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Abstract
Background: Interest in ageing populations with limited cognitive ability and poor oral health has increased in recent years. 

Objectives: This cross-sectional study aimed to investigate the relationship between cognitive ability, oral health socioeconomic 
indicators, and tooth loss among a sample of Greek senior adults.

Methods: The study sample included 734 individuals visiting Day Centers for adults age 65 years or older, in two municipalities, Ath-
ens and Piraeus, in the Attica area of Greece. Tooth loss was recorded according to WHO criteria, while sociodemographic data and 
cognitive ability status (Mini Mental State Examination [MMSE] score) were derived through face-to face interviews. Both bivariate 
and General Linear Model analyses were applied. 

Results: The results showed that tooth loss was significantly negatively correlated with the MMSE score, years of education and regu-
lar dental attendance, but significantly positively correlated with the age of the participants. There was a gender effect with males 
losing 2.15 teeth on average more than females. 

Conclusions: Cognitive ability (MMSE score), was associated with tooth loss and socioeconomic factors in the studied population. 
This was the first study in Greece to investigate the effect of cognitive ability on oral health. Further research is needed to examine 
possible mechanisms affecting cognitive ability associated with oral health inequalities in Greece.
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Introduction
Tooth loss experience is more evident in elders and characterized as an accumulative effect of previous exposure to dental caries, peri-

odontitis, possibly trauma and barriers to dental care [1]. Cognitive ability is also affected by age and found to be associated to edentulism 
and number of lost teeth [2-7]. 

Additionally, studies have suggested that oral health is affected by a patient’s socioeconomic position in society, especially in older 
adults [8-15]. Also, general and oral health of senior citizens is also influenced by limited cognitive ability, which is very often in this  
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vulnerable population group [16-20]. For example, analysis of the National Health and Nutrition Examination Survey (NHANES) studies in 
the United States revealed that periodontitis was associated with cognitive impairment among older adults [17]. Lower scores of cognitive 
function have been associated with worse oral health status, and the impact of cognitive function on oral health decreased when there 
were regular dental visits [18]. One study indicated that uptake of dental care is strongly linked to cognitive functioning with important 
clinical consequences, but because of the cross-sectional study design, no causal relationship between cognitive function, oral health and 
utilization have be established [19]. In the NHANES III study, cognitive function partly explained the social gradient in gingival bleeding 
[20]. Researchers identified the social gradients in oral health, and similarities in the gradients in perceived oral and general health, re-
garding the prevalence of periodontal and ischemic heart disease [21]; people with poorer cognitive ability had poorer oral health and 
increased severity of gingival bleeding [20]. In a secondary analysis of the English Longitudinal Study of Ageing, a national prospective co-
hort study, of community-dwelling people 60 years and over, results showed cognitive and physical decline associated with tooth loss [22]. 
Secondary analysis data from SHARE study in 14 European countries showed association between oral health and cognitive functioning in 
middle and later adulthood [23]. In China, the number of missing teeth was significantly associated with severe cognitive impairment [6] 
and in Korea the results of a cross sectional study revealed that having fewer teeth was a marker of risk for dementia [36]. In Japan, a study 
examined relationship between tooth loss and cognitive function; severe tooth loss (0 - 10 teeth remaining) found to be significantly as-
sociated with poor cognitive function. The number of teeth lost was significantly correlated with age, education level and MMSE score [4]. 

Interest in ageing populations and social inequalities has increased in recent years. However, the results of both cross-sectional and 
longitudinal studies are inconsistent. While the results from cross-sectional studies found fading or declining evidence of the social gradi-
ent among the oldest groups [24-26], results from longitudinal studies are contradictory, as greater inequalities were found in health in 
older [27-30]. In other studies, inequalities have been shown to be less obvious in older adults [31-33]; in a longitudinal study of the oral 
health of older adults in England there was less evidence of influence of a relationship between inequalities and the socioeconomic status 
[13]. 

Mamai-Homata., et al. (2012) examined tooth loss and oral rehabilitation in Greek adults and found that education level was the only 
significant predictor of tooth loss in aged groups of 35 - 44 years old and 65 - 74 years old. The mean number of lost teeth was 5.2 in the 
middle aged and 21.0 in the senior groups, respectively [34].

