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Objective: To evaluate the association between periodontitis and severe asthma, with 
participants in treatment for severe asthma, controlled by therapy.
Methods: A case–control investigation was performed to compare 130 adults with 
severe asthma with 130 without asthma. Individuals with periodontitis were those 
with ≥4 teeth with ≥1 site with probing depth ≥4 mm, clinical attachment level ≥3 mm, 
and bleeding upon probing at the same site. Severe asthma diagnosis was based on 
Global Initiative for Asthma criteria.
Results: Association between exposure to periodontitis and severe asthma was found: 
ORcrude = 2.98 (95% CI: 1.74–5.11). When confounders were considered, the associa-
tion between exposure to periodontitis and severe asthma was maintained: 
ORadjusted = 3.01–3.25. Individuals with periodontitis had about a threefold increased 
risk of severe asthma than those without periodontitis. Frequency of periodontitis in 
participants with severe asthma was greater than that of those without asthma (46.6% 
vs 22.3%, p ≤ .05).
Conclusions: Association between periodontitis and severe asthma was observed. 
Further investigation is required to determine the direction of this relationship. It may 
be causal, but it may also be a consequence of the immunopathological process that 
characterizes asthma, or else, consequence of the medication used for treatment.
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1  | INTRODUCTION

Both periodontitis and asthma are complex diseases with high 
prevalence worldwide. Approximately 20% of all adults demonstrate 

evidence of periodontitis (Genco & Borgnakke, 2013), while asthma 
affects some 334 million people of all ages (GINA, 2014), 10% of 
which are severe (WHO, 2011). Few studies have addressed the in-
fluence of periodontitis on asthma (Friedrich et al., 2006; Gomes-Filho 
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et al., 2014; Laurikainen & Kuusisto, 1998; Rivera, Andriankaja, Perez, 
& Joshipura, 2016; Stensson et al., 2011; Yaghobee, Paknejad, & 
Khorsand, 2008).

Previous work from our group (Gomes-Filho et al., 2014) showed a 
strong positive association between periodontitis and asthma severity. 
In view of these results, the following questions were posed: does the 
association remain strong with participants of the case group when 
severe asthma is adequately controlled by therapy? Does the inclusion 
of different confounders in the analysis model influence the strength 
of this association?

Despite the association between periodontitis and asthma, a causal 
link is not established. To demonstrate a causal link, several mechanisms 
must be established to prove this association (Mehta, Sequeira, Sahoo, 
& Kaur, 2009). Matrix metalloproteinase, released from inflammatory 
cells present in periodontitis, could degrade structural proteins within 
the respiratory tissue, possibly resulting in chronic bronchial inflamma-
tion and the establishment of asthma (Gueders, Foidart, Noel, & Cataldo, 
2006). It can also be hypothesized that the typical and abundant micro-
bial population associated with periodontitis might influence the lower 
airway microflora, generating an imbalance that favors the initiation or 
progression of asthma. (Navarro, Nelson Filho, Silva, & Freitas, 2006).

There is also the possibility that these diseases are not causally re-
lated and are linked only by chance, or by common risk factors (Arbes & 
Matsui, 2011; Matsui, 2012). The aging population who now maintain 
larger numbers of teeth and factors related to urbanization and the 
risk of asthma, together, may make the population more vulnerable to 
these diseases. In addition, harmful behaviors such as smoking might 
contribute to both periodontitis and asthma progression (Cerveri et al., 
2012; Papapanou, 1998).

Socioeconomic characteristics, such as education and income level, 
also have a strong effect on the occurrence of both diseases. The preva-
lence of asthma and periodontitis is very often higher in those with lower 
educational levels and income (Davoodi, Mahesh, Holla, & Ramachandra, 
2013; Wennström, Ahlqwist, Stenman, Björkelund, & Hakeberg, 2013).

