Yin et al. BMC Oral Health (2024) 24:368 BMC Oral Health
https://doi.org/10.1186/512903-024-04149-1

Epidemiology and risk factors of oral frailty @
among older people: an observational study
from China

Yueheng Yin'", Yue Zhao'", Yang Fei', Ying Liu", Yun Ji2, Enfang Shan', Shuzhen Niu', Ying Xing', Jingjing Ding® and
XianWen Li""

Abstract

Objectives This study aimed to compare the prevalence of oral frailty among community-dwelling older people in
Nanjing, China with the usage of different measurements, and to investigate the potential risk factors of oral frailty.

Design Cross-sectional study.
Setting and participants A total of 338 community-dwelling older people in Nanjing, China were recruited.

Methods Oral frailty was measured based on the Oral Frailty Index-8 (OFI-8) scale and other measurement methods
including the number of natural teeth (TN), repetitive saliva-swallowing test (RSST), and oral diadochokinesis (ODK).
The chi-square test and the binary logistic regression analysis were performed to identify potential risk factors for oral
frailty.

Results There were 310 participants included in the analysis. Prevalence of oral frailty by using the OFI-8, OFI-8+TN,
OFI-8 + ODK, OFI-8 + TN + ODK and RSST measurement methods were 69.0%, 27.4%, 51.9%, 21.0% and 2.9%,
respectively. Passive smoking (OR=2.04; 95%Cl 1.03-4.03), being widowed/unmarried (OR1=2.53; 95%Cl 1.25-5.10;
OR2=2.94; 95%Cl 1.12-7.77), pre-frailty (OR=1.76; 95%Cl 1.03-3.01), frailty (OR=3.01; 95%Cl 1.39-6.54), and aged

80 years and above (OR=3.99; 95%Cl 1.35-11.81) were found to be risk factors of oral frailty by the usage of the four
kinds of measurement methods.

Conclusions and implications The definition and diagnostic criteria of oral frailty are strongly needed to be unified
in future research. Only subjective assessment is not enough for assessing oral frailty. Among objective indicators,
RSST is not suitable as a screening method for oral frailty. In addition, objective indicators including TN and ODK
should be valued for early screening and preventive interventions. The risk factors of oral frailty include physical frailty,
passive smoking, and being widowed.
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Introduction

With the aging of the population, oral health issues
among the older people are becoming increasingly prom-
inent. Oral frailty is a novel concept proposed in recent
years, which is defined as age-related decline of oral
function and driven by a series of dysfunction that dete-
riorate oral health [1,2]. The decline of age-related oral
function includes loss of teeth, difficulty in chewing or
swallowing, oropharyngeal dysphagia, poor oral hygiene,
etc. [2]. Compared with a single oral health indicator
such as the teeth number or chewing ability, oral frailty
is more reflective of overall oral function and its trend.
Oral frailty is found to be associated with both physical
and psychological problems [3]. A set of physical prob-
lems such as eating disorders, malnutrition, sarcopenia,
disability, and even death was found to be related to oral
frailty [4]. A systematic review of five longitudinal stud-
ies from three countries reported people with oral health
problems have a much higher risk of being physically frail
[5]. A cross-sectional study of 682 community-dwelling
older adults reported significant associations between
oral frailty and declines in social function [6]. Older
people’s oral health status is significant since it reflects a
multidimensional senile symptom.

Oral frailty accounts for a large proportion of the older
population. In previous studies, the prevalence of oral
frailty among older people was reported to be 14% [7] or
even 44.7% [8], which may be caused by the one-sided
assessment tools they selected. For instance, Nagatani’s
et al. study [9] used six components including the num-
ber of remaining teeth, masticatory status, tongue pres-
sure, oral motor skills, and subjective difficulties in eating
and swallowing to identify oral frailty, but lacking assess-
ments of oral health-related behaviours and social par-
ticipation. Kusunoki et al. [10] used oral frailty index-8
(OFI-8) as the tool for screening oral frailty, but lacking
objective indicators. The OFI-8 scale, a tool proposed
to help screen older adults at risk of oral frailty, is with
good validity [1]. The OFI-8 includes the most impor-
tant indicators of oral frailty such as the false tooth usage
and chewing ability, and it also includes the assessments
of oral health-related behaviours and social participa-
tion. Due to its convenience and comprehensiveness,
the OFI-8 scale is frequently used to identify oral frailty
[10,11].

