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ABSTRACT

Objective: The aim of this research was to evaluate the validity of the questions developed
by Thai periodontists on self-reported periodontal status and symptoms in identifying
severe periodontitis amongst adults in Thailand.
Methods: Registered Electricity Generating Authority of Thailand (EGAT) employees com-
pleted medical examinations and full-mouth periodontal examinations. They also were
interviewed using a self-reported questionnaire that was developed by Thai periodontists.
The questions pertained to their periodontal status and symptoms comprising swollen
gums, bad breath, loose teeth, bleeding on brushing, painful gums, and pus or abscesses.
The participants were categorised as having nonsevere and severe periodontitis according
to the Centers for Disease Control and Prevention in partnership with the American Acad-
emy of Periodontology (CDC/AAP) case definitions. Self-reported periodontal status and
symptom results were compared with actual periodontal status. The area under the
receiver operating characteristic curve (AUROCC), sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy were calculated.
Results: A total of 1393 EGAT employees participated in this study. The questions on self-
reported periodontal status and all symptoms poorly identified patients with severe peri-
odontitis, with an AUROCC of 0.52 to 0.60. The sensitivity was 5.0% to 40.2%; however, the
specificity was good, at 73.2% to 99.1%. The validity of the self-reported questions was com-
parable amongst the sex, education, and income subgroups.
Conclusions: This study demonstrated that self-reported periodontal status and symptoms
were inadequate in identifying patients with severe periodontal disease.
© 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Periodontal disease is an inflammatory disease caused by an
imbalance in the host immune response to periodontal
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pathogens.” The early signs of periodontal disease are red
gingiva and gingival bleeding.” In general, the course of the
disease is relatively slow with minimal symptoms, which
might result in patients being unaware of disease initiation
and progression.® Hence, individuals only notice the presence
of periodontal disease when it develops to the advanced stage
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and might present moderate to severe symptoms, such as
gingival swelling, pus discharge, or tooth mobility.*

The conventional diagnosis of periodontal diseases aims
to address aetiologic factors, clinical signs of inflammation,
and periodontal destruction. This usually requires a full-
mouth examination measuring bleeding on probing (BOP),
probing depth (PD), and clinical attachment level (CAL),’
which might be a time-consuming protocol and underutilised
by general practitioners.®® Self-report is a widely used
method in medical surveillance. It is found to be valid in
assessing serious disease conditions and chronic diseases
requiring regular management.”'? Self-report is also used as
alternative method in screening oral health condition. It was
shown to be reasonably valid for number of teeth remaining,
fillings, and root canal treatment, whereas it was less so in
assessing periodontal disease and dental caries."*?

The constructive prediction models, which combined mul-
tiple self-reported questions and other participants’ charac-
teristics, showed moderate to good predictive ability.®’
Various models have been developed and suggested as
screening tools for periodontitis in many populations.’*?*
These models would be substantially beneficial in identifying
periodontal disease in a large group of the population.®’
However, they have not been widely used in the actual clini-
cal setting. Mostly, the decision-making process of clinicians
is intuitive rather than analytical. In addition, high-workload
environments may not allow smooth integration of predic-
tion models into the clinician’s workflow.??

Thus, in practice, researchers opted for a few simple ques-
tions. The most common question used to assess self-
reported periodontal status is “Do you think you have gum
disease?”''?">* Apart from periodontal status, presence of
periodontal symptoms was considered in the additional
screening questions for periodontitis. These items were
engaging because they were simple and routinely queried in
a clinical environment. However, their predictive perfor-
mance had not been specifically investigated, and results
from previous studies were inconclusive. Although, a moder-
ate to high level of specificity was consistently reported, the
sensitivity varied across studies from 18% to 71%."*?" The
heterogeneity of sensitivity values may be associated with
various periodontitis case definitions used and differences of
oral health perceptions across populations.

Therefore, the aim of this diagnostic study was to evaluate
the validity of the simple questions developed by Thai perio-
dontists on self-reported periodontal status and symptoms
including gingival swelling, halitosis, tooth mobility, bleeding
on brushing, painful gums, and pus exudate in identifying
severe periodontitis amongst adults in Thailand.

