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Abstract

OBJECTIVES: This study aimed to explore the association between
number of teeth and cognitive frailty in American older adults.
DESIGN: Cross-sectional study.

SETTING: Community.

PARTICIPANTS: The participants were 1,531 community-dwelling
older adults aged 60 or older from the NHANES database.
METHODS: Frailty was assessed using a 49-item frailty index, with a
cut-off value for frailty of more than 0.21. Cognitive dysfunction was
evaluated by the Digit-Symbol Coding Test (DSCT), with the cut-off
being below the lowest interquartile range (scores <37). Cognitive
frailty was defined as participants who suffered from both frailty
and cognitive dysfunction. Oral health indicators included number
of teeth and other factors, such as the presence of gum disease, daily
use of dental floss, daily use of mouthwash and self-rated oral health.
Multivariable logistic regression models were used to explore the
relationship between number of teeth and cognitive frailty.

RESULTS: The mean age of the total sample was 69.67 (SD=6.60)
years, and 52.71% (n=807) were female. Our study suggests there was
a negative association between number of teeth and cognitive frailty
(OR =0.98,95%CI:0.96-0.99, P=0.044) after controlling for potential
confounding factors. In addition, older adults with 20 or more teeth
had lower odds of being cognitively frail (OR=0.66,95%CI:0.44-0.99,
P=0.046) than individuals who had less than 20 teeth.

CONCLUSION: This study suggests that older adults who have more
teeth are associated with a lower risk of cognitive frailty. This finding
highlights the importance of maintaining as many teeth as possible
throughout life and into old age. Cohort studies will be required in the
future to determine this relationship.
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Introduction

he number of older adults is rapidly increasing
Tacross the world, thanks to developments in
science and comprehensive healthcare. With aging,

older adults usually experience multiple comorbidities and
endure declining function, leading to a high proportion of
adults suffering from frailty and cognitive dysfunction.
Frailty and cognitive dysfunction are two common geriatric

syndromes that can lead to many adverse outcomes, such
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as falls, disability, hospitalization and rehospitalization, and
even death (1, 2). In 2013, the International Academy on
Nutrition and Aging (IANA) and the International Association
of Gerontology and Geriatrics (IAGG) (IANA/IAGG) created
a new concept of cognitive frailty, defined as older adults
with physical frailty and cognitive dysfunction without a clear
clinical diagnosis of dementia (3). Since the first introduction of
cognitive frailty, multiple studies have explored the association
between cognitive frailty and adverse outcomes, suggesting
that individuals with cognitive frailty are at more risk than
individuals with only frailty or only mild cognitive impairment
(4, 5). Therefore, identifying the risk of cognitive frailty at an
early stage and conducting interventions will improve health-
related outcomes.

Several factors are associated with cognitive frailty,
including age, being female, malnutrition, and sedentary
behavior (6). However, currently, no study has investigated
the association between oral health and cognitive frailty. Oral
health is receiving more attention from the geriatric field,
because older adults commonly suffer poor oral health, such
as tooth loss, poor chewing ability and dysphagia (7, 8).
According to the new definition of oral health, people who do
not have any oral disease can smile, speak, and laugh without
any disorder or social or psychological problems (9). In fact,
many studies have investigated oral health and cognition,
indicating that people with poor oral health have a high risk
of cognitive impairment and dementia (10-12). Recently, a
meta-analysis reported a dose-response relationship between a
person’s number of teeth and cognitive impairment or dementia
(13). In addition, the relationship between teeth and frailty was
also confirmed by a cross-sectional study and cohort study
(14). In 2021, Kuo et al (15) conducted a survey of older adults
living in rural communities, and found a negative association
between a person’s number of teeth and their physical frailty,
with the OR being 0.98(95%CI1:0.96-0.99, P=0.006). In
addition, Castrejon-Pérez conducted a cohort study with a
three-year follow-up, and found that in older adults, each
additional tooth could decrease the rate of physical frailty by
5% (16). Considering this previous evidence of the relationship
between tooth health and frailty or cognitive impairment, there
is increased interest in understanding the association between
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tooth loss and cognitive frailty. Therefore, our study aimed
to investigate the association between number of teeth and
cognitive frailty using the NHANES database. We speculate
that older adults who suffer tooth loss can end up at high risk
of cognitive frailty.

Methods

Data source

These data originated from NHANES, a large survey of
Americans investigating nutritional status and other related
health variables. All data were conducted by multistage
sampling design. We downloaded all data from the U.S. Centers
for Disease Control and Prevention. In our study, we combined
the data from the 2011-2014 NHANES of individuals aged
60 years old or older, resulting in 3,632 older adults. After
removing the missing data from any variables, there were 1,531
individuals for our final analysis.

Demographic variables

Demographics, including age, gender, race, education, and
marital status, were recorded by trained investigators using a
computer-assisted personal interviewing system. Education was
classified as four-level degrees (less than 12 grades, high school
graduate, some college and college graduate and above) and
race was defined as Non-Hispanic White, Non-Hispanic Black
and others. Marital status was presented as married, widowed or
divorced and others.

Frailty definition

The frailty index was originally proposed and validated
based on an accumulation of deficits by Mitnitski et al (17).
In our study, we defined frailty using the frailty index that
calculated a total score of 49 deficits and divided it by 49.
The frailty index was based on a standard procedure from a
previous study (18), and the detailed calculation points for
each item are shown in supplemental Table 1. The frailty index,
encompassing multiple systems, included 13 chronic diseases,
seven depressive symptoms, one item cognitive complaint,
BMI, handgrip strength, polypharmacy, 15 items for activities
of daily living, one item of general health status, three items of
healthcare utilization, and six items of laboratory values. Based
on previously published frailty index criteria, a score of more
than 0.21 confirmed a person’s frailty (19).

