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Abstract
Background Oral health has been associated with general health conditions, but few longitudinal studies evaluated 
the effect of dentition status on gait speed.

Objective This study aimed to investigate the longitudinal association between different time-varying measures of 
dentition status (i.e., number of teeth, the presence of periodontal pockets and the functional impact of oral health) 
and gait speed (outcome) in older Brazilian adults.

Materials and methods This was a prospective study using data from the Health, Well-being and Aging cohort 
study (SABE) from 2006, 2010 and 2015. The gait speed was the dependent variable and the independent variables of 
interest were dentition status evaluated using the number of teeth, use of dental prostheses, presence of periodontal 
pocket, clinical attachment loss and self-perceived poor functional oral health. Dentition status measures were 
obtained through clinical oral examinations, performed by trained dentists using standardized criteria proposed by 
the World Health Organization. Self-perceived poor functional oral health was evaluated using the functional domain 
of the Geriatric Oral Health Assessment Index. The longitudinal effect of dentition status on gait speed was evaluated 
using mixed-effects linear models. The effect of the number of teeth/periodontal pocket/attachment loss on gait 
speed change over time was evaluated by including an interaction term between these variables. The effect of 
periodontal pocket was tested only among dentate individuals.

Results Data for the complete sample included 3,306 observations from 1,964 individuals. The analyses for dentate 
individuals included 1,883 observations from 1,149 individuals. There was a positive association between the number 
of teeth and mean gait speed. Individuals using dental prostheses also had higher means of gait speed than those 
without dental prostheses. Gait speed was lower among individuals with periodontal pockets and with attachment 
loss. No interaction was found between any of the indicators of dentition status and time.

Conclusion Gait speed was associated with dentition status and this association was constant over time.
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Introduction
Maintaining physical performance is essential for inde-
pendence as people age [1]. The gait speed is an impor-
tant measure in assessing geriatric syndromes, as it is a 
marker of functional decline and general health status 
[2–5]. Declines in gait speed have been associated with 
an increased risk of falls [3], limitation in performing 
activities of daily living [2, 6–8] and mortality [9–11]. As 
a result, identifying factors that can predict a decline in 
gait speed is essential for public health.

Normal gait speed is expected to decline with age, slow-
ing by a decade among males, 50 or more years old, and 
females 30 years or older [12]. The presence of chronic 
conditions, such as cognitive decline [13], are also known 
to be associated with gait speed decline. In addition, cog-
nitive performance has been found to interact with age 
and increase the rate of declines in older adults [14].

Impaired oral health has been suggested as an indica-
tor of general health decline due to its direct relation-
ship with essential functions such as eating, breathing, 
and speaking [15]. Reduced masticatory ability limits 
food choices and nutrition [16–19] and, together with 
the infection and inflammation resulting from periodon-
tal disease, might contribute to functional decline and 
increase the risk of systemic diseases, such as cardiovas-
cular disease and diabetes [20–23]. Periodontal disease 
can lead to low-grade systemic inflammation. Individu-
als with severe disease have been found to exhibit higher 
levels of pro-inflammatory mediators and an increased 
number of neutrophils in the blood [24].

The association between oral health conditions (expo-
sure) and gait speed (outcome) has mostly been investi-
gated through cross-sectional studies [25–30]. However, 
only few longitudinal studies have shown that partial 
[31] and complete tooth loss [31, 32], lack of posterior 
occlusal support [33] and poor periodontal status [34] at 
baseline predicted lower gait speed. Out of these stud-
ies, only two had clinically assessed oral health measures 
[33, 34]. In addition, only a single study [34] has evalu-
ated the longitudinal association between gait speed and 
multiple oral health measures, including subjective eval-
uation, such as self-rated oral health and perceived dif-
ficulty in eating or chewing. These subjective measures 
complement clinical measures as they reflect the indi-
viduals’ perceptions and judgment regarding their health 
and how oral health affects functional and psychosocial 
well-being [35–38]. Except for one study [34], the effect 
of changing oral health status has not been fully explored. 
Moreover, few investigations evaluated the role of inflam-
matory biomarkers in the association between oral health 
and gait speed, being the evidence inconclusive [31, 32, 
34].

Given the high prevalence of dental impairment and 
periodontal disease and the cumulative nature of tooth 

loss throughout life [15], oral health is an important 
indicator for healthy aging. Therefore, this study aims to 
investigate the longitudinal association between different 
time-varying measures of dentition status (i.e., number of 
teeth, the presence of periodontal pockets and the func-
tional impact of oral health) and gait speed (outcome) in 
older Brazilian adults. The study hypothesis was that the 
lower number of teeth and periodontal disease are asso-
ciated with a reduced gait speed.

Methods
This was a prospective study using data from the Health, 
Well-being and Aging cohort study (SABE). SABE started 
in 2000, as a multicenter study in seven urban cities in 
Latin America and the Caribbean. In Brazil, the study 
was conducted in the City of São Paulo with waves con-
ducted in a five-year approximate interval (2006, 2010 
and 2015). The sample was representative of the commu-
nity-dwelling older adults aged 60 years and over living in 
the urban region of São Paulo city, Brazil. The sample was 
recruited using two-stage stratified random sampling. 
The census track was the first stage and the household 
was the second. In every wave, all participants that were 
located were reinterviewed and a new sample of individ-
uals aged 60–64 was included to keep the representative-
ness of this age group.

