body mass index (BMI > 25 kg/m?), waist circumference. Fundoscopy in severe
hypertension.

- Lab tests: Glucosuria, proteinuria, microalbuminuria in diabetics and hypertensives,
fasting lipids (total-, LDL- and HDL-cholesterol, triglycerides), glucose, creatinine.

- ECG, exercise ECG if angina suspected, echocardiography in hypertensives.

- Premature or aggressive CVD, family history of CVD: Lipoprotein (a), apo B,
homocysteine.

- Metabolic syndrome patients: high-sensitive (hs-)CRP, apo B.

The SCORE chart should be used in conjunction with the clinician’s knowledge and

judgement. Risk may be higher than indicated in the SCORE chart in:

- Sedentary or obese subjects, especially those with central obesity or the metabolic
syndrome.

- Those with a strong family history of premature CVD.

- The socially deprived.

- Subjects with diabetes — risk may be 5-fold higher in women and 3-fold higher in men
compared to those without diabetes.

- Those with low HDL-cholesterol, < 1.0 mmol/L (40 mg/dL) for men and < 1.2 mmol/L
(45 mg/dL) for women.

- Those with high fasting triglycerides, > 1.7 mmol/L (150 mg/dL).

- Asymptomatic subjects with evidence of pre-clinical atherosclerosis (low ankle-
brachial blood pressure index (ABI) or on vascular imaging such as carotid
ultrasonography or CT scanning).

- Subjects with hyperhomocysteinemia (> 15 nmol/L) and elevated Lp(a) (>30 mg/dL).

- Subjects with normal LDL-cholesterol but elevated apo B (> 1.20 g/L)

- “Moderate risk” (1-4%) subjects with elevated hs-CRP (3-10 mg/L).

- Subjects with microalbuminuria with preserved GFR to end stage renal disease, when

CVD risk is 20-30x that of the general population.
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How to manage total CVD risk with lipid markers?

In all cases, look for and manage all risk factors. Those with established CVD, diabetes type
2 or type 1 with microalbuminuria or with severe hyperlipidemia are already at high risk. For

all other people, use the SCORE charts.

A: Established CVD, diabetes type 2 or type 1 with microalbuminuria, or severe

hyperlipidemia:

- Dietary and exercise advice together with attention to all risk factors.
- Statin therapy to reduce TC to < 4.5 mmol/L (175 mg/dL) or < 4 mmol/L (155 mg/dL)
if feasible, and LDL-C to < 2.5 mmol/L (100 mg/dL) or < 2 mmol/L (80 mg/dL) if

feasible.

B: SCORE risk 3 5%

1. Lifestyle advice for 3 months, then reassess SCORE and fasting lipids.

2. If SCORE risk still 3 5%, aim to achieve goals of high-risk patients (A).
If SCORE < 5% and TC < 190 mg/dL and LDL-C < 115 mg/dL: lifestyle advice and

follow-up (C).
C: SCORE risk < 5%

- Lifestyle advice to reduce TC <5 mmol/L (190 mg/dL) and LDL-C < 3 mmol/L (115
mg/dL).
- Regular follow-up.

Treatment goals are not defined for HDL-cholesterol and triglycerides, but HDL-cholesterol
< 1.0 mmol/L (40 mg/dL) for men and < 1.2 mmol/L (45 mg/dL) for women, and fasting
triglycerides > 1.7 mmol/L (150 mg/dL) are markers of increased CVD risk.
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The metabolic syndrome

The ‘metabolic syndrome’ describes the clustering of cardiovascular risk factors together with
central (visceral) obesity or insulin resistance — hypertension, low HDL cholesterol,
hypertriglyceridemia, and impaired fasting glycaemia. It identifies individuals with increased
risk of developing CVD and type 2 diabetes. This implies that, if one component is identified,
a systematic search for the others is indicated, together with an active approach to managing
all these risk factors. Hypertriglyceridemia combined with low HDL-cholesterol and a
preponderance of small, dense LDL particles is referred to as atherogenic dyslipidemia or
“lipid triad” often seen in the metabolic syndrome. Other — less specific — features of the
metabolic syndrome are hyperuricemia, microalbuminuria, a prothrombotic state

(hypercoagulability) and a pro-inflammatory state.

Among different definitions for the metabolic syndrome formulated by international expert
groups, the National Cholesterol Education Program (NCEP) — Adult Treatment Panel l1lI
(ATP 1) definition, and the definition created by the Consensus Panel of the International
Diabetes Federation (IDF), are both recommended for clinical use, but it is important to

realize that the prevalence obtained with these definitions is far from similar.

