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ARTICLE INFO ABSTRACT

Keywords: Objective: Poor oral health might be a modifiable determinant of malnutrition in older age. We aimed to in-
Nutritional status vestigate the associations of multiple oral health characteristics with incident malnutrition in community-
Dentures dwelling older adults.

Tooth . Methods: This exploratory analysis is based on prospective data from 893 participants, aged 55-80 years without
Xemsmm_la malnutrition in 2005/06 from the Longitudinal Aging Study Amsterdam. In 2007, 19 oral health characteristics
Community . .

Aged from the domains teeth/dentures, oral hygiene, oral problems, and self-rated oral health were assessed by

questionnaire. Incident malnutrition was defined as presence of low body mass index (< 20kg/m? in
people < 70 years, < 22kg/m? =70 years) and/or self-reported involuntary weight loss =5% in previous 6
months at any of the follow-ups (2008/09, 2012/13, 2015/16). Associations of oral aspects with incident
malnutrition were analyzed by cox proportional hazard models and adjusted for confounders.

Results: The 9-year incidence of malnutrition was 13.5%. Sixteen of 19 oral health aspects were not associated
with incident malnutrition in the crude models. Adjusted hazard ratios for incident malnutrition were 2.14
(1.10-4.19, p = 0.026) for toothache while chewing, 2.10 (0.88-4.98, p = 0.094) for an unhealthy oral health
status, and 1.99 (0.93-4.28, p = 0.077) for xerostomia in edentulous participants, however, the two latter ones
failing to reach statistical significance.

Conclusions: We identified toothache while chewing as determinant of incident malnutrition in community-
dwelling older adults, and found indications that poor oral health and xerostomia in combination with having no
teeth may play a role in developing malnutrition. However, these outlined tendencies need to be proven in
further studies.

Clinical Significance: Regarding the development of strategies to prevent malnutrition in older people toothache
while chewing, xerostomia, and self-rated oral health would be of specific interest as these factors are modifiable
and can be easily assessed by self-reports.

1. Introduction

Malnutrition is a state of energy or protein deficiency, which causes
measurable changes in body functions and leads, if it is untreated, to
negative clinical outcomes [1]. In the literature different criteria and
cut-off values are used to diagnose malnutrition [2-4]. Most of these
criteria have in common that both involuntary weight loss (WL) and
low body mass index (BMI) are considered as important indicators of

malnutrition.

Among older people malnutrition is widespread and is associated
with frailty, functional decline, poor quality of life, increased risk of
mortality, and increased health care costs [5-8]. Depending on sam-
pling characteristics and diagnostic criteria, studies have reported up to
22% of community-dwelling older adults to be affected by malnutrition
[9-11]. With the increasing proportion of older people in modern so-
cieties [12], the reduction of incident malnutrition becomes an
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important public health issue.

The origin of malnutrition in older age is multifactorial. Besides
disease-related, functional, psychological, and socio-economic factors
[13], poor oral health might be considered as a potential determinant of
malnutrition. Mastication and insalivation are important steps in the
processes of eating and digesting, and several systematic literature re-
views have indicated that impaired oral health negatively affects
dietary intake [14-16]. As many oral health issues can be treated,
knowledge about the relation between poor oral health and the de-
velopment of malnutrition is crucial with regard to preventive strate-
gies [17].

Most evidence for an association of oral health with malnutrition
has been derived from cross-sectional studies [18,19]. Prospective
studies are less common, and findings have been more heterogeneous
which may be partly due to different diagnostic criteria, used to assess
both oral health and malnutrition [20-29]. Furthermore, some of these
studies have not specifically focused on the association of oral health
with malnutrition and therefore, only considered single oral health
measures, such as dental status, having chewing problems or oral health
related quality of life [20-26]. Comprehensive approaches including
multiple oral health domains are scarce [27-29]. With regard to the
outcome, only one study has considered whether WL was unintended or
not [24] and moreover, only few studies looked at incident malnutri-
tion [22,24,25]. A prospective design, where the exposure is measured
before the outcome, would, however, limit reverse causality. Ad-
ditionally, the transferability of findings from nursing home or hospital
settings [21,23,25,27,29] and, moreover, from Asian countries
[21,22,25] to the situation of community-dwelling older adults living in
Western countries is limited due to differences in general health status,
ethnicity, socio-economic factors, and health care systems [30].

