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Introduction

Periodontitis results from an in-
teraction between bacterial infec-
tion and host immunological and
inflammatory responses. The dis-
ease is characterized by destruc-
tion of the tooth—supporting tissues
leading to the development of peri-
odontal pockets, alveolar bone loss
and tooth mobility.! Epidemiologic
data from NHANES 1999 to 2004
estimate the prevalence of moder-
ate or severe periodontitis among
dentate adults aged 20 to 64 years
to be 9.3%, and among older adults
to be 26.6%.2

Periodontitis is a suspected risk
factor for low-birth weight and
for many systemic diseases, such
as cardiovascular disease, stroke,
diabetes mellitus, respiratory dis-
ease, and rheumatoid arthritis.3-°
The inflammation surrounding the
teeth occurs as the immune sys-
tem responds to the accumulation
of bacterial plague on the teeth and
gums, and is modified by behavioral
factors, systemic disease, medica-
tions and immune and hematologi-
cal disorders.'® Furthermore, the
presence of systemic disorders can
also affect the efficacy of periodon-
tal therapy.t°

The prevalence and severity of
periodontitis increases with age,
and is greater among male than
female adults and greater in adults
with low socio-economic status
(SES) relative to their higher SES
counterparts.!-'3 Obesity, nasal
breathing difficulty, cigarette smok-
ing and alcohol consumption are
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positively associated with periodontitis.'#-1°
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Of most relevance to the present study are find-
ings from a small exploratory study conducted in
Australia by Gunaratnam, et al.?° The investiga-
tors reported a significant positive relationship
between polysomnography-derived apnea hy-
popnea index with less than 5 events/hour and
periodontitis.?? In that study, the case definition of
moderate or severe periodontitis was that of the
Centers for Disease Control and Prevention and
the American Academy of Periodontology (CDC/
AAP), which defines moderate or severe periodon-
titis as the presence of two or more interproximal
sites with =24 mm clinical attachment level, not on
the same tooth, or 2 or more interproximal sites
with periodontal pocket depth =5 mm, not on the
same tooth.!® The investigators found that the
prevalence of periodontitis was 77% in the study
group, which was 4 times the national average
for a representative sample of the adult Australian
population using the same CDC/AAP periodonti-
tis case classification. The authors suggested that
because both obstructive sleep apnea (OSA) and
periodontitis share an underlying inflammatory
basis, a common biological pathway for the as-
sociation was plausible. However, the study’s find-
ings were limited by a lack of data from a com-
parison group without OSA.2°

OSA is the most common form of sleep-disor-
dered breathing, estimated to affect 18 million in-
dividuals in the U.S,?* Data from the Wisconsin
Cohort Study indicates that the prevalence of OSA
in people between the ages of 30 and 60 years
was 9% to 24% for men and 4% to 9% for wom-
en.?? Characterized by repetitive full or partial col-
lapse of the upper airway, OSA results in periods
of asphyxia, hypoxia, arousal from sleep, stimula-
tion of the sympathetic nervous system and al-
tered immunity.23-2> Clinically, the condition fre-
quently presents as habitual loud snoring, apnea
witnessed by a bed partner, arousal during sleep
and sleepiness and fatigue during the day.?® As a
life-threatening condition, OSA is associated with
hypertension, congestive heart failure, coronary
artery disease, myocardial infarction, cardiac ar-
rhythmia, stroke, impaired glucose tolerance and
type II diabetes mellitus.?’-32

Shared risk factors for periodontitis and OSA in-
clude male sex, older age, obesity, oral breathing,
cigarette smoking and alcohol consumption.33-3°
OSA is formally diagnosed during an overnight
sleep study using polysomnography to grade the
severity of the disorder according to the frequen-
cy of airway collapse, expressed as the apnea-
hypopnea index.%® However, screening tools exist
that assess an individual’s risk for OSA in various,
often pre-surgical, settings.?34!
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Given the reported high prevalence of perio-
dontitis in patients with confirmed OSA, the cur-
rent study questioned whether the prevalence of
OSA was associated with the severity of periodon-
titis. To address this question, the risk for OSA
in patients with different degrees of periodonti-
tis severity as determined during the patients’
scheduled dental visit was evaluated. The risk for
OSA was assessed using the STOP questionnaire,
a validated screening questionnaire.** Data was
obtained for potentially confounding factors, such
as age and gender, which are associated with in-
creased risk for periodontitis and/or OSA.