At present, there is no consensus on the diagnosis and
measurement methods of oral frailty [2]. Yang et al. con-
cluded four attributes of oral frailty including hypofunc-
tion, predisposing in nature, non-specific criteria and
multidimensional through concept analysis [12]. In addi-
tion, Kugimiya et al. found that oral frailty was accom-
panied by a decrease in mental and physical functions,
suggesting that oral frailty should be identified with a
multidimensional approach [12,13]. Currently, a limit of
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epidemiological research on oral frailty among the older
population could be found. There was no enough data to
get the conclusion of the best measurement criteria for
oral frailty. Even though the OFI-8 scale [8,14] is used by
several studies, other objective measurement indicators
such as the number of natural teeth, oral diadochokine-
sis (ODK), and repeated saliva swallowing tests (RSST)
[15] should also be considered. Hence, we are interested
in the prevalence of oral frailty with the combination of
subjective and objective measurements.

To the best of our knowledge, no study has yet inves-
tigated the prevalence of oral frailty by applying differ-
ent measurements. In addition, the potential risk factors
related to oral frailty are worth to be explored, which can
help prevent the incidence. Comorbidity, smoking, alco-
hol drinking, and physical function are related to single
oral condition of older people [16—18]. But the risk fac-
tors of comprehensive oral status, i.e., oral frailty, are still
not clear. Therefore, in this study, we aimed to compare
the prevalence of oral frailty among community-dwelling
older people in Nanjing, China with the usage of different
measurements such as the OFI-8, the number of natural
teeth, oral diadochokinesis (ODK), and repeated saliva
swallowing tests (RSST), and to investigate the potential
risk factors of oral frailty.

Methods

Study design

A cross-sectional study was conducted, and reported
by following the Strengthening the Reporting of Obser-
vational Studies (STROBE) statement [19]. Our study
was part of Nanjing Brain Health Cohort, a prospective
cohort study using a multistage sampling method to
assess and recognize risk factors related to speech and
oral frailty for cognitive impairment. For this study, we
selected two community hospitals randomly in Jiangning
District, Nanjing. Participants were recruited via general
practitioners and nurses in community hospitals. Eligible
participants were invited to a quiet room in the com-
munity hospitals where the questionnaire and test took
place. Data was collected by research assistants who were
professionally trained.

Setting and participants

The study was conducted in two community health cen-
ters in Nanjing, the capital city of Jiangsu Province in the
east of China, from June to August 2023. Community-
dwelling individuals aged 60 years and above who have
lived in the community for over 6 months were included.
Those who could not communicate or with severe cogni-
tive impairment were excluded. Severe cognitive impair-
ment was defined based on the Clinical Dementia Rating
(CDR), which is a standardized tool used to assess the
severity of dementia [20]. A score of more than 1 point
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was rated as severe cognitive impairment. In addition,
participants who were diagnosed with Parkinson’s dis-
ease, cerebrovascular disease, epilepsy, Alzheimer’s
disease, brain trauma, brain tumors, encephalitis, and
schizophrenia were excluded. For the sample size calcula-
tion, considering the prevalence of oral frailty as 14.4 [3],
we set o as 5%, allowable error as 0.086 and dropout rate
as 20% in PASS V.15 (NCSS, Kaysville, Utah, USA). The
sample size was 348.

Measures

Oral frailty was measured based on the OFI-8 scale and
extra objective measurements, which included the num-
ber of natural teeth (TN), repetitive saliva-swallowing
test (RSST), and oral diadochokinesis (ODK).