Prospective research approaches with a comprehensive assessment
of oral health can help to clarify the role of poor oral health as potential
determinant of incident malnutrition in community-dwelling older
adults. The aim of this exploratory analysis was to investigate the as-
sociation of multiple oral health characteristics with 9-year incidence of
malnutrition in community-dwelling older adults.

2. Methods
2.1. Study design

This study was performed within the Longitudinal Aging Study
Amsterdam (LASA), an ongoing cohort study on determinants and
consequences of aging [31,32]. The study population is representative
for Dutch older people aged 55-85 years. The first wave was established
in 1992/93. Since then, follow-up examinations have been performed
every 3 years, and side studies in-between. In 2002/03, an additional
cohort of people aged 55-65 years was established. Each examination
consists of a general and a medical interview. The study protocol was
approved by the Medical Ethics Committee of the VU University Med-
ical Centre Amsterdam, and written informed consent was obtained
from every participant.

2.2. Study sample

Baseline data in this analysis come from participants taking part in
the 2005/06 LASA wave and additionally in the LASA Lifestyle Side
Study in 2007 (n = 1035). For this side study, an extensive lifestyle
questionnaire was sent to selected participants meeting the following
inclusion criteria: age < 80 years, having no cognitive impairment ac-
cording to Mini Mental State Examination (MMSE = 24), and living
independently [33]. For this analysis, further exclusion criteria were
defined: malnutrition in 2005/06 assessed by low BMI (< 20 kg/m?
and < 22kg/m? in participants < 70 and =70 years, respectively)
and/or self-reported involuntary WL =5% in previous 6 months,
complete missing data on oral health factors, and missing data on BMI
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LASA Lifestyle Study 2007
(n=1035)

+ Age 55-80 years
« MMSE > 24 points
« Living independently

« Malnutrition at 2005/06 (n=47)

o (Complete) missing data on:
- oral health factors (n=4)
- weight or weight loss at 2005/06 (n=13)
- incident malnutrition (n=78)

LASA Final Sample
(n=893)

Fig. 1. Flow Chart of participants’ selection.
LASA Longitudinal Aging Study Amsterdam; MMSE Mini Mental
Examination.

State

and/or self-reported WL in 2005/06 or at all follow-up examinations.
The final sample consisted of 893 participants (Fig. 1). Participants
were followed up until they developed malnutrition but for a maximum
of 9 years covering the LASA waves 2008/09, 2011/12, and 2015/16.

2.3. Malnutrition

Nutritional status was assessed in 2005/06 and at each follow-up.
Body height and weight were measured during the medical interviews.
Body Mass Index (BMI) was calculated as body weight (kg) divided by
body height (m) squared, using baseline height for each wave. In two
cases with missing data on baseline height, height from a subsequent
wave was considered. For each wave, the percentage WL was calculated
based on self-reported WL (kg) in the previous 6 months and measured
body weight. Whether WL was involuntary, was determined by a
question on reasons for WL. At each follow-up incident malnutrition
was defined by self-reported involuntary WL =5% in the previous 6
months and/or low BMI Low BMI was defined as < 20 kg/m? and <
22kg/m? in participants < 70 and =70 years, respectively, as pro-
posed by the European Society for Clinical Nutrition and Metabolism

[2].
2.4. Oral health characteristics

In the LASA Lifestyle Study (2007), oral health was assessed by a
self-administered questionnaire (22 items) with predefined answer ca-
tegories focusing on the following four different oral health domains:
teeth and dentures, oral hygiene, oral problems, and self-rated oral
health status (Table 1). The questionnaire was developed in coopera-
tion with experts on oral health from the Academic Centrum Tand-
heelkunde Amsterdam (ACTA) and the Netherlands Organization for
Applied Scientific Research (TNO) specifically for the LASA Lifestyle
Study. Variables were selected based on former reports [34,35].

2.5. Participants’ characteristics

Participants’ characteristics were assessed during the main and
medical interviews (2005/06). Demographic variables included age,
gender, and level of urbanization. The level of urbanization represents
the mean number of addresses per squared kilometer within a circle
with a radius of one kilometer which is matched with the postal codes
of the participants’ homes. The variable was categorized as not/little
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Table 1
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Description of oral health factors assessed in the LASA Life Style Study 2007 by a self-administered questionnaire.

