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Abstract

Background. Tooth loss is highly prevalent among older adults and may contribute to frailty and functional
decline, yet population-based data from Central and Eastern Europe remains limited.

Objectives. The aim of the study was to investigate the association of dental status and denture use with
2 indicators of vulnerability — frailty and functional impairment — in a nationally representative sample
of older adults in Poland.

Material and methods. Cross-sectional data from 5,457 participants aged >60 years who were enrolled
in the PolSenior2 study (2018—2019) was analyzed. Dental status was categorized as functional dentition
(=20 teeth), partial dentition (119 teeth) or edentulism (0 teeth), with or without denture use. Outcomes
included frailty (Fried phenotype >3) and functional vulnerability (Vulnerable Elders Survey-13 (VES-13) score
>3). Descriptive analyses were performed and weighted multivariable logistic regression models were applied,
with adjustment for age, sex, body mass index (BMI), education level, place of residence, and smoking status.

Results. Edentulism was independently associated with increased odds of frailty (odds ratio (OR) = 147,
95% confidence interval (95% (7): 1.08—2.01) and functional vulnerability (OR = 1.38, 95% (- 1.10—1.74).
Denture use was correlated with lower odds of these outcomes. Partial dentition showed a weaker association,
which was statistically significant only for functional vulnerability (VES-13). Male sex was associated with
lower odds of both outcomes. A clear gradient was observed across dental categories, from functional
dentition to untreated edentulism.

Conclusions. Tooth loss, particularly when uncorrected by dentures, is a strong, independent marker of frailty
and functional vulnerability in older adults. Denture use is associated with lower odds of these conditions
but does not fully restore the benefits of natural dentition. Oral health assessment and access to prosthetic
rehabilitation should be integrated into geriatric care and public health strategies to support healthy aging.
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Highlights
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+ The study investigated the association of dental status and denture use with frailty and functional vulnerability

in older adults.

+ Edentulism was strongly associated with frailty and functional disability.
+ Denture use partially mitigated the negative impact of edentulism on health outcomes.
+ Smoking and lower education level were associated with poorer dental and functional status.

Introduction

Population aging poses a growing public health chal-
lenge. Globally, individuals aged =65 years accounted for
9.3% of the population in 2020, with this proportion pro-
jected to reach 16.0% by 2050.! In Europe, the share of older
adults has more than doubled since 1960, reflecting a rapid
demographic transition.? Oral diseases are increasingly
important in this context. In 2021, more than 353 million
people worldwide were edentulous, and this number is ex-
pected to exceed 660 million by 2050, making edentulism
a major contributor to years lived with disability (YLDs).?
Compared with the global average (22.7%), the prevalence
of edentulism in the World Health Organization (WHO)
European Region is higher (31.3%), and it reaches 36.1% in
Poland, placing the country among the most affected in
Europe.*® These differences highlight both international
and regional inequalities in oral health and underline the
urgent need for research on the determinants and conse-
quences of tooth loss in aging populations.

Tooth loss is primarily caused by caries and periodontal
disease, with smoking recognized as a major modifiable
risk factor.6~? However, socioeconomic status, education
level and access to dental care strongly influence its prev-
alence, with a higher risk consistently observed among
women, individuals with lower levels of education, and resi-
dents of rural areas.® Socioeconomic and health-related
factors have also been shown to significantly influence
oral health, with lower economic status and smoking as-
sociated with a greater number of untreated decayed teeth
and poorer oral hygiene.!!

Edentulism is not only a medical but also a social condi-
tion. When left untreated, it impairs chewing, restricts
dietary variety, and contributes to malnutrition and chronic
disease.!?"!* Beyond nutritional limitations, tooth loss has
far-reaching psychosocial consequences, including reduced
self-esteem, difficulties with speech and communication,
social withdrawal, and an increased risk of depression and
anxiety.>~7 These outcomes may contribute to functional
decline in older adults.

