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Abstract  

Objectives: Periodontitis (PD) and chronic migraine (CM) have been recently linked, and 

inflammatory processes and vascular endothelial changes are hypothesized as potential 

mediators of this relationship. The aim of this cross-sectional analysis was to investigate 

the potential association of PD with vascular systemic inflammation and complement 

activation in patients with CM.  

Materials and methods: Ninety-four chronic migraineurs underwent a full-mouth 

periodontal evaluation and a measure of PD activity and severity, namely the periodontal 

inflamed surface area (PISA) was calculated for each patient. We divided CM patients 

according to their periodontal status: mild PD (N = 14), moderate PD (N = 22), severe PD 

(N = 19), and non-PD (N = 39). Serum levels of C-reactive protein (CRP), pentraxin 3 

(PTX3), soluble tumor necrosis factor-like weak inducer of apoptosis (sTWEAK), and 

complements C3 and C4 were measured outside of migraine attacks.  

Results: We found that severe periodontal patients had significantly higher circulating 

levels of PTX3 and sTWEAK compared with those without PD (2475.3 ± 1646.8 pg/mL 

vs. 516.6 ± 1193.8 pg/mL, P < 0.0001 and 672.4 ± 118.2 pg/mL vs. 485.7 ± 112.2 pg/mL, P 

< 0.0001; respectively). For the remaining biomarkers, no significant differences were 

found between groups. Severe PD was independently associated with higher levels of 

PTX3 (β = 1997.6, P < 0.0001) and sTWEAK (β = 187.1, P < 0.0001) but not with CRP, 

C3, and C4. PISA positively correlated to PTX3 (r = 0.475, P < 0.0001) and sTWEAK (r = 

0.386, P < 0.0001).  

Conclusions: Based on these preliminary results, severe PD was linked with vascular 

systemic inflammation in patients with CM. However, further longitudinal studies should 

be performed to confirm these findings. Clinical relevance sTWEAK and PTX3 measured 

in serum could be used as biomarkers in the PD-CM link.  
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Introduction  

Periodontitis (PD) is a chronic inflammatory infection affecting the gingiva. If remained 

untreated, periodontal tissue de- struction and bone loss might progress leading to tooth 

loss. Currently, 743 million people (10.8%) in the world are affected by severe forms of 

PD, being this disease, the sixth most common condition worldwide among adults [1].  

Migraine is a common, disabling, and complex neurovascular disorder, which has a global 

estimated prevalence of 14.7% worldwide [2]. Based on frequency of headache attacks, 

migraine can be sub-classified into episodic mi- graine (EM) (< 15 days of 

headache/month) and chronic mi- graine (CM) (≥ 15 days of headache/month for at least 3 

months with ≥ 8 days/month fulfilling migraine criteria) [3]. Among the general population, 

the prevalence of CM ranges from 1.4 to 2.2% [4]. The proportion of migraineurs with a 

CM pattern increases slightly with age. Annually, the progression rate from EM to CM is 

nearly 3% [5].  

Acute-phase reactants (APRs) such as C-reactive protein (CRP) and pentraxin 3 (PTX3) 

that are overexpressed in periodontal patients are able to activate the complement through 

the classical pathway. Increased local activation of comple- ment products (e.g., C3 and 

C4) in the periodontal tissues increases the intensity of the local inflammatory response, 

resulting in enhanced vascular permeability and vasodilatation and recruitment of 

inflammatory cells, which in turn will lead to excessive release of reactive oxygen species 

and interleukins (ILs) and other pro-inflammatory mediators such as IL- 1β, IL-8, or tumor 

necrosis factor-alpha (TNF-α) [6]. Some of these locally produced inflammatory markers 

can disseminate into the blood circulation exerting systemic effects in distant organs, thus, 

contributing to the overall body inflammatory burden. For example, systemic elevated 

levels of PTX3 and soluble fragment of tumor necrosis factor-like weak inducer of 

apoptosis (sTWEAK) were linked with PD in patients with small vessel ischemic stroke 

[7]. In migraine, it has been hypothesized that some inflammatory mediators released 

during migraine attacks could have an effect in activation and sensitization of peripheral 

nociceptors [8]. In fact, several studies showed a hyperinflammatory response during 

migraine with increased levels of CRP, ILs, TNF-α, or PTX3 in the systemic circulation of 

these patients [9–12]. Furthermore, we demon- strated that PTX3 and sTWEAK are 

elevated in CM patients and that PTX3 could be a predictor of good response to 



onabotulinumtoxin A (OnabotA), which is widely used for the treatment of CM [13].  

