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Abstract

Objective: To assess caregiver-reported dementia as a risk factor for retained roots,

an indicator of poor oral hygiene, among patients receiving home-visit dental treat-

ment in Japan.

Methods: The medical records of 231 dentate patients who received home-visit den-

tal treatment (covered by public medical insurance) for more than 2 years were retro-

spectively analyzed. The number of teeth and retained roots at the initial and final

examinations were obtained from the dental charts, and the “change in the number

of retained roots from initial to final examination” was determined. The presence or

absence of caregiver-reported dementia, diabetes, and osteoporosis, as well as the

level of long-term care needed, were used as indicators of general health condition at

the initial interview. Multiple regression analyses were conducted in five models that

tested the association of independent variables (age, gender, observation period, gen-

eral health, presence or absence of caregiver-reported dementia at the initial inter-

view) with changes in the number of retained roots.

Results: In all models, the presence of caregiver-reported dementia at the initial inter-

view was significantly associated with the change in the number of retained roots

(p < .05). The adjusted coefficient of determination (R2) of model 5, which included

all the predetermined independent factors, was .168.

Conclusions: Caregiver-reported dementia may be a risk factor for an increase in the

number of retained roots among patients who receive home-visit dental treatment

and may serve as an indicator of the need for regular and proactive oral hygiene

management.
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1 | INTRODUCTION

The increasing number of older people with dementia is a common

global and social issue and is expected to reach 131.5 million by

2050 (Alzheimer's Disease International (ADI), 2016). Dementia is a

known risk factor for the deterioration of oral health (Delwel

et al., 2017) and this may be partly attributed to a decreased utiliza-

tion of dental care due to difficulties in visiting a dental office (Lee,

Wu, & Plassman, 2015). It is important to evaluate the effectiveness

of home-visit dental treatment for patients with dementia, as home-

visit dental treatment may be effective in increasing the utilization

of dental care for patients who have difficulties in accessing a dental

office.

Japan has the most aged society in the world, and public medical

insurance covers most of the costs of self-requested home-visit dental

treatment. Hence, there are a very large number of home-visit dental

treatments for patients with dementia and others who have difficulty

visiting a dental office. However, due to limited treatment time and

medical resources, it is difficult for the dentist to confirm the presence

of a physician's diagnosis of dementia or to perform a cognitive

assessment during the home-visit dental treatment. Often only

caregiver-reported information (proxy-reported physician's diagnosis

of dementia or the caregiver's subjective estimation of the patient's

dementia) can be obtained by interviewing the patient's family or

facility staff. Therefore, it is worthwhile to assess the impact of

caregiver-reported dementia on the subsequent oral health

of patients, even if a physician's diagnosis of dementia or degree of

dementia is unknown, to develop strategies for providing home-visit

dental treatment with limited medical resources. However, no studies

have investigated the effect of caregiver-reported dementia on oral

health in actual cases of home-visit dental treatment, although

dementia has been shown to have a deleterious effect on oral health

among older people who are nursing home residents (Adam &

Preston, 2006). There remains a need for the determination of

whether caregiver-reported dementia is a risk factor for deteriorating

oral hygiene, using data from actual home-visit dental treatments. This

would facilitate the assessment of high-risk patient groups and help in

the development of optimal oral care protocols.

There are issues that need to be considered in extracting and ana-

lyzing data from the medical records of actual home-visit dental treat-

ments. Given that the majority of the patient complaints pertain to

denture problems and that the dental care providers often have lim-

ited time for completing patient charts, data on periodontitis and den-

tal caries may be inaccurate. Therefore, we considered that the

number of retained roots, which is relatively reliable even when

assessed through limited clinical examinations, was an appropriate

and objective indicator of oral health status. Indeed, the number of

retained roots has been utilized as an oral health indicator in a previ-

ous study conducted among patients with dementia (Chalmers,

Carter, & Spencer, 2003; Chen, Clark, & Naorungroj, 2013).

Thus, the objective of this study was to assess caregiver-reported

dementia as a risk factor for retained roots among patients receiving

home-visit dental treatment in Japan. Confirmation of this hypothesis

would suggest that caregiver-reported dementia is a major risk factor

for the deterioration of oral health, even in cases without a formal

medical diagnosis of dementia.