Cognitive dysfunction

The Wechsler Adult Intelligence Scale IIT Digit-Symbol
Coding Test (DSCT), which assesses cognitive function in older
adults, was used to evaluate visual processing speed, working
memory and attention. The total DSCT score ranged from 0 to
133, and the higher the score, the better the cognitive function.
According to a previous study, the cut-off value for cognitive

dysfunction was below the lowest of the interquartile range
(<=37) in this population group (20).

Number of teeth

The section on oral health-dentition provides the
examination results of tooth count. We calculated each tooth
count (from #1 to #32) if the variable item was tooth not
present, meaning tooth loss. Furthermore, we also classified the
number of teeth into two groups (>=20 versus <20).

Inadequate nutritional intake

We extracted the micronutrient intake data from the first
day dietary recalls. We calculated participant nutritional intake
amount according to the dietary recommendations for older
adults suggested by the National Institutes of Health. This
criterion was used in a previous study (21). The cut-off for
defining 13 micronutrients is shown in supplemental Table
2. In our study, the higher the number indicating inadequate
nutritional intake, the more severe the malnutrition.

Covariate definition

Other oral health information, such as self-rating of oral
health, gum disease, treatment of gum disease, daily use of
dental floss/device and daily use of mouthwash, was also
extracted. In addition, behavioral factors, such as sleep
disorders and physical activity, were extracted in our study.
According to a previous study, physical activity, assessed by the
Global Physical Activity Questionnaire, was grouped into three
categories: inactivity, insufficient activity, and sufficient activity
(22).

Statistical Analysis

Descriptive analysis was used to describe continuous
and categorical variables with mean (standard deviation)
and frequency. T-test and Chi-square test were adopted to
detect the differences between two groups (>=20 and <20) in
terms of various variables. In addition, we used the Kruskal-
Wallis test when the variable was skewed distribution. We
used multivariable logistic regression models to explore
the association between number of teeth or teeth group and
cognitive frailty, with the results presented by odds ratio and a
95% confidence interval. We selected the potential confounding
factors through univariate analysis of significant differences
(P<0.05). We displayed four models: the unadjusted model;
model I was adjusted for age, education, and gender; model II
was adjusted for age, education, gender, self-rated oral health,
treatment for gum disease, physical activity, and daily use of
dental floss; model III adjusted potential variables based on
model II plus inadequate nutritional intake. There was no risk
of collinearity in these adjusted models based on variance
inflation factor. In addition, a generalized additive model was
conducted to explore whether there was a non-relationship
between number of teeth and cognitive frailty. Finally, we did
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Table 1. Baseline characteristics of total sample according to number of teeth

Characteristics Total Number of teeth categories P-value
<20 >=20

N 1531 609 922

Age (mean, SD) 69.67 + 6.60 70.68 + 6.48 69.01 + 6.60 <0.001

Number of teeth (median, IQR) 23.00 (9.50-27.00) 6.00 (0.00-13.00) 26.00 (24.00-28.00) <0.001

Inadequate nutritional intake (mean, SD) 8.82+2.77 9.31+2.66 8.50+2.79 <0.001

Days using dental floss/device (mean, SD) 3.50+3.10 1.88 £2.81 457 +281 <0.001

Days using mouthwash (mean, SD) 330+321 3.50+3.24 3.16 +3.19 0.044

Gender (n, %) 0.999

Male 724 (47.29%) 288 (47.29%) 436 (47.29%)

Female 807 (52.71%) 321 (52.71%) 486 (52.71%)

Marital status (n, %) <0.001

Married 931 (60.85%) 312 (51.23%) 619 (67.21%)

Widowed or divorced 465 (30.39%) 228 (37.44%) 237 (25.73%)

Other 134 (8.76%) 69 (11.33%) 65 (7.06%)

Sleep disorder (n, %) 0.927

Yes 452 (29.52%) 179 (29.39%) 273 (29.61%)

No 807 (52.71%) 430 (70.61%) 649 (70.39%)

Race (n, %) <0.001

Other 379 (24.76%) 159 (26.11%) 220 (23.86%)

Non-Hispanic White 832 (54.34%) 261 (42.86%) 571 (61.93%)

Non-Hispanic Black 320 (20.90%) 189 (31.03%) 131 (14.21%)

Education (n, %) <0.001

Less than twelvth grade 327 (21.37%) 216 (35.47%) 111 (12.05%)

High school graduate 361 (23.59%) 176 (28.90%) 185 (20.09%)

Some college 435 (28.43%) 144 (23.65%) 291 (31.60%)

College graduate above 407 (26.60%) 73 (11.99%) 334 (36.26%)

Self-rated oral health (n, %) <0.001

Excellent/very good 620 (40.58%) 178 (29.37%) 442 (47.94%)

Good 570 (37.30%) 239 (39.44%) 331 (35.90%)

Fair 249 (16.30%) 123 (20.30%) 126 (13.67%)

Poor 89 (5.82%) 66 (10.89%) 23 (2.49%)

Gum disease (n, %) 0.953

Yes 233 (15.35%) 92 (15.28%) 141 (15.39%)

No 1285 (84.65%) 510 (84.72%) 775 (84.61%)

Treatment for gum disease (n, %) <0.001

Yes 430 (28.14%) 135 (22.24%) 295 (32.03%)

No 1098 (71.86%) 472 (77.76%) 626 (67.97%)

Frailty (n, %) <0.001

No 951 (62.12%) 326 (53.53%) 625 (67.79%)

Yes 580 (37.88%) 283 (46.47%) 297 (32.21%)

Cognitive dysfunction (n, %)

No 1147 (74.92%) 362 (59.44%) 785 (85.14%)

Yes 384 (25.08%) 247 (40.56%) 137 (14.86%)

Physical activity (n, %) 0.143

Inactivity 1034 (67.54%) 425 (69.79%) 609 (66.05%)

Insufficient activity 138 (9.01%) 45 (7.39%) 93 (10.09%)

Sufficient activity 359 (23.45%) 139 (22.82%) 220 (23.86%)

Cognitive frailty (n, %) <0.001

No 1346 (87.92%) 489 (80.30%) 857 (92.95%)

Yes 185 (12.08%) 120 (19.70%) 65 (7.05%)
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a subgroup analysis of the association between teeth groups
and cognitive frailty in terms of gender, older age, education,
race, sleep disorder, gum disease and treatment for gum disease.
We considered a P-value of less than 0.05 as a significant
difference. Software packages R and EmpowerStats software
were used to complete all data analyses.

