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Key summary points
Aim To identifying tools for the reliable and systematic evaluation of oral health in older inpatients as well as to address-
ing the association between oral health and patients’ prognosis as measured by the Comprehensive Geriatric Assessment 
(CGA)-based Multidimensional Prognostic Index (MPI).
Findings Valid oral health examinations can be performed in older inpatients and are associated with individual multidi-
mensional prognosis.
Message Oral health should be assessed and incorporated into clinical decisions to improve patients’ prognosis and prevention.

Abstract
Purpose There is clear evidence for an association between oral health and systemic illnesses, geriatric syndromes, and 
mortality. Frail and multimorbid older people often suffer from insufficient oral health care, but standardized dental examina-
tions are not routinely performed in clinical settings. The aim of this study was to verify the practicability of in-hospital oral 
health examinations and to identify their association with patients’ prognosis as assessed by means of the Comprehensive 
Geriatric Assessment (CGA)-based Multidimensional Prognostic Index (MPI).
Methods One hundred hospitalized patients aged 65 years and older (mean age 76.9 years (SD 6.4); 58.2% male, 41.8% 
female) underwent a CGA-based MPI calculation at discharge with subdivision into three mortality risk groups (MPI-1, low 
risk, score 0–0.33; MPI-2, moderate risk, score 0.34–0.66; MPI-3, high risk, score 0.67–1). To identify the current oral health 
status and the Oral Health-related Quality of Life (OHRQoL), three oral health examinations were performed. Information on 
survival, the incidence of oral diseases, dental appointments, and treatments up to 6 months after discharge were collected.
Results All oral health examinations were feasible during hospitalization and were associated with MPI prognosis, even 
though they were not associated with 6-month mortality. The MPI could not predict the use of dental health care or treatment, 
as, irrespective of MPI and oral health examinations, dental services were underutilized during follow up.
Conclusion Besides MPI evaluation, oral health examinations should be implemented into an inhospital course to improve 
clinical decision-making as well as secondary and tertiary prevention of oral health- and related systemic diseases.
Trial Registration Number German Clinical Trials Register: DRKS00013607 (07.02.2019, retrospectively registered).
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Introduction

Despite the increasing awareness of the need for dental care 
improvement in older subjects, the oral health (OH) status 
is still largely neglected in the clinical setting as well as in 
the mindset and training of many healthcare practitioners 
[1, 2]. Over the past years, several studies have shown that 
reduced OH is associated with poor general health, perfor-
mance capability, and quality of life [3–5]. A bidirectional 
relationship could be shown for periodontitis and diabetes 
[3], and associations have been observed between OH and 
atherosclerosis and cardiovascular diseases [4]. Indeed, poor 
OH has been recently proposed as a geriatric syndrome [6]. 
A large body of evidence recognizes poor OH as a risk fac-
tor for aspiration pneumonia and related death [7]. Caries, 
periodontal disease, and tooth loss lead in the long term 
to masticatory deficiency, which in turn is associated with 
cognitive impairment [8], malnutrition [9], and lower qual-
ity of life [5]. In summary, poor OH has been shown to be 
associated with poor health outcomes [10, 11]. Accordingly, 
the World Health Organization has designated OH as an 
essential determinant of quality of life, overall health, and 
happiness [12].

The systematic evaluation of the oral cavity is often not 
part of the routine examination carried out in older inpatients 
outside of geriatric settings. The current problem-oriented 
behavior largely overcoming preventive dental visits, how-
ever, yields a great challenge for the healthcare systems. 
The already high, rapidly increasing number of older adults 
with demanding dental needs exacerbates the consequences 
of poor prevention [13]. A systematic OH screening in older 
multimorbid patients admitted to the hospital could at least 
in part compensate for the above-mentioned challenges. 
In addition, as OH contributes substantially to the general 
health and quality of life of older multimorbid patients, it 
may impact on overall prognosis, but this has not been dem-
onstrated up to date. To fill this gap of knowledge, the pre-
sent observational prospective study was designed to inves-
tigate the association between OH and a Comprehensive 
Geriatric Assessment (CGA)-based prognosis evaluation 
by means of the Multidimensional Prognostic Index (MPI). 
This is an established tool validated in several thousand 
older patients worldwide to predict short- and long-term 
mortality among other outcomes in older subjects [14]. It 
has been applied in several acute and chronic diseases (e.g. 
pneumonia [15], dementia [16], chronic kidney disease [17], 
and transient ischemic attack [18]) and can help healthcare 
professionals to improve clinical decisions [19–21]. The aim 

of the present study was to evaluate the presence and char-
acteristics of the relationship between OH as assessed by 
means of specific OH evaluation instruments and individual 
overall prognosis measured by the MPI.

