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ABSTRACT 

Background: Periodontitis has been associated with lacunar infarct (LI), a type of 

cerebral small vessel disease. The objective of this study was to ascertain whether 

periodontitis is associated with increased circulating levels of systemic inflammation 

and endothelial dysfunction biomarkers in LI patients. 

Methods: 120 patients with LI and 120 healthy controls underwent a full-mouth 

periodontal examination. The periodontal inflamed surface area (PISA) was calculated 

for each participant. Demographic, medical and neurological information were recorded 

from all of them. In addition, blood samples were collected in order to investigate 

differences in terms of interleukin (IL)-6, IL-10, pentraxin (PTX) 3, soluble fragment of 

tumor necrosis factor-like weak inducer of apoptosis (sTWEAK) and amyloid-beta (Aβ) 

peptides (i.e., Aβ1-40, and Aβ1-42) measured in serum. 

Results: Periodontitis was independently associated with increased levels of IL-6 

(R2=0.656, P<0.001), PTX3 (R2=0.115, P<0.001), sTWEAK (R2=0.527, P<0.001), and 

Aβ1-40 (R2=0.467, P<0.001) in patients with LI.  Within patients with poor outcome, 

PISA positively correlated with IL-6 (r=0.738, P<0.001), PTX3 (r=0.468, P=0.008), 

sTWEAK (r=0.771, P<0.001), and Aβ1-40 (r=0.745, P<0.001). 

Conclusions: Our data suggest a link between periodontitis, systemic inflammatory 

response, and disruption of the vascular endothelial function in LI patients. 

Experimental studies are needed to elucidate possible pathways through which 

periodontitis could lead to this systemic inflammatory state with impairment of the 

endothelial function in LI. Further longitudinal studies with large samples are warranted 

to confirm our findings.  
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INTRODUCTION 

 Lacunar infarct (LI), which is a small cerebral subcortical infarct, causes approximately 

25% of the cases of ischemic stroke. 1 Atheroma in the middle cerebral artery is 

responsible for almost 20% of LI cases. 2 Evidence regarding embolism as a common 

cause for LI is limited (< 10% of LI cases). 2 Although the exact mechanism remains 

unclear, intrinsic cerebral small vessel disease such as lipohyalinosis (referred to 

hyaline deposition in the perforating arteries together with diffuse arteriopathy) is 

considered as the most common cause of LI. 2 It has been demonstrated that endothelial 

dysfunction by amyloid beta (Aβ) deposition has been related to LIs and leukoaraiosis 

(white matter hyperintensities). 3,4 In this sense, Aβ1-40 was found to be involved in the 

disruption of the endothelial vascular function in LI patients. 5 

  We have reported that high levels of serum inflammatory molecules [i.e., interleukin 

(IL)-6 and tumor necrosis factor (TNF)-α] could be predictive factors of poor outcome 

in patients with LIs leading to early neurologic worsening. 6,7 A member of the TNF 

superfamily, namely TNF-like weak inducer of apoptosis (TWEAK), was 

overexpressed after experimental cerebral ischemia in the area surrounding the necrotic 

core and in response to ischemic signal during experimental stroke, there is a release of 

this cytokine from astrocytes leading to blood-brain barrier disruption and increased 

permeability. 8,9 In humans, serum levels of TWEAK from ischemic stroke patients 

were significantly elevated compared to healthy controls. 10 Similarly, increased 

concentrations of pentraxin 3 (PTX3), an acute phase reactant (APR), are independently 

associated with poor prognosis and increased mortality in patients with ischemic stroke. 

11 It has been proposed that amyloid precursor protein (APP) and Aβ could also 

participate in ischemic brain damage. Even though APP expression is increased in the 

post-ischemic brain, 12 cerebral ischemia may facilitate cleavage of APP into the toxic 

Aβ fragment. 13 These observations raise the possibility that ischemia leads to 

accumulation of Aβ, which in turn, could contribute to ischemic brain damage and poor 

outcome in stroke patients. 