1. The OFI-8 [1,21] scale assesses oral health-related
behaviours and potential indicators of oral frailty
from 5 dimensions, which include false tooth,
swallowing ability, chewing ability, oral health-
related behaviours, and social participation. The
questionnaire consists of eight items: Q1. Do you
have any difficulties eating tough foods compared
to 6 months ago? Q2. Have you choked on your tea
or soup recently? Q3. Do you use dentures? Q4. Do
you often have a dry mouth? Q5. Do you go out
less frequently than you did last year? Q6. Can you
eat hard foods like squid jerky or pickled radish?
Q7. How many times do you brush your teeth in a
day? (3 or more times/day), and Q8. Do you visit a
dental clinic at least annually? Using the standard
protocol, if subjects answered “yes” to Items 1, 2,
or 3, two points were given for each answer. If the
subjects answered “yes” to Items 4 and 5, one point
was given for each answer. If the subjects answered
“no” to Items 6, 7, or 8, one point was given for each
answer. The screening criterion was defined as the
sum of the scores called OFI-8 score. The total OFI-8
score ranges from 0 to 11 points, with higher scores
indicating poorer oral health. An OFI-8 score over
4 points was defined as oral frailty, which has tested
its high sensitivity and specificity. The Cronbach’s o
coefficient is 0.692.

2. The TN was evaluated by a trained dentist. Fewer
than 20 natural teeth were considered to be one item
of oral frailty [1].

3. The RSST was used to screen the decline in
swallowing function [22]. Participants were asked to
perform repetitive voluntary swallowing as quickly
as possible for 30 s, and the swallowing count during
this time was used as the RSST score. Less than 3
times swallowing saliva/30 sec was considered as a
kind of performance of oral frailty.
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4. Oral diadochokinesis (‘pa; ‘ta, and ‘ka’ times/sec)
was assessed to evaluate the function of the lips,
the tip of the tongue and the posterior region of the
tongue [23]. Participants were asked to articulate
each syllable 20 times repetitively. Articulation
counts were measured using the timing function of
the phone. The number of repetitions/second was
calculated separately for each syllable. ODK /pa/
(men: <5.2 times/s, women: <5.6 times/s), /ta/ (men:
<5.2 times/s, women: <5.4 times/s) and /ka/ (men:
<4.4 times/s, women: <5.0 times/s) were used to
assess oral frailty [1].

Covariates

Demographic data including age, sex, education level,
marriage, employment status, living arrangement, source
of income, and monthly income were recorded through
face-to-face questionnaire investigation. The health-
related information included self-reported hypertension,
diabetes, coronary heart disease, gastritis, rheumatoid
arthritis, frailty and depression. Depressive symptoms
were evaluated by the 5-item Geriatric Depression Scale
(GDS-5) [24]. The frailty phenotype scale by Fried et al.
[25] was used to assess frailty. Lifestyle factors were also
collected which included alcohol drinking, smoking, pas-
sive smoking, sedentary times, tea-drinking, and leisure
activity [26].

Statistical analysis

All statistical analyses were performed by using the SPSS
27.0 (IBM Corporation, Armonk, NY, USA). Missing val-
ues associated with oral frailty were eliminated. Missing
categorical variables were filled with modes. Continuous
variables are presented as mean and standard deviation
(SD), or median and interquartile range (IQR) based on
the distribution of the quantitative variables. Categori-
cal variables are presented as frequencies and percent-
ages. The chi-square test was performed to identify
variables associated with the presence of any oral frailty
(OF) group. A cut point of P<0.20 was used to determine
which variables were included in subsequent analysis.
The binary logistic regression analyses were then used to
identify potential independent risk factors for oral frailty.
The odds ratios (ORs) were computed by using logistic
regression and adjusted for sex, gender, and education,
since the variables have been demonstrated to be strongly
associated with oral frailty [1,27,28]. The Hosmer-Leme-
show test was used to check the fit of the model. The sen-
sitivity analysis, in which outliers were not deleted, was
used to test the stability of the risk factors for oral frailty.
All statistical analyses were two-tailed, and statistical sig-
nificance was set as P<0.05.
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Results

A total of 351 older people from the community were
investigated. In the screening stage, 7 people did not
meet the inclusion criteria and 6 people did not complete
the whole investigation, which left 338 participants being
approached. Due to the outliers were found from 28 par-
ticipants, eventually, 310 participants were included in
the data analysis.