2 | STUDY POPULATION AND
METHODOLOGY

2.1 | Study population

This study was conducted as part of an epidemiological study in adult

patients, who received home-visit dental treatment (either at home, at

a hospital, or at a nursing home in Sendai, Japan) by dental care pro-

viders from the Sendai Dental Association and the Division of Aging

and Geriatric Dentistry, Tohoku University Graduate School of Den-

tistry. Altogether, 4,486 patients underwent their first dental exami-

nation between 2005 and 2013. Among these patients, 231 had

dental records over a consecutive 2-year period. Following the exclu-

sion of 30 edentulous patients, data were extracted from the dental

records of the remaining 201 patients. This research was conducted

with the approval of the Research Ethics Committee of the Tohoku

University Graduate School of Dentistry (receipt number: March

2, 2016). Informed consent in the form of the “opt-out method” was

made available on the website.

2.2 | Data acquisition

Medical records were written on paper for home-visit dental treat-

ment only, not for research purposes. Home-visit dental treatments

were conducted on an irregular basis at the request of patients or

caregivers. Information about the general condition of the patient was

obtained by a questionnaire completed by the caregiver at the time of

application for the home-visit dental treatment and by questioning

the caregiver and patient at the first visit of the dental treatment. For

systemic diseases, including dementia, only the presence or absence

of disease was asked; the presence or absence of a definitive diagno-

sis and the level and duration of the disease were not recorded.

Intraoral condition was recorded by visual inspection, at the initial visit

as well as at irregular dental visits as needed.

Data from the medical records were entered into a database

(FileMaker Pro 14 Advanced), with all personal identifiers removed.

The database included each patient's sociodemographic information

and medical history (gender, age, date of first examination, presence

or absence of a family doctor, degree of care required, chief dental

complaint, reason for inability to visit a hospital, any systemic illness),

as well as the intraoral condition (reasons for dental treatment during

home visits, dental chart, use of a removable denture). As the dental

charts had been completed at the initial examination and were

updated at irregular home-visit dental treatments, it was possible to

determine changes in the intraoral condition (the number of teeth, the

number of retained roots, the number of carious teeth, and the num-

ber of missing teeth).
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2.3 | Data processing

In this study, (a) the number of teeth including retained roots at the

initial examination, (b) the number of retained roots at the initial

examination, and (c) the changes in the number of retained roots from

the initial to the final examination (the number of retained roots at

the final examination minus the number of retained roots at the initial

examination) were calculated from the dental charts. Items (a) and

(b) represented the state of the oral cavity at the initial examination,

while item (c) represented the change in the state of the oral cavity.

As items (a) and (b) did not have a normal distribution, item (a) was

categorized into tertiles (1–8 teeth: n = 63, 9–9 teeth: n = 67, 20–32

teeth: n = 71) and item (b) was categorized into “presence or absence

of retained roots at initial examination” using the median value (with

no retained roots: n = 104, with retained roots: n = 97).

Only the presence or absence of primary systemic illnesses was

documented in the medical records, and there was no distinction

between the proxy-reported physician's diagnosis (as obtained by

interviewing the patient's family) and the caregiver's subjective deter-

mination. Although few systemic diseases have been shown to affect

oral health, diabetes and osteoporosis are proven risk factors for peri-

odontal disease(Genco & Borgnakke, 2013; Kuo, Polson, &

Kang, 2008) and may affect changes in the number of retained roots;

therefore, we considered these diseases as covariates. As our home-

visit dental treatments covered not only personal residences but also

nursing homes and hospital wards, varying prevalences of dementia,

diabetes, and osteoporosis were recorded. However, there was no

information in the database on disease severity. Therefore, in addition

to “dementia,” both “diabetes” and “osteoporosis” were categorized

into two groups (presence or absence of caregiver-reported dementia,

presence or absence of caregiver-reported diabetes, and presence or

absence of caregiver-reported osteoporosis), based on the presence

or absence of caregiver-reported systemic illness at the initial exami-

nation. These represented the patient's general condition at the initial

examination. The degree of care required at the initial examination,

which may be related to the initial state of both dementia and oral

hygiene, was also used as a covariate. This was categorized into two

groups: “support level 1–2 or care level 1–2” (n = 92) and “care level

3–5” (n = 109), as certified by the Japanese public long-term care

insurance system. This system has seven eligibility levels, including

support levels 1–2 and care levels 1–5 (Kamiya, Adachi, Sasou,

Suzuki, & Yamada, 2017). This study used medical record data from

home-visit dental treatment conducted at the request of patients and

caregivers, so the duration of the observation period varied greatly

from patient to patient. The number of days from the first visit to the

last examination (days of observation period) was calculated and used

as a variable to adjust for the observation period.