Methods and Materials
Study Design

In this case control study, cases had moderate
or severe periodontitis (case types III and IV).
Dentate patients having gingivitis or slight (early)
periodontitis (case types I and II) were classified
as controls (Table I).

Study Population and
Recruitment Procedures

Study participants were patients treated be-
tween February and April 2011 in the dental hy-
giene preventive care clinic at the University of
North Carolina (UNC) School of Dentistry. Inclu-
sion criteria were being dentate and aged 18 years
or older. Edentulous patients and patients with
healthy periodontium were excluded from partici-
pation. Potential patients were approached by the
first author (hereafter referred to as the investi-
gator) after the patients’ scheduled dental clean-
ing was completed by the assigned dental hygiene
student. Each patient was given a brief description
of the study along with educational materials on
OSA, after which verbal consent was obtained. The
protocol was approved by the Institutional Review
Board at the UNC-Chapel Hill.

Data collection

Following consent, each patient completed a
sociodemographic/behavioral questionnaire while
the investigator completed a clinical characteristics
questionnaire. Both questionnaires were processed
using Cardiff TeleForm® (version 10.5.1© 2010 Ver-
ity, Inc.), an optical scanning system that efficient-
ly transfers penciled information to an electronic
format for statistical analysis.*? The questionnaires
were designed to obtain data for this study as well
as for a separate analysis of sociodemographic and
clinical characteristics associated with high risk of
OSA, an analysis that is not included in this publi-
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Table I: Periodontal Case Type Definition

attachment loss
(CAL)

attachment loss
(CAL)

attachment loss
(CAL)

attachment loss
(CAL)

Healthy Periodontium, T Slight* Periodontitis | Moderate Periodontitis | Severe Periodontitis
Type N Gingivitis Type [ Type II Type III Type IV
¢ No alveolar bone No alveolar bone Slight attachment Moderate alveo- Severe alveolar
loss loss loss lar bone and bone and
e Healthy gingiva Bleeding and/or Slight bone loss is attachment loss attachment loss
and alveolar bone suppuration may evident, especially 5to 6 mm 7+ mm probing
level be present in alveolar crest probing depths depths
No bleeding 2to 3 mm 3 to 4 mm prob-
1to2 mm probing depths ing depths
probing depths
e No dlinical No clinical 1 to 2 mm dlinical 3 to 4 mm dlinical Greater than or

equalto 5 mm
clinical attachment

loss (CAL)
No mobility No mobility No mobility Mobility is possible Mobility is possible
No furcation No furcation No furcation Furcation Furcation
involvement is involvement is
possible possible

localized: <30% of sites involved

Please Note: Periodontal classification is based on clinical and radiographic findings. Findings must be
generalized in order to be classified in a higher case type.

generalized: >30% of sites involved

*Note that the American Dental Association (ADA) uses the term “early” in the definition of case-type II periodon-
titis, where the School of Dentistry at the University of North Carolina at Chapel Hill uses the term “slight " in the

definition of case-type II periodontitis

cation. No identifying data was included on either
questionnaire.

Sociodemographic/Behavioral Questionnaire

The questionnaire was used to obtain informa-
tion about the patient’s age, gender, weight, height,
education, annual household income, sleep qual-
ity (snoring, observed apnea, tiredness during the
day, Epworth Sleepiness Scale,*® teeth grinding and
nasal-breathing difficulty), social habits (smoking,
alcohol and sedative consumption before bedtime)
and medical history (high blood pressure, diabetes
mellitus, previous diagnosis with OSA or any form
of sleep-disordered breathing and any previous or
current treatment for OSA).