Sensitivity Analyses

Sensitivity analyses were performed to confirm the main
findings of the results. First, as for any cross-sectional study, the
risk of reversal causality is very high. To reduce this important
potential bias, we undertook a sensitivity analysis by removing
individuals with the worst scores in both cognition and FI;
according to a previous study (23), removing 10% of people
with the worst cognition and 10% with the worst FI would
be acceptable. Second, we built a modified version of frailty
phenotype based on previous studies (24, 25). The detailed
items for the definition of modified frailty phenotype are
shown in supplemental filel. In addition, we reproduce our
main findings in a sensitivity analysis with the definition of
cognitive frailty by combining a modified frailty phenotype
with cognitive impairment.

Results

Participant characteristics

There were 1,531 older adults in this study. The mean age
of the total sample was 69.67 (SD=6.60) years and 52.71%
(n=807) were female. More than half of the subjects were
married (60.85%) and unlikely to participate in physical
activity (67.54%). Of the total sample size, the prevalence
of cognitive frailty was 12.08% (n=185), and the median
number of teeth was 23.00 (IQR: 9.50-27.00). The majority
of participants reported their oral health as good or better
(77.7%). The education distribution in this entire sample is
very close. Participants with fewer than 20 teeth had less
education and a higher percentage of poor self-rated oral health.
In addition, older adults with fewer than 20 teeth suffered a
higher proportion of frailty (46.47%), cognitive dysfunction
(40.56%), and cognitive frailty (19.70%). There were
significant differences between two groups of teeth categories
(>20 versus >=20) in terms of age, marital status, inadequate
nutritional intake, race, education and treatment of gum disease
(both P-value<0.05), whereas gender, sleep disorder, gum
disease, physical activity did not show a significant difference.
All of the detailed information about the total sample and two
teeth category groups are shown in Table 1.

Univariate analysis for cognitive frailty

Table 2 summarizes the results of the univariate analysis of
cognitive frailty. Overall, mean age and inadequate nutritional
intake among older adults with cognitive frailty were higher
than in those without cognitive frailty, with significant
differences. In addition, the median number of teeth was higher

in the non-cognitively frail group than in the cognitively frail
group. In terms of other oral health variables, older adults with
cognitive frailty were more likely to have poor self-rated oral
health and were unlikely to be receiving treatment for gum
disease. The mean daily of use dental floss/device in older
adults with cognitive frailty was lower than in those without
cognitive frailty. Furthermore, those with cognitive frailty were
more likely to have less education (51.35%) and higher rates
of a sleep disorder (43.78%), experiencing more possibility
of inactivity (78.92%). However, there was no significant
difference between these two groups (cognitive frailty versus
non-cognitive frailty) in terms of gum disease, gender, and daily
use of mouthwash.

The association between number of teeth and
cognitive frailty

The results of the generalized additive model indicate a
linear relationship between number of teeth and cognitive
frailty, suggesting that with an increase in number of teeth, the
lower the probability of cognitive frailty (Figure 1).

Figure 1. A linear relationship between number of teeth and
probability of cognitive frailty by a generalized additive model
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Multivariable adjusted regression models

Table 3 shows the results of multivariable logistic regression
models for the association between number of teeth and
cognitive frailty. In the unadjusted model, there was a negative
association between number of teeth and cognitive frailty,
suggesting that each addition of one tooth could result in a
6% decrease in the probability of cognitive frailty. After fully
adjusted variables such as age, gender, education, self-rated
oral health, physical activity, treatment for gum disease and
daily use of dental floss and inadequate nutritional, intake,
there was still a negative association between number of teeth
and cognitive frailty (OR =0.98,95%CI1:0.96-0.99, P=0.044).
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Table 2. Univariate analysis for cognitive frailty

Number of teeth (median, IQR) 23.00 (12.00-27.00)

Teeth categories (n, %)

<20 489 (36.33%)
>=20 857 (63.67%)
Sleep disorder (n, %)
Yes 371 (27.56%)
No 975 (72.44%)
Race (n, %)
Other 321 (23.85%)
Non-Hispanic White 762 (56.61%)
Non-Hispanic Black 263 (19.54%)

Marital status (n, %)

Married 833 (61.93%)
Widowed or divorced 396 (29.44%)
Others 116 (8.62%)

Education (n, %)

Less than 12 grades 232 (17.25%)
High school graduate 320 (23.79%)
401 (29.81%)

392 (29.14%)

Some college
College graduate
Self-rated oral health (n, %)

Excellent/very good 571 (42.52%)

Good 500 (37.23%)
Fair 202 (15.04%)
Poor 70 (5:21%)
Days using dental floss/device (mean, SD) 3.67+3.09
Days using mouthwash (mean, SD) 324+322
Gum disease (n, %)

Yes 205 (15.36%)

No 1130 (84.64%)
Treatment for gum disease (n, %)

Yes 390 (29.04%)

No 953 (70.96%)
Physical activity (n, %)
Inactivity 888 (65.97%)
Insufficient activity 123 (9.14%)
Sufficient activity 335 (24.89%)