The NCEP-ATP Il definition of the metabolic syndrome:

At least 3 of the following 5 components:

Central obesity : waist circumference > 102 cm in men, > 88 cm in women

Elevated triglycerides: =1.7 mmol/L (=150 mg/dL)

Low HDL cholesterol: <1.03 mmol/L (<40 mg/dL) in men, <1.29 mmol/L (<50 mg/dL) in

women

Raised blood pressure: systolic BP >130 mmHg and/or diastolic BP >85 mmHg, or
treatment of previously diagnosed hypertension.

Impaired fasting glycaemia (IFG): =6.1 mmol/L (110 mg/dL)* or previously diagnosed
type 2 diabetes.
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*A revised version of the NCEP-ATP Il definition uses the lower cut-off for IFG, 100 mg/dL,

following recommendations by the American Diabetes Association (ADA).

The IDF definition of the metabolic syndrome:

Central obesity : waist circumference =94 cm in men, 280 cm in women,

and any 2 of the following 4 components:

Elevated triglycerides: 1.7 mmol/L (150 mg/dL) or specific treatment for this lipid

abnormality

Low HDL cholesterol: <1.03 mmol/L (<40 mg/dL) in men, <1.29 mmol/L (<50 mg/dL) in

women or specific treatment for this lipid abnormality

Raised blood pressure: systolic BP >130 mmHg and/or diastolic BP >85 mmHg, or

treatment of previously diagnosed hypertension.

Impaired fasting glycaemia: =5.6 mmol/L (100 mg/dL) or previously diagnosed type 2

diabetes.

In the DECODE study population, pooling data from 9 European population cohorts, the
overall prevalence of the metabolic syndrome in non-diabetic men and women was with the
original NCEP-ATP Il definition 23% and 21%, with the revised NCEP-ATP Il definition 30%
and 26%, and with the IDF definition 34% and 32%, respectively.”? The original NCEP-
ATPIII definition is more robust in predicting CVD risk, with a higher positive predictive value
than the revised and IDF definitions. The diagnosis of metabolic syndrome may identify
patients with increased risk of CVD among those who would become classified as “low-risk”

individuals using the conventional SCORE charts.

Lifestyle has a strong influence on all the components of the metabolic syndrome and,
therefore, emphasis on physical activity and weight control can radically reduce CVD risk.
Hypertension, dyslipidemia, and hyperglycemia (in the diabetic range) may, however, need

additional drug treatment as recommended in the European guidelines.
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Laboratory assessment of dyslipidemia

Total cholesterol (TC) and LDL-cholesterol (LDL-C)

Most of cholesterol in blood plasma is normally carried in low-density lipoproteins (LDL). The
degree to which lipoproteins cause atherosclerosis depends on their type, size and
concentrations in plasma. Small dense LDL, IDL (intermediate density lipoproteins), and
small VLDL (very low density lipoproteins) are highly atherogenic, particularly if they are
chemically modified, for example by oxidation. Oxidized LDL (oxLDL) patrticles are taken up
by macrophages in the arterial wall and contribute to foam cell generation, endothelial
dysfunction, and inflammatory processes.

TC does not always differentiate well between individuals at high or at low risk to develop
coronary artery disease. For this reason, the multifactorial approach to risk estimation
(SCORE chart) is recommended. At population level, however, concentrations of TC and
LDL-C are powerful predictors of coronary heart disease (CHD). A 10% increase in TC is
associated with an increase in the incidence of CHD of 27%, which is a good indicator of the
magnitude of the public health problem associated with hyperlipidemia. On the other hand, a
10% reduction in TC is followed by a 25% reduction in incidence of CHD after 5 years, and a
reduction of LDL-C of 1 mmol/L (40 mg/dL) is accompanied by a ~20% reduction in CVD.

This association is considerably modified by other risk factors such as age, sex, smoking,
blood pressure, diabetes, and low HDL-cholesterol. However, CHD is rare in populations with
TC less than 3-4 mmol/l (115-155 mg/dL), even in the presence of other risk factors.
Conversely, CHD is inevitable in untreated patients with severe forms of familial
hypercholesterolemia (FH), even in the absence of other risk factors. FH has an estimated
prevalence of 1/500 and is characterized by hypercholesterolemia due to markedly increased
LDL (>250 mg/dL up to 400 mg/dL or higher), xanthomas, premature CHD, and a family
history of one ore more of these. It is an autosomal dominant inherited disorder usually
caused by a mutation of the LDL receptor gene.