  In periodontitis, IL-6 plays an important role in modulating the response to periodontal 

bacteria, leading to both local and systemic inflammation.14,15 There is a correlation 

between periodontal parameters and PTX3 levels systemically and site specific. 16,17 

Saliva samples from periodontal patients also shown differences in levels of PTX3 

compared to those without periodontal infection. 18 Periodontally affected tissues 

overexpress TWEAK and can induce endothelial activation molecules within human 
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gingival fibroblasts. 19,20 Recently, it has been postulated that periodontitis could be 

involved in the synthesis and accumulation of Aβ in the brain. 21 Moreover, levels of 

APP are increased in gingival tissues with periodontitis and severe periodontal patients 

with cognitive decline showed higher levels of Aβ1-40 compared to those without 

periodontitis. 22,23 

  Recently, our group found a significant association between periodontitis and LI. 24 

However, the mechanisms underlying this relationship have not been yet elucidated. We 

hypothesize that in patients with LI, periodontitis my results in an enhanced systemic 

inflammatory response expressed by higher serum levels of both pro-inflammatory and 

endothelial dysfunction biomarkers. Hence, the aim of the study was to determine 

whether periodontitis is associated with higher serum levels of systemic inflammation 

and endothelial dysfunction markers in patients with LI. 

MATERIALS AND METHODS 

  A cross-sectional study was carried out by the Periodontology Unit of the University 

of Santiago de Compostela in collaboration with the Stroke Unit of the University 

Clinical Hospital of Santiago de Compostela by following the STROBE (Strengthening 

the Reporting of Observational Studies in Epidemiology) guidelines. 25 

  This research was performed in accordance with the Declaration of Helsinki of the 

World Medical Association (2008) and approved by the Ethics Committee of the 

Servizo Galego de Saúde (ID:2016/399). Informed consent was obtained from each 

patient or their relatives after full explanation of the procedures. 

Study population 

  Patients who had attended the Stroke Unit of the University Clinical Hospital of 

Santiago de Compostela between January 2014 and January 2015 were asked by 

telephone to participate in this study as cases. From the 139 cases screened, 19 were 

excluded for the following reasons: < 15 teeth in the mouth (N=7), receive periodontal 

treatment in the previous 12 months (N=3), use of systemic antibiotic (N=1), decline to 

participate (N=8). Thus, 120 patients diagnosed with LI according to the Trial of Org 

10172 in Acute Stroke Treatment (TOAST) classification 26 were included in the 

analysis. To include subjects without any neurological disease, 194 computed 

tomography/magnetic resonance imaging (CT/MRI) were reviewed from those referred 

to the Neurology Department with a suspicious diagnosis on non-confirmed 

neurological disorders such as non-specific headache, vestibular syndromes, brain 

tumors or altered level of consciousness between 2009 and 2013. We excluded 12 
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individuals due to the presence of cerebral small vessel disease asymptomatic subtypes: 

silent infarct (SI) (N=4) and leukoaraiosis (N=8). From the 182 controls, 25 were 

excluded for different reasons: < 15 teeth in the mouth (N=6), receive periodontal 

treatment in the previous 12 months (N=11), chronic use of non-steroidal anti-

inflammatory drugs (N=2), and decline to participate (N=6). Therefore, 120 healthy 

controls without any type of cerebral small vessel disease matched by age and gender 

were finally included in the study. For both cases and controls demographic and 

medical information were obtained by means of a questionnaire. 

Periodontal examination 

  The periodontal examination was performed by a single calibrated periodontist (YL). 

The calibration was recently reported. 24 Each case (20-30 days after LI) and control 

(maximum 1 month after CT/MRI) underwent a full-mouth periodontal examination, 

including probing depth (PD), clinical attachment level (CAL), gingival recession 

(Rec), full-mouth plaque score (FMPS), 27 and full-mouth bleeding score (FMBS) 28 as 

well as the number of missing teeth (excluding 3º molars). In addition, a measure of 

current PD activity, the periodontal inflamed surface area (PISA) was calculated based 

on CAL and Rec measurements combined with the presence of bleeding on probing. 29 

Periodontitis and different grades of severity were defined according to the Centers for 