Frailty, characterized by reduced physiological reserve
and increased vulnerability to stressors, is closely linked to
tooth loss. It is associated with falls, disability, hospitaliza-
tion, and mortality.!® Standardized tools such as the Fried
frailty phenotype and the Vulnerable Elders Survey-13
(VES-13) are widely used for the assessment of frailty and

vulnerability. Each instrument, however, has its limita-
tions: the Fried frailty phenotype captures objective defi-
cits but may underrepresent psychosocial aspects, while
the VES-13 emphasizes self-reported functioning and may
be influenced by subjective perceptions of health. Their
combined use allows for a more comprehensive assessment
of vulnerability in older populations, yet their specific role
in oral health research remains underexplored.!*?°

Despite growing international evidence, data from
Central and Eastern Europe remain scarce. To address
this gap, we used nationally representative data from the
PolSenior2 study to examine the associations of dental
status and denture use with frailty and functional vulner-
ability among older adults in Poland.

Material and methods
Study design and population

This cross-sectional study used data from the PolSenior2
project, a nationally representative survey conducted be-
tween September 2018 and December 2019. A three-stage
stratified random sampling strategy was applied to select
community-dwelling individuals aged 260 years across
Poland. Participants were drawn from the personal identi-
fication number (PESEL) registry, maintained by the Polish
Ministry of the Interior and Administration. Medical
data, including dental examination data, was collected by
trained healthcare professionals as part of the PolSenior2
protocol and not by the authors of this paper.>2! The study
was approved by the Independent Bioethics Committee
of the Medical University of Gdansk, Poland (approval
No. NKBBN/257/2017). Written informed consent was
obtained from all participants.

Key measures

Frailty was measured using the Fried frailty phenotype,
which includes 5 components: (1) unintentional weight
loss; (2) self-reported exhaustion; (3) weakness (grip
strength); (4) slowness (gait speed); and (5) low physical
activity. Participants were classified as non-frail (0),
pre-frail (1-2) or frail (>3) based on validated cut-off points.'#1°

Functional vulnerability was assessed using the VES-13,
a validated tool for the evaluation of the risk of health
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deterioration and disability. A total score =3 was con-
sidered indicative of vulnerability. The tool covers self-
reported age, health status, functional limitations, and
disability in activities of daily living.2°

Oral examinations were conducted by trained profes-
sionals, and participants were categorized into the fol-
lowing groups based on the dentition status (the number
of natural teeth):

« functional dentition (=20 teeth);
+ partial dentition (1-19 teeth);
« edentulism (0 teeth).

Additionally, denture use was recorded and classified
as “no denture use” or “partial/complete denture use”. All
oral examinations were conducted by trained professionals
according to a standardized protocol.?!

Based on the theoretical rationale and the existing
literature, the following covariates were included in the
analysis: age (per 5-year increase); sex (male/female); place
of residence (rural, urban with <50,000 residents, urban
with 50,000—200,000 residents, or urban with >200,000
residents); education level (primary/incomplete, voca-
tional, secondary/post-secondary or higher); body mass
index (BMI) (<18.5, 18.5-24.99 or >25.00); and self-
reported smoking status (current smoker, former smoker
or non-smoker).

Statistical analysis

Descriptive statistics were calculated for baseline char-
acteristics using unweighted data. Group comparisons
were performed using weighted y? tests for categorical
variables. Both unadjusted and multivariable-adjusted
logistic regression models were fitted. Sampling weights
from the PolSenior2 dataset were applied to ensure na-
tional representativeness.

Univariate logistic regression was used to assess crude
associations between dental status and the 2 primary
outcomes: (1) frailty, defined as a Fried score 23;
and (2) functional vulnerability, defined as a VES-13 score
>3. Variables that were statistically significant (p < 0.05)
in univariate analyses were included in the multivariable
regression models. Results were reported as odds ratios
(ORs) with 95% confidence intervals (95% CIs). A p-value

<0.05 was considered statistically significant. For categorical
variables, effect sizes were reported as Cramér’s V; with
thresholds of 0.1 (small), 0.3 (medium) and 0.5 (large). For
continuous variables compared using analysis of variance
(ANOVA), effect sizes were reported as eta squared (2),
with thresholds of 0.01 (small), 0.06 (medium) and 0.14
(large). All analyses were performed using R v. 3.6.3 sta-
tistical software (R Foundation for Statistical Computing,
Vienna, Austria; https://cran.mi2.ai) and SAS®9.4 TSIM5
(SAS Institute, Inc., Cary, USA).

