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 Abstract
 Context. Lipoprotein-associated phospholipase A2 
(Lp-PLA2) is a novel biomarker for cardiovascular diseases 
(CVD) risk estimation with high specificity for vascular 
inflammation. Few studies have investigated Lp-PLA2 levels 
in patients with metabolic syndrome (MetS) and obstructive 
sleep apnea syndrome (OSAS). 
 Objective. This study aimed to evaluate the role of 
Lp-PLA2 levels as a marker of vascular inflammation that 
contributes to cardiometabolic dysfunction in patients with 
MetS and OSAS. 
 Design. This is a prospective case-control study. 
 Subjects and Methods. 83 men were enrolled. 
Following anthropometric measurements, laboratory 
analysis and overnight sleep study, patients were divided 
into three groups: MetS, OSAS with/without MetS. Serum 
Lp-PLA2 levels were determined by ELISA method. 
 Results. Serum Lp-PLA2 levels were statistically 
significant among the three groups and were higher in OSAS 
with MetS group than those without MetS. A significant 
positive relationship between increased Lp-PLA2 level and 
CRP (C-reactive protein) and apnea–hypopnea index (AHI) 
was found. Average oxygen saturation (AvO

2
) and the lowest 

oxygen saturation were negatively correlated with Lp-PLA2. 
The number of desaturation events, oxygen desaturation 
index, AvO

2
, AHI and CRP were significant predictors of 

Lp-PLA2. 
 Conclusions. Lp-PLA2 levels are associated with 
OSAS severity and might play an important role in predicting 
CVD in OSAS with/without MetS.

 Key words: lipoprotein-associated phospholipase 
A2, metabolic syndrome, obstructive sleep apnea, 
cardiovascular disease risk.

INTRODUCTION

 Global estimates show a substantial increase 
in the prevalence of metabolic syndrome (MetS) and 

obstructive sleep apnea syndrome (OSAS), in part due 
to the presence of the indisputable endemic character 
of obesity. According to World Health Statistics 2014, 
published by World Health Organization (WHO), 
11% of men and 15% of women were obese. The 
high prevalence of overweight and obesity found in a 
rural adult Romanian population with no hallmark of 
western lifestyle (1), leads us to the growing concern 
that MetS is a common disease in our country and 
may also contribute to other disabling conditions (2). 
OSAS has been identified as an important public health 
burden (3) due to its association with cardiometabolic 
disease and all-cause mortality (4). OSAS is a complex 
disorder that is characterized by chronic intermittent 
hypoxia induced by respiratory events during sleep that 
disrupt sleep physiological architecture (5) and lead 
to sympathetic activation, endothelial activation and 
inflammation, oxidative stress, increased coagulation 
and metabolic dysregulation (6). Cardiovascular 
disease (CVD) is the leading cause of death in Europe 
(7) and is responsible for over 62% of all-cause 
mortality in Romania (8). There is growing evidence 
that MetS is one of the most important risk factors 
for CVD. OSAS has also been studied as a potential 
and treatable risk factor for CVD (9) considering its 
independent association with components of MetS, 
namely arterial hypertension, high fasting blood 
glucose levels, high triglycerides (TG) and low HDL 
cholesterol (HDL-C) (10, 11). Large epidemiological 
studies have shown the association of increased 
inflammatory markers with endothelial dysfunction 
and development of atherosclerosis in OSAS and 
MetS patients. Recently, lipoprotein-associated 
phospholipase A2 (Lp-PLA2) has emerged as a novel 
predictive biomarker of subclinical inflammation in 
cardiovascular diseases (12,13) with high specificity 
for vascular inflammation (14). Lp-PLA2 is a 
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calcium-independent, 45-kDA protein, member of 
the phospholipases A2 superfamily of enzymes 
that hydrolyzes oxidized phospholipids generating 
proinflammatory and proatherogenic products such 
as lysophosphatidylcholine and non-esterified fatty 
acids associated with signaling pathways activation 
involved in alteration of the vascular wall (15). Lp-
PLA2 can be found in two forms: intracellular form 
expressed in atherosclerotic plaque and extracellular 
form found in circulating plasma in association with 
lipoproteins (16). Over 80% of plasma Lp-PLA2 mass 
circulates bound to apolipoprotein B on LDL-C, while 
the rest is associated with very-low-density lipoprotein, 
HDL-C and lipoprotein A (17). Lp-PLA2 manifests 
dual effects: anti-inflammatory and anti-thrombotic 
by degrading oxidized phospholipids, including 
platelet-activating factor and pro-oxidative and pro-
inflammatory properties, with the balance inclined 
towards the latter (18). Our study aims to evaluate the 
role of serum Lp-PLA2 levels as a marker of vascular 
inflammation that contribute to cardiometabolic 
dysfunction in patients with MetS and OSAS alone 
and also in individuals with coexisting syndromes. To 
our best knowledge, this is the first study to compare 
Lp-PLA2 serum levels between individuals with either 
MetS, OSAS or both syndromes.

