
Periodontal microbiota and phospholipases: The Oral Infections 
and Vascular Disease Epidemiology Study (INVEST)

Adrien Boillota,b, Ryan T. Demmerc, Ziad Mallatd,e, Ralph L. Saccof, David R. Jacobsg,h, 
Joelle Benessianoi, Alain Tedguid, Tatjana Rundekf, Panos N. Papapanouj, and Moïse 
Desvarieuxc,k,*

a Department of Periodontology, Rothschild Hospital (AP-HP); University Paris 7, 5 Rue Santerre, 
Paris, France

b INSERM U1018, University of Versailles St Quentin. Centre for research in Epidemiology and 
Population Health, Villejuif, France

c Department of Epidemiology, Mailman School of Public Health, Columbia University, New York, 
NY, USA

d Inserm U970; Cardiovascular Research Center, and Université Paris-Descartes University, 
F-75015, Paris, France

e Department of Medicine, University of Cambridge, Cambridge, United Kingdom

f Department of Neurology, Miller School of Medicine, University of Miami, Miami, FL, USA

g Department of Epidemiology and Community Health, School of Public Health, University of 
Minnesota, Minneapolis, MN, USA

h Department of Nutrition, University of Oslo, Oslo, Norway

i Service de Biochimie, Hôpital Bichat, Assistance Publique-Hôpitaux de Paris, Paris, France

j Division of Periodontics, Section of Oral and Diagnostic Sciences, College of Dental Medicine, 
Columbia University, New York, NY, USA

k INSERM Epidemiology and Biostatistics Research Center, Sorbonne Paris Cité, INSERM UMR 
1153, Paris, France

Abstract

Objective—Periodontal infections have been linked to cardiovascular disease, including 

atherosclerosis, and systemic inflammation has been proposed as a possible mediator. Secretory 

phospholipase A2 (s-PLA2) and Lipoprotein-associated PLA2 (Lp-PLA2) are inflammatory 
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enzymes associated with athero-sclerosis. No data are available on the association between oral 

microbiota and PLA2s. We studied whether a relationship exists between periodontal microbiota 

and the activities of these enzymes.

Methods—The Oral Infection and Vascular Disease Epidemiology Study (INVEST) collected 

subgingival biofilms and serum samples from 593 dentate men and women (age 68.7 ± 8.6 years). 

4561 biofilm samples were collected in the two most posterior teeth of each quadrant (average 7/

participant) for quantitative assessment of 11 bacterial species using DNA–DNA checkerboard 

hybridization. Mean concentration of s-PLA2 and activities of s-PLA2 and Lp-PLA2 were 

regressed on tertiles of etiologic dominance (ED). ED is defined as the level of presumed 

periodontopathic species/combined level of all eleven species measured, and represents the relative 

abundance of periodontopathic organisms. Analyses were adjusted for age, sex, race/ethnicity, 

education, smoking, BMI, diabetes, LDL cholesterol and HDL cholesterol, and systolic blood 

pressure.

Results—Higher levels of s-PLA2 activity were observed across increasing tertiles of etiologic 

dominance (0.66 ± 0.04 nmol ml−1 min−1, 0.73 ± 0.04 nmol ml−1 min−1, 0.89 ± 0.04 nmol ml−1 

min−1; p < 0.001), with also a trend of association between Lp-PLA2 activity and ED (p = 0.07), 

while s-PLA2 concentration was unrelated to ED.

Conclusion—Increasingly greater s-PLA2 activity at higher tertiles of etiologic dominance may 

provide a mechanistic explanatory link of the relationship between periodontal microbiota and 

vascular diseases. Additional studies investigating the role of s-PLA2 are needed.

Keywords

Periodontitis; Phospholipases; Cardiovascular diseases; Atherosclerosis

1. Introduction

Chronic systemic inflammation has been repeatedly shown to predict incident clinical 

cardiovascular disease [35,28] which is possibly due to the involvement of inflammatory 

cells in the initiation and progression of atherosclerosis [25,1].