The initial sample in 2000 was created using a two-
stage stratified random sampling method (census tract 
and household), based on the geographic regions defined 
by the 1995 National Household Survey. To address the 
higher mortality rate and lower likelihood of being sam-
pled among individuals aged 75 and older, an additional 
sample from this age group was included. In 2000, a total 
of 2,143 older adults were interviewed. In 2006, 1,115 
participants were re-interviewed, and 298 individuals 
aged between 60 and 64 were added using probabilistic 
randomized sampling to maintain the representativeness 
of this age group, resulting in a sample of 1,413 individu-
als. In 2010, 915 elderly participants were re-interviewed, 
and a new sample of 355 older adults aged 60–64 was 
incorporated, totaling 1,333 interviews. In 2015, the 
sample included 838 re-interviewed participants and 386 
new individuals aged 60 to 64, bringing the total to 1,224 
individuals. All interviews were conducted in the partici-
pants’ homes. A detailed description of the study design 
and sampling can be found elsewhere [39]. Supplemental 
Fig. 1 illustrates the study sample included in each wave.

SABE study was approved by the Ethics in Research 
Committee of the School of Public Health of the Uni-
versity of São Paulo (protocol: wave 2006 = 1,345; wave 
2010 = 2,044, wave 2015 = 47683115.4.0000.5421). Writ-
ten informed consent from all the participants was 
obtained at the time of each interview.
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The current study used data from the second, third and 
fourth SABE waves as clinical oral health measures were 
not assessed in the first wave. Only individuals with com-
plete data for all variables of interest were analyzed in the 
present study, resulting in 1165 individuals in 2006, 1129 
in 2010 and 1012 in 2015.

Dependent variable
Gait speed was evaluated as the time taken to walk a 
distance of three meters [40]. Participants took the test 
twice and were asked to walk the course at their nor-
mal walking speed. The shortest walking time was used 
to calculate gait speed in meters per second (distance in 
meters/time to walk the distance in seconds). The walk-
ing time was measured using a stopwatch. Gait speed was 
evaluated in every wave and treated as a repeated con-
tinuous variable.

Independent variables of interest
Dentition status was evaluated using the number of 
teeth (none, 1–10, 11–19, 20 or more) [41], use of den-
tal prostheses [removable or fixed bridges] (no, yes) [42], 
presence of periodontal pocket ≥ 4  mm (no, yes), clini-
cal attachment loss ≥ 4  mm (no, yes) and self-perceived 
poor functional oral health (no, yes). The number of 
teeth, periodontal pocket and use of dental prostheses 
were obtained through clinical oral examinations, per-
formed by trained dentists using standardized criteria 
defined by the World Health Organization [42]. The oral 
health examinations were performed at the participants’ 
homes in a place with the maximum illumination from 
artificial light. Subjects were examined seated in a chair 
or, in the case of home-bound individuals, in their usual 
resting place. Periodontal pockets were measured using 
the Community Periodontal Index (CPI). The protocol 
involves examining ten specific index teeth (17, 16, 11, 
26, 27, 47, 46, 31, 36, 37) across six mouth sextants using 
a specialized WHO periodontal probe with a 0.5 mm ball 
tip. Only six measurements are recorded, one for each 
sextant, based on the highest score observed within that 
sextant [42].

Self-perceived poor functional oral health was evalu-
ated using the functional domain of the Geriatric Oral 
Health Assessment Index [43]. This instrument consists 
of 12 items selected to assess oral health–related prob-
lems in three dimensions: physical function, psychosocial 
function and pain or discomfort. The physical function 
domain includes four questions related to concerns about 
eating, speech, swallowing and speaking due to problems 
with teeth or dentures. The questions were answered 
using a 5-point Likert scale. Participants were asked how 
often they had experienced such problems in the previ-
ous 12 months: always, often, sometimes, seldom, or 
never. Participants reporting always or often to one or 

more questions were classified as having poor functional 
oral health.

Covariates
The following covariates were included in the analy-
ses: sociodemographic (age at baseline [age at the time 
the participant started to contribute in the study], sex 
and schooling years); behavioral factors (smoking status 
[no, yes, former], physical activity [no, yes] and alcohol 
intake [no, yes/ without risk for alcoholism, yes/ with 
risk for alcoholism]); general health (hypertension [no, 
yes], diabetes [no, yes], cardiovascular disease [no, yes], 
stroke [no, yes], cognitive performance, Body Mass Index 
[weight (kg)/height (m [2])]).

Participants were considered physically active if they 
reported at least 150 min of moderate or vigorous activi-
ties per week or 75  min of vigorous activity per week 
[44]. The International Physical Activity Questionnaire 
(IPAQ) was used to evaluate this measure [45]. Cognitive 
performance was assessed using an abbreviated Mini-
Mental State Examination (MMSE) version. This instru-
ment was specifically elaborated for the SABE study in 
its baseline, by Icaza and Albala [46], and used by all par-
ticipating countries. Individuals reporting the use of alco-
hol answered the Short Michigan Alcoholism Screening 
Test and were classified as use with or without risk for 
alcoholism [47]. Chronic diseases were evaluated based 
on a self-report of a previous diagnosis by a physician or 
nurse.

Data analysis
A descriptive analysis of all variables in each wave was 
conducted, followed by the distribution of the outcome 
based on the independent variables of interest. The lon-
gitudinal effect of dentition status on gait speed was 
evaluated using mixed-effects linear models with three 
repeated assessments (level 1) nested within participants 
(level 2). The year of each assessment (2006, 2010 and 
2015) was used as the time indicator centered on 2010. 
The likelihood-ratio test was used to test the model with 
a random effect on time against the one without ran-
dom effect on time. The coefficients for time were esti-
mated as random effects in the models using the data 
for the three waves, allowing for individual variations in 
baseline gait speed (intercept) and the rate of change in 
gait speed over time (slope). The coefficients for other 
predictors were estimated as fixed effects. All variables, 
except for age at baseline and sex, were included as time-
varying predictors. The models were fitted with unstruc-
tured covariance. The final models were adjusted for BMI 
to evaluate a possible mediation effect. The effect of the 
number of teeth/periodontal pocket/attachment loss on 
gait speed change over time was assessed by including an 
interaction term between these variables. The effect of 
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periodontal pocket was tested only among dentate indi-
viduals. All analyses were done using Stata software 18.0.