Clinical Characteristics Questionnaire

The investigator completed this questionnaire,
recording relevant clinical observations, some of
which were directly observed by the investigator.
Other items were observations made by the dental
hygiene student, confirmed by the clinical instruc-
tor and recorded in the patient’s dental chart, from
which the investigator extracted pertinent informa-
tion. On the questionnaire, physical measurements
were recorded of the patient’s blood pressure
(taken by the assigned dental hygiene student),
body-mass index (BMI) (calculated by the investi-
gator using the patient’s self-reported weight and
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height) and neck circumference (measured by the
investigator using a disposable tape measure). Ob-
servations of the oral soft tissue included the pres-
ence of dry mouth (as assessed by the moistness
of the oral mucosa, and whether the mouth mir-
ror easily stuck to the buccal mucosa as reported
by the dental hygiene student**), the presence of
macroglossia or large tongue (as assessed by the
investigator examining the lateral and anterior bor-
ders of the tongue)* and the Mallampati score and
tonsils grade, both of which were assessed by the
investigator while the patient was in a seated posi-
tion, with the head in full extension, the tongue out
and with phonation.*-%® Observations of oral hard
tissue included the attrition of teeth (as measured
by the investigator using the Basic Erosive Wear
Examination using the highest score per sextant),*°
overjet (as measured by the dental hygiene stu-
dent using a calibrated dental probe) and the mor-
phology of the maxillary arch (as assessed by the
investigator observing the shape of the hard pal-
ate).

The remaining items (approximately half) on
the clinical characteristics questionnaire pertained
to the patient’s periodontal status. Recorded peri-
odontal indices included the Plaque Index, Gingival
Index and Bleeding Index (all of which were mea-
sured by the dental hygiene student).>° Periodontal
measurements, also assessed by the dental hygiene
student using a calibrated probe, included the peri-
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Table II: Percent of Periodontitis Cases According to Number of Affirmative Responses on the
STOP Obstructive Sleep Apnea Screening Questionnaire

Number of affirmative Gingivitis or slight Moderate or severe
responses to STOP items periodontitis (%) periodontitis (%) p-value
0 77.1 229 0.002
1 80.0 20.0
2 52.4 47.6
3 46.7 53.3
4 0.0 100.0

odontal pocket depth (the distance from the gingi-
val margin to the base of the pocket) and gingival
recession (the distance from the cemento-enam-
el junction to the gingival margin). The patient’s
periodontal case classification, based on a detailed
clinical periodontal charting with radiographic in-
terpretation of the bone levels as prescribed by the
American Dental Association, was obtained directly
from the patients’ chart.>! Based primarily on the
severity of attachment loss, the patient was clas-
sified into 1 of 4 categories: case type I: gingivi-
tis, case type II: slight (early) periodontitis, case
type III: moderate periodontitis or case type IV:
advanced (severe) periodontitis (Table I).

Data Analysis and Statistical Methods

Using relevant patient-reported responses to
the Symptom/Health Questionnaire, the patient’s
risk of OSA was calculated as described for the val-
idated OSA screening instrument known as STOP
questionnaire. The 4 questions assess the pres-
ence of loud snoring, frequent daytime sleepiness
and tiredness, observed apnea during sleeping and
high blood pressure. Responses to each question
are “Yes” or "No.” According to the questionnaire’s
scoring algorithm, affirmative responses to any 2
or more of these 4 questions denotes high risk for
OSA, while affirmative responses to fewer than 2
questions denotes low risk for OSA.

Descriptive statistics summed the number of
patients responding affirmatively to none, 1, 2, 3
or 4 of the STOP OSA screening items. The num-
ber and proportion of patients at high risk for OSA
were calculated. Exploratory analyses were per-
formed to describe the distribution of affirmative
responses to each of the 4 STOP OSA screening
items. The association between the study popula-
tion’s socio-demographic, behavioural and clini-
cal characteristics and risk for OSA was tested for
statistical significance using Fisher’s exact test for
dichotomized risk indicators and Pearson’s chi-
square test for categorical risk indicators. Potential
covariates were limited to characteristics that have
been associated with risk of periodontitis and/or
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OSA: gender, age, BMI, educational attainment,
annual household income, cigarette smoking, al-
cohol/sedative consumption before bed, diabetes
mellitus, impaired nasal breathing and dry mouth.

Covariates were included in multivariable binary
logistic regression models if their associations in
unadjusted analyses with either outcome, OSA risk
or periodontitis, were significant at the p<0.2 level.
Multivariable binary logistic regression was used to
estimate the odds ratio and 95% confidence inter-
val associating moderate/severe periodontitis with
high risk for OSA with adjustment for confounding.
Analyses were conducted using STATA/IC software
version 12.0 (StataCorp. 2011).

Results

The study population of 154 patients comprised
50 cases (32.5%) and 104 controls (67.5%).
Based on the STOP questionnaire, 38.3% of study
patients were at high risk for OSA, providing af-
firmative responses to 2 items (27.7%), 3 items
(9.7%) or all 4 items (1.2%). The likelihood of
being classified a case increased with the num-
ber of affirmative responses (p=0.002, Table II),
suggesting a crude association between OSA and
periodontitis.