Human A2 phospholipases (including Secretory phospholipase A2 (s-PLA2) and 

Lipoprotein-associated phospholipase A2 (Lp-PLA2)) propagate inflammation by catalyzing 

the hydrolysis of glycerophospholipids, producing non-esterified fatty acids such as 

arachidonic acid. s-PLA2 is also expressed in the normal arterial wall, and its expression is 

readily up-regulated by inflammatory stimuli, suggesting a potential role for s-PLA2 in the 

early phases of the vessel response to injury [12]. Lp-PLA2 hydrolyzes oxidised 

phospholipids to yield pro-inflammatory products that are implicated in inflammatory 

responses in the arterial intima, and consequently vascular dysfunctions and diseases. 

Numerous studies have explored the role of s-PLA2 and Lp-PLA2 as risk markers of 

coronary diseases [35,16,18], and carotid artery disease [29].

Risk factors for elevated s-PLA2 and Lp-PLA2 are not well understood. One possible 

inflammatory trigger is adverse microbial exposures such as those commonly encountered in 

periodontal disease. Periodontal disease is a bacterially induced inflammatory disease of the 
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soft and hard tissues supporting the tooth root. Sustained pathogenic periodontal bacterial 

infections can directly influence systemic inflammation and subclinical atherosclerotic 

development [9,8], Randomized controlled trials have demonstrated that anti-infective 

periodontal interventions can reduce systemic inflammation and improve vascular 

endothelial function [36,19,23].

The Oral Infections and Vascular Disease Epidemiology Study (INVEST) was designed to 

explore the contribution of periodontal infections to atherosclerosis and subsequent vascular 

disease. We quantified a total of 11 subgingival bacterial species including 4 thought a-priori 

to be etiologically related to periodontal disease [3,31], 5 putatively associated with 

periodontal disease [3], and 2 associated with periodontal health [31]. We hypothesized that 

the four bacteria related to periodontal disease would differentially relate to novel 

inflammatory markers.

In this report, we investigated whether activity of s-PLA2 and Lp-PLA2 correlated cross-

sectionally with (1) the specific organisms thought a-priori to be etiologically related to 

periodontal disease; and (2) the relative abundance of these four species among the eleven 

measured in this study.

2. Materials and methods

INVEST is a prospective cohort which aims to investigate the association between oral 

infections and both subclinical and clinical cardiovascular diseases. 1056 individuals living 

in Northern Manhattan were randomly selected from the Northern Manhattan Study 

(NOMAS) [26,8].

Residents of Northern Manhattan were contacted via randomdigit dialing (zip codes 10031, 

10032, 10033, 10034, and 10040). Eligible participants were defined as: i) Hispanic, black, 

or white with residence of ≥3 years; ii) aged 55 years or older at time of first examination; 

iii) no baseline history of stroke, myocardial infarction, chronic inflammatory conditions or 

history of bacterial endocarditis.

2.1. Dental history and oral examination

After exclusion of edentulous participants, 841 individuals were enrolled at baseline. 

Because of missing clinical data (n = 248), 593 subjects were finally included in analyses. 

The Columbia University Institutional Review Board approved the study, and all subjects 

provided informed consent.

Details of the oral examination have been described previously [8]. Complete oral 

examinations were conducted by calibrated dental examiners. Participants were interviewed 

about oral hygiene habits (frequencies of tooth brushing and flossing as times/day and times/

week respectively). For all teeth present, bleeding on probing, probing depth and gingival 

recession were measured in millimeters using a UNC-15 manual probe (Hu-Friedy) at six 

sites per tooth.
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2.2. Oral plaque collection and laboratory processing

From the two most posterior teeth in each quadrant as available (mesiopalatal sites in the 

maxilla and mesiobuccal sites in the mandible), plaque samples were collected using sterile 

Gracey curettes by a single scaling stroke from the base of the periodontal pocket (n = 5369 

plaque samples, analyses being conducted in 4561 samples after exclusion of participants 

with missing information on covariates). We chose a priori these specific teeth to avoid bias 

by collecting plaque samples in the most diseased sites [9,7].

