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Abstract

Increased plasma lipoprotein (a) (Lp(a)) levels are associated with premature cardiovascular diseases and stroke. Since Lp(a)
immune reactivity is found in urine we compared urinary apolipoprotein (a) (apo(a)) with plasma Lp(a) levels in 116 patients
suffering from angiographically proven coronary artery diseases with that of 109 controls.

Urinary apo(a) investigated by immuno blotting, revealed a distinct apo(a) fragmentation pattern with molecular weights
between 50 and 160 kDa. Apolipoprotein B however was not secreted into urine. Lp(a) and apo(a) were measured by a
fluorescence immuno assay. Within single individuals, urinary apo(a) levels correlated significantly with creatinine (Rho, 0.98;
PB0.0005). Medians and 25/75 percentiles of urinary apo(a) in coronary artery disease (CAD) patients were 5.70, 3.25 and 10.35
mg/dl and in controls 2.64, 1.43 and 3.50 mg/dl respectively. At cut-off levels of 30 mg/dl for plasma Lp(a) and 10 mg/dl of urinary
apo(a) respectively, both paramenters showed comparable sensitivities (33.8% vs. 26.7%), yet the specificity (76.1% vs. 91.7%) and
the positive predictive value (60.0% vs.76.4%) of urinary apo(a) were much higher. In receiver-operating characteristic plots,
urinary apo(a) was much more sensitive at high specificities i.e. greater than 60% as compared to Lp(a). Urinary secretion of
apo(a) fragments normalized to creatinine is stable in a given individual and significantly associated with coronary artery disease.
© 1997 Elsevier Science Ireland Ltd.
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1. Introduction

Lipoprotein (a) (Lp(a)), is a cholesteryl-ester rich
lipoprotein of unknown function consisting of an LDL-
like core to which apolipoprotein(a) (apo(a)) is disulfide
linked. Apo(a) is a glycoprotein with approximately
29% (w/w) carbohydrates [1]. It exhibits a characteristic
structure consisting of numerous kringle-IV (K-IV) re-
peats, one kringle-V and a protease domain all of which
possess high homology to corresponding structures in
plasminogen (Plg) [2]. Apo(a) exists in multiple geneti-
cally determined isoforms with molecular weights rang-
ing from approximately 350 to 1000 kDa. Presently,

more than 30 different apo(a) isoforms are known,
which differ from each other by one additional ‘repeti-
tive K-IV’. One repetitive K-IV has a theoretical molec-
ular weight including sugars of 16 kDa. The number of
K-IV repeats is inversely correlated with the plasma
Lp(a) concentration [3,4]. Plasma Lp(a) levels in hu-
mans differ from less than 1 mg/dl to over 200 mg/dl,
and these levels are reported to be under strict genetic
control [3,5].

There is discussion on a possible causal link of Lp(a)
with the atherosclerotic process. Supportive evidence
stems from observations that Lp(a) accumulates in
atherosclerotic plaques [6], stimulates smooth muscle
cell proliferation [7], avidly binds to arterial proteogly-
cans [8] and fibronectins [9] and promotes cholesterol
accumulation in cells [10]. Because of the structural
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homology with plasminogen, apo(a) was suggested to
interfere at several steps with the fibrinolytic process
[11].

Several studies have shown that increased plasma
Lp(a) levels are strongly associated with coronary and
cerebral artery disease [12–20]. It is, however, of inter-
est to note that in case-control studies Lp(a) turned out
to be a much stronger risk indicator than shown in
prospective trials [21–23]. Increased plasma Lp(a) was
also reported not to be linked to cardiovascular dis-
eases in all ethnic groups. In African-Americans for
example, Lp(a) was not an independent risk factor for
coronary artery disease (CAD) [24].

Recently, Mooser et al. reported on the secretion of
kringle-IV- containing fragments in human urine [25].
We report here that patients suffering from CAD ex-
crete significantly higher amounts of apo(a) fragments
into urine as compared to controls. The concentration
of urinary apo(a) fragments was significantly correlated
to serum Lp(a) in both normal and CAD patients.

