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Background: Little is known regarding associations of peri-
odontitis with diseases of the nose, one of the structures adja-
cent to the mouth. This study aims to explore the association
between periodontitis and previous allergic rhinitis (AR) using
amatched patient–control study design from a population-based
dataset in Taiwan.

Methods: Data were sourced from the Longitudinal Health In-
surance Database 2000 for 71,182 patients with chronic peri-
odontitis (CP) and 71,182 controls without periodontitis.
Generalized linear mixed-model analyses were used to calcu-
late odds ratios (ORs) and corresponding 95% confidence in-
tervals (CIs) for previous AR diagnosis in patients and controls.

Results: Significant difference was found in prevalence of
prior AR for patients and controls (28.4% versus 24.2%;
P <0.001). Generalized linear mixed model suggested that the
OR of previous AR for patients was 1.24 (95% CI: 1.22 to
1.27; P <0.001) compared with controls. Adjustments were
made for: 1) monthly income; 2) urbanization level; 3) diabetes
mellitus; 4) hypertension; 5) coronary heart disease; 6) hyper-
lipidemia; 7) alcohol abuse; 8) tobacco use disorder; and 9)
random effect of geographic region. After adjusting, OR of pre-
vious AR diagnosis among patients was 1.21 (95% CI: 1.18 to
1.23; P <0.001) compared with controls.

Conclusions: An association between periodontitis and prior
AR is demonstrated. It is recommended that physicians be
more alert for potential risk of subsequent development of CP
in patients with AR. J Periodontol 2016;87:749-755.

KEY WORDS

Epidemiology; periodontitis; rhinitis, allergic.

C
hronic periodontitis (CP) is a com-
mon disease of the oral cavity
consisting of chronic inflammation

of periodontal tissues, and it is one of
seven destructive periodontal diseases.1,2

The condition is reported to be present in
up to 90% of the population of the United
States.3 Inflammatory periodontal dis-
eases, one of the most common chronic
infections in adults, exhibit associations
withmultiple systemic conditions including:
1) diabetes mellitus (DM); 2) cardiovascu-
lar disease; 3) osteoporosis; 4) preterm
babies or those with low birth weight; 5)
respiratory diseases; and 6) rheumatoid
arthritis.4 It is generally believed that peri-
odontal disease is multifactorial, and com-
monly known risk factors of CP include: 1)
aging; 2) smoking; 3) DM; 4) specific mi-
croorganisms; 5) psychologic factors; 6)
improper host immune response; 7) oste-
oporosis; and 8) genetic factors.5 Interest-
ingly, little is known regarding associations
of CP with diseases of the nose, one of the
structures adjacent to the mouth.

Allergic rhinitis (AR) is a common dis-
ease characterized by: 1) paroxysms of
sneezing; 2) rhinorrhea; and 3) nasal
obstruction, often accompanied by itching
of eyes, nose, and palate.6 Other common
symptoms are: 1) postnasal drip, 2)
coughing, 3) irritability, and 4) fatigue.7

These conditions are especially common
in South Asian countries with a climate of
high humidity suitable for development of
various allergens.8,9

AR has been associated with glaucoma
and nasopharyngeal carcinoma.10,11Many
studies have also shown that nasal allergy
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processes influence adjacent structures.12,13 The
purpose of this study is to explore the association
between periodontitis and prior AR using a matched
patient–control study design from a population-based
dataset in Taiwan.

MATERIALS AND METHODS

Database
Data were sourced from the Longitudinal Health In-
surance Database 2000 (LHID2000), derived from
medical claims records of the Taiwan National Health
Insurance (NHI) program, and consisted of original
medical claims and registration files for 1,000,000
enrollees in the program. According to Taiwan NHI
administration law, every Taiwanese citizen with of-
ficial residency or foreign national living in Taiwan
with an Alien Resident Certificate, regardless of age,
sex, or employment status, must enroll in the pro-
gram. These 1,000,000 enrollees in LHID2000 were
randomly selected from all enrollees listed in the 2000
Registry of Beneficiaries (N = 23.72 million) by the
Taiwan National Health Institute. Many papers using
the dataset derived from the Taiwan NHI program
have been published in internationally peer-reviewed
journals.14 In addition, prior studies have reported high
validity of data from the NHI program.15,16