Methods

This cross-sectional study used the secondary data from the
cohort of Electricity Generating Authority of Thailand (EGAT)
employees.” Only the data from the survey in 2018 were
included in our analysis. The study protocol was approved by
the Ethics Committee of the Faculty of Dentistry, Chulalong-
korn University (HREC-DCU 2020-020). This study was con-
ducted as a cross-sectional study that conformed with the
STROBE (Strengthening the Reporting of Observational

Studies in Epidemiology) guidelines for reporting observa-
tional studies (Appendix A).

Study population

EGAT employees who registered for the health survey in 2018
(EGAT 2/5) and completed the periodontal self-reported ques-
tions interview and the periodontal examination were
included. Participants were excluded from the study if they
were fully edentulous or had a contraindication for periodon-
tal examination, such as being at high risk for infectious
endocarditis or requiring antibiotic prophylaxis prior to peri-
odontal examination.?” Eligible participants underwent medi-
cal and oral examinations and were interviewed using the
health questionnaires.

Interview with periodontal self-reported questions

A set of questions concerning self-reported periodontal status
and oral health behaviours was adapted from previous stud-
ies.131217:18.2023 pA]] gelected items were then modified and
translated into the Thai language by periodontists. Structure,
sequence, understanding, and linguistics of questions were
evaluated by the test-retest reliability amongst a group of 30
patients who were attending as general patients at Faculty of
Dentistry, Chulalongkorn University. Then, the pilot testing
of the questionnaire was performed and reevaluated in the
2017 EGAT survey. These questions are detailed in Appendix B
in both English and Thai.

In this study, only the items concerning self-reported peri-
odontal status and periodontal symptoms were analysed. For
self-reported periodontal status, the participants were asked
what they thought of their current gum health, whether there
was no problem, or whether they had gum disease. If the
response was that they “do not know,” information about the
common features of periodontal disease would be provided.
Afterwards, they were questioned about their perception on
current symptoms comprising swollen gums, bad breath,
loose teeth, bleeding on brushing, gum pain, and pus from
their gums. Only “yes” or “no” answers were allowed for each
item of current periodontal symptoms.

Participants were interviewed individually in Thai by 2
trained dental assistants without time constraints prior to
their periodontal examination. The examiners were totally
blinded to the questionnaire responses.

Periodontal examination

The examination consisted of the number of remaining teeth,
plaque score, BOP, PD, and recession (RE). The PD and RE were
measured using a UNC-15 periodontal probe at 6 sites per
tooth (mesiobuccal, midbuccal, distobuccal, mesiolingual,
midlingual, and distolingual). All teeth were examined,
except for third molars and retained roots. Standardisation
for periodontal measurements was performed amongst 8
periodontists. The weighted kappa (+1 mm) coefficients of
intra-examiner reliability on PD and RE were 0.86 to 1.00 and
0.91 to 1.00, respectively. Additionally, the weighted kappa
coefficients of inter-examiner reliability on PD and RE were
0.74 to 1.00 and 0.72 to 1.00, respectively.
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Table 1 - Distribution of baseline demographic characteristics in each periodontal category.

Characteristics Total Non-severe Severe
N* (%) periodontitis periodontitis

Sex

Female 442 (31.7) 342 (37.6) 100 (20.7)

Male 951 (68.3) 568 (62.4) 383 (79.3)
Educational level

Less than high school 162 (12.2) 71(8.2) 91 (20.0)

High school/vocational 425 (32.1) 244 (28.0) 181 (40.0)

Bachelor’s degree or higher 737 (55.7) 556 (63.8) 181 (40.0)
Income (USD/year)

<7500 93(7.0) 50 (5.8) 43(9.5)

7500—18,500 138 (10.5) 72 (8.3) 66 (14.6)

>18,500 1088 (82.5) 745 (85.9) 343 (76.9)
Diabetes mellitus

No 1157 (86.9) 774 (38.6) 383 (83.8)

Yes 174 (13.1) 100 (11.4) 74(16.2)
Smoking status

Nonsmoker 807 (58.1) 596 (65.6) 211 (44.0)

Former smoker 415 (29.9) 249 (27.4) 166 (34.6)

Current smoker 166 (12.0) 63(7.0) 103 (21.4)

* Total number in study sample may vary depending on missing values.