MATERIALS AND METHODS

 Study population
 In our prospective case-control study, between 
January 2016 and February 2017, 102 consecutive 
male subjects attended our clinic because of clinical 
suspicion of OSAS: 83 participants and 16 healthy 
controls were included in the final analysis. 19 subjects 
met one or more of the following exclusion criteria: 
history of hypo- and hyperthyroidism, uncontrolled 
chronic medical conditions, acute or inflammatory 
diseases, sleep disorders other than OSAS, prior 
continuous positive airway pressure (CPAP) treatment, 
previous use of lipid-lowering therapy, sedative 
or hypnotic medication in the last 3 months. After 
anthropometric measurements, laboratory analysis and 
overnight sleep study, patients were divided into three 
groups according to MetS and OSAS criteria: MetS 
(group 1), OSAS without MetS (group 2) and OSAS 
with MetS (group 3). The control group consisted of 
healthy individuals with no signs of MetS or OSAS. 
All patients enrolled in this study gave written consent 
prior to participation.

 Study protocol
 The subjects were asked a set of detailed 
questions on personal habits, history of diseases and use 
of medication. Body mass index (BMI, kg/m2), neck 
(NC) and waist circumference (WC) measurements 
were assessed. The average of three seated blood 
pressure measurements was recorded. All patients 
underwent overnight unattended cardiorespiratory 
sleep study at the hospital using a portable multichannel 
device that recorded oral and nasal flow, chest and 
abdominal movements, continuous pulse oximetry, 
snoring and body position. The tests were validated and 
interpreted by a trained sleep physician according to 
American Academy of Sleep Medicine guidelines for 
diagnostic testing for adult sleep apnea (19). Venous 
blood samples were obtained from all patients in the 
morning after overnight cardiorespiratory polygraphy, 
after more than 12 hours of fasting. Measurements 
of blood glucose, total cholesterol (TC), high-density 
lipoprotein (HDL-C), low-density lipoprotein (LDL-C), 
triglycerides (TG), C-reactive protein (CRP) and 
complete blood count (CBC) analysis were performed. 
The monocyte count was assessed part of the routine 
hemogram with a reference value of 2-10%. All blood 
samples were determined using commercially available 
kits.

 Lp-PLA2 measurements
 Serum samples were obtained from patients 
using a serum separator tube and allowed to clot for 
two hours at room temperature before centrifugation 
for 20 minutes at 1000xg; they were then frozen and 
stored at −80° until analysis. Serum LpPLA2 level was 
determined spectrophotometrically by using “Cloud-
Clone Corp.” Enzyme-Linked Immunosorbent Assay 
(ELISA) kit. LpPLA2 serum level is expressed as ng/
mL. The baseline values of serum Lp-PLA2 obtained 
in our control group were 351.9 ± 105.3 ng/mL.