Demographic ageing is one of the key issues faced by industrialized countries. This segment of the population aged 65 years and over 
is growing faster than any other age group. The demographic shift towards a ‘grey’ society is also evident in Greece, as the 65-years and 
older age group has been significantly increasing in recent years [35-37]. 

This ageing demographic profile for Greece is due to a combination of factors: (a) reduction in fertility, especially after 1960 (b) 
increased life expectancy; and (c) migration [38-40]. The Greek population is expected to shift significantly between 2007 and 2050 to-
wards a rapidly ageing population and those aged 65 and over is expected to rise from 25% of the population in 2011 to 32% by 2050 [40]. 

Therefore, it is necessary to conduct studies investigating the factors affecting general and oral health of this high risk population group, 
in order improve the quality of life of senior citizens.

This study aimed to assess the influence of cognitive ability (MMSE score) on tooth loss, and explore the role of education, occupation, 
income and dental attendance on oral health, in an older Greek population aged 65 years or above, visiting Day Centers in two municipali-
ties of Attica region, Greece. 

Materials and Methods
The study population comprised of individuals visiting Day Centers (KAPI) for older adults in Greece. Data were collected between 

February 2014 to January 2015. All individuals participating in the study were Greek citizens living in the Greater Athens area in munici-
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palities of Athens and Piraeus. Athens Municipality has twenty Day Centers and Piraeus has ten, each one in a different neighborhood 
with a different postal code. The sample was not representative for the whole population; however, clustering methods were employed 
according to municipalities and Day Centers. People aged 65 years or older, were invited to participate through the municipality to which 
they belong and the KAPI that they attend. This geographical area-based participant selection method avoids difficulties of a stratified 
random selection procedure [41]. Response rates obtained in this survey were 80% from Piraeus Day Centers and 77% from Athens area 
Day centers. Prior to the main study, a pilot study (N = 93) took place in the Greater Athens area in two municipalities, Kallithea (less afflu-
ent area) and Philothei (more affluent area). The results helped to estimate the sample size for the main study and to test the procedures 
and the feasibility of the study. Estimations for the sample size were based on a power of at least 80% (needed to detect the differences 
in oral health outcomes between socioeconomic groups), at the 5% significant level. The desired sample size was calculated according to 
the level of probability or uncertainty for the study (significant level 5%). After adjusting the design factor 1.2 for cluster sampling and 20 
per cent over sampling for nonresponsive, the final sample size estimated for the study was 734. 

Participants were limited to Greeks aged 65 years or older, attendees at Day Centers, who freely volunteered to participate in the study. 
After successfully completing a pre-test of four simple cognitive screening questions (what is the year, day, place, and time) used as an 
indicator of the participants ability to communicate and reply accurately and effectively. Individuals who were unable to communicate due 
to severe vision or hearing impairment were excluded. The social workers and nurses at the Day Centers assisted in communicating and 
announcing the purpose of the study, ensuring that prospective participants understood. Prospective participants would participate only 
after understanding the aim of the study and being able to participate of their own free will. 

Data were collected through structured, face-to face interviews and clinical examinations. All eligible individuals were interviewed 
and were clinically examined. The examination procedure was standardized in accordance with World Health Organization (WHO) 1997 
guidelines for oral health surveys [42]. There was only one calibrated examiner (P.D.), who also reexamined 10% of participants for intra 
examiner variability. Calibration procedures took place at the Aristotle’s University of Thessaloniki (Dental School) with a senior staff 
member as the golden standard (Kappa score 0.83). The three interviewers were trained and calibrated by P.D. and the procedure was 
standardized. To ensure internal consistency reliability and comparability of data, the interviewers were trained and certain rules for ask-
ing the questions were applied. All interviewers were familiarized and trained to use the same methodology when applying the question-
naire and instructed not to change the order of the questions. Participants were interviewed only once, for ethical reasons.