2. Patients and controls

Consecutive male (84) and female (32) patients from
regions of Vienna and Lower Austria who were admit-
ted for diagnostic coronary angiography to our depart-
ment were included in this study. Patients referred for
diagnostic coronary angiography or angioplasty for
typical clinical indications, including evaluation of chest
pain, exertional angina pectoris, postinfarction angina
or follow-up of postangioplasty symptoms were consid-
ered eligible for the study. Only those who suffered
from at least one coronary artery stenosis a greater
than 70% diameter as proven by quantitative angiogra-
phy were selected. Subjects with angina at rest, acute
myocardial infarction (onset B4 days before angiogra-
phy), valvular disease, renal failure, diabetes mellitus,
liver diseases, congestive heart failure, or alcohol intake
greater than 20 g/day were excluded.

Of the 116 patients studied, 38 suffered from single-
vessel disease, 30 from double-vessel and 48 from triple
or multi-vessel coronary artery disease. Seventy three
patients had a previous history myocardial infarction
and 59 had hypertension. Thirty one patients were
smokers. Twenty four patients were on lipid lowering
therapy with lovastatin, 20–40 mg/day or bezafibrate
400 mg/day or gemfibrozil, 500 mg/day. Ninety two
patients received aspirin (100 mg/day), 32 calcium an-
tagonists, 54 ACE inhibitors, 55 b-blockers and 97
nitrates.

The control group consisted of 109 clinically healthy
individuals (78 males and 31 females) participating in a
health survey programme. Controls were matched for
age, gender and socioeconomic status. There were 37
smokers in the control group. Controls had no clinical

signs of cardiovascular diseases. Apart from occasional
pain relievers, the controls did not take any medication.
Exclusion criteria for controls were alcohol intake
greater than 20 g/day.

2.1. Collection of samples

Blood and urine samples were collected before coro-
nary angiography. Blood was drawn in the morning
after a 12 h fasting period, allowed to clot at room
temperature for 20 min and submitted immediately to
the central laboratory for analysis of lipids, lipoproteins
and routine parameters. Urine was also obtained in the
morning and tested in the central laboratory for crea-
tinine. Aliquots of urine and serum were stabilized with
EDTA (1 mg/ml), frozen immediately at −20°C and
stored up to 1 month before Lp(a) and apo(a) were
analysed by DELFIA. In preliminary experiments we
ascertained that freezing and thawing did not affect the
results. Also storage of urine for up to 24h at room
temperature had no influence on the banding pattern in
SDS-PAGE.

3. Material and methods

3.1. Electrophoresis and Western-blotting

Polyacrylamide gel electrophoresis was carried out in
3.5–13% gradient gels containing 0.1% SDS, prepared
in our laboratory using the Mini-protean electrophore-
sis system from BioRad as described [26,27]. Samples
were mixed with SDS (final concentration 10 g/l) in the
absence or presence of DTT and heated for 5 min at
100°C. After electrophoresis, proteins were transferred
to a nitrocellulose membrane by electroblotting
overnight at 4°C in 10 mmol/l Tris-HCl and 40 mmol/l
glycine buffer, pH 7.4. To avoid background staining,
the membrane was blocked for 60 min in 5% (w/v)
powdered skim milk, then incubated for 3 h with
affinity-purified rabbit anti-apo(a) antiserum diluted
1:1000 [26,27], washed extensively in Tris-buffered sa-
line (TBS, pH 7.4) containing 0.05% (w/v) Tween-20,
and incubated for 2 h with horseradish peroxidase-la-
belled protein-A. The membrane was further washed as
described above followed by incubation with ECL
Western blotting detection reagent (Amersham) for 1–2
min and subjected to autoradiography according to the
manufacturer’s instructions (Amersham). In some cases
the monoclonal antibody (MAB) 1A2, kindly provided
by H. Dieplinger from the laboratory of G. Utermann,
Innsbruck, was used for apo(a) detection. MAB 1A2 is
specific for K-IV and recognizes a linear epitope on the
repetitive K-IV as well as on ‘unique’ K-IV types 2, 3,
4, 6 and 7 [28]. MAB 1A2 does not cross react with
plasminogen. With this immunoblotting method, less
than 5 ng of apo(a) can be detected.
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3.2. Quantitation of Lp(a) and apo(a) by DELFIA

