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Abstract
Background: Several studies have examined the relationship between cognition and 
oral health in older populations. To further understand this relationship, we examined 
the associations between cognitive function, chewing capacity and the number of 
teeth present in community-dwelling older males in Australia.
Methods: Data were obtained from cross-sectional analysis of fourth wave of the 
Concord Health and Ageing in Men Project (CHAMP). Participants were 369 commu-
nity-dwelling males aged 78 years or over. Cognitive function was measured utilising 
the Mini-Mental State Examination (MMSE). Chewing capacity was determined on 
ability to chew food items of different textures, and oral health data were collected. 
Ordinal regression was used to analyse associations between MMSE (four categories) 
and chewing capacity and number of natural teeth present.
Results: Overall, 67.5% of participants reported that they could chew all 11 listed 
food items. Participants with fewer than 20 teeth were statistically significantly more 
likely to have cognitive impairment (unadjusted odds ratio (OR) 1.87; 95% confidence 
interval (CI) 1.25-2.79, adjusted OR 1.62; 95% CI 1.07-2.43). Participants with limited 
chewing capacity were also more likely to have cognitive impairment (unadjusted OR 
1.91; 95% CI 1.25-2.94, adjusted OR 1.61; 95% CI 1.03-2.49).
Conclusions: This study suggests either that older men with fewer than 20 natural 
teeth and those with limited chewing capacity are more likely to have an associated 
cognitive impairment or that those with cognitive impairment are more likely to have 
fewer teeth and limited chewing capacity. Further longitudinal studies should clarify 
these relationships.
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1  | INTRODUC TION

With the world population of older people increasing at an unprec-
edented rate, the burden of age-related health problems—including 
cognitive impairment and poor oral health—is increasing.1 Despite 
some evidence of decline in age-specific prevalence of dementia in 
recent years, the absolute number of people with dementia is in-
creasing rapidly as society ages.2 Impaired cognitive function and 
dementia have been reported to be associated with various aspects 
of oral health state in both cross-sectional and longitudinal stud-
ies.3-11 Maintaining oral health is an important integral component of 
general health, and previous studies have indicated it is a significant 
contributor to an individual's quality of life.12 Pain, tooth loss and oral 
diseases (such as dental caries and periodontal disease) are common 
consequences of poor oral health. Tooth loss is directly associated 
with deteriorating dietary intake and compromised nutrition.13 Past 
studies have shown that loss of natural teeth by non-cognitively im-
paired participants can impact negatively on chewing capacity and 
ultimately change food preferences even after missing natural teeth 
are replaced with dentures.14

Previous epidemiological studies of oral health and dementia 
have assessed oral health in terms of the number of natural teeth 
present, functional tooth units and oral diseases.4-8,10,11 A few stud-
ies have evaluated chewing capacity and tooth loss as independent 
factors associated with cognition. The findings of these studies 
among the older population are not consistent.15-17 Looking at tooth 
loss and chewing capacity together maybe important, as loss of nat-
ural teeth directly influences chewing capacity.

The objective of this analysis was to investigate the association 
between chewing capacity and cognitive function, in parallel with the 
association between number of natural teeth present and cognitive 
function. In this study, trained dental professionals obtained all the 
oral health data including the number of natural teeth present and 
existence of dentures. In addition, chewing capacity was analysed in 
greater detail using data obtained from the in-depth questionnaire.

2  | MATERIAL S AND METHODS

2.1 | Study participants

Cognitive status and oral health data were collected as part 
of 8-year follow-up of the Concord Health and Ageing in Men 
Project (CHAMP), which is a longitudinal epidemiologic study of 
older males in New South Wales (NSW), Australia (Figure 1).18 At 
baseline in CHAMP, participants were men aged 70 years and over 
living in a defined geographical region, the Local Government 
Areas of Burwood, Canada Bay and Strathfield.19 The sampling 
frame was the NSW Electoral Roll, on which registration is com-
pulsory in Australia. Men living in residential aged care facilities 
at baseline were excluded from the study. For the analyses in this 
paper, men who learnt English after age 12 years were excluded 
because measurement of cognitive function is highly language 
sensitive.20 All participants were given an explanation of the pur-
pose of the study, the methods involved and provided written in-
formed consent.