2.4 | Statistical analysis

The χ² test and t test were used to analyze differences among the

patients in terms of sociodemographic and clinical variables, including

the presence or absence of caregiver-reported dementia, at the initial

examination. Multiple regression analyses were performed in the fol-

lowing five models, with changes in the number of retained roots as

the dependent variable and the presence or absence of caregiver-

reported dementia at the initial examination as the independent vari-

able: Model 1 (unadjusted), Model 2 (adjusted for “age” and “gender”),

Model 3 (in addition to model 2, adjusted for the “presence or

absence of caregiver-reported diabetes,” “presence or absence of

caregiver-reported osteoporosis,” “number of teeth including retained

roots at initial examination,” and “presence or absence of retained

roots at initial examination”), Model 4 (in addition to Model 3, adjusted

for “degree of care required”), and Model 5 (in addition to Model

4, adjusted for “days of observation period”).

Statistical analyses were performed using SPSS Statistics 22.0

(New York: IBM Corp, 2013). p values < .05 were considered

significant.

3 | RESULTS

Table 1 shows the basic sociodemographic and clinical characteristics

of the 201 patients (average age, 76.1 ± 12.3 years; age range,

23–97 years; 65.2% women) at the initial examination. The propor-

tions of patients with dental caries and missing teeth were 48.4% and

98.5%, respectively. With regard to the “reason for the patients'

inability to visit hospitals,” walking difficulties were the most fre-

quently reported cause (79.6%). Dementia was cited as the cause

among 40.3% of the patients, while less than one-fifth (14.9%)

reported being bedridden (multiple answers were possible). Denture

adjustment was the most frequent reason (36.8%) for home visits for

dental treatment, and this increased to 76.1% when combined with

the need for caries and periodontal treatment.

Table 2 shows the basic characteristics of the patients, divided by

the presence or absence of caregiver-reported dementia, at the initial

examination. Eighty-seven (43.3% of the total) patients had caregiver-

reported dementia, and they were significantly older than those with-

out a description of dementia. A significantly higher proportion of

patients (17.2%) in the group with caregiver-reported dementia had

osteoporosis compared to those in the group without caregiver-

reported dementia (5.3%; p = .006). Likewise, the proportion of

patients who had 20 or more teeth (including retained roots) was sig-

nificantly lower in the group with caregiver-reported dementia

(21.8%), compared to that in the group without caregiver-reported

dementia (45.6%; p = .002). No significant differences in other vari-

ables were found between these two groups at the initial

examination.

The results of the multiple regression analyses in each model are

shown in Table 3. Changes in the number of retained roots, which

was the dependent variable, ranged from −10 (patient with the largest

reduction in the number of retained roots) to +13 (patient with the

greatest increase in the number of retained roots). In all models, the

presence or absence of caregiver-reported dementia at the initial

examination was significantly associated with the change in the
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number of retained roots (p < .05). The adjusted coefficient of deter-

mination (R2) of model 5 was .168.

4 | DISCUSSION

In this study, data extracted from the medical records of patients receiv-

ing home-visit dental treatment, covered by public medical insurance,

were analyzed longitudinally. It was found that caregiver-reported demen-

tia, in the absence of a formal medical diagnosis, may be a risk factor for

an increased number of retained roots. The increase in the number of

retained roots is considered to reflect a deterioration of oral hygiene.

The caries prevalence in this study was higher than that reported

by the National Survey of Dental Diseases conducted in Japan in

2011, which found that 39.3% of elderly individuals aged between

75 and 84 years had untreated dental caries (Table 1) (Ministry of

Health, Labour and Welfare, Japan, 2011). While this may reflect the

poorer oral health of the patients who required home visits for dental

treatment in this study, we speculate that the reliability of caries diag-

nosis may have been lower, given that the examinations were con-

ducted in a field setting and not under controlled clinical conditions. It

is considered that the caries prevalence could have been under-

estimated, as the examinations performed during the home visits were

largely exploratory in nature, and radiographs were not used to aid in

the diagnosis of interproximal caries. On the contrary, we considered

the reliability of the number of retained roots to be high because the

possibility that missing teeth and retained roots are overlooked is low

even when the dental treatment during home visits is only exploratory.

The results in Table 1 show that few patients with severe dementia

were bedridden, and that many patients required general dental man-

agement such as denture adjustment and restorative treatment for car-

ies. The results in Table 2 show that the presence or absence of

dementia might be related not only to age but also to the presence or

absence of osteoporosis. However, it should be taken into account that

the age difference between the two groups was very large.

