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associated factors in older adults:
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Background: Oral health behaviors play an essential role in maintaining oral
health and preventing oral diseases, which are often neglected in older
adults. This study aimed to investigate the prevalence of oral health behaviors
and their associated factors in older adults.

Methods: This cross-sectional study included participants aged 65 years or
older who attended a university dental hospital in Portugal. Data were
collected through a questionnaire on oral health behaviors, socioeconomic
data, general health characteristics, self-perceived oral health and oral health-
related quality of life. The oral clinical assessment included the Oral Hygiene
Index-Simplified (OHI-S), the Decayed, Missing and Filled Teeth Index (DMFT),
the Modified Community Periodontal Index, the presence of oral mucosal
lesions, prosthetic presence, and prosthetic and treatment needs. Statistical
analysis included descriptive and inferential methodologies. The association
between potential risk indicators and oral health behaviors was assessed and
modelled using logistic regression analysis.

Results: A sample of 302 older adults participated in this study, and 56.0% were
female. The mean age was 73.5 years (+5.8). Regarding oral health behaviors,
21.9% brushed less than twice a day, 52.1% did not use interdental devices
and 49.3% last visited a dentist for treatment. Risk indicators for less frequent
brushing were being male [OR = 3.00, 95% ClI (1.65-5.47)], having a perceived
prosthetic need [OR=3.46, 95% CI| (1.72-6.95)] and increased values of
DMFT [OR =115, 95% CI (1.08-1.22)]. Risk indicators for not using interdental
devices were increased values of OHI-S [OR =2.41, 95% CI (1.71-3.40)], being
male [OR =2.31, 95% CI (1.38-3.89)] and the presence of chronic diseases
[OR =1.87, 95% CI (1.03-3.39)]. Risk indicators for treatment being the reason
for the last dental appointment were prosthetic presence [OR = 3.23, 95% Cl
(1.79-5.82)] and increased values of DMFT [OR =1.06, 95% CI (1.01-1.11)].
Conclusion: Assessment of oral health behaviors and associated factors should
be considered to guide future public health strategies to improve compliance
with oral health care among older adults and to prevent oral diseases.
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1 Introduction

The aging of the global population has led to an increase in
research on older adults (1-3). In terms of health, there has
been evidence that this age group is more prone to chronic
diseases and oral diseases, which are often correlated (4-6). Oral
diseases can also cause pain, infections, reduced salivary flow,
tooth loss, and changes in speech and chewing ability, affecting
quality of life (5, 7). In addition, the increase in oral diseases
among older adults has been linked to the fact that teeth remain
in the oral cavity for longer, leading to an accumulation of oral
diseases over the years, but also to the fact that this population
finds it more difficult to maintain oral hygiene and visits the
oral care services less often (3, 7, 8).

Effective oral health behaviors play an essential role in
maintaining oral health and preventing oral diseases such as
periodontal disease and dental caries, the main causes of tooth
loss (9, 10). Toothbrushing is a simple and effective mechanical
method of removing dental plaque, thereby reducing the risk of
gingival inflammation and dental caries (10-12). Interdental
cleaning further enhances plaque control in proximal areas that
are not adequately reached by toothbrushing alone, contributing
to the prevention of periodontal disease and interproximal
caries (9, 11). Moreover, routine dental check-ups facilitate the
early detection and timely management of oral diseases, which
have been linked to a lower prevalence and severity of oral
conditions (3, 8). Therefore, these preventive behaviors are
essential and more cost-effective than restorative or rehabilitative
treatments (9, 10).

Nevertheless, compliance with oral health behaviors may be
influenced by limited oral health literacy, but also by loss of
autonomy, dexterity and visual impairment, which may lead to
some neglect of oral hygiene in terms of brushing, flossing, and
oral care concerns (7, 13). In addition, a reduced number of
visits to dental services could also be a consequence of low
socioeconomic status, as these services are mainly provided in
the private sector in some countries, such as Portugal, and due
to the presence of chronic diseases leading to loss of mobility,
or even social isolation. Moreover, regular dental visits have
been associated with a lower prevalence of oral diseases than
episodic visits (3, 8, 14, 15).

Socioeconomic status and general health indicators have
already been associated with oral health care (4, 5, 8). However,
most of the available evidence emerges from non-European
countries whose healthcare systems and socioeconomic contexts
may not be directly comparable to those in Portugal, where
access to dental services varies significantly across population
groups (14). In addition, several previous studies did not include

Abbreviations

BMI, body mass index; CI, confidence interval; CI-S, calculus index—
simplified; CPI, community periodontal index; DI-S, debris index—
simplified; DMFT, decayed, missing, filled teeth index; GOHAI, geriatric oral
health assessment index; N, number of participants; OR, odds ratio; OHI-S,
oral hygiene index-simplified; OHRQoL, oral health-related quality of life;
SD, standard deviation.
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measures of self-perception, which may also act as predisposing
factors that influence motivation to seek oral health -care,
particularly among older adults (3, 16-18). Therefore, it is
essential to explore these associations in Portuguese older adults
by incorporating both objective and self-perceived indicators to
better understand their influence on oral health care.