Since blood samples were available only for the third 
(2010) and fourth (2015) waves we did supplemental 
analyses using these two waves also to test the effect of 
C-reactive protein (CRP) (mg/l) and albumin (g/dl) on 
the associations between dentition status and gait speed.

Results
Data for the complete sample included 3,306 observa-
tions from 1,964 individuals. Of these, 347 had data on 
three waves, 648 had data on two waves and 969 had 
data on one wave. The mean age was about 73.0 years 
in 2006, 72.2 in 2010 and 70.3 in 2015. Most of the par-
ticipants were women in all waves. Mean gait speed was 
0.75 m/s, 0.76 m/s and 0.74 m/s in 2006, 2010 and 2015, 
respectively. The proportion of individuals with 20 + teeth 
was 13.4% in 2006 and 21.0% in 2015. In all the waves, 
edentulism affects the higher proportion of the sample. 
Poor functional dentition was reported by 33% of partici-
pants in the first and second waves and 23% in the third 
(Table 1).

In each wave, mean gait speed was higher among indi-
viduals with any teeth and no poor functional oral health 
than in edentulous or individuals with poor functional 
oral health, respectively. No differences in the mean gait 
speed were found regarding the presence of periodontal 
pockets (Table 2).

The intraclass correlation coefficient (ICC) of the null 
model showed that about 44% of the variation in the out-
come was explained by between-individual differences. 
Unadjusted and adjusted models for the association 
between dentition status and gait speed over time for the 
total sample are presented in Table 3. The fully adjusted 
model for the total sample (Table 3, Model 4) showed a 
positive association between the number of teeth and 
mean gait speed. Individuals in any of the teeth catego-
rizations and using dental prostheses had higher means 
of gait speed than edentulous and those without dental 
prostheses. Gait speed was 0.019 m/s lower among par-
ticipants with poor functional oral health than those with 
good. There was no attenuation on the coefficients for 
indicators of dentition status after adjustment for BMI 
(Model 4). Gait speed decreased by about 0.011  m/s in 
the adjusted models. No interaction was found between 
any of the indicators of dentition status and time, sug-
gesting that the effect of the number of teeth, use of den-
tal prostheses and poor functional oral health on gait 
speed was constant in each wave (p-value for the inter-
action: number of teeth = 0.765; use of dental prosthe-
ses = 0.853; functional oral health = 0.806).

The association between periodontal pockets adjusted 
for other measures of dentition status and covariates was 
evaluated among dentate individuals (Table  4). These 

analyses included 1,883 observations from 1,149 indi-
viduals. Of them, 187 had three waves, 360 had two and 
602 had one. The null model’s intraclass correlation coef-
ficient (ICC) showed that about 41% of the variation in 
the outcome was explained by between-individual dif-
ferences. Gait speed was lower among individuals with 
attachment loss [-0.030 (-0.049; -0.010)]. BMI adjustment 
did not affect the magnitude of the association between 
attachment loss and gait speed. No interaction was found 
between periodontal pocket and time (p-value for the 
interaction term 0.436) and between attachment loss and 
time (p-value for the interaction term 0.350).

In the supplemental analyses for the total sample, 
using data from 2010 to 2015 (Supplementary Table 1), 
the effect of oral health measures did not attenuate after 
adjustment for the biomarkers (i.e., C-Reactive Pro-
tein and Albumin) and BMI. In the adjusted model, the 
number of teeth and the use of dental prostheses were 
positively associated with gait speed. Older adults with 
1–10, 11–19 or 20 + teeth had 0.020 m/s, 0.044 m/s and 
0.039  m/s higher gait speed than edentulous. Individu-
als with poor functional oral health had on average lower 
gait speed. Among dentate individuals (Supplemen-
tary Table 2), older adults with periodontal pockets and 
attachment loss had lower gait speed than those with-
out (-0.027 [95% CI -0.049; -0.006] and − 0.026 [95% CI 
-0.047; -0.005], respectively).

Discussion
This study evaluated the longitudinal association between 
dentition status and gait speed in older adults. Our find-
ings suggest a negative association between impaired 
dentition status and gait speed which was constant over 
time.

In our study, associations were more consistently found 
in the full sample (dentate plus edentate) than in the den-
tate sample. The use of dental prostheses and poor func-
tional dentition were not associated with gait speed in 
the dentate sample. This might be related to the composi-
tion of the full sample, which had a higher proportion of 
edentulous individuals. However, this finding highlights 
that complete tooth loss is the worst dentition status for 
an individual and emphasizes the added value of com-
plete removable dentures for edentate adults.

