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Summary: An important collaborative study organized by the IFCC enabled the selection of international reference
materials and the standardization of commercially available methods by the use of common calibrators.

In this paper, we report the reference limits of apolipoprotein A-I and apolipoprotein B in a selected healthy
French population. The apolipoprotein measurements were performed on BNA Behring using reagents and protocols
supplied by the manufacturer: the standard sera were calibrated using the IFCC-WHO reference preparations (SP1
and SP3). In addition, the apolipoprotein B protocol was modified by the addition of a supplementary reagent to
reduce the interference by lipaemic samples on immunonephelometric measurement. In a sample of 115 random
serum samples, there was a decrease in mean concentration between non-standardized and standardized methods:
—4.8% for apolipoprotein A-I and -4.7% for apolipoprotein B. The reference limits for apolipoprotein A-I are
unaffected by gender between 4 and 14 years, thereafter vary with age and gender until 40 years and with gender
alone between 40 and 60 years. For apolipoprotein B, the variation with gender is only significant between 30 and
49 years.

Introduction

Apolipoproteins A-I and B play a major physiological
role in HDL and LDL metabolism, respectively: they
bind and transport lipids, serve as structural components
of lipoproteins and direct their metabolism through reac-
tion with tissue receptors and the activation or inhibition
of enzyme reactions (1—2).

Although most prospective epidemiological studies had
essentially reported HDL and LDL cholesterol values, it
was demonstrated that apolipoprotein A-I and B concen-
trations might provide a better indicator of coronary ar-
tery disease risk than lipoprotein cholesterol (3-5).

The development of apolipoprotein A-I and B measure-
ment in clinical laboratories has been limited due to the
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lack of comparability of results obtained by different
centers (6). An international survey suggested that the
major source of variation resulted from the use of dif-
ferent calibration materials (7). A collaborative study
supported by the IFCC was implemented in 1989 (8-9)
to solve this problem. The aim of this multistep project
was to evaluate and select reference materials suitable
for consideration as international reference materials and
to standardize commercially available methods by a
common accuracy-based calibration. Two reference
preparations with determined values were selected and
certified as international reference materials by the
IFCC (10-12).

SP1 has been approved by the World Health Organisa-
tion (WHO) as "International Reference Material for
Apolipoprotein A-I" on the basis of the results of the
final study (12). WHO has more recently also endorsed
SP3-07 as the WHO International Reference Material
for apolipoprotein B.
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This paper reports apolipoprotein A-I and B reference
values obtained in a selected healthy French population
admitted for a periodic health examination in two Cen-
ters for Preventive Medicine. Apolipoprotein A-I and B
concentrations were determined by an immunonephelo-
metric method performed on the Behring Nephelometer
Analyzer (BNA) using detergent (Thesit) in each proto-
col as proposed by the manufacturer. The apolipoprotein
standard sera had been calibrated by the manufacturer
using the IFCC-WHO reference preparations (SP1 and
SP3) for apolipoprotein A-I and apolipoprotein B. In
addition, we have evaluated the differences between re-
sults obtained with these new protocols and with the
old non-standardized immunonephelometric methods by
measuring apolipoprotein A-I and apolipoprotein B on
115 non-selected serum samples with the same BNA
analytical system.

Patients and Methods
Pat ients

To determine reference values, we selected 1271 healthy subjects
(633 men and 638 women) aged 4 to 60 years who attended for a
periodic health examination two Centres for Preventive Medicine
(Vandoeuvre-Les-Nancy and La Riche, Tours) during April and
May 1993.

The exclusion criteria, based on our experience and on data from
the literature (14—16) were:

— Subject with a value below the 5th and above the 95th percen-
tiles by age and sex for: cholesterol, triacylglycerols, glucose,
creatinine, urea, bilirubin, uric acid concentrations, γ-gluta-
myltransferase, alanine aminotransferase, aspartate aminotrans-
ferase, alkaline phosphatase activities, red blood cell counts

- Subjects with the following diseases noted either on the health
questionnaire or at clinical examination: atherosclerosis, myo-
cardial infarction, hyperthyroidism, hypothyroidism, renal in-
sufficiency, nephrotic syndrome, chronic or acute hepatitis, liver
cancer, anaemia with the presence of target red cells

— Pregnant women

- Subjects taking drugs and oral contraceptives or substitutive
oestroprogestatives

- Subjects with weight ± 20% of the ideal weight according to
the Lorenz formula

— Subjects smoking more than 10 cigarettes per day (or equiva-
lent)

- Subjects reporting a consumption of more than 22 g of alcohol
per day for women and more than 44 g per day for men

- Subjects following a specific diet

The partition criteria were age and sex.

