Periodontitis as a risk indicator and predictor of poor outcome for lacunar infarct
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Abstract
Aim: To investigate the association between periodontitis (PD) and lacunar infarct (LI) as
well as to analyse whether PD could be a predictor of poor functional prognosis in patients
with LI. Material and Methods: Full-mouth periodontal examination was done in 120
cases (patients with LI) and 157 healthy controls. Demographic, clinical, medical and
neurological information were collected from all of them. In addition, a measure of
periodontal inflammation and disease activity, namely the periodontal inflamed surface
area (PISA), was also calculated for each patient. Poor functional outcome was considered
as a modified Rankin Scale >2 at 3 months. Results: PD was independently associated with
the presence of LI (OR=3.3, p < 0.001). Poor outcome was observed in 31 patients with LI
(25.8%), of which 90.3% had PD. A PISA value ≥727 mm2 was an independent predictor
of poor prognosis, after adjusting for clinical confounders (OR = 6.5, p =
0.001). Conclusions: PD and LI were associated. Active moderate to severe PD predicted
poor prognosis in patients with LI. Further evidence is warranted to confirm our re- sults
and investigate potential mechanisms behind this association.
KEYWORDS
lacunar infarct, periodontal inflamed surface area, periodontitis, predictors, prognosis,
stroke
Clinical Relevance
Scientific rationale for the study: Although PD has been associated with large vessel
ischaemic stroke, little is known about the relationship between PD and LI as well as its
prognosis.
Principal findings: PD is associated with the presence of LI and its poor functional
outcome at 3 months.
Practical implications: Identifying conditions such as PD that could increase the risk of
having LI as well as worsen- ing its prognosis may have significant therapeutic implications in these patients.

1 | INTRODUCTION
Lacunar infarct (LI) is an ischaemic stroke within a small deep perforating artery that is
attributable to a small infarct (<1.5 cm diameter) in the white matter, basal ganglia, pons or
brainstem, and is consistent with a lacunar clinical syndrome (Wardlaw, Smith, &
Dichgans, 2013). This type of cerebral small vessel disease (CSVD) is responsi- ble for
almost 25% of the ischaemic strokes (Bamford, Sandercock, Jones, & Warlow, 1987).
Although LI is considered to have a good prognosis (Petty et al., 2000), in one-third of the
cases a certain grade of dependency could be seen as a result of a worse outcome (Blanco et
al., 2006; Clavier, Hommel, Besson, Noèlle, & Perret, 1994; Samuelsson, Söderfeldt, &
Olsson, 1996; Yokota, Minematsu, Hasegawa, & Yamaguchi, 2004). Hypertension,
diabetes mellitus, age, silent infarcts (SIs) and leukoaraiosis (white matter hyperintensities)
have been recognized as potential predictors for poor func- tional outcome (Blanco et al.,
2006; De Jong, Kessels, & Lodder, 2002; Norrving, 2003; Samuelsson et al., 1996).
It has been shown that endothelial dysfunction is more conspicuous in LI patients
compared to those with other manifestations of ischaemic stroke (Chen et al., 2006) and
also compared to healthy controls and to subjects with similar vascular risk factors
(Pretnar-Oblak, Sabovic, Pogacnik, Sebestjen, & Zaletel, 2006). In addition, there is an
association between increased inflammatory response and early neurologic worsen in
subjects with LI; thus, elevated serum levels of inflammatory mediators such as interleukin
(IL)-6 or tumour necrosis factor (TNF)-α are related to poor functional prognosis (Blanco et
al., 2006; Castellanos et al., 2002). Recently, evidence from a multicentre prospective study
including 1,244 patients with LI showed that inflammatory markers for instance IL-6, Creactive protein or TNF-α receptor 1 are associated with an increased risk of recurrent
vascular events in these patients (Boehme et al., 2016; Elkind et al., 2014).
When periodontitis (PD) occurs, the inflamed and ulcerated subgingival pocket epithelium
allows bacteria and their products (i.e., lipopolysaccharide [LPS]) to disseminate into the
bloodstream (Geerts et al., 2002). These LPS along with bacterial antigens can trigger
significant inflammatory processes. Based on this, white blood cells and acute phase
reactants from hepatocytes or from endothelial cells may produce pro-inflammatory
molecules. Furthermore, locally produced pro-inflammatory mediators (i.e., IL-6 or TNF-α)
may spill into the systemic circulation and exert effects on distant organs such as brain