Characteristics of the participants

The characteristics of the participants (#=310) are shown
in Table 1. The age of the participants was 70.0 (66.0,
74.0) years old, and the majority (50.6%) were from 70 to
79 years old. A slight majority was female (51.6%). Most
participants received primary school education (45.2%).
Most of them lived with their spouses (67.1%) and relied
on government subsidies (50.6%). 61.9% of the partici-
pants showed low leisure activities. 68.4% of the partici-
pants had chronic diseases, among which hypertension
was the most common (59.0%).

Prevalence of oral frailty based on different measurement
methods

The prevalence of oral frailty according to the 5 different
measurement methods are presented in Table 2. Since
the number of older people screened by the OFI-8+RSST
measurement method was only 6, we do not show
the results here. Prevalence rates by using the OFI-8,
OFI-8+ TN, OFI-8+0ODK, OFI-8+TN+ODK and RSST
measurement methods were 69.0%, 27.4%, 51.9%, 21.0%
and 2.9%, respectively. According to the OFI-8+TN
measurement method, the analysis showed a significant
difference in the prevalence of oral frailty based on age
group (P=0.01), sex (P=0.045), marriage (P=0.022),
source of income (P=0.038). With the OFI-8+ ODK mea-
surement method, sedentary time (P=0.013), rheuma-
toid arthritis (P=0.038), diabetes (P=0.014) and physical
frailty (P=0.019) were found to have statistically signifi-
cant differences. In addition, age group (P=0.006), mar-
riage (P=0.023) and rheumatoid arthritis (P=0.022) were
found to have statistically significant differences in terms
of the OFI-8+TN+ODK measurement method.

Risk factors for oral frailty

Variables associated with any oral frailty groups, along
with crude odds ratios (cOR) and adjusted odds ratios
(aOR), were summarized in Tables 3, 4, 5 and 6. After
adjusting for age, sex and education level, results showed
that sedentary time with 5-8 h/d (aOR=0.54; 95%CI
0.30-0.98) was associated with a decreased likelihood
of oral frailty, and passive smoking (aOR=2.04; 95%CI
1.03-4.03) had an increased risk of having oral frailty
by using the OFI-8 scale. With the OFI-8+ TN measure-
ment method, being widowed/unmarried (aOR=2.53;
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95%CI 1.25-5.10) was identified as a risk factor. With
the OFI-8+ODK measurement method, sedentary time
with 5-8 h/d (aOR=0.46; 95%CI 0.26—0.83) and =8 h/d
(aOR=0.22; 95%CI 0.07-0.74) were shown to be protec-
tive factors for oral frailty. Pre-frailty (aOR=1.76; 95%CI
1.03-3.01) and physical frailty (aOR=3.01; 95%CI 1.39—
6.54) were found to be risk factors for oral frailty. With
the measurement method of OFI-8+TN+ODXK, 80 years
old and above (cOR=3.99; 95%CI 1.35-11.81) and being
widowed/unmarried (aOR=2.94; 95%CI 1.12-7.77) were
risk factors for oral frailty.

Sensitivity analysis

The sensitivity analysis, as shown in Supplementary
Tables 1-4, indicated that results of sedentary time with
5-8 h/d with the OFI-8 scale, being widowed/unmarried
with the OFI-8+TN measurement method, sedentary
time with 5-8 h/d, pre-frailty and physical frailty by using
the OFI-8+ODK measurement method and being wid-
owed/unmarried with the OFI-8+TN+ODK measure-
ment method did not change the findings. Interestingly,
passive smoking with the OFI-8 scale was not statistically
significantly associated with oral frailty, while living with
a spouse became a risk factor for oral frailty in the mea-
surement of the OFI-8 + TN+ ODXK method.

Discussion

The wide variation of diagnosis of oral frailty makes it
is necessary to examine the prevalence of oral frailty by
applying different measurement methods. In this study,
we investigated the prevalence of oral frailty by using the
OFI-8 scale, natural teeth number, oral diadochokinesis,
and repeated saliva swallowing tests. Results showed that
the prevalence of oral frailty was much higher by using
the OFI-8 scale only compared to combined with other
objective measurements. Sedentary time over 5 h per day
was a protective factor. Passive smoking, being widowed/
unmarried, and physical frailty were found to be risk fac-
tors for oral frailty.