Selection of Cases and Controls
To select study data, 98,611 patients were identified,
aged ‡18 years and who had received a first di-
agnosis of periodontitis (International Classification
of Diseases, ninth edition, clinical modification [ICD-
9-CM] code 523.4) in an ambulatory care visit (in-
cluding outpatient departments of hospitals and
clinics) from January 1, 2003 to December 31, 2012.
According to previous studies,17,18 a diagnosis of
periodontitis was defined on the basis of the following
procedures: 1) subgingival curettage, 2) periodontal
flap operation, and 3) gingivectomy (excluding those
with restorative or esthetic indications), as prescribed
by the NHI system. Claim codes for these procedures
were 91006C, 91007C, 91008C, 91009B, 91010B,
91011C, and 91012 under the NHI system. Only
patients who had ever had subgingival curettage,
periodontal flap operation, and/or gingivectomy were
included. Ultimately, 71,182 patients (35,511 males
and 36,671 females, aged 18 to 105 years; mean age
45.8 years) with periodontitis were included in this
study. The year in which patients received their first
diagnosis of periodontitis was defined as the index
year, and the date of their first ambulatory care visit for
receiving this diagnosis was defined as the index date
for the patient group.

Controls for this study were retrieved from re-
maining enrollees of LHID2000. Patients who had
a history of periodontitis since the beginning of the

NHI program in 1995 were excluded, and 71,182
controls (one control per patient) were randomly se-
lected tomatch patients by: 1) sex; 2) age group (18 to
29, 30 to 39, 40 to 49, 50 to 59, and >59 years); and
3) index year. For controls, index year was simply
a matched year in which they needed medical care.
First use of medical care occurring in the index year
was defined as the index date for controls. This study
was exempt from full review by Institutional Review
Board (IRB) of the Taipei Medical University IRB since
the LHID2000 consists of de-identified secondary data
released to the public for research purposes.

Exposure Assessment
Patients with AR were identified based on ICD-9-CM
codes 477 or 477.0 to 477.9. In this study, to increase
validity of AR diagnoses sourced from the adminis-
trative database, only patients who had received at
least one AR diagnosis from a certified otolaryngol-
ogist were considered. In addition, patients with AR
were included only if their first AR diagnosis was
made before the index date.

Statistical Analyses
Statistical analysis software# was used to perform all
statistical analyses in this study;. x2 tests were used
to examine differences in sociodemographic char-
acteristics of patients and controls. Furthermore,
a generalized linear mixed model** was used to
calculate odds ratios (ORs) and corresponding 95%
confidence intervals (CIs) for previous AR diagnosis
in patients and controls. In contrast to the generalized
linear model, a generalized linear mixed model char-
acterizes ability to model with random effects. There-
fore, the latter was chosen to account for the random
effect of geographic region. In regression models, se-
lected comorbidities were taken into consideration,
including: 1) DM; 2) hypertension; 3) coronary heart
disease; 4) hyperlipidemia; 5) alcohol abuse; and 6)
tobacco use disorder. Conventional P £0.05 was used
to assess statistical significance.

RESULTS

Mean ages with standard deviations (SDs) were 45.8 –
15.9 and 45.8 – 16.6 years for sampled patients
and controls, respectively (P = 0.918 between both
groups). After matching for sex, age group, and index
date, as Table 1 shows, there were significant differ-
ences for patients and controls (all P <0.001) with
regard to: 1) geographic region; 2) monthly income;
and 3) urbanization level. Compared with controls,
patients had a higher prevalence of all selected co-
morbidities, including: 1) DM;, 2) hypertension; 3)

# SAS system for Windows, SAS Institute, Cary, NC.
** SAS PROC GLIMMIX model, SAS Institute.
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Table 1.