Knowing the oral health behaviors of a population and the
factors associated with them allows to understand the reasons
for non-adherence to these behaviors and to define public
health strategies targeted at a specific population by planning
oral health services and educating the population to improve
their oral health and, consequently, their quality of life (17, 19).
Notwithstanding, to the best of our knowledge, the literature on
oral health behaviors in older adults is scarce, and it is poorly
understood which indicators may influence compliance with
oral health practices.

Therefore, the aim of this study was to investigate the
prevalence of oral health behaviors and their association with
socioeconomic factors, general health-related characteristics, oral
health status, self-perception of oral health, and oral health-
related quality of life among older adults.

2 Materials and methods
2.1 Study design and participants

This cross-sectional study included a convenience sample of
302 participants (n=302) randomly selected from the Egas
Moniz Dental Clinic, a university dental hospital in Almada,
Portugal, between December 2020 and May 2022. Inclusion
criteria included age or older,

of 65 years not being

institutionalized, being able to read, write, speak, and
understand Portuguese, being able to comply with the study
protocol, and not having disabilities such as blindness, deafness
or dementia. All individuals who did not meet the inclusion
criteria and those who refused to participate and sign the
informed consent were excluded. This study followed the
Strengthening  Reporting of  Observational ~ Studies in

Epidemiology (STROBE) guidelines (20).

2.2 Ethical considerations

This study was approved by the Ethics Committee of the Egas
Moniz School of Health & Science (No. 896/2020) and by the
Ethics Committee of the NOVA Medical School (No. 79/2020/
CEFCM). The study protocol was conducted following the
tenets of the Declaration of Helsinki, as revised in 2013. All
participants were read and signed an informed consent form,
accepting the conditions for participation in the study and the
procedures involved. The data were collected anonymously by
coding and were only intended for statistical processing and/or
publication, maintaining the anonymity and confidentiality of
the participants.
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2.3 Data collection

Data were collected through a questionnaire and by oral
clinical assessment at the Egas Moniz Dental Clinic. The self-
reported questionnaire collected information on oral health
data, health-related
characteristics, self-perception of oral health and oral health-

behaviors,  socioeconomic general
related quality of life. The oral clinical assessment included the
Oral Hygiene Index-Simplified (OHI-S), the Decayed (D),
Missing (M) and Filled (F) Teeth Index (DMFT), the Modified
Community Periodontal Index (CPI), presence of oral mucosal

lesions, prosthetic presence, and prosthetic and treatment needs.

2.3.1 Oral health behaviors (dependent variables)

Oral hygiene behaviors included brushing frequency, which
refers to brushing the teeth or, in the case of edentulous
participants, cleaning the gums, oral mucosa, and tongue (<2x/
day/>2x/day), daily use of interdental devices, including dental
floss or interdental brushes (yes/no) and last dental appointment
total
participants were excluded from the interdental device data

reason (routine/treatment). From the sample, 20

collection because they were edentulous.

2.3.2 Socioeconomic data

Socioeconomic data included sex (male/female), age, recorded
as a continuous variable (years) and then converted into age
groups (65-74/>75), whether participants lived alone or not,
educational level [elementary (<4 years)/middle (5-12 years)/
higher education (>12 years)] and monthly income (<800
€/801-1,000 €/>1,000 €).

2.3.3 General health-related characteristics

3

The presence of chronic diseases was classified as “yes” if the
participant had a diagnosed chronic disease and “no” if had not,

if the

2 »

and medication was categorized as “yes” or “no
participant was taking medication or not.

Smoking habits were classified as “no” if not currently
smoking, or “yes” if currently smoking. Alcohol intake was
registered as a dichotomous variable (yes or no). For sugar
intake, the question surveyed was “How often do you have
meals containing sugar?” (“At least once a day or more/At least
once a week/At least once a month or never”), explicitly stating
that this question referred to the intentional consumption of
foods or beverages with added sugars, including both meals and
snacks (such as desserts, pastries, sweetened drinks). Self-
reported height and weight were recorded, and body mass index
(BMI, kg/m?) was calculated and categorized according to the
nutritional status as <18.5 (underweight), 18.5-24.9 (healthy
weight), >25 (overweight) (21).

2.3.4 Self-perception of oral health

Self-perception of oral health was assessed through the
following questions: “How would you describe your oral
health?”, “How would you describe the condition of your teeth?”
and “How would you describe the condition of your gums?”.
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The answers to the questions were classified as poor (“neither
satisfied nor unsatisfied”, “unsatisfied” and “very unsatisfied”) or
good (“very satisfied” and ’satisfied’) (22). For xerostomia
assessment, it was surveyed the question “Do you feel your
mouth dry: often/occasionally/no?”. Perceived prosthetic needs
and treatment needs were registered as dichotomous variables
(need/no need).

2.3.5 Oral health-related quality of life

Oral health-related quality of life (OHRQoL) was assessed
using the validated Portuguese version of the Geriatric Oral
Health Assessment Index (GOHAI) (23). The total score was the
sum of the physical, psychosocial, and pain and discomfort
domains.