Quantitations were carried out by a sandwich assay
on the DELFIA system (LKB-Pharmacia), as described
in detail previously [26,27,29]. In brief, a polyclonal
affinity purified antibody from rabbit, produced in our
laboratory that had been immuno affinity purified by
passing over a column loaded with plasminogen, was
used to coat 96-well Costar plates. The purified anti-
body was free of any detectable cross reactivity against
plasminogen, as tested by Western blot analysis using
Glu1-plasminogen, or other plasma constituents. Non-
specific binding sites were blocked with 250 m l of 0.5%
(w/v) bovine serum albumin (BSA) for 30 min. Two
hundred m l aliquots of the samples were added to the
wells and incubated for 2 h at 20°C. After three succes-
sive washing steps with 50 mM Tris-HCl, pH 7.7, the
polyclonal antibody against apo(a), labelled with Eu-
ropium (Eu), was added to the wells and incubated
additionally for 2 h at 20°C. Excess antibody was
removed by two further washing steps with 50 mM
Tris-HCl, pH 7.7. 200 m l of enhancement solution
(Pharmacia, Uppsala) was added, and fluorescence was
determined in a DELFIA reader after 15 min. For the
determination of total apo(a), Eu-labelled polyclonal
(POAB) anti-apo(a) from rabbit was used (a:a
DELFIA) and in some cases, the K-IV-specific mono-
clonal anti-apo(a), 1A2 was used as a detection anti-
body. Apo(a):apo B complexes were measured using
Eu-labelled antibody against apo B from rabbit as
detection antibody as previously described (a:B
DELFIA) [29]. For measuring total apo B, a ‘B:B’
DELFIA was designed accordingly. Standard curves
were produced with the Lp(a) ‘reference standard’ from
Immuno Diagnostika (Lot c2900/170). This standard
was calibrated with freshly purified Lp(a) as well as
with recombinant apo(a) containing 18 K-IV repeats
and expressed in COS-7 cells [26,27], as primary stan-
dard. Standard curves of Lp(a) and of recombinant
apo(a) were parallel. Using this procedure, 15.01% of
Lp(a) mass in the reference standard c2900/170 con-
sisted of apo(a). The assay was linear between 1 and
100 ng of apo(a) per well; the within-run coefficient of
variation was less than 3%. Plasma samples were di-
luted 1500–3000 fold and urine samples were diluted
10–50 fold.
3.3. Determination laboratory parameters

Creatinine was measured by the Jaffé Method using
commercial assay kits from Boehringer. Cholesterol,
and triglycerides were measured enzymatically using the
assay kits from Boehringer. HDL-cholesterol (-C) was
measured from the supernatant after precipitation with
polyethylene glycol (Reagent A from Immuno AG,
Vienna). LDL-C was calculated according to the
Friedewald equation.

3.4. Reagents

All chemicals were reagent grade from E. Merck,if
not otherwise stated.

3.5. Statistical analyses

For data analysis, we used the Statistical Package for
Social Sciences (SPSS/MAc+ ). For serum lipids, mean
values 9S.E.M. were calculated and analyzed by a
one-way variance test (ANOVA). A students t-test was
applied to assess significant differences of continuous
variables among groups. Comparison of serum Lp(a)
and urine apo(a) values among groups was performed
by the Wilcoxon test or by ANOVA after logarithmic
transformation of values. Correlations of serum apo(a)
and urine apo(a) values were performed by the Spear-
mann Rank Correlation Test. Receiver-operating char-
acteristic (ROC) plots and analyses were performed
according to Beck and Schultz [30], and Zweig and
Campbell [31] in order to evaluate the discriminative
power of plasma Lp(a) versus urinary apo(a).

4. Results

Table 1 lists some of the demographic data of the
studied CAD patients and controls. There was no dif-
ference in age, sex, smoking and drinking behaviour.
As expected, the CAD patients had higher triglyceride,
total cholesterol, LDL-C and lower HDL-C values as
compared to the control groups (192 vs. 107 mg/dl; 220
vs. 190 mg/dl; 149 vs. 125 mg/dl and 35 vs. 47 mg/dl
respectively). All differences were statistically highly
significant (PB0.001) (Table 2).

First we set up experiments to characterize urinary
apo(a). Individual human urine samples were concen-
trated by pressure dialysis approximately 100-fold
(molecular weight cut-off filters 5 kDa) and subjected
to SDS-PAGE followed by Western blotting. Fig. 1
exhibits the banding patterns obtained from urine of
three individuals with apo(a)-phenotypes B/S2; S3/S4
and S1/S1 according to the nomenclature of Utermann

Table 1
Demografic data of the coronary artery disease patients and of
controls

CAD-Patients Controls Significance

116 (84/32) 109 (80/29) nsNumber (m/f)
63911Age 58916 ns
24.293.3BMI ns23.193.5

ns37Smokers (n) 31
B20 g/day nsAlcohol con- B20 g/day

sumption

n, number of smokers; ns, not significant.
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Table 2
Lipid and lipoprotein concentrations from 116 CHD patients and 109
matched controls. The values are given in mg/dl and are means
9S.D.

