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Abstract

Objectives: Periodontitis is a chronic infectious disease and has been associated with 

cardiovascular diseases (CVD). We investigated whether plasma levels of markers of a 

prothrombotic state were elevated in patients with periodontitis in comparison to healthy 

controls. 

Materials and methods: Untreated patients with moderate (n=53) and severe periodontitis 

(n=38) and healthy controls (n=39) were recruited. Levels of von Willebrand factor (vWF), 

prothrombin fragment 1+2 (F1+2), plasminogen activator inhibitor-1 (PAI-1) activity and D-

dimer were measured as markers of a prothrombotic state.

Results: The erythrocyte sedimentation rate (ESR), plasma C-reactive protein (CRP) and 

leukocyte counts (WBC) were significantly higher in patients with periodontitis. No 

statistically significant difference was found among the three groups for vWF (p = 0.264), 

F1+2 (p = 0.295) and D-dimer (p = 0.572). However PAI-1 was clearly elevated in the severe 

periodontitis group (p = 0.001), even after adjusting for potential confounding factors (padj =

0.004). Moreover, more patients than controls were having vWF and PAI-1 levels above the 

respective population medians.

Conclusions: In periodontitis elevated levels of PAI-1 activity are observed compared to 

healthy controls. This may increase the potential for impaired fibrinolysis, a condition that 

results in a prothrombotic state. We suggest that this state, if left untreated, may contribute to 

an increased risk for CVD.
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Introduction

Periodontitis is a chronic infectious disease of the supporting tissues of the teeth. The etiology 

of this disease is strongly related to the colonization of the periodontal tissues by a complex 

mix of anaerobic, Gram-negative bacteria. A few gram-negative bacterial species have been 

specifically associated with periodontitis, including Porphyromonas gingivalis, Actinobacillus 

actinomycetemcomitans and Tannerella forsythensis (Pihlstrom et al. 2005).

Interestingly, epidemiological studies have reported associations between periodontitis and 

cardiovascular diseases (CVD), especially myocardial infarction and stroke, and the 

association seems stronger in patients with severe periodontitis (Janket et al. 2003). One 

explanation for these epidemiological observations is the notion that in periodontitis markers 

for CVD are elevated. Several studies reported that patients with chronic periodontitis show 

elevated blood levels of leukocytes, especially neutrophils, elevated levels of C-reactive 

protein (CRP), and interleukin-6 (IL-6) (Buhlin et al. 2003, Loos et al. 2000, Noack et al. 

2001). Thus a mild acute phase response is present in periodontitis. Furthermore, intervention 

studies have shown that successful non-surgical periodontal treatment can decrease levels of 

CRP and IL-6 (D'Aiuto et al. 2004a, Seinost et al. 2005). These same factors are associated to 

the process of atherosclerosis, the underlying cause of CVD (Folsom et al. 1997, Lowe 1998, 

Smith et al. 1997, Thompson et al. 1995, Tuomisto et al. 2006). It has been suggested that 

periodontitis as a chronic infectious disease could contribute to CVD via CRP and IL-6

(Ajwani et al. 2003, Buhlin et al. 2003, D'Aiuto et al. 2004b). Most likely plasma CRP and 

IL-6 are elevated due to a trigger from the periodontal lesion; in periodontitis the ulcerated 

pocket epithelium forms a porte d’entreé for bacterial antigens, lipopolysaccharide and whole 

bacteria resulting in episodes of bacteremia (Daly et al. 2001, Geerts et al. 2002, Herzberg & 

Weyer 1998, Kinane et al. 2005, Li et al. 2000).

An acute phase response may contribute to a prothrombotic state (Munford 2001), as result 

of endothelial perturbation, increased activity of blood coagulation and attenuated 

fibrinolysis. A prothrombotic state is reflected by the presence of increased concentrations of 

proteins like von Willebrand factor (vWF) and plasminogen activator inhibitor-1 (PAI-1) or 

protein cleavage products as prothrombin fragment 1+2 (F1+2) and D-dimer (Sagripanti et al. 

1996). Indeed elevated plasma levels of these markers have been associated with higher risk 

for recurrent ischemic events in patients with a history of coronary heart disease or ischemic 
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stroke (Barber et al. 2004, Cote et al. 2000, Danesh et al. 2001, Lindgren et al. 1996, Lowe et 

al. 2001).

