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Prediction of oral diseases in care dependent D
older people
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Abstract

Background A large number of older people depend on others for help with their daily personal care, including oral
health care. Nursing home and elder-care staff often face challenges identifying older people, who are exposed to or
at an increased risk of oral diseases. Thus, the aim of this study was to identify risk factors that non-dental care staff can
use to identify older people at risk of oral diseases and poor oral hygiene.

Methods In this cross-sectional study, the oral health and risk factors for poor oral health were determined for 217
care dependent older people living in two nursing homes and a rehabilitation centre or receiving home care in two
Danish municipalities. The outcome variables for oral disease i.e. caries, periodontitis, and gingivitis, and oral hygiene,
i.e. plaque and calculus, were assessed using standardised oral examinations. Risk factors for oral diseases and poor
oral hygiene were assessed based on a questionnaire concerning (1) background information, (2) health status, (3)
social support, (4) oral health behaviours, and (5) self-reported oral health. The associations between oral health and
risk factors were investigated using logistic regression analyses.

Results In general, older people with different living arrangements had quite similarly distributed risk factors. The oral
examinations showed that 54.5% had oral diseases, and 14.8% had poor oral hygiene. Not seeing a dentist regularly
was significantly associated with having oral diseases (Odds Ratio, 2.87; Cl, 1.53-5.39) and poor oral hygiene (OR, 4.50;
Cl, 1.83-11.05). A significant association was found between the presence of an oral disease and adversely affected
quality of life (OR, 2.65; Cl, 1.42-4.95), especially due to challenges eating (OR, 3.76; Cl, 1.64-8.60) and/or smiling and
showing teeth (OR, 3.64; Cl, 1.27-10.42). A significant association was also found between poor oral hygiene and
taking psychotropic drugs (OR, 2.61; Cl, 1.08-6.30).

Conclusion Questions regarding the use of the dental care system and oral health problems could be used by
nondental care staff in conversations with older people to determine their risk of oral diseases and poor oral hygiene.
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Background

A growing number of older people aged 65 or older are
living with comorbidity and a high medical intake in
Denmark, as in most of the world [1]. Further, natural
teeth are frequently retained in these frail older people
[2], posing challenges for good oral hygiene and lead-
ing to a disturbingly high prevalence of oral diseases [2].
Oral diseases can lead to pain, tooth loss, discomfort, and
impaired eating ability, which can result in weight loss,
malnutrition, social isolation, and a reduced quality of
life [2]. Oral diseases can further aggravate several gen-
eral diseases, such as diabetes and cardiovascular disease
[2], and poor oral hygiene is a frequent reason for aspira-
tion pneumonia and hospitalisation in frail older people
[3].

In Denmark, approximately 40,000 older people live
in nursing homes, and approximately 128,000 older
people receive home care [4]. Of these, approximately
13,000 receives personal care, 58,000 practical assis-
tance and 57,000 both [4]. These older people depend on
others for help with their daily personal care, including
oral hygiene, and can be considered frail in this regard.
Furthermore, their vulnerable situation often results in
a lack of attachment to the dental care system [5], mak-
ing their next-of-kin or care staff best placed to discover
and act on oral health problems. Unfortunately, nursing
home and home-care staff are often extremely busy and
lack knowledge about oral conditions and diseases [6].
Thus, they have difficulty identifying older people who
are exposed to or at an increased risk of oral diseases [6].

Several studies have shown that educational inter-
ventions aimed at care staff may have some short-term
effects, but there is limited evidence of their long-term
effectiveness [7]. Furthermore, many of these studies
have focused only on nursing home residents or hospital-
ised people [7], limiting the generalisability of studies by
not including community-dwelling older people. This has
resulted in missed preventative opportunities.

To identify frail older people in need of oral care, oral
assessment screening tools, such as the Revised Oral
Assessment Guide (ROAG) [8] and the Oral Health
Assessment Tool (OHAT) [9], have been developed for
use by nondental staff [8, 9]. Although these screen-
ing tools are considered sensitive [9], they are also quite
comprehensive and require both staff time and training.
The limited time and resources of older people’s carers
can make such tools difficult to implement, and their
existence has not decreased the prevalence of oral dis-
eases in older people. Simpler methods of oral screening
for frail older people are needed and should be based on
knowledge of the relationship between poor oral health
status and common factors that are easily accessible in
the care of older people.
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The aim of this study was to identify risk factors that
can help nondental care staff identify older people at
increased risk of oral diseases and poor oral hygiene.
Identifying such factors will give care staft a better basis
for recognising oral health issues in their daily work and
acting upon them. This could support the prevention and
treatment of oral diseases and improve the general health
and quality of life of older people.

Methods

Setting

This cross-sectional study is part of the Lifelong Oral
Health research project, which aims to develop guide-
lines for improving oral health in frail older people.
The study was conducted in two Danish municipalities
(Frederiksberg and Greve) located in the capital region of
Denmark. Frederiksberg municipality has approximately
105,000 citizens and is in central Copenhagen—the larg-
est city and capital of Denmark. Greve is a suburban
municipality south of Copenhagen with approximately
51,000 citizens. Approximately 17% of the population in
Frederiksberg and approximately 21% in Greve are 65
years or older [10], and both municipalities have increas-
ing numbers of older people. These municipalities were
selected because of their previous experience with health
improvement projects. In each of the municipalities one
ward in a nursing home and one home care unit, taking
care of community dwelling citizens, was included. In
Frederiksberg municipality, an inpatient rehabilitation
centre responsible for treating older people with declin-
ing functions or in need of rehabilitation following hospi-
talisation was also included. In total, five care units were
involved in the study.