Disease Control and Prevention (CDC)-American Academy of Periodontology (AAP) 

consensus for epidemiologic studies. 30 Hence, mild periodontitis was defined as ≥2 

interproximal sites with CAL ≥3 mm and ≥2 interproximal sites with PPD ≥4 mm (not 

on the same tooth) or 1 site with PD ≥5 mm. Moderate periodontitis was defined as ≥2 

interproximal sites with CAL ≥4 mm (not on the same tooth) or ≥2 interproximal sites 

with PD ≥5 mm, also not on the same tooth. Severe periodontitis was defined as the 

presence of ≥2 interproximal sites with CAL ≥6 mm (not on the same tooth) and ≥1 

interproximal site with PD ≥5 mm. Total periodontitis was the sum of mild, moderate, 

and severe periodontitis. 

Neurological examination 

  Neuroimaging and ultrasonographic evaluation was done at admission. A detailed 

description of the neurological examination protocol was published elsewhere. 24,31 In 

summary, LI was diagnosed when the patient had one of the clinical lacunar syndromes 

lasting >24 h, no evidence of cortical dysfunction, and a normal or deep focal infarction 

with a diameter ≤15 mm in an appropriate location visualized by CT/MRI.  The 

presence of an LI in the baseline CT in which the topography did not correspond with 
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the present clinical syndrome was considered a silent infarct (i.e., asymptomatic brain 

infarcts). White matter hyperintensities (i.e., leukoaraiosis) was classified according to 

the Fazekas criteria 32,33 using the modified Fazekas scale. 34 The presence of an 

atheroma plaque was defined as a focal structure that encroaches into the arterial lumen 

at least 0.5 mm or 50% of the surrounding intima-media thickness (IMT) value, or 

demonstrates a thickness >1.5 mm as measured from the media-adventitia interface to 

the intima-lumen interface. 35 Poor functional outcome of LI patients at 3 months was 

defined as a value of the modified Rankin scale >2. 36,37 

Serum collection and laboratory test 

  On admission for cases and periodontal examination/interview day for controls, 2 mL 

of venous blood was collected from the antecubital fossa by venepuncture using a 20-

gauge needle with a 2 mL syringe. Blood samples were allowed to clot at room 

temperature and after 1 hour, serum was separated from blood by centrifugation (15 

min. at 3000 g) and 0.5 mL of extracted serum was immediately transferred to 1.5 mL 

aliquots. Each aliquot was stored at –80ºC until the time of analysis. Serum levels of all 

biomarkers were measured by enzyme-linked immunosorbent assay (ELISA) technique 

following manufacturer instructions. IL-6 ELISA kit § minimum assay sensitivity was 

3.8 pg/ml with a intra-assay coefficient of variation (CV) of 5.0% and inter-assay CV of 

6.4%; IL-10 ELISA kit ǁ minimum assay sensitivity was 0.5 pg/ml with a intra-assay 

coefficient of variation of 5.4% and inter-assay CV of 5.6%; PTX3 ELISA kit ¶ 

minimum assay sensitivity was 10 pg/ml, with a intra-assay coefficient of variation of 

6.9% and inter-assay CV of 7.0%; sTWEAK ELISA kit # minimum assay sensitivity 

was 10 pg/ml, with a intra-assay coefficient of variation of 5.0% and inter-assay CV of 

2.3%; Aβ1-40 ELISA kit ** minimum assay sensitivity was 9.38 pg/ml, with a intra-assay 

coefficient of variation of 4.8% and inter-assay CV of 6.5%; and Aβ1-42 ELISA kit †† 

minimum assay sensitivity was 9.38 pg/ml, with a intra-assay coefficient of variation of 

6.0% and inter-assay CV of 6.8%. Determinations were performed in the Clinical 

Neurosciences Research Laboratory. 

Statistical analysis 

  All data analyses were performed with statistics software ‡‡. Continuous normally 

distributed variables analysed with Kolmogorov-Smirnov test were reported as mean ± 

standard deviation, whereas categorical variables were expressed as percentages. 