FH should be differentiated from familial combined hyperlipidemia (FCHL). FCHL is the most
common of the severe hyperlipidemias, with an estimated prevalence of ~1/100. Patients
with FCHL can have increased total and LDL cholesterol (Fredrickson type lla), or

triglycerides (type 1V), or both (type 1Ib). Although the underlying molecular defect is not yet
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elucidated, FCHL appears to be inherited in an autosomal dominant mode, and it is related to
hepatic overproduction of apolipoprotein B-containing lipoproteins (VLDL, IDL, LDL).

The results of epidemiological studies, as well as trials with angiographic or clinical end
points, confirm that the reduction of LDL-C (with statins) must be a prime target in both

primary and secondary prevention of atherosclerotic disease.

Recommendation:

Total and LDL-cholesterol CVD risk assessment; therapeutic target

Triglycerides (TG)

The association of hypertriglyceridemia with risk of atherosclerosis and CVD is not as strong
as it is for hypercholesterolemia. The risk is associated more strongly with moderate than
with severe hypertriglyceridemia, probably because the former is often due to accumulation
in plasma of TG-rich atherogenic IDL and small VLDL, whereas the latter can be due to large
VLDL and chylomicrons. Chylomicrons and large VLDL are not atherogenic but high
concentrations of these TG-rich lipoproteins can cause pancreatitis. TG concentrations vary
on the basis of the length of fasting (no. of hours) and particular conditions (last heavy meal,
alcohol consumption, smoking etc.) before blood sampling.

The association of hypertriglyceridemia to atherosclerosis can be explained by direct
atherogenic effects of IDL and small VLDL on the vessel wall, by the relationship of
hypertriglyceridemia and low concentrations of HDL, as well as by the fact that
hypertriglyceridemia is associated with a large number of metabolic and environmental
phenomena that promote the development of early-onset cardiovascular disease. They
include type 2 diabetes, hypertension, hyperinsulinemia/insulin resistance, abdominal
obesity/metabolic syndrome, low physical activity, and low consumption of fruits and

vegetables.

A TG concentration > 1.7 mmol/L (150 mg/dL) is considered a marker of increased risk, but
concentrations < 150 mg/dL are not considered a goal of therapy by the 4™ Task Force.
Patients with TG >150 mg/dL should be assessed for the metabolic syndrome. It is

recommended that laboratories should offer a glycerol-blanked TG analysis.
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Measurement of TG is traditionally performed after an extended (12h-) fast. It has been
proposed, however, that postprandial creation of TG remnant particles is an important factor
in atherogenesis. Nonfasting TG concentrations may therefore be more relevant to the
estimation of CVD risk than fasting TG. At present, this approach is restricted by the practical
disadvantage that there is no accepted cutpoint of nonfasting TG that clearly identifies

increased risk.

Recommendation:

Triglycerides CVD risk assessment; metabolic syndrome marker

HDL-cholesterol (HDL-C)

Low concentrations of high-density lipoprotein (HDL)-cholesterol are strongly associated, not
only with early development of atherosclerosis, but also with poor outcome in those who
already have cardiovascular disease. The risk of CHD increases 2-4% for every 1 mg/dL
decrease of HDL-C. The strong and independent association between HDL-C and CHD risk
persists in statin-treated patients, wherein HDL-C concentrations are significantly related to
major residual cardiovascular events that are not prevented with aggressive LDL-C lowering.
Of particular concern for the interpretation of HDL-C values, however, is the heterogeneity of
the lipid fraction referred to as “HDL”.° The HDL fraction comprises a family of particles that
differ in density, size, shape, lipid and apolipoprotein composition, or in association with CVD
risk. Classically, three main subclasses preb-HDL, HDL2 and HDL3 are recognized, but
specialized analytical techniques have demonstrated many more subpopulations. For many
preceding years, the seemingly cardioprotective role of HDL has been attributed mainly to
“reverse cholesterol transport” that has been regarded as a “one-way” process by which
cholesterol is returned back to the liver. Modern insights rather support the concept of HDL
metabolism being a “cyclic” process, driven by apolipoprotein A-l (apoA-I) that accompanies
the assembly and remodelling of pre-b-HDL, HDL3, and mature HDL2 particles. The lipid-
poor apoAl that is lost from larger HDL2s during their remodelling can subsequently pick-up
new phospholipids and cholesterol to generate new pre-b HDL particles, and re-initiate the

cycle.®

Many factors have a strong impact on the HDL apoA-lI cycle and the serum HDL-C
concentration, including lifestyle factors (smoking, sedentary lifestyle), obesity, type 2
diabetes, inflammatory conditions, hormones and other medications, and genetic factors.