Participants and recruitment

All older people registered with the involved nursing
homes, rehabilitation centre or receiving home care from
the involved home care units were considered for partici-
pation. The care staff determined the older people’s suit-
ability for participation, excluding any they considered
too cognitively deficient or unhealthy, and noting the rea-
sons for non-participation. Information was collected on
the older people’s age, sex, and level of dependence. The
same information was collected for the older people, who
declined to participate which emerged from the informa-
tion material.

In the nursing homes and the rehabilitation centre, the
care staff recruited the participants by informing older
people and/or their relatives about the project and ask-
ing them to participate. For community-dwelling older
people, the home-care staff handed out an information
letter and requested permission for the researcher to call
the citizens to ask about participation. Informed consent
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was collected from all participants or from their legal
guardians.

We were aware that the participants might be classed
as vulnerable people, and to minimise adverse effects, we
conducted the examinations in the older people’s own
homes, offering a family member or home-care staff to
be present to give support. The participants were told
that they could withdraw from the examinations at any
time. We do not believe that the examinations negatively
affected the participants. If oral diseases were found, the
care staff were informed accordingly.

A total of 427 potential participants between 53 and 98
years of age were identified, 217 of whom were included
in the study. The questionnaire was answered by 215 par-
ticipants and 207 had the oral examination. This imply
that some of the variables were not available for all par-
ticipants. Of the 217 participants, 46 were nursing home
residents, 65 were registered with the rehabilitation cen-
tre, and 106 were community dwellers (Fig. 1). Since the
participants from the five units had comparably distrib-
uted risk factors and oral health statuses, to achieve ade-
quate data, they were analysed as a single group.

Data collection and study variables

Oral status

Oral health status was the outcome variable and
encompassed two variables for oral disease and oral
hygiene. These variables were assessed using stan-
dardised oral examinations. The first author (C. A.) per-
formed all the examinations following a self-calibration
process, which involved examining the first 20 older
people twice to ensure agreement and consistency
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across examinations. In the case of non-agreement,
a third examination was performed. For the examina-
tions, standardised dental examination equipment was
used, including a mouth mirror, a dental probe, and a
periodontal probe. A headlamp and cotton rolls were
used to improve the visual inspections. However, it was
not possible to do radiological examinations in the par-
ticipants” own homes.

The variable for oral disease was based on the obser-
vation of dental caries, periodontal disease, and/or
bleeding from the gums. Caries was recorded when the
participant needed operative caries therapy (i.e. fillings)
because a tooth surface was clinically cavitated. This
was in accordance with the International Caries Detec-
tion and Assessment System (ICDAS) [11] dichotomized
into no caries (score 0-2: healthy surface or lesions in
the enamel) and caries (score 3—6: carious loss of tissue
or dentin caries).Periodontal disease was determined
according to the Community Periodontal Index of Treat-
ment Needs (CPITN) [12] for six sites in the mouth
(upper right, upper middle, upper left, lower right, lower
middle, and lower left), and each site was assigned a score
of 0—4. Periodontal disease was recorded when the par-
ticipant had at least one site with a score of 3 or 4, mean-
ing a loss of bone attachment. The condition of the gums
(gingivitis) was determined using the Loe and Silness
Gingival Index (GI-index) [13]: six index teeth (teeth 16,
12, 24, 32, 36, and 44) were examined with a probe, and
each tooth surface was assigned a score of 0-3. A score
was calculated for each tooth, and then an overall aver-
age score of 0-3 was given for each participant. The
condition of the gums was recorded as good (< 1.0), fair

Potential
participants:
F 427
Possible nursing Possible Possible
home participants: community participants from
P 76 pants: dwelling rehabilitation
participants: 241 center: 110
Opted out by staff{ | | Chose notto Opted out by staff{ | | Chose notto Opted out by staff{ | | Chose notto
14 participate: 16 23 participate: 112 31 participate: 14

Participants: 46

Participants: 106

Participants: 65

217

Total number
of participants:

Fig. 1 Flowchart of participant selection
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(1.1-2.0), or poor (=2.1). For analytical purposes, the
gum condition was dichotomised as good/fair or poor.
An oral disease was considered present if a participant
had a minimum of one caries lesion, one site with peri-
odontal disease, or if the condition of the gums was poor.

Oral hygiene was assessed using the Oral Hygiene
Index Simplified (OHI-S) [14] to determine dental plaque
and calculus on six index teeth (teeth 16, 11, 26, 31, 36,
and 46). How large an area of each tooth was covered
with plaque and calculus (none, 1/3, 1/3-2/3, > 2/3) was
recorded, and each tooth was given a score of 0, 1, 2, or
3. Based on this scoring, an oral hygiene index was cal-
culated as an average score of 0—6 across the six index
teeth. For analytical purposes, oral hygiene was dichot-
omised as good/fair and poor, with poor being an OHI-S
score > 3,1 [14].

Risk factors

The risk factors for oral diseases and poor oral hygiene
were determined using a questionnaire. The question-
naires were done as interviews by the first author to
ensure their correct understanding of the questions and
to minimise missing data. Risk factors were categorised
according to (1) background information, (2) health sta-
tus, (3) social support, (4) oral health behaviours, and (5)
self-reported oral health.