Prevalence of oral frailty

The prevalence of oral frailty by using the OFI-8 scale
(69.0%) was higher than other studies which also applied
the OFI-8. Tang et al. [8] reported the prevalence of oral
frailty in a rural place in China was 44.7% and by using
the OFI-8 scale. Interestingly, this is not consistent with
previous findings that people in rural areas are more
likely to have oral health problems compared to people in
urban areas [29,30]. The potential reason may be the item
of teeth brushing in Tang’s et al. study was set to be twice
per day instead of three times per day, by which more
people can meet the requirement. While we followed the
original design of the OFI-8 scale by setting the item as
brushing the teeth three times per day. This explanation
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Table 1 Sociodemographic and medical characteristics of all participants (N=310)

Variables N (%)
Sociodemographic
Age (years) 70.0 (66.0, 74.0)
Age group (years)
60-69 132 (42.6)
70-79 157 (50.6)
80+ 21(6.8)
Sex
> Female 160 (51.6)
Male 150 (48.4)
Education level
llliteracy 61(19.7)
Primary school 140 (45.2)
Middle school 69 (22.2)
High school and above 40(12.9)
Marriage
Married 258 (83.2)
Widowed/unmarried 52(16.8)
Employment status
Employed 31(10.0)
Retired 240 (77.4)
Others 39(12.6)
Living arrangement
Living alone 60 (19.4)
With spouse 208 (67.1)
With children 31(10.0)
Others 11(3.5)
Source of income
Pension 91 (29.4)
Child support or others 62 (20.0)
Government subsidy 157 (50.6)
Monthly incomes
<2000 217 (70.0)
2000-4000 48 (15.5)
>4000 45 (14.5)
Lifestyle
Alcohol drinking 62 (20.0)
Sedentary time
<5h/d 218(70.3)
5~8h/d 76 (24.5)
>8h/d 16 (5.2)
Smoking 59 (19.0)
Passive smoking 73 (23.5)
Tea drinking 113 (36.5)
Leisure activities
Low 192 (61.9)
Moderate 40(12.9)
High 78(25.2)
Comorbidities
Chronic disease 212 (68.4)
Hypertension 183 (59.0)
Coronary heart disease 26 (8.4)
Rheumatoid arthritis 9(2.9)

Diabetes 64 (20.6)
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Table 1 (continued)
Variables N (%)
Gastritis 16 (5.2)
Frailty
Robustness 132 (42.6)
Pre-frailty 130 (41.9)
Frailty 48 (15.5)
Depression 77 (24.8)

Note Continuous variable without a normal distribution is presented as median and interquartile range

Categorical variables are presented as n (%)

is fulfilled with the results from another study [28] in
which the prevalence of oral frailty (33.8%) was lower
than in our study, the researchers also set the item as
“whether brush your teeth twice per day”.

In addition, the oral diadochokinesis test is sensitive to
detect oral frailty as the prevalence of oral frailty by using
the OFI-8+ODK ranked the 2nd highest among all the
measurements in this study. ODK is reported to be an
important component under the oral function concept
which is used to reflect the function of lip and tongue
[31]. Especially, ODK is reported to have close associa-
tions with swallowing function, the cut-off values were 71
years of age and ODK /pa/ sound 6.2 times/s in Japanese
older people 2, Comparatively, the number of teeth is
a later symptom shown in oral frail people. Only a small
portion of participants showed signs of swallowing dys-
function, which suggested that RSST may be more suit-
able as a grade rating tool instead of a diagnostic method
for oral frailty.