2.2 | Oral health examination

Standard intra-oral assessments were conducted by two calibrated 
oral health therapists using protocols consistent with Australian 
dental data collection standards.18 Calibration procedure and ex-
aminers' reliability were reported previously.18 Tooth loss, replace-
ment teeth and the number of natural teeth present were recorded 
for each participant. The number of natural teeth present (exclud-
ing 3rd molars and root fragments) was later categorised into two 
categories: 0-19 teeth and 20 or more natural teeth.21,22 This di-
chotomy was chosen as previous studies have used the presence of 
20 or more natural teeth as a fully functional dentition; this study 
therefore employed the same standard for comparative analysis 
with other studies.

F I G U R E  1   Flowchart of the 8-year 
follow-up population, remaining 
participants and reasons for loss
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2.3 | Self-completed questionnaire

Data on age, income, country of birth, smoking history and educa-
tion attainment of each participant were collected through self-
completed questionnaires (SCQ). Income level was categorised into 
three groups based on the types and combination of income: “all 
income from the aged pension only”; “the aged pension plus limited 
supplemental income”; and “income from any possible combinations 
of superannuation, private income, own business/farm/partnership, 
wage or salary income, repatriation or veteran's pension or other 
income.” Smoking history was classed into two categories: never 
smoked or past/current smoker. For educational attainment, if par-
ticipants obtained any trade qualification, certificate, diploma and/
or any other qualifications since leaving secondary school, they were 
categorised as having a post-secondary school qualification. Age 
that participants first learned English as first language was recorded 
as either “before 12 years of age” or “after or equal to 12 years of 
age.”

Comorbidities were assessed using standardised questionnaire 
in which participants were to report whether a physician had ever 
told them that they had diabetes, thyroid dysfunction, osteoporosis, 
Paget's disease, stroke, Parkinson's disease Kidney stones, demen-
tia, depression, epilepsy, hypertension, heart attack, angina, conges-
tive heart failure, intermittent claudication, chronic obstructive lung 
disease, chronic kidney disease, cancer, osteoarthritis or gout.19 The 
total number of comorbidities was later categorised as four or more 
or less than four comorbidities.

2.4 | Frailty assessment

Frailty was assessed by trained staff using the five criteria of 
weight loss/shrinking, weakness, exhaustion, slowness and low ac-
tivity following the definition by Fried et al23 slightly modified for 
CHAMP.24,25 CHAMP men were categorised as “frail” if they had 
three or more frailty criteria, “pre-frail” with one or two criteria and 
“robust” (not frail) without any criteria.

2.5 | Cognitive function assessment

Trained staff assessed cognitive function using the Mini-Mental 
State Examination (MMSE),26 which includes the evaluation of ori-
entation, attention, concentration, memory, language and ability to 
follow simple commands. Scores for the MMSE range from 0 to 30 
(higher scores representing better cognition). Participants with a 
total score of less than 24 were defined as “cognitively impaired.” 
MMSE cut-off score of 24 has a sensitivity of 0.85 and specificity 
of 0.90 for normal cognition, or less than 24 for cognitive impair-
ment, in studies of older persons in community settings.27 Those 
with MMSE score above this cut-off were classified as “normal 
cognition.”