Results

Table 1 presents the relationship between dental sta-
tus and frailty/functional vulnerability. A clear gradient
was observed across dentition categories. The prevalence
of frailty increased from 5.8% among individuals with
>20 teeth to 27.0% among edentulous individuals. Simi-
larly, the mean VES-13 score increased from 1.5 to 4.2
across these groups, indicating worsening functional status
with increasing tooth loss. The association with frailty
was of moderate strength, and a similar moderate effect
was observed for functional vulnerability as measured by
the VES-13.

Participants with functional dentition (>20 teeth) were
generally younger, more educated, and more likely to live in
large urban areas than those with partial dentition or eden-
tulism. For example, among individuals aged 60—64 years,
34.7% had =20 teeth, compared with only 15.9% among
edentulous individuals in the same age group. In contrast,
edentulism was most prevalent among those aged 85 years
and older (62.9-70.2%).

Higher education was strongly associated with bet-
ter dental status: 43.4% of participants with >20 teeth
had higher education, compared with only 14.0% in the
edentulous group. Edentulous individuals were also
more likely to reside in rural areas and had a mean BMI
of 29.1 kg/m? compared with 28.8 kg/m? among partici-
pants with >20 teeth. The partial dentition group repre-
sented the largest proportion across all smoking categories
(47.8% of current smokers, 50.6% of former smokers and
49.9% of non-smokers).

Table 1. Distribution of frailty status and Vulnerable Elders Survey-13 (VES-13) scores according to dental status in the study sample

Variable Functional dentition Partial dentition Edentulism
(=20 teeth) (1-19 teeth) (0 teeth)

non-frail (0 458 (40.5-51.2) 29.0(26.1-31.9) 15.7(12.7-18.7)
Fried frailty phenotype pre-frail (1-2) 48.4 (43.0-53.9) 57.0 (54.0-60.0) 57.3 (54.0-60.6)
frail (=3) 5.8(3.8-7.8) 14.0 (12.4-15.6) 27.0(24.5-29.5)
VES-13 score 1.50104-1.7) 25024-26) 2 (4.0-44)
) frailty status: x2, p < 0.001 VES-13: ANO\/A p < 0.001
Test/effect size Cramér's V= 0.20 (moderate) n?=0.11 (moderate) B

Data presented as percentage (95% confidence interval) (% (95% C))) for frailty results, and mean (95% confidence interval) (M (95% CI)) for the VES-13.
Effect size thresholds: small (n? = 0.01; Cramér's V = 0.1); moderate (n? = 0.06; Cramér's V = 0.3); large (n? = 0.14; Cramér's V = 0.5).

ANOVA - analysis of variance.
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Table 2 presents the associations between dental status,
denture use, and 2 indicators of vulnerability — frailty syn-
drome according to the Fried frailty phenotype and func-
tional vulnerability measured using the VES-13. Marked
differences in frailty status and functional vulnerability
were observed across dentition and denture use categories.
Among participants with 220 natural teeth, only 5.8% met
the criteria for frailty, and the mean VES-13 score was
the lowest (1.5, 95% CI: 1.4-1.7). In contrast, edentulous
individuals who were not using dentures had the highest
prevalence of frailty (46.0%, 95% CI: 36.6—55.4) and the
highest average VES-13 score of 6.1 (5.5—6.7). Denture use
was associated with better outcomes across all categories.
For example, among edentulous individuals, those using
dentures had a substantially lower prevalence of frailty
(24.9% vs. 46.0%) and better functional status, as reflected
by a lower mean VES-13 score (4.0 vs. 6.1). Similarly, among
those with 1-19 teeth, denture wearers presented a lower
prevalence of frailty (12.9% vs. 17.7%) and poorer functional
status. Effect size analyses indicated that the association
with frailty was of moderate strength, whereas the associa-
tion with functional vulnerability was large.