Cognitive frailty OR (95%CI) P-Value
0 1
Gender (n, %)
Male 633 (47.03%) 91 (49.19%) Reference
Female 713 (52.97%) 94 (50.81%) 0.92 (0.67, 1.25) 0.5810
Age (mean, SD) 69.33 + 6.54 72.16 £ 648 1.07 (1.04, 1.09) <0.0001
Inadequate nutritional intake (mean, SD) 8.73+£2.78 945 +2.59 1.10 (1.04,1.17) 0.001
11.00 (0.00-32.00) 0.95 (0.93,0.96) <0.0001
120 (64.86%) Reference
65 (35.14%) 0.31(0.22,043) <0.0001
81 (43.78%) Reference
104 (56.22%) 0.49 (0.36,0.67) <0.0001
58 (31.35%) Reference
70 (37.84%) 0.51 (0.35,0.74) 0.0004
57 (30.81%) 1.20 (0.80, 1.79) 0.3731
98 (52.97%) Reference
69 (37.30%) 1.48 (1.06,2.06) 0.0198
18 (9.73%) 1.32(0.77,2.26) 0.3139
95 (51.35%) Reference
41 (22.16%) 0.31(0.21,0.47) <0.0001
34 (18.38%) 0.21(0.14,0.32) <0.0001
15 (8.11%) 0.09 (0.05,0.16) <0.0001
49 (26.49%) Reference
70 (37.84%) 1.63 (1.11,2.40) 0.0126
47 (25.41%) 2.71(1.76,4.17) <0.0001
19 (10.27%) 3.16 (1.76, 5.68) 0.0001
230+295 0.86 (0.82,0.91) <0.0001
371 +3.14 1.05 (1.00, 1.10) 0.0615
28 (15.30%) Reference
155 (84.70%) 1.00 (0.65, 1.54) 0.9845
40 (21.62%) Reference
145 (78.38%) 1.48 (1.03,2.15) 0.0363
146 (78.92%) Reference
15 (8.11%) 0.74 (0.42, 1.30) 0.2991
24 (12.97%) 0.44 (0.28,0.68) 0.0003

Furthermore, when we categorized the number of teeth as
more than and equal to 20 and less than 20, the results found
that individual with 20 and more than teeth had lower odds of
having cognitive frailty (OR=0.31,95C1%:0.22-0.42), compared
to those with less than 20 teeth in the unadjusted model. The
odds ratio for the association between teeth category and

cognitive frailty gradually attenuated after controlling for age,
gender and education in model I. In addition, after controlling
for age, gender, education, self-rated oral health, physical
activity, treatment for gum disease and daily use of dental floss,
older adults with 20 and more teeth still had lower odds of
being cognitively frail, (OR=0.62,95%CI:0.42-0.91, P=0.015)
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Table 3. Multivariable regression models for the association between number of teeth and cognitive frailty

Exposure Non-adjusted Model I Model II Model 111
Teeth categories OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

<20 1.0 1.0 1.0 1.0

>=20 0.31 (0.22,0.42) <0.00001 0.54 (0.38,0.77) 0.0007 0.62(0.42,091)0.015 0.66(0.44,0.99), 0.046
Number of teeth 0.94 (0.93,0.96) <0.00001 0.97 (0.96,0.99) 0.001 0.97 (0.96,0.99) 0.025 0.98(0.96,0.99), 0.044

Results: OR (95%CT) P-value / Outcome: Cognitive frailty; Exposure: Teeth categories; Number of teeth; Non-adjusted model adjusted for: None; Model I adjusted for: Age; Gender;
Education; Model IT adjusted for: Age; Gender; Education; Self-rated oral health; Physical activity; treatment for gum disease; days using dental floss; Model IIT adjusted for: Age; Gender;
Education; Self-rated oral health; Physical activity; treatment for gum disease; days using dental floss, inadequate nutritional intake

than individuals with less than 20 (model II). In model III, the
results showed that after adjusting for potential confounding
factors in model II, with the addition of inadequate nutritional
intake, the effect size between number of teeth and cognitive
frailty was attenuated, with the OR changed from 0.62 (0.42-
0.91) to 0.66 (0.44-0.99). Furthermore, the results of two
sensitivity analyses (see supplemental Table 3-4) in all the
logistical regression models found that there was a significant
association between the number of teeth and cognitive frailty.

Figure 2. The subgroup analysis between the association
between the number of teeth and cognitive frailty

Subgroup analysis Sample size OR(95%CI) P- value

Age (n, %)

<75 yr 112 0.27 (0.18,0.41) = <0.0001

>=75yr 419 0.43(0.26,0.72) = 0.0011

Gender (n, %)

Male 724 0.32(0.21,0.51) = <0.0001

Female 807 0.29 (0.19, 0.46) <0.0001

Sleep disorder (n, %)

Yes 452 0.40(0.24,0.65) = 0.0002

No 1079 0.25(0.16,0.38) = <0.0001

Education (n, %)

Less than 12 grades 327 0.52(0.30,0.90) = 0.0184

High school graduate 361 0.64 (0.33, 1.24) == 0.1857

Some college 435 0.36 (0.18,0.73) = 0.0045

College graduate above 407 042 (0.14,1.27) == 0.1236

Race (n, %)

Other 379 0.27 (0.15,0.48) = <0.0001

Non-Hispanic White 832 0.31(0.19, 0.50) = <0.0001

Non-Hispanic Black 320 0.56 (0.30, 1.03) = 0.0621

Physical activity (n, %)

Inactive 1034 0.31(0.21,0.44) = <0.0001

Insufficiently active 138 0.28 (0.09, 0.83) = 0.0222

Sufficiently active 359 0.35(0.15,0.83) 0.017

Gum disease

Yes 233 0.31(0.14,0.72) = 0.0058

No 1285 0.30(0.21,043) = <0.0001

Treatment for gum disease

Yes 430 0.42(0.22,0.81) = 0.0093

No 1098 0.29(0.20,0.42) = <0.0001
Higher teelm>2m°veruse 3uwsr teeth(<=20)

Subgroup analysis for the association between teeth
category and cognitive frailty based on various
variables

Subgroup analysis was performed to determine whether
this association between number of teeth category (>=20 and
<20) and cognitive frailty was different, based on gender,
age group (>=75 years and <75 years), education, race, sleep
disorder, physical activity, gum disease and treatment for gum
disease. The results show the association between a higher
number of teeth and the probability of cognitive frailty in
both males and females (OR=0.32,95%CI:0.21-0.51 and
OR=0.29,95%CI:0.19-0.46). Similar associations were also
found across other patient characteristics and clinical variables
(Figure 2).