2.6 | Chewing capacity assessment

As part of the CHAMP nutrition assessment, chewing capacity 
was evaluated by the study Dietitian. Details of the questionnaires 
and assessment processes have been reported elsewhere.18-19,28 
Chewing assessment was based on the methods described by 
Leake,29 but modified for the ethnic characteristics of the CHAMP 
study population, which included a high proportion of Italian and 
Greek migrants.30 Participants were asked to respond yes, no or not 
applicable to the question “Are you currently able to chew the fol-
lowing foods?” with respect to 11 listed foods: boiled egg, boiled 
vegetables, pasta, fresh lettuce salad, hamburger, dried apricot, 
pizza, firm meat, fresh apple, fresh carrot and nuts. Among them, 
boiled egg, boiled vegetables and pasta were later categorised as 
soft; fresh lettuce salad, hamburger, dried apricot and pizza were 
categorised as medium; and firm meat, fresh apple, fresh carrot and 
nuts were categorised as hard foods. Answers to each food item 
were dichotomised as yes or no/not applicable. Answers to 11 food 
items were later dichotomised as “no problem” in chewing if par-
ticipants answered yes to over 10 food items or as “limited” chewing 
capacity if they answered yes to fewer than 10 food items.

2.7 | Ethics statement

The study was performed in accordance with the World Medical 
Association Declaration of Helsinki, and the study protocol and 
the consent procedures were approved by the Sydney Local Health 
District Human Ethics Research Committee (Approval No. HERC/14/
CRGH/17).

2.8 | Statistical analysis

Statistical analyses were performed using Statistical Package for 
Social Sciences (SPSS) for Windows, version 11.5 (SPSS, Inc). Chi-
squared testing was utilised to examine the bivariate association 
between cognitive function and explanatory variables of income, 
smoking history, frailty, post-secondary school qualification, chew-
ing capacity and the number of natural teeth. Ordinal regression 
analysis was performed to examine the association of MMSE with 
chewing capacity and the association between MMSE and number 
of natural teeth present (0-19 vs ≥20 teeth).31 Subjects were divided 
into four groups based on their MMSE scores: 29-30 (n = 192), 27-28 
(n = 111), 25-26 (n = 41) and ≤24 (n = 25). Crude and adjusted odds 
ratios (OR) and their 95% confidence intervals (CI) were then calcu-
lated. Odds ratios were adjusted for age and education. Initially, two 
separate models were constructed: one for the number of natural 
teeth present and one for chewing capacity. A further model was 
developed that included both number of natural teeth and chew-
ing capacity, along with age and education. Test of parallel lines was 
performed to verify the assumption of proportional odds for ordinal 
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regression. A two-sided P-value < .05 was used as the level of sta-
tistical significance.

3  | RESULTS

Data were available for 369 CHAMP men who completed the oral 
health assessment, chewing capacity questions and MMSE. Table 1 
shows the characteristics of study participants. The mean age of 
participants was 83.8 ± 4.2 years: 58 men (15.7%) were 78-79 years 
old, 170 participants (46.1%) were 80-84 years old, 101 men (27.4%) 
were 85-89 years old, and 40 (10.8%) were 90 years or older. 
Seventy-nine per cent of men were married, 71.3% had some post-
secondary school qualification, and 17.3% were categorised as being 
frail. The average MMSE score (n = 369) was 28.0 ± 2.3. They were 
heavily skewed to the left with 104 participants (28.2%) scoring the 
maximum 30 points. Therefore, MMSE data were analysed using a 
non-parametric test, as well as by treating it as an ordered categori-
cal variable in a regression model. Mann-Whitney U testing showed 
that the average MMSE scores of participants with a post-secondary 
school qualification (28.2 ± 2.2) were significantly higher than those 
without post-secondary education (27.6 ± 2.3), with a P-value of 
.004.

There were 17 participants (4.6%) out of 369 participants with 
cognitive impairment (MMSE score lower than 24). The average 
number of natural teeth present for all participants was 15.8 ± 8.5. 
Most participants (71.3%, n = 263) answered that they could chew 
10 or more foods of the 11 items of food without a problem, with 
more than 88% of participants reporting they could chew soft food 
items.

For food items with medium texture, a minimum of 83.8% of 
participants with normal cognition (an MMSE 24 or more) and a 
minimum of 70.6% of participants with cognitive impairment stated 
that they could chew these foods. The only statistically significant 
difference between cognition groups in capacity to eat any of the 
medium texture food items was for those with cognitive impairment 
who could not eat pizza (P = .03). As for food items with hard texture, 
a minimum of 70.6% of participants in each group reported that they 
could chew a range of hard foods, but there was a statistically signif-
icant lower percentage of those with cognitive impairment that were 
able to chew nuts (P = .03).