Furthermore, “good” HDL particles can be modified to become pro-atherogenic.
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The HDL apoA-I cycle.®

Lipoprotein metabolism consists of 2 interconnected cascades: apoB-containing lipoproteins
and apoA-l—containing lipoproteins (HDL). The apoB cascade includes the chylomicron
pathway that transports dietary lipids from the intestine to peripheral cells and liver, and the
VLDL-IDL-LDL pathway, which transports hepatic lipids to peripheral cells and delivers
cholesterol via the LDL receptor. The HDL cycle includes ABCA1-mediated cholesterol efflux
from peripheral cells (lipidation of apoA-1) to form pre3-HDL; conversion of pre3-HDL to
HDL3 and mature HDL2 by LCAT; transfer of CE by CETP to the VLDL-IDL-LDL lipoproteins;
mature HDL remodeling by HL which can recycle and increase ABCAl-mediated efflux,
including arterial wall macrophages.®

Abbreviations: ABCA1, ATP-binding cassette transporter Al; CE, cholesteryl esters; CETP,
cholesterol ester transfer protein; FA, fatty acids; FC, free (unesterified) cholesterol; HL,
hepatic lipase; LCAT, lecithin cholesterol acyltransferase; PL, phospholipids; TG,
triglycerides.

HDL2a CE TG HDL2b
CETP
>
LCAT HL
HDL3
PL FA
FC Apo A-|
PO A PL aABCA-1
LCAT FC
PL
FC

>

pre-b HDL
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Large HDL2 particles are thought to be more atheroprotective than small HDL3 particles.
Increased TG-rich lipoproteins decrease total HDL-C (by driving cholesteryl ester transfer
from HDL2) and result in a decreased HDL2/HDL3 ratio. The combination of moderately
elevated TG and low concentrations of HDL-C is very common in patients with type 2
diabetes, abdominal obesity/metabolic syndrome, insulin resistance and physical inactivity
having a high risk for an early-onset atherosclerotic disease. It is part of a dyslipoproteinemia
characterized by the “lipid triad” of increased concentrations of IDL and VLDL, the presence
of small dense LDL, and low concentrations of HDL. However, a practical limitation is that
measurement of one component of this “atherogenic triad”, small dense LDL, is not widely
available in clinical laboratories but low HDL-cholesterol and moderate hypertriglyceridemia

can indicate the need for preventive treatment of these patients.

HDL-cholesterol is not considered a goal of therapy by the 4™ Task Force. Instead, HDL-
cholesterol less than 1 mmol/L (40 mg/dL) in men and less than 1.2 mmol/L (45 mg/dL) in
women is considered a marker of increased risk that should suggest to the physician that
attention to lifestyle and management of high LDL-C, high blood pressure, smoking and
obesity is necessary. In contrast, the U.S. NCEP-ATP Il guidelines propose to consider
adding fibrate or nicotinic acid to LDL-lowering therapy in high-risk patients with a high
TG/low HDL-C phenotype or with isolated low HDL.?

The heterogeneity of HDLs represents a major challenge in the measurement of HDL-C. The
innovative “homogeneous” HDL methods, introduced in the late 1990s, enable direct and
fully-automated HDL measurement without the need for ultracentrifugation or precipitation
techniques to separate HDL from non-HDL particles. Although the direct HDL methods
clearly show improved precision, their accuracy (estimation of “true” value) is a major point of

concern.®

Discrepant results between various methods are attributable to differing detection of specific
HDL subpopulations that may or may not be included, e.g. apoE-containing HDLs (~10% of
total HDL), or to co-detection of non-HDL particles and interference of high triglycerides,
dyslipoproteinemias, and monoclonal paraproteins. Some direct HDL-C methods show
significant positive bias (up to 20%) compared to the early precipitation methods. The
Centers for Disease Control and Prevention (CDC) “Reference Method” combines
ultracentrifugation with precipitation to separate and measure HDL. However, considering the
complexity of the lipoprotein particles (atheroprotective vs. pro-atherogenic HDLS), there is
no evidence that the particular “HDL” fraction obtained by the CDC Reference Method are
better indicators of CVD risk than the fractions obtained by any other method.
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Recommendation:

HDL-cholesterol CVD risk assessment; metabolic syndrome marker

Lp(a)

Lp(a) is a low density lipoprotein to which is attached an additional protein, apolipoprotein(a).
The ‘kringle’ domain of apo(a) exhibits considerable structural homology to plasminogen.
High concentrations of Lp(a) (arbitrarily > 30 mg/dL) are strongly inherited and they identify
persons at increased risk of atherosclerotic diseases, particularly when LDL-C and Lp(a) are

concomitantly elevated.