Most existing studies of the link between periodontitis and asthma 
have included relatively small sample sizes (Gomes-Filho et al., 2014; 
Laurikainen & Kuusisto, 1998; Stensson et al., 2011; Yaghobee et al., 
2008) and have not investigated the individuals’ response to ther-
apy (Friedrich et al., 2006; Laurikainen & Kuusisto, 1998; Rivera 
et al., 2016; Yaghobee et al., 2008), and confounders in the analysis  
models (Stensson et al., 2011; Yaghobee et al., 2008). This study has 
addressed the methodologic shortcomings of previous studies.

Thus, the goal of this study was to estimate the association  
between periodontitis and severe asthma, with participants with se-
vere asthma controlled by therapy, and to explore the possible influ-
ences of socioeconomic-demographic, lifestyle, and health factors on 
this association.

2  | MATERIALS AND METHODS

This case–control investigation was conducted from January 2013 
to November 2014 in the Program for Control of Asthma in Bahia 

(ProAR), Salvador, Bahia, Brazil. The Research Ethics Committee of 
Climério de Oliveira Hospital, Federal University of Bahia (CONEP nº 
15782), approved the study, in accordance with the Declaration of 
Helsinki.

2.1 | Sample size

The following parameters were used to calculate the minimum 
sample size: a 95% confidence level, 80% study power, an esti-
mated frequency of periodontitis of 30.3% in individuals with no 
asthma diagnosis (control group) and 49.7% in those with severe 
asthma (controlled, case group), based on data from a pilot study  
(unpublished data). Thus, an estimated minimum number of partici-
pants in both the case and control groups was 103, approximately, 
totaling 206 individuals.

2.2 | Criteria for sample selection

The case group was composed of adults (age ≥18 years) with diag-
nosis of asthma, defined as severe at the moment of their enrollment 
in the ProAR central reference clinic cohort, according to GINA clas-
sification of 2002. Asthma was defined as having symptoms includ-
ing episodic breathlessness, cough, wheezing, and chest tightness. 
Seasonal variability of symptoms and a previous history of asthma and 
atopic disease in the family were useful diagnostic aids. The control 
group was composed of individuals with no history of asthma, mostly 
from those who sought other services available at the health center. 
No relatives or spouses were recruited to reduce the chance of simi-
lar genetic or environmental risk exposure. Thus, the participants in 
the case and control groups were derived from the same population. 
For each participant found with severe asthma, case group, another 
was selected without asthma, control group. All participants were 
≥18 years old and with a minimum of four teeth present to ensure the 
measurements of periodontal status. The participation of the individu-
als for the research was voluntary and all signed a free and informed 
consent form.

2.3 | Data-gathering procedures

Asthma diagnosis was confirmed by a pulmonary physician from 
ProAR team, who also defined whether it was severe or not, based on 
GINA criteria (GINA, 2002). Prior to the inclusion in the current case–
control study, an audit was conducted on the charts of all individuals 
with severe asthma, and only those for which there was an agreement 
on the diagnosis of asthma by two experts and a spirometry confirm-
ing the diagnosis were invited to take part.

Data on socioeconomic, demographic, lifestyle habits, oral and gen-
eral health condition, and dental care were collected using a question-
naire. The observer was blinded to asthma status of the participants 
while they underwent a complete oral examination, performed by one 
periodontist (KS-M), who was trained by a senior periodontist (IG-F). 
The full examination was conducted, except for third molars, using 
a periodontal probe (Hu-Friedy, Chicago, IL) for six sites per tooth: 
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mesio-, mid-, and disto-buccal, mesio-, mid-, and disto-lingual. From this 
information, the following were calculated: recession measure, prob-
ing depth, clinical attachment level, bleeding upon probing, and visible 
plaque index. The probing depth was determined to be the distance 
between the gingival margin and the greatest penetration of the probe. 
The presence of recession was identified as the distance between the 
gingival margin and the cementum–enamel junction. The clinical at-
tachment level was the sum of the values of probing depth measures 
and recession. Bleeding upon probing was defined as bleeding present 
within 10 s of the probe’s removal. Visible plaque was examined at four 
sites, mesial, buccal, distal, and lingual, using the probe only to confirm 
the presence of plaque on the tooth surface. Intra- and interexaminer 
reliability of recession and probing depth measurements was calculated 
using Kappa index (difference of ±1 mm), with correlation of 0.81 and 
0.84, and 0.80 and 0.83, respectively, in 10% of the sample.