Recently, our group showed that patients with PD were more likely to have CM than those 

without PD [14]. We also reported that in CM patients, PD was associated with increased 

circulating levels of inflammatory markers such as leptin and procalcitonin [15, 16]. 

However, no information is available regarding the potential link between PD and 

peripheral blood biomarkers of vascular inflammation as well as complement activation in 

CM patients. Our aim was, therefore, to investigate the relationship between PD and serum 

levels of PTX3, sTWEAK, CRP, C3, and C4 in a cohort of patients diagnosed with CM.  

Material and methods  

Study population  

In this cross-sectional study, we included 94 patients with CM (mean age 47.2 ± 10.6; 

97.9% females). Neurological exami- nation was carried out by a senior neurologist (RL). 

CM was defined according to the International Classification of Headache Disorders 3rd 

edition criteria [3]. Hence, patients were considered to have CM if they presented headache 

oc- curring on 15 or more days per month for more than 3 months. Additionally, we 

registered time of evolution of CM (in months), intensity of headache measured with the 

visual ana- logue scale, number of days with headaches per month, duration of migraine 

attacks (in hours), and presence of aura and allodynia. Preventives and symptomatic drugs 

for migraine were also recorded along with analgesic overuse.  

Exclusion criteria were (i) < 18 years of age; (ii) < 15 teeth (excluding third molars); (iii) 

patients who had received periodontal treatment in the previous 12 months; (iv) use of sys- 

temic antibiotics, within 3 months prior to periodontal assessment; (v) severe systemic 

diseases; and (vi) pregnancy or lac- tation. The study 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: 2016/079). Informed consent was 

ob- tained from each patient or their relatives after full explanation of the periodontal 

examination. Demographic and relevant medical information were registered by means of a 

structured questionnaire [14].  

Periodontal assessment  

Periodontal examination protocol was recently reported [14, 17]. In brief, two calibrated 

periodontists (YL and PA) carried out full-mouth periodontal measurements from each 



participant including probing pocket depth (PPD), clinical attachment level (CAL), gingival 

recession (Rec), and bleeding on probing (BoP) [18]. Patients were classified into three 

groups according to the severity of the disease: (a) Mild PD: those participants with ≥ 2 

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

the same tooth) or 1 site with PPD ≥ 5 mm; b) Moderate PD: defined as ≥ 2 interproximal 

sites with CAL ≥ 4 mm (not on the same tooth) or ≥ 2 interproximal sites with PPD ≥ 5 

mm, also not on the same tooth; c) Severe PD: presence of ≥ 2 interproximal sites with 

CAL ≥ 6 mm (not on the same tooth) and ≥ 1 interproximal site with PPD ≥ 5 mm [19]. 

Additionally, we calcu- lated a measure of PD activity, the periodontal inflamed surface 

area (PISA), which reflects the surface area of bleeding pocket epithelium in mm2 [20]. 

PISA was calculated as follows: (i) with the mean CAL and Rec, we obtained the 

periodontal epithelial surface area (PESA) for each tooth [21]; (ii) the PESA value 

multiplied by the number of sites with BoP results in the PISA for a specific tooth; (iii) full-

mouth PISA is calculated for each participant (in mm2) by the sum of the PISAs for each 

tooth.  

Laboratory tests  

Fasted samples were obtained in the morning in a pain-free period (at least 12 h from the 

last migraine attack). Subjects had not consumed anti-inflammatory or analgesic 

medication in the previous 72 h. In brief, 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 h, 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 − 80 °C until the 

time of analysis. Serum levels of high-sensitive CRP (hs- CRP) were measured using an 

immunodiagnostic IMMULITE® 2000 Systems (Siemens Healthcare Diagnostics, 

Malvern, PA, USA); minimum assay sensitivity was 0.02 mg/dL. The enzyme-linked 

immunosorbent assay (ELISA) technique was used to assess serum concentrations of PTX3 

and sTWEAK following manufacturer instructions. A PTX3 ELISA kit (Rockland 

antibodies & assays, Limerik PA, USA) minimum assay sensitivity was 40 pg/mL with an 

intra- and inter-assay coefficient of variation (CV) of < 8% and < 10%, respectively. A 

sTWEAK ELISA kit (Thermo Scientific, Massachusetts, USA) minimum assay sensitivity 



was 10 pg/mL with an intra- and inter-assay CV of < 6% and < 7%, respectively. 

