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Introduction

Majority of currently known recommendations
point out lipid parameters, first of all LDL-cholesterol
(LDL-C), as basic risk factors for the occurrence of
vascular diseases and the main therapeutic target.
However, some more recent studies suggested that
the values of apolipoprotein B (apoB) and apolipopro-
tein A-I (apoA-I), that is the apoB/apoA-I ratio, repre-
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Summary: The significance of determining apolipopro-
teins apoB and apoA-I and their correlation with lipid status
parameters were tested in hyperalpha-lipoproteinemia (30
women), hypocholesterolemia (10 men) and hypo-HDL-
cholesterolemia (15 women and 21 men). Control groups
were 20 normolipidemic men and women, each. ApoA-I
showed positive correlation with HDL-cholesterol in hyper-
alpha-lipoproteinemia, with total and HDL-cholesterol in
hypocholesterolemia, and with total and LDL-cholesterol in
females with hypo-HDL-cholesterolemia, and negative cor-
relation with cholesterol ratios only in hypocholesterolemia.
ApoB showed a positive correlation with total and LDL-cho-
lesterol in all groups, and with cholesterol ratios in hyper-
alpha-lipoproteinemia and hypo-HDL-cholesterolemia. The
apoB/apoA-I ratio, correlating with the majority of lipid
parameters, and with the highest percentage of pathologi-
cal values in all tested groups, was singled out as the most
sensitive parameter for the evaluation of lipid-related athe-
rogenic risks.
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Kratak sadr`aj: Zna~aj odre|ivanja apolipoproteina
apoA-I i apoB, i njihova korelacija s parametrima lipidskog
statusa, procenjivani su u hiperalfa-lipoproteinemiji (30
`ena), hipoholesterolemiji (10 mu{karaca) i hipo-HDL-ho-
lesterolemiji (15 `ena i 21 mu{karac). Kontrolne grupe ~i-
nilo je po 20 normolipidemi~nih mu{karaca i `ena. ApoA-I
pozitivno korelira s HDL-holesterolom u hiperalfa-lipopro-
teinemiji, ukupnim i HDL-holesterolom u hipoholesterole-
miji, i ukupnim i LDL-holesterolom kod `ena s hipo-HDL-
holesterolemijom, a negativno s holesterolskim odnosima
samo u hipoholesterolemiji. ApoB pozitivno korelira s ukup-
nim i LDL-holesterolom u svim grupama, a s holesterolskim
odnosima u hiperalfa-lipoproteinemiji i hipo-HDL-holeste-
rolemiji. Odnos apoB/apoA-I je u korelaciji s najve}im bro-
jem lipidskih parametara, uz najve}i procenat patolo{kih
vrednosti u svim grupama ispitanika, te se izdvaja kao naj-
senzitivniji parametar za procenu aterogenog rizika lipid-
skog porekla.

Klju~ne re~i: apolipoproteini, hiperalfa-lipoproteinemija,
hipoholesterolemija, hipo-HDL-holesterolemija, prognos-
ti~ka vrednost
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sent a more sensitive indicator of the risk of vascular
diseases and a more potent predictor of the future
vascular events in patients on hypolipoproteinemic
therapy (1–5). 

There are increasingly more studies indicating
that apoB (6–10) is a better marker of the risk factor
and guideline in statin therapy than is LDL-C, or any
of the cholesterol parameters in general (1, 3). It has
been shown that apoB is superior in predicting sub-
clinical atheroscleroses, determined by the presence
of extracoronary plaques and coronary calcium de-
posits (2). The advantage of apoB is seen in the fact
that each lipoprotein particle contains one molecule
of apoB (apoB100 in VLDL, IDL, LDL and Lp(a), and
apoB48 in chylomicrons and their remnants) and that
total serum apoB, determined by commercial sets
which detect both apoB100 and apo B48, thus reflects
the total number of atherogenic particles (11), of
which LDL, certainly, make the great majority. How-
ever, as LDL is a heterogeneous group consisting of
more subpopulations of particles that differ in the
cholesterol content, LDL-C, in contrast to apoB, can-
not be an equivalent to the number of LDL particles
(12, 13). This discord is critical in the case of the
presence of small dense LDL particles, which are
poor in cholesterol, but very atherogenic (8,14–16).

In view of the well-documented inverse correla-
tion between the level of HDL-cholesterol (HDL-C)
and risk of atherosclerotic cardiovascular diseases
(11,17–19), HDL-C has first been considered a pro-
tective, antiatherogenic lipid fraction. However, with
the knowledge that human HDLs represent a hetero-
geneous population of particles, having different phy-
sical and chemical properties (18, 20), there appear-
ed a need for differentiating them, especially in the
sense of recognition of HDLC (or HDL1) particles of
high atherogenic potential, which are saturated with
cholesterol, and which, because of the content of
apoE, are removed via LDL receptors, thus reducing
significantly their capacity to take up LDL particles
from the circulation. Besides, in the frame of both
HDL2 and HDL3 subfractions, there are two main
populations of particles in view of their apoprotein
content: those that contain only apoA-I [Lp(A-I)] and
those that also contain apoA-II [Lp(A-I, A-II)]
(21–23). This fact has pointed out the need for deter-
mining apoA-I as a main carrier of the protective
action of HDL particles. Namely, apoA-I is of crucial
importance in taking up the excess of cellular choles-
terol from peripheral tissues and its esterification,
which allows accumulation of this cholesterol in HDL
particles and its reverse transport towards the liver. In
contrast to this, there are opinions that apoA-II hin-
ders this process (19, 24, 25). 