Univariate logistic regression analyses revealed a strong
associations of dental status with frailty and functional
vulnerability, as determined by the VES-13 (Table 3). Com-
pared with participants with functional dentition, indi-
viduals with 1-19 teeth had approx. 2.5-fold higher ORs,
and edentulous patients almost 7-fold higher ORs regard-
ing frailty and functional vulnerability. Among the other
covariates analyzed, age, sex, BMI, education level, and
smoking status were associated with both frailty and func-
tional vulnerability. Regarding place of residence, a statisti-
cally significant association was observed for frailty among
participants living in urban areas with <50,000 residents
compared with those living in cities with >200,000 resi-
dents. No significant associations with VES-13-defined
functional vulnerability were observed.

In multivariable logistic regression models that included
covariates significant in the univariate analyses, edentu-
lism was independently associated with significantly higher
odds of both frailty (OR = 1.47) and functional vulnerabil-
ity (OR = 1.38). Partial dentition (1-19 teeth) did not show
a significant association with either outcome. Increasing
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age was a strong predictor of both frailty (OR = 1.12) and
vulnerability (OR = 1.18) (p < 0.001). Male sex was associ-
ated with lower odds of frailty (OR = 0.60) and VES-13-
defined vulnerability (OR = 0.63). Lower education levels
were consistently associated with higher odds; individuals
with primary education had more than twice the odds
of both frailty and vulnerability compared to those with
higher education. Residence in rural areas was associated
with a reduced risk of frailty (OR = 0.65), but was not sig-
nificantly associated with VES-13-defined vulnerability.
Finally, smoking was not significantly linked to frailty but
was associated with higher odds of functional vulnerability
(OR = 1.31).

Discussion

This nationally representative study of older adults in
Poland demonstrates a robust association between edentu-
lism and increased odds of both physical frailty and func-
tional vulnerability, independent of sociodemographic and
clinical covariates. Participants with functional dentition
had the most favorable health profiles, whereas edentulous
individuals, especially those without dentures, showed the
highest prevalence of functional deterioration and vulnera-
bility. Effect size analyses indicated that these associations
were not only statistically significant but also clinically
meaningful. The relationship between dental status and
frailty showed a moderate effect (Cramér’s V = 0.20), as
did the relationship between dental status and functional
vulnerability (4% = 0.11), while the association between
dentition/denture use and functional vulnerability, as mea-
sured by the VES-13, was large (4% = 0.14).

Our findings are consistent with international studies
conducted in the UK, China and Brazil, which have re-
ported higher frailty rates among older adults with few
teeth and no dentures than among those retaining func-
tional dentition.??726 By confirming these associations in
a Central European population, our study adds important
regional evidence to the existing literature.

Tobacco smoking is a well-established risk factor for
periodontal disease and tooth loss, contributing to poor
oral health outcomes and compounding the effects

Table 2. Distribution of frailty status and Vulnerable Elders Survey-13 (VES-13) scores according to dentition and denture use in the study sample

>20 teeth/not applicable 46.0 (40.6-51.4) 482 (42.8-53.7) 58(3.8-7.8) 1.50.4-1.7)
1-19 teeth/no denture use 21.9(17.1-26.8) 60.3 (54.3-66.3) 17.7 (13.7-21.8) 2.3 (2.2-25)
1-19 teeth/denture use 31.1(27.9-34.3) 56.0 (52.6-59.4) 129 (11.1-14.8) 3.2(2.9-35)
Edentulous/no denture use 7.6(3.2-12.0) 464 (36.3-56.5) 46.0 (36.6-55.4) 6.1 (5.5-6.7)
Edentulous/denture use 16.6 (13.3-19.8) 585 (55.1-61.9) 249 (223-27.6) 40 (3.8-4.3)
Test/effect size Crfarillg’ss t\jt:u ?))2(? fn:o%ggte) e 1n32: :A ,(\)‘(1) 21/A(I’z:1€g<e)oom