2.4 | Definition of exposure and outcome

Individuals diagnosed with periodontitis (exposure) had a minimum 
of four teeth with at least one site possessing probing depth greater 
than or equal to 4 mm, clinical attachment level greater than or equal 
to 3 mm, and bleeding upon probing at the same site. (Gomes-Filho 
et al., 2007).

This diagnosis of the outcome—controlled severe asthma—was 
in accordance with the Global Initiative for Asthma (GINA, 2002), in 
which individuals who presented at least one of the following criteria 
upon registering in the reference center (ProAR): 1) daily symptoms 
over the last 4 weeks; 2) frequent exacerbations; 3) frequent noctur-
nal asthma symptoms; 4) limitation of physical activities; and 5) forced 
expiratory volume in one-second (FEV1) or peak expiratory flow rate 
(PEF) ≤60% of predicted.

2.5 | Statistical analyses

Summary descriptive analyses were conducted for the following: 
age, gender, self-reported skin color, schooling level (years of study), 
household density (number of people), marital status, family income 
(minimum monthly salaries), smoking habit, physical activity, last 
visit to dentist, mouth-breathing habit, brushing frequency, use of 
dental floss (a minimum of once a day), hypertension, diabetes, os-
teoporosis, hypercholesterolemia, cardiovascular disease, body mass  
index—BMI (kg/m2), bleeding upon probing, plaque index, number of 
present teeth, number of sites with clinical attachment level 1–2 mm, 
3–4 mm, and ≥5 mm, and number of sites with probing depth ≥4 mm. 
Simple frequencies and central tendency measurements were ob-
tained. The χ2 test and the t test, for categorical and continuous covar-
iables, respectively, were used in bivariate analysis, with a significance 
level of p = 5%, to know how different the covariables in the compari-
son groups were. Odds ratio (OR) and 95% confidence interval were 
used to estimate the magnitude of the association between exposure 
to periodontitis and severe asthma. Stratified and logistic regression 
analyses were also conducted. The investigation of the presence of 
effect-modifying covariables used the maximum-likelihood ratio 

test (p = 5%), and the evaluation of the presence of confounders by 
means of backward strategy. If the covariable produced an alteration 
of at least 10% in the association measurement, it was defined as a 
confounder.

Additionally, those covariables that have an influence on both peri-
odontitis and on severe asthma in accordance with previous studies on 
the theme were also considered confounding covariables. Therefore, 
nine adjusted final models were generated in accordance with alter-
ation of different confounding covariables. The relative differences 
were obtained by the subtraction of the adjusted and crude associ-
ation measurements, divided by the crude measurement: Relative  
difference = (ORadjusted − ORcrude/ORcrude) × 100.

The Hosmer–Lemeshow statistic was used to evaluate the good-
ness of fit of the regression model employed in the study. The results 
were analyzed using two software packages (Stata Data Analysis 
and Statistical Software, StataCorp LP, College Station, TX; and SPSS 
Software v.21.0, IBM, Armonk, NY).

2.6 | Confounder selection procedure

The selection of confounder covariable was initially based on their 
distribution in the study groups and confirmed by the strategies used 
in the statistical analysis. In addition, the selection was also based 
on the epidemiological importance of the covariable in previous 
studies (Friedrich et al., 2006; Gomes-Filho et al., 2014; Laurikainen 
& Kuusisto, 1998; Rivera et al., 2016). The covariables such as age, 
schooling level, family income, household density, osteoporosis, 
hypertension, diabetes, smoking habit, and BMI were chosen and 
composed the different models of analysis in accordance with the 
conceptual framework addressed in the discussion section. The con-
founders of the first adjusted model were selected based on the pre-
vious study of Gomes-Filho et al., 2014. The covariables maintenance 
in each model followed the criterion of choosing only one representa-
tive per confounder group, for example, demographic (age), socioeco-
nomic condition (schooling level, family income, household density), 
health condition (osteoporosis, hypertension, diabetes), life style 
(smoking habit), and nutritional condition (BMI).