 Definitions
 The diagnosis of metabolic syndrome was 
based according to International Diabetes Federation 
(IDF) Guidelines (20) by following the criteria: central 
obesity (defined as WC ≥ 94 cm for Caucasian male) 
plus the presence of any two of the following: 1) TG 
levels ≥150 mg/dL or treatment for elevated TG; 2) low 
HDL-C < 40 mg/dL or specific medication; 3) High 
systolic blood pressure (SBP) ≥ 130 mmHg or diastolic 
blood pressure (DBP) ≥ 85 mm Hg or drug treatment for 
previously diagnosed hypertension; 4) elevated fasting 
plasma glucose ≥ 100 mg/dL or formerly diagnosed 
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with type 2 diabetes. Obesity was defined (21) by using 
the BMI cut-off points of ≥ 30 kg/m2 established by 
WHO. Arterial hypertension diagnosis was assessed 
by using the current guidelines (22). Framingham 
score was calculated as risk of coronary heart disease 
and stroke at 10 years (23). Monocyte to high-density 
lipoprotein ratio (MHR) was calculated by dividing 
monocyte count by HDL-C level.

 Statistical analysis
 Statistical analysis of the data was performed 
using SPSS version 20.0. The normal distribution of 
continuous data was tested using Shapiro-Wilk test. 
Normally distributed data were presented as mean ± 
SD and non-normally distributed data were expressed 
as median and interquartile range. We used Student’s 
t test and one-way ANOVA to compare normally 
distributed data and Mann-Whitney U test and Kruskal-
Wallis for nonparametric variables. Correlation 
analysis was performed using Pearson and Spearman 
tests. In regression models we used Lp-PLA2 levels as 
dependent variable to evaluate potential associations 
with sleep parameters and traditional risk factors for 
CVD. A p value of <0.05 was considered statistically 
significant.

RESULTS

 Of the total group of 83 patients, 53 (63.8%) 
met the criteria for MetS, of which 42 (79.2%) were 
diagnosed with OSAS. 13 subjects (15.7%) had normal 

apnea hypopnea index (AHI) <5/h, 24.1% had mild 
OSAS (AHI 5-14.9/h), 26.5% had moderate OSAS (AHI 
15-29.9/h) and 33.7% had severe OSAS (AHI>30/h). 
The prevalence of severe OSAS in the study population 
was 34.1% and more than half of them belonged to 
OSAS with MetS group. The baseline demographic and 
clinical characteristics of study population are shown 
in Table 1. There were significantly higher values of 
BMI, NC, WC, SBP, DBP, TG, Framingham score, 
CRP, MHR, sleep parameters and a significantly lower 
HDL-C levels in all patient groups compared to their 
corresponding values in the control group. Although an 
increasing trend was observed regarding advancing age 
and the presence of OSAS or its association with MetS, 
it did not reach statistical significance. As expected, 
all subjects were obese with significantly higher BMI, 
NC and WC compared to the control group. OSAS 
with MetS group had higher BMI compared to OSAS 
without MetS (p=0.037), higher TG levels (p=0.001), 
increased plasma glucose level (p=0.032) and higher 
Framingham score (p=0.042). In regard to sleep 
parameters, patients with higher number of respiratory 
events during sleep were found in the OSAS with MetS 
group. There was a statistically significant difference 
in oxygen desaturation index (ODI) (p=0.044) and 
number of desaturations (p=0.044) between OSAS 
patients with and without MetS. When comparing 
the three groups, we found a statistically significant 
difference in NC, TG, Framingham score and all 
studied sleep parameters; these were significantly 
higher in OSAS with MetS group. Also, we found 

Figure 1. The distribution of lipid profile among the three studied 
groups. Results are expressed as median and interquartile range 
values.

Figure 2. Comparison of serum Lp-PLA2 levels among the three 
groups. Data are expressed as median values and interquartile range 
(25th-75th). The median serum levels of Lp-PLA2 were significantly 
higher in patients with MetS and OSAS compared to MetS and OSAS 
alone (p<0.05). NS - not significant.
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that lower HDL-C levels were associated with this 
group. The distribution of lipid profile among the three 
studied groups is shown in Figure 1. The Lp-PLA2 
mass levels ranged from 187.9 to 2000 ng/mL with a 
median value of 728.5 ng/mL for all study participants. 
There were statistically significant differences in serum 
Lp-PLA2 levels among the three groups (Fig. 2) and 
also when compared to the control group. A significant 
difference in Lp-PLA2 levels between OSAS patients 
with and without MetS was also observed. In all study 
population, correlation analysis showed a positive 
association between Lp-PLA2 levels and BMI (r=0.31, 
p=0.046), CRP (r=0.29, p=0.047) and AHI (r=0.37, 
p=0.015). A negative modest association was found 
between Lp-PLA2 levels and average oxygen level (r=-
0.33, p=0.034) and lowest oxygen saturation (r=-0.36, 
p=0.019). Lp-PLA2 levels had also significant positive 

