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Summary
Background: Increased levels of lipoprotein-associated
phospholipase A2 are associated with atherosclerosis, and
may contribute to cardiac disease. The aim of this study
was to analyze serum levels of lipoprotein phospholipase
A2 (Lp-PLA2) in patients with impaired bone resorption and
correlate the findings with markers of bone metabolism
(osteocalcin) and other biochemical markers (cholesterol,
low density lipoprotein, triacylglycerols).
Methods: Serum Lp-PLA2 was measured by a turbidimetric
method in a group of currently treated 85 patients with
impaired bone resorption and in a control group of 46
healthy individuals. Serum triacylglycerols was measured by
the electrochemiluminescence immunoassay. Cholesterol,
low density lipoprotein and triacylglycerols were measured
by commercially available enzymatic assays. Bone density
was investigated by dual energy X-ray densitometry per-
formed on the lower spine and hips. 
Results: Concentrations of LP-PLA2 were significantly ele-
vated in the patients with bone resorption compared to the
control group of healthy individuals (225 ng/mL vs. 192
ng/mL, p<0.001) with the highest difference in patients
with a T score below –2.5 SD (227 vs. 192 ng/mL). Serum

Kratak sadr`aj
Uvod: Povi{eni nivoi fosfolipaze A2 udru`ene sa lipopro-
teinom povezani su sa aterosklerozom i mogu doprineti
razvoju sr~anih oboljenja. Cilj ove studije bio je da se ana -
liziraju nivoi fosfolipaze A2 udru`ene sa lipoproteinom
(Lp-PLA2) u serumu pacijenata sa pove}anom ko{tanom re -
sorpcijom i napravi korelacija dobijenih nalaza sa markerima
ko{tanog metabolizma (osteokalcin) i drugim biohemijskim
markerima (holesterol, lipoprotein male gustine, triacilgli -
ceroli). 
Metode: Lp-PA2 u serumu meren je metodom turbidime trije
u grupi od 85 pacijenata na terapiji zbog pove}ane ko{tane
resorpcije i u kontrolnoj grupi sa 46 zdravih osoba. Osteo -
kalcin u serumu meren je elektrohemiluminiscentnim imu-
noesejom. Holesterol, lipoprotein male gustine i trigliceridi
izmereni su komercijalnim enzimatskim testovima. Gustina
kostiju je ispitana tehnikom dual energy X-ray denzitometrije
primenjenom na donji deo ki~menog stuba i kukove. 
Rezultati: Koncentracije Lp-PLA2 bile su zna~ajno povi{ene
kod pacijenata sa ko{tanom resorpcijom u pore|enju s kon-
trolnom grupom zdravih osoba (225 ng/mL vs. 192 ng/mL,
p<0,001), a najve}a razlika je zabele`ena kod pacijenata sa
T-skorom ni`im od –2,5 SD (227 vs. 192 ng/mL). Nivoi Lp-
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Introduction

Lipoprotein-associated phospholipase A2 (Lp-
PLA2) is a circulating enzyme belonging to the unre-
lated phospholipase A2 protein families with common
enzymatic activity. The two most notable families are
secreted phospholipases A2 and cytosolic phospholi-
pases A2. Other families include Ca2+ independent
PLA2 (iPLA2) and lipoprotein-associated PLA2, also
known as platelet activating factor acetylhydrolase
(PAF-AH). Recent evidence has established physio-
logical and pathological roles of PLA2 enzymes in fer-
tility, muscle growth, renal concentration, post-
ischemic brain injury, inflammatory and oxidative
activities associated with cardiovascular disease and
ischemic stroke, inflammatory bone resorption, intes-
tinal polyposis, pulmonary fibrosis, acute respiratory
distress syndrome and autoimmune encephalo -
myelitis (1).

Cytosolic phospholipases preferentially hydro -
lyze phospholipids containing arachidonic acid and
play a key role in the biosynthesis of eicosanoids
including prostaglandins and leucotrienes (2).
Hydrolysis leads to release of free arachidonic acid
which in turn is metabolized to prostaglandins.
Prostaglandin (espe cially prostaglandin E2) is pro-
duced by osteo blasts and acts as a potent stimulator
of bone resorption (1, 3). 

The Lp-PLA2 is platelet-activating factor (PAF)
acetylhydrolase (EC 3.1.1.47) catalyzing the degrada-
tion of PAF to inactive products by hydrolysis of the
acetyl group at the sn-2 position, and thus producing
the biologically inactive products LYSO-PAF and
acetate (4). Lp-PLA2 shows mainly proinflammatory
and oxidative activities preferably associated with car-
diovascular disease (5). The association of Lp-PLA2
with bone resorption is not yet well known, and thus
it seems interesting to analyze the serum levels of
Lp-PLA2 in patients with impaired bone density.

