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Introduction

Cognitive impairment is a set of  neurologic diseases and disorders 
that can directly or indirectly (permanently or transiently) disrupt 
the cognitive function and executive function of  the nervous 
system, causing disturbance in patients’ awareness of  themselves 
and the world around them and result is specific behavioral 
abnormalities that could severely affect the patient’s personal and 

social life.[1] With aging, decreasing changes occur in cognitive 
tasks which help one to process and transmit information to make 
decision quickly.[2] The term Mild Cognitive Impairment (MCI) 
has been used since the early 1990s, but about a decade ago 
acquired a more specific meaning of  “transition” or intermediate 
state between normal cognition and dementia.[3] The prevalence 
of  MCI ranges from 3% to 42% in various international studies 
and its incidence per 1000 individuals per year ranges from 22.5 
to 60.1 depending on age.[4,5]

In previous studies, several risk factors have been identified for 
MCI, including educational level, nutrition, older age, hearing 
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impairment, B12 deficiency and active depression in the past 
2 years.[6‑8] Furthermore, the relationship between oral health 
status, especially tooth loss, and cognitive impairment has 
attracted much attention, with tooth loss reported as a factor 
associated with cognitive impairment or its exacerbation.[9‑15] 
Although according to a systematic review, it is unclear how oral 
health is associated with cognitive status,[16] hippocampus which is 
associated with memory, learning and emotions has been shown 
to be connected with masticatory system via neural circuits. It is 
suggested that neuronal and humoral pathways are responsible 
for interactions amongst these two areas.[17‑19]

Although the effects of  cognitive impairments on general 
health have been identified, it is probable that this disorder fails 
to be diagnosed specially in nursing home residents. American 
Academy of  Neurology declares that the aim of  early assessment 
of  cognitive impairment is not usually achieved in everyday 
clinical practice. Since MCI is likely to progress to dementia 
early detection of  MCI is crucial, so using a simple and rapid 
cognitive assessment tool is a valuable method in treatment and 
research.[20‑22] Montreal Cognitive Assessment Test is one of  the 
newest known tests in this field and takes about 10 minutes to 
complete and has 30 points for assessing cognitive impairment. 
This test can detect mild Alzheimer’s cases with 100% sensitivity 
and 87% specificity. The Montreal test is considered to be the 
most useful test for assessing mild cognitive impairments.[23]

Since no similar studies have been conducted in the Iranian 
statistical community so far and as far as we are concerned, most 
of  previous studies have examined the relationship between 
tooth loss, and not DMFT index, with cognitive impairment, 
the aim of  this study was to determine the relationship between 
DMFT index and cognitive disorders in 25‑55 year old people 
in Rafsanjan in 2019, seeking future plans for diagnosing dental 
problems in early stages and conducting primary cares before 
affecting cognition.

Methods

This cross‑sectional study was performed on 350 patients aged 
25‑55 years referred to Rafsanjan dental school January to April 
2019. Ethical approval (IR.RUMS.REC.1398.068) was obtained 
from Rafsanjan University of  Medical Science on 24th December 
2018 and the information about the procedure and the test was 
given to patients and written consents were obtained from them. 
Then, their demographic data including gender, educational level 
and place of  residence were recorded, they were also asked about 
the last time they had visited a dentist.

Sample selection
Among patients referring to Rafsanjan Dental School, 
350 patients were chosen by simple random sampling. Inclusion 
criteria included: age between 25 and 55 years, and living in 
Rafsanjan urban or rural area; exclusion criteria included: being 
smoker, being medically compromised and unwillingness to 
participate.

Dental examination
Dental examination was performed by a dentist on a dental 
unit using mirror and explorer No. 17. DMFT index was used 
to determine decayed, missed and filled teeth. World Health 
Organization (WHO) definition was used to detect caries. 
Accordingly, a tooth was diagnosed as a decayed one if  there were 
lesions in its points and grooves or in the smooth surfaces, if  it 
was temporarily filled, if  it was filled by permanent restorative 
materials and was decayed, if  the tip of  dental explorer was 
entered to a hole in proximal surfaces. Otherwise, the tooth was 
considered healthy.[24] Teeth that did not exist were identified as 
extracted ones. The age at which the edentulous patients had lost 
all their teeth and also the date of  last dental visit was recorded. 
The scores were collected and the patient was informed of  the 
result of  the test.