In this study, the number of retained roots was used as an indica-

tor of oral hygiene. Root caries and retained roots are characteristic

findings among older individuals (Delwel et al., 2017; Petersen &

Yamamoto, 2005), particularly in patients requiring home-visit dental

treatment. The use of the number of retained roots as an indicator of

the quality of the oral environment has already been established in

prior studies (Chalmers et al., 2003; Chen et al., 2013). Furthermore,

as documentation of each patient's oral hygiene status and periodon-

tal condition was not available in the dental records, it was reasonable

to use the change in the number of retained roots as an indirect indi-

cator of the level of oral hygiene.

In this study, multiple regression analyses were performed using

five models with different independent variables. As a strong relation-

ship was expected between the “degree of care required” and

“dementia,” models containing the former variable were individually

created for the other independent variables (Model 4). As the obser-

vation periods could not be standardized, the number of days elapsed

from the initial examination to final examination was defined as the

“observation period” (a continuous variable), and this was included as

an independent variable in Model 5. The “presence or absence of

caregiver-reported dementia” was found to be a significant factor

affecting the number of retained roots in all models. Models 1, 2, and

3 showed that the “presence of caregiver-reported dementia” at the

initial examination was associated with an “increase in the number of

retained roots,” and that this was independent of “age,” “gender,”

“presence or absence of caregiver-reported diabetes at initial

examination,” “presence or absence of caregiver-reported osteoporo-

sis at initial examination,” and “current number of teeth including

retained roots at initial examination.” Models 4 and 5 confirmed that

the influence of “degree of care required” and “observation period”

was not substantial. Previous studies have reported an increase in the

number of retained roots in community-dwelling elderly patients with

TABLE 1 Basic characteristics at initial examination

Number of patients, n (%) 201 (100)

Age, mean ± SD (range) 76.1 ± 12.3 (23–79)

Gender, n (%)

Male 70 (34.8)

Female 131 (65.2)

Number of teeth, M ± SD 13.3 ± 9.1

Number of teeth including retained

roots, M ± SD

14.9 ± 9.1

Number of retained roots, M ± SD 1.5 ± 2.5

Number of carious teeth, M ± SD 1.6 ± 2.6

Number of missing teeth, M ± SD 5.6 ± 3.9

Proportion of patients with dental

caries, n (%)

98 (48.8)

Proportion of patients with missing

teeth, n (%)

198 (98.5)

Reasons for inability to visit

hospitals, n (%)a

Walking difficulties 160 (79.6)

Dementia 81 (40.3)

Wheelchair 69 (34.3)

Bedridden 30 (14.9)

Other 80 (39.8)

Reasons for dental treatment during

home visits, n (%)

Denture adjustment 74 (36.8)

Caries treatment 42 (20.9)

Periodontal treatment 37 (18.4)

Detachment of prosthesis 20 (10.0)

New denture made 12 (6.0)

Oral care 8 (4.0)

Tooth extraction 6 (3.0)

Other 2 (1.0)

Abbreviations: n, number; SD, standard deviation.
aMultiple answers were possible.
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dementia (Chalmers et al., 2003), which support the results of this pre-

sent study. In model 5, the standardized partial regression coefficients

for “presence or absence of caregiver-reported diabetes,” “presence

or absence of caregiver-reported osteoporosis,” and “presence or

absence of caregiver-reported dementia” were 0.016, −0.131, and

0.174, respectively. The results of our study confirm that dementia is

a risk factor for poor oral hygiene, unlike diabetes and osteoporosis,

which have been reported to directly affect periodontal health

(Genco & Borgnakke, 2013; Kuo et al., 2008).

Patients with caregiver-reported dementia were found at a higher

risk for deterioration of oral hygiene, despite receiving home-visit

dental treatment. This suggests that the frequency and method of

TABLE 2 Basic characteristics by presence or absence of caregiver-reported dementia at initial examination

All (n = 201)

Caregiver-reported dementia

p valueaPresence (n = 87) Absence (n = 114)

Age, M ± SD 76.1 ± 12.3 81.7 ± 8.1 71.9 ± 13.3 <.001

Gender, n (%) .113

Male 70 (34.8) 25 (35.7) 45 (39.5)

Female 131 (65.2) 62 (71.3) 69 (60.5)

Caregiver-reported diabetes, n (%) .995

Presence 30 (14.9) 13 (14.9) 17 (14.9)

Absence 171 (85.1) 74 (85.1) 97 (85.1)

Caregiver-reported osteoporosis, n (%) .006

Presence 21 (10.4) 15 (17.2) 6 (5.3)

Absence 180 (89.6) 72 (82.8) 108 (94.7)

Number of teeth including retained roots, n (%) .002

1–8 teeth 63 (31.3) 31 (35.6) 32 (28.1)

9–19 teeth 67 (33.3) 37 (42.5) 30 (26.3)

20–32 teeth 71 (35.3) 19 (21.8) 52 (45.6)

Number of retained roots, n (%) .772

Presence 97 (48.3) 43 (49.4) 54 (47.4)

Absence 104 (51.7) 44 (50.6) 60 (52.6)

Degree of care required, n (%) .096

Care level 2 or less 92 (45.8) 34 (39.1) 58 (50.9)

Care level 3 or more 109 (54.2) 53 (60.9) 56 (49.1)

Days of observation period, M ± SD 1,463.1 ± 423.7 1,458.4 ± 415.8 1,466.6 ± 431.5 .892

Abbreviations: n, number; SD, standard deviation.
aStudent's t test (“Age” and “Observation period”) and χ² (others).