Risk factors of oral frailty
Pre-frailty and frailty, passive smoking, and being wid-
owed/unmarried were found to be risk factors for oral
frailty in this study. The interaction mechanism between
oral frailty and physical frailty is interesting to be
explored. In previous research, oral frailty is an impor-
tant reason for poor gait performance, physical frailty,
and sarcopenia [1,33]. In this study, people with physi-
cal frailty are 3 times more likely to develop oral frailty
than robust people, this is consistent with the findings
from another cross-sectional study of 589 South Ameri-
cans, which showed the frequency of physical frailty was
2 times higher among people with oral frailty extremely
for older women [34]. Frailty is often associated with
muscle weakness and decreased physical activity, which
can affect the muscles involved in chewing and swallow-
ing [34]. Additionally, frail individuals may have difficulty
maintaining proper oral hygiene and accessing dental
care, leading to oral health issues that can contribute to
oral frailty. In turn, oral frailty can lead to malnutrition
and deteriorate physical frail condition [35].

Another interesting finding in this study is that there
was no significant association between smoking and oral

frailty, but passive smoking was found to be a risk fac-
tor with an OR value of around 2. Massive research with
a big sample size has already reported that exposure to
smoking had harmful effects on dental health [36,37].

In our study, being widowed/unmarried was also a risk
factor for oral frailty, which was consistent with studies
investigating relationships between marital status and
oral health. Previous studies have shown that being wid-
owed was linked to increased periodontal attachment
loss [38], and having fewer sound or filled teeth [39].
These results demonstrated the importance of social rela-
tionships in the oral frailty of older adults. Nevertheless,
living with a spouse became a risk factor for oral frailty
in the sensitivity analysis. Mohamad et al. also found
that older persons who lived with a spouse/partner had
1.96 times higher odds of having poor oral health-related
quality of life [40], suggesting that social support influ-
enced older people’s oral health-related quality of life.
Although the results of sensitivity analyses need to be
treated with caution, it is worth us to explore social rela-
tionships in the oral frailty of older adults.

In addition, according to Tu’s research, female older
people with advanced age and low education level are
more likely to have oral frailty [9]. But in the present
study, after adjusting the age, sex, and education level,
the results showed little to no change except the risk
factor analysis by referring to OFI-8 only (Table 3). The
potential reason may be more participants were diag-
nosed with oral frailty according to OFI-8 which occu-
pied a relatively larger sample size compared to by using
other measurement methods.

Furthermore, sedentary time over 5 h per day in our
study was a protective factor for oral frailty. Raichlen et
al. [41] found that not all sedentary behaviors negatively
affect cognitive function. Major et al. [42] also found that
some types of sedentary behavior may have benefits for
cognitive function and highlighted the importance of
measuring different domains of sitting time. In our study,
the method we chose for measuring sedentary behaviour
was based on self-report. Future studies can explore the
relationship with oral frailty by measuring the time of dif-
ferent sedentary behaviours.
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Table 2 (continued)

P RSST X2
n (%)

X2

OFI-8+TN + ODK

n (%)

OFI-8+TN ¥ P OFI-8+0ODK X2 P*

n (%)

p*

X2

OFI-8

Variables

n (%)

n (%)

Sociodemographic

robustness

0.39*

1.98

6(1.9)
2(0.6)

0.91

0.19

28(9.0)

0.019

793

58(18.7)
71(229)
32(103)

0.56

0.12  40(129)

4.29

84 (27.1)
92(29.7)
38(123)

(2024) 24:368

26 (84)

11(3.5

34(11.0)

pre-frailty
frailty

1(0.3)

11(3.5)

Depression

11‘

7(23)
2(0.6)
929

0.21

1.55

45 (14.5)
20 (6.5)

0.29

1.1

117 (37.7)
44 (14.2)

097  61(19.7) 072 040
24(7.7)

0.002

161 (51.9)

53(17.1)

no

yes

65 (21.0)

161 (51.9)

85(27.4)

214 (69.0)

Total

Note OF, Oral Frailty; OFI-8, Oral Frailty Index-8; TN, number of natural teeth; ODK, Oral diadochokinesis. Continuous variables with a normal distribution are shown as mean+SD. Continuous variables without a normal

distribution are presented as median and interquartile range. Values with P<0.2 are bolded. The percentages in brackets are based on a total population of 310 participants. ” Chi-squared test; T Fisher's exact test; * Fisher-

Freeman-Halton exact test
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Limitations

There are some limitations in this study. Firstly, lifestyle
as a covariate relies on self-report and may be subject to
recall bias or underreporting. Secondly, the chronic dis-
ease variables in the study were not graded by severity,
and the effect of chronic disease severity on oral frailty
could not be assessed. Thirdly, due to the cross-sectional
nature of the study design, we cannot from current evi-
dence determine a causal relationship. Multicenter stud-
ies with a larger sample size and longer follow-ups are
warranted in the future.