Montreal Cognitive Assessment Test
The Montreal Cognitive Assessment Test (MoCA) measures eight 
cognitive domains through different skills. The highest score on 
this test is 30. For those with 12 or fewer years of  education, 
one additional score is added. People with a score of  26 and 
above are considered normal, score of  21 to 25 and 11 to 20 
are considered MCI (Mild Cognitive Impairment) and severe 
cognitive impairment respectively.[23]

Statistical analysis
After collecting the checklists, data were entered into SPSS 
21 software (IBM, Armonk, NY, USA). Results were reported 
for quantitative data as mean and standard deviation and 
for qualitative data as numbers (%). In case of  confirmation 
of  their normal distribution and homogeneity of  variances, 
independent t‑test was used. Otherwise, they were analyzed by 
U Mann‑Whitney. Chi‑square test or Fisher’s exact test were used 
for data analysis. The relationship of  dependent and independent 
variables was determined by logistic regression test. Significance 
level was set at 0.05.

Results

Kolmogorov‑Smirnov test was used to determine the normality 
of  the data distribution. Results showed that clients’ scores in 
both MoCA and DMFT indices were not normal (p = 0.001). 
Nonparametric tests such as Mann‑Whitney, Kruskal‑Wallis and 
Chi‑square tests were therefore used for data analysis.

Of  the 350 subjects, 49.1% were men and 50.9% were 
women (172 men and 178 women), most of  whom had a high 
school diploma level (50.6%) and a city resident (68%). Time of  
last dental appointment was also divided into three groups, with 
the highest percentage being in the group over 2 years (48.6%) 
of  which 54.7% were male and 45.3% female [Table 1].

Results of  Table 2 indicate that the mean age of  the patients 
was 38.14 ± 7.57 years with no significant difference between 
men and women (P = 0.58), Montreal Cognitive Assessment 
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Test (MoCA) score mean 25.25 ± 2.04 (female 25.50 ± 2.31 
and male 25.54 ± 1.74) and mean of  DMFT index 18.27 ± 7.23 
(female 18.38 ± 7.17 and male 18.16 ± 7.31), there was no 
significant difference between males and females (P = 0.95).

Mann‑Whitney test showed that there was no significant 
difference between male and female clients in terms of  
MoCA (P = 0.29) and DMFT (P = 0.94). Also, there was no 
significant difference between the two groups of  those who 
lived in rural areas and those who lived in urban areas in terms 
of  MoCA (P = 0.23) and DMFT (P = 0.91).

According to Table 3, the results of  Kruskal‑Wallis test showed 
that there was a significant difference between clients with 
different educational levels in terms of  MoCA (P = 0.001) and 
DMFT (P = 0.001). Also, there was a significant difference 
between the three groups related to the variable “time of  last 
dental appointment” (P = 0.01), but for DMFT index, there 
was no significant difference between these groups (P = 0.14).

Clients were divided into five groups according to the number of  
missing teeth: first group (0‑4), second group (5‑12 missed teeth), 
third group (13‑19 missed teeth), fourth group (20‑ 27 missed 
teeth) and the fifth group (28 missed teeth). Frequency 
distribution of  three groups of  MoCA index (normal, mild 
cognitive impairment and severe cognitive impairment) were 
calculated in these 5 groups. The results showed that the highest 
percentage of  people with normal MoCA index belonged to 
the first group (84.3%), the second group (81.8%) and the 
third group (73.4%) and the highest percentage of  people with 
mild cognitive disorders belonged to the fifth group (55%) 
and the fourth group (45.5%) and the highest percentage of  
people with severe cognitive disorders belonged to the fifth 
group (10%). Of  the 350 volunteers, 67.4% had normal MoCA 
score, 28.6% had mild cognitive impairment, and 4% had severe 
cognitive impairment. The results of  Chi‑square test showed 
a significant relationship between MoCA index and the five 
groups (P = 0.001) [Figure 1].

Participants were divided into four groups according to DMFT 
index: first group (0‑8), second group (9‑16), third group (17‑23) 
and fourth group (24‑28). Frequency distribution of  three groups 
of  MoCA index (normal, mild cognitive disorders and severe 
cognitive impairment) was calculated in these four groups. Results 
showed that the highest percentage of  people with normal MoCA 
index belonged to the first group 86%, second group 82% and 
third group 78.2%. The highest percentage of  people with 
mild cognitive disorders belonged to the fourth group (48.1%) 
and the highest percentage of  people with severe cognitive 
disorders belonged to the fourth group (7.5%). The results of  
Chi‑square test showed a significant relationship between the 
MoCA index and the 4 groups (P = 0.001) [Figure 2].