2.3.6 Oral health status

Clinical recordings were collected by a trained and calibrated
general dentist who had previously undergone a calibration
included in the

Measurement reliability and reproducibility were assessed by the

procedure on ten patients not study.
intra-class correlation coefficient (ICC) and the intra-examiner
agreement was 0.96. The room used for the observations had
both natural and artificial lighting. The equipment used
included an intraoral mirror, a CPI probe, gloves, a mask, and
compresses (24).

The Oral Hygiene Index-Simplified (OHI-S), which is the sum
of the Debris Index-Simplified (DI-S) and the Calculus Index-
Simplified (CI-S), was calculated for each participant, excluding
edentulous participants (25).

Dental status was recorded using DMFT index for each
participant. Periodontal status was assessed using the CPI, which
included the assessment of gingival bleeding (yes/no) and the
measurement of periodontal pocket depth using a CPI probe.
Loss of attachment was also measured in six index teeth: 17/16,
11, 26/27, 37/36, 31 and 46/47. From the total sample, 20
participants were excluded from the periodontal data collection
because they were edentulous. For oral mucosal lesions
assessment, an examination of oral mucosa and soft tissues was
conducted and registered as presence (yes) or absence (no).
These analyses were based on the World Health Organization’s
Oral Health Assessment Form for Adults (2013) (24).

Prosthetic presence was recorded if the participant could show
or wear the prostheses (“yes”) or not (“no”). Prosthetic need was
classified as “need” if the participant had missing functional teeth
for which there was no existing prosthetic replacement (fixed or
removable). Missing single teeth were only classified as “need” if
they were in a functionally or aesthetically relevant position.
“No need” was assigned if the participant had a prosthetic
treatment or had all functional teeth. Missing teeth that would
not normally require replacement, such as posterior teeth
without functional impact or third molars, were not considered
to be a prosthetic need. Treatment need was also assessed and
registered as “need” (need dental treatment) or “no need”
(routine/no treatment need).
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TABLE 1 Descriptive data on socioeconomic status, general health and oral health behaviors of the study participants.

Variables Categories n (%) Mean (SD)

Sex Female 169 (56.0) -
Male 133 (44.0)

Age group 65-74 187 (61.9) 73.5 (5.8)
75+ 115 (38.1)

Living alone Yes 99 (32.8) -
No 203 (67.2)

Education level Elementary 151 (50.0) -
Middle 114 (37.7)
Higher 37 (12.3)

Monthly income (€) <800 178 (60.5) -
801-1,000 39 (13.3)
>1,000 77 (26.2)

Chronic Diseases Yes 225 (74.5) -
No 77 (25.5)

Medication Yes 268 (88.7) -
No 34 (11.3)

Smoking habits Smoker 25 (8.3) -
Non-smoker 277 (91.7)

Alcohol intake Yes 102 (33.8) -
No 200 (66.2)

Sugar intake Never/At least once a month 128 (42.4) -
At least once a week 47 (15.6) -
At least once a day or more 127 (42.1) -

BMI (kg/m?) Underweight 1(0.3) -
Healthy weight 109 (36.1)
Overweight 192 (63.6)

Oral hygiene frequency <2x/day 66 (21.9) -
>2x/day 236 (78.1)

Use of interdental devices No 147 (52.1) -
Yes 135 (47.9)

Last appointment reason Treatment 149 (49.3) -
Routine 153 (50.7)

BMI, body mass index; SD, standard deviation.

2.4 Data analysis

The statistical analyses were performed using the software
IBM SPSS Statistics v.29 and
inferential methodologies. For descriptive analysis, categorical

included descriptive and

data were presented as frequency and percentage distributions,
and numerical data as mean and standard deviation (SD). For
the bivariate analysis phase, the Chi-square test and Fisher’s
exact test were used. The association between potential risk
indicators and oral health behaviors was investigated and
modelled using logistic regression analysis. Univariate models
were used for the preliminary analysis. A multivariate model
was then developed using the stepwise multivariate approach,
based on variables that showed significance p <0.25 in the
univariate model for each dependent variable. Wald statistics
were used to assess the contribution of each variable to the
model. For each variable examined, interactions were also
considered. The final reduced models included risk indicators
that were entered in steps: For oral hygiene frequency, DMFT
(step 1), sex (step 2) and self-perceived prosthetic needs
(step 3); the use of interdental devices included: OHI-S
(step 1), sex (step 2) and chronic diseases (step 3), and for last

Frontiers in Oral Health

appointment reason, prosthetic presence (step 1) and DMFT
(step 2). Odds Ratio (OR) and 95% confidence intervals (95%
CI) were calculated for both wunivariate and multivariate
analyses. A significance level of 5% (p <0.05) was established
in all inferential analyses.

3 Results

A descriptive data on socioeconomic, general health-related,
and oral health behaviors of the study participants (n=302) is
presented in Table 1. Fifty-six per cent of the participants were
female. The mean age was 73.5 years (+5.8). Half of the
participants (50.0%) had only completed elementary school and
60.5% had a monthly income of <800 €. Regarding general
health, 74.5% of the participants had been diagnosed with a
chronic disease and 88.7% were taking medication. In terms of
oral health behaviors, 21.9% brushed less than twice a day,
52.1% did not use an interdental device and 49.3% last visited a
dentist for treatment.