Discussion

We observed, using NHANES data, that tooth loss in older
adults is associated with an increased probability of cognitive
frailty. In addition, older adults who had 20 or more teeth
experienced a lower odds ratio for cognitive frailty. These
associations still existed even after controlling for complete
potential confounding factors. It is, to the authors’ best
knowledge, the first study to examine the association between
number of teeth and cognitive frailty. This study supports our
hypothesis that number of teeth is negatively associated with a
higher probability of cognitive frailty.

The prevalence of cognitive frailty in our study was 12.08%,
which was higher than the prevalence found in prior studies,
which reported the prevalence of cognitive frailty ranging
from 2.1% to 5.44% (4, 26). Recently, a systematic review
reported that the pooled prevalence of cognitive frailty was
9% (95%CI1:8%-11%) among community-dwelling older
adults (27). In general, the prevalence of cognitive frailty
was influenced by various factors, such as the definition of
cognitive frailty, population type, and region (28). In our study,
the population was nation-wide, representing older adults in
the U.S. The definition of cognitive frailty was defined as
older adults with frailty index and cognitive impairment scores
below the lowest quartile (scores <37) in this study population,
using the digit symbol substitution test (DSST). In fact, using
the frailty index could lead to higher frailty scores compared
to using physical frailty measures, which might be why our
study’s cognitive frailty prevalence findings were higher than in
others.

The relationship between oral health and frailty or cognitive
impairment has been widely explored in recent decades. Among
the indicators of oral health, tooth loss is the most important.
Tooth loss is prevalent among older adults and subsequently
affects chewing and occlusion, leading to lower nutritional
intake (29). Both cross-sectional studies and cohort studies
have found that tooth loss is associated with frailty. In a study
of Chinese adults aged 60 or older, individuals with fewer
than 20 teeth was associated with high odds of frailty, and this
association did not change in either those wearing dentures
or those who do not wear dentures (30). In addition, several
studies have indicated a negative association between number
of teeth and frailty among older adults (21, 31). Furthermore,
in 2021, Qi et al. (13) reported a dose-response relationship
between number of teeth and cognitive impairment. However,
no study has yet explored the association between number of
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teeth and cognitive frailty. As cognitive frailty is described as an
individual being frail, together with mild cognitive impairment
but without definite dementia, it is reasonable to assume that
tooth loss could increase the risk of cognitive frailty. Our study
found a negative relationship between teeth and cognitive
frailty, which is very important. Cognitive frailty is a new
concept widely applied for early identification of a higher risk
of adverse outcomes, given that many studies have reported
that cognitive frailty leads to worse mortality or falls than either
frailty alone or cognitive impairment alone (32, 33). In addition,
the study suggests that cognitive frailty can be reversed (34);
therefore, identifying risk factors related to cognitive frailty is
very important. Our study indicates that tooth loss is associated
with a high risk of cognitive frailty. Many measures can be
taken to reduce the possibility of tooth loss, such as early
screening for oral health, treating periodontal disease and
sustaining good oral hygiene.

The possible mechanism for tooth loss increasing the
likelihood of cognitive frailty is complex. First, one possible
pathway for tooth loss and cognitive frailty is nutritional
status. The oral cavity consists of complex microflora, such
as bacteria, fungi and viruses (35). Normally, these microflora
exist within a dynamic balance, but poor oral hygiene and other
risk factors could lead to major disturbances in the interactions
between oral microbes, resulting in oral diseases, such as
periodontitis and dental caries (36). When patients suffer from
periodontitis and dental caries without medical treatment,
they could experience tooth loss; therefore, older adults with
tooth loss can reflect major disturbances in oral microbes.
Older adults who lost their teeth suffered a decline in chewing
ability, leading to major changes in their food selection (37).
Older people with tooth loss were likelier to eat soft food than
fruits, meat, and vegetables, which could influence the quality
of their nutritional intake and eventually augment their risk of
malnutrition and lead to cognitive frailty. In our multivariable
adjusted regression models, we present four adjustment models.
In model III, the results show that after adjusting the potential
confounding factors with the addition of inadequate nutritional
intake, the effect size between number of teeth and cognitive
frailty was attenuated, with the OR changing from 0.62 (0.42-
0.91) to 0.66 (0.44-0.99). Therefore, a nutritional pathway for
number of teeth and cognitive frailty was existed, based on a
4% odds ratio of the effect size was decreased after controlling
for the pathway of inadequate nutritional intake.

Second, some studies proposed the hypothesis of the
interplay of oral bacteria, periodontal disease, and cognitive
dysfunction, which was seen as playing an important role
in the microbiota-gut-brain axis (38). Periodontal disease
caused by oral microbiota was the main reason for tooth loss,
which could decrease masticatory ability. It has been reported
that masticatory disorder is associated with memory deficits
(39), and an animal study has also indicated that declining
masticatory ability is linked with a reduction in pyramidal
cells, resulting in cognitive dysfunction (40). In addition, some
studies have shown that oral microbiota might penetrate the
brain through systemic circulation or neural access, impacting
the risk of cognitive dysfunction (41). Therefore, oral bacteria
and tooth loss play an important role in the development of

cognitive frailty.