(Loos, 2005). Accordingly, PD could be regarded as a systemic inflammatory and
endothelial vascular stressor.
Recently, a meta-analysis of observational studies showed that patients with PD had a 2.8fold increased risk for developing large vessel ischaemic stroke (Leira et al., 2017). To
date, however, little is known and with conflicting results about the relationship between
PD and small vessel ischaemic stroke (i.e., LI) (Leira et al., 2016; Sen et al. 2018). On the
other hand, ischaemic stroke patients with advanced PD had worse functional outcome at
hospital discharge as well as greater neurological deficit compared to those without PD
(Slowik et al., 2010).
Hence, the aim of the study was twofold. Firstly, to investigate the association between
PD and its clinical parameters with the presence of LI. As a secondary objective, we sought
to analyse whether PD could be a predictor of poor outcome in LI patients.
2 | MATERIALS AND METHODS
A case–control study was carried out by the Periodontology Unit of the University of
Santiago de Compostela in collaboration with the Stroke Unit of the Clinical University
Hospital of Santiago de Compostela by following the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines (Von Elm et al., 2008).
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.
2.1 | 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. Cases were those with a diagnosis of LI based on the Trial
of Org 10172 in Acute Stroke Treatment (TOAST) criteria (Adams et al., 1993) and they
were included in the study if they fulfilled the following inclusion criteria: (a) >18 years of
age; (b) at least 15 teeth (excluding third molars); and (c) written informed consent.
Exclusion criteria were as follows: (a) patient who have received periodontal treatment in
the previous 12 months; (b) history of neurovascular and/or neuroinflammatory disease; (c)
systemic antibiotics, corticosteroids, and/or immunosuppressant therapy within 3 months

prior to periodontal assessment; and (d) chronic use of non-steroidal anti-inflammatory
drugs.
Healthy control subjects, matched by age and gender, were selected from the hospital
database. In order to include individuals without any neurological disorder, we reviewed
194 computed tomography/magnetic resonance imaging (CT/MRI) scans of subjects who
were referred to the Department of Neurology with a suspicious diagnosis of nonconfirmed neurological diseases such as non-specific headache, vestibular syndromes, brain
tumours or altered level of consciousness between 2009 and 2013. Of these, 12 presented
some subtype of asymptomatic CSVD (silent infarct [SI], N = 4; leukoaraiosis, N = 8) and,
thus, were excluded from the study. Therefore, 182 subjects free from any neurological
disease were contacted by telephone and asked to participate. Inclusion and exclusion
criteria were the same as for the case group. Control individuals were clinically examined
and interviewed in parallel with patient recruitment.
For both cases and controls, demographic and medical information were obtained by
means of a questionnaire.
2.2 | Periodontal examination
The periodontal examination was performed by a single calibrated periodontist (YL). The
calibration was completed before the start of the study in the Periodontology Unit of the
Faculty of Odontology (University of Santiago de Compostela) using 10 non-study patients
suffering from moderate or severe PD. Intra-examiner reliability was assessed by the intraclass correlation coefficients (for probing pocket depth [PPD], gingival recession [Rec] and
clinical attachment level [CAL]), which were 0.79, 0.87 and 0.79, respectively,
demonstrating a high degree of reliability in the measurements (Leira et al., 2016). In the
present study, the following periodontal parameters were evaluated in all teeth (except 3o
molars): (a) PPD, measured from the free gingival margin to the bottom of the sulcus or
pocket; (b) CAL, measured from the cemento-enamel junction (CEJ) to the bottom of the
sulcus or pocket; (c) Rec, measured as the distance from the free gingival margin to the
exposed CEJ; (d) full-mouth plaque score (FMPS), defined as the number of sites with
detectable supragingival dental plaque divided by the total number of sites per mouth,
multiplied by 100 (O′Leary, Drake, & Naylor, 1972); (e) full- mouth bleeding score
(FMBS), defined as the number of sites with gingival bleeding on probing (BoP) divided by