While there is good evidence for close interactions between inflammatory proteins, 

endothelial activation and prothrombotic alterations in diseases like sepsis, it has only been 

scarcely established whether a more subtle chronic infectious state, like periodontitis, leads to 

prothrombotic changes in the blood compartment. A recent study on the systemic effects of 

full-mouth tooth extraction in 67 individuals showed a significant reduction of PAI-1 antigen 

and fibrinogen, highly suggestive that periodontitis may indeed result in a prothrombotic state 

(Taylor et al. 2006). To further investigate the association between periodontitis and a 

prothrombotic state, we set out to analyze 4 thrombotic markers, in conjunction with 

established markers of inflammation, in patients with periodontitis and healthy controls.
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Materials and methods

Study population

We selected a consecutive series of periodontitis patients who were referred to the 

Department of Periodontology of the Academic Centre for Dentistry Amsterdam (ACTA) for 

diagnosis and treatment of periodontitis. Controls were selected among subjects registered for 

restorative dental procedures or who visited the dental school for regular dental check-ups. 

Control subjects were included if they were not missing more than one tooth per quadrant (3rd

molar excluded). These subjects showed on dental bitewing radiographs <1 year old a 

distance between the cemento-enamel junction (CEJ) and the alveolar bone crest of <3 mm on 

all teeth. All subjects were both verbally and written informed about the purpose of the study 

and gave written informed consent to participate. The Medical Ethical Committee of the 

Academic Medical Centre of the University of Amsterdam approved the study.

On the basis of an extensive medical history by a written questionnaire and by interview, 

the following subjects were not included in the study: pregnant women and individuals who 

suffered from any given disease or chronic medical condition, apart from periodontitis, or had 

trauma or tooth extractions in the last two weeks, or received antibiotics within the last 3 

months. For all participants smoking habits were recorded as current smoker, former smoker 

or non-smoker. Former smokers were defined as those subjects who quit smoking <10 years 

ago, and non-smokers were defined as those subjects who never smoked or quitted smoking 

>10 years ago. Educational level was used as surrogate marker for social class. From height 

and weight measurements the body mass index (BMI) was calculated. Ethnicity was recorded 

and scored as Caucasian or non-Caucasian.

We used dental radiographs to estimate the severity of periodontal destruction as described 

before. Patients with >7 teeth with >50% bone loss were classified as having severe 

periodontitis (n=38). The remainder of the periodontitis patients was classified as having 

moderate periodontitis (n=53) (Leivadaros et al. 2005).

Clinical and laboratory examinations

All participants were asked to fast at least for 12 hours before the clinical visit. Fasting venous 

blood samples were obtained between 8.30 and 11.30 AM by venipuncture in the antecubital 

fossa, without excessive venous stasis. The venous blood was collected into EDTA (10 ml 

and 5 ml) and citrate (5 ml)-containing vacuum tubes (BD Vacutainer System, Plymouth, 
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UK). One tube of EDTA blood was used for automated leukocyte counting, leukocyte 

differentiation and the erythrocytes sedimentation rate (ESR). The other tubes of EDTA blood 

and citrate blood were centrifuged at 3000 rpm for 10 minutes and the obtained plasma was 

stored in aliquots at –800 C until further analysis. 

The EDTA plasma was used for measurements of plasma total cholesterol, high density 

lipoprotein (HDL) cholesterol, triglycerides and CRP. Plasma levels of total cholesterol, HDL 

cholesterol and triglycerides as well as the ESR were determined by standard (enzymatic) 

methods in a hospital based diagnostic clinical laboratory as described before (Loos et al. 

2000); low density lipoprotein (LDL) cholesterol was calculated (Friedewald et al. 1972). 

Plasma levels of CRP were determined using a high-sensitivity (latex enhanced) 

nephelometric method on the BN ProSpec analyzer (Dade Behring, Marburg, Germany) 

(Loos et al. 2000).