Data on self-perceived oral health and OHRQoL are shown in
Table 2. Most participants perceived their oral health as “good”

frontiersin.org
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TABLE 2 Descriptive data on self-perceived oral health, and OHRQoL of
the study participants.

Varisbles ____ Categories 1 () _ Mean (SD)

Self-perception (oral health) Poor 64 (21.3)
Good 237 (78.7)
Self-perception (teeth) Poor 77 (27.6) -
Good 202 (72.4)
Self-perception (gums) Poor 39 (12.9) -
Good 263 (87.1)
Xerostomia Often 80 (26.5) -
Occasionally 87 (28.8)
No 135 (44.7)
Perceived prosthetic need Need 50 (16.6) -
No need 252 (83.4)
Perceived treatment need Need 243 (80.5) -
No need 59 (19.5)
GOHALI (total score) - - 314 (4.3)
GOHAI (physical function) - - 10.2 (2.3)
GOHAI (psychosocial function) - - 7.5 (1.1)
GOHALI (pain and discomfort) - - 13.8 (1.7)

GOHAL, geriatric oral health assessment index; SD, standard deviation.

TABLE 3 Descriptive data on oral clinical status of the study participants.

Mean (5D)

Variables

Decayed teeth - - 3.2 (3.1)
Missing teeth - - 16.1 (7.1)
Filled teeth - - 3.2 (3.3)
DMET - - 232 (6.2)
DIL-S - - 0.7 (0.5)
CI-S - - 0.4 (0.5)
OHL-S - - 1.1 (0.8)
Gingival bleeding No 121 (43.2) -
Yes 159 (56.8)
Periodontal pocket No pocket (0-3 mm) 81 (28.9) -
4-5mm 130 (46.4)
>6 mm 69 (24.6)
Loss of attachment 0-3 mm 82 (29.8) -
4-5 mm 137 (49.8)
6-8 mm 51 (18.5)
9-11 mm 4 (1.5)
>12 mm 1(0.4)
Oral mucosal lesions No 275 (91.1) -
Yes 27 (8.9)
Prosthetic presence Dentures 209 (69.2) -
No dentures 93 (30.8)
Prosthetic need Need 78 (25.8) -
No need 224 (74.2)
Treatment need Need 251 (83.1) -
No need 51 (16.9)

CI-S, calculus index-simplified; DI-S, debris index-simplified; DMFT, decayed, missing,
filled teeth index; OHI-S, oral hygiene index-simplified; SD, standard deviation.

(78.7%), although 80.5% reported a need for treatment. The mean
total GOHAI score was 31.4 (+4.3).

Table 3 shows the oral clinical characteristics of the
participants. The mean DMFT was 23.2 (+£6.2) and the mean
OHI-S was 1.1 (£0.8). More than half of the participants had
gingival bleeding (56.8%) and 46.4% had a 4-5 mm periodontal
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pocket. In terms of prosthetic rehabilitation, 69.2% were wearing
dentures, but 25.8% of participants needed dentures. Overall,
most participants were considered to require dental treatment.

Data on socioeconomic status, general health, self-perceived
oral health, OHRQoL and clinical status according to oral health
behaviors are shown in Table 4. Regarding brushing frequency,
sex and education were associated with this practice, with male
sex (n=42, 62.3%; p <0.001) and with participants with null or
elementary school (n =40, 60.6%; p =0.045) brushing less often.
Smoking habits and alcohol intake also showed an association
(p=0.022 and p=0.010, respectively). In terms of clinical oral
status, participants with higher mean scores for missing teeth
(p<0.001), DMFT (p<0.001), OHI-S (p=0.001) and with
prosthetic needs (p =0.027) reported brushing less often.

Regarding the use of interdental devices, sex (p <0.001) and
education level (p =0.027) were associated with this behavior. In
addition, most participants with a monthly income of <800€
(n=94, 65.7%; p =0.034) reported not using interdental devices.
The presence of chronic diseases (p=0.014) and alcohol
consumption (p =0.035) were also significantly associated with
the use of interdental devices. In terms of self-perception and
OHRQoL, self-perception of oral health (p=0.014) and teeth
(p=0.007), and the physical (p=0.040) and psychosocial
(p=0.027) domains of the GOHAI also showed a significant
association. Clinical indicators significantly associated with the
use of interdental devices were missing teeth (p <0.001), filled
teeth (p<0.001), DMFT (p=0.006), and OHI-S (p<0.001)
(Table 4).

Regarding the reason for the last dental visit, we did not find a
significant association with socioeconomic and general health
characteristics. However, participants with perceived treatment
(n=113, 75.8%; p=0.045)
appointments as the last dental visit. In addition, participants
with lower means in GOHAI [30.8 (+4.1)] and its physical
domain [9.6 (£2.5)]
appointments (p <0.001). Finally, some oral health indicators

need had more treatment

showed having more treatment
were significantly associated with the reason for the last dental
appointment, including DMFT (p <0.001), OHI-S (p=0.047),
gingival bleeding (p = 0.022), prosthetic presence (p <0.001) and
prosthetic need (p <0.001) (Table 4).