Demographic Characteristics of Patients With Periodontitis and Controls in Taiwan
(N 5 394,444)

Variable

No. Patients With Periodontitis

(n = 71,182) (%)

No. Controls

(n = 71,182) (%) P Value

Males 34,511 (48.5) 34,511 (48.5) >0.999

Age, years (mean – SD) 45.8 – 16.6 45.8 – 15.9 0.918

DM 9,289 (13.1) 7,304 (10.3) <0.001

Hypertension 18,634 (26.2) 17,335 (24.4) <0.001

Coronary heart disease 8,373 (11.8) 6,554 (9.2) <0.001

Hyperlipidemia 16,390 (23.0) 12,567 (17.7) <0.001

Alcohol abuse 64 (0.13) 92 (0.09) 0.025

Tobacco use disorder 1,585 (2.2) 1,178 (1.7) <0.001

Urbanization level <0.001
1 (most urbanized) 21,311 (29.9) 26,206 (36.8)
2 19,864 (27.9) 20,531 (28.8)
3 11,555 (16.2) 10,666 (15.0)
4 9,827 (13.8) 8,000 (11.2)
5 (least urbanized) 8,625 (12.1) 5,779 (8.1)

Monthly income <0.001
£NT$15,840 27,947 (39.3) 27,145 (38.1)
NT$15,841 to $25,000 25,060 (35.2) 22,199 (31.2)
‡NT$25,001 18,175 (25.5) 21,838 (30.7)

Geographic region <0.001
Northern 33,043 (46.4) 38,240 (53.7)
Central 16,669 (23.4) 15,469 (21.7)
Southern 19,921 (28.0) 16,237 (22.8)
Eastern 1,549 (2.2) 1,236 (1.7)

NT = New Taiwan. The average exchange rate in 2015 was US$1.00�NT$32. The average monthly income in 2015 was NT$35,986.

Table 2.

Prevalence and OR for Prior AR Among Sampled Patients

Variables No. Sampled (n = 142,364)

No. Patients With Periodontitis

(n = 71,182) No. Controls (n = 71,182)

Presence of prior AR, n (%) 37,400 (26.3) 20,201 (28.4) 17,199 (24.2)

Crude OR (95% CI)* NA 1.24 (1.22 to 1.27) 1.00

Adjusted OR (95% CI)† NA 1.21 (1.18 to 1.23) 1.00

OR was calculated using a generalized linear mixed model. NA = not applicable.
* P <0.001.
† Adjustments were made for each patient’s urbanization level, monthly income, and DM, hypertension, coronary heart disease, hyperlipidemia, alcohol
abuse, and tobacco use disorder, accounting for random effect of geographic region.
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coronary heart disease; 4) hyperlipidemia; 5) alcohol
abuse;, and 6) tobacco use disorder.

Table 2 presents prevalence of prior AR in patients
and controls. Of 142,364 sampled patients, 37,400
(26.3%) received AR diagnosis before the index date.
There was a significant difference in prevalence of
previous AR in patients and controls (28.4% versus
24.2%; P <0.001). Table 2 also presents ORs and
corresponding 95% CIs for previous AR diagnosis in
patients and controls. The generalized linear mixed
model suggested that OR of prior AR for patients was
1.24 (95% CI: 1.22 to 1.27; P <0.001) compared with
controls. Adjustments were made for: 1) monthly
income; 2) urbanization level; 3) DM; 4) hypertension;
5) coronary heart disease; 6) hyperlipidemia; 7) al-
cohol abuse; 8) tobacco use disorder; and 9) random
effect of geographic region. After adjusting, OR of
previous AR diagnosis among patients was 1.21 (95%
CI: 1.18 to 1.23; P <0.001) compared with controls.

Sensitivity analysis of the relationship between
periodontitis and prior AR is presented in Table 3. It
consistently showed that periodontitis was signifi-
cantly associated with previous AR diagnosis. After
excluding patients diagnosed with AR within 1, 2, or 3
years before index date, respective adjusted ORs for
previous AR diagnosis were 1.22, 1.24, and 1.28 for
patients compared with controls.

Additionally, Table 4 shows that CP is consistently
and significantly associated with prior AR, includ-
ing patients who received only one, two, or three or
more AR diagnoses before index date. Adjusted ORs
were 1.22, 1.21, and 1.20 for patients with one, two,
or three or more AR diagnoses before index date,
respectively.

DISCUSSION

In this study, patients with previous AR diagnosis were
associated with periodontitis. Risk factors for peri-
odontitis have long been studied and are generally
grouped into modifiable and non-modifiable factors.
Non-modifiable risk factors include: 1) genetic factors;
2) improperly regulated immune responses to bac-
terial infections; 3) deficiencies of neutrophil func-
tions; and 4) aging.5 Because these factors appear to
be difficult to manipulate, dentists more commonly
focus on modifiable risk factors, such as: 1) smoking;
2) DM; 3) poor oral hygiene;, and 4) psychologic
stress. Little is known about possible relationships
between nasal problems and periodontitis. Only one
study by Keller et al.19 reported that chronic rhino-
sinusitis increased risk of CP.

