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Abstract Poor oral health conditions are well documented

in the institutionalized elderly, but the literature is lacking

research on relationships between dementia and periodon-

tal health in nursing home residents. The purpose of this

cohort study, therefore, was to assess whether dementia is

associated with poor oral health/denture hygiene and an

increased risk of periodontal disease in the institutionalized

elderly. A total of 219 participants were assessed using the

Mini Mental State Examination (MMSE) to determine

cognitive state. According to the MMSE outcome, partic-

ipants scoring B20 were assigned to dementia group

(D) and those scoring [20 to the non-dementia group

(ND), respectively. For each of the groups D and ND,

Gingival Bleeding Index (GBI) and Denture Hygiene Index

(DHI) linear regression models were used with the con-

founders age, gender, dementia, number of comorbidities

and number of permanent medications. To assess the risk

factors for severe periodontitis as measured by the Com-

munity Index of Periodontal Treatment Needs, a logistic

regression analysis was performed. Statistical analysis

revealed no significant differences of GBI as well of DHI

for demented and healthy subjects (p[ 0.05). Severe

periodontitis was detected in 66 % of participants with

dementia. The logistic regression showed a 2.9 times

increased risk among demented participants (p = 0.006).

Oral hygiene, denture hygiene and periodontal health are

poor in nursing home residents. The severity of oral

problems, primarily periodontitis, seems to be enhanced in

subjects suffering from dementia. Longitudinal observa-

tions are needed to clarify the cause–reaction relationship.
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Introduction

The proportion of elderly is increasing rapidly in Western

countries. This demographic shift will lead to a higher

number of people which will have to be cared for in

nursing homes within the next decades. Poor oral health

conditions are well documented in this specific community.

Compared to elderly not living in nursing homes, a larger

prevalence of substantial dental plaque accumulation and

caries has been detected in nursing home residents [1–3].

Literature further indicates that periodontal disease is very

common in this population [4]. However, seniors in need of

care frequently face various other systemic illnesses and

polypharmacy which might be intercorrelated with poor

oral health [5].

The previous research revealed that cognitive and

functional impairment are highly prevalent in nursing

home residents [6, 7]. Many factors contribute to cognitive

impairment in the elderly. It has been pointed out that

cardiovascular disease, diabetes, alcohol and smoking may

be risk factors for a decreased cognitive state, whilst social

integration and educational background seem to be pro-

tective variables [8]. Nonetheless, in the vast majority of

cases, cognitive impairment of the elderly is a symptom of
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dementia which is very common in old age. The prevalence

of dementia among nursing home residents 50 years and

above is stated to be approximately 50 %. Besides cogni-

tive and motor impairments, dementia additionally com-

prises of behavioral and psychological changes like anxiety

and aggressive behavior [9–11]. In conclusion, all these

factors limit the ability to independently perform normal

daily activities, including personal care and oral hygiene.

Behavioral disturbances hinder care givers from providing

sufficient care, even though the elderly are especially in

need of nursing help [12]. The previous studies acknowl-

edged that dementia promotes to poor oral hygiene [7, 13]

and health, namely, caries incidence and periodontal dis-

ease [14–16].

Up to now, information on the associations between

dementia and gingivitis/periodontitis in institutionalized

communities is rare. A previous research article reported

comparable denture hygiene, caries increments and gingi-

val inflammation for people with and without dementia but

higher levels of mean plaque and periodontal treatment

needs in a sample of 93 elderly living in four nursing

homes of one care society [17]. Larger sample sizes would

be valuable to verify these results and to generate multi-

variate risk models for severe periodontitis because ade-

quate periodontal health is not only an important

determinant regarding the chewing function and, therefore,

nutrition, but also it is important for general health. Poor

oral hygiene leads to a higher risk for pneumonia [17, 18],

and periodontitis promotes cardiovascular diseases, stroke

and diabetes [19–21].

The objective of this cohort study was, therefore, to

assess whether dementia is associated with poor oral

health/denture hygiene and an increased risk of periodontal

disease in the institutionalized elderly.