The severity of periodontitis was determined according to
the Centers for Diseases Control and Prevention and Ameri-
can Academy of Periodontology (CDC/AAP) case definitions.”
Participants with “severe periodontitis” were categorised into
the severe periodontitis group. Participants with “no,” “mild,”
and “moderate periodontitis” were categorised into the non
—severe periodontitis group.

Statistical analysis

Periodontal parameters between participants who reported
the absence of gum disease and those who reported having
gum disease were compared by independent-samples t test
or Mann—Whitney U test, where appropriate. The response to
each question was compared with the participant’s actual

periodontal condition using the chi-square test. A P value
<.05 was considered statistically significant. Then, the area
under the receiver operating characteristic curve (AUROCC),
sensitivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy were calculated
from self-reported periodontal status and symptoms ques-
tions. All analyses were performed using SPSS version 22.

Results

Of the 1479 employees registered for the health survey, 36
declined to participate in either the medical or dental exami-
nation, 4 were excluded due to a medical contraindication for
periodontal examination, and 6 were fully edentulous. Forty
patients had an incomplete record on either the periodontal

Table 2 - Periodontal parameters according to self-reported periodontal status.

Self-reported periodontal status

Periodontal parameters No problem Periodontal P*
(n=1172) disease present
(n=221)

Number of remaining teeth 229+6.5 22.5+5.6 .525
Plaque score (%) 77.8+£20.1 79.94+19.2 .320
Bleeding score (%) 38.1(0.0, 100.0) 40.4 (0.9, 100.0) .555
PD (mm) 3.0+0.7 3.2+0.8 048
% sites with PD >6 mm 1.6 (0.0, 38.6) 7.0 (0.0, 69.2) 016
CAL (mm) 39+14 41412 .190
% sites CAL >5 mm 20.8 (1.2, 100.0) 23.8 (2.5, 97.6) 121

PD, probing depth; CAL, clinical attachment level.

Results are mean =+ SD or median (minimum, maximum) depending on the data distribution.

* ttest/Mann—Whitney U test.
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Table 3 - Self-reported periodontal status and symptoms according to actual periodontal status.

Total N (%) Non-severe periodontitis Severe periodontitis P*

Self-reported questions

1. Do you think you might have gum disease? <.001
No problem 1172 (84.1) 815 (89.6) 357 (73.9)
Having gum disease 221 (15.9) 95 (10.4) 126 (26.1)

2. Currently, do you have any of these symptoms?

2.1 Swollen gum <.001
No 1248 (89.6) 850 (93.4) 398 (82.4)
Yes 145 (10.4) 60 (6.6) 85 (17.6)

2.2 Bad breath <.001
No 960 (68.9) 671(73.7) 289 (59.8)
Yes 433 (31.1) 239 (26.3) 194 (40.2)

2.3 Wobbly tooth <.001
No 1218 (87.4) 859 (94.4) 359 (74.3)
Yes 175 (12.6) 51 (5.6) 124 (25.7)

2.4 Bleeding on brushing <.001
No 1220 (87.6) 825 (90.7) 395 (81.8)
Yes 173 (12.4) 85 (9.3) 88 (18.2)

2.5 Gum pain <.001
No 1237 (88.8) 839 (92.2) 398 (82.4)
Yes 156 (11.2) 71(7.8) 85 (17.6)

2.6 Pus from gum <.001
No 1361 (97.7) 902 (99.1) 459 (95.0)
Yes 32(2.3) 8(0.9) 24 (5.0)

Combination of symptoms

Atleast 1 symptom <.001
No 805 (57.8) 590 (64.8) 215 (44.5)
Yes 588 (42.2) 320 (35.2) 268 (55.5)

At least 2 symptoms <.001
No 1130 (81.1) 796 (87.5) 334(69.2)
Yes 263 (18.9) 114 (12.5) 149 (30.8)

At least 3 symptoms <.001
No 1261 (90.5) 863 (94.8) 398 (82.4)
Yes 132 (9.5) 47 (5.2) 85 (17.6)

At least 4 symptoms <.001
No 1320 (94.8) 890 (97.8) 430 (89.0)
Yes 73 (5.2) 20 (2.2) 53 (11.0)

At least 5 symptoms <.001
No 1350 (96.9) 899 (98.8) 451 (93.4)
Yes 43(3.1) 11(1.2) 32 (6.6)

At least 6 symptoms <.001
No 1378 (98.9) 908 (99.8) 470 (97.3)
Yes 15 (1.1) 2(0.2) 13(2.7)

* Chi-square test.

examination or the self-reported questions. Therefore, the
data from 1393 participants were analysed (Supplemental
Figure 1).