Patients and methods

Patients

Between December 2017 and March 2019, 209 consecutive 
patients admitted to the Department II of Internal Medi-
cine of the University of Cologne, Germany, were screened 
for inclusion in the prospective observational EUROpean 
Study Of Older Subjects With Atrial Fibrillation (EURO-
SAF). Patients were included if aged 65 years and older, 
with a documented diagnosis of non-valvular atrial fibrilla-
tion and willing/able to participate. Exclusion criteria were 
(1) refusal to participate (n = 78), (2) inability to consent 
(n = 8), (3) inability to speak German or speech disorder 
(n = 17), and (4) repeated impossibility to meet the patient 
for recruitment (n = 6). Patients were asked to undergo an 
additional OH examination and upon consent, a final sample 
of 100 participants was included in the present analysis.

Assessment of participants

Geriatric assessment

MPI The MPI calculation [14] as an index representing 
mortality prognosis was performed one the day prior to dis-
charge. The MPI is based on a standardized CGA including 
eight domains: (1) Cumulative Illness Rating Scale (CIRS) 
[22], (2) Exton Smith Scale (ESS) [23] for the assessment of 
pressure ulcer risk, (3) Mini Nutritional Assessment Short 
Form (MNA-SF) [24], (4) Katz’s Activities of Daily Living 
(ADL) [25], (5) Lawton’s Instrumental Activities of Daily 
Living (IADL) [26], (6) Short Portable Mental Status Ques-
tionnaire (SPMSQ) [27], (7) number of drugs including 
over the counter (OTC) drugs, and (8) cohabitation status. 
For each domain, a tripartite hierarchy was used, i.e. 0 = no 
problems, 0.5 = minor problems, and 1 = major problems 
based on the conventional cut- off points. The sum of the 
calculated scores from the eight domains was divided by 8 
to obtain the final MPI risk score. The MPI is expressed as 
a continuous value from 0 = lowest risk to 1 = highest risk 
of mortality. Appropriate validated cut-off have been cal-
culated to identify three levels of mortality risks as follows: 
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MPI-1, 0–0.33 = low risk, MPI-2, 0.34–0.66 = moderate 
risk, and MPI-3, 0.67–1, high risk [14].

OH examinations

The OH examinations included the Kayser-Jones Brief Oral 
Health Status Examination (BOHSE) [28], Decayed, Miss-
ing, or Filled Teeth Index (DMFT) [29], the Geriatric Oral 
Health Assessment Index (GOHAI) [30, 31], and a self-
developed OH questionnaire (OHQ). The rationale for the 
choice of the used instruments was to employ validated, sim-
ple and accessible instruments that also can be performed 
in long-term care by non-dental professionals with the goal 
of implementation into clinical routine. Examinations were 
conducted by one dentist in the patient’s rooms. Depending 
on physical condition, the examination was performed lying 
or sitting in bed.

BOHSE The BOHSE is a ten-item examiner-rated screen-
ing examination that was originally developed for nursing 
staff to assess the condition of the oral cavity, surrounding 
tissues, and teeth. It has been chosen for use in this study 
because it is a simple and accessible instrument that rep-
resents a good overview of all aspects of OH [28]. The ten 
categories are (1) lymph nodes, (2) lips, (3) tongue, (4) tis-
sue inside the cheek, floor, and roof of mouth, (5) gums 
between teeth and/or under artificial teeth, (6) saliva, (7) 
condition of natural teeth, (8) condition on artificial teeth 
(9) pairs of teeth in chewing position (natural or artificial) 
and (10) oral cleanliness. Each item is rated on a 3-point 
scale (0, 1, 2) from 0 = normal/healthy to 2 = problematic/
unhealthy. The final score is the sum from the 10 categories 
ranged from 0 = very healthy to 20 = very unhealthy [28]. 
While the cumulative score is important in assessing OH, 
the score for each item must be considered individually. If 
any category contains a score of 1 or 2, referral to a dentist 
is recommended.

DMFT The DMFT Index is widely used to describe the 
past and present dental caries experience [29]. DMFT is a 
validated tool for younger and older subjects [13, 32]. It is 
applied to the permanent dentition and is expressed as the 
total number of teeth that are decayed (D), missing (M) or 
filled (F). The final score ranges from 0 to 28 (third molars 
were excluded).