Comparing anterior DMFT and MoCA (P = 0.001) and posterior 
DMFT and MoCA (P = 0.001), both cases showed a significant 
inverse relationship, which was higher in anterior teeth. Also, 
comparing MoCA with anterior missing (P = 0.16) and posterior 
missing (P = 0.001), both showed inverse association, which 
was not significant in anterior teeth, but it was significant in the 
posterior teeth.

As shown in Figure 3, regression analysis was used to examine 
the relationship of  the subscales of  the DMFT index with the 
MoCA index in the clients. The data showed that the MoCA index 
had a significant inverse relationship with Decay (P = 0.001) and 
Missing) (P = 0.001), but with Filling (P = 0.001) has a significant 
direct relationship.

To investigate the relationship between DMFT index, age, gender, 
education, place of  residence and time of  last dental appointment 
dentist with MoCA index in patients, regression analysis was used. 

Table 2: Descriptive Indicators, Age, MoCA and DMFT 
of Clients (n=350)

DMFTMoCAAgeVariable
Index

18.27±7.2325.52±2.0438.14±7.57Mean±standard deviation
11725Minimum
283055Maximum

D: Decayed, M: Missing, F: Filled, T: Teeth. MoCA: Montreal Cognitive Assessment Test

Table 1: Frequency distribution of clients by gender, education, place of residence and time of last dental appointment 
(n=350)

Time of  last dental appointmentPlace of  residenceEducationGenderVariable
>2 

years
1-2 

years
<1 yearRuralUrbanBachelorAssociate 

Degree
diplomaLess than 

diploma
MaleFemaleQuantity

17013050112238655317755178172Number
48.637.114.3326818.615.150.615.750.949.1Percent
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Figure 1: Frequency distribution of MoCA subscales of missing 
groups . MoCA: Montreal Cognitive Assessment Test 
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The data showed that MoCA index was negatively correlated with 
DMFT index (P = 0.001) and age (P = 0.001) and was positively 
correlated with education (P = 0.001). There was no significant 
relationship between gender (0.853), the time of  last dental 
appointment (P = 0.231) and place of  residence (P = 0.428) 
with MoCA index. The relationship between the total score of  
MoCA and DMFT is shown in Figure 4.

Analysis of  variance was used for the evaluation of  the effect of  
age, gender, education, place of  residence and time of  last dental 
appointment on the relationship of  DMFT index with MoCA. 
The results showed that the interaction effect of  DMFT and age 
and also gender on MoCA score was not significant (P = 0.67 and 
P = 0.525, respectively), but the interaction effect of  DMFT and 
education, place of  residence and time of  last dental appointment 
on MoCA score was significant (P = 0.001, P = 0.0003 and 
P = 0.002 respectively).

The results showed a significant relationship between DMFT index 
and cognitive disorders. There was also a significant relationship 
between DMFT index and cognitive disorders by education level, 
time of  last dental appointment and place of  residence, but no 
significant relationship was found based on age and gender.

Discussion

Teeth have chewing function and mature memory whose loss or 
decay causes functional changes in brain. Several studied have been 
conducted to show the relationship between loss of  tooth and 
different forms of  cognitive impairment.[9‑13,25] However, DMFT 
index has not been studied as a related factor to cognition yet.

The aim of  this study was to determine the relationship between 
DMFT index and cognitive disorders in people aged 25‑55 
in Rafsanjan in 2019. Based on the results of  this study, new 
methods are needed to be designed to conduct early dental 
treatment in patients with mild cognitive impairments to prevent 
the more deterioration and to improve the quality of  patients’ 
life due to the progressive nature of  their disorders.

The results of  this study showed a significant relationship 
between DMFT and cognitive impairment, and there was a 
significant relationship according to education level, time of  last 
dental appointment and place of  residence, but no significant 

relationship was found by age and gender between DMFT index 
and cognitive impairment. With respect to the relationship 
between tooth loss and cognitive status, our study confirms the 
result of  previous studies. Ranjan et al. who used Mini‑Mental 
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Figure 2: Frequency distribution of MoCA index sub‑scales in DMFT 
groups. D: Decayed, M: Missing, F: Filled, T: Teeth  MoCA: Montreal 
Cognitive Assessment Test 

Figure 3: Correlation between DMFT subscales with MoCA . D: 
Decayed, M: Missing, F: Filled, T: Teeth  MoCA: Montreal Cognitive 
Assessment Test 