Analysis of markers of a prothrombotic state

Citrate plasma samples were used for analysis of markers of a prothrombotic state. Plasma 

F1+2 levels were determined using commercially available enzyme linked immunosorbent 

assay (ELISA) kits, according to the manufacturer's instructions (Enzygnost F1+2 micro,

Dade Behring, Marburg, Germany). PAI-1 activity was measured with a commercially 

available ELISA kit (Spectrolyse, Kordia NV, The Netherlands). VWF was measured by 

means of an in-house enzyme immunoassay (sandwich ELISA-based assay) developed in the 

Laboratory for Special Hemostasis Research, Academic Hospital Maastricht, the Netherlands. 

In this assay DAKO polyclonal antibodies (DAKO, Glostrup, Denmark) (rabbit anti human, 

A082) were used as capture antibodies in a 96-well MaxiSorp plate (Nunc, Roskilde, 

Denmark). Horseradish peroxide (HRP) conjugated polyclonal antibodies (DAKO) (rabbit 

anti human, P0226) were used as detection antibodies. “Normal” pool plasma (0.105 mol/l 

citrated plasma, pooled from 87 healthy volunteers without any medication, mean age 45) was 

used as calibrator (100 % vWf:ag). The range in the “normal” population is 40-175%. Plasma 

D-dimer was measured by means of a commercially available enzyme immunoassay 

(TintElize, Biopool International, Umea, Sweden).

Statistical analysis

Statistical analysis of data was performed with the SPSS package version 11.0 (SPSS, 

Chicago, IL, USA). Means, standard deviations, medians and frequency distributions were 

35 
 

calculated. Differences between the three study groups for the all background variables were 

analyzed by analyses of variance (ANOVA) or by χ2 tests. Missing data for BMI (n = 1), total 

cholesterol and triglycerides (n = 13), F1+2 (n = 4) and vWF (n = 2) were estimated by model 

based imputation. Raw data for vWF, F1+2, PAI-1 and D-dimer are presented in box and 

whisker plots generated in the statistical program and were initially analyzed by 

nonparametric testing (Kruskal-Wallis test). Differences among the 3 study groups in plasma 

levels of vWF, F1+2, PAI-1 and D-dimer were further explored: first raw means and standard 

deviations are presented, analyzed by ANOVA and subsequently tested by analyses of co-

variance (ANCOVA), with periodontal status (three groups) as factor and smoking and 

education level as co-factors, while age, gender, BMI, total cholesterol, triglycerides and 

ethnicity were entered in the model as co-variates. Obtained p-values from these models are 

referred to as padj. Moreover, from the ANCOVA models adjusted means and confidence 

intervals (CI) were calculated and the distribution of the unstandardized residuals was 

checked for normality. In the nonparametric analyses and ANCOVA’s, when overall 

significant differences were found, post-hoc testing between any 2 groups was performed 

using the same models and obtained p-values were multiplied by 3 to correct for multiple 

testing. The median values for vWF, F1+2, PAI-1 and D-dimer from the whole study 

population were used as cut-off points; the number of control subjects and the number of 

patients above and below the respective population medians were calculated, differences were 

analyzed with Fisher’s exact tests and odds ratios (OR) and 95% CI were determined. p<0.05 

were considered statistically significant.
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Results

A total of 130 subjects, 91 untreated periodontitis patients and 39 controls, between the ages 

of 19 and 63 years, participated in the study. Of the 91 periodontitis patients, 38 were 

included in the severe group and 53 in the moderate group. The mean ages for controls, 

moderate periodontitis and severe periodontitis were 39.3, 43.8 and 45.9 years, respectively 

(Table 1). Periodontitis patients had more often a low education level. Among periodontitis 

patients, >70% were either current or former smoker, while this was 44% among controls. 

The mean values for cholesterol and triglycerides were not different among the three groups, 

while BMI was slightly higher in moderate periodontitis patients (Table 1).

Periodontitis patients had lower number of teeth than controls. Further, the severe group 

presented on average 20.7 teeth with >30% bone loss and 10.5 teeth with >50% bone loss. For 

the moderate periodontitis group the corresponding values were 13.5 and 2.4 teeth. Controls 

had, per definition, no bone loss (Table 2). 

The markers of systemic inflammation for the three study groups are presented in Table 3; 

leukocytes, ESR and CRP were significantly higher in patients than controls. 