3  | RESULTS

The final sample of this study consisted of 260 participants, 217 
women and 43 men, with an average age of 48.2 ± 14 years (standard 
deviation), median of 49 years, with a minimum of 18 and a maximum 
of 89 years. Of these, 130 individuals (17 males and 113 females) 
made up the control group with no diagnosis of asthma and 130 
individuals (26 males and 104 females) served as the case group with 
a diagnosis of severe asthma.

In total, 89 (34.23%) individuals were classified as having periodon-
titis, 29 participants in the control group and 60 in the case group. The 
visible plaque (PI) and bleeding upon probing indexes (BOP) showed 
the worst conditions in the group of individuals with severe asthma 
(PI: 44.35% vs 29.57% and BOP: 21.47% vs 12.68%).
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The socioeconomic, demographic, medical, and oral character-
istics of the comparison groups are provided in Table 1. The groups 
under study were generally homogeneous for the majority of the eval-
uated characteristics, with a statistically significant difference only 
being noted for age (p < .01), schooling level (p = .01), family income 
(p = .03), mouth-breathing habit (p < .01), presence of periodontitis 
(p < .01), and hypertension (p = .02).

Table 2 shows other characteristics related to periodontal con-
dition of the study groups. The cases had more frequent bleeding 
upon probing (p < .01) and visible plaque indexes (p < .01) in compar-
ison with the control group. In contrast, the number of present teeth 
(p = .05) and sites with clinical attachment level 1–2 mm (p = .02) was 
statistically greater in the control group.

The crude and adjusted measurements for the association be-
tween exposure to periodontitis and severe asthma are shown in 
Table 3. The crude association analysis found that, in individuals with 
periodontitis, the chance of having severe asthma was, approximately, 
three times greater than in participants without periodontal disease 
[ORcrude = 2.98 (95% CI: 1.74–5.11)].

Stratification analysis found neither modifier covariables nor con-
founders, thereafter confirmed by logistic regression analysis. As such, 
to obtain the adjusted association measurement, the covariables age, 
schooling level, osteoporosis, smoking habit, and body mass index 
were selected and included in the first analysis model due to their 
epidemiological relevance in asthma and/or periodontitis, based on 
Gomes-Filho et al., 2014.

In the logistic regression model, the adjusted association measure-
ment was ORadjusted = 3.18 (95% CI: 1.80–5.63). However, when the 
analysis model was altered in accordance with the type of covariable, 
some changes were found in the association measurement (Table 3). 
The variation of the magnitude of the adjusted measurements ranged 
from ORadjusted = 3.01–3.25, always with a narrow 95% CI and above 
1. The greatest relative differences were observed in the following  
adjusted models: model 1 (6.71%), model 4 (7.72%), and model 7 
(9.06%).

The Hosmer–Lemeshow statistic was employed to evaluate the 
goodness-of-fit diagnosis of the regression models used. There was a p 
value ranging from 0.23 to 0.79, and the null hypothesis was not rejected, 
indicating an acceptable goodness of fit for the regression models.

4  | DISCUSSION

The findings of the present study showed a strong association  
between exposure to periodontitis and severe asthma that was ob-
served even after performing regression models adjusted for nine 
different sets of potential confounding variables. The adjusted as-
sociation measurement varied approximately 10% in relation to the 
crude measurement, depending on the set of confounders selected 
for each model. The frequency of periodontitis in the group of partici-
pants with severe asthma (46.20%) was more than twice that found 
in the control group (22.30%). These findings are confirmed by previ-
ous studies (Gomes-Filho et al., 2014; Laurikainen & Kuusisto, 1998; 

Yaghobee et al., 2008) based on the biological knowledge that con-
nect both diseases.