Differences between two groups were assessed by independent t test (continuous 

normally distributed variables) and X2 test (categorical variables). Non-normally 
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distributed variables were reported as median [interquartile range] and compared 

applying Mann-Whitney U test. One-way analysis of variance (ANOVA) was used to 

compare mean values between more than two groups. Additionally, Bonferroni post hoc 

tests for multiple comparisons between groups were used. Pearson´s correlation 

coefficient (r) was used to correlate PISA with significant biomarkers of poor functional 

outcome at 3 months. Multivariable linear regression analysis was used to test 

associations between periodontitis and several biomarkers, adjusted for significant 

variables. Receiver operating curve (ROC) analysis was done to establish a cut-off point 

for PISA to predict poor outcome in LI patients. A logistic regression model was carried 

out to test the association between PISA and poor outcome adjusted for molecular and 

clinical variables. 

  All tests were performed at a significance level of α = 0.05. 

RESULTS 

Description of the groups 

  LI patients had more frequently a previous history of hypertension (61.7% vs. 33.3%, 

P<0.0001), diabetes (27.5% vs. 10.0%, P=0.001), hypercholesterolemia (45.8% vs. 

18.3%, P<0.0001), ischemic heart disease (18.3% vs. 3.3%, P<0.0001) and peripheral 

artery disease (4.2% vs. 0.0%, P=0.02) compared to controls. As expected, they also 

took more medication (i.e., statins, antiaggregants and antihypertensives) than non-LI 

subjects (46.7% vs. 18.3%, 38.3% vs. 2.5%, 58.3% vs. 28.0%, all P<0.0001). No 

significant differences between groups were observed regarding age, gender, body mass 

index, smoking habit, alcohol consumption, and socioeconomic level (Table 1). Sub-

analysis of LI patients according to periodontal status showed that those with 

periodontitis had a significantly higher prevalence of white matter hyperintensities 

(37.6% vs. 8.6%, P=0.001), increased IMT (49.4% vs. 28.6%, P=0.036) as well as a 

poor outcome at 3 months (32.9% vs. 8.6%, P=0.006) than LI patients without 

periodontitis. 

Periodontal conditions 

  Periodontitis was present in 85 of 120 subjects with LI (70.8%) and in 37 of 120 

controls (30.8%) (P<0.0001). Periodontal conditions were significantly worse in 

patients with LI than controls in terms of both past and current measures of periodontitis 

such as CAL (4.3±1.4 mm vs. 3.0±1.0 mm, P<0.0001), FMBS (59.4±18.2% vs. 

29.7±15.0, P<0.0001), PD (3.6±1.0mm vs. 2.6±0.7, P<0.0001) and PISA 
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(1040.4±1145.8 mm2 vs. 187.2±358.2 mm2, P<0.0001) method in comparison to 

controls (Table 1). 

Serum parameters in cases and controls 

  Patients with LI had significantly higher mean serum IL-6, PTX3, sTWEAK, and Aβ1-

40 levels than control subjects. On contrary, IL-10 serum concentrations were 

significantly lower in patients with LI compared to the control group. No differences 

were observed regarding Aβ1-42 peptide (Table 2).  

  Patients with periodontitis had higher mean IL-6, sTWEAK, and Aβ1-40 levels in both 

cases (21.0 vs. 10.2 pg/mL, P<0.001; 240.7 vs. 40.7 pg/mL, P<0.001; 58.7 vs. 41.0 

pg/mL, P<0.001; respectively) and controls (6.6 vs. 4.8 pg/mL, P=0.002; 45.6 vs. 19.5 

pg/mL, P=0.029; 36.6 vs. 31.4 pg/mL, P=0.001; respectively) compared to non-

periodontal patients (Figure 1A, 1D, and 1E). As expected, Figure 1B showed that 

periodontal patients in the control group presented lower mean IL-10 levels than those 

without periodontitis (11.9 vs. 14.0 pg/mL, P<0.001). No statistical differences were 

found in the LI group (5.7 vs. 5.0 pg/mL, P=0.740). Among control subjects, difference 

in terms of PTX3 levels was modest and not significant. Within the cases, however, 

there was a highly significant increase in PTX3 levels within patients with periodontitis 

(2205.6 vs. 1182.6 pg/mL, P<0.001) (Figure 1C). No statistical differences were found 

in terms of Aβ1-42 serum levels neither in the case group nor in the control group 

(Figure 1F).  