Materials and Methods

Patients

Eighty-five patients with various levels of bone
density (4 males, mean age 56 years, and 81 post-
menopausal women, mean age 70 years) were

enrolled in the study. The patients were previously
clinically classified for bone mineral density.
According to the recent bone density guidelines, the
patients were divided into three groups. Group I con-
sists of 43 patients with osteoporosis, group II consists
of 20 patients with osteopenia and group III consists
of 22 patients with normal bone density. Fifty-seven
patients were currently on combined lipid lowering
and antiresorption therapy (statins and bisphospho-
nates), while 11 patients were already on lipid lower-
ing therapy (statins). Seventeen patients were supple-
mented with vitamin D3.

We compared the patients with a group of 46
healthy individuals (14 males, mean age 55 years, and
32 females, mean age 47 years) without any signs of
bone resorption and thus without any therapy. Cha -
racteristics of the individuals and patients in cluded in
the study are listed in Table I.

levels of Lp-PLA2 also negatively correlated with decreased
levels of serum osteocalcin in patients, and a significant dif-
ference in Lp-PLA2 (p=0.02) levels was observed between
the control group and group with low levels of osteocalcin.
Elevated Lp-PLA2 levels were significantly associated with
the therapeutic procedures used, but not with age, gender
and concentration of lipids. 
Conclusions: Lipoprotein-associated phospholipase A2
seems to play an important role also in bone metabolism.

Keywords: lipoprotein-associated phospholipase A2,
osteocalcin, bone metabolism 

PLA2 u serumu tako|e su bili u negativnoj korelaciji sa sma -
njenim nivoima osteokalcina u serumu pacijenata, dok je
izme|u kontrolne grupe i grupe sa niskim nivoima osteo -
kalcina uo~ena zna~ajna razlika u nivou Lp-PLA2 (p=0,02).
Povi{eni nivoi Lp-PLA2 bili su u zna~ajnoj asocijaciji sa ko -
ri{}enim terapijskim postupcima, ali ne i sa staro{}u, polom i
koncentracijom lipida. 
Zaklju~ak: Fosfolipaza A2 udru`ena sa lipoproteinom izgleda
igra va`nu ulogu i u metabolizmu kostiju. 

Klju~ne re~i: fosfolipaza A2 udru`ena sa lipoproteinom,
osteokalcin, metabolizam kostiju 

Control group
(n=46) 

All patients
(N=85)  

Mean age (years) 55 67

Males/Females 14/32 4/81

S-Lp-PLA2 (ng/mL) 192 
(159–227) 

225 
(193–253)
p <0.001 

S-Osteocalcin (mg/L) 30.3 
(17.6–37)

18.4
(14.2–20.6)

p <0.05

S-LDL cholesterol (mmol/L) 3.1 (1.0) 2.9 (0.7)

S-Cholesterol (mmol/L) 5.2 (1.0) 5.1 (0.7)

S-Triacylglycerols (mmol/L) 1.34 
(1.02–1.88)

1.13
(0.86–1.5)
p = 0.03

Table I Characteristics of the subjects.

Concentrations are expressed as mean with (SD), or median
and interquartile ranges (25th–5th percentile).
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Sample collection

Blood specimens were collected by venipunc-
ture in vacuum collection tubes. After collection,
specimens were centrifuged (4 °C at 1500 G for 10
minutes). Serum osteocalcin, total cholesterol, LDL-
cholesterol levels, and triglycerides were immediately
investigated. 

Prior to Lp-PLA2 testing, aliquots of serum were
stored at 2–8 °C overnight and assayed on the next
day after the blood collection (2nd day after the col-
lection of blood).  

Biochemical analysis 

Serum levels of Lp-PLA2 were measured under
conditions specified in the manufacturer’s instruc-
tion, by a commercially available turbidimetric assay
for the quantitative determination of Lp-PLA2 (PLAC
Test, Dia Dexus, San Francisco, USA) on an automa tic
bio  chemical analyzer Advia 1800 (Siemens). The re f -
erence values for Lp-PLA2 provided by the manufac-
turer of the diagnostic kit were less than 200 ng/mL.

Expected values for serum levels of osteocalcin
were assayed by the commercially available electro-
chemiluminescence immunoassay (ECLIA Roche,
Mannheim, Germany) on an automatic analyzer CO -
BAS e411 (Roche). Serum levels of cholesterol, LDL-
cholesterol and triglycerides were assayed by the com-
mercially available direct enzymatic assays on an auto-
matic biochemical analyzer Advia 1800 (Siemens).

Bone density investigations

Dual-energy x-ray absorptiometry (DXA) per-
formed on the lower spine and hips was used to eval-
uate the bone density. Patients were divided into three
groups according to their bone density as defined by
the T-score. The T-score is a person’s bone mass at a
particular site, expressed in standard deviations (SD)
away from the mean of a reference population. T-
score above –1 SD is considered normal, T-score
between –1 and –2.5 SD is classified as osteopenia
(low bone mass) and T-score below –2.5 SD is
defined as osteoporosis.