Recommendation:

Lp(a) Risk marker in family history of CVD or premature CVD

Apolipoprotein B

Apolipoprotein B (apoB) is the major protein component of LDL, IDL, VLDL and
chylomicrons. Since chylomicrons normally are not present in plasma in the fasting state,
almost all apoB is in atherogenic lipoproteins. Since there is one apoB molecule per LDL
particle, concentrations of apoB are therefore a direct measure of the total number of these
atherogenic lipoproteins in plasma, regardless of their size. The measurement is a useful
indicator of risk of atherosclerosis, particularly in patients with hypertriglyceridemia (wherein
LDL-C cannot be calculated with the Friedewald formula) and in metabolic syndrome patients
with normal concentrations of LDL-C (where elevated apoB reflects a high number of small
dense LDL particles). Risk is more directly related to the number of apoB-containing
atherogenic particles than to the cholesterol content of lipoproteins. LDL-C does not reflect
LDL particle concentration because the cholesterol:triglyceride ratio in the particles can vary
widely between individuals; CVD risk could be underestimated on the basis of LDL-C in

subjects with cholesterol-depleted LDL particles.’

ApoB values greater than 1.20 g/L are clearly associated with increased risk. Because apoB
is directly involved with disorders of LDL synthesis or clearance, its measurement can
support the diagnosis of these dyslipidemias such as FH. Familial defective apoB is a related
disorder due to a mutation in apoB that prevents its binding to the LDL receptor, resulting in a
clinical phenotype similar to FH. FCHL, the most common and probably underdiagnosed
lipoprotein disorder characterized by an increased number of small dense LDL patrticles, is

most accurately diagnosed with a panel that includes apoB.” However, since measurement
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of apoB is not widely performed in clinical laboratories and thus not generally available to all
physicians in Europe, it is not included in the present recommendations for assessing

cardiovascular risk.

Recommendation:

Apo B Not recommended; consider in family history or premature
CVD; in patients with hypertriglyceridemia (>200 mg/dL),

metabolic syndrome or diabetes with normal LDL-C.

Apolipoprotein Al

Apolipoprotein Al is the major apoprotein of HDL. Low concentrations of apoAl (< 1.20 g/L)
are, like low HDL-cholesterol, associated with higher risk of CVD. In contrast to direct HDL
measurements, ApoA-I measurement is not susceptible to interference of apoB-containing
non-HDL particles. As for apoB, since measurements of apoAl are not generally available to
all physicians, it is not included in the present recommendations for assessing cardiovascular
risk.

Recommendation:

Apo A-l Not recommended; consider when inaccurate HDL-C

measurement suspected.

Lipoprotein electrophoresis

Although lipoprotein electrophoresis is not recommended in the primary investigation of

hyperlipidemia, it has useful applications in patients with hypertriglyceridemia.

It can be used to identify the broad b band in patients with type Il dyslipidemia
(dysbetalipoproteinemia) and to differentiate this disorder from the more common type Iib
hyperlipidemia which displays clearly separated b (LDL) and pre-b (VLDL) bands. Patients
with dysbetalipoproteinemia are homozygous for a mutant form of ApoE (apoE2) that cannot
bind the specific hepatic receptors, leading to accumulation of b-VLDL or “floating b-
lipoprotein” (remnants). The frequency of apoE2 homozygosity in the population is 1/100, but
this is not sufficient to result in type Il dyslipidemia (frequency 1/5.000 to 1/10.000). A
secondary factor such as obesity, diabetes, or hypothyroidism, or a concomitant familial

disorder is needed for full manifestation of this disorder.
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Lipoprotein electrophoresis may also be useful to confirm the presence of chylomicrons,
which remain at the origin on electrophoresis, and to aid the subclassification of FH and
FCHL.

Recommendation:

Lipoprotein electrophoresis Not recommended; consider in investigation of

hypertriglyceridemia.

Oxidized LDL (oxLDL)

Immunoassays have been developed that made it possible to directly measure oxLDL in the
circulation.®. The most widely used monoclonal antibody, mAb-4E6, against oxidation-
dependent epitopes of apoB is commercialised by Mercodia in a sandwich ELISA. Plasma
oxLDL seems a promising biomarker of (preclinical) atherosclerosis (assessed by vascular
ultrasound imaging) and of cardiovascular risk, although not always independent after
adjustment of classical lipid risk factors. Published data, however, cannot be compared
because of the differences in method protocols used to quantify oxLDL, particularly in the
specific antibodies and target epitopes, differences in reported units, and lack of
standardization. These issues need to be further addressed before oxLDL can be

recommended as a clinically valuable biomarker.