The role of apolipoproteins in the assessment of
lipid-related atherogenic risks is considered increa-
singly more important. Besides, the determination of
apolipoproteins, which is carried out in the second

stage of the stepwise laboratory diagnostics of lipid
disorders, is indispensable for diagnosing normolipi-
demic dyslipoproteinemias, which are rather wide-
spread in the general population (26). These discrete
disorders, which are characterized by the disorders in
particular lipoprotein species, their subfractions or
apolipoproteins, at quite normal levels of total choles-
terol (TC) and triglycerides (TG), are also associated
with an increased risk for the development of early
atherosclerosis. 

The aim of this investigation was to examine the
significance of determining apoA-I and apoB, as well
as the apoB/apoA-I ratio, in the diagnostics and
assessment of atherogenic risk in hyperalpha-lipo-
proteinemia, hypocholesterolemia and hypo-HDL-
-cholesterolemia. 

Material and Methods 

The investigation encompassed 76 subjects of
both genders (31 males and 45 females), singled out
in the frame of a three-month routine work of the
Lipid Group of the Institute of Laboratory Medicine of
the Clinical Center – Novi Sad, part of which were
also the Station for Atherosclerosis Prevention and
the Laboratory for Lipid Studies. 

The criteria for including a subject into the study
were as follows: HDL-C value above 2.00 mmol/L
and TG below 2.00 mmol/L (group of subjects with
hyperalpha-lipoproteinemia); TC below 4.00 mmol/L
and TG below 1.70 mmol/L (group of subjects with
hypocholesterolemia); and HDL-C equal to or less
than 1.00 mmol/L, regardless of the values of other
investigated parameters of lipid status (group of sub-
jects with hypo-HDL-cholesterolemia). Control group
consisted of 40 healthy normolipidemic subjects, 20
of each gender. 

After the statistical treatment of results in the
control group and establishing significant differences
in the values of apoB and apoB/apoA-I ratio in respect
of gender, four gender-uniform groups were formed,
namely, the group with hyperalpha-lipoproteinemia
(30 females), group with hypocholesterolemia (10
males) and two groups with hypo-HDL-cholester-
olemia [female group (n=15) and male group
(n=21)]. Values of the investigated parameters were
compared with those of the control groups of healthy
normolipidemic males (n=20) and females (n=20).

The determination of the parameters of lipid
status, as well as of apoA-I and apoB, was carried out
from the blood sample after a fasting period of
12–14 hours. Concentrations of serum TC, choles-
terol in HDL fraction and TG were determined by
standard enzymatic procedure (on a Technicon RA-
XT instrument, using BioMerieux reagents). Isolation
of cholesterol from the HDL fraction was carried out
by a standard precipitation method after Burstein et
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al. (using Randox reagents). Values of LDL-C (Friede-
wald et al.) as well as the ratios LDL/HDL-C and
TC/HDL-C were obtained by calculation. Concentra-
tions of apoA-I and apoB were determined by an
immunoturbidimetric method (Olympus reagents and
Olympus AU 400 apparatus), whereas the apoB/
apoA-I ratio was obtained by calculation.

Statistical treatment of the results encompassed
the calculations of mean values and standard devia-
tions of tested parameters and the assessment of sta-
tistical significance of their relationship (linear corre-
lation). Significance of the obtained differences bet-
ween the values of the test and corresponding control
groups was assessed by Student’s t-test. 

Results were treated using Microsoft Excel 2000
program for statistical data treatment. 

Results

Analysis of tested parameters in the control
group of healthy normolipidemic persons showed
that female subjects had significantly lower values of
apoB (p<0.05) and apoB/apoA-I ratio (p<0.05)
compared to males, whereas the values of apoA-I
were not significantly different (1.44 vs. 1.39 g/L).
Because of the observed differences, gender-depen-
dent reference values of these parameters were
formed (Table I). In Table II are shown the values of
tested parameters of lipid status in gender-uniform
groups of subjects. 

In the group of female subjects with hyperalpha-
lipoproteinemia, significantly higher values of apoA-I
(p<0.001) and apoB (p<0.001) were found com-
pared to the female control group. On the other
hand, male subjects with hypocholesterolemia had
significantly lower values of apoA-I (p<0.001) and
apoB (p<0.001) than the male control group. How-
ever, the increase of the apoB/apoA ratio in either of
the two groups was not significant (0.65 vs. 0.60 and
0.72 vs. 0.70, for women and men respectively)
(Figure 1). 

Among the subjects with hypo-HDL-cholesterol-
emia similar differences in the level of apolipoproteins
were observed for men and women compared to the
corresponding control group (Figure 1). Namely, signi-
ficantly lower values of apoA-I (p<0.001) and signifi-
cantly higher values of apoB/apoA-I ratio (p<0.001)
were found. Concentrations of apoB were also higher
in both groups of subjects, the difference being statisti-
cally significant only in females (p<0.001). 