the total number of sites per mouth, multiplied by 100 (Ainamo & Bay, 1975); and (f) the
number of missing teeth (excluding 3o molars).
All measurements were recorded at six sites per tooth (mesio-buccal, disto-buccal, midbuccal, mesio-lingual, disto-lingual, and mid-lingual), except for FMPS (four sites/tooth)
using a sterile mouth mirror and with a calibrated University of North Carolina periodontal
probe (UNC 15; Hu-Friedy, Chicago, IL, USA).
The presence of PD was defined according to the Centers for Disease Control and
Prevention (CDC)-American Academy of Periodontology (AAP) consensus for
epidemiologic studies (Eke, Page, Wei, Thornton-Evans, & Genco, 2012; Holtfreter et al.,
2015). Therefore, mild PD 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 PPD ≥ 5 mm.
Moderate PD was 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. Severe PD
was defined as the presence of ≥2 interproximal sites with CAL ≥ 6 mm (not on the same
tooth) and ≥1 interproximal site with PPD ≥ 5 mm. Total PD was the sum of mild,
moderate, and severe PD.
In addition, a recently introduced measure of PD severity and activity, the periodontal
inflamed surface area (PISA) was calculated (Nesse et al., 2008). PISA reflects the surface
area of bleeding pocket epithelium in mm2. PISA was calculated with a Microsoft
Excel spreadsheet in the following steps: (a) Mean CAL and Rec for each particular tooth is
calculated; (b) Linear mean CAL and Rec is translated into the periodontal epithelial
surface area (PESA) for each specific tooth (Hujoel, White, García, & Listgarten, 2001).
The PESA for a particular tooth consists of the root surface area of that tooth measured in
mm2, which is covered with pocket epithelium; (c) The PESA for a specific tooth is then
multiplied by the proportion of sites around the tooth that was affected by BoP, resulting in
the PISA for that particular tooth; and (d) The sum of all individual PISAs around
individual tooth is calculated, rendering the full-mouth PISA value in mm2 of each
participant.
2.3 | Neurological examination
2.3.1 | Neuroimaging examination
A CT/MRI scan was carried out in all cases at admission. MRI images were obtained on a

1.5 T system (1.5 Magneton Symphony, Siemens, Erlangen, Germany), with echo planar
capabilities of 25 mT/m gradients and 300–350 µs rise times. The MRI protocol included
T1-w (TR/TE: 370/7.7 ms), T2-w (TR/TE: 6020/113 ms), DP-w (TR/TE: 6020/113 ms) and
FLAIR (TR/TE: 9000/114 ms) (Rodríguez et al., 2010). One neuroradiologist who was
blinded to the clinical data carried out the evaluation of CT/MRI. LI was diagnosed if the
patient had one of the characteristic clinical lacunar syndromes, neurological deficit lasting
>24 hr, no evidence of cerebral cortical dysfunction, and a CT/MRI that showed a deep
focal infarction in an appropriate location with a diameter ≤15 mm. The presence of a LI in
the baseline CT in which the topography does not correspond with the present clinical
syndrome was considered a SI. For the purpose of this study, the thalamus was included,
along with the caudate nucleus, putamen, and globus pallidus, as “basal ganglia.”
Leukoaraiosis was defined as ill-defined hyperintensities ≥5 mm on both T2 and FLAIR
MRI images without prominent hypointensities on T1-w MRI scans and as ill-defined and
moderately hypodense areas of ≥5 mm on CT. Leukoaraiosis was classified according to
the Fazekas criteria (Fazekas et al., 1991, 1993) using the modified Fazekas scale (Pantoni
et al., 2002). This method yields two separate scores for subcortical and deep white matter
lesions and periventricular lesions. The four-point Fazekas scale of increasing severity was
used to classify each score. For the purpose of the study, the presence of leukoaraiosis was
categorized with 0 indicating a patient without leukoaraiosis and 1 with leukoaraiosis.
2.3.2 | Ultrasound examination
The same explorer (SA), blinded to clinical data, performed the ultrasonographic study
using high-resolution B-mode ultrasound (Aplio 50 [Toshiba aplio 50, MCM1754TSA,
Rome, Italy] Toshiba SSA-700 [Toshiba Medical Systems Corporation, Otawara-SHI,
Japan]) with a 7.5 MHz, linear-array transducer (Linear array transducer PLT- 704AT,
Toshiba, Tochigi, Japan; Phased array transducer PST-20CT, Toshiba, Tochigi, Japan)
(Rodríguez et al., 2010). In brief, the image was focused on the posterior (far) wall of the
left carotid artery. A minimum of four measurements of the common carotid far wall was
taken 10 mm proximal to the bifurcation, to derive the mean carotid intima-media thickness
(IMT) (Raitakari et al., 2003). The presence of an atheroma plaque was evaluated in the
common and internal carotid extracraneal arteries as well as the bifurcations according to
standardized scanning and reading protocols (Touboul et al., 2007). Plaque was defined as a