GOHAI The Geriatric Oral Health Assessment Index 
(GOHAI) is a validated instrument that assesses self-per-
ception of OH. Besides measuring the individual’s per-
ception of oral functional problems, it also estimates the 
psychological impact associated with oral disease. The 
GOHAI consists of 12 questions focusing on three dimen-
sions: (1) Physical function (chewing, pronunciation, and 

swallowing); (2) Psychological function (pre-occupation 
or interest in OH, dissatisfaction with one’s appearance, 
self-perception in terms of OH, and avoidance of social 
interactions due to oral problems); (3) Pain or discomfort 
(use of medications to relieve pain or discomfort in the 
oral cavity). According to Atchison et  al., in our study, 
the questions were measured using a 5-point Likert scale 
(always 5; often 4; sometimes 3; seldom 2; never 1) [30]. 
In the original publication of the German version of the 
GOHAI [31] used in this publication, a forward transla-
tion was performed by a bilingual professional transla-
tor whose first language was German. This version was 
revised and scrutinized for specific dental terms by clini-
cians, before back-translation into English by a bilingual 
professional translator whose first language was English. 
The original English version, the back-translated version, 
and the German version were revised by three professional 
translators and scrutinized for changes in sense. The Ger-
man version of the GOHAI showed sufficient reliability, 
validity, and responsiveness to be used as a measure of 
Oral Health-related Quality of Life (OHRQoL) in longitu-
dinal studies of older persons [31] and was therefore used 
in this study.

OHQ A self-developed specific OH questionnaire (OHQ) 
with seven binary questions (yes/no) collected informa-
tion during the patient’s hospital stay regarding toothless-
ness, presence of dentures, swallowing disorders, taste 
disturbance, bleeding gums, tooth loss, and periodontitis 
treatment during the last 12 months.

Follow‑up

All participants received phone interviews 6 months after 
discharge. Beyond verification of survival, binary (yes/no) 
questions about dental appointments and treatments, tooth 
loss, oral pain, gum bleeding, satisfaction with dental pro-
theses (dentures, bridges, crowns, and dental implants), 
and xerostomia within the 6 months after the initial evalu-
ation was collected.

Registration, participant consent, and ethics

The study is registered at the German Clinical Trials 
Register (DRKS00013607) and the authors declare that 
the experiments respect the ethical standards for human 
experimentation that are stated in the Declaration of Hel-
sinki of 1975, as revised in 2000, as well as the national 
law. The study was approved by the Ethical Committee of 
the University Hospital of Cologne, Germany, and each 
patient or proxy respondent signed informed consent.
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Statistical analysis

Descriptive statistics were expressed using the absolute 
number and relative frequencies for the description of 
categorical variables and mean (SD) or median (IQR) for 
continuous variables.

To test associations between MPI risk group at discharge 
and demographical and clinical characteristics, Chi-Square 
test or Fisher’s exact test for categorical variables, univari-
ate ANOVA or Kruskal–Wallis test for continuous variables 
were used after testing for normal distribution. p values were 
analyzed for patients who did not die during hospitalization.

For follow-up at 6 months both MPI risk groups at dis-
charge and BOHSE groups were tested for associations 
towards clinical outcomes as described above.

Odds ratios to express the associations between BOHSE, 
DMFT, GOHAI, and MPI scores at discharge were calcu-
lated using a multivariate ordered logistic regression analy-
sis adjusted for age, gender, and years of education.

Two-tailed probabilities with a significant level alpha of 
0.05 were considered for all tests.

Results

Demographics

The demographic and clinical characteristics of the patients 
according to the MPI group are described in Table 1. Nine 
patients died during hospitalization.

The mean age was 76.9 years (SD 6.4) with a median 
of 12 years of education (IQR 1–3). 41.8% of the patients 
were women. The median length of hospital stay was 
11 days (IQR 6–21) and was significantly associated with 
the MPI (p = 0.004). As expected, the prevalence of cardio-
vascular, respiratory, musculoskeletal, and kidney diseases 
was relatively high in this patient sample (Table 1). The 
strongest associations according to MPI group were found 
for hypertension (p = 0.038), upper gastrointestinal tract dis-
ease (p = 0.013), and psychiatric disease (p = 0.023). Every 
patient had at least 3 or more medications prescribed at dis-
charge. Most of the patients (59/91; 64.8%) took more than 
9 medications [mean (SD) = 9.6 (2.7)]. Yet, a significant sta-
tistical association between MPI groups and medication use 
could not be detected (p = 0.228). Physical immobility was 
significantly increased in higher MPI groups (MPI-1 = 0.0%; 
MPI-2 = 32.8%; MPI-3 = 73.3%; p < 0.0001).