Complements C3 and C4 serum levels were measured with C3 and C4 Flex® reagent 

cartridge using the Dimension Vista® System (Siemens, Healthcare GmbH, Marburg, 

Germany), minimum assay sensitivity 4.00 mg/dL and 1.50 mg/dL, respectively. 

Determinations were performed in an independent laboratory blinded to clinical data. 

Clinical investigators were unaware of the laboratory results until the study had ended.  

Statistics  

All data analyses were performed with IBM SPSS Statistics 20.0 software for Mac (SPSS 

Inc., Chicago, IL, USA). Mean values and standard deviation (mean ± SD) were calculated 

for continuous variables, after the method of Kolmogorov-Smirnov was applied to confirm 

that the data were sampled from a normal distribution. Categorical data were reported as 

percentages (%) and compared by X2 test. One-way analysis of variance (ANOVA) was 

used to compare the mean values among different groups of PD severity. Bonferroni post 

hoc tests for multiple compari- sons between groups were used. Non-normally distributed 

variables were reported as median [P25, P75] and compared applying the Kruskal-Wallis H 

test. Parametric correlation analyses between PISA and significant biomarkers among CM 

patients were performed using Pearson’s correlation coefficient. Generalized linear models 

were performed to test associations between PD severity and biomarkers. Linear regression 

models were also created to assess the relationship of continuous measures of PD and 

biomarkers. All models were adjusted for potential confounding factors (i.e., age, sex, 

obesity, depression, low education level, and smoking). All tests were performed at a 

significance level of α=0.05.  

Results  

Characteristics of the population according to periodontal status  

Baseline characteristics of 94 CM patients according to sever- ity of PD are shown in Table 

1. In general, periodontal patients were older and had more frequently a history of 

hypertension, hypercholesterolemia, bruxism, stress, asthma, fibromyalgia, obesity, and 

lower educational level. However, only preva- lence of depression reached statistical 

significance (68.4% vs. 28.2%, P = 0.036). Similarly, we observed differences in terms of 

neurological variables between the PD groups and non-PD patients although were not 

statistically significant. With regard to migraine treatment, PD patients tended to take more 



drugs, even though only opioid consumption was sig- nificantly different between groups 

(P = 0.024). As expected, PISA values increased from periodontal health to disease (P < 

0.0001). Indeed, severe PD patients showed significantly higher PISA values than those 

without PD (958.9 ± 457.3 mm2 vs. 390.2 ± 332.8 mm2, P < 0.0001).  

Comparisons of biomarker levels between groups  

Circulating levels of PTX3 and sTWEAK were significantly elevated in severe periodontal 

patients compared with those without PD (2475.3 ± 1646.8 pg/mL vs. 516.6 ± 1193.8 pg/ 

mL, P < 0.0001 and 672.4 ± 118.2 pg/mL vs. 485.7 ± 112.2 pg/mL, P < 0.0001; 

respectively). No significant differ- ences were observed between groups regarding hs-

CRP, C3, and C4 (Table 2).  

Association between PD and its clinical parameters and increased levels of biomarkers  

After adjusting for all relevant confounders, severe PD was independently associated with 

increased serum levels of PTX3 (β = 1997.6; 95% CI 1219.2 to 2776.0, P < 0.0001) and 

sTWEAK (β = 187.1; 95%CI 118.2 to 256.0, P < 0.0001) in our cohort of CM patients 

Table 3). Similarly, continuous measures of PD such as PPD and CAL were also 

significantly associated with both biomarkers (Table 4). In fact, PISA showed a pos- itive 

correlation with both PTX3 (r = 0.475, P < 0.0001; Fig. 1a) and sTWEAK (r = 0.386, P < 

0.0001; Fig. 1b). No significant associations were found of PD and its clinical parameters 

with hs-CRP, C3, and C4 (Table 3 and Table 4).  