Analysis of the relation between apoA concen-
trations and values of tested lipid-status parameters
(Figure 2) showed the existence of significant positive
correlation with the levels of HDL-C (p<0.001) in
both the group of subjects with hyperalpha-lipopro-
teinemia and those with hypocholesterolemia. In the
latter, positive correlation with TC (p<0.05), and
negative correlation with the ratios LDL/HDL-C
(p<0.05) and TC/HDL-C (p<0.05) attained statisti-
cal significance. In the group of subjects with hypo-

Table I Values of apoA-I, apoB and apoB/apoA-I ratio in control subjects.

apoA-I (g/L) apoB (g/L) apoB/apoA-I

⎯x           SD ref. val. ⎯x           SD ref. val. ⎯x           SD ref. val.

Women 1.44 0.15 1.29–1.60 0.86* 0.11 0.75–0.97 0.60* 0.09 0.51–0.69 

Men 1.39 0.13 1.27–1.52 0.97 0.10 0.87–1.06 0.70 0.09 0.61–0.79 

Legend:
apo – apolipoprotein;⎯x – mean value; SD – standard deviation; ref. val. – reference value
* – p<0.05 with respect to men

Table II Values of investigated parameters of lipid status in tested groups.

Legend:
HYPER-ALPHA-LP – hyperalpha-lipoproteinemia; HYPO-CHOL – hypocholesterolemia; HYPO-HDL-C (M) – hypo-HDL-cholesterolemia (men); HYPO-HDL-C
(W) – hypo-HDL-cholesterolemia (women) 
TC – total cholesterol; TG – triglycerides; HDL-C – HDL-cholesterol; LDL-C – LDL-cholesterol;⎯x – mean value; SD – standard deviation

Parameter
mmol/L

HYPER-ALPHA-LP
(n=30)

⎯x                SD

HYPO-CHOL
(n=10)

⎯x                SD

HYPO-HDL-C (M)
(n=21)

⎯x                SD

HYPO-HDL-C (W)
(n=15)

⎯x                SD

TC 6.60 1.27 3.32 0.54 4.74 0.74 5.58 0.97

TG 1.04 0.41 1.06 0.33 1.96 0.94 2.36 0.90

HDL-C 2.27 0.24 1.00 0.32 0.77 0.17 0.82 0.15

LDL-C 3.86 1.21 1.83 0.39 3.08 0.67 3.68 0.79

LDL/HDL-C 1.72 0.56 2.03 0.86 4.08 1.34 4.64 1.32

TC/HDL-C 2.93 0.57 3.59 1.11 6.50 1.97 6.99 1.62



HDL-cholesterolemia, a significant positive correla-
tion was found between the apoA-I concentration
and TC levels (p<0.01), but also with serum LDL-C
(p<0.05) in the female group.

Concentrations of apoB showed a significant pos-
itive correlation with the values of TC and LDL-C in all
groups of subjects (p<0.001 for both parameters
except for the male group with hypo-HDL-choles-
terolemia, where p<0.01 for both parameters) (Figure

3). Highly significant positive correlation was also
found with the ratios LDL/HDL-C and TC/HDL-C
(p<0.001) in the female group with hyperalpha-
lipoproteinemia. Somewhat weaker positive correlation
was observed with the ratio LDL/HDL-C (p<0.05) in
males and with the ratio TC/HDL-C (p<0.05) in
females with hypo-HDL-cholesterolemia.

The apoB/apoA-I ratio showed a high signifi-
cance of the positive correlation with both TC and
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Figure 2 Correlation between apoA-I values and investi-
gated lipid status parameters.

Legend: 
HYPER-ALPHA-LP – hyperalpha-lipoproteinemia; HYPO-CHOL – hypo-
cholesterolemia; HYPO-HDL-C (M) – hypo-HDL-cholesterolemia
(men); HYPO-HDL-C (W) – hypo-HDL-cholesterolemia (women)  
TC – total cholesterol; TG – triglycerides; HDL-C – HDL-cholesterol;
LDL-C – LDL-cholesterol
* – p<0.05; ** – p<0.01; *** – p<0.001

Figure 3 Correlation between apoB and investigated lipid
status parameters.

Legend: 
HYPER-ALPHA-LP – hyperalpha-lipoproteinemia; HYPO-CHOL – hypo-
cholesterolemia; HYPO-HDL-C (M) – hypo-HDL-cholesterolemia
(men); HYPO-HDL-C (W) – hypo-HDL-cholesterolemia (women)  
TC – total cholesterol; TG – triglycerides; HDL-C – HDL-cholesterol;
LDL-C – LDL-cholesterol
* – p<0.05; ** – p<0.01; *** – p<0.001

Legend: 
HYPER-ALPHA-LP – hyperalpha-lipoproteinemia; HYPO-CHOL – hypocholesterolemia; HYPO-HDL-C (M) – hypo-HDL-cholesterolemia (men); HYPO-
HDL-C (W) – hypo-HDL-cholesterolemia (women)  
*** – p<0.001 with respect to control group of the same gender

Figure 1 Values of apoA-I, apoB and apoB/apoA-I ratio for particular groups of subjects.