Risk factors related to background information
included sex, age (<80 years or >80 years of age), living
conditions (nursing home, rehabilitation centre, or com-
munity dwelling), and level of dependence (receiving help
with personal care from care staff or not). Personal care
could include for example, help with bathing, dressing
and in some cases tooth brushing.

Risk factors relating to health status were determined
using questions drawn from the Copenhagen Aging and
Midlife Biobank study [15] and the Danish Health Exami-
nation Survey [16]. The questions dealt with general
health issues and the use of medications known to affect
oral health. The health issues recorded were neurodegen-
erative disorders (e.g., Parkinson’s disease or dementia)
and long-term mental illness (longer than 6 months).
Registered medications were inhalers for asthma/chronic
obstructive pulmonary disease, psychotropic drugs, and
polypharmacy (five or more different) drugs. The care
staff provided information on health issues and medica-
tion if the participants could not give this information
themselves.

Social support was assessed by asking the participants
about the degree to which they received practical help
or support from relatives, i.e., spouse, children, other
family members, or friends. The answer categories were
‘always, ‘often; ‘sometimes, ‘rarely, ‘never, and ‘no rela-
tives or friends’ [15]. For analytical purposes, the variable
was dichotomised as high support (always, often, and
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sometimes) and low support (rarely, never, and no rela-
tives or friends).

Oral health behaviours were recorded for smoking
(yes/no), sugary diet, tooth brushing, and regularity of
seeing a dentist. A sugary diet was based on the reported
intake of cake, juice, soda, marmalade, chocolate, candy,
and sugar in coffee and tea. The response categories were
as follows: several times per day, once daily, several times
per week, once per week, several times per month, or
never. For analytical purposes, the answers were dichot-
omised as a daily sugary diet (several times per day and
daily) or not a daily sugary diet (several times per week,
once per week, several times per month, and never).
Tooth brushing was categorised as more than once per
day, once per day, a couple of times per week, a couple
of times per month, or never. For analytical purposes,
this was dichotomised as daily or less than daily tooth
brushing. The researchers further recorded whether the
participants were receiving assistance with tooth brush-
ing from care staff. Whether the participants visited den-
tists was determined by asking questions drawn from
the Copenhagen Aging and Midlife Biobank study [15]
regarding how often each participant had seen a dentist
within the last five years. The answer categories were a
minimum of once per year, 3—4 visits, 1-2 visits, or no
visits within the last five years. The variable was dichot-
omised as seeing a dentist regularly (a minimum of once
a year within the last five years) or irregularly (less than
yearly visits to a dentist, i.e., 3—4 visits, 1-2 visits, or no
visits within the last five years).

Risk factors related to self-reported oral health were
determined by asking questions regarding oral health-
related quality of life (OHRQoL), toothache, and dry
mouth. OHRQoL was assessed using the Oral Impact on
Daily Performance (OIDP) questionnaire [17] to deter-
mine how often the following factors proved problematic:
eating and enjoying food, speaking clearly and pronounc-
ing words, cleaning the teeth, sleeping/relaxing without
oral pain or discomfort, smiling/showing the teeth with-
out embarrassment, mood, and enjoying social interaction
with others. For each factor, the frequency of experiencing
a problem was rated as never, less than once per month,
1-2 times per month, 1-2 times per week, or daily.
Adversely affected quality of life was defined as experienc-
ing any of the mentioned problems at any frequency. The
factors smiling/showing teeth, ability to eat, and social
interaction were also included as individual risk factors,
since these factors generally have the highest incidence of
negatively affecting quality of life according to the OIDP
[18]. Toothache was assessed by asking about pain in the
teeth and mouth within the last six months (yes/no). Dry
mouth was evaluated using questions from the Clinical
Oral Dryness Score questionnaire [19] regarding experi-
ences of dry mouth in general. The answers were divided
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into yes (all the time or most of the time) and no (never,
rarely, and sometimes).

Data analysis

Statistical analyses were performed using IBM°® SPSS®
software version 29.0.1.0 (171). The significance level was
set at p<0.05. Logistic regression analyses were used to
examine the associations between the presence of an oral
disease, poor oral hygiene, and risk factors. For models
with oral disease as an outcome, the individual risk fac-
tors were included in individual models, adjusting for
frequency of seeing a dentist, tooth brushing, and sugary
diet, since these factors have the greatest impact on oral
diseases. For the models with oral hygiene as an outcome,
the individual risk factors were also included in individ-
ual models, adjusting for daily tooth brushing only, as
this was considered to have the greatest impact on oral
hygiene.

Results

Participants

The distribution of risk factors (Table 1) showed that
most participants were female (59%), 80 years old or
older (62.5%), and received personal care (72.8%). In
general, the participants had received help and support
from their relatives or friends (88.4%), and more than
half reported seeing a dentist regularly (57.7%). Nearly all
reported brushing their teeth at least once a day (93.5%),
and only a few received help with brushing their teeth
(8.8%). Most of the participants reported consuming
sugar daily (78.6%), and some were smokers (13.5%). In
general, the living arrangements were comparable across
the groups in terms of the distribution of risk factors.
Nursing home residents, however, took more medica-
tions, had more frequent mental illness and neurodegen-
erative disorders, and were more often smokers than the
two other groups.