Third, another pathway could be a psychosocial
phenomenon. Older adults who suffer tooth loss could have
their self-esteem adversely impacted (42). In addition,
periodontal bacteria, such as prevotella intermedius, resulting
from an unclean oral cavity, could produce volatile sulfur
compounds related to halitosis (43). Tooth loss and halitosis
could undermine self-confidence, leading to social fears of
participating in social activity (44). Once older adults spend
a long time staying at home instead of participating in social
activities, they could be at high risk of depression. Isabelle
Kunrath (45) conducted a study to explore the association
between oral health and depression, and found a significant
correlation between depressive symptoms and tooth loss,
suggesting that older adults with tooth loss had more severe
depression. In 2021, Koyama (46) conducted a cross-national
study to explore the association between oral health and social
isolation. The study results found that older adults without
any teeth had a higher risk of social isolation, compared to
participants with 20 or more teeth, (OR=1.21,95%CI:1.15-1.27)
and those with one to nine teeth were also at higher risk of
social isolation (OR=1.19,95%CI:1.15-1.24). These results
suggest that tooth loss is associated with social isolation.
Furthermore, a recent study of Chinese older adults aged 65
years or older reported that after adjusting potential covariates,
there was a significant association between social isolation and
fewer remaining teeth or tooth loss, implying that tooth loss
might be associated with social isolation (47). As depression
and social isolation are both strongly correlated with a high risk
of cognitive frailty (48, 49), tooth loss could increase the risk
of cognitive frailty through psychosocial effects, such as self-
esteem, depression, and social isolation.

The last possible link between teeth and cognitive frailty
might be the inflammatory pathway. The most common reason
for tooth loss is periodontal disease, which can produce many
inflammatory factors, such as interleukin-6 (IL-6), IL-1,
C-reactive protein (CRP), and TNF-alpha, reported by previous
studies to be associated with frailty (50, 51). In addition, some
studies have also indicated that these inflammatory cytokines,
increased by periodontal disease, can circulate to the brain
through related anatomical pathways. Once these mediators
live in the brain, they could possibly stimulate microglia in the
brain and contribute to a vicious inflammatory cycle, finally
damaging vital neurons and leading to a decline in cognitive
function (52).

Our study contains many strengths and drawbacks. First,
after searching the PubMed database, our report first explored
the association between tooth loss and cognitive frailty, and our
results can bring more attention to the association between oral
health and cognitive frailty. Second, we used comprehensive
statistical analysis to determine this association, such as full
adjustment-regression and subgroup analysis, making our
results more reliable and credible. Third, we performed a
sensitivity analysis by using the definition of cognitive frailty
with the combination of cognitive impairment and modified
frailty phenotype and the main results found that the number of
teeth was associated with high likelihood of cognitive frailty,
which was similar to the results when using the frailty index to
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evaluate whether an individual was frail or non-frail. However,
there were some limitations, so we need to be cautious when
making recommendations to guide clinical practice. First, this
was a cross-sectional study, so it cannot draw conclusions on
a cause-and-effect relationship. There might be a bidirectional
association between tooth loss and cognitive frailty. When
older adults suffer from cognitive frailty, they are less likely
to take care of their oral hygiene and attend regular dental
appointments, worsening their oral health, including tooth
loss. Second, as for any cross-sectional study, the risk of
reversal causality is very high. However, we performed a
sensitivity analysis by removing the older adults with the worst
scores in both cognition and FI, and the main results were
unchanged, which confirms our findings in robustness. Third,
our study did not collect other confounding factors, such as
social isolation, and living environment factors, which might
have influenced our results. Third, the NHANES data did not
provide any variables on dementia history, and the older adult
study participants were not tested using a clinical dementia
rating, therefore, our study could not exclude older adults with
dementia. This means there could have been some potential
error in the association between the number of teeth, and
cognitive frailty. A future study needs to be conducted on this
issue, to provide a more accurate association.

Conclusion

The findings of our study indicate that number of teeth was
negatively associated with cognitive frailty. It is essential to
implement an improvement program for oral health, such as
routine oral health screening, and education on tooth restoration
in older adults. Future prospective cohort studies are warranted
to understand the causal association between number of teeth
and cognitive frailty.

Acknowledgments: The authors acknowledge the community-dwelling older American
adults who agreed to participate in the National Health and Nutrition Examination Survey.
Xiaoming Zhang especially acknowledges Xing-lin Chen for supporting the statistical data
guidance.

Funding: No organization or sponsors provided funding for this study.
Conflict of interest: There are no author conflicts of interest.
Ethical approval and consent to participate: Not applicable.

Author contributions: Xiaoming Zhang wrote the first draft. Xinjuan Wu and Wei-
Chen were responsible for the research question and for critically revising the manuscript.
Xiaoming Zhang and Xinjuan Wu performed the data analysis.

References

1. Cunha AIL, Veronese N, de Melo Borges S, Ricci NA. Frailty as a predictor of adverse
outcomes in hospitalized older adults: A systematic review and meta-analysis. Ageing
Research Reviews 2019; 56: 100960. doi: https://doi.org/10.1016/j.arr.2019.100960

2. Bae JB, Han JW, Kwak KP, et al. Impact of Mild Cognitive Impairment on Mortality
and Cause of Death in the Elderly. Journal of Alzheimer’s disease : JAD 2018; 64:
607-16. doi: 10.3233/jad-171182

3. Kelaiditi E, Cesari M, Canevelli M, et al. Cognitive frailty: rational and definition
from an (I.LA.N.A/I.A.G.G.) international consensus group. The journal of nutrition,
health & aging 2013; 17: 726-34. doi: 10.1007/s12603-013-0367-2

4. Zhang XM, Jiao J, Zhu C, et al. Cognitive Frailty and 30-Day Mortality in a National
Cohort of Older Chinese Inpatients. Clinical interventions in aging 2021; 16: 389-401.
doi: 10.2147/cia.S294106

5. BuZ,Huang A, Xue M, Li Q, Bai Y, Xu G. Cognitive frailty as a predictor of adverse

12.