Table 2 shows relationship between chewing capacity and oral 
condition. Average number of natural teeth present was 13.0 ± 8.9 
(mean ± SD) for those with limited chewing capacity, which was sig-
nificantly smaller (P < .001) than those without chewing problem, 
having average number of natural teeth present at 16.8 ± 8.1.

The results of the ordinal regression model with MMSE score 
as a four-level ordinal variable [29-30 (n = 192), 27-28 (n = 111), 
25-26 (n = 41) and ≤24 (n = 25)] are shown in Table 3. Participants 
with fewer than 20 natural teeth were statistically significantly 
more likely to have cognitive impairment (unadjusted OR 1.87; 95% 
CI 1.25-2.79) than participants with 20 natural teeth or more be-
fore adjusting for confounding factors. After adjusting for age and 

education (post-secondary school qualification vs non–post-sec-
ondary), participants with fewer than 20 natural teeth remained 
more likely to be cognitively impaired (adjusted OR 1.62; 95% CI 
1.07-2.43). Participants with limited chewing capacity (not able to 
chew 10 or 11 of the food items) had a higher likelihood of cognitive 
impairment in unadjusted (unadjusted OR 1.91; 95% CI 1.25-2.94) 
and adjusted analyses (adjusted OR of 1.61; 95% CI 1.03-2.49). In the 
model which included age, education, number of natural teeth pres-
ent and chewing capacity, the adjusted OR for number of natural 
teeth was 1.54 (95% CI 1.02 - 2.33) and the adjusted OR for limited 
chewing capacity was 1.51 (95% CI 0.97-2.36).

4  | DISCUSSION

We investigated the relationship between chewing capacity and 
cognition, considering the number of natural teeth and cognition. It 
has been suggested that people who cannot eat hard to chew foods 
are more likely to have lower cognitive function32 and that masti-
cation can stimulate activity in the cerebral cortex leading to the 
prevention of degradation in brain function.33 Our study also found 
that limited chewing capacity, which was assessed by a nutrition 
questionnaire, was associated with cognitive impairment. The ques-
tions used to estimate chewing capacity in this study were based 
on Leake's Chewing Ability Index,29 modified for our participants to 
take account of ethnic diversity. The benefit of chewing, in relation-
ship to cognitive function, has been discussed in various studies, 
with some suggesting positive effects of chewing on cognitive func-
tion, including improved working memory, sustained mental atten-
tion and improved performance in intelligence tests.32,34

In our study, we also focused on the number of natural teeth 
present, as total tooth loss (edentulism) predisposes to consequen-
tial changes in orofacial structures, such as sensory loss and reduced 
facial muscle tone.35 Tooth loss and/or having dental prostheses 
leads to changes in chewing efficiency, which could have an influ-
ence on dietary preferences and contribute to changes in nutritional 
status.

There is some evidence that the age-specific prevalence of de-
mentia has been declining.36 Studies have reported that higher edu-
cational attainment may have contributed to the observed decrease 
in the age-specific prevalence of dementia.37 Several studies, includ-
ing this study, have found associations between poor oral health and 
cognitive decline.7-8,15-16,38 Further investigation could also consider 
the possibility that improvements in oral health may contribute to 
the decrease in age-specific prevalence of dementia, as the oral 
health of older people internationally and in Australia has improved 
considerably in recent decades, with a decrease in those who have 
lost all their natural teeth.12

Participants with fewer than 20 natural teeth, or having limited 
chewing capacity, were both more likely to have cognitive impair-
ment. Several studies have reported associations between oral 
health and cognition.5,8,15-17,38-41 Wu et al42 reviewed 16 longitudinal 
studies on the association between oral health and cognitive status. 
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TA B L E  1   Characteristics of participants by cognitive status: where MMSE score ≥ 24 was classified as normal cognition

 

ALL (n = 369)