The demographic data are presented in Table 1. The
study comprised 1393 patients, with a mean age of 61.1 +
4.4 years (range, 53-75 years), and 68% were male. The
educational level was mostly high school and bachelor’s
degree with an income of >18,500 USD/y. More than half
of the participants were nonsmokers, and 12.0% (n = 166)
were current smokers.

The periodontal parameters in each self-reported peri-
odontal status group are seen in Table 2. The number of teeth,
plaque score, bleeding score, and mean CAL were comparable
between the 2 groups. However, the mean PD (3.0 vs 3.2 mm)
and proportion of sites with PD >6 mm (1.6% vs 7.0%) was sig-
nificantly higher in the group who reported having periodon-
tal disease.

Although 15.9% (n = 221) of total participants reported that
they had gum disease, the periodontal examination revealed
that 34.7% (n = 483) had severe periodontitis. The distribution
of the self-reported periodontal status and symptoms accord-
ing to the participants’ actual periodontal status is presented
in Table 3. Amongst participants with severe periodontitis,
26.1% (95% Cl, 22.2—30.3) reported having gingivitis/periodonti-
tis, whereas the remaining 73.9% did not think that they had
the disease. In addition, 55.5% of the participants with severe
periodontitis reported having at least 1 periodontal symptom.
Halitosis (bad breath) was the most frequently reported symp-
tom (40.2%) by participants with severe periodontitis, and only
5.0% reported having pus from their gums.

The AUROCC, sensitivity, specificity, PPV, NPV, and accu-
racy of the self-reported periodontal status and symptoms are
presented in Table 4. The self-reported periodontal status
question demonstrated a low discrimination ability, with an
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Table 4 - AUROCG, sensitivity, specificity, predictive values, and accuracy of self-reported periodontal status and symptoms.

Self-reported AUROCC Sensitivity Specificity PPV NPV Accuracy
(95% CI) (%) (%) (%) (%) (%)
Self-reported periodontal status 0.58 (0.56—0.60) 26.1 89.6 57.0 69.5 67.6
Symptoms
Swollen gum 0.56 (0.54—-0.57) 17.6 93.4 58.6 68.1 67.1
Bad breath 0.57 (0.54-0.60) 40.2 73.7 44.8 69.9 62.1
Wobbly tooth 0.60 (0.58-0.62) 25.7 94.4 70.9 70.5 70.6
Bleeding on brushing 0.54 (0.52—-0.56) 18.2 90.7 50.9 67.6 65.5
Gum pain 0.55 (0.53-0.57) 17.6 92.2 54.5 67.8 66.3
Pus from gum 0.52 (0.51-0.53) 5.0 99.1 75.0 66.3 66.5
Combined symptoms
>1 symptom 0.60 (0.57-0.63) 55.5 64.8 45.6 733 61.6
>2 symptoms 0.59 (0.57-0.61) 30.9 87.5 56.7 70.4 67.8
>3 symptoms 0.56 (0.54—0.58) 17.6 9.8 64.4 68.4 68.1
>4 symptoms 0.54 (0.53-0.55) 11.0 97.8 72.6 67.4 67.7
>5 symptoms 0.53 (0.52—0.54) 6.6 98.8 74.4 66.6 66.8
6 symptoms 0.51 (0.50-0.52) 2.7 99.8 86.7 65.9 66.1

AUROCGC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative predictive value.