Recommendation:

OxLDL Not recommended for clinical practice.

Calculated lipoprotein variables

LDL-cholesterol

LDL-C can be measured directly, but is usually calculated by the Friedewald formula:

In mmol/l: LDL-cholesterol = total cholesterol — HDL-cholester ol - (0.45 x triglycerides)
In mg/dl: LDL-cholesterol = total cholesterol — HDL-cholester ol - (0.2 x triglycerides)

Like LDL-C measurements, the LDL-C calculation is not without flaws. The Friedewald

formula also includes the IDL and Lp(a) cholesterol components and makes assumption of a
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standard VLDL triglycerides:cholesterol ratio, a lack of chylomicrons, and a lack of excessive
remnant lipoproteins. The equation is accurate in samples with TG <200 mg/dL, but the
calculation is invalid when concentrations of TG are >400 mg/dL or in the case of type llI
dyslipoproteinemia (VLDL remnants). That is because the triglyceride:cholesterol ratio in
TG-carrying lipoproteins (VLDL and chylomicrons) progressively increases as
hypertriglyceridemia becomes more severe, and the equation would overestimate VLDL
cholesterol and therefore underestimate LDL-C. The fact that the calculation depends upon
three laboratory measures means that three coefficients of variation are involved with
potential for error. Inaccurate HDL measurement might seriously confound CVD risk
estimation and treatment decisions based on calculated LDL-C. The risk associations of
HDL-C and LDL-C are opposite and the error is reciprocal; erroneously increased HDL-C

leads to falsely decreased LDL-C (double risk underestimation).

Non-HDL-cholesterol

In the fasting state, non-HDL-cholesterol is the cholesterol in LDL, IDL and VLDL. Calculated
by simply subtracting HDL-C from TC, non-HDL-cholesterol, unlike LDL-C, does not require
triglycerides to be less than 4.5 mmol/L (400 mg/dL). Therefore, it is an even better measure
than calculated LDL-C, particularly for patients with high TG. It is, like apoB, a measure of
concentrations of atherogenic lipoproteins in plasma but is more readily available than
measurements of apoB and apoAl. However, non-HDL-cholesterol (like LDL-C) reflects the
cholesterol content of atherogenic particles and not the number of atherogenic patrticles. In
patients with large cholesterol-enriched LDL particles, LDL-C and non-HDL-cholesterol
overestimate risk and could result in overtreatment, whereas in subjects with small

cholesterol-depleted LDL, they underestimate risk and could result in undertreatment.

No goal for non-HDL-cholesterol is given in the European guidelines. In contrast, the U.S.
National Academy of Clinical Biochemistry (NACB) and NCEP-ATPIII guidelines propose
non-HDL-cholesterol as an alternative to apoB for monitoring lipid-lowering therapies in
patients with elevated TG (>200 mg/dL), while for those who have lower TG, LDL-C is still
considered a sufficient target alone.®*

The NCEP-recommended cutpoints for non-HDL-cholesterol are arbitrarily set 30 mg/dL
higher than LDL cutpoints because the VLDL cholesterol associated with a TG concentration
of 150 mg/dL is 30 mg/dL. Thus, a non-HDL-cholesterol goal of < 130 mg/dL is equivalent to
the LDL-C goal of < 100 mg/dL in high-risk subjects.
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Recommendation:

Non-HDL-cholesterol Not recommended; consider as alternative to LDL-C in

patients with hypertriglyceridemia (>200 mg/dL).

Total cholesterol/HDL-cholesterol

A TC/HDL-C ratio > 5 indicates increased risk and is particularly useful in the middle part of
the cholesterol distribution (5-6.5 mmol/L, 190 — 250 mg/dL). The Task Force allows the use
of alternative SCORE charts with TC/HDL-C.

Recommendation:

TC/HDL-C CVD risk assessment.

Apolipoprotein B/A1 ratio

It is beyond doubt that the apoB/apoAl ratio is one of the strongest risk markers.’ In the
AMORIS Study, the apoB/apoA-I ratio was strongly related to CVD risk even after adjustment
for age, TC, and TG. In the INTERHEART Study, after adjustment for non-lipid risk factors,
the apoB/apoA-I ratio was the best discriminator. Subjects with apoB/apoA-| ratio >1 are at
high risk to develop CVD.®

The AFCAPS/TexCAPS study proved that under statin treatment, the apoB/apoA-I ratio
predicted CVD risk while on-treatment LDL-C did not. New statins can improve the
apoB/apoA-I ratio by decreasing apoB and increasing apoA-l. At present, opinion is divided
as to whether the ApoB/A-I ratio should be used as a treatment goal, and it is not part of the
general recommendations. In Belgium, ApoB and apoA-I measurements are not reimbursed
when combined with HDL-C within the same lab test request. It has to be stressed, however,
that ApoB and apoA-I measurements are much more accurate than direct HDL and LDL

measurements or calculated LDL values, and are internationally (IFCC) standardized.