association with TG (r=0.94, p=0.005) in MetS group 
and significant inverse correlation with plasma glucose 
(r=-0.71, p=0.004) in OSAS without MetS group. In 
OSAS and MetS group, Lp-PLA2 was associated with 
BMI (r=0.49, p=0.024), CRP (r=0.45, p=0.036) and 
sleep parameters: AHI (r=0.44, p=0.043), ODI (r=0.48, 
p=0.024) and number of desaturation events (r=0.49, 
p=0.022). In addition, in all study group population, we 
found a positive correlation between Framingham score 
and AHI (r=0.40, p=0.009), ODI (r=0.43, p=0.005), 
number of desaturation events (r=0.41, p=0.006) and 
an inverse association with average oxygen level (r=-
0.34, p=0.026) and lowest oxygen saturation (r=-0.39, 
p=0.010). The correlations between serum Lp-PLA2 
and other clinical variables were analyzed using a 
simple linear regression model (Table 2). The strongest 
predictors for Lp-PLA2 levels variation in MetS group 

Variables
Control group

(n=16)
MetS

(n=13)
OSAS
 (n=28)

OSAS
with MetS (n=42)

p value*

Age, years 50.06 ± 2.3 49.33 ± 2.8 50.92 ± 1.7 53.52 ± 1.0 p=0.216
BMI, kg/m2 20.7± 2.6 33.83 ± 0.9 33.85 ± 1.2 38.03 ± 1.3 p=0.051
NC, cm 31.5 ± 1.0 44.0 ± 0.7 46.2 ± 1.4 46.9 ± 0.6 p=0.027
WC, cm 80.1± 8.9 117.0 ± 2.7 116.5 ± 2.9 123.7 ± 2.9 p=0.170
SBP, mmHg 108.1 ± 4.3 135.8 ± 4.1 128.0 ± 4.6 139.7 ± 3.5 p=0.119
DBP, mmHg 71.9 ± 1.2 85.5 ± 2.7 78.9 ± 2.7 83.5 ± 2.1 p=0.266

*TC, mg/dL
169.2 

(167.5; 185.4)
174.9 

(163.5; 313.2)
207.6

 (169.3; 238.4)
212.7 

(156.7; 252.9)
p=0.990

*HDL-C, mg/dL 66.4 ± 11.4 52.1  ± 6.3 47.6  ± 3.1 40.6 ± 2.4 p=0.048

*LDL-C, mg/dL
107 

(86; 118.7)
116.6 

(70; 209.7)
148.5 

(108.2; 155.5)
118.0 

(94; 154.2)
p=0.546

*TG, mg/dL
88.65 

(62.6; 118.1)
192.6 

(137.4; 319.1)
98.4 

(74.7; 127)
222.2 

(125; 269.8)
p=0.004

*Glucose, mg/dL
91 

(87.5; 100.5)
93 

(85.5; 117.2)
94 

(91; 108.9)
114 

(93.5; 149)
p=0.110

*FRS, %
3.2 

(1.8; 5.0)
12.5 

(7.1; 31.6)
13.3 

(10.7; 16.9)
35.3 

(23.3; 52.6)
p<0.001

*CRP, mg/dL
0.7 

(0.42; 1.2)
3.2 

(2.4; 4.1)
3.1 

(1.8; 4.7)
4.2 

(2.2; 5.4)
p=0.454

Monocyte (103 μL) 0.42 ± 0.02 0.59 ± 0.05 0.70 ± 0.04 0.61 ± 0.03 p=0.227
MHR, 10-3 6.0 ± 1.8 12.0 ± 1.5 15.6 ± 1.6 16.1 ± 1.2 p=0.299