LDL-C, and with tested ratios LDL/HDL-C and
TC/HDL-C (p<0.001 for all parameters) in the group
with hyperalpha-lipoproteinemia (Figure 4). Positive
correlation with TC and LDL-C (p<0.05 for both
parameters) was also observed in male subjects with
hypo-HDL-cholesterolemia, whereas the ratios LDL/
HDL-C and TC/HDL-C correlated with the ratio
apoB/apoA-I in both the group with hypocholes-
terolemia (p<0.001) and the male group with hypo-
HDL-cholesterolemia (p<0.01 and p<0.05, respec-
tively). Negative correlation with HDL-C was ob-
served in male subjects with hypocholesterolemia
(p<0.05) and women with hypo-HDL-choleste-
rolemia (p<0.05).

With the aim of evaluating sensitivity of parti-
cular tested parameters in the assessment of lipid-
related atherogenic risk, percentages of their patho-

logical values were determined within particular test
groups (Figure 5). In the group with hyperalpha-lipo-
proteinemia, pathological values of the LDL/HDL-C
and TC/HDL-C ratios were observed with 3.33% of
subjects, whereas 26.67% had the value of the ratio
apoB/apoA-I outside the reference span. In the group
of male subjects with hypocholesterolemia, patholog-
ical values of the ratio LDL/HDL-C were found with
20.00%, the ratio TC/HDL-C with 30.00%, and
apoB/apoA-I with 40.00% of subjects. The highest
percentage of pathological values was observed in
subjects with hypo-HDL-cholesterolemia: the LDL/
HDL-C ratio was pathological in 86.67% males and
85.71% females, TC/HDL-C ratio with all males
(100.00%), but in none of the females, whereas the
ratio apoB/apoA-I was pathological with all subjects
regardless of the gender. 

Discussion

Analysis of the control group of healthy nor-
molipidemic subjects showed that significantly lower
values of apoB (p<0.05) and apoB/apoA-I ratio
(p<0.05) were present with women compared to
men, whereas the concentration of apoA-I was not
significantly higher (Table I). The obtained results are
in agreement with the previous reports (17, 27–30),
which indicated the differences in distribution of
apoB and apoA-I, both in respect of gender and age.
A study carried out on a control sample of the popu-
lation of Northern Italy (31) showed that the levels of
apoA-I and apoB increased with the age of subjects,
and, in each age category, concentrations of apoA-I
were higher with women than with men, exhibiting a
high significance (p<0.001). However, covariance
analysis indicated a significant effect of gender on
apoB level, its values being higher with males aged
up to 50, and after that age higher values being
found in women. The age of our subjects varied in a
wide span, from 30 to 65, but we could not form age
categories within the test groups. In accordance with
the observed gender differences, we thought it justi-
fied to form reference values of these parameters for
males and females separately (Table I), as well as for
gender-uniform groups (Table II). 

Several studies showed that apoA-I can be a
better parameter in the assessment of the risk of
coronary heart disease than HDL-C (11, 32–34). The
AMORIS Study (7) showed that apoA-I was a signi-
ficant risk factor of fatal myocardial infarction with
men, which also retained its predictive role after
including TC and TG in the multivariate model.
However, its negative correlation with the incidence
of coronary events was not statistically significant
after including subjects’ age in the assessment of this
relationship. Some other studies, such as the ARIC
Study (35), the Physicians’ Health Study (36), Quebec
Cardiovascular Study (8) and Northwich Park Health
Study (9), showed also that, although apoA-I was a
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Figure 5 Percentages of pathological states of tested ra-
tios LDL/HDL-C, TC/HDL-C and apoB/apoA-I for particular
groups of subjects.

Legend: 
HYPER-ALPHA-LP – hyperalpha-lipoproteinemia; HYPO-CHOL – hypo-
cholesterolemia; HYPO-HDL-C (M) – hypo-HDL-cholesterolemia (men);
HYPO-HDL-C (W) – hypo-HDL-cholesterolemia (women) 

Figure 4 Correlation between the apoB/apoA-I ratio and
investigated lipid status parameters.

Legend: 
HYPER-ALPHA-LP – hyperalpha-lipoproteinemia; HYPO-CHOL –
hypocholesterolemia; HYPO-HDL-C (M) – hypo-HDL-cholesterolemia
(men); HYPO-HDL-C (W) – hypo-HDL-cholesterolemia (women)  
TC – total cholesterol; TG – triglycerides; HDL-C – HDL-cholesterol;
LDL-C – LDL-cholesterol
* – p<0.05; ** – p<0.01; *** – p<0.001



potent predictor of cardiovascular risk when consid-
ered individually, statistical significance of the corre-
lation disappeared in the multivariate analysis. Be-
sides, the MONICA/KORA Augsburg cohort study
(6), carried out on middle-aged men and women
without previous coronary event, showed that elevat-
ed levels of HDL-C were associated with significantly
lower risk of the occurrence of coronary event in both
genders, whereas this relation with apoA-I, although
present, was not statistically significant.