Markers of a prothrombotic state

The median values for vWF were 76.0%, 92.0% and 91.0% for controls, moderate 

periodontitis and severe periodontitis respectively (Fig. 1A). There was no statistically 

significant difference among the three groups (p = 0.264). The analysis for F1+2 shows 

median values of 0.88, 1.01 and 1.00 nmol/l for controls, periodontitis and severe 

periodontitis, respectively (Fig. 1B). No significant difference was found among the three 

groups (p = 0.295). Figure 1C shows box plots of the plasma levels of PAI-1 activity for the 

three groups; median plasma levels of PAI-1 activity were 0.20, 5.60, 10.20 AU/ml for 

controls, moderate periodontitis and severe periodontitis, respectively. Statistical analysis 

showed a significant difference among the three groups (p = 0.001). Post-hoc testing 

demonstrated higher values in the severe group than in controls (p = 0.003) and a trend for 

higher values than in the moderate periodontitis group (p = 0.051). Plasma levels of D-dimer 

were not different among the three groups (Fig. 1D); the median values for D-dimer were 

31.0, 23.0 and 18.0 ng/ml for controls, moderate periodontitis and severe periodontitis,  

respectively (p = 0.572). 
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Table 4 presents the distribution of subjects with values above and below the total study 

population median for the four tested markers. OR and 95% CI are also presented. The 

following cut-off points were used: 88%, 0.97 nmol/l, 4.75 AU/ml and 25.5 ng/ml for vWF, 

F1+2, PAI-1 and D-dimer, respectively. From this analysis, it appears that more patients 

(58%) than controls (33%) had vWF levels above the population median (p = 0.013) (OR 

2.79). Also, for PAI-1, a clear difference in distribution was found (p = 0.002); almost 60% of 

periodontitis patients versus 28% of controls had PAI-1 values above the population median 

(OR 3.71). The analyses showed no differences for F1+2 and D-dimer (Table 4).

We further analyzed the differences of the markers of a prothrombotic state between the 

three study groups by adjusting for possible confounding factors in an ANCOVA model. We 

took age, gender, ethnicity, educational level, BMI, cholesterol, triglycerides and smoking 

into account. On the basis of this model, in addition to raw means + standard deviations, 

adjusted means and adjusted p-values are presented in Table 5. The overall analysis showed 

no statistical difference for plasma levels of vWF (padj = 0.407), F1+2 (padj = 0.866) and D-

dimer (padj = 0.958). In contrast, the ANCOVA model showed that there was a difference 

among the three groups for PAI-1 (padj = 0.004); post-hoc analysis showed that the severe 

periodontitis group had higher PAI-1 activity than the control group (Table 5). In addition to 

periodontal disease status, in the statistical model a significant association was found for PAI-

1 with BMI (p = 0.002), ethnicity (p = 0.039) and triglycerides (p = 0.049). The skewness of 

the unstandardized residuals of the mean was found to be <1 and therefore PAI-1 values were 

assumed to be normally distributed.
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periodontitis and severe periodontitis respectively (Fig. 1A). There was no statistically 
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respectively (p = 0.572). 
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Table 4 presents the distribution of subjects with values above and below the total study 

population median for the four tested markers. OR and 95% CI are also presented. The 

following cut-off points were used: 88%, 0.97 nmol/l, 4.75 AU/ml and 25.5 ng/ml for vWF, 

F1+2, PAI-1 and D-dimer, respectively. From this analysis, it appears that more patients 

(58%) than controls (33%) had vWF levels above the population median (p = 0.013) (OR 

2.79). Also, for PAI-1, a clear difference in distribution was found (p = 0.002); almost 60% of 

periodontitis patients versus 28% of controls had PAI-1 values above the population median 

(OR 3.71). The analyses showed no differences for F1+2 and D-dimer (Table 4).