*Lp-PLA2 mass, ng/mL
353.8 

(298.0; 404.7)
570.9 

(365.1; 778.7)
598.8 

(473.9; 786.2)
775.7 

(669.6; 904.7)
p=0.046

*AHI, events/h 1.75 (1.1; 2.7) 3.1 (2.5; 3.3) 18.4 (12.8; 28.2) 31.2 (10.6; 56.4) p=0.046
*ODI, events/h 0.55 (0.2; 1.2) 8.2 (4.7; 23.2) 19.6 (13.1; 25.5) 36.1 (14.1; 70.1) p=0.025

*Number of desaturations
7.5 

(4.2; 13.7)
65.5 

(33; 131)
137.5 

(91.7; 195.7)
238.0 

(93; 82.5)
p=0.022

*Lowest SaO
2
, % 91 (89; 92) 83 (77.2; 89.5) 81.5 (62.2; 85.2) 70 (52.5; 82.5) p=0.092

*Average SaO
2,
 %

93 
(94; 95)

91.5 
(90.5; 94.2)

91.5 
(89.7; 93.2)

91 
(84; 92.5)

p=0.169

Table 1. The baseline demographic, clinical characteristics and comparison of study population. Normally distributed data is shown as 
mean ± standard deviation and nonparametric values are expressed as median (quartile 1; quartile 3)

Legend: BMI = body mass index; NC = Neck circumference; WC = Waist circumference; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; TC= 
Total cholesterol; HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; TG = Triglycerides; FRS = Framingham Risk Score; 
CRP = C-reactive protein; MHR = Monocyte to high-density lipoprotein ratio; Lp-PLA2 = Lipoprotein-associated phospholipase A2; AHI= apnea hypopnea 
index; ODI = oxygen desaturation index; SaO2 = arterial oxygen saturation. *p-value <0.05 indicates statistical significance between MetS, OSAS and OSAS 
with MetS patients.
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were TG, ODI and number of desaturation episodes. 
In OSAS without MetS group, monocyte and MHR 
were found to be responsible for 55% and 51% of 
the variation, respectively. The strongest predictors 
of variation in Lp-PLA2 levels in OSAS with MetS 
group were BMI, WC, CRP, AHI, ODI, the number of 
desaturation events and average oxygen levels. 

DISCUSSION

 In the present study, serum Lp-PLA2 level was 
significantly elevated in subjects diagnosed with OSAS 
and especially in those diagnosed with MetS as well, 
when compared to MetS alone. Also, OSAS without 
MetS subjects had higher Framingham scores than 
MetS patients alone. The positive association found 
between Lp-PLA2 and BMI and WC were confirmed 
by other studies (24) and might be explained by the 
fact that macrophages are found in a high number in 
visceral adipose tissue and are responsible for Lp-
PLA2 secretion. The high prevalence of MetS in 
OSAS subjects found in our study is a major cause 
for concern considering the burden of cardiometabolic 
consequences derived from both syndromes. More than 
half of the patients with severe OSAS belonged to OSAS 
with MetS group. Given the complex, bidirectional 
interactions and interconnected mechanisms between 
OSAS and MetS, as we expected, most risk factors 
associated with the initiation or development of CVD 
were found in OSAS with MetS group. The presence 
of both OSAS and MetS, described as syndrome Z (25) 
may be linked to higher risk of CVD due to cumulative 
and synergistic effects (26,27). Wilcox et al. suggested 
that if OSAS alone were linked plausibly to CVD, 
then OSAS therapy would be indicated for predictive 
reasons (25) that might lead to increased awareness of 
OSAS and improvement of cardiovascular risk factors 