13.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

437

outcomes among older adults: A systematic review and meta-analysis. Brain and
behavior 2021; 11: €01926. doi: 10.1002/brb3.1926

Vatanabe IP, Pedroso RV, Teles RHG, et al. A systematic review and meta-analysis
on cognitive frailty in community-dwelling older adults: risk and associated factors.
Aging & mental health 2021: 1-13. doi: 10.1080/13607863.2021.1884844

Patel J, Wallace J, Doshi M, et al. Oral health for healthy ageing. The Lancet Healthy
Longevity 2021; 2: e521-e27. doi: 10.1016/S2666-7568(21)00142-2

Ortega O, Parra C, Zarcero S, Nart J, Sakwinska O, Clavé P. Oral health in older
patients with oropharyngeal dysphagia. Age and ageing 2014; 43: 132-7. doi: 10.1093/
ageing/aft164

Glick M, Williams DM, Kleinman DV, Vujicic M, Watt RG, Weyant RJ. A new
definition for oral health developed by the FDI&#xa0;World Dental Federation opens
the door to a universal definition of oral health. The Journal of the American Dental
Association 2016; 147: 915-17. doi: 10.1016/j.adaj.2016.10.001

Saito S, Ohi T, Murakami T, et al. Association between tooth loss and cognitive
impairment in community-dwelling older Japanese adults: a 4-year prospective cohort
study from the Ohasama study. BMC oral health 2018; 18: 142. doi: 10.1186/s12903-
018-0602-7

Zhang S, Yang F, Wang Z, et al. Poor oral health conditions and cognitive decline:
Studies in humans and rats. PloS one 2020; 15: €0234659. doi: 10.1371/journal.
pone.0234659

Takehara S, Wright FAC, Waite LM, et al. Oral health and cognitive status in the
Concord Health and Ageing in Men Project: A cross-sectional study in community-
dwelling older Australian men. Gerodontology 2020; 37: 353-60. doi: 10.1111/
ger.12469

Qi X, Zhu Z, Plassman BL, Wu B. Dose-Response Meta-Analysis on Tooth Loss With
the Risk of Cognitive Impairment and Dementia. Journal of the American Medical
Directors Association 2021; 22: 2039-45. doi: 10.1016/j.jamda.2021.05.009

Dibello V, Zupo R, Sardone R, et al. Oral frailty and its determinants in older age: a
systematic review. The Lancet Healthy Longevity 2021; 2: e507-e20. doi: 10.1016/
$2666-7568(21)00143-4

Kuo YW, Chen MY, Chang LC, Lee JD. Oral Health as a Predictor of Physical Frailty
among Rural Community-Dwelling Elderly in an Agricultural County of Taiwan: A
Cross-Sectional Study. International journal of environmental research and public
health 2021; 18. doi: 10.3390/ijerph18189805

Castrejon-Pérez RC, Jiménez-Corona A, Bernabé E, et al. Oral Disease and 3-Year
Incidence of Frailty in Mexican Older Adults. The journals of gerontology Series
A, Biological sciences and medical sciences 2017; 72: 951-57. doi: 10.1093/gerona/
glw201

Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as a proxy
measure of aging. TheScientificWorldJournal 2001; 1: 323-36. doi: 10.1100/
tsw.2001.58

Hakeem FF, Bernabé E, Sabbah W. Self-rated oral health and frailty index among older
Americans. Gerodontology 2021; 38: 185-90. doi: 10.1111/ger.12513

Blodgett J, Theou O, Kirkland S, Andreou P, Rockwood KJAog, geriatrics. Frailty
in NHANES: comparing the frailty index and phenotype. 2015; 60: 464-70.
doi:10.1016/j.archger.2015.01.016. Epub 2015 Feb 3

Li A, Chen Y, Visser A, Marks LAM, Tjakkes GE. Combined association of cognitive
impairment and poor oral health on mortality risk in older adults: Results from the
NHANES with 15 years of follow-up. Journal of periodontology 2021.doi: 10.1002/
jper.21-0292

Hakeem FF, Bernabé E, Sabbah W. Association Between Oral Health and Frailty
Among American Older Adults. Journal of the American Medical Directors
Association 2021; 22: 559-63.e2. doi: 10.1016/j.jamda.2020.07.023

Yang L, Koyanagi A, Smith L, et al. Hand grip strength and cognitive function
among elderly cancer survivors. PloS one 2018; 13: €0197909. doi: 10.1371/journal.
pone.0197909

de Souto Barreto P, Delrieu J, Andrieu S, Vellas B, Rolland Y. Physical Activity and
Cognitive Function in Middle-Aged and Older Adults: An Analysis of 104,909 People
From 20 Countries. Mayo Clinic proceedings 2016; 91: 1515-24. doi: 10.1016/j.
mayocp.2016.06.032

Fan 'Y, Zhang Y, LiJ, Liu Y, Zhou L, Yu Y. Association between Healthy Eating Index-
2015 and physical frailty among the United States elderly adults: the National Health
and Nutrition Examination Survey (NHANES) 2011-2014. Aging Clin Exp Res 2021;
33:3245-55. doi: 10.1007/s40520-021-01874-3

Kurnat-Thoma EL, Murray MT, Juneau P. Frailty and Determinants of Health Among
Older Adults in the United States 2011-2016. Journal of aging and health 2021:
8982643211040706. doi: 10.1177/08982643211040706

Kim H, Awata S, Watanabe Y, et al. Cognitive frailty in community-dwelling older
Japanese people: Prevalence and its association with falls. Geriatrics & gerontology
international 2019; 19: 647-53. doi: 10.1111/ggi.13685

Qiu Y, Li G, Wang X, et al. Prevalence of cognitive frailty among community-dwelling
older adults: A systematic review and meta-analysis. International journal of nursing
studies 2022; 125: 104112. doi: 10.1016/j.ijnurstu.2021.104112

Sugimoto T, Sakurai T, Ono R, et al. Epidemiological and clinical significance of
cognitive frailty: A mini review. Ageing Research Reviews 2018; 44: 1-7. doi: https://
doi.org/10.1016/j.arr.2018.03.002



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

THE ASSOCIATION BETWEEN NUMBER OF TEETH AND COGNITIVE FRAILTY IN OLDER ADULTS

Hakeem FF, Bernabé E, Sabbah W. Association between oral health and frailty: A
systematic review of longitudinal studies. Gerodontology 2019; 36: 205-15. doi:
10.1111/ger.12406