Of the non-participants, 40.4% of those who were not
asked to participate and 57.7% of those who declined to
participate were female, and 57.4% of those not asked and
50.1% of those declining to participate were 80 years old
or older. Most of the participants in both groups (82.8%)
received personal care. The main reasons for not being
asked to participate were cognitive or other health chal-
lenges, and the main reasons for declining participation
were general unwillingness to participate in research and
a lack of the necessary strength and energy to do so.

Oral status

Table 2 shows that 25.6% of the participants had a mini-
mum of one caries lesion that needed treatment. Further-
more, 40.2% had periodontal disease, and 7.9% had poor
gum condition and bleeding gums. In total, 54.5% had an
oral disease, and 14.8% had poor oral hygiene.
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Associations between oral disease and risk factors

Only a few of the risk factors examined were significantly
associated with oral disease. Table 3 shows that none of
the background factors were statistically significantly
associated with oral disease in the adjusted analyses.
Being male was associated with an increased risk of hav-
ing an oral disease in the unadjusted analysis (OR, 1.94;
CI, 1.06-3.54).

Regarding the risk factors related to health status and
social support, not seeing a dentist regularly was signifi-
cantly associated with oral disease after adjustment, with
an OR of 2.87 (CI, 1.53-5.39).

Regarding the risk factors related to self-reported oral
health, there was a significant association in the adjusted
model between having an oral disease and an adversely
affected quality of life (OR, 2.65; CI, 1.42-4.95). Having
problems with eating and enjoying food and smiling/
showing the teeth were also significantly associated with
oral disease, with OR values of 3.76 (CI, 1.64—8.60) and
3.64 (CI, 1.27-10.42), respectively.

Associations between oral hygiene and risk factors

In general, very few of the risk factors were significantly
associated with poor oral hygiene (Table 4). It was found
that not seeing a dentist regularly was significantly asso-
ciated with poor oral hygiene (OR, 4.50; CI, 1.83-11.05)
in the adjusted model. Furthermore, taking psychotropic
drugs was significantly associated with poor oral hygiene
(OR, 2.61; CI, 1.08-6.30). Smoking had a significant asso-
ciation with poor oral hygiene (OR, 2.76; CI, 1.03-7.44),
although this became statistically insignificant after
adjustment.

Discussion

In general, only a few of the risk factors used in this study
had significant associations with oral diseases or poor
oral hygiene. However, irregular visits to a dentist were
an important risk factor for both poor oral hygiene and
oral diseases. Moreover, reported oral problems and tak-
ing psychotropic drugs were important factors associated
with oral diseases and poor oral hygiene, respectively.

The risk factors included in this study were expected or
reported to be associated with poor oral health or poor
oral hygiene. It was therefore somewhat surprising that
only a few of the risk factors were significantly associated
with oral health status, but they made sense.

Shimazaki et al. [20] found a similar association
between dental consultations and oral health status, since
participants with fewer dental visits had more dental car-
ies and more deep periodontal pockets [20]. Treasure et
al. [21] likewise found that people who consulted a den-
tist only when they had symptoms had a significantly
higher risk of dental caries and unrestorable decay than
those who visited dentists regularly.
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Table 1 Distribution of risk factors. Distribution of the participants'risk factors according to living arrangements and in total

Nursing home residents (46) Community dwelling (106)  Rehabilitation centre (65) Total
-217

Sex
Female 27 (58.7%) 62 (58.5%) 39 (60.0%) 128 (59.0%)
Male 19 (41.3%) 44 (41.5%) 26 (40.0%) 89 (41.0%)
Age group
<80 years 14 (31.1%) 47 (44.3%) 20 (30.8%) 81 (37.5%)
>80 years 31 (68.9%) 59 (55.7%) 45 (69.2%) 135 (62.5%)
Level of dependence
Not personal care 10 (21.7%) 34 (32.1%) 15(23.1%) 59 (27.2%)
Personal care 36 (78.3%) 72 (67.9%) 50 (76.9%) 158 (72.8%)
Inhalation medicine
No 43 (95.6%) 84 (80.0%) 54 (83.1%) 181 (84.2%)
Yes 2 (4.4%) 21 (20.0%) 11 (16.9%) 34 (15.8%)
Psychotropic drugs
No 27 (58.7%) 93 (88.6%) 51 (78.5%) 171 (79.2%)
Yes 19 (41.3%) 12 (11.4%) 14 (21.5%) 45 (20.8%)
Polypharmacy
No 25 (54.3%) 62 (58.5%) 43 (66.2%) 130 (59.9%)
Yes 21 (45.7%) 44 (41.5%) 22 (33.8%) 87 (40.1%)
Mental illness
No 30 (66.7%) 94 (90.4%) 55 (84.6%) 179 (83.6%)
Yes 15 (33.3%) 10 (9.6%) 10 (15.4%) 35 (16.4%)
Neurodegenerative disorder
No 33 (73.3%) 93 (88.6%) 57 (87.7%) 183 (85.1%)
Yes 12 (26.7%) 12 (11.4%) 8(12.3%) 32 (14.9%)
Support from next of kin
Low 8(17.8%) 10 (9.5%) 7 (10.8%) 25 (11.6%)
High 37 (82.2%) 95 (90.5%) 58 (89.2%) 190 (88.4%)
Dental care habits, seeing a dentist
Regularly 25 (55.6%) 60 (57.1%) 39 (60.0%) 124 (57.7%)
Irregularly 20 (44.4%) 45 (42.9%) 26 (40.0%) 91 (42.3%)
Tooth brushing
Daily 44 (95.6%) 97 (92.4%) 61 (93.8%) 202 (93.5%)
Less than daily 2 (4.4%) 8 (7.6%) 4 (6.2%) 14 (6.5%)
Assisted tooth brushing
Yes 8(17.8%) 5 (4.8%) 6 (9.2%) 19 (8.8%)
No 37 (82.2%) 100 (85.2%) 59 (90.8%) 196 (91.2%)
Sugary diet
Not daily 9 (20.0%) 19 (18.1%) 18 (27.7%) 46 (21.4%)
Daily 36 (80.0%) 86 (81.9%) 47 (72.3%) 169 (78.6%)
Smoking
No 35 (77.8%) 91 (86.7%) 60 (92.3%) 186 (86.5%)
Yes 10 (22.2%) 14 (13.3%) 5(7.7%) 29 (13.5%)