AUROCC of 0.58, that is, using the self-reported periodontal
status had 58% probability of correctly identifying patients
with severe periodontitis. When evaluating the predictive abil-
ity of the periodontal symptoms, the AUROCC varied amongst
symptoms, with 0.52 to 0.60 (Supplemental Figure 2). There
was a 52% to 60% chance that the participants who reported
having any symptom actually had severe periodontitis. The
highest sensitivity amongst the symptoms was 40.2% for bad
breath. In contrast, the specificity of all the periodontal symp-
toms asked about was excellent, except for bad breath, which
had moderate specificity (73.7%). No combinations of any of
the periodontal symptoms increased the discriminative ability
of the diagnostic tools in terms of AUROCC and sensitivity.

The subgroup analysis based on sex, education level, and
income indicated that the AUROCCs of self-reported periodon-
tal status were similar amongst the subgroups, with 0.57 to 0.60
(Table 5). The sensitivity and specificity rates did not improve
with either increased income or increased education level.

Discussion

This study evaluated the performance of simple questions on
self-reported periodontal status and symptoms in identifying
participants with severe periodontitis in Thailand. Our results
indicated that self-reported periodontal status had low valid-
ity for identifying periodontitis, and the performance was not
affected by sex, income, or education level. Moreover, ques-
tions about an individual’s periodontal symptoms also had a
low level of validity, based on sensitivity and AUROCC.
According to the CDC-AAP case definitions, patients with
severe periodontitis had an increased risk of disease progres-
sion and tooth loss. Prompt diagnosis and proper periodontal
treatment should be provided. Therefore, it would be of signifi-
cant benefit if the screening tool could identify patients with
severe periodontitis. Because periodontal status questions were
self-reported, the responses mainly relied on the perception of
patients. Amongst those with mild to moderate periodontitis,
the symptoms may be much less pronounced and may not be

noticed. Hence, in cases in which all stages of severity were
combined, the self-reported questions would achieve lower
accuracy and lower sensitivity (Supplemental Table 1).

When assessing the performance of our simple self-
reported questions, we found that most of the disease-free
participants reported not having gum disease or not having
symptoms (high true-negative rate); however, a low proportion
of patients with gum disease reported having the disease or
having disease related symptoms (high false-negative rate).
Our results showed a poor ability of self-reported periodontal
status and symptoms to identify cases of severe gum disease,
with an AUROCC of 0.52 to 0.60. Our findings were comparable
with previous studies that demonstrated that the AUROCC
from a single question on self-reported periodontal status
ranged from 0.57 to 0.64.'%1/:1:%0

Ideally, screening tools should have high sensitivity and
specificity. However, sensitivity and specificity occasionally
have an inverse relationship. To select the appropriate

Table 5 — Subgroup analysis of performance of self-reported
periodontal status.

Subgroup AUROCC Sensitivity ~ Specificity
(95% CI) (%) (%)
Total participants 0.58 (0.56—0.60)  26.1 89.6
Sex
Male 0.58 (0.55-0.60)  26.6 88.6
Female 0.58 (0.53-0.62) 24.0 91.2
Education level
Less than high 0.60 (0.54—0.66)  29.7 90.1
school
High school/ 0.59 (0.55-0.62)  26.5 91.0
vocational
Bachelor’s degree 0.57 (0.54—-0.61) 25.4 89.6
or higher
Income (USD/year)
<7500 0.58 (0.50—-0.66)  27.9 88.0
7500-18,500 0.57 (0.50-0.63)  27.3 86.1
>18,500 0.59 (0.56—0.61)  26.5 90.5

AUROCGC, area under the receiver operating characteristic curve.
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screening tools based on sensitivity and specificity, serious-
ness of disease and treatments must be considered. A test
with high sensitivity achieves a low false-negative rate,
whilst high specificity achieves a low false-positive rate.”’
With periodontitis, a high-prevalence and low-morbidity dis-
ease, many people have the disease but are unaware of it. Pre-
dictable treatment outcomes can be expected especially in
early stages, and there are few adverse events related to
treatment. Hence, periodontitis surveillance should identify
and enroll as many high-risk participants as possible and
then persuade them to have a standard periodontal examina-
tion and undergo appropriate treatment. Thus, a self-assess-
ment screening tool with high sensitivity is preferable.