Materials and methods

Participants

This cohort study was approved by the local review board

of the University of Heidelberg (No. 002/2012) and was in

accordance to the Declaration of Helsinki. The study was

conducted in 14 nursing homes located in the federal state

of Baden-Württemberg (Germany), selected by the Min-

istry of Social Affairs to be representative for all homes in

Baden-Württemberg. For each nursing home, an informa-

tion event was held to introduce the contents of the study.

Potential participants received written and oral informa-

tion. The only inclusion criteria were a consent form,

signed by the participant or her/his legal guardian. 277

participants agreed to participate and were included in the

study (final sample). This paper includes information of 93

participants in four nursing homes of one care society in

the city of Mannheim, Baden-Württemberg, which have

been reported elsewhere [17].

Demographic data

Medical records were studied to determine sex, age,

number of comorbidities and routinely taken medications.

The intake of any anticoagulative medications was

recorded.

Assessment of dementia

Participants were screened for dementia using the Mini

Mental State Examination (MMSE). Participants were

asked to solve 30 tasks involving dimensions orientation,

short-time memory, arithmetic tasks, language use/com-

prehension and basic motor skills. Each single exercise was

rated whether with ‘‘0’’ (failed) or ‘‘1’’ (completed),

respectively [22]. Consequently, participants who were

successful in all exercises scored 30. In the literature,

participants scoring equal to or below 20 are considered to

suffer from dementia [22]. On the basis of the MMSE

outcome, participants were assigned to two groups by an

independent dentist not involved in the dental assessments.

Dental examinations

The evaluation of oral conditions was performed by two

examiners who were trained at the Department of

Prosthodontics prior to the investigations. In addition, a

reliability assessment was performed in a sample of 15

study participants. For that purpose, these nursing home

residents were examined twice by the examiners; per-

forming this, the examiners independently evaluated and

documented each of the dental target variables (see below).

Agreement within all target indices was found to be

Cronbach’s alpha [0.9. The dental target variables were

the gingival bleeding index (GBI, 23), the periodontal

screening index [Community Index of Periodontal Treat-

ment Needs (CPITN, 24)] and the denture hygiene index

(DHI, 25). GBI was assessed using a periodontal WHO

probe (CPC11.5; Hu Friedy, Tutlingen, Germany). The

probe was inserted and slid through the gingival sulcus at

four sites (distal, buccal, mesial and lingual) of each tooth.

After approximately 10 s, the number of bleeding areas

was documented and divided by the number of all tooth

areas [23]. In analogy to GBI, the CPITN was also per-

formed using a WHO probe. As an indication of peri-

odontal health condition, CPITN includes 5 codes. 0

reflects healthy conditions, 1 and 2 gingivitis, whilst 3

(moderate) and 4 (severe) are indicative of periodontitis

[24]. For the determination of DHI [25], the denture(s) of
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each group were divided into 10 areas. After rinsing with

water, drying with gauze and tinting by use of a plaque

indicator (Plaque Test; Ivoclar Vivadent, Schaan, Liecht-

enstein) plaque-positive areas were counted and divided by

10 to give a score ranging from 0 to 100 % [25].

Statistical evaluation

To assess dementia as a risk factor for poor oral health

while adjusting for possible confounders, a logistic

regression model was used to evaluate its effect on the

binary indicator for the presence of CPITN code 4 and

linear regression models were used to assess its effects on

GBI and DHI.

All statistical analyses were performed using SPSS

v19.0 (IBM, New York, USA).

Results

During the study, 54 of the 277 participants refused to

complete the MMSE and eight participants had neither own

teeth nor dentures. These participants had to be excluded

from statistical analysis. Thus, the complete data of 219

participants (68.5 % female) were evaluated. Age of the

participants was in mean (SD) 83.1 (9.0) with a range of

54–102 years. The mean (SD) number of comorbidities

was 3.4 (2.2). Participants had in mean (SD) 6.5 (3.4)

permanent medications. Mean number of remaining teeth

among the total sample was 7 (8.4) and 11.9 (7.8) for only

dentate participants (range 1–29 teeth). 42 % of the study

population were edentulous. About 62 % of the sample

were demented (MMSE B20) (Table 1).