in both OSAS patients and coexisting syndromes. 
Lp-PLA2 has emerged as an independent risk marker 
for cardiovascular disease and it is being used as an 
adjunct to clinical risk prediction (28). CRP plays 
an important role in atherosclerosis and numerous 
large-scale studies have shown that CRP can be used 
as an inflammatory marker and as a mediator of 
atherosclerosis. Our findings show strong association 
in MetS alone group between the two inflammatory 
Lp-PLA2 and CRP levels known to be associated with 
myocardial infarction and stroke (29). In OSAS without 
MetS group, monocyte and MHR accounted for more 
than half of the variation of serum Lp-PLA2 levels. 
Similarly to Lp-PLA2, MHR was identified as a novel 
inflammation marker used as an independent predictor 
of CVD severity (30, 31). MHR was also investigated in 
OSAS patients and found to be associated with OSAS 
severity and suggested to be a useful predictor for CVD 
in individuals with OSAS (32). In our study, although 
it did not meet a significant statistical value, MHR is 
higher in OSAS patients, especially in OSAS with MetS 
comparing to MetS alone. This might be explained by 
the fact that Lp-PLA2 is a product of monocytes and 
its production regulated by inflammatory mediators is 
exacerbated in OSAS due to hypoxic stress (33). Our 
study provides evidence of a strong positive correlation 
between serum Lp-PLA2 and studied sleep parameters 
such as AHI, ODI, number of desaturation events and 
an inverse association with a lowest oxygen saturation 
and average oxygen saturation. These results are in 
agreement with two other studies that evaluated Lp-
PLA2 levels in OSAS patients that also reported a 
significant association between circulating Lp-PLA2 
concentration and arousal index (34, 35). AHI and 
ODI, as well as arousal index, are good indicators for 
severity of respiratory events during sleep. We also 
found a strong association between Framingham score 

Figure 1. Light microscopic micrograph of testis in control group.

Control group MetS OSAS OSAS with MetS
Variables r p r p r p r p
BMI 0.33 0.20 0.25 0.30 0.05 0.41 0.57 0.003
WC 0.14 0.58 0.09 0.86 0.01 0.63 0.17 0.06
TG 0.07 0.79 0.84 0.01 0.05 0.44 0.01 0.63
CRP 0.21 0.42 0.10 0.33 0.08 0.76 0.64 0.001
Monocyte 0.34 0.19 0.15 0.43 0.55 0.02 0.001 0.97
MHR 0.46 0.06 0.12 0.48 0.51 0.03 0.001 0.96
AHI 0.11 0.66 0.23 0.33 0.04 0.48 0.51 0.009
ODI 0.36 0.16 -0.82 0.02 0.01 0.66 0.43 0.02
Number of desaturation events 0.29 0.26 0.76 0.03 0.07 0.79 0.68 <0.001
Average SaO

2
 0.07 0.79 0.05 0.92 0.18 0.52 -0.59 0.002

Table 2. Linear regression analysis between lipoprotein-associated phospholipase A2 and other clinical variables

Abbreviations: BMI = body mass index; WC = Waist circumference; TG = Triglycerides; CRP = C-reactive protein; MHR = Monocyte to high-density lipoprotein 
ratio; AHI= apnea hypopnea index; ODI = oxygen desaturation index; SaO2 = arterial oxygen saturation.
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and studied sleep parameters. The inverse correlation 
between this score and average and lowest oxygen 
saturation and the fact that Lp-PLA2 is also negatively 
correlated with these variables, might suggest that 
OSAS severity is linked to higher risk of CVD. We 
observed an independent association of Lp-PLA2 with 
OSAS severity expressed as ODI, result that leads us 
to conclude that there is an independent relationship 
between OSAS and CVD and that one of the factors 
involved is hypoxia. Chronic intermittent hypoxia is the 
most important characteristic of OSAS pathophysiology 
and a distinctive feature of this condition may be the 
main culprit involved in endothelial dysfunction, 
linking OSAS to atherosclerosis (36). Our study has 
some limitations: the sample was small, not random 
and there was a lack of available data regarding cardiac 
assessments.
 In conclusion, chronic intermittent hypoxia, 
a key feature of OSAS, is associated with high 
proinflammatory state burden that adds to global 
cardiometabolic risk estimated by conventional risk 
factors. OSAS with MetS is associated with higher 
number of respiratory events during sleep and higher 
serum Lp-PLA2 levels when compared to OSAS and 
MetS alone. Lp-PLA2 levels are associated with OSAS 
severity and might play an important role in predicting 
CVD in OSAS patients with or without MetS. 
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