




automatic validation and flagging are used in many
laboratories.

Depending on the laboratory, this labeling can vary.
Theoretically, the reference intervals should be estab-
lished by each laboratory, but in most cases, they are
taken over from the general information provided by the
manufacturer in the package insert. Because of the wide-
spread unhealthy lifestyle, in most populations, the upper
reference cutpoint (i.e., 97.5th percentile) of total cho-
lesterol (�7.8 mmol/L in Denmark) and LDL choles-
terol (�5.5 mmol/L) as well as triglycerides (�4.4
mmol/L) are very high and place individuals at consider-

ably increased cardiovascular risk. Therefore, flagging ab-
normal values based on desirable concentration cutpoints
rather than reference intervals are recommended to iden-
tify abnormal test results. Especially for LDL cholesterol,
the desirable values vary with the individual’s global risk
between �1.8 mmol/L (70 mg/dL) (very high risk),
�2.5 mmol/L (100 mg/dL) (high risk), and �3.0
mmol/L (115 mg/dL) (moderate risk) (15, 25 ) (Tables 6
and 7). These different values are classified according to
the presence or absence of comorbidities (atherosclerotic
cardiovascular disease, diabetes, chronic kidney disease)
and other risk factors (age, sex, hypertension, smoking).

Fig. 8. Proportion of non-fasting individuals in the general population with flagged abnormal concentrations in laboratory reports
using desirable concentration cutpoints as shown in Table 5. Of all participants, 12% were receiving statins.
Figure designed by B.G. Nordestgaard and A. Langsted based on unpublished data on 92 285 non-fasting individuals from the Copenhagen
General Population Study recruited from 2003 to 2014.

Table 7. Definition of hypertriglyceridemia by European Atherosclerosis Society consensus statement (24).

Severe hypertriglyceridemia >10 mmol/L >880 mg/dL

Mild-to-moderate hypertriglyceridemia 2–10 mmol/L 180–880 mg/dL
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This personalized reporting of desirable values is difficult
to implement in laboratory reports because usually the
clinical conditions and risk factors of the individual pa-
tient are not known to the laboratory professional. We
therefore propose a simplified system of flagging abnor-
mal values based on desirable concentration cutpoints for
moderate risk only, which may be complemented by
more detailed information on risk-stratified cutoffs in
footnotes on the laboratory report or by references to
web-based information of the same laboratory.

Using flagging emphasizes the importance of har-
monization and standardization in laboratory medicine
and the responsibility of EAS and European Federation
of Clinical Chemistry and Laboratory Medicine to com-
municate to laboratories when updates of cutpoints are
necessary as guidelines for cardiovascular disease preven-
tion are revised.

According to the flagging of abnormal values based
on desirable concentration cutpoints proposed in Table
5, the following percentages of adults in the general pop-
ulation of a typical Western or Northern European coun-
try will have flagged test results in non-fasting lipid pro-
files: 27% will have triglycerides �2 mmol/L (175 mg/
dL), 72% will have total cholesterol �5 mmol/L (190
mg/dL), 60% will have LDL cholesterol �3 mmol/L
(115 mg/dL), 27% will have calculated remnant choles-

terol �0.9 mmol/L (35 mg/dL), 50% will have calcu-
lated non-HDL cholesterol �3.9 mmol/L (150 mg/dL),
20% will have Lp(a) �50 mg/dL (80th percentile), 59%
will have apolipoprotein B �1.0 g/L (100 mg/dL), 10%
will have HDL cholesterol �1 mmol/L (40 mg/dL), and
9% will have apolipoprotein A1 �1.25 g/L (125 mg/dL)
(Fig. 8).

Life-Threatening Plasma Lipid Concentrations:
What To Do?

Life-threatening or extremely abnormal test results de-
serve special attention and reactions from the clinical
biochemical laboratory. In this regard, the following ex-
treme hyperlipidemias should be noted: triglycerides
�10 mmol/L (880 mg/dL) because of risk of acute pan-
creatitis (24 ); LDL cholesterol �5 mmol/L (190 mg/dL)
in adults or �4 mmol/L (155 mg/dL) in children and
particularly �13 mmol/L (500 mg/dL) because of suspi-
cious heterozygous and homozygous familial hypercho-
lesterolemia (43–45), respectively; and Lp(a) �150
mg/dL (99th percentile) for very high risk of myocardial
infarction and aortic valve stenosis (11, 46, 47 ) (Table
8). Because such concentrations are always much above a
common decision cutpoint, they should be flagged with
special symbols to quickly initiate further diagnostic and

Table 8. Life-threatening and extremely abnormal concentrations with separate reporting and consequent direct referral to a
lipid clinic or to a physician with special interest in lipids.

Life-threatening
concentrations

Refer patient to a lipid clinic or to a physician with special interest in lipids for
further assessment of the following conditions

Triglycerides >10 mmol/L Chylomicronemia syndrome with high risk of acute pancreatitis (24)

>880 mg/dLa

LDL cholesterol >13 mmol/L Homozygous familial hypercholesterolemia with extremely high
cardiovascular risk (44)

>500 mg/dLa

LDL cholesterol >5 mmol/L Heterozygous familial hypercholesterolemia with high cardiovascular
risk (43)

>190 mg/dLa

LDL cholesterol in children >4 mmol/L Heterozygous familial hypercholesterolemia with high cardiovascular
risk (45)

>155 mg/dLa

Lp(a) >150 mg/dL Very high cardiovascular risk, i.e., for myocardial infarction and aortic
valve stenosis (11, 46, 47)

>99th percentile

LDL cholesterol <0.3 mmol/L Genetic abetalipoproteinemia

Apolipoprotein B <10 mg/dL

HDL cholesterol <0.2 mmol/L Genetic hypoalphalipoproteinemia (e.g., lecithin cholesterol
acyltransferase deficiency)

Apolipoprotein A1 <10 mg/dL

a Values in mmol/L were converted to mg/dL by multiplication with 38.6 for cholesterol and 88 for triglycerides, followed by rounding to nearest 5 mg/dL.

Special Report

14 Clinical Chemistry 62:7 (2016)



possibly therapeutic actions, preferably with direct refer-
ral to a lipid clinic or to a physician with special interest in
lipids. It is also important to refer patients with very low
concentrations of LDL cholesterol, apolipoprotein B,
HDL cholesterol, or apolipoprotein A1 to a specialist
lipid clinic for further evaluation of a major monogenic
disorder of lipid metabolism (Table 8).

Implementation of Recommendations

Each country, state, and/or province in individual coun-
tries should adopt strategies for implementing routine
use of non-fasting rather than fasting lipid profiles as well
as flagging of abnormal values based on desirable concen-
tration cutpoints rather than using traditional reference
intervals. Ideally, there should be one standard for report-
ing lipid profiles in each country and accreditation bodies
should be aware of the present consensus statement. Fig.
9 suggests implementation strategies; however, the strat-
egy might differ from country to country based on exist-
ing local practice in relation to use of non-fasting lipid
profiles and flagging of abnormal values based on desir-
able concentration cutpoints used for assessing cardiovas-
cular risk, making diagnoses, and initiating lipid-
lowering drug therapy. Finally, within countries with
differing ethnic groups, the policy on non-fasting might
need to be further refined. Indeed, for example, individ-

uals of South Asian or Latin American descent are more
likely to have severe triglyceride elevations when com-
pared with individuals of non-Hispanic white and black
descent. This finding could be another reason to have a
caveat about avoiding a high-fat, fast-food meal on the
day of lipid profile testing.
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