  Linear regression analyses 

  When examined as a continuous variable (i.e., PISA), multivariable regression models 

adjusted for age, gender, hypertension, diabetes, hypercholesterolemia, ischemic heart 

disease, peripheral arterial disease, smoking habit, statins, leukoaraiosis, and carotid 

atheromatosis indicated that PISA was associated with significantly higher mean serum 

levels of IL-6 (R2=0.624, P<0.001) (Supplementary Table 1, Model I), PTX3 

(R2=0.260, P<0.001) (Supplementary Table 2, Model I), sTWEAK (R2=0.697, 

P<0.001) (Supplementary Table 3, Model I), and Aβ1-40 (R2=0.653, P<0.001) 

(Supplementary Table 4, Model I) among LI patients. When periodontitis exposure 

was examined as a categorical variable, multivariable linear regression analysis adjusted 

for the same confounders again indicated that periodontitis in patients with LI was 

associated with significantly increased serum concentrations of IL-6 (R2=0.656, 

P<0.001) (Supplementary Table 1, Model II), PTX3 (R2=0.115, P<0.001) 

(Supplementary Table 2, Model II), sTWEAK (R2=0.527, P<0.001) (Supplementary 
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Table 3, Model II), and Aβ1-40 (R2=0.467, P<0.001) (Supplementary Table 4, Model 

II). 

Serum parameters in LI patients according to prognosis 

  Concentrations of IL-6, PTX3, sTWEAK, and Aβ1-40 were significantly elevated in 

patients with poor outcome compared to those with good outcome (21.1 vs. 16.8 pg/mL, 

P<0.001; 2586.2 vs. 1670.7 pg/mL, P=0.007; 261.4 vs. 162.7 pg/mL, P=0.001; 60.2 vs. 

51.2 pg/mL, P<0.001, respectively). No differences were observed in relation to IL-10 

and Aβ1-42 (Table 3). 

 Correlations 

  A positive and strong correlation was found between PISA and IL-6 (r=0.738, 

P<0.001; Figure 2A), PTX3 (r=0.468, P=0.008; Figure 2B), sTWEAK (r=0.771, 

P<0.001; Figure 2C), and Aβ1-40 (r=0.745, P<0.001; Figure 2D) in patients with poor 

prognosis.  

Logistic regression analysis 

  After ROC analysis was performed to assess the optimal cut-off point to detect the 
presence of poor outcome, a logistic regression model revealed that a PISA value ≥ 727 
mm2 was independently associated with poor functional outcome at 3 months 
(OR=5.189; 95%CI: 1.070-25.157, P=0.041). Diabetes was also significantly associated 
with poor prognosis (OR=3.740; 95%CI:1.366-10.238, P=0.010) (Supplementary 
Table 5). 

DISCUSSION 

  In the present study we aimed to investigate whether periodontitis could contribute to 

an inflammatory state promoting endothelial dysfunction in LI patients. We found that 

periodontitis was associated with increased serum levels of IL-6, PTX3, sTWEAK, and 

Aβ1-40 in LI. In addition, this inflammatory state also mediated the relationship between 

cases with moderate to severe active periodontitis and poor functional outcome. 