Although AR seems to be irrelevant to develop-
ment of CP, there is some evidence that AR does
affect adjacent structures through various mech-
anisms.12,13,20 AR is believed to be a disease with
complicated pathophysiology.21 Patients with AR areT
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at greater risk of suffering asthma, rhinosinusitis, and
other related upper airway conditions.22 A previous
study demonstrated that patients with AR were more
likely to develop nasopharyngeal carcinoma.23 This
evidence suggests that AR should no longer be
regarded as a localized disease, but one that interacts
with many other systems in the human body.24,25

One probable mechanism linking these two dis-
eases is through the immune system. It was proposed
that interleukin (IL)-12 plays a key role in AR.26 Chen
et al.27 reported that imbalances of IL-12, IL-13, and
IL-16 play crucial roles in regulating the onset and
development of AR. Many studies showed abnormally
increased levels of cytokines in patients with AR.28-34

These elevated levels possibly contribute to devel-
opment of periodontal diseases. Tsai et al.35 reported
that IL-12 and IL-16may be related to pathogenesis of
periodontal disease.

Much research has proved that concentration of
nitric oxide (NO) appears to be high in the nasal
airway and paranasal sinuses and increases in airway
inflammatory conditions, such as asthma andAR.36-39

Expression of inducible NO synthase in nasal epi-
thelial cells in patients with AR was also reported,40

although whole-blood nitrite concentration in patients
with periodontal disease was found to be higher than
that of healthy individuals.29 Using an experimental
model, researchers showed that applying NO syn-
thase inhibitors was effective in inhibiting inflammatory
bone resorption in rats with periodontitis.30 Strong
evidence in these findings of high levels of NO in
patients with allergies indirectly suggests a relationship
between AR and development of CP.41,42

Another possible mechanism is related to breathing
through themouth. Its influence on periodontal tissues
was proposed decades ago.43 More recently, it was
shown that obstructive sleep apnea is associated with
development of periodontitis.44,45 Although patients
with AR might not necessarily present with symptoms
of nasal obstruction, these common symptoms pos-
sibly play a role.

There are limitations to the present study. First,
like much research using health insurance database
analyses, there is the possibility of surveillance bias.
Patients with AR were more likely to have visited
outpatient clinics, which may have led to early de-
tection of periodontitis because of increased expo-
sure to medical services. Considering this, patients
with periodontitis who received an AR diagnosis
within 1 or 2 years before index date were excluded,
and results remained statistically significant. The
number of patients resulting from surveillance bias
was likely to have been greatly reduced by this
method.

Second, treatment information for patients with AR
was unknown in this study, making it difficult toT
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evaluate how these patients were managed. There-
fore, some patients who were adequately treated for
ARmay still have been included in the AR group. This
could have affected accuracy of data interpretation,
although this potential bias would have had little
effect on conclusions drawn. If many patients treated
well for AR were included in the AR group, theoret-
ically the result would be affected toward the null
hypothesis. As results of this study reached statistical
significance, this limitation is assumed to be fairly
acceptable.

Finally, it is difficult to determine how long a pa-
tient was affected by AR and then subsequently de-
veloped periodontitis. The present study may have
universally included all patients with relatively long
and short intervals between diagnoses of AR and
periodontitis. Therefore, it is difficult to determine cause–
effect relationships due to variable exposure periods.

This study also reveals some evidence supporting
the association between AR and periodontitis. There
is already evidence supporting periodontitis as a pos-
sible focal source of extra-oral infections of structures
adjacent to the mouth.46,47 Periodontal infections are
reported to be associated with cardiovascular disease,
adverse pregnancy outcomes, and head and neck
cancer.48 It seems that inflammation or infections in
different subsites of the head and neck region tend to
affect adjacent structures. However, much remains to
be studied.

CONCLUSIONS

Despite study limitations, AR is associated with peri-
odontitis. Because this is only an observational study,
readers are made aware of results of a study by
Friedrich et al.49 that is especially noteworthy because
of the conclusion that there was an inverse association
between periodontitis and respiratory allergies. It is
clear that more studies are needed to reveal the true
relationship between these two diseases.
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