Bacterial plaque samples were immediately transferred into the laboratory using Eppendorf 

tube containing 200 μL of sterile T-E buffer (10 mmol/L Tris HCl, 1.0 mm EDTA, pH 7.6). 

Then, plaque samples were resuspended and subjected to a vortex. 200 μL of a 0.5 mol/L 

NaOH solution was added before conserving the collected sampled at 4 °C. Finally, samples 

were immobilizated onto nylon membranes.

We used the High-Prime labeling kit (Roche/Boehringer-Mannheim) to prepare genomic 

digoxigenin-labeled probes to detect species currently considered to be (1) etiologically 

linked with periodontal diseases or frequently encountered in pathological periodontal 

conditions (Porphyromonas gingivalis [ATCC 33277], Tannerella forsythensis [ATCC 

43037], Aggregatibacter actinomycetemcomitans [ATCC 43718], and Treponema 
denticola [ATCC 35404]) [31,3], (2) putatively associated with periodontal disease 

(Prevotella intermedia [ATCC 25611], Fusobacterium nucleatum [ATCC 10953], 

Parvimonas micra [ATCC 33270], Campylobacter rectus [ATCC 33238], and Eikenella 
corrodens [ATCC 23834]) [3] and (3) primarily associated with periodontal health 

(Veillonella parvula [ATCC 10790] and Actinomyces naeslundii [ATCC 49340]) [31].

The checkerboard DNA–DNA hybridization method was used to analyse bacterial plaque 

samples (sensitivity and specificity previously described [11]). A comparison between 

checkerboard hybridization and culture in the identification of subgingival microbiota has 

been published by our group [22]. After boiling, plaque samples were neutralized and 

transferred onto nylon membranes using a Minislot device (Immunetics), before being 

immobilized by UV light and baking at 120 °C. Hybridizations between the DNA probes 

and the plaque DNA were performed overnight in a Miniblotter device (Immunetics) at 

42 °C. After a series of stringency washes, we used anti-digoxigenin antibodies conjugated 

with alkaline phosphatase to detect hybrid double-stranded DNA after incubation with a 

chemiluminescent substrate (CSPD, Roche/Boehringer- Mannheim). Chemiluminescent 

detection of DNA was performed in a LumiImager workstation with a chargecoupled device 

camera (Roche/Boehringer- Mannheim). We used LumiAnalyst software to convert the 

chemiluminescent signals into bacterial counts. The lower detection level of the method is 

between 103 and 104 bacterial cells.

Lp-PLA2 activity was measured and expressed in nmol/min per ml of plasma [15]. The 

within-assay variability was <10%. sPLA2 activity was measured on heparinated plasma 

samples as previously described [18]. The minimum detectable activity was 0.10 

nmol/min/ml and the intra- and inter-assay CVs were <10%. Levels of sPLA2 protein in 

plasma were measured by an immunometric assay (Cayman Chemical Company, Ann 

Arbor, Michigan).
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2.3. Risk factor assessment

Sociodemographic variables, medical status and risk factors for cardiovascular diseases were 

collected by trained assistants by using interviews in English or Spanish, and adapted from 

the Centers for Disease Control and Prevention Behavioral Risk Factor Surveillance System 

[8]. Participants were categorized as never, former or current smokers [8]. Race/ethnicity 

was self-identified [26].

Study physicians measured systolic and diastolic blood pressures using a calibrated aneroid 

sphygmomanometer (Omron). We used the average of two measurements in all analyses 

[27,6].