Cognitive impairment Normal cognition

P-value

(MMSE < 24) (n = 17) (MMSE ≥ 24) (n = 352)

n n % n %

Age

<80 58 4 23.5 54 15.3 .35

80-84 170 5 29.4 165 46.9

85- 141 8 47.1 133 37.8

Income

Aged pension only 105 8 47.1 97 27.6 .21

Aged pension + limited supplemental 
income

106 4 23.5 102 29.0

Othersa  158 5 29.4 153 43.5

Marital status

Married/De facto 258 13 76.5 245 69.6 .65

Widowed 70 2 11.8 68 19.3

Divorced/separated/ 13 0 0.0 13 3.7

Never married/other 28 2 11.8 26 7.4

Country of Birth

Australia/UK 322 14 82.4 308 87.5 <.001

Other 47 3 17.6 44 12.5

Smoking history

Never smoked 167 7 41.2 160 45.5 .81

Ever or current smoker in past/
present

202 10 58.8 192 54.5

Post-secondary school qualification

Yes 263 9 52.9 254 72.2 .09

No 106 8 47.1 98 27.8

Comorbidities

0-3 263 12 70.6 251 71.3 .95

4+ 106 5 29.4 101 28.7  

Diabetes mellitus 72 3 17.6 69 19.6 .84

Hypertension 202 8 47.1 194 55.1 .51

Frailty

Robust 97 3 17.6 94 26.7 .58

Pre-frail 208 7 41.2 201 57.1

Frail 64 7 41.2 57 16.2

Chewing capacityb 

No problem 268 9 52.9 259 73.6 .06

Limited 101 8 47.1 93 26.4

Number of natural teeth present

0 39 2 11.8 37 10.5 .17

1-9 60 4 23.5 56 15.9

10-19 111 8 47.1 103 29.3

≥20 159 3 17.6 156 44.3

(Continues)
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Some studies have found that oral health in some combination, such 
as number of natural teeth, chewing capacity, periodontits and den-
tal visits, was associated with increased risk of cognitive decline, 
while others did not find this association. They noted that it was 
unclear how or whether oral health conditions and cognitive status 

were related, but they concluded that better oral health may reduce 
cognitive decline and prevalence of dementia.

There are only three studies that examined how number of 
teeth and chewing capacity influenced cognitive function among 
the older population.15-17 Yamamoto et al15 longitudinally examined 

 

ALL (n = 369)

Cognitive impairment Normal cognition

P-value

(MMSE < 24) (n = 17) (MMSE ≥ 24) (n = 352)

n n % n %

Denture wearing status

Full denture (mandibular + maxillary) 37 2 11.8 35 9.9 .56

Single full denture and/or partial 
denture

57 4 23.5 53 15.1

Partial denture 119 3 17.6 116 33.0

No denture 156 8 47.1 148 42.0

Note: Subjects who answered "yes" to 10-11 food items were classified as "no problem," or otherwise classified as "limited."
aAny possible combinations of superannuation, private income, own business/farm/partnership, wage or salary income, repatriation or veteran's 
pension or other income. 
bChewing capacity was evaluated by asking "Are you currently able to chew?" for 11 food items. 

TA B L E  1   (Continued)

 

Chewing capacity

P-value

No problem 
(n = 268)

Limited 
(n = 101)

n % n %

Number of natural teeth present

0 21 7.8 18 17.8 .001

1-9 39 14.6 21 20.8

10-19 78 29.1 33 32.7

≥20 130 48.5 29 28.7

Denture wearing status

Full denture (mandibular + maxillary) 21 7.8 16 15.8 .02

Single full denture and/or partial denture 36 13.4 21 20.8

Partial denture 88 32.8 31 30.7

No denture 123 45.9 33 32.7

TA B L E  2   Oral condition of participants 
by chewing capacity

Covariates in model OR (95% CI)
Adjustedd  OR (95% 
CI)

Model 1 Number of natural teeth presentb  1.87 (1.25-2.79) 1.62 (1.07-2.43)