When focused on a question concerning self-reported peri-
odontal status, previous studies usually reported the acceptable
specificity rate®’; however, the sensitivity varied widely across
studies from a poor to a fair level. Our results demonstrated
poor sensitivity, which concurred with a majority of studies,'”
121719 although they contrasted with others.’®'®?%?! Wu et al*
developed the prediction model in a Chinese population using
the CDC-AAP periodontal case definitions. The question “Do
you think you have gum disease?” was an item within their
final model. Their results showed that the sensitivity of this
individual question to detect moderate to severe periodontitis
was modest, at around 64%. However, the small sample size of
only 114 participants was a limitation. Joshipura et al*®
dated the self-report question amongst health professionals
including physicians, dentists, pharmacists, and veterinarians.
From 140 total participants, 68 were classified as having peri-
odontitis based on bitewing radiographs. Amongst patients
with periodontitis, 71% reported that they had had periodontal
disease with bone loss. This could imply that this single ques-
tion was suitable for periodontitis screening in a group of health
care professionals who had a good perception of their periodon-
tal status. When several periodontal symptoms were combined,
we found that the sensitivity was increased similarly with the
previous study. Saka-Herran et al found that the combination
of 2 to 4 periodontal symptoms had high accuracy (AUROCC,
0.73-0.87) and can also improve the sensitivity (66.7%—90.2%).**
However, our analysis indicated that its validity was still low,
with a sensitivity of 55.5%.

Based on our sensitivity and specificity results derived
from Thai adults, simple self-report questions are not appro-
priate screening tools for severe periodontitis. We also found
that periodontitis self-recognition remained low even in the
high-income and high-education groups. These results indi-
cate that increased income and education level was not asso-
ciated with increased periodontal health perception amongst
our population.

As mentioned above, several studies have suggested con-
structing prediction models, which had more reliable accuracy
from multiple self-reported questions, demographic character-
istics, and oral health care behaviours.®” These prediction mod-
els had moderate to good predictive value for periodontitis
prevalence (AUROCC, 0.7—0.9; sensitivity, 75%—90%; specificity,
60%—90%).57-11:13:17-19.21.23 From our findings, using only inde-
pendent and simple questions was obviously inferior to model-
ing the risk score. The risk model modality should be made
simpler and promoted in clinical practice and community set-
tings for more valid periodontitis screening.

vali-

There are several reasons for the poor performance of the
self-report questions. The symptoms of periodontal diseases
may not be obvious to patients.’®* Earlier studies reported low
self-awareness of periodontal status amongst patients with peri-
odontitis. Less than a quarter of patients noticed their periodon-
tal symptoms.™>*° Furthermore, there are no specific symptoms
of periodontal diseases. Periodontitis may be confused with
other dental disease, for example, an endodontic lesion or
impacted tooth. Last, lacking knowledge or having insufficient
information provided by dentists regarding periodontal health
may be related to patients low awareness of periodontal disease.
Thus, even when an individual notices a symptom, they may
not realise the association with the disease. Previous studies
found that 60% to 80% of patients lacked knowledge concerning
the cause of periodontal disease, its symptoms, and its treat-
ment. In addition, most patients had never been educated about
periodontal diseases by a dentist, including those who had regu-
lar annual dental visits.>*! This indicates the need to improve
dental and periodontal awareness and education for better self-
care and early disease detection.

The main strength of our study was the large sample size.
In addition, our outcome was measured in a valid manner
according to full-mouth examinations and standard case def-
initions. However, it also had some limitations. Our samples
were derived from a specific cohort of workers. Thus, general-
isation should be limited within middle- to high-socioeco-
nomic classes of Thai adults. Other periodontal parameters
such as tooth mobility and gingival inflammation were not
recorded. Hence, we could not compare periodontal symp-
toms related to these parameters. Moreover, the self-reported
periodontal status relied on only one question, and common
features of periodontal disease were explained only to indi-
viduals who asked (3%—4% of total participants). Information
bias may be possible. However, a systematic protocol for
developing the set of questions as well as strict and trained
interview procedures were performed to minimise that bias.

In conclusion, this study reveals that the self-reported
periodontal status and symptoms did not effectively identify
patients with severe periodontitis in Thailand. Further inves-
tigations need to be conducted to develop a set of questions
that could offer better validity in detecting periodontal dis-
ease, which would be of substantial benefit and practical as a
periodontal screening tool.
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