Oral health domain

Item

Answer categories

Summary of categories

Teeth and dentures

Oral hygiene

Number of teeth and molars upper jaw
Number of teeth and molars lower jaw
Denture use upper jaw
Denture use lower jaw

Brushing teeth

Using dental floss

Using interdental brushes

Using tooth picks

none, 1-7 teeth, > 7 teeth
none, 1-7 teeth, > 7 teeth
none, partial denture, complete denture
none, partial denture, complete denture

never, sometimes but not daily, 1x daily, 2x

daily, > 2x daily
never,
1-3times/month,
1-3times/week,
> 3 times/week
never,

1-3 times/month,
1-3 times/week,
> 3 times/week
never,

1-3 times/month,
1-3 times/week,
> 3 times/week

no teeth, at least one jaw with 1-7 teeth, both
jaws with > 7 teeth

no dentures, partial dentures, complete dentures
or combined (partial + complete) dentures

never/sometimes but not daily, 1x daily, 2x
daily, > 2x daily

Dental checks (last 2 years) never,
1-2 times,
=3 times

Dental cleanings (last 2 years) never,
1-2 times,
=3 times

Oral problems Dental caries (last 6 months) yes, no

Lost, loose or broken teeth (last 6 months) yes, no

Bleeding gums (last 6 months) yes, no

Red and/or swollen gums (last 6 months) yes, no

Blisters or sores in the mouth (last 6 months) yes, no

Toothache while drinking hot/cold drinks yes, no

(last 6 months)

Toothache while chewing (last 6 months) yes, no

Halitosis (last 6 months) yes, no

Xerostomia (last 6 months) yes, no

Gingivitis diagnosed by a dentist or dental yes, no

assistant in last 2 years

Self-rated oral health Self-rated oral health status

status

very unhealthy, unhealthy, not healthy/not
unhealthy, healthy, very healthy

very unhealthy/unhealthy, not healthy/not
unhealthy, healthy/very healthy

(< 500-1000), somewhat (1000-1500), and highly/very highly
(1500~ > 2500) urbanized. Socio-economic position was represented
by education and income. Education used the levels low (elementary
education or less), middle (general intermediate and lower vocational
education), and high (intermediate or higher vocational and general
secondary education, college and university). Net monthly household
income was categorized as low (< 1135 euro), middle (1,135-1,816
euro), or high (> 1816 euro per month) [36]. For participants with a
partner living in the same household the total household income was
multiplied by 0.7 to make it comparable to incomes of single-person
households [37]. Social factors included marital status (married/re-
gistered partnership, never married/divorced, widowed) and living si-
tuation (living alone vs. living with others). Smoking status was cate-
gorized as never, former, or current smoker. Health status was assessed
by the number of chronic diseases and prescribed drugs. Cognitive
status was measured by MMSE (0-30 points) [38] and depressive
symptoms by the Dutch version of the Center for Epidemiologic Studies
Depression Scale (0-60 points) [39]. Physical function was assessed by
difficulties with 7 activities of daily living (ADL: climbing stairs, dres-
sing, rising from a chair, cutting toenails, walking 5 min outside, using
public transportation, and bathing), and categorized as none, 1, or =2
limitations with ADL.

2.6. Statistical analyses

Participants’ characteristics are given as mean * standard devia-
tion for continuous variables and as relative frequencies for nominal
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and ordinal variables; correspondingly, group comparisons were con-
ducted with t-tests or Chi*-tests. An exploratory approach was used to
investigate the association between the different oral health char-
acteristics and incident malnutrition. For each oral health aspect, se-
parate Cox proportional hazard regression models were established. In
model 1, the crude associations were estimated. Effect modification by
dental status (teeth/no teeth) was tested by adding the interaction term
to the univariate models. In the event of an interaction (p < 0.10),
results are given stratified by dental status. In model 2, associations
were adjusted for gender, age, education, and income. In model 3, those
results with a p-value < 0.10 were further adjusted for MMSE score,
number of chronic diseases, number of drugs, ADL limitations, smoking,
living situation, and level of urbanization. Adjustment variables were
included based on the literature [19,40,41] and by testing their influ-
ence on the respective associations. Data are presented as hazard ratios
and 95% confidence intervals. For incident malnutrition, time to event
was defined as the number of days between the LASA Life Style Study
(2007) and the first follow-up examination, where malnutrition was
present, using the waves 2008/09, 2011/12 and 2015/16. The follow-
up time for censored participants was calculated based on the date of
the 9-year follow-up examination, the date of the last follow-up ex-
amination, or the date of death, whichever came first. Statistical ana-
lyses were performed with SPSS Version 24 (IBM SPSS Statistics, Chi-
cago, IL).
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Table 2
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Baseline characteristics for the total sample and stratified for participants without and with incident malnutrition (MN) during 9 years