focal structure that encroaches into the arterial lumen at least 0.5 mm or 50% of the
surrounding IMT value, or demonstrates a thickness >1.5 mm as measured from the mediaadventitia interface to the intima-lumen interface. For the purpose of the study, the presence
of carotid atheromatosis was categorized with 0 indicating a patient without carotid
atheromatosis and 1 with it.
2.3.3 | Outcome evaluation
Functional outcome was evaluated at 3 months using the modified Rankin scale (mRS)
(UK-TIA Study Group, 1988; Van Swieten, Koudstaal, Visser, Schouten, & van Gijn,
1988), and a poor outcome was defined as a mRS score >2.
2.4 | Statistical analysis
The sample size calculation was performed using the Macro !NSize for PASW Statistics
(http://www.metodo.uab.cat/macros.htm.). Based on a pilot study carried out by our group,
to detect an expected odds ratio (OR) of 4.20 in the association between PD and LI (Leira
et al., 2016), assuming α-risk = 0.05 and β-risk = 0.10, a sample of 240 subjects was
calculated (120 cases and 120 controls, 1:1 case:control).
All data analyses were performed with IBM SPSS Statistics 20.0 software for Mac (SPSS
Inc., Chicago, IL, USA). 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 χ2 test (categorical
variables). Non- normally distributed variables were showed as median (interquartile range)
and compared using Mann–Whitney U test.
Conditional logistic regression models were performed to test potential associations
between PD and its clinical parameters and LI presence. Binary logistic regression analysis
was done to investigate the relationship between periodontal parameters and poor
prognosis. The model selection procedure selected was stepwise regression with
bidirectional elimination that is a combination of forward selection and backward
elimination. The criterion chosen for selection was the Akaike information criterion (AIC),
so the model with the lower AIC was selected as the best in order to avoid collinearity
effects (Leira et al., 2016). The selection procedure was replicated using the Bayesian
information criterion and the covariates selected with the AIC.

To identify the best discriminant cut-off point of the mean PISA to identify poor outcome
in patients with LI, a receiver operating characteristic (ROC) analysis was carried out.
All tests were performed at a significance level of α = 0.05.
3 | RESULTS
A total of 321 adults were asked to participate in this study. This population included 139
patients diagnosed with LI and 182 healthy controls. Of these, 19 cases and 25 controls
were excluded leading to a final study sample of 120 cases and 157 controls.
3.1 | Study groups—baseline characteristics
The number of patients with a history of hypertension, diabetes mellitus,
hypercholesterolaemia, ischaemic heart disease, and peripheral arterial disease was
significantly higher in cases than controls. As expected, patients with LI were taking
significantly more medication than healthy controls (i.e., statins, antiaggregants, and
antihypertensives (Table 1).
3.2 | Study groups—PD
LI cases and controls differed significantly in all periodontal parameters examined,
including both cumulative measures of past PD (i.e., CAL), as well as measures of current
periodontal inflammatory activity (i.e., FMBS, PPD, and PISA) (Table 1). According to
this, PD was present in 85 of 120 patients with LI (70.8%) and in 51 of 157 control subjects
(30.8%) (Figure 1a). Regarding PD severity, almost half of the periodontal patients with LI
had severe PD compared to 7.8% in the control group (Figure 1b). No differences were
found between groups with regard to dental variables (Table 1).
Patients with LI who had PD showed significantly higher prevalence of leukoaraiosis and
carotid atheromatosis than those without PD. Poor functional outcome at 3 months was
found in 32.9% of LI patients with PD in comparison to 8.6% without PD (p = 0.006)
(Table 2).
3.3 | Association between PD and its clinical parameters and the presence of LI
After adjusting for age, gender, hypertension, diabetes mellitus, hypercholesterolaemia,
ischaemic heart disease, smoking, and statins consumption in multiple logistic regression,
among patients with PD, the odds for having LI was 3.3 (95% CI: 1.7–6.4) compared to
those without PD. Likewise, severe PD was strongly associated with the presence of LI
(OR = 9.8, 95% CI: 2.4–38.9; p < 0.001), independently of the same confounding factors.

After adjusting for the most relevant clinical periodontal parameters, only PISA was
mildly associated with LI (OR = 1.1, 95% CI: 1.0–1.1; p < 0.001).
3.4 | Study groups based on prognosis—baseline characteristics
Within the 120 LI patients studied, 31 (25.8%) had a poor outcome at 3 months. Patients
with poor outcome were significantly older and more likely to have a history of
hypertension and diabetes mellitus. Accordingly, significantly more individuals in the poor
outcome group were under hypertensive medication. Leukoaraiosis was present in 19 of 89
good outcome patients (21.3%) and in 16 of 31 patients with poor outcome (51.6%) (p =
0.001). Furthermore, SIs were detected in more than half of the poor outcome subjects
(54.8%) compared to 33.7% in the good outcome group (p = 0.038). No differences were
observed between poor and good prognosis groups in relation to both demographic and
vascular risk variables as well as LI location (Table 2).
3.5 | Study groups based on prognosis—PD
The prevalence of PD in poor outcome subjects was significantly higher than those from
the good outcome (90.3% versus 64.0%, p = 0.006) (Figure 2a). There was an about 1.7fold increase in the percentage of patients with poor outcome who suffered from severe PD
compared with good outcome individuals (64.3% versus 38.6, p = 0.039) (Figure 2b).
Clinical periodontal parameters of current disease activity (i.e., FMBS, PPD, and PISA)
were significantly elevated in patients with poor prognosis in comparison to good prognosis
patients, whereas the main indicator of prolonged exposure to PD (i.e., CAL) did not differ
between groups (Table 3).
3.6 | Association between periodontal clinical parameters and poor outcome in
patients with LI
After adjusting for age, gender, hypertension, leukoaraiosis, SIs, FMBS, and mean PPD,
PISA (OR = 1.1, 95% CI: 1.0–1.1, p = 0.016) and diabetes mellitus (OR = 2.8, 95% CI:
1.0–7.9, p = 0.049) were the only predictors significantly associated with poor outcome in
patients with LI.
ROC analysis showed an area under the curve of 0.7 (95% CI: 0.6–0.8, p < 0.001), which
suggests that a value ≥727 mm2 predicted PISA association with poor outcome, with a
sensitivity of 71% and a specificity of 70%. Therefore, after categorizing PISA (<727 mm2
and ≥727 mm2), this indicator of current PD activity (OR = 6.5, 95% CI: 2.0–20.7, p =