Discussion 

In the present study, we sought to investigate the association between PD and vascular 

systemic inflammation in CM. Our results showed that severe PD was linked with 

increased cir- culating levels of PTX3 and sTWEAK in a group of patients diagnosed with 

CM. However, no significant associations were observed regarding serum levels of CRP, 

C3, and C4.  

Due to its capability to produce a permanent state of low grade inflammation, PD is 

considered to increase the risk for developing several neurological diseases such as 

ischemic stroke, Alzheimer’s disease, or multiple sclerosis [22–24]. In particular, we 

recently found that patients with PD had 2.4- fold-increased risk for having CM [14]. In the 

present analysis we confirmed findings previously observed [14–16], in which PD is 

common in patients with CM (55 individuals diagnosed with PD, 58.5% of the whole 



sample). It has been hypothe- sized that during periodontal inflammation, pro-inflammatory 

mediators that are produced locally within the gingiva are disseminated systemically due to 

endotoxemia and, therefore, could be involved in migraine chronification by increasing 

neurogenic inflammation [25]. In our study, we found an independent association of severe 

PD and clinical parameters of PD with increased circulating levels of PTX3 and sTWEAK 

in chronic migraineurs. These results are in accordance with previous reports in the 

literature in which enhanced systemic inflammation measured by serum levels of leptin and 

procalcitonin was linked with PD among CM patients [15, 16].  

PTXs are members of the superfamily of APRs and can be divided into short and long 

PTXs. Short constituents include CRP, which is synthesized in the liver mostly upon IL-6 

stim- ulation. On contrary, long constituent PTX3 is produced by neutrophils, fibroblast 

dendritic cells, macrophages, epithelial cells, and endothelial cells, in response to pro-

inflammatory signals such as bacterial products, TNF-α, IL-1β, and by toll-like receptor 

engagement [26, 27]. Our results confirmed pre- vious studies carried out in chronic 

periodontal patients, which showed a positive relationship between periodontal clinical 

parameters (i.e., PPD or CAL) and PTX3 levels both locally and systemically [28–30]. 

Furthermore, cross-sectional clinical data found an increase in PTX concentrations in 

periodontally affected sites compared with those sites without PD [29]. Similarly, we 

observed that the PISA method, which is a mea- sure of PD activity and severity, was 

correlated with levels elevated of PTX3 in peripheral blood. PTX3 has been studied as a 

marker of vascular endothelial dysfunction. Experimental data suggests that exogenous 

administration of PTX3 significantly blunted nitric oxide production through the matrix 

metalloproteinase (MMP)-1 and P-selectin pathway leading to morphological alterations of 

endothelial cells [31]. Clinical ev- idence demonstrated that plasma PTX3 but not CRP was 

associated with flow-mediated dilatation (FMD) (a direct measure of endothelial function); 

thus, shown among patients with coronary artery disease, PTX3 might be a more potent 

predictor of endothelial dysfunction compared with CRP [32]. These results were supported 

with other studies performed in different populations of patients such as chronic kidney 

disease (CKD) or obstructive sleep apnea syndrome [33, 34]. In migraine, PTX3 is not only 

overexpressed [12] but also could be a new biomarker for the selection of CM treatment 

because it is asso- ciated with good response to OnabotA [13], giving this mole- cule 



important therapeutic implications in chronic migraineurs.  

No association was found between PD and its clinical parameters and CRP in our CM 

patients. Although it is sug- gested that CRP circulating levels are increased in periodontal 

patients [35], migraine results are controversial [36–41]. Our results are similar to previous 

studies where PD was not linked with hs-CRP in chronic migraineurs [14, 15]. 

Nevertheless, it is worth mentioning that severe periodontal patients had two- fold serum 

hs-CRP serum levels compared with those without PD (0.4 ± 0.9 mg/dL vs. 0.2 ± 0.3 

mg/dL). Another finding from our study is the lack of between complement activation 

markers (i.e., C3 and C4) and PD among our cohort of patients. C3a and C5a can initiate 

the local inflammatory re- sponse similar to the one occurring in PD, and several com- 

plement proteins also are able to activate endothelial and phagocytic cells [6]. Even though 

a few case series observed that complement activation through the classical pathway could 

occur in migraineurs showing a decrease of C4 and C5 at headache onset as well as C3 

breakdown prior to migraine attack [42, 43], further clinical data demonstrated that 

complement factors might not be involved in migraine pathophysiology [44–46].  