A higher percentage of cases than controls were
at high risk for OSA for each STOP questionnaire
item (Table III). Moreover, cases and controls
differed significantly on the report of high blood
pressure (p=0.006) and tiredness/sleepiness dur-
ing the day (p=0.016). The proportion of cases
was almost twice that of controls for these 2 STOP
questionnaire items.

Univariate Analyses

Univariate analyses were undertaken to deter-
mine if each of 8 characteristics was associated
with the risk of OSA (Table IV). A significant posi-
tive association was observed with age (p=0.018),
self-reported diabetes mellitus (p=0.008) and dry
mouth (p=0.002).
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Table III: Response to Individual Items on the
Relationship With Periodontitis Case Status

STOP OSA Screening Questionnaire? and

. . . Moderate or severe
(0] — b
STOP screening questionnaire items Response n (%) periodontitis (%) p-value
No 124 (80.5) 29.8
S Do you snore loudly? 0.157
you snore foUaly Yes | 30(19.5) 433
Do you often feel tired, fatigued, or sleepy No 83 (53.9) 24.1
T . 0.016
during the day? Yes 71 (46.1) 42.3
o Has anyone observed you stop breathing No 132 (85.7) 31.1 0.361
during your sleep? Yes 22 (14.3) 40.9 '
Do you have or are you being treated for No 80 (51.9) 22.5
P . 0.006
high blood pressure? Yes 74 (48.1) 43.2

a — The STOP questionnaire classifies persons as high risk for OSA with affirmative responses to =2 STOP questions;

low risk is defined as <2 affirmative responses

b - p-value tests the null hypothesis that no difference exists between response to the OSA screening question and

periodontitis case status

Univariate analyses were undertaken to deter-
mine if each of the 10 characteristics was associ-
ated with moderate or severe periodontitis (Table
V). Odds ratios of moderate or severe periodon-
titis increased with age, more prevalent among
current cigarette smokers and diabetic patients.

Multivariable Analyses

A multivariate binary logistic regression was
performed with case status (1=case, moderate or
severe periodontitis, 0=control, gingivitis or slight
periodontitis) as the dependent variable. Indepen-
dent variables were those patient characteristics
that met criteria based on the univariate analyses
(Table VI). It was found that patients at high risk
of OSA had 4.1 times greater odds (95% CI: 1.5,
11.4) of moderate or severe periodontitis than pa-
tients at low risk, after adjustment for potential
confounders. Significant covariates included age,
smoking and nasal-breathing difficulty. Diabetic
patients had 2.7 times greater odds for having
moderate or severe periodontitis, but the 95%
confidence interval was equivocal (0.6, 11.4).

Discussion

The results of this study extend the finding of Gu-
naratnam et al that prevalence of periodontitis may
be higher in patients with OSA.2° Specifically, the
present study suggests that odds of moderate or
severe periodontitis were elevated 4.1-fold (95%
CI: 1.5, 11.4) among patients screening high risk
relative to low risk for OSA after adjustment for po-
tential confounders. The 2 studies, however, differ
in @ number of ways. Gunaratnam et al studied pa-
tients who were clinically diagnosed with OSA.?° In
contrast, the current study compared periodontitis
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cases and controls and estimated their risks of OSA
using a validated questionnaire.*! Unlike Gunarat-
nam et al, it remained unknown whether the pa-
tients in the present study, in general, had OSA.?° In
both studies, periodontitis was diagnosed and clas-
sified by clinical examination. While findings of both
studies suggest that the prevalence of periodonti-
tis is greater in patients with OSA, the case control
study design used in the present study provided a
higher level of evidence in support of this associa-
tion.

Mechanisms Underlying Association
Between Periodontitis and OSA

Gunaratnam et al suggested that the increased
prevalence of periodontitis in OSA patients could be
due to a true association between OSA and periodon-
titis: OSA could act as an inflammatory mediator for
periodontitis or vice versa.?? It is also possible that an
increased prevalence of mouth breathing in patients
with OSA could exacerbate periodontitis and under-
lie the association.?® However, in the present study,
there was no association between the presence of
dry mouth and periodontitis. Moreover, patients
who reported more difficulty with nasal breathing
(presumably favoring oral to nasal breathing) were
less likely to exhibit moderate or severe periodonti-
tis. Given that periodontitis and OSA are co-morbid
with a large number of pathological conditions, it is
also possible that their association is not causative
but rather a reflection of their relationship to these
common co—-morbid conditions.?°

Confounding variables

The multivariable analysis took into account a
number of factors that have been associated with
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Table IV: Relationship of study participant characteristics and high risk for obstructive sleep apnea?