0.001) along with a previous history of diabetes (OR = 3.4, 95% CI: 1.1–10.3, p = 0.029)
still reached statistical significance independently of aforementioned clinical variables.
4 | DISCUSSION
In our study, we found that PD was very common and was present in almost threequarters of our patients with LI. Furthermore, we showed that periodontal inflammation
measured by the PISA method was associated with poor prognosis in patients diagnosed
with LI. Indeed, a PISA value ≥727 mm2 (moderate to severe periodontal cases) (Leira,
Martín-Lancharro, & Blanco, 2018) was an independent powerful predictor of poor
outcome at 3 months.
The prevalence of PD in our LI group (70.8%) was more than double compared to our
control group without any neurological disorder (30.8%) (Leira et al., 2016) and,
accordingly was almost two times what is common in the Spanish employed population
(38.4%) (Carasol, 2016). In the present study, we found a positive association between PD
and the LI, independent of other well-known vascular risk factors. Similarly to previous
data, history of hypertension and diabetes mellitus was more common in LI patients than
controls (Bezerra, 2012). Our results are in contrast with recent findings, where PD was
associated with both incident atherothrombotic and cardioembolic stroke but not with LI
(Sen, 2018). There are several possible factors attributable to this difference such as PD
case definition, lack of medication adjustment in regression models as well as the limited
number of incident cases of LI (n = 61).
Because PISA reflects the amount of periodontal inflamed tissue, it is believed to be an
accurate method to assess both infectious and inflammatory burden posed by PD (Leira et
al., 2018; Nesse et al., 2008). In fact, in our LI patients, the mean estimated surface area of
the periodontal ulcerated epithelium was 10.4 cm2 compared to 1.9 cm2 corresponding to
the control group. Such a wound surface must be regarded as significant. It is speculated
that the inflamed and ulcerated subgingival pocket epithelium forms an easy port of entry
for periodontal bacteria either producing bacteremias or endotoxemias (Loos, 2005). In
accordance, our analysis provided evidence of a positive association between PISA and LI.
A previous study demonstrated that PPD was increased in LI, but failed to demonstrate a
relationship between clinical periodontal parameters and the presence of LI (Taguchi et al.
2013). Similarly, although our patients with LI showed worse periodontal conditions in

terms of past (i.e., CAL) and current PD (i.e., FMBS and PPD), none of them were
significantly associated with a higher risk of LI.
In general, LIs have a good prognosis, as mortality is low and functional recovery is
usually good (Fisher, 1982; Petty et al., 2000). Nevertheless, in one-third of patients
suffering from LIs a certain grade of dependency could be seen as a result of a worse
outcome (Blanco et al., 2006; Clavier et al., 1994; Samuelsson et al., 1996; Yokota et al.,
2004). Similarly to previous reports, in the present study, 31 out of 120 patients with LI
(25.8%) had a poor functional outcome at 3 months (Blanco et al., 2006; Clavier et al.,
1994; Petty et al., 2000; Roquer, Campello, & Gomis, 2004; Samuelsson et al., 1996;
Yokota et al., 2004). Ageing, diabetes mellitus, hypertension, leukoaraiosis, and SIs on CT
at admission have been recognized as potential predictors for poor prognosis (Blanco et al.,
2006; De Jong et al., 2002; Norrving, 2003; Samuelsson et al., 1996). In our sample, we
found that patients with poor outcome were older and more likely to have a previous
history of hypertension and diabetes mellitus. The prevalence of leukoaraiosis and SIs was
also significantly higher in the poor outcome group compared to the good outcome group.
PD was more frequent in LI patients with poor prognosis than the subjects of the good
outcome group. While clinical periodontal parameters of current disease activity (i.e.,
FMBS, PPD, and PISA) were significantly elevated in poor outcome patients, the main
indicator of prolonged exposure to PD (i.e., CAL) did not show statistical differences
between the two groups. Importantly, our findings show that periodontal inflammation
measured by the PISA method was significantly associated with poor outcome at 3 months.
When PISA was categorized, a value ≥727 mm2 (moderate to severe periodontal cases)
(Leira et al., 2018) showed to be an independent powerful predictor of poor outcome.
Nevertheless, history of diabetes mellitus also seems to predict poor functional prognosis in
our LI patients. A previous study that included 169 ischaemic stroke patients showed that
patients with advanced PD had greater neurological deficit on admission as well as poor
functional outcome at 3 months compared to those without PD (Slowik et al., 2010). In PD,
it appears that the host overreacts to infectious stimuli by releasing increased amount of
inflammatory molecules (i.e., IL-6 and TNF-α) that may be disseminate to systemic
circulation (Loos, 2000; Loos, 2005), which may contribute to pathogenesis of cerebral
ischaemia by accelerating brain atheroma plaques progression as well as promoting