OH examinations

OH examinations were carried out within temporal and 
methodological frames compatible with the clinical rou-
tine in all patients who had signed the informed consent. 

OH examination indices and OHQ results according to the 
MPI group are displayed in Table 1. BOHSE, DMFT and 
GOHAI are presented as a box-plots according to MPI risk 
groups in Fig. 1.

BOHSE The median BOHSE score was 5 (IQR 3–8). 
Higher MPI groups were correlated with a higher BOHSE 
score (p = 0.001), displaying more OH problems (Fig. 1). 
BOHSE subgroup saliva demonstrated a significant 
increase from 0 (tissues moist, saliva free-flowing and 
watery; IQR 0–0) for MPI-1 to 1 (tissues dry and sticky; 
IQR 0–1) for MPI- 3 (p = 0.029). A closer look at the MPI 
subitems revealed significant associations of BOHSE to 
ADL/ IADL. BOHSE increased from 5 (IQR 3–6) for 
ADL 0 (no problems) to 7.5 (IQR 3.75–10.25) for ADL 
1 (major problems) (p = 0.003) and from 5 (IQR 2–6) for 
IADL 0 (no problems) to 6 (IQR 3–9) for IADL 1 (major 
problems) (p = 0.029).

GOHAI The median GOHAI score was 54 (IQR 48–56). 
Higher MPI groups were associated with lower GOHAI 
score (p < 0.001) (Fig. 1), displaying lower OHRQoL. For 
MPI subitems the GOHAI score decreased from 55 (IQR 
50.25–57) for ADL 0 (no problems) to 48 (IQR 41.5–54.25) 
for ADL 1 (major problems) (p = 0.005).

DMFT The median value of DMFT Index was 18 (IQR 
10–28) and showed an increase according to higher MPI, but 
without statistical significance (p = 0.072) (Fig. 1). Median 
M (missing) increased from 9 (IQR 5–23) for MPI-1 to 23 
(IQR 10–28) for MPI- 3, without showing statistical signifi-
cance (p = 0.172). Overall median for D (decayed) was 0 
(IQR 0–2; p = 0.885).

OHQ The occurrence of a swallowing disorder and taste 
disturbance was significantly associated with a higher MPI 
(p = 0.006; p = 0.019). All other items of the OHQ showed 
no significant association with MPI risk groups (Table 1).

Multivariate ordered logistic regression

A multivariate ordered logistic regression model (Fig. 2) 
adjusted for age, gender, and years of education showed a 
significant association between all OH indices and MPI sub-
groups. For one unit increase in BOHSE, the odds of being 
allocated to a severe MPI risk group versus the combined 
moderate and mild categories were 1.34 greater (p < 0.001). 
For one unit increase in DMFT Index, the odds of a higher 
MPI group versus a lower MPI group was 1.06 greater 
(p = 0.047). In addition, each increase in GOHAI was sig-
nificantly associated with a lower risk of higher MPI (OR 
0.87, p < 0.001) (Fig. 2).
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Table 1  Demographical and clinical characteristics of the patient sample according to MPI risk group at discharge

† p values are referred to One-way ANOVA with means, Fisher’s Exact test for frequencies, and Kruskal–Wallis when median values are 
reported. (*) Significant at 5%

Total
N = 91 (100%)

MPI-1
18 (19.8%)

MPI-2
58 (63.7%)

MPI-3
15 (16.5%)

p  value†

Demographic
 Gender, n (%)
  Male 53 (58.2) 12 (66.7) 32 (55.2) 9 (60.0) 0.680
  Female 38 (41.8) 6 (33.3) 26 (44.8) 6 (40.0)

 Age, mean(SD) 76.8 (6.4) 75.3 (6.6) 77.2 (5.7) 77.1 (8.6) 0.511
 Years of education, median (IQR) 12 (10–13) 13 (11–15) 11 (10–13) 12 (8–14) 0.191
 Source of referral, n (%) 1 missing
  new admission 35 (38.9) 10 (55.6) 20 (35.1) 5 (33.3) 0.314
  Transferred from int/ext ward 55 (61.1) 8 (44.4) 37 (64.9) 10 (66.7)