Fasting glucose and cholesterol levels were measured from blood samples collected at 

enrollment [27,2,38]. Participants with a history of diagnosed diabetes, with insulin or 

hypoglycemic medication, or with a fasting glucose ≥126 mg/dL (≥7.7 mmol/L), were 

defined as having diabetes.

2.4. Statistical analysis

Laboratory analysis provided a relative quantity of bacteria per subgingival plaque sample 

by comparing all samples to known standards (see methods above). Bacterial values were 

first log-transformated. Standardized values for each bacterial species (SCbact) were 

calculated as the average of the ratio of mean within mouth (Mind) by the population 

standard deviation (SDpop) for the respective species (SCbact = Mean(Mind/SDpop)). 

Consequently, bacterial values are expressed in standard deviation units (SDU), and are 

equivalent across species. We used the consensus of the 1996 World Workshop in 

Periodontics that identified the periodontal pathogens associated with pathological 

periodontal conditions (P gingivalis, T forsythensis, and A actino-mycetemcomitans) [3] 

and the definition of Socransky's red complex [31], which led to the addition of T denticola, 

to generate an etiologic burden score (EB), which comprised the 4 pathogens (A 

actinomycetemcomitans, P gingivalis, T forsythensis, and T denticola) (EB = sum(SCAa + 

SCPg + SCTf + SCTd)). Similarly, putative and health-associated burden scores (respectively 

PB and HAB) were computed for respectively the five putatively associated and the two 

health-associated pathogens [3,31]. An etiologic dominance score (ED), which represents 

the predominance of the etiologic bacterial group in the whole ecological niche, was 

calculated as the ratio of the etiologic burden score by the sum of standardized values for the 

11 periodontal pathogens analysed (ED = EB/(EB + PB + HAB)).

Clinical periodontal status was defined as the full-mouth mean clinical attachment level and 

mean periodontal probing depth.

Concentration of s-PLA2 and activity of both s-PLA2 and Lp-PLA2 (dependent variables) 

were regressed on tertiles of the aforementioned independent variables in multivariable 

regression models, first considering tertiles as a continuous variable to assess the linear 

pattern of the distribution (p for linear trend), and secondly considering tertiles as categories 

in case of a curvature distribution (p for statistical significance). All adjusted models 

included the following covariates: age, sex, race/ethnicity (Hispanic, black, or white), 

education (completed high school or not), smoking (never, former, and current smokers), 
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diabetes, BMI, LDL and HDL cholesterol levels, and systolic blood pressure. Models for the 

s-PLA2 activity outcome were adjusted for s-PLA2 concentration to explore if bacterial 

burdens are associated with alterations in activity independently of variations in 

concentration. We finally ran models mutually adjusting for both bacterial burden and 

clinical periodontal data under the assumption that bacterial levels confound associations 

between clinical periodontal data and PLA2 outcomes, in accordance with the hypothesis 

that bacteria are the etiologic exposures. significance was set at p < 0.05. All analyses were 

performed with R Windows 2.14.0.

3. Results

3.1. General characteristics

The study population was triethnic, with 57% Hispanics, 23% non-Hispanic blacks and 18% 

non-Hispanic whites (the remaining 2% reported ‘other’). Nearly 60% of the studied 

participants were females. Concentration and activity of s-PLA2 were higher in females than 

males (Concentration: 4.67 ± 7.80 ng ml−1 vs 2.80 ± 3.39 ng ml−1;p < 0.001. Activity: 0.82 

± 0.59 nmol ml−1 min−1 vs 0.67 ± 0.52 nmol ml−1 min−1;p < 0.001). On the contrary, 

activity of Lp-PLA2 was higher in males than females (32.53 ± 11.49 nmol ml−1 min−1 vs 

28.85 ± 10.19 nmol ml−1 min−1; p < 0.001). Clinical periodontal characteristics were worse 

in males (mean PPD (mm): 2.64 ± 0.76 vs 2.42 ± 0.69; p < 0.001. n = 583, 10 patients 

excluded because missing periodontal data). However, no difference exists between males 

and females for bacterial burdens except for health-associated burden, which is higher in 

females (25.74 ± 1.62 vs 25.46 ± 1.45; p = 0.03).