endothelial dysfunction (Leira, Blanco, Blanco, & Castillo, 2015). Furthermore, it is
suggested that systemic inflammation may be involved in early neurological deterioration
in LI patients (Blanco et al., 2006; Castellanos et al., 2002).
We have to be cautious when interpreting the results of the present study due to the low
number of patients with poor functional outcome (n = 31). Nevertheless, previous reports
(Blanco et al., 2006; Clavier et al., 1994; Petty et al., 2000; Roquer et al., 2004; Samuelsson
et al., 1996; Yokota et al., 2004) showed that between 18%–42% of LI patients presented
poor functional outcome at 3 months. Accordingly, we observed worse prognosis in 25.8%
of these patients, which was between the ranges proposed in the literature. It is worth
mentioning that diabetes was also a predictor of poor outcome in our analysis. Due to
diabetes is linked with both PD and LI, we cannot rule out the possible synergistic effect of
diabetes and PD or vice versa that could lead to a hyperinflammatory state increasing the
risk for poor prognosis in LI. On the other hand, the PISA method has several limitations.
The formulas that transform CAL and Rec into surface area are based on mean values of
both root surface area and root lengths, therefore, leading to bias when PISA is calculated
(Nesse et al., 2008).
Patients with gingival overgrowth due to antihypertensives may also influence PISA
calculation, resulting in an underestimation of true PESA and thereby underestimate true
PISA because the gingival margin is located above the CEJ (Nesse et al., 2008). The use of
either antiaggregants or statins may also influence PISA values because of either increased
or reduced gingival bleeding, respectively. Smoking produces vasoconstriction leading to
reduction in BoP and PISA values. In our study, however, we recorded the use of all these
medications and were included in our analysis to avoid bias. Despite all these
shortcomings, PISA is considered to be a useful tool in periodontal medicine research
because reflects the amount of periodontal inflamed tissue and, thus, can accurately
measure the infectious and inflammatory burden posed by PD (Leira et al., 2018). Another
important limitation of the present study is the lack of inclusion in our analysis of some
potentially relevant confounders such as socioeconomic status (i.e., monthly or annually
income, employment status or marital status), medical and dental compliance. Nevertheless,
in our study education level that is considered as part of the socioeconomic status of the
participants did not differ between cases and controls. Furthermore, the last dental visit of

each participant could be considered as a surrogate marker of dental compliance. In the
present analysis, 40.8% of patients with stroke went less than once a year compared to
32.5% of controls, but this difference was not significant.
In conclusion, PD was positively and independently associated with the presence of LI.
Moderate to severe active PD (i.e., PISA ≥ 727 mm2) was an independent predictor of poor
functional outcome at 3 months in patients with LI. However, further data from studies
with a large sample size are warranted to explore if this association is causal as well as
potential biological mechanisms underlying this relationship. Studies with a high number of
LI patients with poor outcome are needed to confirm our results. In addition, future
interventional trials might address the question of whether periodontal therapy could have
any prognostic implications in these patients.
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Table 1. Baseline characteristics.
VARIABLES
Age (years)
Males, n (%)
BMI
Hypertension, n (%)
Diabetes mellitus, n (%)
Hypercholesterolemia, n (%)
Ischemic heart disease, n (%)
Peripheral arterial disease, n (%)
Smoking habit
-Never smoker, n (%)
-Former smoker, n (%)
-Current smoker, n (%)
Alcohol consumption, n (%)
Medication
-Statins, n (%)
-Antiaggregants, n (%)
-Antihypertensives, n (%)
Education level
-High, n (%)
-Medium, n (%)
-Low, n (%)
FMPS (%)
FMBS (%)
PPD measures
-Mean PPD (mm)
-Number of sites/mouth PPD ≥4 mm
-Number of sites/mouth PPD ≥6 mm
Rec (mm)
CAL measures
-Mean CAL (mm)
-Number of sites/mouth CAL ≥3 mm
-Number of sites/mouth CAL ≥5 mm
Number of present teeth
PISA (mm2)
Last dental visit
-Within the last 12 months, n (%)
-Less often, n (%)
Tooth brush frequency
-<2 times/day
-≥2 times7day
Use of interdental care devices, n (%)