The biological plausibility of the association between periodonti-
tis and asthma is not well understood. It is known that periodonto-
pathogens activate host immune cells to produce cytokines, such as 
prostaglandin E2 (PGE2), interferon-γ, tumor necrosis factor-α, and 
interleukins (IL-1, IL-6, IL-10, IL-11), which stimulate macrophages 
and osteoclasts to release hydrolases and collagenases, as well as ma-
trix metalloproteinases (MMPs) such MMP-1, MMP-9, and MMP-12 
(Gueders et al., 2006). The biologically active molecules have been 
implicated in bronchial remodeling in asthma by cleaving collagen and 
elastic fibers within the lung tissue.

Although there is a theoretical support that justifies these find-
ings, other studies did not find this association (Friedrich et al., 2006; 
Stensson et al., 2011) or observed an inverse association (Rivera et al., 
2016).

Previously, six studies explored connections between periodon-
titis and asthma. Two of them, with larger samples (Friedrich et al., 
2006; —N = 2,837—only 114 individuals with asthma, Rivera et al., 
2016—N = 1,315—only 191, with asthma), used a cross-sectional de-
sign, with limitations inherent to this type of study. It is also worth 
noting that the study by Rivera et al. (2016) included only obese in-
dividuals and self-reported asthma information. Only one (Gomes-
Filho et al., 2014—N = 220) of other studies (Laurikainen & Kuusisto, 
1998—N = 66, Yaghobee et al., 2008—N = 100, Stensson et al., 
2011—N = 40,) assessed the control of severe asthma in relation to 
the used therapy, differing from the present study because it included 
individuals in the case group with partially controlled severe asthma. 
Stensson et al., 2011; selected 20 individuals with controlled asthma 
for the study, but did not present the criterion for this classification. 
It is noteworthy that among previous studies, four adjusted for con-
founding in their analysis (Friedrich et al., 2006; Gomes-Filho et al., 
2014; Laurikainen & Kuusisto, 1998; Rivera et al., 2016).

Initial data analysis of the present study did not find potential 
confounding (Rothman, Greenland, & Lash, 2008). Thus, the selec-
tion of potential confounders was based on the following concep-
tual framework, respecting the criterion of non-collinearity, that is, 
when a confounding covariable was included in the model, it was 
the representative of a set of characteristics of the same nature. The 
covariables, schooling level, family income, household density, rep-
resentatives of the socioeconomic condition of the participant, could 
not be simultaneously adjusted in the same model without producing 
overadjustment. The same reasoning was adopted for other chronic 
diseases: osteoporosis, hypertension, and diabetes. Regarding the 
criteria used to avoid overadjustment, each model presented five 
covariables, representing a ratio of 1:20, approximately, one con-
founder for every twenty individuals of the case group (Rothman 
et al., 2008). Please also note that the sample size of the study was 
greater than the minimum calculated for the investigation.

When it was observed that the association measurement remained 
strong in the present study, performed with another sample of par-
ticipants, different analytical models were used, initially considering 
the confounders of the previous study of Gomes-Filho et al., 2014, to 



     |  5SOLEDADE-MARQUES et al.

explore possible changes that could occur in the association measure-
ment when confounders were selected for the composition of the nine 
adjusted models.