Recommendation:

Apo B/A-| Not recommended; consider in patients with
hypertriglyceridemia (>200 mg/dL), inaccurate HDL-C
measurement, invalid LDL-C calculation.
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Recommendations for lipid and lipoprotein measureme nts

The intraindividual biological variability of lipids (coefficient of variation) — TC (6.5%), TG
(23.7%), HDL-C (7.5%), and LDL-C (8.2%) — is a major contributor to the overall variability of

serum lipid measurements. For this reason, a patient’s lipid profile cannot be reliably

estimated from a single measurement. The National Cholesterol Education (NCEP) Working

Group on Lipoprotein Measurement provided recommendations to minimize the sources of

variation.*°

NCEP recommendations for lipid and lipoprotein measurements:

Type of discrepancy

Recommendations to identify or minimize discrepancies

Biological variation

Take 2 to 3 serial blood specimens, at least 1 wk apart,
within 2 months. Results should be averaged.

Beware of patient lifestyle factors and clinical sources of
variation: physical activity, diet, alcohol, smoking, obesity,
diabetes, hypothyroidism, liver and renal disease,
infection or inflammatory disease, monoclonal
gammopathies, pregnancy, drugs (oral contraceptives,
corticosteroids, diuretics, b-blockers, cyclosporine,
anabolic steroids).

Patients should maintain their usual diet and stable
weight for 2 wks, and avoid strenuous exercise, before
blood collection.

Avoid measurements within 8-12 wks after acute
myocardial infarction, acute trauma, surgery, acute
infection or inflammatory iliness, or pregnancy.

Pre-analytical factors

Standardized blood sampling (12 h fasting, sitting
position).

Remove serum or plasma from cells (centrifugation)
within 3 h of blood sampling.

Perform lipid measurements within 1-2 days of collection.
Specimens can be stored at 4T for 3 days, at —20C for
1 month, and at -70 T for 1-2 years.

Analytical interferences

Beware of interferences of high TG, dyslipidemia,
monoclonal paraproteins, EDTA in direct HDL-C assays.

Use glycerol-blanked TG assays.
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How to manage CVD risk with inflammation markers?

There is abundant experimental evidence that atherosclerosis, in addition to being a disease
of lipid accumulation in the arterial wall, also represents a chronic inflammatory process.
Epidemiological studies showed that circulating markers of activated inflammation and
haemostasis are closely associated with the development of fatal and non-fatal myocardial
infarction. Close associations between inflammatory markers and central (visceral) obesity,
the metabolic syndrome, and diabetes have also been demonstrated. Some studies have
demonstrated that C-reactive protein, measured by high-sensitive immunoassays (hs-CRP),
seems to be a stronger predictor of CVD events than LDL-C in risk models, and it adds
prognostic information at all levels of calculated risk. CRP concentrations of <1, 1-3, and >3
mg/L correspond to low-, moderate-, and high-risk groups for future CVD events. Individuals
with normal LDL-C who have CRP >3 mg/L (>0.3 mg/dL) might represent a high-risk group

often missed on the basis of LDL alone.

The joint American Heart Association (AHA) and CDC statement (2003) proposed that CRP
should be used as an option in ‘intermediate risk’ individuals (wherein uncertainty remains as
to the use of preventive therapies) and in those with the metabolic syndrome; individuals with
elevated hs-CRP should then be given a higher risk category and clinicians should be
encouraged to more aggressive pharmacological or lifestyle interventions.™

According the 4™ Joint European Task Force, incorporation of CRP and other inflammatory
risk factors in the guidelines may be premature. Guidelines for primary prevention will
certainly need to be re-evaluated on the basis of the recent JUPITER trial results, which
demonstrated that statin treatment in healthy individuals who have normal LDL-C but who do
have elevated hs-CRP, yielded a marked 44% reduction in risk of CVD events or stroke.***
Statins appear to lower hs-CRP in a cholesterol-independent way. However, there is
insufficient data that therapeutic monitoring using hs-CRP over time is useful to evaluate

effects of statin treatment in primary prevention.