The comparison of measurement protocols for the two apolipoprot-
eins was performed in the Vandoeuvre les Nancy laboratory on 115
serum samples from a non selected population with triacylglycerol
concentrations between 0.31 and 3.45 mmol/1 (mean = 1.22
mmol/1).

Methods

Blood samples were collected in tubes without any anticoagulant
but with separator gel (Vacutainer, Becton-Dickinson, Le Pont de
Claix, France). Blood specimens were obtained by venipuncture
from the antecubital vein from fasting, supine subjects between
08.00 and 09.00 h. Sera stored at 4 °C were analysed one day after
blood collection; the delay allowed the application of exclusion
criteria. Turbid, haemolysed or icteric samples were discarded.
Apolipoprotein measurements were performed on the BNA Beh-
ring instrument, with reagents (antibodies, calibrator, control sera)
manufactured by Behring Diagnostic (Rueil Malmaison, France).
The same batches of all the reagents were used in the two laborato-
ries. The methodologies for apolipoprotein A-I and B were as fol-
lows:

Sample volume (μΐ)
Sample dilution
Minimum dilution
Reagent 1 volume

(μΐ)
Reagent 2 volume

(μΐ)
Reaction buffer

volume (1)
Reaction buffer

volume (2)
Measuring time (min)
Standard

No. of standard
points

First dilution 1 :
Deviation allowed %
Validity (days)
Concentration unit

Apolipo-
protein A-I

10
1/20
1/20
40 Apolipoprotein

A-I antibodies
10 Supl R. "FY

SRP
80 N-reaction

buffer
80

6 fixed time
N-apolipoprotein

standard
6

5.0
5.0
7
g/l

Apolipo-
protein B

30
1/20
1/20
40 Apolipoprotein

B antibodies
10 Supl R. "FY

SRP
80 N-reaction

buffer
70

6 fixed time
N-apolipoprotein

standard
5

5.0
5.0
7
g/I

The apolipoprotein A-I and B concentrations in calibrators were
determined by comparison, with the IFCC-WHO reference prepa-
rations, SP1 for apolipoprotein A-I and SP3 for apolipoprotein B.

The within-run variation was tested on fresh pools of sera at two
concentrations - the coefficients of variation were respectively
1.5% (mean = 1.08 g/i) and 2.5% (mean = 1.57 g/l) for apolipo-
protein A-I. They were 1% (mean = 1.19 g/l) and 1.42% (mean
= 1.25 g/l) for apolipoprotein B.

The day-to-day reproducibility was estimated by using control se-
rum and a frozen pool of sera. The coefficients of variation were
5.0% (mean = 1.26 g/l) and 4.1% (mean = 1.64 g/I) for apolipo-
protein A-I, and 4.0% (mean = 0.97 g/l) and 3.6% (mean =^ 1.25
g/l) for apolipoprotein B.

The old protocols, proposed previously by manufacturers (no de-
tergent for apolipoprotein B measuring and standard sera non cal-
ibrated on IFCC reference material), were used in the same way
for the analytical comparison.

Statistical analysis

Analysis of variance was used to test whether the mean apolipo^
protein A-I and apolipoprotein B concentrations differed between
the two recruitement centers (after adjustment for age and sex).
The Gaussian distribution of apolipoproteins A-T and B was tested
for each sex and age group by the Anderson-Darling statistic, and
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reference limits were estimated by a parametric method. Using a
new statistical approach (17) we have calculated reference limits
in homogeneous subgroups by combining different age and sex
classes (by a Student's test). If, for the two subgroups, the ratio of
the standard deviation is below 1.5 and there is no significant dif-
ference between the mean, then they may be combined.

Results

Analytical comparison
The comparison of a standardized with a non-standard-
ized methodology has shown that the mean apolipoprot-
ein A concentration decreased from 1.65 g/1 to 1.57 g/1
(tab. 1). The differences varied from -9.5% to + 1.4%
depending on the sample, with an average difference
corresponding to 4.8% (p < = 0.0005).

For apolipoprotein B, the decrease corresponded to an
average difference of 4.7% (tab. 1). It is important to
note that for some samples with triacylglycerolaemia
over 2.30 mmol/1 the decrease varies between 10% and
23%. On the other hand, an increase of 19% is observed
in a serum with a triacylglycerol concentration of 0.38
mmol/1.