Data presented as % (95% Cl) for frailty results, and M (95% C/) for the VES-13. Effect size thresholds: small (? = 0.01; Cramér’s V = 0.1); moderate (7 = 0.06;

Cramér's V= 0.3); large (n> = 0.14; Cramér's V = 0.5).
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Table 3. Logistic regression analyses of the associations of dental status and sociodemographic and health-related factors with frailty and functional
vulnerability in older adults (PolSenior2)

VES-13
score >3
OR (95% CI)

VES-13
score >3
AOR (95% Cl)

Frailty

Frailty

Variable AOR (95% Cl)

OR (95% Cl)

>20 teeth (ref) - - - - - - - -
234 . 132 242 . 105
Dentition =i 179-306) P07 0oo176 0% oaasry OO (ggsiag 063
. 522 . 147 . 6.09 . 138 .
edentulism woossn 0001 ggon 001ST i <0001F P 0006
A 113 . 112 . 118 . 118 .
Age (per 5-year increase) (112-1.14) <0.001 (1.11-1.13) <0.001 (117-120) <0.001 (117-1.19) <0.001
098 060 . 080 . 063 .
sex (male) 087-112 %819 050072 00T 07008y OOV (gs4073y <000
urban, >200,000 residents (ref) - - - - - - - -
. 089 081 102
) urban, 50,000-200000residents (o 0240 B 0088 oot 0829 - -
ace
of residence . 0.82 o 0.76 & 091 _ _
urban, <50,000 residents (068-0.99) 0.038 (0.60-0.96) 0.020 (078-1.06) 0.226
090 065 . 111
rural 076-107)  9?®  s0-080 POV gg7o12g O - -
higher (ref) = - - _ _ _ _ _
110 143 . 114 145 .
secondary 087-138) %% osmisg 00T oraizs) 0121 (gsggy 000
Education 1.10 175 1.07 185
vocational 0s7-140 %% 30239 T oo-129 O (as2zy <00
A 292 . 208 . 412 . 249 .
primary Q34369 OO 57077 PO gasggs OOV (15347 <O
18.5-24.99 (ref) - - - - - - - -
219 . 154 219 . 155
BMI <185 130-369) 299" os3ase %13 20372 9% gre316 02
(kg/m?]
083 . 107 088 . 114
Ry 071-096) 9% (so128 %% zsmiog 9% (0ge-13s 01
non-smoker (ref.) - - - - - - - -
A 075 . 096 069 . 102
;r:tc;l;mg former smoker (0.65-0.86) <0.001 081-1.13) 0.634 062-077) <0.001 (087-1.19) 0.852
050 . 110 047 . 131 .
current smoker (040-063) <0.001 (0.83-147) 0.503 (0.40-056) <0.001 (1.04-165) 0.023

Values are presented as odds ratios (ORs) and adjusted odds ratios (AORs) with 95% Cls from univariable and multivariable logistic regression models for physical
frailty (Fried score >3) and functional vulnerability (VES-13 score >3); * statistically significant (p < 0.05); BMI — body mass index; ref. - reference category.