3.2. Validation of a-priori concepts

After adjustment for age and gender, lower tertiles of health-associated burden were 

inversely associated with better clinical periodontal conditions, in terms of percentage of 

sites with probing depth 3 mm and more and percentage of sites with bleeding on probing. 

On the contrary, worse periodontal conditions were observed with increasing levels of 

etiologic and putative periodontal pathogens [9] (Supplemental Table 1).

3.3. Periodontal bacteria and s-PLA2 concentration

In spite of an increase in s-PLA2 concentration between the two lower tertiles of etiologic 

dominance (ED), no significant independent association was found between s-PLA2 

concentration and tertiles of etiologic dominance (p = 0.91).(Table 1) After multivariable 

adjustment, mean ± SE s-PLA2 concentrations across tertiles of etiologic burden (EB) were 

3.94 ± 0.79 ng ml−1, 3.77 ± 0.70 ng ml−1, 3.52 ± 0.78 ng ml−1 (p = 0.92). Similarly, we 

observed no significant association between s-PLA2 concentration and putative and health-

associated burdens. (Data not shown).

3.4. Periodontal bacteria and activity of s-PLA2 and Lp-PLA2

Fig. 1 shows mean adjusted s-PLA2 activity levels across tertiles of the three bacterial 

burdens, after adjustment for all covariates. Mean ± SE s-PLA2 activity levels across tertiles 

of EB were: 0.70 ± 0.05 nmol ml−1 min−1, 0.73 ± 0.04 nmol ml−1 min−1 and 0.84 ± 0.05 
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nmol ml−1 min−1, respectively.(Fig. 1) Also, s-PLA2 and Lp-PLA2 activities increased 

across tertiles of putative burden (PB).(Table 2 and Fig. 1)

Similarly, when looking at bacterial etiologic dominance, s-PLA2 activity significantly 

increased in a dose-responsive manner as follows: 0.66 ± 0.04 nmol ml−1 min−1, 0.73 ± 0.04 

nmol ml−1 min−1, and 0.89 ± 0.04 nmol ml−1 min−1 (p < 0.001). No significant association 

was observed for mean Lp-PLA2 activities across tertiles of etiologic dominance (p = 0.07).

(Table 1 and Fig. 2)

3.5. Clinical periodontal characteristics and levels of s-PLA2/Lp-PLA2 activity

After adjustment for medical, behavioral and sociodemographic confounders, s-PLA2 

activity increased across increasing tertiles of mean probing depth and clinical attachment 

loss (respectively p < 0.001 and p = 0.02). On the contrary, no significant association was 

found for Lp-PLA2 activity after adjustment for same covariates (respectively p = 0.15 and p 

= 0.49). However, after additional adjustment for etiologic burden, statistical significance in 

the relationship between s-PLA2 activity and both mean clinical attachment loss and 

percentage of sites with probing depth 3 mm and more disappeared (respectively p = 0.25 

and p = 0.06). Associations between clinical periodontal measures and Lp-PLA2 activity 

were not as evident.(Supplemental Tables 2–4)

4. Discussion

We report a positive independent relationship between activity of s-PLA2 and periodontal 

bacterial etiologic dominance. Mean clinical attachment loss and mean probing depth were 

also significantly associated with s-PLA2 activity. On the contrary, no significant association 

was found for s-PLA2 concentration and Lp-PLA2 activity with both microbiological and 

clinical data (except for Lp-PLA2 activity and percentage of sites with probing depth 3 mm 

and more).