Statistical analysis

Shapiro-Wilk normality test was used to deter-
mine the distribution of the data. One-way analysis of
variance with Newmann-Keuls multiple test or
unpaired T-test was used if the distribution of data
was normal, and in case of non-parametric data dis-
tribution, Kruskal-Wallis test or Mann-Whitney U-test
were used to evaluate the Lp-PLA2 levels in selected
groups. Fisher’s exact test and odds ratio were used
to investigate the association between Lp-PLA2 and

lipid parameters (total cholesterol, LDL-cholesterol) or
age, sex and therapy.

A value of p<0.05 was considered statistically
significant. Statistical software GraphPad Prism, ver-
sion 6.0 (San Diego, California) was used to perform
the statistical analysis.

Results

Serum levels of Lp-PLA2 were measured in the
control group of healthy individuals and in the whole
group of patients. The median Lp-PLA2 value in
patients was significantly elevated in comparison with
healthy individuals (225 ng/mL vs. 192 ng/mL,
p<0.001 – Mann-Whitney U-test). 

Patients were divided into three groups (osteo-
porosis, osteopenia and normal bone density) accord-
ing to the T-score estimated from densitometry. T-
score is expressed as the standard deviation of bone
density from a reference population, as described
previously.               

Medians of Lp-PLA2 concentrations in patients
with osteoporosis, osteopenia and normal bone den-
sity according to DXA were significantly elevated,
contrary to the control group, with the highest dif -
ference in patients with osteoporosis and osteopenia
(227 ng/mL and 222 ng/mL vs. 192 ng/mL,
p=0.004 and p=0.005 – Mann-Whitney U-test).
Concentration of Lp-PLA2 in patients with normal

Table II Concentration of serum Lp-PLA2 (ng/mL) in
healthy individuals and in patients with impaired bone
density in various stages.

Results expressed as median and interquartile range (25th

and 75th percentile)

*Value of p<0.05 is considered as statistically significant.
Differences between concentrations in patients with osteo-
porosis, osteopenia and normal bone density according to
DXA were considered not significant (p=0.76 Newmann-
Keuls multiple comparison test).

Group n Lp-PLA2
(ng/mL)

p value

Healthy  individuals 46 192
(159–227)

All patients 85 225
(193–253)

<0.001*

T >  –1 20 221
(192–251)

0.024*

T = –1 to –2.5 22 222
(198–250)

0.005*

T <  –2.5 43 227
(187–263)

0.004*



bone density was also increased (221 ng/mL + 33
ng/mL) and reached significant difference from the
control group (p=0.024 – Mann-Whitney U-test).

The results are summarized in Table II. 

Serum osteocalcin, as a marker of osteosynthe-
sis and bone remodeling, was also measured in all the
patients. The reference intervals for serum osteocal-
cin were as follows: males from 50 to 70 years:
14–46 mg/L, females younger than 55: 11–43 mg/L,
females older than 56: 15–46 mg/L.

Serum levels of Lp-PLA2 in patients with the
serum osteocalcin concentration decreased below the
reference interval were compared with a control
group of healthy individuals. Twenty-four patients
from the entire group (n=85) had a serum level of
osteocalcin below the lower limit of the reference
interval. 

The median Lp-PLA2 value in all the patients
with a decreased serum osteocalcin concentration
(below the lower limit of the reference interval) was
significantly elevated in comparison with the healthy
individuals (224 ng/mL vs. 192 ng/mL, p=0.005 –
Mann-Whitney U-test). 

In the subgroup of patients with osteoporosis
and decreased serum levels of osteocalcin, the medi-
an of Lp-PLA2 was significantly elevated, contrary to
the control group (260 pg/mL vs. 192 pg/mL
p=0.002 – Mann-Whitney U-test). Medians in other
subgroups (osteopenia and normal density) with
decreased serum levels of osteocalcin did not reach
statistical significance (p=0.49 and p=0.24). The
results are summarized in Table III.

Concentration of Lp-PLA2 inversely correlated
with decreased levels of serum osteocalcin (mean Lp-
PLA2 concentration in patients with decreased osteo-
calcin = 237.2 ng/mL vs. mean Lp-PLA2 concentra-
tion in patients with normal osteocalcin = 220.8
ng/mL, Pearson correlation coefficient r=–0.28).

We investigated the association of Lp-PLA2 ele-
vation with the therapeutic procedures used (anti -
resorption therapy and antiresorption therapy com -
bined with lipid lowering therapy) and both associations
were found significant (p=0.014, odds ratio –
OR=3.36 and p=0.007, OR=2.97 respectively).  