In order to ensure privacy, the interviews and dental examinations took place in a private area usually used as an office for the nurse 
or the physician of the Day Centers. The examiner used a head light, gloves and face masks, and had readily available materials and instru-
ments needed for the study. All clinical data were collected according to WHO (1997) diagnostic criteria and methodology with standard 
measurements. Self-rated health was classified as excellent, very good, good, fair and poor. Mini Mental State Examination performance 
score was used as an indicator of cognitive ability and not as a diagnostic tool for dementia. The MMSE test has different parts evaluating 
orientation to place and time, short and long - term memory, subtraction ability, ability of writing and oral language and the maximum 
score for this test is 30 [43]. The higher the MMSE score, the better the cognitive ability. The MMSE test has been validated in the Greek 
population [44,45]. Fountoulakis., et al. (2000), found that MMSE score 23/24 as a cut off level for the diagnosis of dementia in Greece, and 
Solias., et al. (2014), proposed the use of the 25th percentile as a more useful cut off score in order to decrease the false positive results. 

Socioeconomic measures used for the study were education, occupation, and personal income before taxes. Income was recorded in 
euro, and recoded into three categories as low, medium and high income. In Greece, minimum wages and salaries are determined by the 
memorandum. For those over 25 years old, lowest salary is 580 euro. For those under 25 years old, the lowest salary was set at 510.95 
euro. 
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According to Hellenic Statistical Authority, persons at risk of poverty and social exclusion represent 35.6% of the total population. 
For the year 2016, the at-risk-of-poverty rate for people aged 65 years and over was 13.8% for women and 10.6% for men. The poverty 
threshold was 4,500 euro (per person) per year and 9,450 euro for households with two adults and two dependent children under 14 
years old. The mean annual income of the households of the country was 14,932 euro (income after taxes and social contributors) [46]. In 
this study personal income was recorded before taxes. 

Education was measured as total years of education, as the highest certificate of education received and as an ISCED-97 classification 
[47].

Occupation classification, was made according to former main occupation and the International Classification of Occupation (ISC0-88 
revised in 2008, ISCO-08) [48]. ISCO-08 presents and divides jobs into 436 unit groups. These unit groups are summed and clustered into 
130 minor groups, 43 sub-major groups and 10 major groups, based on their similar nature and equivalence in terms of the skill level 
and skill specialization required for the jobs. The 10 major occupation groups are: managers/professionals/technicians and associate 
professionals/clerical support workers/service and sales workers/skilled agricultural, forestry and fishery workers/craft and related 
trade workers/plant and machine operators, and assemblers/elementary occupations/and armed forces. A small percentage of female 
participants (4, 1%), reported they had never worked. For this small percentage of females, classification was according to the head of 
household’s occupation; this classification for women was previously used by Mackenbach and Kunst (1997) [49]. Thus, for single women 
who never married, classification was performed according to father’s ISCO occupation. For married women occupation classification 
was according to spouse’s ISCO occupation classification. For the present study analysis, the ten occupation groups were merged in four: 
professionals, service and shop keepers, agriculture and craft workers, and manual workers. The study also explored oral health behav-
iors: reason for dental visits, frequency of tooth brushing, as confounders. Dryness of the mouth was self-reported by the participant. The 
participants were asked if they felt xerostomia: “Have you felt any dryness in your mouth during the last six months?”

Ethics

The Ethical Committee of the National and Kapodistrian University of Athens approved the study (18/01/2014). All participants 
volunteered and only participated after signing consent form. Visits to the KAPI Day Centers were arranged, prior to appointments by 
telephone or personal communication and after permission from the Municipalities of Athens and Piraeus.

Statistical analyses and measurements

The outcome variable was the number of missing teeth. The statistical analyses were conducted in two stages. First, the potential effect 
of the MMSE score, gender, personal income, occupation, years of education, brushing frequency, reason for dental attendance, and mouth 
dryness, on the number of missing teeth was investigated bivariately. T test and Pearson’s correlation coefficient were conducted due to 
the normal distribution of the data. Second, General Linear Model (GLM) was applied to investigate the relationship between the afore-
mentioned predictors and the outcome variables. Significant confounders, as well as interactions were retained in the models. Deviance 
residuals were calculated in order to evaluate the model’s goodness-of-fit. Model assumptions were tested using q-q plots for normality 
and residual plots versus predicted values or independent variables for homoscedasticity and linearity. Given the nature of the data, all 
plots were satisfactory not showing severe deviations from the ideal. All reported probability values (p-values) were based on two-sided 
tests and compared to a significant level of 5%. The analyses of coded data were carried out using SPSS software version 23.0.