Regarding oral hygiene, another study found a signifi-
cant correlation between visiting a dentist regularly and
having better oral hygiene practices [22]. Regarding self-
reported oral problems as a risk factor for oral diseases,
other studies have shown that older people with oral dis-
eases such as ulcers, dental caries, periodontal disease,
and bleeding from the gums, more frequently report

poor OHRQoL and adversely affected daily performance
[18, 23-26].

Several studies have revealed a high prevalence of oral
diseases among people with psychiatric problems who
take psychotropic drugs [27, 28] due to poor oral hygiene
and the side effects of medication, especially dry mouth.
In our study, we found an association between poor oral
hygiene and taking psychotropic drugs, but we did not
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Table 2 Description of the participants” oral health statuses. Description of oral status according to living arrangements and total

Nursing home residents (46) Community dwelling (106) Rehabilitation centre (65) Total
-217

Oral hygiene
Good 11 (28.2%) 27 (28.7%) 15 (26.8%) 53 (28.1%)
Fair 22 (56.4%) 55 (58.5%) 31 (55.4%) 108 (57.1%)
Poor 6 (15.4%) 12 (12.8%) 10 (17.8%) 28 (14.8%)
Condition of gums
Good 17 (43.6%) 33 (34.7%) 21 (37.5%) 71 (37.4%)
Fair 21 (53.8%) 54 (56.9%) 29 (51.8%) 104 (54.7%)
Poor 1(2.6%) 8 (8.4%) 6 (10.7%) 15 (7.9%)
Periodontal disease
Yes 17 (43.6%) 36 (37.9%) 23 (41.8%) 76 (40.2%)
No 22 (56.4%) 59 (62.1%) 32 (58.2%) 113 (59.8%)
Dental caries
Yes 12 (27.3%) 24 (23.1%) 17 (28.8%) 53 (25.6%)
No 32 (72.7%) 80 (76.9%) 42 (71.2%) 154 (74.4%)
Toothache
Yes 9 (20.0%) 19 (18.1%) 6(9.2%) 34 (15.8%)
No 36 (80.0%) 86 (81.9%) 59 (90.8%) 181 (84.2%)
Oral disease
Yes 24 (61.5%) 46 (48.4%) 33 (60.0%) 103 (54.5%)
No 15 (38.5%) 49 (51.6%) 22 (40.0%) 86 (45.5%)

find a significant association between poor oral hygiene
and mental illness, and the association with dry mouth
was only borderline significant.

Unlike our study, other studies have found significant
associations between oral health, smoking, and age [21,
29]. Konradsen et al. [29] discovered that smoking and
age predicted a need for oral care in medical patients
with acute conditions admitted to hospital. We included
only care-dependent older people aged 65 or over. These
were all ‘older’ people, so it was not surprising that age
was not a significant factor. Regarding smoking, we found
a borderline significant association between smoking
and poor oral hygiene. The limited number of smokers
among the participants might have led to an insignificant
association.

Some studies have reported significant associa-
tions between being female and having oral diseases
[18, 25], while another study found that men tended to
have poorer oral hygiene and more oral diseases than
women [30]. In our study, we found a significant associa-
tion between being male and having an oral disease, but
this association became statistically insignificant in the
adjusted model, suggesting that other factors are more
important than gender for oral health.

The nonsignificant associations between neurodegen-
erative disorders, oral disease, and poor oral hygiene in
this study contrasts with another study indicating that
declining cognitive functions are related to poor oral
hygiene [31]. This difference is probably due to the use of
different approaches for determining cognitive functions.

In our study, we relied on a neurodegenerative disorder
diagnosis, which may not be as sensitive as a specific cog-
nitive evaluation. Furthermore, the nursing staff screened
potential participants for cognitive ability prior to par-
ticipation, which might have reduced the number of
older people with cognitive impairments included in the
study. This may have led to the underestimation of oral
problems and made it difficult for us to obtain significant
results, affecting the external validity of the study due to
selection bias.