Numerous studies have observed an association between periodontal diseases and incident 

cardiovascular diseases [4,5]. Studies of the association between periodontitis and well-

established inflammatory markers, such as CRP and interleukins, or novel markers, such as 

s-PLA2 and Lp-PLA2, are of importance to understand (1) the mechanisms linking 

periodontal and cardiovascular diseases and (2) the potential systemic benefits of periodontal 

therapy. We previously observed that mean carotid intima-media thickness increased across 

tertiles of bacterial etiologic dominance from 0.84 ± 0.008 to 0.88 ± 0.008 mm (p = 0.002) 

[9]. Also, subjects with elevated levels of circulating antibodies against periodontal 

pathogens were at higher risk for coronary heart disease than controls with lower bacterial 

exposure (OR: 1.75 (95% CI, 1.32 to 2.34; p < 0.001)) [20]. On the other hand, and contrary 

to s-PLA2 concentration which has little prognostic utility, biological and epidemiologic 

evidence exists about the association between s-PLA2 activity and risk of coronary events 

and atherosclerosis [15–17]. This study could add to the discussion about explanatory 

mechanisms linking periodontal diseases to coronary events and atherosclerosis.

Our findings for s-PLA2 activity are consistent with previous studies showing an increase of 

several inflammatory markers across levels of periodontal bacteria [21,24]. We hypothesize 
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the increase of s-PLA2 activity across tertiles of ED, independently of s-PLA2 

concentration, could be due to an increase of s-PLA2 activator across levels of periodontal 

pathogens. Authors have shown levels of oxidized lipoproteins, which are activators of s-

PLA2 [14], significantly increase in subjects with high levels of Aggregatibacter 
actinomycetmecomitans [13] and clinical diagnosis of periodontal diseases [33,34]. In this 

study we adjusted results for LDL and HDL cholesterol, but few studies investigated 

activators of s-PLA2 in humans and we suppose other non-identified activating factors, 

which levels increase with periodontal pathogens burdens, could be involved. Also, no 

significant association was found for Lp-PLA2 activity with bacterial burden or ED. Lp-

PLA2 travels in blood mainly bound to LDL, and alterations of the binding could be due to 

acute phase proteins such as fibrinogen [10]. High levels of fibrinogen are found in 

periodontal diseases [39]. Consequently, our data of non-significant association between Lp-

PLA2 activity and microbiological and clinical status could relate to the release of acute 

inflammatory markers, such as fibrinogen, which affects binding of Lp-PLA2 to LDL, and 

consequently the activity of Lp-PLA2.

As reported above, we found worse clinical periodontal conditions were observed in higher 

tertiles of etiologic dominance, and that significant association between levels of s-PLA2 

activity and both mean clinical attachment loss and percentage of sites with probing depth 3 

mm and more disappeared after we adjusted for confounders and etiologic burden. Such 

results confirm the hypothesis that bacteria are the common denominators, and that the 

etiologic exposures may be responsible for both periodontal breakdown and increasing 

levels of sPLA2-activity.

In the present study by INVEST design, we minimized the possibility of socioeconomic 

confounding by enrolling subjects from 5 different areas in northern Manhattan. 

Additionally, instead of simply selecting bacterial samples from the most periodontally 

diseased sites, we collected and analyzed an average of 7 subgingival plaque samples per 

mouth because we hypothesized that the overall subject's periodontal microbiota would 

likely be most relevant to systematic health in spite of an increased likelihood of positive 

findings when sampling from the most periodontally diseased sites. In addition to analyses 

performed on bacteria that are etiologically linked and putatively associated with periodontal 

diseases, plus bacteria primarily associated with healthy periodontal conditions [31], we 

performed supplemental analysis focused on the burden of those specific bacteria thought to 

be causally related to periodontal diseases relative to the overall bacterial burden in the 

periodontal niche assessed. This measure allows us to have internal bacterial controls, thus 

reducing the probability that bacterial levels might simply reflect poor oral and perhaps 

general health.

The present study naturally has some limitations. First, we found no significant association 

between s-PLA2 concentration and bacterial burdens, in spite of an increase from first to 

second tertiles of etiologic dominance. Desvarieux et al., in a previous report from the same 

cohort, found C-reactive protein concentration was not correlated with levels of EB [9]. 