Similar to the current findings, among individuals 60 
and older participating in the English Longitudinal Study 
of Aging (ELSA), edentulous individuals were slower 
than dentate ones. However, no association was found 
for incident reduced walking speed [32]. In the strati-
fied analyses the association was significant only among 
those aged 60–74 years [32]. On the contrary, among 
Japanese older adults, aged 79–81 years, the posterior 
occlusal support was associated with the incidence of a 
reduced walking speed [33]. Kimble et al. [34] evaluated 
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Table 1 Distribution of the sample according to the study variables in each wave (unweighted estimates)
Wave 2 (2006) (n = 1165) Wave 3 (2010) (n = 1129) Wave 4 (2015) (n = 1012)
% (95% CI) % (95% CI) % (95% CI)

Age (mean, SD) 73.0 (8.8) 72.2 (9.2) 70.3 (8.1)
Sex
 Male 37.9 (35.2; 40.8) 36.1 (33.4; 39.0) 35.0 (32.1; 38.0)
 Female 62.1 (59.2; 64.8) 63.9 (61.0; 66.6) 65.0 (62.0; 67.9)
Schooling (mean, SD) 4.2 (4.0) 4.8 (4.1) 6.1 (4.7)
Smoke
 No 54.7 (51.8; 57.5) 51.9 (49.0; 54.8) 49.9 (46.8; 53.0)
 Yes 10.5 (8.8; 12.4) 10.9 (9.2; 12.9) 12.6 (10.7; 14.8)
 Former 34.8 (32.2; 37.6) 37.2 (34.4; 40.1) 37.5 (34.5; 40.5)
Alcohol
 No 72.4 (69.8; 74.9) 70.5 (67.8; 73.1) 69.5 (66.6; 72.2)
 Yes, no risk 22.5 (20.2; 25.0) 26.5 (24.0; 29.1) 28.6 (25.9; 31.4)
 Yes, with risk 5.1 (3.9; 6.5) 3.0 (2.2; 4.2) 2.0 (1.3; 3.0)
Physical activity
 No 42.3 (39.5; 45.2) 60.7 (57.8; 63.5) 58.4 (55.3; 61.4)
 Yes 57.7 (54.8; 60.5) 39.3 (36.5; 42.2) 41.6 (38.6; 44.7)
Hypertension
 No 36.5 (33.8; 39.3) 30.5 (27.9; 33.2) 30.9 (28.2; 33.8)
 Yes 63.5 (60.7; 66.2) 69.5 (66.8; 72.1) 69.1 (66.2; 71.8)
Diabetes
 No 80.5 (78.1; 82.7) 73.2 (70.5; 75.7) 70.5 (67.6; 73.2)
 Yes 19.5 (17.3; 21.9) 26.8 (24.3; 29.5) 29.5 (26.8; 32.4)
Cardiovascular disease
 No 76.5 (74.0; 78.8) 74.0 (71.3; 76.4) 73.5 (70.7; 76.1)
 Yes 23.5 (21.2; 26.0) 26.0 (23.6; 28.7) 26.5 (23.9; 29.3)
Stroke
 No 92.6 (91.0; 94.0) 92.4 (90.7; 93.8) 93.9 (92.2; 95.2)
 Yes 7.4 (6.0; 9.0) 7.6 (6.2; 9.3) 6.1 (4.8; 7.8)
Cognitive performance (mean, SD) 15.8 (3.7) 16.1 (3.3) 16.0 (3.0)
BMI (mean, SD) 26.5 (5.0) 28.1 (5.2) 28.5 (5.4)
Gait speed (mean, SD) 0.75 (0.29) 0.76 (0.23) 0.74 (0.21)
Number of teeth
 0 50.2 (47.3; 53.1) 42.6 (39.7; 45.5) 35.3 (32.4; 38.3)
 1–10 24.1 (21.7; 26.7) 24.8 (22.4; 27.4) 26.2 (23.6; 29.0)
 11–19 12.3 (10.5; 14.3) 15.1 (13.1; 17.3) 17.5 (15.3; 20.0)
 20+ 13.4 (11.6; 15.5) 17.5 (15.4; 19.9) 21.0 (18.6; 23.7)
Use of dental prostheses
 No 18.3 (16.2; 20.6) 21.1 (18.8; 23.6) 21.8 (19.4; 24.5)
 Yes 81.7 (79.4; 83.8) 78.9 (76.4; 81.2) 78.2 (75.5; 80.6)
Periodontal pocket*
 No 82.6 (79.3; 5.5) 63.1 (59.3; 66.8) 54.0 (50.2; 57.8)
 Yes 17.4 (14.5; 20.7) 36.9 (33.2; 40.7) 46.0 (42.2; 49.8)
Attachment loss*
 No 35.3 (31.6; 39.3) 43.8 (40.0; 47.7) 42.0 (38.3; 45.8)
 Yes 64.7 (60.7; 68.4) 56.2 (52.3; 60.0) 58.0 (54.2; 61.7)
Poor Functional oral health
 No 66.2 (63.4; 68.8) 67.4 (64.6; 70.1) 76.9 (74.2; 79.4)
 Yes 33.8 (31.2; 36.6) 32.6 (29.9; 35.4) 23.1 (20.6; 25.8)
*Estimation for dentate individuals
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this association in two cohort studies of older adults 
(aged 70 years or older), including men from the British 
Regional Heart Study (BRHS), and men and women from 
the Health, Aging and Body Composition (Health ABC) 
in the USA. The presence of periodontal pocket was the 
only baseline oral health measure associated with inci-
dent reduced gait speed at the BRHS. In both cohorts, 

changes in dentition status between baseline and follow-
up were not associated with incident reduced gait speed. 
On the other hand, among older adults (60 and older) 
from the Swedish National Study on Aging and Care in 
Kungsholmen (SNAC-K) [31] a significant interaction 
between baseline tooth loss (a combination of own teeth 

Table 2 Gait speed by oral health measures for the total sample
Wave 2 (2006) Wave 3 (2010) Wave 4 (2015)