Characteristic n (%) Percent with High Risk OSA p—value
Total 154 (100.0) 38.3
Gender
e Female 93 (60.4) 37.6
e Male 61 (39.6) 39.3 0.831
Age (years)
e 18to49 32 (20.8) 15.6
e 50to59 26 (16.9) 34.6 0.018
e 60to69 49 (31.8) 46.9 '
e >70 47 (30.5) 46.8
BMI (kg/m2)°P
e Underweight/normal 53 (34.4) 26.4
e Overweight 52 (33.8) 44.2 0.117
e Obese 47 (30.5) 42.6 '
e Missing 2(1.3) -
Cigarette smoking status
e Current 10 (6.5) 30.0
e Former 64 (41.6) 35.9
o Never 77 (50.0) 41.6 0.675
e Missing 3 (2.0) -
Alcohol/sedatives before bed
e Yes 126 (81.8) 38.1
e No 27 (17.5) 40.7 0.798
e Missing 1(0.7) -
Self-reported diabetes status
¢ No diabetes 134 (87.0) 34.3 0.008
e Diabetes 20 (13.0) 65.0 '
Nasal breathing status
¢ No difficulty 138 (89.6) 39.1
o Difficulty 15 (9.7) 33.3 0.661
e Missing 1(0.7) -
Dry mouth
e No dry mouth 115 (74.7) 31.3 0.002
e Dry mouth 39 (25.3) 59.0 '

a - The STOP questionnaire classifies persons as high risk for OSA with affirmative responses to >2 questions; low

risk is defined as <2 affirmative responses

b - World Health Organization International Classification: underweight (<18.50); normal (18.50-24.99); over-

weight (25.00-29.99); obese (=30.00)

periodontitis, some of which have also been asso-
ciated with sleep-disordered breathing. These are
briefly discussed in the sections below in the order
observed in Table VI.

Gender: Although the present study did not dem-
onstrate a significant association between gender
and the severity of periodontitis, several studies
have reported that the prevalence of periodontitis
is greater in males than in females.!**2 For exam-
ple, Albandar et al reported that in individuals 30 to
54 years of age, a prevalence of periodontitis was
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found in 34% of males but only 23% of females.!!
In individuals 55 to 90 years of age, the prevalence
was 56% in males and 44% in females.!!

Age: Age is an important risk factor for perio-
dontitis in many studies. Both the prevalence and
extent of periodontitis increase with age.!! For ex-
ample, Albanadar et al showed that 29% of persons
in the aged 30 to 54 years old had periodontitis,
compared with 50% aged 55 to 90 years old.'* The
present study confirmed a positive association be-
tween age and periodontitis and found that patients

193



Table V: Relationship of Study Participant Characteristics and the Presence of Moderate or

Severe Periodontitis

i n (%) with moderate or | Odds ratio for moderate or e
Characteristic severe periodontitis severe periodontitis =B Ll
Total 50 (32.5)

Gender

e Female 27 (29.0) Ref -

e Male 23 (37.7) 1.48 0.75, 2.93
Age (years)

e 18-49 6 (18.8) Ref -

e 50-59 4 (15.4) 0.78 0.20, 3.15

e 60-69 13 (26.5) 1.56 0.52,4.6

e >70 27 (57.5) 5.85 2.02, 16.87
BMI (kg/m2)?