Figure 4: Relationship between DMFT and MoCA indices in clients . 
D: Decayed, M: Missing, F: Filled, T: Teeth  MoCA: Montreal Cognitive 
Assessment Test 

Table 3: Results of Kruskal-Wallis test to compare 
MoCA and DMFT indices by education level and time of 

last dental appointment
Significance level 

(sig)
Chi-square 

statistic
VariableGroup

0.00160.169MoCALevel of  education
0.00123.423DMFT

0.018.346MoCAtime of  last dental 
appointment

0.143.892DMFT
D: Decayed, M: Missing, F: Filled, T: Teeth. MoCA: Montreal Cognitive Assessment Test
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Status Examination (MMSE) for assessing cognitive impairment 
concluded that there was a significant association between less 
number of  teeth and lower MMSE score.[12] In their study, Han 
et al. who analyzed 411 people found out that loss of  functional 
teeth and functional occlusal units were associated with lower 
odds of  cognitive impairment.[26] Kato et al. reported a significant 
association between the number of  natural teeth and cognitive 
function, especially the calculation ability.[14] The reasons why 
cognitive impairment and dental status are associated might be:
1) Previous periodontitis which can results in tooth loss. Some 

systemic inflammatory markers increase due to periodontal 
diseases which can affect brain as well.[27,28]

2) Poor nutrition as a result of  oral and dental problems. 
Nutritional problems have been reported as an important 
factor in cognitive disorders.[29,30]

3) Masticatory dysfunction has been also shown to be a reason for 
cognitive decline due to morphological change and decreased 
activity in the hippocampus.[31,32]

The results of  this study showed that the interaction between 
DMFT and gender on MoCA score was not significant. In a study 
of  557 individuals over 77 years old, Lexomboon et al. examined the 
relationship between chewing ability and missing teeth with cognitive 
impairments in the elderly population and realized that gender did 
not explain the relationship between chewing ability and cognitive 
impairment which was similar to our study.[33] However, the finding 
of  ALFotawi et al. was not the same as ours, they found out that 
cognitive impairments were significantly higher in women with less 
teeth than in men, which may be due to their hormonal status.[34]

The results of  the study showed that more literate people had more 
teeth and less cognitive impairment. Ismail F et al. examined cognitive 
performance and tooth loss in relation to education level. They 
concluded that people with lower educational and socioeconomic 
level had poorer cognitive function status (Lower MMSE score), 
which was similar to our study.[35] Nevertheless, Lexomboon et al. 
in a study of  the relationship between chewing ability and missing 
teeth with cognitive impairments in elderly population came to 
the conclusion that education did not explain the relationship 
between chewing ability and cognitive impairment, which was not 
consistent with our results. It might be due to the older statistical 
population in their study.[33]

Our study also showed that there was a significant relationship 
between the MoCA index and the 4 DMFT groups. The highest 
percentage of  people with normal MoCA index belonged to 
the first group (0‑8), the second group (9‑16) and the third 
group (17‑23). The highest percentage of  people with mild and 
severe cognitive disorders belonged to the fourth group (24‑28). 
No similar or opposite study was found.

The limitations of  this study include the small sample size and 
that it is a cross‑sectional study so in spite of  understanding that 
DMFT and cognitive impairment are associated, it cannot be 
determined which one is the cause of  the other one. Strengths of  
our study are that teeth were examined by a dentist and it was not 

based on self‑report, and also we have investigated other dental 
status such as decays and fillings in addition to tooth loss because 
even pain caused by caries might cause nutritional problems and 
amalgam restorations have been shown to increase the likelihood 
of  Alzheimer’s disease.[36]

Based on the results of  this study, cognitive function and dental 
status are associated and the deterioration of  one can have 
negative impact on the other one. It seems that dentists play an 
important role in assessing dental status of  patients, enriching 
their knowledge about dental health care and also providing 
primary preventive dental care to decline probable subsequent 
effects on cognition.

Conclusion

In conclusion, DMFT was associated with cognitive impairment, 
the higher the score of  DMFT index is, the more severe 
cognitive impairment is. Cognitive conditions and DMFT were 
also evaluated in relation to age, place of  residence, educational 
level and time of  last dental appointment, the last two ones were 
found to be associated. Further longitudinal studies with larger 
sample sizes are needed to evaluate the causal relationship of  
dental and cognitive status.
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