Mean (SD) CPITN scores for demented (D group) and

healthy (ND group) participants were 3.1 (0.7) and 2.7

(0.6), respectively (p = 0.004). Prevalence of severe peri-

odontitis was detected in 66 % of participants with

dementia. Mean (SD) GBI among the participants in D

group was 53.8 (27.6) and in the ND group 48.8 (28.9)

which was not significantly different (p = 0.30). For den-

ture hygiene, no significant differences between D and ND

groups were detected (Table 1).

The logistic regression on the prevalence of severe

periodontitis showed a 2.9 times higher risk for demented

participants to suffer from severe periodontitis

(p = 0.006). A higher risk to suffer from severe peri-

odontitis was also found for the binary variable ‘‘Coagu-

lation inhibitors’’ (odds ratio 2.2; p = 0.05). For female

participants, a lower risk was found in the CPITN model

(odds ratio 0.4; p = 0.04). No other risk factors for severe

periodontal diseases could be found (Table 2). The linear

regression analysis for GBI showed that none of the vari-

ables had a significant effect on GBI (p[ 0.05), with the

exception of age (p = 0.03) and intake of anticoagulation

inhibitors (p = 0.009) (Table 3). None of the predictors

had significant association to DHI in the model (p[ 0.05)

(Table 3).

Discussion

The results indicate that dementia increases the risk of

suffering from severe periodontitis, whilst denture hygiene

and oral hygiene seem not to be closely associated with

dementia. As various plaque indices only highlight a

snapshot of the oral hygiene condition, more comprehen-

sive indices like GBI—as used in this study—may record

plaque accumulation for a longer period of time. However,

a major drawback to GBI is that the bleeding tendency of

gingival tissues can also be substantially affected by the

intake of anticoagulants. This could also be confirmed in

this study. However, this study found comparable GBI

values for demented and non-demented participants when

controlled for the intake of anticoagulative medications and

is in accordance with our preliminary results [17]. In this

context, research revealed some controversial findings. To

Table 1 Characteristics of the

total study population as well as

of participants suffering from

dementia (D) or not (ND)

presented are means (SD) or

frequencies (%) as well as

bivariate comparison between D

and ND groups

Total sample (n = 219) D (n = 136) ND (n = 83) p value

Age, mean (SD) 83.1 (9.0) 84.6 (8.1) 80.7 (9.8) 0.001

Gender

Females, frequency (%) 150 (68.5) 89 (65.4) 61 (73.5) 0.23

Comorbidities, mean (SD) 3.4 (2.2) 3.5 (2.2) 3.3 (2.2) 0.53

No. of medications, mean (SD) 6.5 (3.4) 6.7 (3.5) 6.1 (3.2) 0.22

Anticoagulation, frequency (%) 129 (58.9) 87 (64.0) 42 (50.6) 0.07

MMSE, mean (SD) 15.8 (9.1) 10.1 (6.7) 25.1 (2.6) <0.001

No. of teeth, mean (SD) 7.0 (8.4) 6.2 (8.1) 8.5 (8.7) 0.05

GBI, mean (SD), n = 141 51.7 (28.1) 53.8 (27.6) 48.8 (28.9) 0.30

CPITN, mean (SD), n = 141 2.9 (0.7) 3.1 (0.7) 2.7 (0.6) 0.004

DHI, mean (SD), n = 163 82.9 (17.9) 84.0 (14.8) 81.1 (16.2) 0.30
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date, some studies have investigated higher plaque accu-