e Underweight/normal 14 (26.4) Ref -

e QOverweight 17 (32.7) 1.35 0.58, 3.14

e QObese 18 (38.3) 1.73 0.74, 4.04
Cigarette smoking status

e Current 5 (50.0) 2.35 0.62, 8.90

e Former 22 (34.4) 1.23 0.60, 2.50

e Never 23 (29.9) Ref -
Alcohol/sedatives before bed

e Yes 44 (34.9) Ref -

e No 6 (22.2) 0.53 0.20, 1.42
Self-reported diabetes status

e No diabetes 96 (71.6) Ref -

e Diabetes 8 (40.0) 3.79 1.44,10.00
Nasal breathing status

¢ No difficulty 49 (35.5) Ref -

o Difficulty 1(6.7) 0.13 0.02, 1.02
Dry mouth

¢ No dry mouth 36 (31.3) Ref -

e Dry mouth 14 (35.9) 1.23 0.57, 2.64
Educational attainment

e <College 29 (35.4) Ref -

e >College 21 (29.2) 0.75 0.38,1.49
Annual household income (USD)

e <50,000 28 (37.3) Ref -

>50,000 15 (25.0) 0.56 0.26, 1.18

a - World Health Organization International Classification:

weight (25.00 to 29.99) and obese (=30.00)

who were 70 years and older had 1.76 times greater
odds (95% CI: 1.17-2.64) of moderate or severe
periodontitis than patients who were between 18 to
49 years old.

BMI: The present study did not find a significant
association between BMI and the severity of perio-
dontitis. This stands in contrast to reported findings
by other investigators.1#!> Chaffee conducted a sys-
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underweight (<18.50), normal (18.50 to 24.99), over-

tematic review and meta analysis of 57 independent
studies on the association between BMI and perio-
dontitis, and identified a slight linear increase in the
odds of periodontitis with increasing BMIL.14

Cigarette smoking status: This study demon-
strated a significant association between current
cigarette smoking and the severity of periodontitis,
where current smokers had 24.9 times greater odds
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Table VI: Multivariate Binary Logistic Regression Modelling Odds of Moderate or Severe
Periodontitis With 95% Confidence Interval (95% CI), (n=132)

Odds ratio 95% CI
Male gender (ref=female) 1.78 0.64, 4.94
Age in decades® 1.76 1.17,2.64
Body mass index (continuous variable) 1.06 0.96, 1.16
Current smoker (ref=never smoked) 24.68 3.19, 191.20
Former smoker (ref=never smoked) 0.72 0.24, 2.11
Alcohol/sedative before bed (ref=no alcohol/sedative) 0.72 0.19, 2.71
Diabetes (ref=no diabetes) 2.70 0.64, 11.37
Nasal breathing difficulty (ref=no difficulty) 0.09 0.01, 0.88
Dry mouth (ref=no dry mouth) 0.36 0.10, 1.39
Educational attainment =college (ref<college) 0.63 0.22,1.82
Annual household income >$50,000 (ref<USD$50,000) 0.63 0.24, 1.63
I(-|ri§fh=:’(i)s\,llv< I1i:)srk ())bstructive sleep apnea on STOP questionnaire 411 1.48, 11.45
Constant 0.00 0.00, 0.18

a - Age measured in years is not substantively meaningful; hence age was rescaled in units of 10 to denote decade-sized units

(95% CI: 3.2-191.2) of having moderate or severe
periodontitis than those who never smoked. The
lack of precision was attributed to the small sample
size. A similar finding has been observed by many
previous epidemiological studies reporting smoking
as a significant risk factor for periodontitis.'®52 For
example, Bergstrom found that smokers have 2.5
to 3.5 times greater risk of severe periodontal at-
tachment loss than never smokers.>?

Alcohol/Sedative use Before Bedtime: Although
the current study did not find significant associa-
tions between alcohol consumption before bedtime
and severity of periodontitis, several studies have
suggested that alcohol consumption in general, with
no restriction to bedtime, is a risk factor for oral
diseases, including periodontitis, as it increases the
host’s susceptibility to infection.>® The findings in
the current study may not have demonstrated an
association due to limiting the question to a specific
time of day.

Diabetes: The present study found that patients
who reported being diabetic had 2.70 times greater
odds (95% CI: 0.64-11.37) of having moderate to
severe periodontitis than patients who did not re-
port being diabetic. This finding has been support-
ed by many studies that indicate that diabetes and
poor glycemic control are significant risk factors for
periodontitis and vice versa.”>4-56

Nasal Breathing Difficulty (Mouth Breathing): The
results of this study indicate that difficulty with na-
sal breathing favored slight periodontitis or gingivi-
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tis rather than moderate or severe periodontitis: Pa-
tients with nasal breathing difficulty had 0.09 times
the odds (95% CI: 0.01-0.88) of having moderate
or severe periodontitis of patients with no nasal
breathing difficulty. No studies have addressed the
relationship between mouth breathing and perio-
dontitis in adults, however, a relationship has been
reported in teenagers.'’