Table 5 shows the multivariate logistic regression model of the
risk indicators for brushing frequency. Participants with a higher
mean DMFT (OR=1.15 p<0.001) and male participants
(OR=3.00, p <0.001) were more likely to brush less than twice
a day. Participants with a perceived need for dentures were also
more likely to brush less often (OR =3.46, p <0.001).

The risk indicators for the use of interdental devices are shown
in Table 6. Participants with a higher mean OHI-S were more
likely not to use an interdental device (OR=2.41, p<0.001).
Similar results were found for male participants (OR=2.31,
p=0.002). Participants with diagnosed chronic diseases were
also more likely not to use an interdental device (OR=1.87,
p=0.039).

Table 7 presents the multivariate logistic regression model of
the risk indicators for the last appointment reason being
treatment. Participants with prosthetic treatment had more than
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TABLE 4 Socioeconomic status, general health, self-perceived oral health, OHRQoL and clinical status according to oral health behaviors.

Variables Categories Brushing p-value Use of p-value Last appointment p-value
frequency interdental reason (N =302)
(N =302) devices
(N =282)
<2x/ >2x/ \[e) Yes Treatment | Routine
day day
Sex Female 24 (36.4) | 145 (61.4) | <0.001 | 67 (45.6) | 92 (68.1) | <0.001 82 (55.0) 87 (56.9) 0.749
Male 42 (63.6) | 91 (38.6) 80 (54.4) | 43 (31.9) 67 (45.0) 66 (43.1)
Age group 65-74 39 (59.1) | 148 (62.7) | 0592 | 85 (57.8) | 88 (65.2) | 0.205 90 (60.4) 97 (63.4) 0.592
75+ 27 (40.9) | 88 (37.3) 62 (42.2) | 47 (34.8) 59 (39.6) 56 (36.6)
Living alone Yes 19 (28.8) | 80 (33.9) 0.434 |46 (31.3) | 44 (32.6) |  0.815 49 (32.9) 50 (32.7) 0.97
No 47 (71.2) | 156 (66.1) 101 | 91 (67.4) 100 (67.1) 103 (67.3)
(68.7)
Education level Null/Elementary 40 (60.6) | 111 (47.0) | 0.045 | 84 (57.1) | 57 (42.2) |  0.027 82 (55.0) 69 (45.1) 0.223
Middle 23 (34.8) | 91 (38.6) 49 (33.3) | 55 (40.7) 51 (34.2) 63 (41.2)
Higher 3(45) | 34 (14.4) 14 (9.5) | 23 (17.0) 16 (10.7) 21 (13.7)
Monthly income (€) <800 44 (69.8) | 134 (58.0) | 0230 | 94 (65.7) | 70 (53.0) |  0.034 89 (61.0) 89 (60.1) 0.532
801-1,000 6(9.5) | 33(14.3) 20 (14.0) | 17 (12.9) 22 (15.1) 17 (11.5)
>1,000 13 (20.6) | 64 (27.7) 29 (20.3) | 45 (34.1) 35 (24.0) 42 (28.4)
Chronic Diseases Yes 49 (742) | 176 (74.6) | 0.956 118 | 91(67.4) | 0.014 113 (75.8) 112 (73.2) 0.599
(80.3)
No 17 (25.8) | 60 (25.4) 29 (19.7) | 44 (32.6) 36 (24.2) 41 (26.8)
Medication Yes 60 (90.9) | 208 (88.1) | 0.529 132 120 0.805 135 (90.6) 133 (86.9) 0.312
(89.8) (88.9)
No 6(9.1) | 28 (11.9) 15 (10.2) | 15 (11.1) 14 (9.4) 20 (13.1)
Smoking habits Smoker 10 (152) | 15 (6.4) 0.022 11(7.5) | 11 (8.1) 0.835 12 (8.1) 13 (8.5) 0.889
Non-smoker 56 (84.8) | 221 (93.6) 136 124 137 (91.9) 140 (91.5)
(92.5) (91.9)
Alcohol intake Yes 31 (47.0) | 71 (30.1) 0.01 65 (38.9) | 37 (27.4) | 0.035 57 (38.3) 45 (29.4) 0.104
No 35 (53.0) | 165 (69.9) 102 | 98 (72.6) 92 (61.7) 108 (70.6)
(61.1)
Sugar intake Never/At least once a 25 (37.9) | 103 (43.6) 0.314 64 (38.3) | 64 (47.4) 0.233 61 (40.9) 67 (43.8) 0.879
month
At least once a week 8 (12.1) | 39 (16.5) 26 (15.6) | 21 (15.6) 24 (16.1) 23 (15.0)
At least once a day or 33 (50.0) | 94 (39.8) 77 (46.1) | 50 (37.0) 64 (43.0) 63 (41.2)
more
BMI (kg/m?) Underweight/healthy 26 (39.4) | 84 (35.6) 0.571 51 (34.7) | 50 (37.0) | 0.682 56 (37.6) 54 (35.3) 0.679
weight
Overweight 40 (60.6) | 152 (64.4) 96 (65.3) | 85 (63.0) 93 (62.4) 99 (64.7)
Self-perception (oral Poor 22 (33.3) | 42 (17.9) 0.007 | 44 (26.5) | 20 (14.8) |  0.014 32 (21.6) 32 (20.9) 0.881
health) Good 44 (66.7) | 193 (82.1) 122 115 116 (78.4) 121 (79.1)
(73.5) (85.2)
Self-perception (teeth) Poor 27 (46.6) | 50 (22.6) | <0.001 |50 (34.5) | 27 (20.1) |  0.007 39 (29.3) 38 (26.0) 0.538
Good 31 (53.4) | 171 (77.4) 95 (65.5) | 107 94 (70.7) 108 (74.0)
(79.9)
Self-perception (gums) Poor 9 (13.6) | 30 (12.7) 0.843 |23 (13.8) | 16 (11.9) |  0.621 20 (13.4) 19 (12.4) 0.795
Good 57 (86.4) | 206 (87.3) 144 119 129 (86.6) 134 (87.6)
(86.2) (88.1)
Xerostomia Often 19 (28.8) | 61 (25.8) 0.279 42 38 0.322 42 (28.2) 38 (24.8) 0.698
Occasionally 23 (34.8) | 64 (27.1) 54 33 40 (26.8) 47 (30.7)
No 24 (36.4) | 111 (47.0) 71 64 67 (45.0) 68 (44.4)
Perceived prosthetic need | Need 21 (31.8) | 29 (123) | <0.001 |33 (19.8) | 17 (12.6) |  0.096 20 (13.4) 30 (19.6) 0.148
No need 45 (68.2) | 207 (87.7) 134 118 129 (86.6) 123 (80.4)
(80.2) (87.4)
Perceived treatment need | Need 53 (80.3) | 190 (80.5) 0.970 136 107 0.635 113 (75.8) 130 (85.0) 0.045
(81.4) (79.3)
No need 13 (19.7) | 46 (19.5) 31 (18.6) | 28 (20.7) 36 (24.2) 23 (15.0)
GOHAI (total score) - 31.0 (4.1) | 31.5 (4.3) 0.295 31.2 317 0.202 30.8 (4.1) 32.0 (4.4) <0.001
(4.1) (4.5)
GOHAI (physical - 9.9 (2.3) | 10.3 (2.3) 0.092 10.0 10.6 0.04 9.6 (2.5) 10.8 (2.0) <0.001
function) (2.4) 2.1)
(Continued)
Frontiers in Oral Health 06 frontiersin.org