  We observed that periodontitis and the PISA method were associated with elevated 

levels of IL-6 and PTX3 in LI patients, fact that it could be explained by the chronic 

underlying systemic inflammatory up-regulation posed by periodontitis. Our results are 

in accordance with previous human and animal studies, in which it was demonstrated 

that periodontitis might elicit an overexpression of these two pro-inflammatory with 

systemic consequences. 14,15,38,39 On contrary, we observed that IL-10 levels were 

significantly higher in those without the disease, thus, confirming its anti-inflammatory 

nature. Recently, it has been shown that PISA was positively correlated with PTX3 
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levels in patients with periodontitis without coronary artery disease (CAD) and IL-10 

was inversely correlated with PD in patients with CAD. However, no association was 

found with IL-6. 40 

  It has been suggested that periodontitis might be associated with endothelial 

dysfunction. 41 Although PTX3 is an APR, it is produced by macrophages or endothelial 

cells (ECs) in response to an inflammatory stimulus related with atherosclerosis 42,43 and 

is associated with diminished flow-mediated dilatation (FMD), thus, being a more 

powerful predictor of endothelial dysfunction than C-reactive protein. 44 TWEAK is also 

induced by ECs or smooth muscle cells, and is involved in the expression of adhesion 

molecules in ECs and pro-inflammatory mediators. 45,46 In periodontal tissues with 

periodontitis, it appears to be overexpressed. 19 Our results showed that increased levels 

of sTWEAK were strongly associated with periodontitis and PISA in LI. Animal 

models of middle cerebral artery occlusion showed increased levels of TWEAK and 

Fn14 in the area surrounding the necrotic core 8 and its ability to induce inflammatory 

mediators and matrix metalloproteinase (MMP)-9 leading to blood-brain barrier (BBB) 

disruption and increased permeability. 9 Therefore, it seems plausible that release of 

sTWEAK by periodontitis could predispose to disruption of the BBB in patients with LI 

and, therefore, being associated with dysfunction of the endothelium.  

  Regarding Aβ peptides, it has been suggested that periodontitis is involved in the 

synthesis and accumulation of Aβ in the brain 21,22 and endothelial dysfunction by Aβ 

deposition has been related to LIs and leukoaraiosis. 3,4 In our study, both PISA method 

and periodontitis as a categorical variable were associated with increased levels of Aβ1-

40 but no with Aβ1-42 in LI patients. These findings are of great importance, due to the 

fact that it has been demonstrated that Aβ1- 40 has a physiopathological role in disrupting 

the endothelial vascular function in LI patients. 4 Similarly to our results, preclinical 

data supports the hypothesis that Aβ1-40 but not Aβ1-42 causes cerebrovascular 

dysfunction mediated by reactive oxygen species. 47,48 

  The present findings could be explained if the link between increased periodontal 

inflammation and poor stroke outcome was indeed mediated by the inflammatory 

response and the consequently vascular dysfunction of the endothelium. We found that 

PISA was independently associated with the presence of poor prognosis and was 

positively correlated with serum concentrations of IL-6, PTX3, sTWEAK, and Aβ1-40 in 

LI patients with poor functional outcome. Therefore, it could be speculated that 

moderate to severe periodontitis (i.e., PISA ≥ 727 mm2), 49 when is active, predicts poor 
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outcome at 3 months in LI, and this clinical scenario is mediated not only by enhanced 

systemic inflammation but also due to disruption of the vascular function of the 

endothelium posed by periodontitis.  

  Our investigation has several strengths. Firstly, we were able to reject the null 

hypothesis (i.e., no association between periodontitis and increased levels of 

inflammatory and endothelial dysfunction markers in LI patients). As explained before, 

periodontitis although evokes a local inflammatory response could predispose to a 

chronic low-grade pro-inflammatory state affecting distant organs. In the present study, 

periodontitis was related with higher levels of markers that are associated with 

inflammation, vascular endothelial dysfunction and, ultimately, atherosclerosis. Thus, 

giving some insight on the potential role of periodontitis in the pathogenesis of LI. 