We further analyzed the differences of the markers of a prothrombotic state between the 

three study groups by adjusting for possible confounding factors in an ANCOVA model. We 

took age, gender, ethnicity, educational level, BMI, cholesterol, triglycerides and smoking 

into account. On the basis of this model, in addition to raw means + standard deviations, 

adjusted means and adjusted p-values are presented in Table 5. The overall analysis showed 

no statistical difference for plasma levels of vWF (padj = 0.407), F1+2 (padj = 0.866) and D-

dimer (padj = 0.958). In contrast, the ANCOVA model showed that there was a difference 

among the three groups for PAI-1 (padj = 0.004); post-hoc analysis showed that the severe 

periodontitis group had higher PAI-1 activity than the control group (Table 5). In addition to 

periodontal disease status, in the statistical model a significant association was found for PAI-

1 with BMI (p = 0.002), ethnicity (p = 0.039) and triglycerides (p = 0.049). The skewness of 

the unstandardized residuals of the mean was found to be <1 and therefore PAI-1 values were 

assumed to be normally distributed.
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Discussion

The present study shows that in periodontitis, there is an indication for the presence of a 

prothrombotic state. This state seems to be primarily due to diminished potential for 

fibrinolytic activity, caused by elevated PAI-1 levels in blood. These findings are still 

significantly present after correction for several potential confounding factors. In addition, we 

observed a greater proportion of patients with elevated vWF levels, indicating endothelial cell 

activation, also known as endothelial dysfunction (padj=0.004). We did not observe a 

significant increase in thrombin production as expressed by the concentration of F1+2 or 

fibrin cleavage, although the lack of increased D-dimer concentration may in part be due to 

attenuated fibrinolysis. However the observed association between the increase of plasma 

levels of PAI-1 activity and periodontitis may have to be interpreted with caution, as the 

current association study does not prove that periodontitis is actually “causing” the elevation 

of plasma PAI-1 activity (according to the criteria stated by Bradford Hill) (Hofler, 2005). 

Nevertheless there are biological explanations for our findings.

PAI-1 is an inhibitor of fibrinolysis through inhibition of the tissue-plasminogen activator 

(t-PA). It is a protein released by several cell types, including endothelial cells, hepatocytes 

and adipocytes and it is present in platelets, placenta and serum. Although PAI-1 is 

considered a marker of fibrinolysis, it is also a protein involved in the acute-phase response 

(De Taeye et al. 2005). In the current study, the periodontitis patients seem to have a mild 

systemic inflammation as evidenced by an increased ESR and the presence of higher levels of 

leucocytes and CRP. Elevation of cytokines, including IL-6 and tumor necrosis factor-α, leads 

to the activation of hepatic cells and their systemic release of acute-phase proteins as CRP. 

These cytokines trigger also the production and secretion of PAI-1 by hepatocytes. Thus, a 

systemic inflammatory state such as in periodontitis may also lead to elevation of PAI-1 as 

part of the acute phase reaction. The possibility that the occurrence of bactaeremia in 

periodontitis (Daly et al. 2001, Kinane et al. 2005, Loos 2005) can stimulate the release of 

PAI-1 should be considered. Nevertheless, we suggest that the elevated PAI-1 is not merely a 

marker of systemic inflammation but also has the potential to inhibit fibrinolytic activity. This 

interpretation fits with clinical observations where periodontitis is associated with CVD 

events (Andriankaja et al. 2006, Janket et al. 2003). Moreover PAI-1 is an established 

haemostatic factor associated with the development of CVD (Kannel 2005). Thus, it may be 

postulated that elevated plasma levels of PAI-1 predispose to a chronic prothrombotic state, 
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and therefore to an increased risk for CVD. It has also been suggested that extravascular 

stimuli inducing chronic activation of inflammation, such as smoking, stress, obesity and 

infections including bronchitis, gastritis and periodontitis, may contribute over a long period 

to the formation of atherosclerotic lesions in susceptible subjects before the occurrence of a 

CVD event (Munford 2001). 

A recent study by Bretz et al. (Bretz et al. 2005) failed to find any association between 

periodontitis and plasma levels of PAI-1 antigen. However, a comparison between the latter 

study and the current one is difficult because of several reasons. First of all, the Bretz et al. 

study is a population based cross sectional epidemiological study while the current is a 

convenient sample consisting of consecutive referred periodontitis patients and control 

subjects from the same dental institute, who were not affected by periodontal breakdown.