Mean (SD) Mean (SD) Mean (SD)
Number of teeth
 0 (reference) 0.70 (0.29) 0.69 (0.23) 0.68 (0.21)
 1–10 0.76** (0.26) 0.78*** (0.23) 0.74*** (0.21)
 11–19 0.82*** (0.28) 0.81*** (0.22) 0.79*** (0.21)
 20+ 0.87*** (0.30) 0.86*** (0.21) 0.81*** (0.20)
Use of dental prostheses
 No 0.78 (0.30) 0.78 (0.23) 0.77 (0.22)
 Yes 0.75 (0.29) 0.76 (0.24) 0.73* (0.21)
Periodontal pocket†

 No 0.81 (0.28) 0.81 (0.23) 0.78 (0.22)
 Yes 0.79 (0.26) 0.81 (0.22) 0.78 (0.19)
Attachment loss†

 No 0.82 (0.25) 0.83 (0.24) 0.78 (0.21)
 Yes 0.80 (0.29) 0.79* (0.22) 0.77 (0.21)
Poor functional oral health
 No 0.78 (0.29) 0.79 (0.23) 0.75 (0.21)
 Yes 0.71** (0.28) 0.69*** (0.24) 0.71* (0.21)
†Estimation for dentate individuals

*p < 0.05, **p < 0.01, p < 0.001

Table 3 Longitudinal association between oral health and gait speed for the total sample (3,306 observations from 1,964 individuals)
Fixed effects Model 1 Model 2 Model 3 Model 4

Coef. (95%CI) Coef. (95%CI) Coef. (95%CI) Coef. (95%CI)
Number of teeth (ref. = 0)
 1–10 0.071*** (0.048; 0.093) 0.021* (0.001; 0.041) 0.023* (0.003; 0.043)
 11–19 0.118*** (0.092; 0.144) 0.051*** (0.026; 0.075) 0.053*** (0.028; 0.078)
 20+ 0.151*** (0.126; 0.176) 0.047** (0.019; 0.075) 0.047* (0.019; 0.075)
Use of dental prostheses (ref. = no)
 Yes -0.032** (-0.054; -0.010) 0.026* (0.004; 0.048) 0.024* (0.002; 0.046)
Poor functional oral health (ref. = no)
 Yes -0.053*** (-0.071; -0.036) -0.019* (-0.035; -0.004) -0.020* (-0.036; -0.004)
Time -0.006*** (-0.008; -0.004) -0.011 *** (-0.013; -0.009) -0.011*** (-0.013; -0.009)
Random effects
 Time slope variance 0.000 (0.000; 0.001) 0.000 (0.000; 0.001) 0.000 (0.000; 0.001)
 Time intercept variance 0.025 (0.022; 0.029) 0.016 (0.014; 0.019) 0.015 (0.013; 0.018)
 Covariance slope-intercept -0.002 (-0.003; -0.002) -0.002 (-0.002; -0.001) -0.002 (-0.002; -0.001)
 Residual variance 0.032 (0.029; 0.035) 0.026 (0.024; 0.029) 0.027 (0.024; 0.029)
 ICC† 0.443 (0.394; 0.494)
*p < 0.05, **p < 0.01, p < 0.001
†Intraclass Correlation Coefficient

Model 1 = Null model

Model 2 = unadjusted

Model 3 - Model adjusted for age at baseline and time-varying covariates (sex, schooling, hypertension, diabetes, cardiovascular, disease, stroke, smoke, alcohol, 
physical activity, cognitive performance)

Model 4 = Model 3 + time-varying BMI
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with the use of dental prostheses) and time was observed 
[31].

The mechanism underlying the association between 
clinical oral health measures and gait speed remains elu-
sive. The lack of interaction between dentition status and 
time in the present study suggests that the effect of oral 
health on gait speed may be more related to long-term 
than immediate changes. This prompts further explora-
tion into potential mediating pathways such as the role 
of balance, nutritional factors, or other unexplored vari-
ables that have been deemed as both the consequence 
of impaired oral health [17, 28, 48] and the contribut-
ing factors to a reduced gait speed [28, 49–51]. In addi-
tion, the negative effect on gait speed found for clinical 
attachment loss but not periodontal pockets underscores 
potential long-term influences. This is because clini-
cal attachment loss is a cumulative measure of disease 
whereas periodontal pocketing reflects active current 
disease. There is a need to further explore the previously 
reported inflammatory pathway [31]. Further studies 
should explore the severity of periodontal conditions and 
specific biomarkers of inflammation.

In our study, there were no changes in the magnitude of 
the associations for all dentition status coefficients after 
adjustment for CRP. This finding corroborates the ones 

from Kimble et al., using plasma concentration of Il-6 
[34], and Tsakos et al., using CRP, although the latter only 
had information for self-reported edentulism [32]. Unlike 
this, Welmer et al. found that the gradient difference in 
walking speed decline by baseline tooth loss status was 
attenuated and no longer significant after adjusting for 
CRP. However, as the authors pointed out, the associa-
tion remains inconclusive since the differences in point 
estimates for the groups did not differ much between the 
model adjusted for CRP and the model without adjust-
ment for CRP [31]. Although, most of the studies did not 
assess periodontal conditions they suggested that denture 
stomatitis [32] and tooth loss [31] could be sources of 
oral inflammation. In the case of tooth loss, the authors 
argued that it is an indirect marker of previous and cur-
rent periodontal disease [31]. Concerning the present 
study, it is also worth noting that the prevalence of severe 
tooth loss in our sample is high, limiting the evaluation of 
periodontal disease.