Cases
(n=120)
66.4±9.9
82 (68.3)
26.9±3.4
74 (61.7)
33 (27.5)
55 (45.8)
22 (18.3)
5 (4.2)

Controls
(n=157)
65.4±9.9
108 (68.8)
26.7±4.7
44 (28.0)
13 (8.3)
28 (17.8)
4 (2.5)
0 (0.0)

82 (68.3)
16 (13.3)
22 (18.3)
21 (17.5)

126 (80.3)
13 (8.3)
18 (11.5)
17 (10.9)

56 (46.7)
46 (38.3)
70 (58.3)

28 (17.8)
4 (2.5)
44 (28.0)

30 (25.0)
52 (43.3)
38 (31.7)
54.8±17.5
59.4±18.2

36 (22.9)
67 (42.7)
54 (34.4)
27.0±12.0
28.3±13.6

3.6±1.0
75.8±51.2
18.1±25.3
0.6±0.4

2.6±0.6
17.8±32.2
1.8±9.4
0.3±0.3

<0.001

4.3±1.4
116.3±39.4
63.7±50.1
20.0±3.7
1040.4±1145.8

2.9±0.9
109.6±40.0
17.7±30.8
24.6±2.6
193.2±357.1

<0.001
0.169
<0.001
<0.001
<0.001
0.152

71 (59.2)
49 (40.8)

106 (67.5)
51 (32.5)

44 (36.7)
76 (63.3)
9 (7.5)

49 (31.2)
108 (68.8)
17 (10.8)

P-value
0.391
0.935
0.726
<0.001
<0.001
<0.001
<0.001
0.010
0.075

0.172
<0.001
<0.001
<0.001
0.869

<0.001
<0.001

<0.001
<0.001

0.370
0.409

BMI: body mass index; FMPS: full-mouth plaque score; FMBS: full-mouth bleeding score;
PPD: probing pocket depth; Rec: gingival recession; CAL: clinical attachment level; PISA:
periodontal inflamed surface area.

Table 2. Characteristics of LI patients according to periodontal status.
VARIABLES
Age (years)
Males, n (%)
BMI
Hypertension, n (%)
Diabetes mellitus, n (%)
Hypercholesterolemia, n (%)
Ischemic heart disease, n (%)
Peripheral arterial disease, n (%)
Smoking habit
-Never smoker, n (%)
-Former smoker, n (%)
-Current smoker, n (%)
Alcohol consumption, n (%)
Medication
-Statins, n (%)
-Antiaggregants, n (%)
-Antihypertensives, n (%)
Education level
-High, n (%)
-Medium, n (%)
-Low, n (%)
Leukoaraiosis, n (%)
Carotid atheromatosis, n (%)
SIs, n (%)
mRS at admission
mRS at 3 months
Poor prognosis (mRS > 2), n (%)
LI location
-Hemispheric, n (%)
-Basal ganglia, n (%)
-Brainstem, n (%)
-Other locations, n (%)

PD
(n=85)
67.5±10.0
60 (70.6)
26.9±3.7
53 (62.4)
24 (28.2)
36 (42.4)
16 (18.8)
4 (4.7)

No PD
(n=35)
63.8±9.5
22 (62.9)
27.1±2.3
21 (60.0)
9 (25.7)
19 (54.3)
6 (17.1)
1 (2.9)

58 (68.2)
12 (14.1)
15 (17.6)
18 (21.1)

24 (68.6)
4 (11.4)
7 (20.0)
3 (8.6)

36 (42.4)
30 (35.3)
49 (57.6)

20 (57.1)
16 (45.7)
21 (60.0)

21 (24.7)
36 (42.4)
28 (32.9)
32 (37.6)
42 (49.4)
36 (42.4)
0.5±0.6
1.6±1.2
28 (32.9)

9 (25.7)
16 (45.7)
10 (28.6)
3 (8.6)
10 (28.6)
11 (31.4)
0.8±1.0
1.0±0.9
3 (8.6)

31 (36.5)
43 (50.6)
9 (10.6)
2 (2.4)

14 (40.0)
18 (51.4)
3 (8.6)
0 (0.0)

P-value
0.061
0.408
0.734
0.810
0.779
0.233
0.829
0.645
0.900

0.201
0.140
0.286
0.812
0.894

0.001
0.036
0.265
0.132
0.007
0.006
0.799

PD: periodontitis; BMI: body mass index; SI: silent infarct; mRS: modified Rankin Scale;
LI: lacunar infarct.