Results
The results of this cross-sectional study are shown in tables 1-3. Distribution of the study sample, according to the number of retained 

and missing teeth by gender, brushing frequency, reason to go to the dentist, mouth dryness, personal income, and occupation is pre-
sented in table 1. Also, the distribution of the edentulous population of the study is also provided in table 1. According to independent 
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samples t test, males and individuals with mouth dryness for more than 6 months, had significantly more missing teeth. Additionally, 
participants who brushed their teeth or dentures less than once a day, visited the dentist only when they had trouble/pain, had worked 
as manual workers and with lower income, had also significantly less teeth (GLM analysis, Table 1). Further, the number of missing teeth 
was significantly negatively correlated with the MMSE score and their years of education, but significantly positively correlated with the 
age of the participants (Pearson’s r test, table 2). 

Retained Teeth Missing Teeth*
≥ 21 15 - 20 1-14 0 (edentulous) Mean Median

n % N % n % n % (sd) (IR)
Gender

Male 81 22.9 68 19.2 82 23.2 123 34.7 21.23 (9.86) 22.0 (20.0)
Female 101 26.0 95 24.4 112 28.8 81 20.8 18.94 (9.13) 17.0 (17.0)

*p < 0.001a

Frequency of brushing teeth or dentures
Less than once a day 16 19.5 16 19.5 21 25.6 29 35.4 21.67 (9.34) 20.5 (20.0)

Once a day 93 22.1 94 22.4 108 25.7 125 29.8 20.66 (9.51) 20.0 (20.0)
Twice a day 59 31.4 44 23.4 50 26.6 35 18.6 17.93 (9.25) 15.0 (16.0)

More than twice a day 14 26.4 9 17.0 15 28.3 15 28.3 19.96 (10.22) 21.0 (23.0)
*p = 0.004b

Reason to go to the dentist
Regular check up 50 48.5 30 29.1 18 17.5 5 4.9 13.31 (7.32) 12.0 (8.0)

Occasionally 36 25.0 34 23.6 36 25.0 38 26.4 19.63 (9.54) 18.0 (21.0)
When in trouble or pain 96 19.4 99 20.0 140 28.2 161 32.5 21.54 (9.36) 22.0 (20.0)

*p < 0.001b

Dryness in mouth last 6 months
Yes 67 19.3 79 22.8 94 27.1 107 30.8 20.96 (9.35) 20.0 (20.0)
No 115 29.0 84 21.2 100 25.3 97 24.5 19.22 (9.65) 17.0 (20.0)

*p = 0.013a

Personal income (euros)
< 600 53 20.3 55 21.1 77 29.5 76 29.1 21.08 (9.17) 22.0 (20.0)

≥ 600 and < 800 61 19.7 69 22.3 84 27.1 96 31.0 21.03 (9.43) 21.0 (20.0)
≥ 800 68 39.5 39 22.7 33 19.2 32 18.6 16.63 (9.58) 12.0 (18.0)

*p < 0.001b

Occupation
Professionals 62 43.4 28 19.6 25 17.5 28 19.6 16.34 (9.66) 12.0 (15.0)

Services and Shopkeepers 33 19.5 48 28.4 45 26.6 43 25.4 20.17 (8.92) 18.0 (20.0)
Agriculture and Craft workers 41 25.8 35 22.0 41 25.8 42 26.4 19.62 (9.52) 18.0 (21.0)

Manual workers 46 16.9 52 19.1 83 30.5 91 33.5 22.13 (9.31) 24.0 (18.0)
*p < 0.001b

Table 1: Distribution of the study sample, according to the number of retained and missing teeth (standard deviation and interquartile 
range in parenthesis) by gender, brushing frequency, reason to go to the dentist, mouth dryness, personal income, and occupation.

a: Based on independent samples T test
b: Based on GLM analysis
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Mean Median Standard deviation Pearson r with Missing Teeth (p)
Missing Teeth 20.03 19.00 9.545 -------------------

MMSE total raw score 24.83 25.00 2.047 -0.328 (< 0.001)
Age 74.84 75.00 6.055 0.428 (< 0.001)

Total years of education 7.03 6.00 3.893 -0.289 (< 0.001)

Table 2: Descriptive statistics (mean, median. standard deviation) of missing teeth, MMSE total raw score, age, 
and total years of education. Pearson correlation of these variables with missing teeth (p value of correlation in 

parenthesis).