of follow-up.

Total N = 893 No MN N = 772 MN N =121 p-value
Age [years] 67.6 = 6.1 67.5 = 6.1 68.3 = 6.4 .182
Female gender [%] 53.1 51.6 62.8 .021
Level of urbanization [%]
Little 44.0 45.1 37.2 .184
Somewhat 20.5 19.7 25.6
Highly 35.5 35.2 37.2
Education [%]
Low 20.3 20.3 19.8 .894
Middle 58.2 58.4 57.0
High 21.5 21.2 23.1
Income [%]
Low 25.6 25.6 25.6 .195
Middle 53.9 54.5 49.6
High 12.9 13.0 12.4
Missing 7.6 6.9 12.4
Marital status [%]
Married/registered partnership 74.6 75.8 66.9 .090
Never married/divorced 10.3 9.6 14.9
Widowed 15.1 14.6 18.2
Living situation [%]
Living alone 21.8 20.6 29.8 .023
Living with others 78.2 79.4 70.2
Smoking [%]
Never 31.1 29.9 38.8 .025
Former 55.2 57.0 43.8
Current 13.7 131 17.4
Body Mass Index [kg/m?] 27.7 = 3.9 27.9 = 3.8 26.2 = 4.4 <.001
Number of chronic diseases 1.7 £ 1.3 1.6 = 1.3 1.8 = 1.4 151
Number of medications 23 + 22 22 *+ 22 25 = 23 .270
Cognitive status 28.2 = 1.5 282 £ 1.5 28.1 = 1.5 .548

[MMSE 24-30 p]
Depressive symptoms 6.8 + 6.3 6.8 + 6.3 7.1 £ 6.9 .691
[CES-D 0-60 p]

Limitations in 7 ADL [%]
None 57.7 58.4 52.9 .160
One 19.4 19.7 17.4
Two or more 23.0 21.9 29.8

For continuous variables mean * standard deviation is presented; Comparison between participants without and with incident
malnutrition: for nominal or categorical variables Chi*-test and for continuous variables t-test; MN Malnutrition; MMSE Mini Mental
State Examination; CES-D Center for Epidemiologic Studies Depression Scale; p points; ADL Activities of Daily Living.

3. Results

During the 9-year follow-up (mean 7.4 + 2.6 years), 121 (13.5%)
out of the 893 included participants developed malnutrition. Of those
who were malnourished, 47.1% were identified by involuntary WL at
one of the follow-ups, 42.9% because of a low BMI, and 9.9% because of
the coincidence of both indicators.

Seventy-eight people were excluded due to missing follow-up data.
These people were older, had lower educational level, were more often
current smokers, and took more drugs than the included 893 partici-
pants (Supplementary file 1). Participants had a mean age of
67.6 = 6.1 years and an equal gender distribution (Table 2). The
proportion of women was higher in the group developing malnutrition
than in the group that did not. Participants with incident malnutrition
had a lower baseline BMI, lived more often alone, tended to be less
often married, and reported more often to have never smoked than
participants without incident malnutrition.