Table 3. Baseline characteristics of LI patients according to functional outcome at 3
months.
VARIABLES
Age (years)
Males, n (%)
BMI
Hypertension, n (%)
Diabetes mellitus, n (%)
Hypercholesterolemia, n (%)
Ischemic heart disease, n (%)
Peripheral arterial disease, n (%)
Smoking habit
-Never smoker, n (%)
-Former smoker, n (%)
-Current smoker, n (%)
Alcohol consumption, n (%)
Medication
-Statins, n (%)
-Antiaggregants, n (%)
-Antihypertensives, n (%)
Education level
-High, n (%)
-Medium, n (%)
-Low, n (%)
Leukoaraiosis, n (%)
Carotid atheromatosis, n (%)
SIs, n (%)
LI location
-Hemispheric, n (%)
-Basal ganglia, n (%)
-Brainstem, n (%)
-Other locations, n (%)
FMPS (%)
FMBS (%)
PPD measures
-Mean PPD (mm)
-Number of sites/mouth PPD ≥4 mm
-Number of sites/mouth PPD ≥6 mm
Rec (mm)
CAL measures
-Mean CAL (mm)
-Number of sites/mouth CAL ≥3 mm
-Number of sites/mouth CAL ≥5 mm
Number of present teeth
PISA (mm2)
Last dental visit
-Within the last 12 months, n (%)
-Less often, n (%)
Tooth brush frequency

Good outcome
(n=89)
65.5±10.6
65 (73.0)
27.4 [24.9-29.4]
49 (55.1)
19 (21.3)
38 (42.7)
18 (20.2)
5 (5.6)

Poor outcome
(n=31)
69.1±7.3
17 (54.8)
27.0 [24.4-29.4]
25 (80.6)
14 (45.2)
17 (54.8)
4 (12.9)
0 (0.0)

59 (66.3)
12 (13.5)
18 (20.2)
18 (20.2)

23 (74.2)
4 (12.9)
4 (12.9)
3 (9.7)

38 (42.7)
33 (37.1)
46 (51.7)

18 (58.1)
13 (41.9)
24 (77.4)

20 (22.5)
41 (46.1)
28 (31.5)
19 (21.3)
39 (43.8)
30 (33.7)

10 (32.3)
11 (35.5)
10 (32.3)
16 (51.6)
13 (41.9)
17 (54.8)

33 (37.1)
46 (51.7)
9 (10.1)
1 (1.1)
54.7±17.0
57.5±19.0

12 (38.7)
15 (48.4)
3 (9.7)
1 (3.2)
54.9±19.3
65.1±14.7

0.951
0.026

3.5±1.0
69.6±49.1
15.6±24.6
0.6±0.5

3.9±1.0
93.7±53.6
25.2±26.3
0.6±0.4

0.046
0.023
0.069
0.542

4.2±1.4
114.5±39.3
58.6±48.3
19.9±3.6
813.8±1041.5

4.5±1.4
121.3±39.9
78.4±52.9
20.2±4.3
1690.9±1198.6

0.251
0.414
0.058
0.712
0.001
0.885

53 (59.6)
36 (40.4)

18 (58.1)
13 (41.9)

p-value
0.043
0.061
0.854
0.012
0.011
0.243
0.364
0.178
0.641

0.396
0.140
0.632
0.012
0.477

0.001
0.855
0.038
0.878

0.480

VARIABLES
-<2 times/day
-≥2 times7day
Use of interdental care devices, n (%)

Good outcome
(n=89)
31 (34.8)
58 (65.2)
5 (5.6)

Poor outcome
(n=31)
13 (41.9)
18 (58.1)
4 (12.9)

p-value

0.185

BMI: body mass index; SI: silent infarct; LI: lacunar infarct; FMPS: full-mouth plaque
score; FMBS: full-mouth bleeding score; PPD: probing pocket depth; Rec: gingival
recession; CAL: clinical attachment level; PISA: periodontal inflamed surface area.

Figure 1. a) Prevalence of PD in subjects with and without LI. b) Percentage of patients
according to PD severity in subjects with and without LI.

Figure 2. a) Prevalence of PD within LI patients according to functional outcome at 3
months. b) Severity of PD within LI patients according to functional outcome at 3 months.