LDL-C HDL-CTriglyce- Cholesterol
rides

192.2989.2 219.8CHD-pa- 34.7911.8148.5938.2
947.6tients

46.6914.6124.7933.4Controls 106.9953.6 189.8
943.3
0.0001 0.0001P-value* 0.0001 0.0001

*, Tested by ANOVA.
Fig. 2. Correlation of urinary apo(a) levels with creatinine concentra-
tion. Urine samples from four healthy volunteers with Lp(a) concen-
trations of 1: 21.5 mg/dl; 2: 70.6 mg/dl; 3: 55.8 mg/dl and 4: 14.4
mg/dl were obtained on seven different occasions within one month.
Lp(a) was measured by DELFIA and correlated with the urinary
creatinine concentration.

et al. [3]. It is noteworthy that the migration of different
apo(a) bands of the three samples is very similar or
almost identical, yet pronounced differences were ob-
served in the relative intensities of bands. The apparent
molecular weight of the major fragments were 50–160
kDa. Minor fragments not seen in the blot were be-
tween 30 and 50 kDa and greater than 160 kDa. The
banding pattern was indistinguishable whether K-IV
specific monoclonal antibody or polyclonal anti-apo(a)
antibody was used for detection. We tested this method
with urine samples from more than 30 healthy volun-
teers with various kinds of apo(a) phenotypes and
obtained in all cases, comparable results.

In subsequent experiments, normal and 100-fold con-
centrated urine samples from several donors were sub-
jected to B:B, a:B and a:a DELFIA assays. Neither by

B:B nor by a:B DELFIA did we observe any measur-
able amount of apo B containing lipoproteins including
intact Lp(a). Considering the sensitivity of these assays
we concluded that the content of apo B, if present at
all, had to be less than 0.1 mg/dl. Next we adapted the
a:a DELFIA for urine samples and found that by
diluting urine 10–50 fold instead of 3000 fold as used
for serum, we were in the linear range of the standard
curve. Urine was assayed at different dilutions and the
DELFIA signals were plotted against the apo(a) con-
centrations; the obtained curve was parallel to the
standard curve. Moreover, by spiking urine with Lp(a)
or recombinant apo(a) and assaying the samples by
DELFIA, we obtained in all cases yields in the range
between 94 and 106%. In some cases, apo(a) was mea-
sured directly in fresh urine as well as in urine from the
same donor concentrated 100-fold by pressure dialysis.
The obtained values for diluted and concentrated urine
were within the experimental error indicating that our
assay was not biased by matrix effects. Thus we were
confident that our DELFIA measured urine apo(a)
correctly.

In preliminary experiments apo(a) was quantitated in
the urine of four volunteers at several time intervals in
a 4-week period and large concentration differences
were found within single donors. If on the other hand
urinary apo(a) levels were normalized to creatinine, the
values were surprisingly constant. Fig. 2 exhibits the
relationship of the apo(a) concentrations with that of
creatinine in urine measured in four different individu-
als with serum Lp(a) levels in the range of 14–70 mg/dl.
While there was a large variation in the absolute apo(a)
concentrations over time, urinary apo(a) levels corre-
lated highly significantly with creatinine (R\0.98, PB
0.0005). For the following studies urine apo(a) levels
were therefore normalized to 1.13 mmol/l (100 mg/dl) of
creatinine.