Dependent variable Independent variables Categories B se(b) Wald Chi-Square test p
Missing Teeth Constant 0.657 6.9523 0.009 0.925

MMSE total raw score -0.590 0.1890 9.732 0.002
Gender Male 2.150 0.6684 10.344 0.001

Female Baseline
Reason to go to the 

dentist
Regular check up -4.824 0.9094 28.134 < 0.001

Occasionally -0.906 0.7711 1.382 0.240
When in trouble or 

pain
Baseline

Age (years) 0.492 0.0551 79.724 < 0.001

Total years of education -0.427 0.0928 21.235 < 0.001

Table 3: Generalized Linear Model for missing teeth by gender, reason to go to the dentist, age, MMSE total raw score, and total years of 
education.

The above results, are also confirmed by the GLM analysis. More specifically, the model indicated a significant gender effect (Wald 
test = 10.344, p < 0.001) with males loosing 2.15 teeth on average more than females. Regarding the reason of dental attendance, people 
going to the dentist when in trouble or pain demonstrated approximately 4.8 on average more teeth loss than going regularly (Wald test 
= 28.134, p < 0.001). However, the difference with those going occasionally was not significant (Wald test=1.382, p = 0.240). Age contrib-
uted to tooth loss with 0.5 lost teeth approximately per year (Wald test = 79.724, p < 0.001). One unit increase in MMSE total raw score 
make us expect 0.6 approximately less teeth lost on average (Wald test = 9.732, p < 0.002). Finally, one year more in total education year’s 
results in 0.4 approximately less teeth lost on average. 

Discussion
This epidemiological study had an observational, cross-sectional design and sought to explain the relationship between tooth loss, 

cognitive ability and social indicators of older people living in the area of Greater Athens, Greece. To the best of our knowledge, this is the 
first study to explore and discover that tooth loss is associated to cognitive ability and socioeconomic inequalities in elders, visiting Day 
Centers in Greece. 

The sample was based on an urban population, from two different Municipalities. Both municipalities had a wide variety of land value 
and population of different socioeconomic status according to education, occupation, and personal income. According to multivariate 
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analysis, the main finding from the study revealed a significant association between tooth loss and cognitive ability (MMSE score). Par-
ticipant’s age, income and years education were also significantly correlated with tooth loss. Those who brushed their teeth or dentures 
less than once a day and visited the dentist only when they had pain or a problem had significantly more missing teeth. There was also an 
occupation and income effect thus those being manual workers with lower income experienced significantly more missing teeth. Social 
inequalities in health are of great concern to public officials and epidemiologists in many countries, including prosperous societies, as dif-
ferentials in morbidity and mortality among the socioeconomic groups remain a problem [9,49-52]. Unequal distribution of income and 
inequality in occupation and education contribute to differences in health outcomes and care, revealing the gap between the more affluent 
and privileged and less affluent [12,20,49-51]. 