Conclusions and implications

The prevalence of oral frailty decreased with the com-
binations of subjective and objective indicators indicat-
ing that only subjective assessment was not enough for
assessing oral frailty. Among objective indicators, RSST
was more suitable to be a grade rating tool for oral
frailty instead of being a diagnostic criterion due to the
extremely low prevalence. In addition, objective indi-
cators such as TN and ODK should be valued for early
screening and preventive interventions. Furthermore,
this study helps to identify potential risk factors for oral
frailty, which can stimulate health authorities to develop
targeted interventions and allocate resources effectively.

Tables.
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Table 3 Factors associated with oral frailty according to the
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Table 4 Factors associated with oral frailty according to the

OFI-8 OFI-8 and TN
Variables Model 1" P  Model2" P Variables Model 1 P  Model2" P
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)

Marriage Marriage

married 1 1 married 1 1

widowed/unmarried  1.53(0.73,322) 026 1.78(0.81,390) 0.15 widowed/unmarried 2.52(1.25,5.08) 0.01 2.53(1.25,5.10) 0.01

Employment status Sex

employed 1 1 female 1 - -

retired 1.29(0.54,3.05) 057 1.30(054,3.14) 056 male 1.65(0.88,3.06) 012 - -

others 2.06(063,6.74) 023 2.11(063,7.10) 023 Age group (years)

Source of income 60-69 1 - -

pension 1 1 70-79 1.73(094,3.19) 008 - -

child support or 0.5(0.24,1.04) 006 052(024,1.11)  0.09 80+ 246(0.85,7.1) 010 - -

others Employment status

government subsidy  0.87 (046, 1.63) 066 0.87(045,1.69) 068 employed 1 1

Alcohol drinking retired 144(049,426) 051 145(049,428) 050

no 1 1 others 238(067,85) 0.8 241(068,860) 0.14

yes 0.65(0.34,1.24) 0.19 0.52(0.26,1.05)  0.07 Source of income

Passive smoking pension 1 1

no 1 1 child support or 049(0.19,1.26) 014 051(0.19,132) 0.16

yes 1.79(0.94,343) 0.08 2.04(1.03,4.03) 0.04 others

Sedentary time government subsidy  0.89 (0.39,2.02) 0.78 0.92(040,2.11) 085

<5h/d 1 1 Monthly incomes

5~8h/d 0.58(0.32,1.03) 006 0.54(0.30,0.98) 0.044 <2000 1 1

>8 h/d 047(0.14,1.56) 022 044(0.13,1.50) 0.19 2000-4000 0.72(0.29,1.74) 046 069(028,1.71) 042

Frailty >4000 0.39(0.14,1.11) 008 0.38(0.13,1.09 007

robustness 1 1 Smoking

pre-frailty 1.37(0.78,240) 027 141(0.80,248) 024 no 1 1

frailty 2.23(095,526) 0.07 2.09(0.88,495  0.10 yes 166(0.82,337) 0.16 1.66(0.82,336) 0.16

Hypertension Rheumatoid arthritis

no 1 1 no 1 1

yes 1.36(0.81,229) 024 141(0.83,240) 020 yes 3.61(085,1537) 0.08 3.57(0.84,15.13) 0.08

Coronary heart Note OFI-8, Oral Frailty Index-8; TN, number of natural teeth; OR, odds ratio; Cl,

disease confidence interval. " Values with P<0.2 in the chi-square test were selected
in model (1) T In addition to variables with P<0.2 in the Chi-square test, age,

no 1 1 gender, and education were also adjusted in model (2) Significant values are

yes 2.14(0.73,6.27) 0.16 208(0.71,6.10) 0.18 indicated in bold

Note OFI-8, Oral Frailty Index-8; OR, odds ratio; Cl, confidence interval. " Values
with P<0.2 in the chi-square test were selected in model (1)  In addition to
variables with P<0.2 in the Chi-square test, age, gender, and education were
also adjusted in model (2) Significant values are indicated in bold
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Table 5 Factors associated with oral frailty according to the
OFI-8 and ODK
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Table 6 Factors associated with oral frailty according to the OFI-
8, TN and ODK