Fig. 1. Immunoblot analysis of apo(a) fragments secreted into urine.
Urine from three different healthy donors (1–3) with the apo(a)-
phenotypes S1/S1, S2/S4 and B/S3 according to Utermann (3) were
concentrated 100-fold and 10 m l of sample each were separated on
SDS electrophoresis (3.5–13% polyacrylamide gel) and transblotted
to nitro cellulose. The blots were incubated with monoclonal anti-
body against apo(a) (1A2) which is specific for K-IV and does not
cross react with plasminogen. Bands were visualised by the ECL
method (see methods section). The migration of marker proteins is
indicated at left.
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Table 3
Plasma Lp(a) and urinary apo(a) values of CHD patients and of controls

Urine apo(a) (mg/dl)aPlasma Lp(a) (mg/dl)

75% 50%Group 75%n 25%25% 50%

49.50 3.25 5.70CHD 10.35116 10.00 18.00
3.502.641.43Controls 27.50109 5.75 11.85

−12.61Zb −12.85
0.0001Pb 0.0001
0.0005Pc 0.003

a, Normalized to 1.13 mmol/l (100 mg/dl) creatinine.
b, Tested by Wilcoxon signed rank test: CHD versus controls.
c, Tested by ANOVA after logarithmic transformation of data: CHD vs. controls.

Urinary apo(a) was then measured in 116 coronary
heart disease (CHD) patients and in 109 matched con-
trols (Table 3). Median plasma Lp(a) concentration was
significantly higher in patients (18.00 mg/dl) versus
controls (11.85 mg/dl). This was also true for the
corresponding 25- and 75-percentiles. Urinary median
apo(a) values normalized to creatinine in patients and
controls were also significantly different: 5.70 and 2.64
mg/dl respectively. It was suggested previously that
Lp(a) is significantly associated with CAD at concen-
trations greater than 30 mg/dl [12]. On the basis of the
present data we calculated the predictive power of
urinary apo(a) in comparison to plasma Lp(a). At
cut-off levels of 30 mg/dl for plasma Lp(a) and 10 mg/dl
of urinary apo(a) respectively, both paramenters exhib-
ited comparable sensitivities (33.8 vs. 26.7%), yet the
specificity (76.1 vs. 91.7%) and the positive predictive
value (60.0 vs. 76.4%) calculated according to R.B.
Hynes [13] of urinary apo(a) were much higher. To
obtain a better insight into the predictive power of
these two parameters, receiver-operating chracteristic
plots of the two parameters were carried out by plotting
the sensitivity versus 1 minus specificity for all possible
cut-off levels. As can be seen from Fig. 3, at high
specificities (60 to 100%, i.e., 1-specificity 0.0–0.4), uri-
nary apo(a) has a much higher sensitivity than plasma

Lp(a). At low specificities (B60%) which are of little
practical use, the two ROC-curves of apo(a) and Lp(a)
overlapped.

Finally, urinary apo(a) values were correlated with
serum Lp(a) (Fig. 4). Using the Spearmann Rank Cor-
relation Test, these parameters correlated significantly
in both the CHD patients and control group (PB
0.0001).

5. Discussion

Several recent studies suggest that specific metabolic
steps are involved in the biosynthesis and assembly of
Lp(a) [26,32–34]; apo(a) is formed probably exclusively
in the liver and secreted as a glycoprotein. The resi-
dence time within the cell and the efficiency of secretion
is strongly influenced by the apo(a) size, explaining
partly that individuals with large apo(a) isoforms have
significantly lower plasma Lp(a) levels as compared to
individuals with small isoforms [35]. Secreted apo(a)
interacts with LDL in two steps forming mature Lp(a).

Fig. 4. Correlation of plasma Lp(a) concentrations with urinary
apo(a). Lp(a) was measured in fasting plasma from 116 CAD patients
as well as from 109 control subjects and correlated with the urinary
apo(a) content expressed in mg/dl normalized to 1.13 mmol/l crea-
tinine. The correlations were calculated by the Spearmann rank
correlation test. Exponential regression lines are shown for each
group separately.

Fig. 3. Receiver-operating characteristic (ROC) plots of plasma Lp(a)
and urinary apo(a). ROC-plots, were performed as described in the
methods section.
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This interaction takes place in part already at the
surface of liver cells [36] and later also in circulating
blood whereby one or few distinct unique K-IV’s
form a dissociable complex with lysine or proline or
groups of B-100 [27,33,37]. In a second step, a
disulfide bridge is formed between cysteine 4057 in
apo(a) and most probably Cys 4326 in B-100 [27,33–
37]. It also appears that the affinity of apo(a) to B-
100 is much higher for LDL than for IDL or VLDL
which probably explains the great similarity in core
lipid composition between LDL and Lp(a).