Generally, these results do not support the opi-
nion that the determination of apoA-I could provide
more information for the assessment of the risk of
coronary heart disease than the HDL-C level.
However, it should be borne in mind that these stud-
ies were carried out on a smaller number of subjects
than was the case with the AMORIS Study, so that
this could be the reason for the lack of statistical sig-
nificance in the assessment of predictive ability of
apoA-I (6). Besides, the determination of apoA-I, as
the main carrier of the protective lipoprotein poten-
tial, would be of special significance in hypolipopro-
teinemias, as well as in the states with lowered HDL-
-C values. Namely, it was observed that accelerated
catabolism and low levels of HDL-C were not always
associated with early atherosclerosis (6), and neither
were increased HDL-C levels obligatorily protective
(18). This may be the reason why highly significant
positive correlation between apoA-I and HDL-C
(p<0.001) existed in our subjects with hypoalpha-
lipoproteinemia and hypocholesterolemia, but lacked
in hypo-HDL-cholesterolemia (Figure 2). There was
also a positive correlation between apoA-I and TC in
the group with hypocholesterolemia (p<0.05) and in
women with hypo-HDL-cholesterolemia (p<0.01).
Negative correlation with lipid ratios (p<0.05 for
LDL/HDL-C and TC/HDL-C), observed in the sub-
jects with hypocholesterolemia, and a highly signifi-
cant (p<0.001) deviation of apoA-I concentration
from the control values in all tested groups of sub-
jects (Figure 1), also point out the significance of this
parameter in the assessment of lipid-related athero-
genic risk. 

Significance of apoB for the assessment of car-
diovascular risk has been undoubtedly recognized;
however, the advantages of its determination com-
pared to cholesterol indices are still subject of re-
search (37). Although there exist results that negate
its advantage (35, 36), the majority of studies have
pointed out that apoB is superior in this assessment.
AMORIS Study (7), designed to compare potentials
of LDL-C and apoB for predicting risk of coronary
events, showed that apoB was a highly significant
predictor at any concentration of TC and TG, in the
subjects of both genders, and in all age groups,
which was not shown for LDL-C. Similarly, in the mul-
tivariate analysis of the Quebec Cardiovascular Study
(8), apoB showed the strongest correlation with the

risk of occurrence of a coronary event. In the MONI-
CA/KORA Augsburg cohort study (6), strong correla-
tion was found between this parameter and sudden
coronary events in both genders, even in the multi-
variate analysis involving conventional risk factors. A
study that was concerned with the connection of
thrombogenic factors with recurrent coronary events
(10) also pointed out the advantage of apoB com-
pared to LDL-C, retaining also significant association
with the rate of coronary event in multivariate analy-
sis. Researchers involved in the Northwich Park He-
alth Study (9) reported that apoB was a better predic-
tor of cardiovascular risks compared to TC or LDL-C
and that, together with hypertriglyceridemia, increa-
sed the risk of cardiovascular diseases. 

Hyperalpha-lipoproteinemia, so-called »longev-
ity syndrome«, is characterized by increased concen-
trations of apoA-I, the values of apoB and apoB/
apoA-I being within reference values. In our female
subjects with hyperalpha-lipoproteinemia, singled out
only on the basis of the HDL-C values exceeding 2.00
mmol/L, we found, however, a significantly higher
value of apoB (p<0.001) compared to control
(Figure 1), and its significant positive correlation with
TC and LDL-C, as well as with the ratios LDL/HDL-C
and TC/HDL-C (p<0.001, for both parameters) (Fi-
gure 3). This suggests a potential atherogenic effect
which might be a consequence of increased values of
both HDL-C and LDL-C in this group of subjects.
Hence, at higher HDL-C levels, in addition to apoA-I,
it would be necessary to determine the levels of
apoB, too, and, first of all, of apoE, which in these
states would allow differentiating familial hyperalpha-
lipoproteinemia (true »longevity syndrome« with an
evident protective role) from hyper-HDLC-cholester-
olemia associated with high atherogenic risk. In the
group with hypocholesterolemia we found significant
lowering of apoB (p<0.001) with a positive correla-
tion with TC and LDL-C (p<0.001, for both parame-
ters). Bearing also in mind the significant decrease of
apoA-I in this group of subjects, it may be concluded
that hypocholesterolemia is most probably a conse-
quence of generally enhanced catabolism or a lower
synthetic capability of the organism, and not of hypo-
beta-lipoproteinemia. In the subjects with hypo-HDL-
-cholesterolemia, higher values of apoB were found
compared to control, the difference being statistical-
ly significant only with women (p<0.001). The signi-
ficance of the positive correlation with TC and LDL-C
levels was also higher with female subjects (p<0.001
vs. p<0.01 for both parameters), the correlation with
the ratio LDL/HDL-C in men (p<0.05) and TC/HDL-
C with women (p<0.05). The obtained results sug-
gest the need for determining apoA-I and apoB in the
states with a low HDL-C level, to assess the athero-
genic potential of HDL particles, bearing in mind the
fact that only some forms of hypoalpha-lipoprotei-
nemia are associated with early atherosclerosis. 
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In view of the significance of the determination
of apoA-I for assessing the protective role of HDL par-
ticles, and since apoB is an indicator of the number
of atherogenic cholesterol particles in blood, the
apoB/apoA-I ratio could be considered an indicator
of the balance between proatherogenic and antiathe-
rogenic lipoproteins in the circulation (4, 11). Po-
tential superiority of this ratio over cholesterol ratios
has been the subject of numerous studies. The
INTERHEART study (38), in which the significance of
main risk factors for a coronary event was assessed in
52 countries worldwide, showed that the apoB/apoA-
I ratio is the most significant independent factor of
coronary risk, irrespective of either gender, age or
ethnicity, and that it is a good identifier of the persons
with a risk of either fatal or non-fatal myocardial
infarction. In the large prospective AMORIS Study
(7), the apoB/apoA-I ratio was shown to be a better
predictor of cardiovascular risk than any cholesterol
ratio in subjects of both genders. Additionally, in the
subgroup with the LDL-C values of less than 3.6
mmol/L, this ratio, in contrast to all investigated cho-
lesterol ratios which in a multivariate analysis lost
their predictive values, in this analysis remained high-
ly predictive for coronary event (11). In a prospective
study carried out on a group of middle-aged males
(9) the apoB/apoA-I ratio was associated with the
strongest effect on the cardiovascular risk. In contrast
to this, the MONICA/KORA Augsburg cohort study
(6) showed that its ability to predict a sudden coro-
nary event was practically identical to that of the
TC/HDL-C ratio. The remarkable importance of this
apolipoprotein ratio can also be seen in the fact that
large studies, such as AMORIS Study (7), AFCAPS/
TexCAPS (39) and LIPID Study (40), have promoted
apoB and, especially, the ratio apoB/apoA-I as the
best indicators in assessment of the residual coronary
risk in patients on statin therapy, and hence, best
guides in judging the adequacy of statin therapy (1,
3, 4, 11, 41–43).