https://doi.org/10.3389/froh.2025.1716964

Caetano-Santos et al.

TABLE 4 Continued
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Variables Categories Brushing p-value Use of p-value Last appointment p-value
frequency interdental reason (N = 302)
(N =302) devices
(N =282)
<2x/ >2x/ No Yes Treatment | Routine
day day
GOHAI (psychosocial - 74 (12) | 7.5 (1.0) 0.49 73 (1.1) | 7.6 (1.0) | 0.027 7.6 (1.2) 7.5 (1.0) 0.127
function)
GOHAI (pain and - 13.7 (1.8) | 13.8 (1.6) | 0736 13.8 13.8 0.208 13.6 (1.7) 14.0 (1.6) 0.056
discomfort) (1.8) (1.5)
Decayed teeth - 3.7 (3.8) | 32(29) 0930 | 32(32) | 3.2(3.0) | 0638 2.3 (2.8) 3.7 (3.3) 0.003
Missing teeth - 183 (72) | 153 (6.8) | <0.001 182 13.9 <0.001 18.8 (6.8) 13.7 (64) | <0.001
(7.1) (6.4)
Filled teeth - 27 (32) | 33 (34) 0075 | 2.0 (27) | 44 (3.5) | <0.001 2.6 (3.0) 3.7 (3.5) 0.003
DMEFT - 247 (6.1) | 21.8 (5.7) | <0.001 234 216 0.006 24.8 (5.7) 216 (62) | <0.001
(6.0) (5.7)

OHI-S - 1.4 (0.8) | 1.0 (0.8) 0.001 1.4 (0.7) | 0.8 (0.5 | <0.001 1.2 (0.9) 1.0 (0.8) 0.047
Gingival bleeding - 0.56 0.61 0.850 0.63 0.51 0.108 0.50 (0.50) | 0.63 (0.48) | 0.022
(0.50) (0.49) (0.48) | (0.50)

Periodontal pocket - 0.95 1.00 0.763 0.99 0.93 0.591 1.00 (0.74) | 0.93 (0.71) |  0.454
(0.73) (0.70) (071) | (0.74)

Loss of attachment - 0.94 091 0.864 0.9 0.88 0.387 0.91 (0.83) | 0.95 (0.68) |  0.319
(0.76) (0.73) 077) | (0.74)

Oral mucosal lesions Yes 7 (10.6) 20 (8.5) 0.592 12 (7.2) | 15 (11.1) 0.235 17 (11.4) 10 (6.5) 0.138