This study has other limitations. Since the examina-
tions were performed in the participants” private homes
rather than in dental clinics, we were unable to conduct
radiological examinations. This meant that not all oral
diseases were necessarily diagnosed, and this probably
led to the underestimation of oral diseases. In addition,
in our study, we constructed a combined variable for oral
disease that comprised caries, periodontitis, and poor
gum condition (gingivitis); thus, we only considered the
presence or absence of an oral disease and not the type
of oral disease. Although this led to less detailed find-
ings, regardless of the disease, citizens with oral diseases
could still be identified and proper treatment initiated.
Another limitation was the rather low number of partici-
pants. This resulted in small subgroups, making it diffi-
cult to identify significant differences. Furthermore, it
limited the possibility of adjusting for all relevant factors
in the logistic regression analyses, although the factors
that were adjusted for were considered the most relevant.
Also, recall bias may have been present, as much of the
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Table 3 Associations between oral disease and risk factors. Results of regression analyses examining the associations between oral
disease as an outcome and the different risk factors as explanatory variables (significance level 0.05)

Risk factors

Association with oral disease, crude

Association with oral disease, adjusted*

OR95% CI P OR95% CI P
Background information
Sex
Female Ref. Ref.
Male 1.941.06-3.54 0.03 1.720.92-3.220.09
Age group
<80 Ref. Ref.
>80 147 0.81-2.650.20 1.77 0.94-3.340.08

Living arrangement

Not nursing home residents
Nursing home residents
Level of dependence
Help with personal care
No help with personal care
Health status

Inhalation medicine

No

Yes

Psychotropic drugs

No

Yes

Polypharmacy

No

Yes

Mental illness

No

Yes

Neurodegenerative disorders

No

Yes

Social support

Support from next of kin
High

Low

Oral health behaviours

Dental care habits, seeing a dentist

Regularly

Irregularly

Tooth brushing

Daily

Less than daily

Assisted tooth brushing
No

Yes

Sugary diet

Not daily

Daily

Smoking

No

Yes

Self-reported oral health
Affected quality of life

Ref.
144 0.70-2.96 0.32

Ref.

1.280.67-2.44 046

Ref.

0.530.24-1.190.13

Ref.
1.800.88-3.710.11

Ref.
1.130.63-2.02 0.68

Ref.
0.860.39-1.91 0.71

Ref.

1.01047-2.200.97

Ref.
0.74 0.28-2.01 0.56

Ref.

2.98 1.60-5.55 < 0.001

Ref.
2.330.60-9.060.22

Ref.
0.700.24-2.16 0.53

Ref.
0.92 046-1.850.82

Ref.
1.930.79-4.71 0.15

Ref.
141067-2990.37

Ref.

1.220.62-2.390.56

Ref.

0.500.22-1.16 0.11

Ref.
1.610.76-3410.21

Ref.
1.08 0.59-1.98 0.81

Ref.
0.610.26-1450.27

Ref.

1.00 0.45-2.25 0.99

Ref.
1.22041-3620.72

Ref.

2.87 1.53-5.39 <0.001

Ref.
1.64 0.40-6.82 0.49

Ref.
0.710.22-2.28 0.56

Ref.
0.980.47-2.03 0.96

Ref.
1.610.63-4.090.32
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Risk factors

Association with oral disease, crude

Association with oral disease, adjusted*

OR95% CI P

OR95%CIP

No

Yes

Challenges eating

No

Yes

Challenges smiling and showing the teeth
No

Yes

Challenges being social

No

Yes

Dry mouth

No

Yes

Toothache within the last 6 months
No

Yes

Ref.
3.111.70-5.71 <0.001

Ref.
4,04 1.80-9.04 <0.001

Ref.
492 1.79-13.550.002

Ref.
3.060.62-15.130.17

Ref.
2.06 0.85-5.01 0.11

Ref.
0.690.32-1.480.34

Ref.
2.651.42-4.95 0.002

Ref.
3.76 1.64-8.60 0.002

Ref.
3.641.27-10420.02

Ref.
2.07 0.40-10.82 0.39

Ref.
2.390.95-5.97 0.06

Ref.
0.590.26-1.320.20

*Adjusted for dental care habits, daily tooth brushing and sugary diet

study relied on self-reported information, and due to
some of the older people’s declining cognitive functions,
they may not have remembered incidents correctly.

A strength of the study is that all the participants were
seen by the same examiner, which ensured consistent data.
Another strength was that the questionnaire was also
completed using interviews, which ensured the partici-
pants’ correct understanding of the questions and mini-
mised missing data. Many studies have been conducted in
nursing homes only, whereas this study also included older
people in a rehabilitation centre and community-dwelling
older people, which resulted in a diverse and more repre-
sentative sample. We found that older people with differ-
ent living arrangements had comparably distributed risk
factors and oral statuses, perhaps due to the participants
being frail and care dependent, regardless of their liv-
ing arrangements. Including community-dwelling older
people facilitated a focus on prevention since initiatives
to improve older people’s oral health would benefit from
early detection of oral problems, preferably before they
lead to deterioration in oral health.