sTWEAK belongs to the TNF superfamily and is expressed in several tissues such as the 

heart, lung, and brain as well as endothelial and smooth muscle cells [47]. Gingival tissues 

affected by PD overexpress TWEAK compared with healthy periodontal tissues [48]. In 

our sample of patients, an association was found between severe PD and sTWEAK. What is 

more, we observed that a clinical measure of periodontal in- flammation (i.e., PISA) was 

positively correlated with increased serum levels of sTWEAK, and other periodontal pa- 

rameters such as PPD and CAL confirmed the positive link between PD and sTWEAK. In 

vitro studies showed that TWEAK has the potential to induce IL-1β, endothelial adhesion 

molecules [intracellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion 

molecule-1 (VCAM-1)] in human gingival fibroblasts [49, 50]. TWEAK is indeed linked 

with vascular endothelial dysfunction. In vitro evidence showed that TWEAK is able to 

induce E-selectin and ICAM-1 on the cell surface of human umbilical vein endothelial cells 

[51] and in patients with CKD, sTWEAK correlates with FMD [52]. Regarding migraine, 

our group showed higher levels of peripheral sTWEAK in migraineurs compares with 

controls although failed to demonstrate a potential role as predictor of good response to 

OnabotA [13]. However, sTWEAK is related to increased permeability of the blood–brain 



barrier (BBB), which is a critical event in the development and progression of 

neuroinflammatory diseases [53]. For example, sTWEAK modulates the production and 

activation of MMP-9, thus, being involved in BBB disruption in human cerebral 

microvascular endothelial cell cultures [54]. We showed increased production of MMP-9 

during migraine attacks [55]. Therefore, it is feasible that sTWEAK might also participate 

in BBB disruption via MMP-9. Further work in this area is needed to explore this 

hypothesis.  

Several shortcomings have to be acknowledged related to our study. The cross-sectional 

design does not allow demon- strating causality. Secondly, some medications (e.g., antihy- 

pertensives or NSAIDs) and smoking habit may influence PISA values. However, none of 

these variables significantly differ between groups of PD severity and tobacco consump- 

tion was adjusted in all regression models. Thirdly, systemic inflammatory biomarkers 

measured in the present investigation could be increased in the peripheral blood due to 

other inflammatory conditions related to CM such as obesity [56]. Nevertheless, the 

association between severe PD and elevated concentrations of PTX3 and sTWEAK 

remained significant after adjusting for obesity. Finally, we have to be cautious when 

interpreting our results owing to the low number of patients with severe PD. In spite of 

having 19 patients with severe PD in our sample (20.2%), it is almost double the number of 

subjects that we would expect from the general population (10.8%).  

We can conclude, within the limitations inherent to our study, that severe PD was 

associated with increased circulat- ing levels of PTX3 and sTWEAK in patients with CM. 

Future studies with larger sample sizes are needed to confirm our preliminary results. In 

addition, trials investigating the poten- tial role of PD in the chronification process of 

migraine are also warranted.  
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Table 1. Baseline characteristics of 94 patients with CM. 

 

Variables 

 

Whole sample No PD 

(N=39) 

Mild PD 

(N=14) 

Moderate PD 

(N=22) 

Severe PD 

(N=19) 

P 

Value 

Age (years) 47.1±10.5 45.1±11.1 47.0±10.5 49.1±11.0 48.3±8.8 0.600 

Females, % 92 (97.9) 38 (97.4) 14 (100) 22 (100) 18 (94.7) 0.634 

BMI (kg/m2) 27.4 [24.1,31.2] 26.1 [23.4,30.4] 26.1 [21.8,29.9] 29.3 [24.6,33.4] 29.7 [25.5,31.2] 0.187 

Hypertension, n (%) 12 (12.8) 3 (7.7) 1 (7.1) 4 (18.2) 4 (21.1) 0.384 

Diabetes mellitus, n (%) 1 (1.1) 1 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 0.700 