Although the increase in the apoB/apoA-I ratio
was significant only in our subjects with hypo-HDL-
-cholesterolemia (p<0.001) (Figure 1), this ratio show-
ed significant positive correlation with cholesterol
ratios in all groups of subjects except for women with
hypo-HDL-cholesterolemia (Figure 4). Positive corre-
lation with TC and LDL-C was also significant in sub-
jects with hyperalpha-lipoproteinemia (p<0.001 for
both parameters) and in males with hypo-HDL-cho-
lesterolemia (p<0.05 for both parameters). Negative
correlation with the HDL-C level was observed in
males with hypocholesterolemia (p<0.05) and in
females with hypo-HDL-cholesterolemia (p<0.05).
Compared to apoB and apoA-I, the ratio apoB/apoA-
I correlated with the largest number of lipid parame-
ters, which may indicate its versatility in the assess-
ment of lipid-related risks. In view of the superiority of
the apoB/apoA-I ratio over cholesterol ratios in sub-
jects having normal or low LDL-C levels (11), the
determination of this ratio would be of special signi-
ficance in both hypoalpha-lipoproteinemic and hypo-
cholesterolemic states. 

By analyzing the incidence of pathological values
of the measured ratios (Figure 5), it can be seen that
largest deviations from reference values were found
for the apoB/apoA-I ratio in all groups of subjects,
which may indicate its highest sensitivity in detecting
lipid-related atherogenic risk. 

Our results suggest that the determination of
apoA-I and apoB, and calculation of the apoB/apoA-I
ratio, would be of extreme significance in laboratory
diagnostics and assessment of atherogenic risk in the
states with elevated and lowered values of HDL-cho-
lesterol, as well as in hypocholesterolemia. The highest
percentage of pathological values found for the apoB/
apoA-I ratio in all groups of subjects suggests that this
ratio is a most sensitive parameter for the assessment
of lipid-related atherogenic risk.

JMB 2007; 26 (3) 212

References

1. Sniderman AD, Furberg CD, Keech A, Roeters van Len-
nep JE, Frohlich J, Jungner I, Walldius G. Apolipoproteins
versus lipids as indices of coronary risk and as targets for
statin treatment. Lancet 2003; 361: 777–80.

2. Alain Simon A, Chironi G, Gariepy J, Del Pino M, Le-
venson J. Differences between markers of atherogenic
lipoproteins in predicting high cardiovascular risk and
subclinical atherosclerosis in asymptomatic men. Athe-
rosclerosis 2005; 179 (2): 339–44.

3. Walldius G, Jungner I. Rationale for using apolipo-
protein B and apolipoprotein A-I as indicators of car-
diac risk and as targets for lipid-lowering therapy. Eur
Heart J 2005; 26: 210–2.

4. Chan DC, Watts GF. Apolipoproteins as markers and
managers of coronary risk. QJM 2006; 99 (5): 277–87. 

5. Ridker PM, Rifai N, Cook NR, Bradwin G, Buring JE.
Non-HDL Cholesterol, Apolipoproteins A-I and B100,
Standard Lipid Measures, Lipid Ratios, and CRP as Risk
Factors for Cardiovascular Disease in Women. JAMA
2005; 294: 326–33.