Further the Bretz et al. study includes a much older population (mean age 72.7 years) with a 

different racial background (66% white). Finally, the population of the current study was as 

per selection criteria systemically healthy. On the other hand, the currently reported elevation 

of PAI-1 activity in periodontitis corroborates longitudinal findings that in subjects with 

periodontitis, elimination of all teeth resulted in lower levels of PAI-1 antigen (Taylor et al. 

2006).

Interestingly, in the current study, a higher proportion of patients showed plasma levels of 

vWF above the population median (Table 4). Also, in another study, vWF has been associated 

with periodontitis (Montebugnoli et al. 2004). Elevated levels of vWF are observed in 

conditions of damaged or dysfunctional endothelial cells such as in atherosclerotic vascular 

disease (Lip & Blann 1997). Because of the role of vWF in both adhesion and aggregation of 

platelets and in coagulation, the elevated levels of vWF may increase the risk of thrombus 

formation in patients with pre-existing disease of the vascular wall, such as in atherosclerosis 

(Lip & Blann 1997). It may be speculated that bacteria, endotoxin and other inflammatory 

stimuli, leaking from the periodontal infection into periodontal tissues and into the circulation, 

may induce the release of vWF from human endothelial cells and activate platelets (Lowe 

1998).

F1+2 and D-dimer are peptides released during activation of coagulation and fibrinolysis, 

respectively. In the current study no significant differences were found between periodontitis 

patients and controls for these latter factors. The results are in accordance to another study 

(Montebugnoli et al. 2004), where, also, no association was found between periodontal 

parameters and plasma levels of F1+2 and D-dimer. 
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In conclusion, the current study is highly suggestive that patients with periodontitis have 

impaired fibrinolysis, and a mild degree of endothelial activation. These conditions may then 

lead to a prothrombotic state. Therefore, it seems reasonable to postulate that periodontitis, in 

addition to other well-known risk factors, may contribute to an increased risk of CVD in the 

long run. These data, in accordance to previously published findings, corroborate the need for 

proper oral health care, particularly in those individuals at risk for CVD.
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Table 1. Characteristics for the three study groups (control, moderate periodontitis, severe 

periodontitis); values are means ± standard deviations, or number of subjects (in parentheses 

% of subjects)

Control

(n=39)

Moderate

Periodontitis

(n=53)

Severe

Periodontitis

(n=38)

p -value

Age (years) 39.3 ± 10.6 43.8. ± 8.8 45.9 ± 8.3 0.007

Gender

Male

Female

14 (36%)

25 (64%)

24 (45%)

29 (55%)

19 (50%)

19 (50%)

NS

Ethnicity

Caucasian

Other

35 (90%)

4 (10%)

41 (77%)

12 (23%)

34 (90%)

4 (10%)

NS

Education level

<High school

=High school

>High school

13 (33%)

7 (18%)

19 (49%)

34 (64%)

3 (6%)

16 (30%)

15 (39%)

6 (16%)

17 (45%)

0.030

Smoking habits 

Current smoker

Former smoker

Non-smoker

12 (31%)

5 (13%)

22 (56%)

21 (40%)

16 (30%)

16 (30%)

21 (55%)

10 (26%)

7 (19%)

0.006

BMI (kg/m2) 24.3 ± 3.4 26.1 ± 5.1 24.1 ± 2.7 0.031

Total Cholesterol (mmol/l)

HDL/Cholesterol (mmol/l)

LDL/Cholesterol (mmol/l)

5.2 ± 1.0
1.5 ± 0.3
3.1 ± 0.9

5.4 ± 1.1
1.3 ± 0.4
3.4 ± 1.0

5.6 ± 1.1
1.4 ± 0.4
3.6 ± 1.0

NS

NS

NS

Triglycerides (mmol/l) 1.2 ± 0.5 1.5 ± 0.8 1.4 ± 0.9 NS
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Table 2. Radiographic findings regarding numbers of teeth and alveolar bone loss for the three 

study groups (control, moderate periodontitis and severe periodontitis); values are means ±

standard deviations

Control

(n=39)

Moderate

Periodontitis

(n=53)

Severe

Periodontitis

(n=38)

Total no. of teeth* 28.1 ± 2.1 26.2 ± 3.6 25.7 ± 3.2

No. of teeth

>30% bone loss

>50% bone loss

0 ± 0

0 ± 0

13.5 ± 6.0

2.4 ± 1.6

20.7 ± 3.7

10.5 ± 4.2

*p=0.002
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Table 3. Markers of systemic inflammation for the three study groups (control, moderate 

periodontitis and severe periodontitis); values are means ± standard deviations

Control
(n=39)