Hypercholesterolemia, n (%) 14 (14.9) 3 (7.7) 1 (7.1) 4 (18.2) 6 (31.6) 0.085 

Bruxism, n (%) 11 (11.7) 5 (12.8) 1 (7.1) 2 (9.1) 3 (15.8) 0.854 

Depression, n (%) 39 (41.5) 11 (28.2) 6 (42.9) 13 (40.9) 13 (68.4) 0.036 

Current smokers, n (%) 14 (14.9) 4 (10.3) 1 (7.1) 3 (13.6) 6 (31.6) 0.137 

Stress, n (%) 21 (22.3) 6 (15.4) 4 (28.6) 3 (13.6) 8 (42.1) 0.084 

Asthma, n (%) 13 (13.8) 5 (12.8) 3 (21.4) 2 (9.1) 3 (15.8) 0.756 

Fibromyalgia, n (%) 12 (12.8) 4 (10.3) 1 (7.1) 3 (13.6) 4 (21.1) 0.614 

Obesity, n (%) a 32 (34.0) 11 (28.2) 3 (21.4) 10 (45.5) 8 (42.1) 0.333 

Low education level, n (%) 47 (50.0) 17 (43.6) 5 (35.7) 13 (59.1) 12 (63.2) 0.281 

PISA (mm2) 550.9±404.0 390.2±332.8 473.1±276.2 533.1±304.8 958.9±457.3* <0.0001 

Time of CM evolution (months) 25.8±13.9 25.6±14.3 20.2±14.8 26.1±14.0 30.0±11.7 0.271 

Intensity of headache 8.0 [7.0,10.0] 8.0 [7.0,9.0] 8.5 [8.0,10.0] 8.0 [6.7,10.0] 8.0 [8.0,10.0] 0.263 

Number days with headache/month 18.8±5.7 18.7±5.3 19.1±8.0 17.6±5.3 20.2±4.9 0.551 

Aura, n (%) 7 (7.4) 1 (2.6) 3 (21.4) 1 (4.5) 2 (10.5) 0.334 

Allodynia, n (%) 58 (63.7) 22 (59.5) 8 (61.5) 15 (68.2) 13 (68.4) 0.876 

Duration of migraine attack      0.273 

< 12 h 7 (7.4) 2 (5.1) 3 (21.4) 0 (0.0) 2 (10.5)  

12-24 h 18 (19.1) 9 (23.1) 1 (7.1) 4 (18.2) 4 (21.1)  

>24 h 69 (73.4) 28 (71.8) 10 (71.4) 18 (81.8) 13 (68.4)  

Analgesic overuse, n (%) 20 (21.3) 6 (15.4) 3 (21.4) 4 (18.2) 7 (36.8) 0.298 

Preventive treatment, n (%)       

Topiramate 28 (30.1) 11 (28.2) 2 (14.3) 5 (23.8) 10 (52.6) 0.082 

β-blockers 38 (40.4) 14 (35.9) 9 (64.3) 8 (36.4) 7 (36.8) 0.273 

Amitriptyline 37 (39.4) 18 (46.2) 6 (27.3) 7 (36.8) 18 (46.2) 0.527 

Flunarizine 15 (16.0) 5 (12.8) 4 (28.6) 3 (13.6) 3 (15.8) 0.565 

OnabotA 66 (70.2) 28 (71.8) 9 (64.3) 15 (68.2) 14 (73.7) 0.933 



 

PD: periodontitis; BMI: body mass index; CM: chronic migraine; PISA: periodontal 

inflamed surface area; OnabotA: onabotulinumtoxin A; NSAIDs: non-steroidal anti-

inflammatory drugs. 
aBMI ≥ 30 kg/m2. 
*P <0.0001 compared to no PD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Migraine acute treatment, n (%)       

Triptans 68 (72.3) 26 (66.7) 9 (64.3) 17 (77.3) 16 (84.2) 0.442 

NSAIDs 84 (89.4) 35 (89.7) 13 (92.9) 19 (86.4) 17 (89.5) 0.941 

Opioids 17 (18.1) 5 (12.8) 2 (14.3) 2 (9.1) 8 (42.1) 0.024 



 

Table 2. Biochemical parameters of 94 patients with CM. 