Implications for practitioners

The knowledge that self-reported oral problems and the
irregular use of the dental care system are associated
with poor oral health offer care staff a simple and prac-
tical way of identifying older people with oral health
issues. It seems that simply asking citizens about these
issues could result in better identification of older peo-
ple with poor oral health. This knowledge could then be
used to help decision-makers and managers in the elder-
care field focus on oral health and timely prevention and
treatment, with significant potential for early identifica-
tion and outreach. Municipal home-care staff have con-
tact with many older home-dwelling citizens who could
benefit from improved oral care initiatives. This calls for
prospective studies to test our findings and underpin
such initiatives, since this study was cross-sectional and
indicated associations rather than causality. If such initia-
tives identified more citizens with poor oral health, they
could lead to fewer oral diseases and thus improve older
people’s general health and quality of life.
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Table 4 Associations between oral hygiene and risk factors. Results of the regression analyses examining the association between
poor oral hygiene as an outcome and the different risk factors as explanatory variables (significance level 0.05)

Risk factors Association with oral hygiene, crude Association with oral hygiene, adjusted*

OR95% CI P

OR95% CIP

Background information
Age group

<80

>80

Sex

Female

Male

Living arrangement

Not nursing home residents
Nursing home residents
Level of dependence

No help with personal care
Help with personal care
Health status

Inhalation medicine

No

Yes

Psychotropic drugs

No

Yes

Polypharmacy

No

Yes

Mental illness

No

Yes

Neurodegenerative disorders

No

Yes

Social support

Support from next of kin
Low

High

Oral health behaviours

Dental care habits, seeing a dentist

Regularly

Irregularly

Tooth brushing

Daily

Less than daily

Assisted tooth brushing
No

Yes

Sugary diet

Not daily

Daily

Smoking

No

Yes

Self-reported oral health
Affected quality of life

Ref.
0.77034-1.740.53

Ref.
1.730.77-3.880.18

Ref.
1.06 0.40-2.82 0.91

Ref.

1.380.52-3.63 0.52

Ref.

0.990.31-3.100.98

Ref.
247 1.03-5910.04

Ref.
1.22054-2.72 0.64

Ref.
2.180.83-5.760.12

Ref.

0.860.27-2.68 0.79

Ref.
0.390.13-1.200.10

Ref.

4.66 1.92-11.34 <0.001

Ref.
2.380.59-9.58 0.22

Ref.
047 0.06-3.81 048

Ref.
2490.71-8.730.15

Ref.
2.76 1.03-7.44 0.04

Ref.
0.790.34-1.850.59

Ref.
1.750.76-4.02 0.19

Ref.
1.20044-3.240.72

Ref.

1.380.52-3.67 0.52

Ref.

1.020.32-3.220.98

Ref.
2.611.08-6.300.03

Ref.
1.350.59-3.07 048

Ref.
2.030.76-546 0.16

Ref.

0.890.28-2.79 0.84

Ref.
044 0.14-1410.17

Ref.

4.50 1.83-11.05 0.001

Ref.
2.380.59-9.58 0.22

Ref.
0.510.06-4.09 0.52

Ref.
2.870.79-1046 0.11

Ref.
262 0.96-7.140.06
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Risk factors

Association with oral hygiene, crude

Association with oral hygiene, adjusted*

OR95% CI P OR 95% CI P
No Ref. Ref.
Yes 0.950.42-2.17 091 091 0.40-2.08 0.82
Challenges eating
No Ref. Ref.
Yes 1.920.79-4.670.15 1.810.73-4.450.20

Challenges smiling and showing the teeth
No

Yes

Challenges being social

No

Yes

Dry mouth

No

Yes

Toothache within the last 6 months
No

Yes

Ref.
0.94 0.30-2.95 0.91

Ref.
1.750.34-8.90 0.50

Ref.
0430.10-1.940.27

Ref.
0.570.16-2.00 0.38

Ref.
0.840.26-2.720.77

Ref.
1.66 0.32-8.59 0.54

Ref.
0.46 0.10-2.09 0.32

Ref.
0.530.15-191033

*Adjusted for daily tooth brushing

Conclusion

This study showed that asking questions about oral prob-
lems and dental visits can help care staff identify older
people with oral health and oral hygiene issues. More
studies are needed to test the potential of this knowledge
as a screening method for identifying older people who
need help with their oral care.

Acknowledgements

The authors thank the leaders and care staff of the participating nursing
homes, the rehabilitation centre, and the home care groups in Frederiksberg
and Greve municipalities for their time, dedication, and assistance in recruiting
the participants and obtaining information about the older people in their
care.

Author contributions

CA and EB@ conceived and designed the study with contributions from APJ
and KE. CA helped recruit the participants, carried out all examinations and
interviews, conducted the analyses, and interpreted the findings. CA and EB@
prepared the draft of the manuscript. All authors contributed their vision and
inputs and approved the final manuscript.

Funding
Open access funding provided by Copenhagen University. This study was
funded by Sygeforsikring Danmark.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethical approval and consent to participate

The study was performed according to the GDPR and Danish data protection
legislation. It was approved by the Danish Data Protection Agency (514~
0599/21-3000) and the local ethical committee of the Faculty of Health and
Science at the University of Copenhagen (504 —0241/21-5000).

Informed consent
was obtained from all participants or from their legal guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 5 July 2024 / Accepted: 26 November 2024
Published online: 11 January 2025

References

1. Christensen LB, et al. A cross-sectional study of oral health and oral health-
related quality of life among frail elderly persons on admission to a special
oral health care programme in Copenhagen City. Denmark Gerodontology.
2012;29(2):2392-400.

2. Tonetti MS, et al. Dental caries and periodontal diseases in the ageing
population: call to action to protect and enhance oral health and well-being
as an essential component of healthy ageing - Consensus report of group
4 of the joint EFP/ORCA workshop on the boundaries between caries and
periodontal diseases. J Clin Periodontol. 2017;44(Suppl 18):5135-44.