mulation in demented subjects in comparison to those with

a normal cognitive function [7, 14]. Others have reported

similar biofilm rates for these communities [26] or only

between healthy subjects and dwellers with severe

dementia [13]. Nonetheless, frequently, the indices used

are qualitative rather than quantitative, because their

application is quick which is preferable due to the reduced

capacity of the elderly. Periodontal disease was ubiquitous

among this sample; 89 % of the participants had at least

one sextant with code 3 (moderate periodontitis) which

might confirm poor oral hygiene for a long period of time

[27]. Moreover, the CPITN examination revealed the risk

for severe periodontitis to be approximately 3 times greater

for participants with dementia. This is in accordance with

the previous findings which showed a higher risk for

periodontal pockets in demented subjects, even in partially

community-dwelling samples [15, 28]. A previous analysis

revealed higher mean CPITN scores giving evidence in the

same direction [17]. Interestingly, this study also observed

significant differences in terms of their numbers of natural

teeth between participants with and without dementia.

First, tooth loss is associated with age; the participants

suffering from dementia were in mean 4 years older

compared to those without dementia. Second, people with

dementia are prone to a variety of oral problems, such as

periodontal disease—as also found in this recent study—

and caries linked to tooth loss [29, 30].

For DHI, no significant differences were detected

between the two groups. This finding is in agreement with

another study [13, 17]. One might explain this result by the

fact that it is more convenient for the caregivers to clean

dentures outside the oral cavity than cleaning teeth, espe-

cially if cognitively impaired residents show aggressive or

care-resistant behavior. One might also speculate that some

of the dentures examined were not frequently worn any

longer by the residents or were even permanently stored in

a cleansing agent.

Table 2 Multivariate logistic

regression model for the

Community Index of

Periodontal Treatment Needs

(CPITN) (n = 141)

Confounder Odds ratio 95 % Confidence interval Significance (p value)

Lower Upper

Female 0.4 0.2 0.9 0.04

Age 1 1.0 1.0 0.75

Comorbidities 1.0 0.9 1.2 0.82

No. of medications 1.1 0.9 1.2 0.38

Dementia 2.9 1.4 6.3 0.006

Coagulation inhibitors 2.2 1.0 4.8 0.05

Odds ratio: confounders\1 = smaller risk;[1 = higher risk

Nagelkerke’s R2 = 0.182; Hosmer–Lemeshow test V2 = 13.1, p = 0.104

Table 3 Multivariate linear

regression models for Gingival

Bleeding Index (GBI, n = 141)

and for Denture Hygiene Index

(DHI, n = 163), respectively

Effect Regression 95 % Confidence interval Significance (p value)

Lower Upper

GBI model

Female 1.9 -8.6 12.5 0.72

Age 0.6 0.1 1.1 0.03

Comorbidities -1.1 -3.3 1.0 0.30

No. of medications 1.3 -0.1 2.8 0.08

Dementia 0.5 -8.6 12.5 0.92

Coagulation inhibitors 13.4 3.4 23.4 0.009

DHI model

Female -5.5 -12.2 1.2 0.11

Age 0.2 -0.2 0.6 0.42

Comorbidities 0.1 -1.2 1.3 0.91

No. of medications -0.5 -1.3 0.4 0.29

Dementia 2.1 -3.9 8.1 0.49

Coagulation inhibitors 2.3 -3.6 8.2 0.45
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Study limitations and strengths—basically, the findings

of this study might be biased due to the participants who

refused to undergo MMSE, although dental predictors have

been already assessed. Nonetheless, all potential residents

of the nursing homes who agreed to participate were

incorporated in this study. It must be considered as a

strength of this study that only two dentists who were

experienced in epidemiologic surveys and proofed their

inter-examiner reliability performed all the dental data

collection. Both dentists were unaware of MMSE outcome

(single-blinded). It should also be borne in mind that par-

ticipants were not pre-selected in any way, thus this is a

sample which might be considered as to be representative

for South-Western Germany.

Within the limitations of this study, oral hygiene, den-

ture hygiene and periodontal health are poor in nursing

home residents. However, the severity of oral problems

seems to be higher in subjects suffering from dementia.

This should be considered when planning adequate care

intervention. For the clarification of the direct effect of

decreasing cognitive and motor function and decreasing

oral health, longitudinal studies were desirable.
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