We have identified several strengths in our study, 
including its longitudinal design which enables us to 
examine associations over time, and our use of a com-
prehensive set of clinical and self-reported measures 
of dentition status and covariates. However, we also 
acknowledge some limitations, such as the potential for 

Table 4 Longitudinal association between oral health and gait speed among individuals with teeth (1,883 observations from 1,149 
individuals)
Fixed effects Model 1 Model 2 Model 3 Model 4

Coef. (95%CI) Coef. (95%CI) Coef. (95%CI) Coef. (95%CI)
Number of teeth (ref. = 1–10)
 11–19 0.047** (0.019; 0.074) 0.035** (0.009; 0.061) 0.035** (0.009; 0.062)
 20+ 0.080*** (0.053; 0.107) 0.031* (0.001; 0.060) 0.029 (-0.001; 0.058)
Use of dental prostheses (ref. = no)
 Yes -0.007 (-0.031; 0.017) 0.021 (-0.003; 0.046) 0.020 (-0.004; 0.045)
Poor Functional oral health (ref. = no)
 Yes -0.050*** (-0.074; -0.027) -0.021 (-0.042; 0.001) -0.021 (-0.043; 0.000)
Periodontal pocket (ref. = no)
 Yes -0.008 (-0.030; 0.013)
Attachment loss (ref. = no) -0.025* (-0.046; -0.004) -0.030** (-0.050; -0.010) -0.030** (-0.049; -0.010)
 Yes
Time -0.007*** (-0.010; -0.004) -0.010*** (-0.013; -0.007) -0.010*** (-0.013; -0.007)
Random effects
 Time slope variance 0.000*** (0.000; 0.001) 0.000 (0.004; 0.012) 0.000 (0.000; 0.001)
 Time intercept variance 0.022** (0.018; 0.026) 0.015 (0.012; 0.019) 0.015 (0.012; 0.018)
 Covariance slope-intercept -0.002*** (-0.002; -0.001) -0.001 (-0.002; -0.001) -0.001 (0.002; -0.001)
 Residual variance 0.032** (0.028; 0.036) 0.027 (0.024; 0.031) 0.027 (0.024; 0.031)
 ICC† 0.405 (0.340; 0.474)
*p < 0.05, **p < 0.01, p < 0.001
†Intraclass Correlation Coefficient

Model 1 = null model

Model 2 - unadjusted

Model 3 = Model adjusted for age at baseline and time-varying covariates (sex, schooling, hypertension, diabetes, cardiovascular disease, stroke, smoke, alcohol, 
physical activity, cognitive performance)

Model 4 = Model 3 + BMI
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unmeasured confounders. Additionally, relying on a sin-
gle biomarker and the lack of diet and nutritional infor-
mation limited our ability to explore the mechanism 
connecting oral health and gait speed in more detail.

In summary, our research provides valuable insights 
into the complex relationship between dental health and 
gait speed among older adults. The observed enduring 
association challenges assumptions about the predictabil-
ity of longitudinal variations, emphasizing the need for 
further research. Comparisons with existing longitudinal 
studies, particularly those employing clinical oral health 
measures, highlight both shared and divergent insights, 
paving the way for a deeper understanding of the mecha-
nisms and implications of clinical oral health on physical 
function in older adults. Further studies are needed to 
explore these associations and to define the magnitude of 
the declines that have clinical significance. Understand-
ing the clinical implications of these declines is crucial 
for developing targeted interventions and improving 
patient outcomes.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-024-05325-2.

Supplementary Material 1

Author contributions
FBA: Conceptualization, Writing - Original Draft, reviewing and editing, formal 
analysis, interpretation of findings. RLF: formal analysis, Writing - Review and 
editing, interpretation of findings. YAOD: Data Curation, Writing - Review 
and editing, interpretation of findings. CO: Writing - Review and editing, 
interpretation of findings. WS: Writing - Review and editing, interpretation of 
findings. EB: Writing - Review and editing, interpretation of findings. JLFS: Data 
Curation, Writing - Review and editing, interpretation of findings.

Funding
FBA received a research productivity grant from the National Council 
for Scientific and Technological Development (CNPq) (grant number 
311553/2021-4).

Data availability
Access to the data can be granted upon submitting a reasonable request to 
the SABE’s Principal Investigator, Dr. Yeda Aparecida de Oliveira Duarte.

Declarations

Ethics approval and consent to participate
The SABE study was approved by the Ethics in Research Committee of the 
School of Public Health of the University of São Paulo. Written informed 
consent from all the participants was obtained at each interview.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 22 April 2024 / Accepted: 23 August 2024

References
1. World Health Organization. Decade of healthy ageing: baseline report. 2020 

https://www.who.int/publications-detail-redirect/9789240017900
2. Abe T, Kitamura A, Taniguchi Y, Amano H, Seino S, Yokoyama Y, Nishi M, Narita 

M, Ikeuchi T, Fujiwara Y, Shinkai S. Pathway from gait speed to incidence of 
disability and mortality in older adults: a mediating role of physical activity. 
Maturitas. 2019;123:32–6.

3. Adam CE, Fitzpatrick AL, Leary CS, Hajat A, Ilango SD, Park C, et al. Change in 
gait speed and fall risk among community-dwelling older adults with and 
without mild cognitive impairment: a retrospective cohort analysis. BMC 
Geriatr. 2023;23(1):328.

4. Mehmet H, Robinson SR, Yang AWH. Assessment of Gait Speed in older 
adults. J Geriatr Phys Ther. 2020;43(1):42–52.

5. Studenski S, Bradypedia. Is gait speed ready for clinical use? J Nutr Health 
Aging. 2009;13(10):878–80.

6. Donoghue OA, Savva GM, Cronin H, Kenny RA, Horgan NF. Using timed up 
and go and usual gait speed to Predict Incident Disability in Daily activities 
among Community-Dwelling adults aged 65 and older. Arch Phys Med 
Rehabil. 2014;95(10):1954–61.