No 59 (89.4) | 216 (91.5) 155 120 132 (88.6) 143 (93.5)
(92.8) | (88.9)
Prosthetic presence Dentures 40 (60.6) | 169 (71.6) 0.087 98 (66.7) | 93 (68.9) 0.690 125 (83.9) 84 (54.9) <0.001
No dentures 26 (39.4) | 67 (28.4) 49 (33.3) | 42 (31.1) 24 (16.1) 69 (45.1)
Prosthetic need Need 24 (36.4) | 54 (22.9) 0.027 |44 (29.9) | 32 (23.7) | 0239 22 (14.8) 56 (36.6) <0.001
No need 42 (63.6) | 182 (77.1) 103 103 127 (85.2) 97 (63.4)
(70.1) | (76.3)
Treatment need Need 56 (84.8) | 195 (82.6) |  0.670 136 115 0.387 124 (83.2) 127 (83.0) 0.960
(814) | (85.2)
No need 10 (15.2) | 41 (17.4) 31 (18.6) | 20 (14.8) 25 (16.8) 26 (17.0)

BMI, body mass index; DMFT, decayed, missing, filled teeth index; GOHAI, geriatric oral health assessment index; N, number of participants; OHI-S, oral hygiene index—simplified;

statistical analysis for a significance level p < 0.05.
p-values in bold indicate a statistically significant association.

TABLE 5 Multivariate logistic regression analysis (final reduced model*)
towards the outcome “brushing frequency <2x/day”.

TABLE 6 Multivariate logistic regression analysis (final reduced model*)
towards the outcome “no use of interdental device”.

Varisble ORWO5%Ch
DMEFT 1.15 (1.08-1.22) <0.001 OHI-S 2.41 (1.71-3.40) <0.001
Sex Female 1 - Sex Female 1 -

Male 3.00 (1.65-5.47) <0.001 Male 2.31 (1.38-3.89) 0.002
Perceived prosthetic need No need 1 - Chronic Diseases No 1 -
Need 3.46 (1.72-6.95) <0.001 Yes 1.87 (1.03-3.39) 0.039

*The model was statistically significant, y*(3) =44.023, p<0.001, explained 20.9%
(Nagelkerke R?) of the variance, and correctly classified 79.8% of cases. CI, confidence
interval; DMFT, decayed, missing, filled teeth index; OR, odds ratio.

two times more likelihood of having a treatment appointment
(OR=3.23, p<0.001). In addition, participants with a higher
mean DMFT were more likely to have treatment appointments
(OR =1.06, p = 0.021).

4 Discussion

To the best of our knowledge, few studies have specifically
examined oral health behaviors and their associated factors

Frontiers in Oral Health

*The model was statistically significant, y*(3)=50.406, p<0.001, explained 21.8%
(Nagelkerke R?) of the variance, and correctly classified 66.7% of cases. CI, confidence
interval; OHI-S, oral hygiene index-simplified; OR, odds ratio.

among Portuguese older adults, and available evidence in this
population remains limited. In our study, although brushing
frequency was relatively high, the use of interdental cleaning
devices and participation in routine preventive dental care were
considerably lower. Among the significant associated indicators,
sex, perceived prosthetic need, and DMFT emerged as the most
relevant predictors of brushing frequency. Similarly, sex, the
presence of chronic diseases, and OHI-S were predictors of
interdental cleaning practices, while DMFT and prosthetic presence
were associated with the reason for the last dental appointment.
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TABLE 7 Multivariate logistic regression analysis (final reduced model*)
towards the outcome “last appointment reason—treatment”.

Variable ________oR©S%C)_p
1 _

Prosthetic presence No dentures
3.23 (1.79-5.82)
1.06 (1.01-1.11)

<0.001
0.021

Dentures
DMFT

*The model was statistically significant, y*(2)=33.063, p<0.001, explained 14.9%
(Nagelkerke R?) of the variance, and correctly classified 65.4% of cases. CI, confidence
interval; DMFT, decayed, missing, filled teeth index; OR, odds ratio.

Oral health behaviors play an important role in the prevention
of oral diseases, which are particularly prevalent in older adults
since they retain their natural teeth longer (2, 7, 9). Brushing
frequency, the use of interdental devices and the reason for the
last dental appointment were the oral health behaviors assessed
in this study, as these are indicators considered essential for the
prevention of oral diseases (11, 12, 26). Our results showed that
the great majority of participants brushed their teeth at least
twice a day, which is consistent with other national studies
(27-29) and better than in other countries (26, 30). This result
confirms that toothbrushing is a well-established and simple
mechanical method of removing plaque, which is considered
essential for maintaining oral health and preventing periodontal
disease and dental caries, the main causes of tooth loss (10, 11).
Notwithstanding, we found that male participants were more
likely to brush less often. In this regard, several studies have
shown that oral health is more closely associated with women’s
perception of quality of life and even their perception that oral
diseases can be painful and embarrassing (18, 30, 31). In
addition, participants with a self-perceived need for prosthetic
treatment may not give much importance to their oral health
and may not be aware of the impact of oral health on their
general health, namely proper chewing and nutrition, which is
also reflected in their oral health behaviors (2). Additionally,
patients with higher DMFT may be less motivated in their oral
hygiene behaviors or may have pain or discomfort from oral
conditions that lead them to avoid brushing their teeth (19, 32).