 

 

 

PD: periodontitis; PTX3: pentraxin 3; sTWEAK: soluble tumor necrosis factor-like weak 

inducer of apoptosis; hs-CRP: high sensitivity C-reactive protein; C3: complement 

component 3; C4: complement component 4. 
*P <0.0001 compared to no PD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables  

 

Whole sample No PD 

(N=39) 

Mild PD 

(N=14) 

Moderate PD 

(N=22) 

Severe PD 

(N=19) 

P Value 

PTX3 (pg/mL) 1063.5±1551.0 516.6±1193.8 769.4±1220.9 1000.9±1551.5 2475.3±1646.8* <0.0001 

sTWEAK (pg/mL) 537.0±138.1 485.7±112.2 521.7±114.6 520.8±140.5 672.4±118.2* <0.0001 

hs-CRP (mg/dL) 0.3±0.5 0.2±0.3 0.3±0.6 0.3±0.4 0.4±0.9 0.501 

C3 (mg/dL) 116.0 [103.7,133.5] 118.0 [100.0,128.0] 127.5 [108.7,136.7] 117.0 [100.5,135.2] 112.0 [103.0,142.9] 0.790 

C4 (mg/dL) 25.6±8.1 25.2±9.0 22.9±5.8 26.4±7.6 28.1±7.7 0.227 



Table 3. Associations of PD with increased levels of inflammatory markers in CM patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
a Reference category. 

PD: periodontitis; PTX3: pentraxin 3; sTWEAK: soluble tumor necrosis factor-like weak 

inducer of apoptosis; hs-CRP: high sensitivity C-reactive protein; C3: complement 

component 3; C4: complement component 4. 

Models are adjusted for age, sex, obesity, depression, low education level and tobacco 

consumption. 

Dependent variable Severity of PD β (95% CI) 

 

P Value 

PTX3 (pg/mL)    

 No PD a   

 Mild PD 113.5 (-700.2-927.2) 0.784 

 Moderate PD 484.3 (-216.7-1185.3) 0.176 

 Severe PD 1997.6 (1219.2-2776.0) <0.0001 

sTWEAK (pg/mL)    

 No PD a   

 Mild PD 33.1 (-38.8-105.2) 0.367 

 Moderate PD 30.1 (-31.8-92.2) 0.340 

 Severe PD 187.1 (118.2-256.0) <0.0001 

hs-CRP (mg/dL)    

 No PD a   

 Mild PD 0.1 (-0.2-0.4) 0.480 

 Moderate PD 0.1 (-0.1-0.4) 0.460 

 Severe PD 0.1 (-0.1-0.5) 0.263 

C3 (mg/dL)    

 No PD a   

 Mild PD 5.8 (-6.6-18.2) 0.361 

 Moderate PD -3.6 (-14.4-7.0) 0.501 

 Severe PD -1.9 (-13.8-9.9) 0.746 

C4 (mg/dL)    

 No PD a   

 Mild PD -2.8 (-7.4-1.7) 0.231 

 Moderate PD 0.2 (-3.6-4.2) 0.892 

 Severe PD 1.9 (-2.4-6.3) 0.392 



 

Table 4. Associations of relevant clinical periodontal parameters with increased levels of 

inflammatory markers in CM patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PTX3: pentraxin 3; sTWEAK: soluble tumor necrosis factor-like weak inducer of 

apoptosis; hs-CRP: high sensitivity C-reactive protein; C3: complement component 3; C4: 

complement component 4; PPD: probing pocket depth; CAL: clinical attachment level. 

Models are adjusted for age, sex, obesity, depression, low education level and tobacco 

consumption. 

 

 

 

 

 

Dependent variable Clinical periodontal  

parameters 

β (95% CI) 

 

P Value 

PTX3 (pg/mL)    

 PPD 799.0 (136.0-1462.0) 0.019 

 CAL 485.2 (15.9-954.3) 0.043 

sTWEAK (pg/mL)    

 PPD 82.1 (23.4-140.9) 0.007 

 CAL 66.0 (25.3-106.6) 0.002 

hs-CRP (mg/dL)    

 PPD 0.1 (-0.1-0.3) 0.431 

 CAL 0.1 (-0.0-0.2) 0.195 

C3 (mg/dL)    

 PPD -1.1 (-10.4-8.2) 0.810 

 CAL -0.0 (-6.6-6.4) 0.982 

C4 (mg/dL)    

 PPD -0.0 (-3.5-3.3) 0.963 

 CAL 0.1 (-2.2-2.6) 0.877 



FIGURE LEGEND 

Figure. Correlation between PISA (mm2) and: A) PTX3 serum levels (pg/mL); B) 

sTWEAK serum levels (pg/mL). 

 

 