TABLE 3 Multiple regression analysis with the change in the number of retained roots as the dependent variable

Model 1 Model 2 Model 3 Model 4 Model 5

β p β p β p β p β p

Presence or absence of caregiver-reported dementia .152 .031 .165 .033 .183 .011 .174 .015 .174 .015

Age −.031 .696 .102 .208 .082 .311 .081 .316

Gender −.005 .950 .054 .442 .079 .272 .074 .300

Presence or absence of caregiver-reported diabetes .042 .531 .021 .748 .016 .806

Presence or absence of caregiver-reported osteoporosis −.128 .065 −.129 .061 −.131 .059

Number of teeth including retained roots at initial

examination

.238 .002 .240 .002 .240 .002

Presence or absence of retained roots at initial examination −.344 .000 −.344 .000 −.345 .000

Degree of care required .123 .068 .136 .048

Days of observation period .066 .317

Abbreviation: β, standardized partial regression coefficient.
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home-visit dental treatment, as currently provided under the medical

insurance system in Japan, are insufficient to maintain an optimal level

of oral health among patients with dementia. The reliability of

caregiver-reported dementia in this study is unclear because the phy-

sician's diagnosis of dementia was not recorded. However, as memory

problems are most often the first symptoms of dementia in

Alzheimer's disease, caregivers have an integral role in the early detec-

tion of this condition (Montgomery, Goren, Kahle-Wrobleski,

Nakamura, & Ueda, 2018). There is often no time to confirm the pres-

ence of a physician's diagnosis of dementia at home-visit dental treat-

ments under the Japanese public medical insurance system. However,

if caregiver-reported dementia is confirmed to be a risk factor for oral

health, it would be beneficial for dental providers to use caregiver-

reported information for the identification of patients who exhibit

early signs and symptoms, even in the absence of a formal medical

diagnosis, and provide appropriate preventive dental management.

While the results of this study provide an initial evidence for the anal-

ysis of the efficacy of periodic home-visit dental treatment, additional

longitudinal studies are required to help in the further development

and improvement of measures designed to maintain the oral health of

patients with dementia.

Some limitations of this study should be acknowledged. The data

used in this study were not collected specifically for this analysis and

were extracted from the medical records obtained during home-visit

dental treatment. Therefore, the questions asked during the interview

and the method of examination will vary depending on the dentist

assigned to the case. The definitive diagnosis of dementia and the

duration and level of the dementia are unknown, and the relationship

between caregiver-reported dementia, the physician's diagnosis of

dementia, and the duration and level of the dementia needs to be

investigated in future studies. In the statistical analysis, the different

observation periods for each patient were not strictly considered.

Additionally, while dental treatment and oral care were performed

within the observation period in most cases, the number and type of

treatments varied widely and were not accounted for in the statistical

analysis. Furthermore, as all home-visit dental treatments included in

this study were covered by the public medical insurance in Japan, the

results of this study may not be generalizable to all home-visit dental

treatments.

In conclusion, the results of this study suggest that caregiver-

reported dementia, in the absence of a formal and definitive diagnosis,

may be a predictor for an increased number of retained roots in

patients receiving home-visit dental treatment covered by medical

insurance in Japan. This could reflect the progression of severe cervical

caries due to the deterioration of oral hygiene and could indicate the

need for improved preventive dental management in this patient group.

CLINICAL RELEVANCE

Scientific rationale for the study
Patients with caregiver-reported dementia, in the absence of a defini-

tive diagnosis, may be at risk for deterioration of oral hygiene while

receiving concurrent home-visit dental treatment.

Principal findings
Dementia, as reported by a caregiver at the first home-visit dental

consultation, was found to be a risk factor for the subsequent increase

in the number of retained roots, which reflected a deterioration in the

level of oral hygiene.

Practical implications
Regular and proactive oral hygiene management should be

implemented for patients with caregiver-reported dementia, even in

the absence of a definitive diagnosis.
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