6. Meisinger C, Loewel H, Mraz W, Koenig W. Prognostic
value of apolipoproteins B and A-I in the prediction of
myocardial infarction in middle-aged men and women:
results from the MONICA/KORA Augsburg cohort
study. Eur Heart J 2005; 26 (3): 271–8.

7. Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W,



213 Koji}-Damjanov et al.: Apolipoproteins A-I and B in assessment of lipid-related atherogenic risk

Steiner E. High apolipoprotein B, low apolipoprotein A-
I, and improvement in the prediction of fatal myo-
cardial infarction (AMORIS study): a prospective study.
Lancet 2001; 358: 2026–33.

8. Lamarche B, Moorjani S, Lupien PJ, Cantin B, Bernard
PM, Dagenais GR, Despres JP. Apolipoprotein A-I and
B levels and the risk of ischemic heart disease during a
five-year follow-up of men in the Québec Cardio-
vascular Study. Circulation 1996; 94: 273–8.

9. Talmud PJ, Hawe E, Miller GJ, Humphries SE. Non-
fasting apolipoprotein B and triglycerides levels as a
useful predictor of coronary heart disease risk in midle-
-aged UK men. Arterioscler Thromb Vasc Biol 2002;
22: 1918–23.

10. Moss AJ, Goldstein RE, Marder VJ. Thrombogenic fac-
tors and recurrent coronary events. Circulation 1999;
99: 2517–22.

11. Walldius G, Jungner I, Aastveit AH, Holme I, Furberg
CD, Sniderman AD. The apoB/apoA-I ratio is better
than the cholesterol ratios to estimate the balance
between plasma proatherogenic and antiatherogenic
lipoproteins and to predict coronary risk. Clin Chem
Lab Med 2004; 42 (12): 1355–63.

12. Otvos JD, Jeyarajah EJ, Cromvell WC. Measurement
issues related to lipoprotein heterogeneity. Am J Car-
diol 2002; 90: Suppl: 22i–9i.

13. Otvos J. LDL particles, but not LDL cholesterol, are
highly elevated in the metabolic syndrome: results from
the Framingham Offspring Study. AHA 2003 Scientific
Sessions Online, Orlando, FL, 2003.

14. Sniderman AD, Scantlebury T, Cianflone K. Hypertri-
glyceridemic hyperapoB: the unappreciated atheroge-
nic dyslipoproteinemia in type 2 diabetes mellitus. Ann
Intern Med 2001; 135: 447–59.

15. Berneis KK, Krauss RM. Metabolic origins and clinical
significance of LDL heterogeneity. J Lipid Res 2002;
43: 1363–79.

16. \eri} M, Stoki} E, Vu~kovi} B, Koji}-Damjanov S, ^a-
barkapa V. Lipids and atherosclerosis. Jugoslov Med
Biohem 2006; 25 (4): 325–33.

17. Sto{i} ^D. HDL holesterol – zaboravljen i zapostavljen.
In: \eri} M, Stoki} E, Todorovi}-\ilas Lj, eds. Hiperli-
poproteinemije – savremeni aspekti. Novi Sad: Dru{tvo
lekara Vojvodine Srpskog lekarskog dru{tva, 2005:
45–55.

18. Cheung MC, Walden CE, Knopp RH. Comparison of
the Effects of Triphasic Oral Contraceptives With De-
sogestrel or Levonorgestrel on Apolipoprotein A-I- Con-
taining High-Density Lipoprotein Particles. Metabolism
1999; 48 (5): 658–64.

19. Tailleux A, Duriez P, Fruchart JC, Clavey V. Apoli-
poprotein A-II, HDL metabolism and atherosclerosis.
Atherosclerosis 2002; 164: 1–13.

20. Yang Y, Yan B, Fu M, Xu Y, Tian Y. Relationship bet-
ween plasma lipid concentrations and HDL subclasses.
Clinica Chim Acta 2005; 354: 49–58.

21. Cheung MC, Albers JJ. Characterization of lipoprotein
particles isolated by immunoaffinity chromatography:

Particles containing A-I and A-II and particles con-
taining A-I but no A-II. J Biol Chem 1984; 259:
12201–9.

22. Ohta T, Hattori S, Nishiyama S. Studies on the lipid and
apolipoprotein compositions of two species of apo A-I-
containing lipoproteins in normolipidemic males and
females. J Lipid Res 1988; 29: 721–8.

23. James RW, Proudfoot A, Pometta D. Immunoaffinity frac-
tionation of high-density lipoprotein subclasses 2 and 3
using anti-apolipoprotein A-I and A-II immunosorbent
gels. Biochim Biophys Acta 1989; 1002: 292–301.

24. Bernini F, Calabresi L, Bonfadini G, Francheschini G.
The molecular structure of apolipoprotein A-II modu-
lates the capacity of HDL to promote cell cholesterol
efflux. Biochim Biophys Acta 1996; 1299: 103–9.

25. Marzal-Casacuberta A, Blanco-Vaca F, Ishida BY, Julve-
Gil J, Shen J, Calvet-Marquez S, et al. Functional le-
cithin: cholesterol acyltransferase deficiency and high
density lipoprotein deficiency in transgenic mice overex-
pressing human apolipoprotein A-II. J Biol Chem 1996;
271: 6720–8.