TABLE  1 Socioeconomic, demographic, medical, and oral 
characteristics (n [%]) of the study groups (N = 260)

Characteristics

Control Group 
N = 130

Severe Asthma 
N = 130

pN % N %

Age (years)

>39 80 64.50 110 84.60 <.01

Sex

Female 113 86.90 104 80.00 .13

Self-reported skin color

Black/Brown 104 80.00 95 73.10 .18

Schooling level (years of study)

≤4 years 39 30.00 58 44.60 .01

Household density (number of people)

>3 people 56 43.10 50 38.50 .45

Marital status

Without partner 69 53.10 68 52.30 .90

Family income (minimum wages)

≤01 46 35.40 63 48.50 .03

Smoking habit

Yes 4 3.10 0 0 .06

Physical activity

No 89 68.50 84 64.60 .51

Last visit to dentist

Never or ≥1 year 73 56.20 76 58.50 .71

Mouth-breathing habit

Yes 63 48.50 105 80.80 <.01

Brushing frequency

<3 × /day 70 53.80 64 49.20 .46

Use of dental floss (at least once a day)

No 62 47.70 68 52.30 .27

Periodontitis

Yes 29 22.30 60 46.20 <.01

Arterial hypertension

Yes 37 28.50 55 42.60 .02

Diabetes mellitus

Yes 9 6.90 15 11.50 .20

Osteoporosis

Yes 4 3.10 9 6.90 .15

Hypercholesterolemia

Yes 18 13.80 21 16.20 .60

Cardiovascular disease

Yes 5 3.80 7 5.40 .55

Body mass index (kg/m2)

≥25 89 68.50 93 71.50 .59

TABLE  2 Other characteristics related to periodontal condition of 
the study groups (N = 260)

Clinical parameter
Control group 
N = 130

Severe asthma 
N = 130 p

Bleeding upon probing (%)

Mean ± SD 12.68 ± 22.5 21.47 ± 17.7 <.01

Median/Range 6.40/0-100 13.40/0-100

Plaque Index (%)

Mean ± SD 29.57 ± 24.6 44.35 ± 29.0 <.01

Median/Range 21.70/2.2-100 39.30/0–100

Number of teeth (n)

Mean ± SD 22.68 ± 7.9 19.79 ± 8.3 .05

Median/Range 24.00/4-32 21.00/4-32

Number of sites with CAL 1–2 mm (n)

Mean ± SD 7.87 ± 6.5 3.98 ± 4.7 .02

Median/Range 7.00/0-26 2.00/0-24

Number of sites with CAL 3–4 mm (n)

Mean ± SD 9.25 ± 5.2 8.83 ± 6.0 .20

Median/Range 8.50/0-21 8.00/0–23

Number of sites with CAL ≥ 5 mm (n)

Mean ± SD 1.58 ± 1.9 1.84 ± 2.0 .32

Median/Range 1.00/0-9 1.00/0–9

Number of sites with PD ≥ 4 mm (n)

Mean ± SD 2.80 ± 4.0 4.52 ± 5.0 .07

Median/Range 1.00/0-22 3.00/0–22

CAL, clinical attachment level; PD, probing depth.

TABLE  3 Crude and adjusted odds ratio (OR) and 95% confidence 
interval (95% CI) for the association between periodontitis and 
controlled severe asthma (N = 260)