 LOS (days), median(IQR) 11 (6–21) 8 (4–18) 10 (6–18) 23 (13–38) 0.004*
 Diabetes, n (%) 40 (44.0) 5 (27.8) 29 (50.0) 6 (40.0) 0.223
 Heart disease, n (%) 91 (100.0) 18 (100.0) 58 (100.0) 15 (100.0) 1.000
 Hypertension, n (%) 76 (83.5) 12 (66.7) 49 (84.5) 15 (100.0) 0.038*
 Vascular/bloods/lymphatic disease, n (%) 76 (83.5) 17 (94.4) 46 (79.3) 13 (86.7) 0.326
 Respiratory disease, n (%) 58 (63.7) 12 (66.7) 36 (62.1) 10 (66.7) 0.952
 EENT disease, n (%) 52 (57.1) 8 (44.4) 36 (62.1) 8 (53.3) 0.420
 Upper gastrointestinal tract disease, n (%) 34 (37.4) 3 (16.7) 21 (36.2) 10 (66.7) 0.013*
 Lower gastrointestinal tract disease, n (%) 30 (33.0) 3 (16.7) 19 (32.8) 8 (53.3) 0.104
 Liver/ biliary disease, n (%) 18 (19.8) 2 (11.1) 15 (25.9) 1 (6.7) 0.186
 Kidney disease, n (%) 81 (89.0) 15 (83.3) 52 (89.7) 14 (93.3) 0.623
 Musculoskeletal/ skin disease 64 (70.3) 13 (72.2) 39 (67.2) 12 (80.0) 0.676
 Neurological disease, n (%) 35 (38.5) 4 (22.2) 22 (37.9) 9 (60.0) 0.092
 Psychiatric disease, n (%) 11 (12.1) 2 (11.1) 4 (6.9) 5 (33.3) 0.023*
 Medications at discharge, n (%)
  < 3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.228
  3–5 4 (4.4) 2 (11.1) 2 (3.4) 0 (0.0)
  6–9 28 (30.8) 8 (44.4) 16 (27.6) 4 (26.4)
   > 9 59 (64.8) 8 (44.4) 40 (69.0) 11 (73.3)

 Physical mobility, n (%)
  Yes 61 (67.0) 18 (100.0) 39 (67.2) 4 (26.7) 0.000*
  No 30 (33.0) 0 (0.0) 19 (32.8) 11 (73.3)

Oral health examinations
 BOHSE, median(IQR) 5 (3–8) 3 (2–5) 5 (3–8) 8 (5–12) 0.001*
 DMFT, median(IQR) 18 (10–28) 11 (8–23) 18 (11–27) 25 (14–28) 0.072
 GOHAI, median(IQR) 54 (48–56) 57 (55–58) 53 (47–56) 51 (40–54) < 0.001*
 OHQ
  Toothless, n (%) 23 (25.3) 3 (16.7) 14 (24.1) 6 (40.0) 0.344
  Dentures, n (%) 56 (61.5) 9 (50.0) 37 (63.8) 10 (66.7) 0.552
  Swallowing disorder, n (%) 12 (13.2) 2 (11.1) 4 (6.9) 6 (40.0) 0.006*
  Taste disturbance, n (%) 17 (18.7) 2 (11.1) 8 (13.8) 7 (46.7) 0.019*
  Gum bleeding, n (%) 50 (55.6) 8 (44.4) 33 (57.9) 9 (60.0) 0.564
  Tooth loss, n (%) 40 (44.0) 6 (33.3) 24 (41.4) 10 (66.7) 0.137
  Periodontitis treatment, n (%) 19 (20.9) 6 (33.3) 10 (17.2) 3 (20.0) 0.321
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Follow‑up

A relatively high number of 26 patients were lost at follow-
up. 6/26 patients refused to participate in the phone follow-
up. The rest was not reached after calling four times within 

the frame of two months. As a result, the final sample size 
for follow-up at 6 months included 65 patients. All-cause 
mortality at 6 months was 16/65 (24.6%). The descriptive 
statistics of follow-up outcomes according to MPI risk score 
are presented in Table 2.