7. Shinkai S, Watanabe S, Kumagai S, et al. Walking speed as a good predic-
tor for the onset of functional dependence in a Japanese rural community 
population. Age Ageing. 2000;29(5). https://doi.org/10.1093/ageing/29.5.441

8. Perera S, Patel KV, Rosano C, Rubin SM, Satterfield S, Harris T, Ensrud K, 
Orwoll E, Lee CG, Chandler JM, Newman AB, Cauley JA, Guralnik JM, Ferrucci 
L, Studenski SA. Gait Speed Predicts Incident Disability: a pooled analysis. 
Journals Gerontol Ser Biol Sci Med Sci. 2016;71(1). https://doi.org/10.1093/
gerona/glv126

9. Studenski S, Perera S, Patel K, et al. Gait Speed and Survival in older adults. 
JAMA. 2011;305(1):50–8.

10. Veronese N, Stubbs B, Volpato S, Zuliani G, Maggi S, Cesari M, Lipnicki DM, 
Smith L, Schofield P, Firth J, Vancampfort D, Koyanagi A, Pilotto A, Cereda E. 
Association between Gait Speed with Mortality, Cardiovascular Disease and 
Cancer: a systematic review and Meta-analysis of prospective cohort studies. 
J Am Med Dir Assoc. 2018;19(11):981–e9887.

11. Zanker J, Scott D, Alajlouni D, et al. Mortality, falls and slow walking speed are 
predicted by different muscle strength and physical performance measures 
in women and men. Arch Gerontol Geriatr. 2023;114:105084. https://doi.
org/10.1016/j.archger.2023.105084

12. Andrews AW, Vallabhajosula S, Boise S, Bohannon RW. Normal gait speed 
varies by age and sex but not by geographical region: a systematic review. J 
Physiotherapy. 2023;69(1):47–52.

13. Peel NM, Alapatt LJ, Jones LV, Hubbard RE. The Association between Gait 
Speed and Cognitive Status in Community-Dwelling Older people: a system-
atic review and Meta-analysis. J Gerontol Biol Sci Med Sci. 2019;74(6):943–8.

14. Nascimento M, de Gouveia M, Gouveia ÉR. The role of Cognitive Performance 
and Physical functions in the Association between Age and Gait Speed: a 
mediation study. Geriatr (Basel). 2022;7(4):73.

15. WHO. Global oral health status report: towards universal health coverage for 
oral health by 2030. Geneva: World Health Organization; 2022.

16. Bomfim RA, de Souza LB, Corrente JE. Tooth loss and its relationship with 
protein intake by elderly Brazilians-A structural equation modelling approach. 
Gerodontology. 2018;35(1):51–8.

17. Toniazzo MP, Amorim P, de Muniz S, Weidlich FWMG. Relationship of nutri-
tional status and oral health in elderly: systematic review with meta-analysis. 
Clin Nutr. 2018;37(3):824–30.

18. Joshipura KJ, Willett WC, Douglass CW. The impact of edentulousness on 
food and nutrient intake. J Am Dent Association. 1996;127(4):459–67.

19. Nowjack-Raymer RE, Sheiham A. Numbers of natural teeth, diet, and nutri-
tional status in US adults. J Dent Res. 2007;86(12):1171–5.

20. Lee JH, Oh JY, Youk TM, Jeong SN, Kim YT, Choi SH. Association between peri-
odontal disease and non-communicable diseases. Med (Baltim). 2017;96(26).

21. Holm-Pedersen P, Schultz‐Larsen K, Christiansen N, Avlund K. Tooth loss 
and subsequent disability and mortality in Old Age. J Am Geriatr Soc. 
2008;56(3):429–35.

22. Kaschwich M, Behrendt CA, Heydecke G et al. The Association of Periodontitis 
and Peripheral arterial occlusive Disease-A systematic review. Int J Mol Sci. 
2019;20(12).

23. Lee HJ, Choi EK, Park JB, Han KD, Oh S. Tooth loss predicts myocardial infarc-
tion, heart failure, stroke, and death. J Dent Res. 2019;98(2):164–70.

24. Hajishengallis G, Chavakis T. Local and systemic mechanisms linking 
periodontal disease and inflammatory comorbidities. Nat Rev Immunol. 
2021;21(7):426–40.

https://doi.org/10.1186/s12877-024-05325-2
https://doi.org/10.1186/s12877-024-05325-2
https://www.who.int/publications-detail-redirect/9789240017900
https://doi.org/10.1093/ageing/29.5.441
https://doi.org/10.1093/gerona/glv126
https://doi.org/10.1093/gerona/glv126
https://doi.org/10.1016/j.archger.2023.105084
https://doi.org/10.1016/j.archger.2023.105084


Page 9 of 9Bof de Andrade et al. BMC Geriatrics          (2024) 24:734 

25. Iwasaki M, Watanabe Y, Motokawa K, et al. Oral frailty and gait performance in 
community-dwelling older adults: findings from the Takashimadaira study. J 
Prosthodont Res. 2021;65(4):467–73.

26. Albani V, Nishio K, Ito T, et al. Associations of poor oral health with frailty and 
physical functioning in the oldest old: results from two studies in England 
and Japan. BMC Geriatr. 2021;21(1):187.

27. Kotronia E, Wannamethee SG, Papacosta AO et al. Oral Health, Disability 
and Physical Function: Results From Studies of Older People in the United 
Kingdom and United States of America. J Am Med Dir Assoc. 2019;20(12):1654.
e1-1654.e9.