In contrast to the biosynthesis and assembly, little
has been reported regarding the mode or site of Lp(a)
catabolism. Lp(a) binds weakly to the LDL-receptor
in vitro yet in vivo the role of the LDL-receptor
pathway in Lp(a) catabolism is still a matter of con-
troversity [38–46]. It is also unclear whether Lp(a) is
catabolized as a whole lipoprotein or possibly de-
graded prior to uptake or excretion. Looking at stud-
ies in rabbits, it appears that the liver and kidney are
primarily involved in Lp(a) removal [44]. It was there-
fore interesting to learn from the report of Oida et al.
[47] that Lp(a)/apo(a) is secreted into urine. Oida et
al. [47] studied mainly patients with kidney diseases
and reported that these patients secrete significantly
less Lp(a) per day than controls. Urinary apo(a) was
only poorly defined. In the most recent publication by
Mooser et al. [25] urinary apo(a) was characterized
further and it was demonstrated that fragments of
apo(a) containing only K-IV of type 1 and -2 repeats
and perhaps type-3 and -4 are secreted with molecular
weights ranging from 85–215 kDa. The C-terminal
portion of apo(a) starting beyond K-IV type-4 is
missing in urine.

In our study we show that urinary apo(a)-immune
reactivity is caused by major apo(a) fragments with
apparent molecular weights ranging from approx. 50
to 160 kDa. Minor bands were also present at lower
and higer molecular weights. Thirty healthy individu-
als with large variations in their urinary apo(a) con-
tent, and with different apo(a) phenotypes exhibited
very similar qualitative Western-blot patterns with
major differences in the relative intensities of bands.
All fragments shown in Fig. 1 reacted with polyclonal
anti-Lp(a) as well as with the K-IV specific mono-
clonal antibody 1A2, which does not cross-react with
K-IV of plasminogen. This observation is consistent
with findings published by Mooser et al [25]. We also
quantitated in some patients and controls serum Lp(a)
and urinary apo(a) values by the a:a DELFIA using
monoclonal antibody 1A2 on one hand and poly-
clonal anti-apo(a) from rabbit on the other hand and
found comparable results (r, 0.98; mean values dif-
fered by B4%). For subsequent studies we therefore
selected the polyclonal antiserum against Lp(a).

In this study we measured urinary apo(a) secretion

in 116 CAD patients compared with 109 control indi-
viduals. The constant secretion rates of apo(a) served
as a basis for our subsequent calculations. For ethical
reasons it was not possible to keep all patients from
taking lipid lowering drugs. The proportion of this
group within the CHD patients, however, was rela-
tively small. In any case, we performed additional
calculations omitting this subgroup and found com-
parable results (data not shown). The intriguing ob-
servation of this work was that CHD patients
excreted more than twice as much apo(a) into urine
as compared to controls. Although urinary apo(a) was
highly significantly correlated to plasma Lp(a) concen-
trations, urinary apo(a) had a higher predictive power
than plasma Lp(a) using cut-off levels of 10 mg/dl and
30 mg/dl respectively.

ROC-plots for plasma Lp(a) and urinary apo(a)
gave some further insight into the predictive power of
these two parameters (Fig. 3). Taking all cut-off levels
together, the two parameters were comparable as the
area under the curves were not significantly different
(apo(a): W=0.6341; Lp(a): W=0.6191 relative units).
At higher specificities which are normally used for
discrimiations, i.e., 60–100%, urinary apo(a) exhibited
markedly higher sensitivities.

Our results from Fig. 4 also demonstrate a highly
significant correlation between plasma Lp(a) and uri-
nary apo(a). It is worth noting that Oida et al. [47]
observed neither a correlation of plasma Lp(a) with
apo(a) values in urine, nor a correlation of urinary
apo(a) with creatinine. The reason for this deviation
from our results may reside in differences of the assay
and/or reference material used in the two studies, or
in the fact that Oida et al. [47] did not normalize
their urinary apo(a) values to creatinine. Concerning
the correlation with creatinine, it must be emphasized
that a correlation with urinary apo(a) was only appar-
ent within single subjects studied at different occa-
sions, but not in the collective as a whole.

Looking at the present results, we can conclude
that patients suffering from CAD excrete significantly
higher amounts of apo(a) into urine than controls and
that urinary apo(a) is a valuable predictor for CAD.
Although we are aware of the fact that case control
studies like this must be regarded with caution, this
study could be a basis for larger prospective trials.
Using urinary apo(a) as a marker for CAD has the
advantage of easier sampling compared to plasma
samples.
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