Determination of reference values

As the distribution of apolipoprotein A-I and B concen-
trations were not statistically different in the two refer-

Tab. 1 Comparison of apolipoprotein A-l and apolipoprotein B
concentrations determined by standardized or non-standardized
protocols (n = 115 serum samples)

Apolipoprotein A-I

Mean (g/1)

Standard
deviation (g/1)

Difference mean
(t test
p < = 0.0005)

Regression equation

Non-standardized
protocol (x)

1.65

0.25

-4.79% (max: +

Standardized
protocol (y)

1.57

0.24

1.54%, min: -9.50%)

y = 0.92x + 0.043

Apolipoprotein B

Mean

Standard
deviation (g/1)

Difference mean
(t test
p < = 0.0005)

Regression equation

Non-standardized
protocol (x)

1.32

0.20

- 4.69% (max: +

y = 0.69x + 0.33

Standardized
protocol (y)

1.25

0.17

19.5%, min: -22.6%)

ence populations selected at Vandoeuvre-Les-Nancy and
Tours, the results were combined.

Tables 2 and 3 present the apolipoprotein A-I and B
concentration percentiles, by sex and age class. The me-
dian apolipoprotein A-I concentrations varied with age.
In males, apolipoprotein A-I concentrations decreased
from 1.51 g/1 at 4-14 years to 1.39 g/1 at 15-19 years,
followed by a slight increase to 1.56 g/1 at 50—59 years.

In females, the median values remained constant (1.48
g/1) until age 19, and increased in adults to 1.72 g/1 at
50—59 years. Except for children at age 14, females had
higher values than males, the differences ranging from
7 to 12% according to age.

The increase of apolipoprotein B concentration with age
in males and in females was only significant after 20
years of age. For the age group less than 20 years, the
median values varied from 0.74 to 0.77 g/1 in males and
from 0.76 to 0.80 g/1 in females. In the adult population,
a steady increase was observed for the median in both
sexes with age reaching 1.06 g/1 in males and 1.01 g/1
in females.

We tested whether there was a difference in the mean
and standard deviation of apolipoproteins A-I and B by
sex and age class. The absence of statistically significant
differences enabled the presentation of reference limits
for homogeneous groups (tab. 4).

Discussion

To minimize differences in apolipoprotein measure-
ments between laboratories and methods, a standardiza-
tion program, involving common reference materials
was needed. A collaborative study was initiated by the
Committee on Apolipoproteins of the IFCC; twenty five
commercial laboratories and 3 research laboratories
participated (8). The aim of this project was to calibrate
all commercially available apolipoprotein A-I and apoli-
poprotein B test kits using serum pools previously stan-
dardized against primary reference materials. After, eval-
uation and selection of two candidate reference materi-
als, SP1 for apolipoprotein A-I and SP3 for apolipoprot-
ein B, the third phase of the international study was to
directly validate the selected reference material in the
different systems, transfer the target values to the in-
house calibrators and validate the comparability of the
data among different systems (11, 12).

In the present work, reference limits for apolipoproteins
A-I and B in a sample of healthy subjects were estab-
lished for the first time with standardized methods using
standards calibrated with IFCC-WHO1) reference mate-
rials. In addition, the methodology for apolipoprotein B
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Tab. 2

Men

Age
(years)

4- 9
10-14
15-19
20-29
30-39
40-49
59-59

Steinmetz et al.: Reference limits of apolipoproteins

Reference

N

67
99
91
92

104
92
88

values for apolipoprotein A-I (g/1), given

-

2.5% 5% 50% 95%

.14 .20 .51

.12

.04

.02

.11
1.15
1.11

.17

.09

.12

.17

.24

.20

.51

.39

.44

.49

.54

.56

.59

.92

.63

.93

.89

.92

.99

as percentiles

97.5%

2.05
.95
.67
.95
.95
.97

2.08

Women

N 2.5%

69 1.17
110 1.14
97 1.11
77 1.16
96 1,21
97 1.19
47 1.30

5% 50%

1.27
1.17
1.17
1.24
1.28
1.27

.47

.48
L .47
.63
.60
.66

1.37 .72

95%

1.81
1.78
1.84
2.01
1.92
2.05
2.10

A-I and B

97.5%

1.87
1.82
1.94
2.09
1.99
2.12
2.14

Tab. 3 Reference values for apolipoprotein B (g/l), given as percentiles

Men

Age
(years)

4- 9
10-14
15-19
20-29
30-39
40-49
50-59

Women

N

67
99
91
92.