Secondly, patients with LI were diagnosed following a full protocol including clinical, 

neuroimaging and ultrasonographic information. In addition, prognosis at 3 months 

after stroke was also recorded. Thirdly, periodontitis was evaluated by means of a full-

mouth periodontal chart and disease severity was established according to the CDC-

AAP case definitions recommendations. 30  

  However, we have to be cautious when interpreting the present results. There are 

limitations that are worth mentioning. Due to the cross-sectional nature of our 

investigation we cannot assess causality between periodontitis and the pathogenesis of 

LI. Therefore, other conditions well-known risk factors for developing LI such as 

hypertension or diabetes could also play an important role in the relationship between 

periodontitis and LI. We did not measure brachial FMD, which is considered as the 

hallmark of endothelial dysfunction. However, it has been demonstrated that in presence 

of endothelial dysfunction, both abnormal PTX3 and sTWEAK serum levels are 

associated with impaired FMD. 44,50 Although BBB biomarkers (e.g., MMPs or cellular 

fibronectin) would also be of importance to analyse due to BBB disruption is present in 

the pathophysiology of LI, in our study we measured serum levels of sTWEAK and 

Aβ1-40, as they are associated with increased permeability and disruption of the BBB. 

Some factors could influence PISA values such as smoking or certain medications (i.e., 

antiaggregants, antihypertensives or statins). However, this information was recorded 

and adjusted on the linear regression models. One of the major questions in our study is 

whether increased inflammatory and endothelial dysfunction mediators in serum were 

the expression of a chronic low-grade systemic inflammatory state posed by 

periodontitis or originated as a result of brain ischemia itself. Although our logistic 
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regression model was adjusted for significant biomarkers, the potential role of cerebral 

ischemia in the serum levels of the biomarkers analysed in our study cannot be totally 

ruled out. We have to bear in mind that some conditions such as hypertension or 

diabetes are linked with systemic vascular inflammation and, therefore, could influence 

on circulating levels of the biomarkers analysed in our patients with LI. However, linear 

regression models from our analyses showed that periodontitis was an independent 

contributor to increased inflammation in LI patients. In addition, it has been shown that 

periodontal patients without co-morbidities overexpress circulating levels of pro-

inflammatory markers such as IL-6 and PTX3,15,16. However, further studies including 

systemically healthy periodontal patients are needed to ascertain whether elevation of 

these pro-inflammatory molecules could be related specifically to periodontal 

inflammation or, indeed, act as mediators in the association between periodontitis and 

LI.  

CONCLUSION 

  In conclusion, periodontitis is associated with an enhanced systemic inflammatory 

response promoting vascular endothelial dysfunction with higher serum levels of IL-6, 

PTX3, sTWEAK, and Aβ1-40 in LI and in cases with active moderate to severe 

periodontitis this pro-inflammatory state was related with poor prognosis in LI patients. 

Further experimental studies are warranted to elucidate possible pathways through 

which periodontitis could lead to this systemic inflammatory state with impairment of 

the endothelial function in LI. Studies with large samples are also needed to confirm our 

results. 
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Table 1. Baseline characteristics of participants. 

VARIABLES LI patients 
(n=120) 

Controls 
(n=120) P-value 

Age (years) 66.4±9.9 64.9±10.0 0.225 
Males, n (%) 82 (68.3) 86 (71.7) 0.573 
BMI 26.9±3.4 27.5±4.2 0.235 
Hypertension, n (%) 74 (61.7) 40 (33.3) <0.0001 
Diabetes mellitus, n (%) 33 (27.5) 12 (10.0) 0.001 
Hypercholesterolemia, n (%) 55 (45.8) 22 (18.3) <0.0001 
Ischemic heart disease, n (%) 22 (18.3) 4 (3.3) <0.0001 
Peripheral arterial disease, n (%) 5 (4.2) 0 (0.0) 0.024 
Current smoker, n (%) 22 (18.3) 12 (10.0) 0.056 
Alcohol consumption, n (%) 9 (7.5) 6 (5.0) 0.224 
Medication    
-Statins, n (%) 56 (46.7) 22 (18.3) <0.0001 
-Antiaggregants, n (%) 46 (38.3) 4 (3.3) <0.0001 
-Antihypertensives, n (%) 70 (58.3) 40 (33.3) <0.0001 
Low education level, n (%) 38 (31.7) 40 (33.3) 0.942 
FMPS (%) 54.8±17.5 28.5±13.3 <0.0001 
FMBS (%) 59.4±18.2 29.7±15.0 <0.0001 
PD measures    
-Mean PD (mm) 3.6±1.0 2.6±0.7 <0.0001 
-Number of sites/mouth PD ≥6 mm 18.1±25.3 2.3±10.7 <0.0001 
Rec (mm) 0.6±0.4 0.4±0.3 <0.0001 
CAL measures    
-Mean CAL (mm) 4.3±1.4 3.0±1.0 <0.0001 
-Number of sites/mouth CAL ≥5 mm 21.0±34.2 63.7±50.1 <0.0001 
Number of present teeth  20.0±3.7 25.3±2.1 <0.0001 
PISA (mm2) 1040.4±1145.8 187.7±358.2 <0.0001 
Severity of periodontitis, n (%)   <0.0001 
-Mild 16 (18.8) 15 (40.5)  
-Moderate 29 (34.1) 19 (51.4)  
-Severe 40 (47.1) 3 (8.1)  
 