Model OR 95% CI p

Crude 2.98 1.74–5.11 <.01

Adjusted1 3.18 1.80–5.63 <.01

Adjusted2 3.01 1.71–5.30 <.01

Adjusted3 3.01 1.70–5.34 <.01

Adjusted4 3.21 1.81–5.69 <.01

Adjusted5 3.09 1.75–5.46 <.01

Adjusted6 3.07 1.73–5.45 <.01

Adjusted7 3.25 1.84–5.76 <.01

Adjusted8 3.08 1.75–5.44 <.01

Adjusted9 3.09 1.74–5.49 <.01

Adjusted1 for age, schooling level, osteoporosis, smoking habit and BMI.
Adjusted2 for age, schooling level, hypertension, smoking habit and BMI.
Adjusted3 for age, schooling level, diabetes, smoking habit and BMI.
Adjusted4 for age, family income, osteoporosis, smoking habit and BMI.
Adjusted5 for age, family income, hypertension, smoking habit and BMI.
Adjusted6 for age, family income, diabetes, smoking habit and BMI.
Adjusted7 for age, household density, osteoporosis, smoking habit and BMI.
Adjusted8 for age, household density, hypertension, smoking habit and BMI.
Adjusted9 for age, household density, diabetes, smoking habit and BMI.
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The conceptual framework for this study was based on the knowl-
edge that both periodontitis and asthma are more frequent with ad-
vancing age (WHO, 2011, Santos et al., 2011). Smoking is known as 
risk factor for both asthma severity and progression of periodontitis 
(Albandar, Streckfus, Adesanya, & Winn, 2000 Gallefoss & Bakke, 
2003). The inflammatory profile of individuals with BMI > 25 kg/
m2 raises the risk for both diseases under investigation (Genco & 
Borgnakke, 2013; Gruchala-Niedoszytko, Małgorzewicz, Niedoszytko, 
Gnacinska, & Jassem, 2013). With respect to the socioeconomic co-
variables, the relevance of schooling level, family income, and unfa-
vorable family density as risk factors for both asthma and periodontitis 
are established (Aranha, Grisi, & Escobar, 2011; Gomes-Filho et al., 
2014). Finally, for chronic diseases, osteoporosis, hypertension, di-
abetes, although important confounders of the association under 
study (Campos, Liphaus, Silva, & Pereira, 2003; Dregan, Charlton, 
Chowienczyk, & Gulliford, 2014), only one was included in each 
model, considering that the sample size of the present study would 
not support models with a greater number of confounders (Rothman 
et al., 2008).

Given the importance of the effect of smoking on both asthma 
and periodontitis (Albandar et al., 2000 Gallefoss & Bakke, 2003), it 
is noteworthy that in the present study, only four participants in the 
control group, without a diagnosis of asthma, reported smoking habit. 
Thus, the effect of smoking would be restricted to individuals without 
asthma. Thus, smoking is essentially irrelevant for this sample and we 
opted to use smoking habit as a dichotomous covariable.

Several limitations of the present study are worth noting. Case–
control studies, due to their retrospective nature, are vulnerable to re-
call bias. Thus, the self-reported information provided for the present 
study, such as diabetes, hypertension, osteoporosis, may have been 
influenced by time.

Severe asthma requires treatment with medium to high doses of 
inhaled corticosteroids, which have been used among the individuals 
of the study (Nascimento-Sampaio et al., 2015; Ponte et al., 2014). 
Inhaled corticosteroids are the preferred treatment, for the manage-
ment of persistent asthma, due to their anti-inflammatory effects and 
topical administration on the airways. As they inhibit the inflammatory 
response, they may suppress the immune system locally and increase 
the individual’s susceptibility to infection by some pathogens (Santos, 
Jamelli, Rizzo, & Sarinho, 2007).

Considering the design of this study, we cannot exclude the pos-
sibility of severe asthma being a risk factor for periodontitis (reverse 
causality), nor an indirect reverse causality. In this latter situation, the 
reason for the association between periodontitis and asthma might 
well be that inhaled corticosteroids, in doses considered to be medium 
to high, can increase the risk of periodontal disease (Hujoel, Cunha-
Cruz, Maupome, & Saver, 2008). Further, the causality of this associa-
tion may be bidirectional. Longitudinal studies need to be conducted 
as the only way to clarify these doubts.

The information concerning the time of use of inhaled cortico-
steroids, time of asthma diagnosis, and cumulative dose of inhaled 
corticosteroids has not been presented in this paper, but they were 
represented by the covariable age of the participant which was 

employed as a confounder in all adjusted analysis models to neutralize 
the effect of these characteristics.

In summary, a clear association between exposure to periodon-
titis and severe asthma has been demonstrated in this case–control 
investigation. It suggests that chronic periodontal inflammation may 
contribute to the severity of asthma. These findings have significant 
potential implications for the individual and for public health and war-
rant further investments in longitudinal studies designed to sort out a 
causal link.
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