The results of the present study are in accordance with two studies in Japan that also used the MMSE score. Their results showed tooth 
loss associated with MMSE score, and the higher the number of missing teeth the lower the MMSE score in Japanese elders [3,4]. Similarly, 
low MMSE scores were associated with increased risk of tooth loss and reported in a cohort study of community-dwelling men, members 
of the U.S. Department of Veterans Affairs, 28 - 70 years old. In older men MMSE scores were predicted by rates of tooth loss. Those results 
showed that the risk for low scores in MMSE test increased by 9% to 12% for each tooth lost in a decade [52]. The MMSE score has also 
been associated to tooth loss in Indonesian elders [53]. Another study that used the MMSE score but also a clinical diagnosis of dementia 
in Swedish elders showed that education and age levels largely explained associations of missing teeth and cognitive impairment [54]. 
The Health 2000 Health Examination Survey in Finland examined oral health and cognitive impairment in adults 55 years or older, and 
found statistical significant differences with more carious teeth and missing teeth or being edentulous without wearing a denture in those 
cognitively impaired [56]. Similarly, a study from China examined the association between tooth loss and cognitive function in elders 60 
years or above found that the number of missing teeth was significantly associated with cognitive impairment [6]. Holst (2008) found in 
a 30-year-long study in Norwegian adults that the existence of oral health inequalities and the social gradient in edentulism impacted on 
the functional dentition of 20 or more natural teeth. She concluded that in a Norwegian population edentulism was a result of accumu-
lated incidences of oral diseases and limited access to dental care either because of economic barriers or unavailability of dental care [1]. 
Analyses of the National Health and Nutrition Examination Survey (NHANES, 1999-2002), in the USA, examined dental care utilization, as 
a covariate and the link between cognitive function and tooth loss, and there was a strong association of dental care utilization and tooth 
loss [18] and the level of cognitive functioning with dental utilization [56]. In the present study we also found that lower scores of cogni-
tive function have been associated with worse oral health status, and the impact of cognitive function on tooth loss merged when there 
were regular dental visits. However, in the present study we have both edentulous and dentate seniors 65 years and older, while in the 
studies of Wu., et al. [18,56] participants had at least one tooth and were 60 years and older. 

A recent study by Manski., et al. [57] examined disparities in dental attendance among older adult populations in the USA, data from 
Health and Retirement Study (HRS), and in European countries, data from the Survey of Health, Ageing and Retirement in Europe (SHARE). 
It was found that income and education had stronger correlation with dental use, than dental insurance had. This result is partly in agree-
ment with our study, in which education had a significant effect on tooth loss. 

Furthermore, the present study’s results partly agree with the results of a previous research in Greece by Mamai-Homata., et al. 
(2012), where education was the only significant predictor for tooth loss in adults [34].

The country’s financial crisis is also a public health crisis and has impacted on people’s daily life, and oral health inequalities and 
disparities have increased [58,59]. Increasing number of Greeks reported neglecting their health, and they avoided health or dental 
examinations either because could not afford to pay the cost or because of the distance to the clinics and travel expenses [59-61]. Un-
fortunately, a safety net for those frail or in great need does not exist. This emphasizes the need for strategies and upstream public policies 
interventions to eliminate disparities in oral health and social disparities within the country and inequalities in oral health across other 
countries, as this is one among others of global oral health objectives for the year 2020 [15,63]. 
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Because older people have transition events affecting their lives (loss of a partner, widowed, retirement, and health problems), they 
are more vulnerable to financial crisis and may face hardship [64,65]. Furthermore, there is a need to implement national guidelines and 
a plan to promote equity in health and awareness of the importance of oral health on general health with emphasis on cognitive ability 
and the impact of social differences on health outcomes. 

The limitations of the present study concerned its cross-sectional nature which does not establish a causal effect between tooth loss 
and cognitive ability. Also, generalization of the results to other populations should be done with caution, as the sample was not represen-
tative for the whole country. However, the strength of the study is the stratified and clustering methods used for the sample. Clustering 
methods were employed according to KAPI and postal codes. Moreover, this research was especially designed to explore factors affecting 
the oral health in elders aged 65 years and older, applying multivariate analysis to control confounding as much as possible.

Conclusion
Tooth loss was associated with cognitive ability (MMSE score) in elders, visiting Day Centers in Athens and Piraeus, Greece. In the 

examined population those with higher scores of MMSE score experienced less missing teeth. Also, those who were older, males, with less 
years of education, lower income, and felt dryness in the mouth had significantly more missing teeth. Participants who brushed their teeth 
or dentures less than once a day, visited the dentist only when they had trouble or pain and were manual workers with lowers income 
experienced significantly more missing teeth. Future research is needed to further investigate the association between tooth loss and 
cognitive ability in older people, in Greece, in order to design and implement the appropriate dental public health measures for this high 
risk population group.
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