Variables Model 1" P Model 2 P
OR (95% Cl) OR (95% Cl)

Sex

female 1 -

male 0.89(0.53,152) 067 - -

Age group (years)

60-69 1 -

70-79 1.06(062,1.79) 084 - -

80+ 2.39(0.82,7.02) 0.1 - -

Employment

status

employed 1 1

retired 0.97(041,229) 094 0.93(0.39,220) 0.87

others 1.2(04,3.59) 0.75 1.15(0.38,343) 081

Alcohol drinking

no 1 1

yes 0.58(0.29,1.13) 0.1 0.57(0.29,1.11)  0.10

Sedentary time

<5h/d 1 1

5~8h/d 0.46 (0.26, 0.009 0.46 (0.26, 0.009
0.82) 0.83)

>8h/d 0.23(0.07, 0.016 0.22(0.07, 0.014
0.76) 0.74)

Passive smoking

no 1 1

yes 1.32(0.73,240) 036 1.33(0.73,241) 035

Hypertension

no 1 1

yes 141(0.86,2.31) 017 140(0.85,2.29) 0.18

Rheumatoid

arthritis

no 1 1

yes 6.33(0.72,5549) 0.10 6.54 (0.75,57.11) 0.09

Diabetes

no 1 1

yes 1.74(0.94,3.23) 0.08 1.82(0.99,3.35) 0.056

Frailty

robustness 1 1

pre-frailty 1.72(1.01, 0.046 1.76(1.03, 0.039
2.95) 3.01)

frailty 2.94(1.36,6.4) 0.006 3.01(1.39, 0.005

6.54)

Note OFI-8, Oral Frailty Index-8; ODK, Oral diadochokinesis; OR, odds ratio; Cl,
confidence interval. * Values with P<0.2 in the chi-square test were selected
in model (1) T In addition to variables with P<0.2 in the Chi-square test, age,
gender, and education were also adjusted in model (2) Significant values are
indicated in bold

Abbreviations

OFI-8 Oral Frailty Index-8 scale
TN the number of natural teeth
RSST repetitive saliva-swallowing test

ODK oral diadochokinesis
GDS-5  5-item Geriatric Depression Scale
OF oral frailty

Variables Model 1" P Model 2t P

OR (95% Cl) OR (95%
Cl)

Age group (years)

60-69 1 -

70-79 1.90 (0.98, 0.06 - -
3.71)

80+ 3.99 (1.35, 0.012 - -
11.81)

Marriage

married 1 1

widowed/unmarried 2.75(1.05, 0.039 2.94(1.12, 0.029
7.18) 7.77)

Employment status

employed 1

retired 1.19(0.38, 077  1.23(039, 073
3.75) 391)

others 1.71 (046, 043 1.77 (047, 040
6.46) 6.74)

Living arrangement

living alone 1 1

with spouse 249 (091, 0.07 243089, 0.09
6.77) 6.65)

with children 2.56(0.84, 010  261(085 0.10
7.87) 8.05)

others 1.08 (0.18, 0.93 1.07 (018, 094
6.55) 6.43)

Passive smoking

no 1 1

yes 1.60 (0.80, 019 170083, 0.15
3.22) 347)

Rheumatoid arthritis

no

yes 3.65(0.83, 0.09 3.76(0.86, 0.8
16.01) 16.51)

Diabetes

no 1 1

yes 1.61(0.81, 018  1.63(082, 0.16
3.19 3.23)

Note OFI-8, Oral Frailty Index-8; TN, number of natural teeth; ODK, Oral
diadochokinesis; OR, odds ratio; Cl, confidence interval. * Values with P<0.2 in
the chi-square test were selected in model (1) T In addition to variables with
P<0.2 in the Chi-square test, age, gender, and education were also adjusted in
model (2) Significant values are indicated in bold
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