Slade et al. showed BMI could be a modifying factor since relationship between CRP and 

periodontitis was only observed among adults with low BMI [30]. In INVEST, the average 

BMI is more than 28 kg/m2 which, if such a similar relationship exists between periodontal 

Boillot et al. Page 8

Atherosclerosis. Author manuscript; available in PMC 2016 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



disease, s-PLA2 and BMI, could explain the non linear increase of s-PLA2 levels across EB 

tertiles. Moreover, because of the cross-sectional nature of our data, no inference can be 

made about a causal relationship. We must await the prospective results of INVEST and 

other studies to make firmer conclusions [37,7]. Finally, we have used race/ethnicity and 

educational level as crude surrogates for socioeconomic status. More robust constructs for 

socioeconomic status exist but are not available in INVEST. However, a particular strength 

of INVEST is the fact that participants are enrolled from neighborhoods in New York City 

where the socioeconomic status composition is relatively homogenous.

However, to our knowledge, this study provides the first evidence of a relationship between 

s-PLA2 activity and periodontal microbiota. Because of the previously described 

associations between s-PLA2 activity and atherosclerosis [35,16], and between periodontal 

conditions and vascular morbidity [9,8,32], these findings raise the possibility that s-PLA2 

activity could mediate the link between periodontal infections and atherosclerosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Distribution of s-PLA2 activity across tertiles of etiologic, putative and health-associated 

burdens. s-PLA2: Secretory phospholipase A2. EB: Etiologic burden; PB: Putative burden; 

HAB: Health-associated burden. Adjustment for gender, age, race, education, diabetes, 

smoking, BMI, mean systolic blood pressure, HDL-cholesterol, LDL-cholesterol. Bacterial 

burdens are mutually adjusted. Tertile 1: n = 197; Tertile 2: n = 198; Tertile 3: n = 198. p for 

linear trend (1 d.f.): EB = 0.14; PB = 0.07; HAB = 0.43. p for global null hypothesis of any 

difference in outcome (2 d.f.): EB = 0.22; PB = 0.14; HAB = 0.60.
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Fig. 2. 
Distribution of Lp-PLA2 and s-PLA2 activities across tertiles of etiologic dominance. s-

PLA2: Secretory phospholipase A2; Lp-PLA2: Lipoprotein-associated phospholipase A2. 

Adjustment for gender, age, race, education, diabetes, smoking, BMI, mean systolic blood 

pressure, HDL-cholesterol, LDL-cholesterol. Tertile 1: n = 197; Tertile 2: n = 198; Tertile 3: 

n = 198. p for linear trend (1 d.f.): Lp-PLA2: 0.10; s-PLA2 < 0.001. p for global null 

hypothesis of any difference in outcome (2 d.f.): Lp-PLA2: 0.07; s-PLA2 < 0.001.
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Table 2

Adjusted mean ± SE for Lp-PLA2 activity (in nmol ml−1 min−1) across tertiles of etiologic, putative and 

health-associated bacterial burdens.

Tertile I (n = 197) Tertile II (n = 198) Tertile III (n = 198) p for trend p

Etiologic burden 30.66 ± 0.91 29.23 ± 0.74 31.06 ± 0.95 0.84 0.21

Putative burden 29.04 ± 0.91 30.23 ± 0.74 31.68 ± 0.93 0.04 0.22

Health-associated burden 30.96 ± 0.78 28.97 ± 0.74 31.03 ± 0.76 0.97 0.09

Lp-PLA2: Lipoprotein-associated phospholipase A2. SE: Standard error. Adjusted for Gender, Age, Race, Education, Diabetes, Smoking, BMI, 
mean systolic blood pressure, HDL-cholesterol, LDL-cholesterol. Bacterial burdens were mutually adjusted.
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