In addition to brushing, other devices such as dental floss,
brushes, stickers, and irrigators are also recommended for oral
hygiene. Interdental cleaning is associated with less coronal and
interproximal caries, less periodontal disease, and fewer missing
teeth (9). Our findings showed that approximately half of the
participants used interdental devices. Although this result is not
ideal, it is better than most national and international studies (9,
11, 27-29). This could be explained by the fact that dental floss
and interdental brushes were analyzed together, or by the fact
that these participants had voluntarily come to this dental
hospital for their dental appointments and were, therefore, more
motivated in their oral hygiene behavior. The use of interdental
brushes has been described as the most effective method of
interdental plaque removal due to higher patient acceptance and
ease of use (33). In contrast, patient compliance with daily
flossing is low, mainly due to a lack of motivation and
difficulties in using dental floss, especially in this age group (9,
33). Furthermore, not using an interdental device was shown to
be more associated with male participants, which is consistent
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with the previously described behavior of less frequent brushing
and consistent with other studies (9, 30, 34, 35). In addition,
older adults who have a higher prevalence of chronic diseases,
some of which can lead to a decline in cognitive and fine motor
skills, are more likely to have poor dexterity and inadequate
interdental oral hygiene. This can lead to a lack of motivation to
perform this action more thoroughly (15, 36, 37). Finally, poor
oral hygiene indices may be related to a general lack of
motivation to engage in more meticulous oral hygiene practices
(9, 26, 38).

Regular dental check-ups are one of the most important
measures to maintain oral health (11, 12). However, several
studies have shown that the adult population tends to seek oral
health care only in an emergency and perceives routine visits as
less important and financially inaccessible, a tendency that
worsens with age (11, 27). The main reasons for older adults
neglecting routine appointments are related to low energy,
perceived inconvenience, fear and lack of access to dental care
(37, 39). In addition, the oral health care system in Portugal is
mostly provided by private clinics,
constraints on regular dental visits (28). In this study, denture

increasing  financial

wearers were more likely to attend treatment appointments as
their last dental visit, possibly due to an increase in the number
of denture-related appointments, such as repairs and
adjustments, since these were the third most common reasons
for the last dental visit in Portugal in 2023, according to the
oral health report of the Portuguese Dental Association (29).
Besides, an increased number of decayed, filled or missing teeth
may lead to more visits to the dentist for treatment or
maintenance of dental restorations or prosthetic treatment. For
these participants, routine visits where oral health education and
professional support for oral behavioral techniques can be
provided are less frequent, so they may have poorer oral health
care (26).

Contrary to other studies, age and socioeconomic status were
not found to be major risk indicators for poorer oral health
behaviors in the present study, which may be related to the fact
that all participants in this study were older and of a similar
age. In addition, oral hygiene tools appear to be affordable for
this population, but the cost of oral health services may be a
greater challenge for individuals with lower socioeconomic
status, leading to an accumulation of oral diseases (12, 18, 34).

Although it has been associated with poorer oral health in
other studies, most of the indicators of self-perceived oral health
were not associated with oral health care variables in the final
models of this study, except self-perceived prosthetic need (22,
40-42). However, indicators of self-perceived oral health and
quality of life are particularly relevant to study in the older
population, as lack of awareness of the importance of oral health
has been shown to negatively impact on demand for oral health
services (43).

Our study has some limitations that should be considered.
Firstly, this is a cross-sectional study therefore, any cause-and-
effect test is hindered. Further, clinical trials or longitudinal
studies that monitor changes over time may extend the findings
of this study and allow a more comprehensive exploration of
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this topic, potentially incorporating additional variables such as
oral health literacy. Secondly, the sample size adopted was a
convenience sample for the period of the study, so
representativeness may be limited. Furthermore, individuals who
attend university dental hospitals often differ from the wider
Portuguese older population in terms of socioeconomic
background, health-seeking behaviors, and level of motivation
for oral health care. University dental hospitals may attract
patients who are more motivated to seek treatment, benefit from
reduced-cost services, or require complex care, potentially
introducing socioeconomic and behavioral biases. As such, the
results may not fully reflect the oral health behaviors or needs
of older adults who do not regularly seek dental care or who
rely exclusively on private dental services. Therefore, caution
should be used when generalizing these findings to the entire
Portuguese older population. Self-reported information may also
be subjected to information bias, such as recall bias, false
reporting affected by social desirability, or undiagnosed diseases.
Residual confounding from unknown or unmeasured factors
was possible, although the final models were carefully adjusted
for identified risk indicators. Therefore, the results of this study
should be analyzed with caution and cannot be generalized to
the entire Portuguese older population.

As a final remark, the results of this cross-sectional study are
useful for a comprehensive analysis of oral health behaviors in
older adults and highlight the main risk indicators for poorer
oral health care in this population. In addition, understanding
predictive indicators of poor oral health care is essential to
improve the approach of oral health professionals and to
strategies. This study also

underlines the importance of ongoing strategies developed in

develop tailored educational
the National Oral Health Plan, improving access to oral health
care in public services, hospitals and health centers, and

increasing preventive dentistry to avoid oral diseases.

5 Conclusions

Our findings show that older adults have good compliance
with brushing frequency, but still lower adherence to interdental
cleaning and to routine dental appointments. Factors associated
with poor oral health behaviors were sex (male), increased
DMFT
diseases, increased OHI-S values and prosthetic presence.

values, perceived prosthetic need, having chronic
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