26. \eri} M. Savremeni aspekti normolipidemijskih dislipo-
proteinemija. Med Pregl 2004; LVII (11–12): 605–9.

27. Brunner D, Slutzky GM, Weisbort J, Schwartz S, Lingel
R. Lipo- and apolipoproteins in population survey sub-
set in MONICA-Israel. Acta Med Scand Suppl 1988;
728: 159–64.

28. Spagnolo A, Menotti A, Giapaoli S, Morisi G, Buongior-
no A, Urbinati GC, et al. High-density lipoprotein cho-
lesterol distribution and predictive power in some Italian
population studies. Eur J Epidemiol 1989; 5: 328–35.

29. Stampfer MJ, Sacks FM, Salvini S, Willet WC, Hen-
nekes CH. A prospective study of cholesterol, apo-
lipoproteins and the risk of myocardial infarction. N
Engl J Med 1991; 325: 373–81.

30. @uni} G, Jeli}-Ivanovi} Z, Spasi} S, Stojiljkovi} A, Maj-
ki}-Singh N. Reference values for apolipoproteins A-I
and B in healthy subjects, by age. Clin Chem 1992; 38:
566–9.

31. Graziani MS, Zanolla L, Righetti G, Marchetti C, Mo-
carelli P, Marcovina SM. Plasma apolipoproteins A-I
and B in survivors of myocardial infarction and in a con-
trol group. Clin Chem 1998; 44: 134–40.

32. Avogaro P, Bon GB, Gazzolato G, Quinci GB. Are apo-
lipoproteins better discriminators than lipids for athero-
sclerosis? Lancet 1979; 1: 901–3.

33. Maciejko JJ, Holmes DR, Kottke BA, Zinsmeister AR,
Dinh DM, Mao SJ. Apolipoprotein A-I as a marker of
angiographically assessed coronary artery disease. N
Engl J Med 1983; 309: 385–9.

34. Luc G, Bard J-M, Ferrières J, Evans A, Amouyel P, Arve-
iler D, Fruchart JC, Ducimetiere P. Value of HDL chole-
sterol, apolipoprotein A-I, lipoprotein A-I, and lipopro-
tein A-I/A-II in prediction of coronary heart disease.
The PRIME Study. Arterioscler Thromb Vasc Biol 2002;
22: 1155–61.

35. Sharrett AR, Ballantyne CM, Coady SA, Heiss G, Sorlie
PD, Catellier D, Patsch W. Coronary heart disease pre-



diction from lipoprotein cholesterol levels, triglycerides,
lipoprotein(a), apolipoprotein A-I and B, and HDL den-
sity subfractions. The Atherosclerosis Risk in Commu-
nities (ARIC) Study. Circulation 2001; 104: 1108–13.

36. Stampfer MJ, Sacks FM, Salvini S, Willett WC, Henne-
kens CH. A prospective study of cholesterol, apolipo-
proteins and the risk of myocardial infarction. N Engl J
Med 1991; 325: 373–81.

37. Everett BM, Kurth T, Buring JE, Ridker PM. The Relati-
ve Strength of C-Reactive Protein and Lipid Levels as
Determinants of Ischemic Stroke Compared With Coro-
nary Heart Disease in Women. J Am Coll Cardiol 2006;
48: 2235–42.

38. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A,
Lanas F, et al. Effect of potentially modifiable risk fac-
tors associated with myocardial infarction in 52 coun-
tries (the INTERHEART study): case-control study. Lan-
cet 2004; 364: 937–52.

39. Gotto AM, Whitney E, Stein EA. Relation between
baseline and on-treatment lipid parameters and first
acute major coronary events in the Air force/Texas

Coronary Atherosclerosis Prevention Study (AFCAPS/
TexCAPS). Circulation 2000; 101: 477–84.

40. Simes RJ, Marschner IC, Hunt D. Relationship between
lipid levels and clinical outcomes in the Long-term Inter-
vention with Pravastatin in the Ischemic Disease (LIPID)
Trial: to what extent is the reduction in coronary events
with pravastatin explained by on-study lipid levels? Cir-
culation 2002; 105: 1162–9.

41. O’Keefe JH Jr, Cordain L, Harris WH, Moe RM, Vogel
R. Optimal low-density lipoprotein is 50 to 70 mg/dl.
Lower is better and physiologically normal. Expedited
review. J Am Coll Cardiol 2004; 43: 2142–6.

42. Davidson MH. Emerging therapeutic strategies for the
management of dyslipidemia in patients with metabolic
syndrome. Am J Cardiol 2004; 93: Suppl: 3C–11C.

43. Grundy SM, Cleeman JI, Merz CNB, Brewer HB Jr,
Clark LT, Hunninghake DB, et al. Implications of recent
clinical trials for the National Cholesterol Education
Program Adult Treatment Panel III Guidelines. Arterio-
scler Thromb Vasc Biol 2004; 24: e149–61.

JMB 2007; 26 (3) 214

Received: February 1, 2007

Accepted: March 25, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [612.000 792.000]
>> setpagedevice