104
92
88

2.5%

0.40
0.40
0.46
0.54
0.58
0.53
0.64

5%

0.51
0.49
0.50
0.59
0.63
0.62
0.74

50%

0.77
0.74
0.74
0.82
0.94
1.00
1.06

95%

1.02
0.95
1.02
1.18
1.35
1.25
1.40

97.5%

1.12
0.99
1.04
1.22
1.41
1.29
1.42

N

69
110
97
77
96
97
47

2.5%

0.51
0.46
0.45
0.44
0.54
0.56
0.45

5%

0.54
0.49
0.50
0.50
0.59
0.62
0.78

50%

0.80
0.76
0.80
0.84
0.86
0.90
1.01

95%

1.08
0.99
1.09
1.17
1.13
1.19
1.25

97.5%

1.10
1.05
1.15
1.24
1.18
1.24
1.27

Tab. 4 Reference limits for apolipoprotein A-I and B (g/l) (2.5
and 97.5th percentiles, n = number of subjects)

Apolipoprotein A-I

Age
(years)

Men Women

4-14 1.11-1.90 (n = 345)
15-19 1.04-1.67 (n = 91) 1.11 -1.94 (n = 97)
20-39 1.05-1.95 (n = 196) 1.22-2.08 (n = 173)
40-49 1.15-1.97 (n = 92) 1.19-2.12 (n = 97)

>50 1.11-2.04 (n = 88) 1.30-2.14 (n = 47)

Apolipoprotein B

Age
(years)

Men Women

4-19 0.45-1.08 (n = 533)
20-29 0.51-1.23(n= 169)
30-49 0.58-1.36 (n = 196) 0.55-1.21 (n = 193)

>50 0.68-1.40(n= 135)

measurement was modified by the manufacturer in order
to eliminate interference from triacylglycerol-rich lipo-
proteins and sample turbidity as has been mentioned
elsewhere (13). However, addition of a detergent tends
to increase low results.

Information on sources of biological, pathological and
pharmacological variations are now well documented

for apolipoproteins (14) and permitted us to select "a
priori" a population according to well-defined criteria
following the strategy recommended by IFCC and
SFBC1) (15, 16).

To exclude subjects with disease status which might
modify apolipoprotein concentrations, we considered se-
rum constituents (such as cholesterol, triacylglycerol,
glucose, uric acid, bilirubin, etc ...), with a value below
the 5th and above the 95th percentiles of the distribution
in our population to be pathological. In addition, re-
sponses in the health questionnaire and the results of
clinical examination were taken into account.

Subjects treated with drugs on a regular basis or the day
before sampling, were excluded due to the specific ef-
fects of some drugs (such as hyperlipidaemic drugs, as-
pirin® or anticonvulsants) on blood constituents and be-
cause treatment implies the presence of pathology (18,
19).

Amongst the factors of biological variation that we have
taken into account as exclusion criteria in women, preg-
nancy is the most important: at term, apolipoprotein Α-
Ι and Β values may increase by more than 30% (20).

Others factors may have different effects on apolipoprot-
ein A-I as compared to apolipoprotein B. For example,
excess weight has no influence on apolipoprotein A con-
centration (19, 21) while it is hig-hly correlated with a
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large increase in apolipoprotein B: 34% in men and 20%
in women (19, 21—26). Alcohol consumption does not
affect apolipoprotein B concentration but it produces an
increase in apolipoprotein A-I concentration dependent
on the quantity of alcohol ingested. Chronic alcohol
consumption of more than 100 g/day can increase apo-
lipoprotein A-I concentration by 15—20% (21—24). To-
bacco consumption has opposite effects on the two apo-
lipoproteins with a decrease in apolipoprotein A-I of
about 15% (19, 21, 25, 26) and an increase in apolipo-
protein B between 11 and 20% (19, 27).

It is well known that nutritional influences play impor-
tant roles in modifying blood lipids in a healthy popula-
tion as well as in subjects with metabolic diseases. Thus
a diet rich in poly-unsaturated fatty acids leads to low
apolipoprotein A-I (-19%) and apolipoprotein B
(-25%) concentrations (28). These influences have
been taken into consideration in selecting the reference

population for the definition of the reference values for
apolipoproteins A-I and B presented in this paper. The
standardization of apolipoprotein A-I and B measure-
ments enables the comparison of results so that unique
cut-off values can be defined and treated patients can
be followed whatever the methodology used. Reference
values presented in this work are the first obtained
following the standardization of calibrators on WHO-
IFCC reference materials. Similar studies are necessary
following other standardized methods.
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