3. Sjogren P et al. A systematic review of the preventive effect of oral Hygiene
on Pneumonia and respiratory tract infection in Elderly people in hospitals
and nursing homes: Effect estimates and Methodological Quality of Random-
ized controlled trials. J Am Geriatr Soc. 2008;56(11):2124-30.

4. Social- og Aldreministeriet. Redegarelse om Aldreomradet 2022. 1SBN: 978-
87-7601-413-1 (in Danish).

5. Tapager. Health status, care dependency and oral care utilization among
older adults: a register-based study. Gerodontology. 2024;00:1-9.

6. Weintraub JA, et al. Improving nursing home residents’ oral Hygiene:
results of a cluster randomized intervention trial. J Am Med Dir Assoc. 2018
December;19(12):1086-91.

7. Salazar J, et al. Effect of oral health interventions for dependent older
people—A systematic review. Gerodontology. 2023;00:1-20.

8. Tulio M, et al. Validity and reproducibility of the revised oral assessment guide
applied by community health workers. Gerodontology. 2014;31(2):101-10.

9. Chalmers JM, et al. The oral health assessment tool-validity and reliability.
Aust Dent J. 2005;50:191-9.

10.  www.dst.dk (visited 10.03.2024) https://extranet.dst.dk/pyramide/pyramide.h
tmitly=2020

11. Gugnani, et al. International Caries Detection and Assessment System
(ICDAS): a New Concept. Int J Clin Pediatr Dent. 2011 May-Aug;4(2):93-100.


https://extranet.dst.dk/pyramide/pyramide.htm#!y=2020
https://extranet.dst.dk/pyramide/pyramide.htm#!y=2020

Andersen et al. BMC Oral Health

22.

23.

(2025) 25:60

Ainamo J, et al. Development of the World Health Organization (WHO)
community periodontal index of treatment needs (CPITN). Int Dent J.
1982;32(3):281-91.

Harald Lée. John Silness. Periodontal Disease in pregnancy . Prevalence and
Severity. Acta Odontol Scand. 1963;21(6):533-51.

Greene JC, Vermillion JR. The simplified oral hygiene index. J Am Dent Asso-
Ciation. 1964;68:25-31.

Avlund, et al. Copenhagen ageing and Midlife Biobank (CAMB): an introduc-
tion. J Aging Health. 2014,26(1):5-20.

Louise, Eriksen, et al. The Danish health examination Survey 2007-2008 (DAN-
HES 2007-2008). Scand j Public Health. 2011 mar;39(2):203-11.

Ferda, Gllcan, et al. Exploring the association of dental care utilization with
oral impacts on daily performances (OIDP) - a prospective study of ageing
people in Norway and Sweden. Acta Odontol Scand. 2018;76(1):21-9.
Adulyanon, et al. Oral impacts affecting daily performance in a low dental
disease Thai population. Community Dent Oral Epidemiol. 1996,24:385-9.
Munksgaard.

Thomson, et al. Shortening the Xerostomia Inventory. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. 2011;112:322-7.

Yoshihiro, Shimazaki, et al. Association between dental consultation and
oral health status among male Japanese employees. J Occup Health.
2020,62:212104.

Treasure et al. Factors associated with oral health: a multivariate analysis of
results from the 1998 adult Dental Health Survey. Br Dent J. 2001. Vol 190 2
January 27.

DeDinnoa MA, Dental, Anxiety. Dental visits and oral Hygiene practices. Oral
Health Prev Dent. 2012;10(2):p129.

Koistinen, et al. Oral health-related quality of life and associated factors
among older people in short-term care. Int J Dent Hygiene. 2020;18:163-72.

24.

25.

26.

27.

28.

29.

30.

31.

Page 12 of 12

James, et al. Impact of oral conditions on oral health-related quality of life
among indians a systematic review and Meta—analysis. Health Qual Life
Outcomes. 2023;21:102.

Gouvéa GR, et al. Variables associated with the oral impact on daily perfor-
mance of adults in the state of Sdo Paulo: a population-based study. PLoS
ONE. 2018;13(9):e0203777.

Porter J, et al. The impact of oral health on the quality of life of nursing home
residents. Health Qual Life Outcomes. 2015;13:102.

Priyanka, Gandhi et al. Oral manifestations of psychotropic drugs on the oral
cavity: Observational Study. J Contemp Dent Pract. 2022. 23 Issue 4.
Giovanni, Fratto, et al. Use of psychotropic drugs and associated dental
diseases. INT'L J PSYCHIATRY Med. 2014;48(3):185-97.

Konradsen, et al. Who needs oral care? A study of potential factors associated
with the need for oral care among medical patients acutely admitted to
hospital. J Nurs Educ Pract. 2014;4:11.

Lipsky et al. Men and oral health: a review of sex and gender differences. Am
JMen’s Health. 2021;15(3).

Min-Jeong, Cho, et al. Relationship between the activities of daily living,

oral health-related quality of life and dementia. Geriatr Gerontol Int.
2018;18:943-9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Prediction of oral diseases in care dependent older people
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Setting
	﻿Participants and recruitment

	﻿Data collection and study variables
	﻿Oral status
	﻿Risk factors
	﻿Data analysis

	﻿Results
	﻿Participants