Discussion

Our results support the evidence for a significant
role of phospholipase A2 in the metabolic processes of
bone metabolism. It is well known that phospholipase
A2 is involved in the metabolism of prostaglandins
(particularly prostaglandin E2) acting as a stimulator of
bone resorption. The lipoprotein phospholipase A2
belongs to a subgroup of the Ca2+ independent PLA2
family with a unique substrate preference for lysophos-
pholipids, and thus is mainly involved in atherosclerot-
ic processes. Lp-PLA2 is responsible for generating
two proinflammatory mediators following the oxida-
tion of LDL: lysophosphatidylcholine and oxidized fatty
acid, and thus is significantly associated with cardio-
vascular diseases and ischemic stroke (5). The cut off
value defined in clinical guidelines for the manage-
ment of cardiovascular disease is set at 200 ng/mL
(6). Our results show that medians of serum Lp-PLA2
in patients with impaired bone remodeling (according
to DXA) ranged from 221 to 227 ng/mL, and were
therefore elevated above the approved cut off value
for cardiovascular disease. This finding could lead to
the question of whether these patients with impaired
bone metabolism are also at elevated risk of cardiovas-
cular events. Nevertheless, patients were currently
clinically investigated and treated by standard therapy
(vitamin D3, bisphosphonates, statins). Bisphospho -
nates are known as powerful inhibitors of bone resorp-
tion (7). It is well known that decreased levels of serum
osteocalcin correlate with long-term bisphosphonates
treatment. This decrease was cofirmed in the group of
patients with impaired bone resorption, as shown in
Table I. 

We found a negative correlation of Lp-PLA2 lev-
els with decreased levels of serum osteocalcin
(Pearson correlation coefficient r=–0.28). This sug-
gests that Lp-PLA2 might be an additional, promising
biochemical marker of bone metabolism, however, this
needs to be verified on a larger number of samples. 

Recent data show that bisphosphonates may
also provide protective effects against cardiovascular
events including acute myocardial infarction (8). 
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Table III Concentration of serum Lp-PLA2 (ng/mL) in
healthy individuals and in the subgroup of patients with
decreased serum osteocalcin levels below the lower limit of
the reference interval.

Results expressed as median and interquartile range (25th

and 75th percentile)

*Value of p<0.05 is considered as statistically significant.
Differences between concentrations in patients with osteo-
porosis, osteopenia and normal  bone resorption according
to DXA are considered not significant (p=0.11, Newmann-
Keuls multiple comparison test).

Group n Lp-PLA2 (ng/mL) p value

Healthy 
individuals 46 192 

(159–227)

Patients 24 224 
(194–264) 0.005*

T <  –2.5 13 260 
(214–295) 0.002*

T = –1 to –2.5 6 198 
(189–218) 0.49

T >  –1 5 213 
(194–236) 0.24
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Lp-PLA2 activity correlates with lipid parame -
ters. A strong positive correlation has been demon-
strated consistently with LDL and total cholesterol in
many epidemiological studies (9–15). We confirmed
this correlation in our study (Pearson correlation coef-
ficient r=0.93). We analyzed the association of lipid
parameters with Lp-PLA2 levels and we found this
association not significant (p=0.64, Fischer’s exact
test, odds ratio – OR=0.76). This suggests that the
increased concentration of Lp-PLA2 in our group of
patients with impaired bone density was independent
of the levels of LDL-cholesterol and total cholesterol.
Although the control group is younger than the pa -
tient group (55 vs. 67 years), there was no significant
association of Lp-PLA2 levels with age (OR=1.48,
p=0.49). Lp-PLA2 levels are also independent of
gender (OR=1, p=0.67). Serum levels of Lp-PLA2
were significantly associated with the therapeutic pro-
cedures used. We found a significant association of
Lp-PLA2 levels with combined antiresorption and with
lipid lowering therapy using bisphosphonates and sta-
tins (OR=2.97, p=0.007). Relationship of Lp-PLA2
concentrations with antiresorption therapy using
bispho  sphonates was also significant (OR=3.36,
p=0.014). On the contrary, the association with sta-
tin therapy and vitamin D3 supplementation was not
significant (p=0.09 and p=0.15). 

The use of Lp-PLA2 as a marker of bone resorp-
tion in routine laboratory practice implies some ana-
lytical specifications including specimen handling,

sample storage and the time of analysis. Although Lp-
PLA2 is transported coupling with either LDL, or HDL
and lipoprotein (a), it is necessary to perform the
assay after sample stabilization during 16 hours at
2–8 °C, and the assay could be performed between
16–72 hours after the blood collection when Lp-PLA2
is eliminated from coupling with lipoproteins. Alter -
natively, the assay could be performed on the second
day after freezing overnight at less than –20 °C.

Conclusion

Lipoprotein-associated phospholipase A2 seems
to play an important role in bone metabolism. How -
ever, more analyses need to be performed to confirm
its significance.
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