Fig. 1  BOHSE, DMFT and GOHAI presented as box-plots according to MPI risk group. (*) Significant at 5%

Fig. 2  Association of oral 
health examinations (BOHSE, 
DMFT and GOHAI) and MPI 
as an ordered logistic regres-
sion analysis adjusted for age, 
gender, and years of education. 
(*) Significant at 5%
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About a quarter of the 49 patients (13/49; 26.5%) had a 
dental appointment in the 6 months follow-up period. Fish-
er’s exact test showed no significant association of dental 
appointments with MPI scores (Table 2). Overall, three-
quarter of the patients (36/49; 73.5%) claimed to be satis-
fied with their dental prostheses. Patients in the MPI-3 group 
were more satisfied (4/5; 80%) than patients belonging to 
MPI-2 (23/30; 76.7%) and MPI-1 (9/14; 64.3%). Half of the 
patients (26/49; 53.1%) indicated to suffer from xerostomia, 
decreasing for patients from MPI-1 (8/14; 57.1%) to MPI-3 
(1/5; 20.0%). Nevertheless, neither satisfaction with dental 
protheses nor xerostomia were significantly associated to 
MPI (p = 0.708; p = 0.360) or BOHSE category (p = 0.073; 
p = 0.516). The same applies to dental treatments, tooth loss, 
tooth pain, and bleeding gums (Table 2).

A multivariate ordered logistic regression model 
(Table 3) adjusted for age, gender and years of education 

shows that only the MPI score was associated with mortality 
at 6 months (OR 1.46, 95% CI 1.00–2.14, p = 0.051) with the 
highest area under the curve (AUC) (73.3%). On the other 
side, both BOHSE (OR 1.08, 95% CI 0.88–1.31, p = 0.462), 
DMFT (OR 1.02, 95% CI 0.95–1.10, p = 0.484) and GOHAI 
(OR 0.94, 95% CI 0.86–1.03, p = 0.156) did not demonstrate 
a significant association with mortality at 6 months.

Discussion

In the present study, it was possible to show that an OH 
examination is feasible in older inpatients and yields impor-
tant additional information on conditions of accepted rel-
evance for overall health status and well-being [12]. Even 
though feasibility was not statistically measured, all OH 
examinations showed a good level of practicability in hos-
pital routine: they were not particularly time-consuming 
(10–15 min for all of them), nor costly, nor difficult to accept 
by patients. Although the OH evaluation slightly prolonged 
the overall patients’ assessment, the benefit of OH-related 
diagnosis overcomes the minimal negative effects of time 
loss. One of the main results of this study is that poorer 
OH and MPI are associated with each other independent 
of age, gender, and education, suggesting that OH impacts 
the individual multidimensional prognosis. The MPI-based 
prognosis has already been associated with several acute 
and chronic diseases (e.g. pneumonia [15], dementia [16], 
chronic kidney disease [17], and transient ischemic attack 
[18]). The present study shows an additional association of 
the MPI with OH. This finding is relevant since poor OH 
affects a great number of persons and this number will mas-
sively increase in the next years [33]. All tested OH indices 

Table 2  Descriptive statistics 
of follow-up at 6 months 
according to the MPI risk group 
at discharge

† p values are referred to Fisher’s Exact test for frequencies. (*) Significant at 5%

Total
N = 65 (100%)

MPI-1
16 (24.6%)

MPI-2
39 (60%)

MPI-3
10 (15.4%)

p  value†

Dead at FU6, n (%), 26 lost
 No 49 (75.4) 14 (87.5) 30 (76.9) 5 (50.0) 0.109
 Yes 16 (24.6) 2 (12.5) 9 (23.1) 5 (50.0)

Dental appointments, n (%) 13/49 (26.5) 3 (21.4) 9 (30.0) 1 (20.0) 0.888
Dental treatments, n (%)
 No 36/49 (73.5) 11 (78.6) 21 (70.0) 4 (80.0) 0.914
 Tooth extraction 4/49 (8.2) 1 (7.1) 3 (10.0) 0 (0.0)
 Dental check-up 6/49 (12.2) 2 (14.3) 3 (10.0) 1 (20.0)
 Prosthetics 3/49 (6.1) 0 (0.0) 3 (10.0) 0 (0.0)

Tooth loss, n (%) 5/49 (10.2) 2 (14.3) 3 (10.0) 0 (0.0) 0.799
 Oral pain, n (%) 5/49 (10.2) 3 (21.4) 2 (6.7) 0 (0.0) 0.352
Gum bleeding, n (%) 3/49 (6.1) 1 (7.1) 1 (3.3) 1 (20.0) 0.183
Satisfaction with dentures, n (%) 36/49 (73.5) 9 (64.3) 23 (76.7) 4 (80.0) 0.708
Xerostomia, n (%) 26/49 (53.1) 8 (57.1) 17 (56.7) 1 (20.0) 0.360

Table 3  Odds ratios (OR) from logistic regression for the relation 
between MPI and each oral health examination index and mortality at 
follow-up at 6 months, adjusted for age, gender, and years of educa-
tion