Zhang Y, Ge M, Zhao W, et al. Association Between Number of Teeth, Denture Use
and Frailty: Findings from the West China Health and Aging Trend Study. The journal
of nutrition, health & aging 2020; 24: 423-28. doi: 10.1007/s12603-020-1346-z

de Andrade FB, Lebrao ML, Santos JL, Duarte YA. Relationship between oral health
and frailty in community-dwelling elderly individuals in Brazil. J] Am Geriatr Soc
2013; 61: 809-14. doi: 10.1111/jgs.12221

St John PD, Tyas SL, Griffith LE, Menec V. The cumulative effect of frailty
and cognition on mortality - results of a prospective cohort study. International
psychogeriatrics 2017; 29: 535-43. doi: 10.1017/s1041610216002088

Lee Y, Kim J, Chon D, et al. The effects of frailty and cognitive impairment
on 3-year mortality in older adults. Maturitas 2018; 107: 50-55. doi: 10.1016/j.
maturitas.2017.10.006

Facal D, Maseda A, Pereiro AX, et al. Cognitive frailty: A conceptual systematic
review and an operational proposal for future research. Maturitas 2019; 121: 48-56.
doi: https://doi.org/10.1016/j.maturitas.2018.12.006

Mosaddad SA, Tahmasebi E, Yazdanian A, et al. Oral microbial biofilms: an update.
European journal of clinical microbiology & infectious diseases : official publication
of the European Society of Clinical Microbiology 2019; 38: 2005-19. doi: 10.1007/
$10096-019-03641-9

Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota in periodontal disease.
Periodontology 2000 2020; 83: 14-25. doi: 10.1111/prd.12296

Azzolino D, Passarelli PC, De Angelis P, Piccirillo GB, D’Addona A, Cesari M. Poor
Oral Health as a Determinant of Malnutrition and Sarcopenia. Nutrients 2019; 11.doi:
10.3390/nu11122898

Harding A, Gonder U, Robinson SJ, Crean S, Singhrao SK. Exploring the Association
between Alzheimer’s Disease, Oral Health, Microbial Endocrinology and Nutrition.
Frontiers in aging neuroscience 2017; 9: 398. doi: 10.3389/fnagi.2017.00398

Fang WL, Jiang MJ, Gu BB, et al. Tooth loss as a risk factor for dementia: systematic
review and meta-analysis of 21 observational studies. BMC psychiatry 2018; 18: 345.
doi: 10.1186/512888-018-1927-0

Teixeira FB, Pereira Fernandes Lde M, Noronha PA, et al. Masticatory deficiency as
a risk factor for cognitive dysfunction. International journal of medical sciences 2014;
11: 209-14. doi: 10.7150/ijms.6801

Dibello V, Lozupone M, Manfredini D, et al. Oral frailty and neurodegeneration
in Alzheimer’s disease. Neural regeneration research 2021; 16: 2149-53. doi:
10.4103/1673-5374.310672

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

Patil MS, Patil SB. Geriatric patient - psychological and emotional considerations
during dental treatment. Gerodontology 2009; 26: 72-7. doi: 10.1111/j.1741-
2358.2008.00245 x

Kayombo CM, Mumghamba EG. Self-Reported Halitosis in relation to Oral
Hygiene Practices, Oral Health Status, General Health Problems, and Multifactorial
Characteristics among Workers in Ilala and Temeke Municipals, Tanzania.
International journal of dentistry 2017; 2017: 8682010. doi: 10.1155/2017/8682010
Davis DM, Fiske J, Scott B, Radford DR. The emotional effects of tooth loss in
a group of partially dentate people: a quantitative study. The European journal of
prosthodontics and restorative dentistry 2001; 9: 53-7.

Kunrath I, Silva AER. Oral health and depressive symptoms among older
adults: longitudinal study. Aging & mental health 2021; 25: 2265-71. doi:
10.1080/13607863.2020.1855104

Koyama S, Saito M, Cable N, et al. Examining the associations between oral
health and social isolation: A cross-national comparative study between Japan and
England. Social science & medicine (1982) 2021; 277: 113895. doi: 10.1016/j.
socscimed.2021.113895

Qi X, Pei Y, Wang K, Han S, Wu B. Social isolation, loneliness and accelerated tooth
loss among Chinese older adults: A longitudinal study. Community dentistry and oral
epidemiology 2022doi: 10.1111/cdoe.12727

Malek Rivan NF, Shahar S, Rajab NF, et al. Cognitive frailty among Malaysian older
adults: baseline findings from the LRGS TUA cohort study. Clinical interventions in
aging 2019; 14: 1343-52. doi: 10.2147/cia.S211027

De Roeck EE, van der Vorst A, Engelborghs S, Zijlstra GAR, Dierckx E. Exploring
Cognitive Frailty: Prevalence and Associations with Other Frailty Domains in Older
People with Different Degrees of Cognitive Impairment. Gerontology 2020; 66: 55-64.
doi: 10.1159/000501168

Clark D, Kotronia E, Ramsay SE. Frailty, aging, and periodontal disease: Basic
biologic considerations. Periodontology 2000 2021; 87: 143-56. doi: 10.1111/
prd.12380

Soysal P, Stubbs B, Lucato P, et al. Inflammation and frailty in the elderly: A
systematic review and meta-analysis. Ageing Research Reviews 2016; 31: 1-8. doi:
https://doi.org/10.1016/j.arr.2016.08.006

Singhrao SK, Harding A, Simmons T, Robinson S, Kesavalu L, Crean S. Oral
inflammation, tooth loss, risk factors, and association with progression of Alzheimer’s
disease. Journal of Alzheimer’s disease : JAD 2014; 42: 723-37. doi: 10.3233/jad-
140387

How to cite this article: X.-M. Zhang, X. Wu, W. Chen. The Association between
Number of Teeth and Cognitive Frailty in Older Adults: A Cross-Sectional Study. J Nutr
Health Aging.2022;26(5):430-438; https://doi.org/10.1007/s12603-022-1783-y

438