CRP (as well as fibrinogen and other markers) is often seriously confounded by lifestyle
variables and subject to pre-clinical disease causing rise in CRP. The NACB guidelines
recommend to take 2 measures of hs-CRP, 2 weeks apart, with the lowest value being used
to estimate CVD risk, a practice consistent with recommendations for lipid evaluation.*
However, considering the large within-subject biovariability of CRP, 3 or more sequential
measures might be necessary. Because infections, trauma, or hospitalizations can elevate
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CRP (usually 100-fold or more), hs-CRP concentrations > 10 mg/L (1 mg/dL) should be
ignored (and possible infection ruled-out in the patient), and the test should be repeated after

2 weeks when the patient is clinically stable.

For several reasons, the measurements of fibrinogen and other inflammation biomarkers
(cytokines, adhesion molecules, serum amyloid A, lipoprotein-associated phospholipase A2,
CD40 ligand, etc.) are not recommended for CVD risk assessment in clinical practice.* In
addition, the laboratory measurement of most of these analytes is problematic since they are
present in the circulation at very low concentrations, are very unstable after blood collection,
or are measured by techniques that are labor-intensive, currently not standardized, often lack

sensitivity, or not approved by FDA for clinical use.

Recommendation:
hs-CRP Not recommended; consider in metabolic syndrome
patients without high-risk SCORE.
Fibrinogen Not recommended.

How to manage CVD risk with homocysteine?

Measurement of homocysteine in the general population to screen for CVD risk is not
recommended. In young CVD patients (< 40 years), homocysteine should be measured to
exclude inborn errors of metabolism (‘homocystinuria’) that may cause very high plasma
concentrations (>100 nmmol/L).

Treatment goals for homocysteine are not provided in the European guidelines.
Nevertheless, CVD patients with hyperhomocysteinemia (> 15 mmol/L) belong to a high-risk
group due to harmful effects on vascular endothelial function and blood coagulation, and they
should receive further laboratory assessments and optimal treatments for known causal risk
factors (folate or vitamin B12 deficiency, impaired renal function).**

Homocysteine is determined in 12h-fasting EDTA samples. As erythrocytes release
homocysteine in vitro, the cells must be removed from the plasma as quickly as possible, or

the samples must be cooled on ice (< 4h) until centrifugation.

Recommendation:

Homocysteine Recommended in systemic thrombosis, family history of
CVD or premature CVD.
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Further laboratory assessments

Close relatives of patients with premature CVD and children who belong to families with

inherited dyslipidemias such as FH are at increased risk of developing CVD and should be

examined for all risk factors.

Lab tests are also useful in ruling out the secondary causes of hyperlipidemias and

dyslipoproteinemias. Besides a careful medical history and physical examination, tests for

urea, creatinine, thyroid-stimulating hormone (TSH), glucose, serum protein electrophoresis

(to identify monoclonal paraproteins), bilirubin, alkaline phosphatase (cholestasis), albumin

and a urinalysis for protein (nephrotic syndrome) and glucosuria may all be useful for

investigating secondary causes of hyperlipidemia.

Summary

based on the 4" Joint Task Force recommendations

Cutpoints (goals)

Use in risk assessment & prevention strategy

Total cholesterol

SCORE risk < 5% : <190 mg/dL

SCORE risk 3 5% : <175 mg/dL or
<155 mg/dL if feasible

Recommended; therapeutic target

LDL-cholesterol

SCORE risk < 5% : <115 mg/dL

SCORE risk 3 5% : <100 mg/dL or
<80 mg/dL if feasible

Recommended; therapeutic target

Triglycerides

<150 mg/dL

Recommended

HDL-cholesterol

Men: > 40 mg/dL
Women: > 45 mg/dL

Recommended

Fasting glucose

<110 mg/dL

Recommended
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Summary (continued)

Cutpoints (goals)

Use in risk assessment & prevention strategy

TC / HDL-C ratio

<5

Recommended (alternative SCORE chart)

Non-HDL-cholesterol

<130 mg/dL Not recommended;
consider as alternative to LDL-C in patients with
hypertriglyceridemia (>200 mg/dL).

Apo B

<1.20 g/L Not recommended;

consider in family history or premature CVD; in
patients with hypertriglyceridemia (>200 mg/dL),
metabolic syndrome or diabetes with normal
LDL-C.

ApoB/A-I ratio

<1 Not recommended;
consider in patients with hypertriglyceridemia
(>200 mg/dL), inaccurate HDL-C measurement,
invalid LDL-C calculation.

Lp (a)

< 30 mg/dL In family history or premature CVD

Homocysteine

<15 mmol/L In systemic thrombosis, family history or
premature CVD

hs-CRP

<3 mg/L Not recommended; consider in metabolic

syndrome patients without high-risk SCORE

More information is available on the ESC website (htpp://www.escardio.org).
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