Model 2 Chewing capacityc  1.91 (1.25-2.94) 1.61 (1.03-2.49)

Model 3 (Model 1 + Model 2)

Number of natural teeth presentb  1.42 (0.93-2.17) 1.54 (1.02-2.33)

Chewing capacityc  1.51 (0.95-2.38) 1.51 (0.97-2.36)

aCognitive impairment was entered into the models as a four-level variable based on MMSE score: 
29-30 (n = 192), 27-28 (n = 111), 25-26 (n = 41), ≤ 24 (n = 25). 
bNumber of teeth present (0-19, and ≥20, ref: ≥20). 
cChewing capacity (limited and no problem, ref: no problem). 
dAdjusted by age and education. 

TA B L E  3   Ordinal regression for 
association of cognitive impairmenta with 
number of natural teeth and chewing 
capacity (n = 369)
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the relationship between mastication and number of teeth with de-
mentia onset among older Japanese people using a self-completed 
questionnaire. They concluded that fewer teeth and being without 
dentures, not poor mastication itself, was associated with a higher 
risk of dementia.

Lexomboon et al16 examined the association between cogni-
tive impairment and oral health status among Swedish elderly in a 
cross-sectional study. Oral health data, including number of teeth 
and chewing difficulty, were collected by self-reported question-
naire. Their study found that chewing capacity was associated with 
cognitive impairment but multiple tooth loss was not. Multiple tooth 
loss was defined as “having no teeth or only a few” or “having com-
plete dentures or partial dentures.” This definition lacks clarity and 
might have influenced their negative findings.

Elsig el al. examined chewing efficiency, the dentition and cog-
nitive status among 51 elderly in their cross-sectional study. The 
authors concluded, from bivariate analysis alone, that chewing ca-
pacity is associated with cognitive impairment.17 In comparison, our 
study has analysed the associations of chewing capacity using the 
scale of soft, medium and hard food in conjunction with adjusting 
for the number of teeth.

This study incorporates accuracy of the following features: ob-
taining a professionally determined accuracy in numbers of natural 
teeth present and obtaining extensively detailed analysis of chew-
ing capacity. However, several limitations to the present study merit 
consideration. First, data were derived from a cross-sectional analy-
sis of data; thus, the causal relationship between oral health condi-
tions and chewing ability and cognitive capacity remains uncertain. 
It is possible that cognitive impairment causes changes in oral health 
through access and type of dental care received. In order to clarify 
this association, longitudinal studies need to be conducted. Second, 
the chewing capacity was evaluated in an interview using a nutri-
tional questionnaire.35,43 As subjects' responses to the questions 
may depend on their cognitive abilities, the results should be inter-
preted with caution. Third, smoking history is known to be reported 
as a modifiable cause of dementia, yet smoking exposure was not as-
sessed in detail in terms of cumulative exposure or duration of their 
habit.44 However, such data were not available in CHAMP data to 
provide any consideration in analysing cognitive impairment by the 
smoking exposure. Finally, the number of participants in this study 
classed as being cognitively impaired was low, thus reducing the 
power of statistical tests to demonstrate associations. Nevertheless, 
within the limitations of the study design, this study has revealed a 
significant association between cognitive status and oral health but 
cannot ascribe causality. We consider the results of this study may 
benefit oral health promotion and preventive interventions in dental 
practice to encourage maintenance of 20 or more natural teeth in 
our older populations. Further research using longitudinal data is re-
quired to fully elucidate the nature and direction of associations be-
tween cognition, the number of natural teeth and chewing capacity.

In conclusion, this study examined how the number of natural 
teeth present and chewing capacity were related to cognitive status 
among Australian men aged 78 years and over. The results provide 

support for the association of oral health factors such as number 
of natural teeth and chewing capacity with cognitive impairment. 
Causality remains uncertain. These findings may assist in directing 
future research on the relationship between the onset of cognitive 
compromise and oral health, and health professionals' role in pro-
moting a better oral health and quality of life for those who are more 
likely to present with cognitive impairment.
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