LI: lacunar infarct; BMI: body mass index; FMPS: full-mouth plaque score; FMBS: 

full-mouth bleeding score; PD: pocket depth; Rec: gingival recession; CAL: clinical 

attachment level; PISA: periodontal inflamed surface area. 
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Table 2. Serum levels of biomarkers in LI patients and controls. 

BIOMARKERS Cases  
(n=120) 

Controls 
(n=120) P-value 

Systemic inflammation    
-IL-6 (pg/mL) 17.9±6.0 5.4±1.1 <0.001 
-IL-10 (pg/mL) 5.5±1.8 13.4±2.4 <0.001 
Endothelial dysfunction    
-PTX3 (pg/mL) 1907.2±1295.7 557.0±296.3 <0.001 
-sTWEAK (pg/mL) 197.9±93.6 27.6±17.3 <0.001 
Aβ peptides    
-Aβ1-40 (pg/mL) 53.5±11.5 33.0±4.7 <0.001 
-Aβ1-42 (pg/mL) 50.5±15.2 48.6±9.9 0.253 

 

IL: interleukin; PTX: pentraxin; sTWEAK: soluble tumor necrosis factor-like weak 

inducer of apoptosis; Aβ: amyloid beta. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

	 22	

Table 3. Serum levels of biomarkers of LI patients according to functional outcome at 3 

months. 

BIOMARKERS Good outcome  
(n=89) 

Poor outcome 
(n=31) P-value 

Systemic inflammation    
-IL-6 (pg/mL) 16.8±5.9 21.1±5.2 <0.001 
-IL-10 (pg/mL) 5.2 [3.9-6.6] 5.4 [4.0-6.8] 0.634 
Endothelial dysfunction    
-PTX3 (pg/mL) 1670.7±1043.3 2586.2±1680.7 0.007 
-sTWEAK (pg/mL) 162.7 [95.0-273.1] 261.4 [194.6-317.7] 0.001 
Aβ peptides    
-Aβ1-40 (pg/mL) 51.2±11.0 60.2±10.7 <0.001 
-Aβ1-42 (pg/mL) 49.3±15.8 54.1±13.0 0.127 

 

IL: interleukin; PTX: pentraxin; sTWEAK: soluble tumor necrosis factor-like weak 

inducer of apoptosis; Aβ: amyloid beta. 
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FIGURE LEGENDS 

Figure 1. Serum levels of: A) IL-6 (pg/mL); B) IL-10 (pg/mL); C) PTX3 (pg/mL); D) 

sTWEAK (pg/mL); E) Aβ1-40 (pg/mL); F) Aβ1-42 (pg/mL) according to the presence or 

absence of PD. 

Figure 2. Correlation between PISA and: A) IL-6; B) PTX3; C) sTWEAK; D) Aβ1-40 in 

patients with poor functional outcome. 
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PRODUCT AND COMPANIES 
§Proteintech®, Manchester, United Kingdom. 
ǁProteintech®, Manchester, United Kingdom. 
¶Abnova™, Taipei City, Taiwan. 
#Aviscera Bioscience®, Santa Clara, California, USA. 
**Elabscience®, Houston, Texas, USA. 
††Elabscience®, Houston, Texas, USA. 
‡‡SPSS Inc., Chicago, IL, USA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