(*) Significant at 5%

OR 95%CI p value AUC (95%CI)

MPI (for 0.1pt 
increase)

1.46 1.00–2.14 0.051* 73.3% (61.0–85.7)

BOHSE (for 1pt 
increase)

1.08 0.88–1.31 0.462 65.6% (48.8–82.3)

DMFT (for 1pt 
increase)

1.02 0.95–1.10 0.484 67.1% (51.0–83.2)

GOHAI (for 1pt 
increase)

0.94 0.86–1.03 0.156 67.3% (51.8–82.7)
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indicate a significant correlation to MPI. BOHSE showed 
the strongest association to individual MPI values. Since 
BOHSE comprehends a multidimensional approach to the 
oral cavity, considering not only the condition of natural or 
artificial teeth but also of surrounding tissues (lips, tongue, 
cheek) and moistening of oral mucosa, it might be a relevant 
and daily applicable option to represent OH status. Origi-
nally, BOHSE was developed for nurses to screen nursing 
home residents. Since in Germany dentists and the dental 
team are not operationalized part of the in-hospital geriat-
ric team, the implementation of a practical instrument like 
BOHSE, which can be used by non-dental professionals, 
might partially compensate this lack and allow adequate 
screening of an important domain of health in advanced 
age. However, besides sensitizing caring staff for OH, the 
ultimate goal should remain the implementation of the den-
tist’s expertise into the daily routine of geriatric inpatients.

The impact of OH on overall health and prognosis has 
become more important in recent years, but there is a lack 
of studies especially for the group of vulnerable elders with 
care needs. However, as more and more interrelationships 
are emerging, especially from periodontitis to general dis-
eases and chronic inflammation [3, 4, 7, 34], more research 
is needed. In some studies, poor OH and swallowing dys-
function were identified as independent risk factors for 
reduced quality of life and mortality in older patients [10, 
11, 35]. Because of these correlations, reduced OH may 
have an impact on mortality and prognosis. In this study, we 
could not show an association with mortality, probably due 
to the small sample size and the short observation period. 
To clarify this question, further studies are needed that take 
these increased sample sizes in a longitudinal study design 
into account. Nevertheless, all OH parameters were associ-
ated with MPI total score and MPI subitems. This may show 
an indirect association to prognosis, because the MPI itself 
is a validated tool to predict short- and long-term mortality 
in older persons, as it has been shown in this study, too. As 
stated above, poor OH is already discussed as a new poten-
tial geriatric syndrome [6, 36]. Meyer et al. have shown that 
many geriatric syndromes have a prognostic relevance and 
suggested an implementation to improve clinical decision-
making and management of older patients [37]. The same 
seems to apply to OH.

In the present study, about two-thirds of the patients 
had moderate or severe oral care problems. Patients with 
higher MPI scores even required extended dental care and 
treatment and quoted less OHRQoL, as shown by higher 
BOHSE/ DMFT scores and lower GOHAI scores. Because 
only 26.5% of patients undergoing follow-up reported having 
visited dental offices, it is difficult to obtain significant asso-
ciations for MPI groups. Nevertheless, as another key find-
ing, dental services were generally underutilized in practice, 
irrespective of the MPI discharge group. It is well known 

that older, frail, and multimorbid patients refrain from dental 
care [38]. According to scientific epidemiologic and psycho-
social literature, older adults are faced with numerous barri-
ers to OH care including (1) income and education, (2) avail-
ability of dental and medical insurance, (3) urban vs. rural 
residence, (4) systemic and functional health, and (5) oral 
health literacy (OHL) [39]. When addressing these barriers 
in the present patient population, systemic and functional 
health as well as OHL appear to have the greatest impact on 
underused dental services. In fact, median GOHAI scores 
decreased with higher MPI scores but overall the former 
indicated overall good OHRQoL. On the other hand, median 
BOHSE increased with higher MPI scores, indicating 
increasing OH problems. These apparently contradictory 
results have been found in several other studies, confirming 
that older people’s subjective needs and perceived symp-
toms may differ from the objective clinical assessment of 
OH [35, 40]. The same applies to the yet underrecognized 
OH problem of dry mouth. Since it is well known that dry 
mouth problems are highly prevalent in the older population, 
this factor should be co-evaluated in future studies to more 
comprehensively address the prognostic signature of OH—
especially in the context of polymedication, multimorbidity, 
reduced OH prognosis, and quality of life.