28. Okada T, Ikebe K, Kagawa R, et al. Lower Protein Intake Mediates Association 
between Lower Occlusal Force and slower walking speed: from the septua-
genarians, octogenarians, nonagenarians Investigation with centenarians 
Study. J Am Geriatr Soc. 2015;63(11):2382–7.

29. Wang F, Wang J, Han P, et al. Relationship between tooth loss and sarcopenia 
in suburban community-dwelling older adults in Shanghai and Tianjin of 
China. Sci Rep. 2022;12(1):7618.

30. Murakami M, Hirano H, Watanabe Y, Sakai K, Kim H, Katakura A. Relationship 
between chewing ability and sarcopenia in Japanese community-dwelling 
older adults. Geriatr Gerontol Int. 2015;15(8):1007–12.

31. Welmer AK, Rizzuto D, Parker MG, Xu W. Impact of tooth loss on walking 
speed decline over time in older adults: a population-based cohort study. 
Aging Clin Exp Res. 2017;29(4):793–800.

32. Tsakos G, Watt RG, Rouxel PL, de Oliveira C, Demakakos P. Tooth loss associ-
ated with physical and cognitive decline in older adults. J Am Geriatr Soc. 
2015;63(1):91–9.

33. Kodai Hatta K, Ikebe Y, Mihara, et al. Lack of posterior occlusal support pre-
dicts the reduction in walking speed in 80-year-old Japanese adults: a 3-year 
prospective cohort study with propensity score analysis by the SONIC Study 
Group. Gerodontology. 2019;36(2):156–62.

34. Kimble R, McLellan G, Lennon LT, et al. Association between oral health mark-
ers and decline in muscle strength and physical performance in later life: 
longitudinal analyses of two prospective cohorts from the UK and the USA. 
Lancet Healthy Longev. 2022;3(11):e777–88.

35. Adulyanon S, Sheiham A. In: Slade G, editor. Oral impacts on Daily perfor-
mances. Measuring oral health and quality of life; 1997.

36. Robinson PG, Gibson B, Khan FA, Birnbaum W. Validity of two oral 
health-related quality of life measures. Community Dent Oral Epidemiol. 
2003;31(2):90–9.

37. Matthias RE, Atchison KA, Lubben JE, De Jong F, Schweitzer SO. Factors affect-
ing self-ratings of oral health. J Public Health Dent. 1995;55(4):197–204.

38. Kaplan G, Baron-Epel O. What lies behind the subjective evaluation of health 
status? Soc Sci Med. 2003;56(8):1669–76.

39. Andrade JM, Drumond Andrade FC, de Oliveira Duarte YA, Bof de Andrade F. 
Association between frailty and family functionality on health-related quality 
of life in older adults. Qual Life Res. 2020;29(6):1665–74.

40. Guralnik JM. Short Physical Performance Battery (SPPB) guide. sppbguide.
com. Accessed July 20, 2021. https://sppbguide.com/

41. WHO. Oral health surveys: basic methods – 5th edition. WHO; 2013.
42. World Health Organization. Oral health surveys: basic methods. 4th ed. Gene-

bra: WHO; 1997.
43. Atchison KA, Dolan TA. Development of the geriatric oral Health Assessment 

Index. J Dent Educ. 1990;54(11):680–7.
44. WHO guidelines on physical activity and sedentary behaviour. Accessed July 

12. 2023. https://www.who.int/publications-detail-redirect/9789240015128
45. Fan M, Lyu J, He P, The IPAQ, Group. Guidelines for data processing and analy-

sis of the International Physical Activity Questionnaire (IPAQ) – short and long 
forms. IPAQ Research Committee; 2005.

46. Icaza MG, Albala C. Minimental State Examinations (MMSE) del estudio 
de demencia en Chile: analisis estadistico. Washington DC: Organización 
Panamericana de la Salud; 1999. Health Organization, 1999. https://pesquisa.
bvsalud.org/portal/resource/pt/lil-380194

47. Blow F, Gillespie B, Barry K. Brief screening for alcohol problems in elderly 
populations using the short Michigan alcoholism screening test geriatric 
version. Clin Exp Res. 1998;22(suppl):131A.

48. Yoshida M, Kikutani T, Okada G, Kawamura T, Kimura M, Akagawa Y. The effect 
of tooth loss on body balance control among community-dwelling elderly 
persons. Int J Prosthodont. 2009;22(2):136–9.

49. Trinca V, Keller H. Nutrition Risk is Associated with 3-Year strength and perfor-
mance indicators among older adults in the Canadian longitudinal study on 
aging. J Nutr Health Aging. 2023;27(10):868–77.

50. Brown C, Simonsick E, Schrack J, Ferrucci L. Impact of balance on the ener-
getic cost of walking and gait speed. J Am Geriatr Soc. 2023;71(11):3489–97.

51. Tektonidis TG, Coe S, Esser P, Maddock J, Buchanan S, Mavrommati F, Schott 
JM, Izadi H, Richards M, Dawes H. Diet quality in late midlife is associated 
with faster walking speed in later life in women, but not men: findings from a 
prospective British birth cohort. Br J Nutr. 2020;123(8):913–21.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://sppbguide.com/
https://www.who.int/publications-detail-redirect/9789240015128
https://pesquisa.bvsalud.org/portal/resource/pt/lil-380194
https://pesquisa.bvsalud.org/portal/resource/pt/lil-380194

	Longitudinal association between dentition status and gait speed among older Brazilian adults: SABE cohort study
	Abstract
	Introduction
	Methods
	Dependent variable
	Independent variables of interest
	Covariates
	Data analysis

	Results
	Discussion
	References