Dry Mouth: The results of this study did not
demonstrate a significant relationship between dry
mouth and the severity of periodontitis. Moreover,
there is little published evidence to suggest that dry
mouth has a direct influence on periodontitis. This
may be because saliva does not enter into the peri-
odontal pockets where the bacterial pathogens are
located.>”

Educational attainment: Although this study did
not demonstrate a significant association between
educational attainment and the severity of perio-
dontitis, a meta—analysis conducted by Boillot con-
cluded that low educational attainment is associated
with increased risk for periodontitis.>®

SES: The results of this study did not demon-
strate an association between SES and the severity
of periodontitis. However, a significant association
has been reported in several studies. Specifical-
ly, patients with high SES have been reported to
have healthier periodontium than patients with low
SES.'3

An important strength of this study is that peri-
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odontitis cases and controls were drawn from the
same source population during the same time inter-
val. All patients underwent the same measurements
of periodontal health and OSA screening which were
performed by the same clinicians. This enhances
the principal of comparability, by ensuring less vari-
ability and a reduced risk of confounding.

Limitations of Study

This study relied on periodontal data collected by
multiple examiners. However, all examiners were
calibrated on the periodontal assessment and clas-
sification, and the supervising faculty confirmed the
assessments before they were entered into the pa-
tients’ records. Each classification was defined by
precise measurements of periodontal pocket depth,
clinical attachment level, mobility and/or furcation
involvement and by whether these conditions were
localized (<30% of the site) or generalized (=30%
of the site). This reduced the risk of case status mis-
classification.

The major limitation of this study is the uncer-
tainty in the proportions of the cases and controls
with and without OSA, respectively. The STOP ques-
tionnaire is a measure of risk for sleep apnea but
falls short of clinical diagnosis. This questionnaire
was developed for the pre-surgical assessment of
patients prior to general anesthesia and adminis-
tration of agents that depress respiration. Its diag-
nostic usefulness has been determined for patients
with different severity levels of OSA based on the
apnea hypopnea index. Specifically, its sensitivity
and specificity with the apnea hypopnea index cut-
off >5 events/hour are estimated to be 65.5% and
60%, respectively, >15 events/hour, 74.3% and
53.3%, and >30 events/hour, 79.5% and 48.6%.
Though some other screening questionnaires have
been shown to have higher diagnostic sensitivity,
such as the STOP-BANG questionnaire,* the STOP
questionnaire was chosen for this study because
of its higher specificity. However, if misclassifica-
tion of OSA status is non-differential, i.e. unrelated
to periodontitis status, which is believed to be the
case, then the effect of any misclassification bias is
towards the null. What this means is that the odds
ratio for the strength of the relationship between
OSA risk and periodontitis shifts toward 1.0, making
the initial estimate more conservative than it would
otherwise be.

Relevance to Dental Hygienists: Patients visit the
dental office more frequently than the physician’s of-
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fice. Moreover, dental cleaning is the most common
periodically performed procedure in dentistry. One
of the dental hygienists’ responsibilities is to assess
patients’ overall well-being as well as to facilitate
health promotion, disease prevention and patient
education. The STOP screening questionnaire is an
easy, time efficient questionnaire that, if included
with the health history and periodic recall assess-
ments, could help identify patients at high risk for
a serious life-threatening condition. Moreover, the
dental hygienist is optimally positioned in the den-
tal practice to make soft tissue observations that
have been associated with increased risk for OSA.
By screening patients for sleep—-disordered breath-
ing, the dental hygienist supports the practice in
fulfilling a greater role in the public health of the
community. 159,60

Conclusion

This case—-control study found a positive signifi-
cant association between moderate or severe perio-
dontitis and high risk for OSA, based on the STOP
questionnaire, after adjustment for potential con-
founders. Further investigation of this association
using objective measures of OSA (polysomnogra-
phy or home sleep test) is warranted. The STOP
questionnaire is a simple, inexpensive screening
tool could be included with the health history forms
and used to identify dental patients at high risk for
a life-threatening medical condition. Further inves-
tigation should include sleep study to confirm the
presence or absence of OSA in patients with and
without OSA. As well as to further investigate the
underlying pathophysiological mechanisms of both
conditions that can better explain the significant as-
sociation.
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