Moderate
Periodontitis

(n=53)

Severe
Periodontitis

(n=38)

p-value

Leukocytes (x109/l)

Total

Neutrophils

Lymphocytes

5.7 ± 1.3

3.1 ± 1.2

1.9 ± 0.4

7.1 ± 2.5

4.1 ± 1.9

2.3 ± 0.8

7.5 ± 2.0

4.5 ± 1.7

2.3 ± 0.6

<0.001

0.001

0.011

Erythrocyte Sedimentation Rate (mm/hr)

8.2 ± 7.6

13.2 ± 9.3

6.4 ± 5.3

11.8 ± 8.9

0.028*

Males

Females

3.5 ± 2.1

9.2 ± 6.5

C-reactive protein (mg/l) 1.9 ± 2.0 3.1 ± 3.3 3.1 ± 4.4 0.034

* Overall ANOVA, adjusted for gender.
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Table 5. Means ± standard deviations and p-values calculated from ANOVA for plasma levels 

of vWF, F1+2, PAI-1 activity and D-dimer for the three study groups (control, moderate 

periodontitis, and severe periodontitis) are reported in the first line of each parameter. 

Control
(n=39)

Moderate
Periodontitis

(n=53)

Severe
Periodontitis

(n=38)

p/padj-value

VWF (%) 85.0 ± 31.8

92.0 (80.6-103.5)

94.6 ± 31.6

87.5 (77.2-97.8)

96.2 ± 35.8

97.2 (86.2-108.3)

p=0.204

padj=0.407*

F1+2 (nmol/l) 0.98 ± 0.42

1.08 (0.81-1.36)

1.21 ± 0.84

1.17 (0.93-1.42)

1.19 ± 0.88

1.10 (0.84-1.37)

p=0.866

padj=0.866†

PAI-1 (AU/ml) 5.03 ± 8.62

7.66 (4.29-11.03)

8.30 ± 9.55

7.00 (3.98-10.03)

13.69 ± 11.75

13.82 (10.58-17.07)║

p=0.001

padj =0.004‡

D-dimer (ng/ml) 48.0 ± 57.1

45.3 (26.0-64.5)

44.6 ± 65.6

42.7 (25.4-59.9)

34.7 ± 43.2

41.4 (22.9-60.0)

p=0.572

padj =0.958§

* Significant co-variate: BMI (p=0.011).

† Significant co-variate: age (p=0.010).

‡ Significant co-variates: ethnicity (p=0.039), BMI (p=0.002) and triglycerides (p=0.049).

§ Significant co-variates: gender (p=0.005), BMI (p<0.001) and total cholesterol (p=0.006).

║ Significantly different from controls (p=0.003) in post-hoc testing.

In the line below adjusted mean values (95% confidence interval) calculated from the 

ANCOVA model and padj-values are reported.
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Fig. 1.

Box and whisker plots for the three study groups for von Willebrand factor (vWF) (A), 

prothrombin fragment 1+2 (F1+2) (B), plasminogen activator inhibitor-1 (PAI-1) activity (C) 

and D-dimer (D). The boxes represent 25-75th percentiles. The horizontal line inside each box 

indicates the median (50th percentile). Overall nonparametric analyses revealed a statistically 

significant difference for PAI-1 activity among the three groups (p=0.001). *Post-hoc testing 

showed a significant difference between the severe periodontitis group and the control group 

(p=0.003)
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Fig. 1.

Box and whisker plots for the three study groups for von Willebrand factor (vWF) (A), 

prothrombin fragment 1+2 (F1+2) (B), plasminogen activator inhibitor-1 (PAI-1) activity (C) 

and D-dimer (D). The boxes represent 25-75th percentiles. The horizontal line inside each box 

indicates the median (50th percentile). Overall nonparametric analyses revealed a statistically 

significant difference for PAI-1 activity among the three groups (p=0.001). *Post-hoc testing 

showed a significant difference between the severe periodontitis group and the control group 

(p=0.003)
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