Studies have shown that dental visits can influence indi-
vidual perceptions of the dentition and the frequency of 
dental visits has been shown to be a significant predictor of 
perceived OH status in older subjects [41]. Also in the sci-
entific literature, there is an evident lack of patient-centered 
outcome parameters addressing the awareness of patients 
regarding their own OH including especially patients with 
cognitive decline. It is highly important to raise awareness 
for oral diseases and motivate patients and caregivers to 
comply with their needs. The newest research on global OH 
explicitly favors oral disease prevention and health promo-
tion to cure oral diseases [33]. A recently published solution 
in an outpatient setting suggests that general practitioners, 
as a group of doctors that senior citizens are most likely 
to visit throughout their lives, could serve as an interface 
to dentistry. For this purpose, a very simple and practical 
instrument—the geriatric outpatient oral health screening 
(GAMS)—was developed and validated [42]. The GAMS 
focuses on dental aspects relevant for geriatric patients, 
such as chewing problems, pain, periodontitis, bad breath 
or dry mouth in dichotomous questions [42]. Even if legal 
and administrative conditions in Germany do not yet make 
this transfer practice possible, this would be a desirable 
process in the long term. To achieve this goal in a clinical 
setting, the implementation of a routine, feasible OH screen-
ing—like BOHSE for example or the described GAMS—
during hospitalization could be helpful. After examination, 
patients should be informed about their OH status to improve 
OHL. To increase the chances of further and regular dental 
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appointments, discharge records should contain information 
about the OH results obtained and a referral to the general 
dentist. Here, a long-term goal should be the implementa-
tion of intersectoral healthcare settings including specific 
structures for OH evaluation in advanced age. One good 
example of one possible approach is the study from Martín 
et al. [43] who investigated older residents with oropharyn-
geal dysphagia admitted to an intermediate care unit. A 
minimal-massive intervention (MMI) approach, including 
OH and hygiene recommendations as well as evaluation 
and treatment of swallowing dysfunction and nutritional 
status, increased survival, reduced respiratory infections, 
and improved nutrition and functional status [43].

This study has several limitations. One limitation of the 
study is that the sample is a subpopulation from the EURO-
SAF study which evaluates the clinical benefit/risk ratio of 
anticoagulant treatments of older persons aged 65 or older 
with atrial fibrillation. Therefore, the study population does 
not necessarily represent the general population and may 
contain a selection/sampling bias. However, while caution 
in interpretation and generalization of the results is neces-
sary, the distribution of the MPI values suggests enough 
variability to guarantee the interpretation of the observations 
and their possible use in clinical practice.

A general weakness of questionnaires (OHQ, GOHAI, 
phone interviews) is of course the reliability of the patients’ 
statements. Nevertheless, for healthcare- and quality of life-
related outcomes in advanced age, self-/interview-admin-
istered questionnaires are established and commonly used 
[44].

Furthermore, only one dentist provided all services to the 
patients. Regarding the external validity of this data, there 
might be person-dependent differences in quality regarding 
the treatment success achieved. On the other hand, with the 
same dentist performing all examinations, inter-examiner 
differences were eliminated.

Even though the three OH examinations showed sig-
nificant results in association to MPI, it should be noted 
that there are more valid OH indicators, such as the plaque 
index (PI) [45], gingivitis index (GI) [46], Quigley- Hein 
index (QHI) [47], papilla bleeding index (PBI) [48] and oral 
hygiene index (OHI) [49]. These indices might allow a more 
differentiated assessment of the OH status. The rationale 
for the choice of the used instruments was to employ vali-
dated, simple and accessible instruments that also can be 
performed in long-term care by non-dental professionals 
with the goal of implementation into clinical routine.

Another limitation is the relatively low sample size 
at 6 months follow-up, with 16 patients deceased dur-
ing follow-up and 26 patients lost at follow-up. However, 
these are percentages known from previous studies [50] 

and represent the expected dropout-rates when performing 
studies with multimorbid patient groups [37].

Conclusion

Inpatient OH examinations evaluated in the present study 
appear to represent a practical instrument in this highly 
vulnerable population and showed a strong impact on 
personal prognosis. Nevertheless, dental services were 
underutilized irrespectively of MPI values. These find-
ings suggest the urgent need for the implementation of a 
routine, feasible OH screening in the clinical setting. Post-
discharge referral to a dental professional or a comprehen-
sive multidisciplinary clinical management involving OH 
might improve secondary and tertiary prevention of both 
oral and systemic diseases and strengthen patient aware-
ness for OH. More research is needed with larger patient 
samples to address the multidimensional mechanisms link-
ing OH to the individual long-term prognosis.
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