of edentulism on overall health and frailty.?”?® Tooth loss
compromises mastication and limits dietary variety, reduc-
ing the intake of fruits, vegetables and protein-rich foods
— factors linked to malnutrition, sarcopenia and impaired
immune function, all of which are relevant to frailty.?°-3!
Inflammatory processes associated with oral disease may
further contribute to systemic aging, and recent evidence
indicates that periodontal parameters such as the gin-
gival index (GI) and clinical attachment level (CAL) are
significantly associated with mild cognitive impairment
in adults aged =55 years, independent of education level
or sex.323% Chronic diseases may further exacerbate oral
health deterioration in older adults. For example, patients
with Parkinson’s disease are at increased risk of tooth wear,
which is associated with impaired quality of life, bruxism

and temporomandibular disorders.3* Moreover, salivary
biomarkers have been investigated as potential predic-
tors of systemic aging and frailty, linking oral and general
health through biological pathways.3> The psychosocial
impact of edentulism, including impaired speech, social
withdrawal and reduced self-esteem, may also contribute
to functional decline.?*-3% Chronic pain, which dispro-
portionately affects older adults, may interact with oral
disease, further reducing quality of life and accelerating
functional decline.®

Denture use appeared to attenuate the observed risks of
both physical frailty and functional vulnerability. Among
edentulous participants, individuals who did not use den-
tures had the highest prevalence of frailty and a higher
VES-13 score (6.1) than denture users (4.0). The apparent



discrepancy between the prevalence of frailty and VES-13-
defined vulnerability likely reflects differences between
the tools. The Fried frailty phenotype captures objective
deficits, while the VES-13 emphasizes subjective health
and independence. Similar findings from Asia support the
beneficial role of prosthetic rehabilitation.*® Nonetheless,
denture users had less favorable outcomes than those with
natural dentition, underscoring the importance of tooth
retention as a primary goal for healthy aging.*!

Male sex was inversely associated with frailty and func-
tional vulnerability. This may reflect a combination of bio-
logical resilience and behavioral differences, such as men’s
tendency to underreport limitations, which can influence
self-reported measures like the VES-13.42

Finally, frailty and functional vulnerability were, as ex-
pected, related to sociodemographic factors such as age,
BMI and education, supporting the contribution of both
biological and social determinants to age-related vulner-
ability.*® Lower education was strongly associated with
both frailty and functional vulnerability, underlining the
importance of social determinants and health literacy in
late-life trajectories. Rural and small-town residence ap-
peared to be associated with lower odds of frailty, which
may reflect greater physical activity or traditional dietary
patterns, although further research is required. The BMI
showed a complex pattern, consistent with the so-called
“obesity paradox”, in which underweight was linked to
higher vulnerability, whereas overweight did not increase
the odds after adjustment.**

Strengths and limitations

This study is among the first in Central Europe to
investigate the relationship between dental status and
frailty/functional vulnerability using a large, nationally
representative dataset of older adults. The combined
application of the Fried frailty phenotype and the VES-13
provided a multidimensional perspective, capturing both
objective deficits and self-reported vulnerability.

Nevertheless, several limitations should be noted. First,
the cross-sectional design precludes causal inference, and
longitudinal studies are needed to clarify the temporal
sequence of the observed associations. Second, comorbidi-
ties were not included in the analyses, and these may have
confounded the observed associations. Third, important
clinical variables such as denture fit, prosthesis type and
masticatory performance were not captured, limiting the
ability to assess the protective role of prosthetic rehabilita-
tion. Fourth, dietary intake and physical activity were not
directly assessed, although they represent key pathways
linking oral health to frailty and disability. Fifth, some
variables were based on self-reported data, which may have
introduced recall or reporting bias. Although regression
models were adjusted for sex, education and place of resi-
dence, unequal group sizes may have introduced residual
confounding.

D. Pyliniska-Dabrowska et al. Dental status and frailty in older adults

Conclusions

This study demonstrates that edentulism is a strong
and independent predictor of both physical frailty and
functional vulnerability in older adults. The associa-
tions persisted after adjustment for key demographic
and clinical factors, highlighting the role of oral health
as a critical, yet often overlooked, determinant of aging
outcomes. Denture use appears to be correlated with
more favorable outcomes but does not fully compensate
for the loss of natural dentition. Given the high preva-
lence of tooth loss in aging populations, oral health as-
sessments should be integrated into geriatric screening
protocols, and efforts to promote lifelong oral care and
access to prosthetic rehabilitation should be prioritized
in public health strategies.
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