Oral health characteristics of included participants and the 78 ex-
cluded participants only differed in the frequency of brushing teeth,
that was less often performed by excluded participants (Supplementary
file 2). Oral health characteristics of the domains teeth and dentures,
oral hygiene, oral problems, and self-rated oral health status are pre-
sented for the total sample as well as stratified by nutritional status in
Table 3. No differences in relative frequencies of oral health char-
acteristics relating to teeth and dentures as well as oral hygiene were
found between groups with and without incident malnutrition.
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Regarding oral health problems, xerostomia was the oral problem
which was most frequently reported by participants during the previous
6 months (24.4%). Xerostomia was more pronounced in people without
teeth and with incident malnutrition than in their counterparts with
teeth and without incident malnutrition (Supplementary file 3).
Toothache while chewing in the previous 6 months was the oral health
problem with the lowest prevalence (4.5%), and was more often re-
ported by participants who developed malnutrition than by participants
who did not. Only 2.7% of the participants rated their oral status as
unhealthy or very unhealthy, with a higher proportion in participants
with incident malnutrition than in those without.

Oral health characteristics of the domains teeth and dentures as well
as oral hygiene showed no association with incident malnutrition
(Table 4). From the domain oral problems, toothache while chewing
and xerostomia were associated with incident malnutrition in the crude
models. The association between xerostomia and incident malnutrition
was moderated by dental status; only in edentulous participants the
hazard for developing malnutrition was increased. For both variables
the associations were significant after adjusting for age, gender, edu-
cation, and income (model 2). In model 3, the association between
toothache while chewing and incident malnutrition remained sig-
nificant (2.14 (1.10-4.19, p = 0.026)), while significance was lost for
the association of xerostomia and incident malnutrition in edentulous
participants (1.99 (0.93-4.28, p = 0.077)). Regarding an unhealthy
oral status the hazard ratio for incident malnutrition was 2.10
(0.88-4.98, p = 0.094) in model 3.
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Table 3
Baseline oral health characteristics of the total sample and stratified by parti-
cipants without and with incident malnutrition (MN) during 9 years of follow-
up [%].

Total No MN MN p-value
Number of teeth N = 886 N =767 N =104
Both jaws > 7 teeth 38.0 38.6 34.5 674
At least one jaw with 1-7 teeth 27.7 27.5 28.6
No teeth 34.3 33.9 37.0
Dentures N = 880 N =778 N =102
No dentures 38.8 38.5 40.2 921
Partial dentures 15.7 16.0 13.7
Complete dentures 38.3 38.1 39.3
Combined dentures 7.3 7.3 6.8
Oral hygiene
Brushing teeth N = 874 N =755 N =119
More than twice daily 11.6 11.3 13.4 .895
Twice daily 50.1 50.1 50.4
Once daily 34.9 35.2 32.8
Sometimes not daily/never 3.4 3.4 3.4
Using dental floss N = 402 N = 352 N =50
More than 3 times/week 18.2 17.3 24.0 326
1-3 times/week 12.9 12.2 18.0
1-3 times/month 13.9 13.9 14.0
Never 55.0 56.5 44.0
Using interdental brushes N = 704 N = 607 N =97
More than 3 times/week 14.6 13.8 19.6 .468
1-3 times/week 5.0 5.1 4.1
1-3 times/month 4.3 4.4 3.1
Never 76.1 76.6 73.2
Using tooth picks N = 499 N = 438 N =61
More than 3 times/week 43.5 43.4 44.3 926
1-3 times/week 18.6 18.9 16.4
1-3 times/month 11.0 11.2 9.8
Never 26.9 26.5 29.5
Dental checks (last 2 years) N = 824 N =716 N=108
3 or more times 39.2 38.8 41.7 721
1-2 times 35.6 35.5 36.1
Never 25.2 25.7 22.2
Dental cleanings (last 2 years) N = 698 N = 604 N=94
3 or more times 29.9 30.3 27.7 .838
1-2 times 29.8 29.5 31.9
Never 40.3 40.2 40.4
Oral problems N =794 N = 687 N =107
Dental caries " 20.5 20.3 21.9 .753
Lost, loose, broken teeth "™ 7.9 7.2 12.3 132
Bleeding gums 12.0 12.4 9.3 .370
Red and/or swollen gums 8.6 8.7 7.5 .666
Blisters or sores in the mouth 9.1 8.6 12.1 .233
Toothache while drinking 8.7 9.2 5.6 224
Toothache while chewing 4.5 3.8 9.3 .010
Halitosis 6.3 6.1 7.5 .589
Xerostomia 24.4 23.1 32.7 .032
Gingivitis (last 2 years) N = 836 N =728 N=108
7.8 8.0 6.5 .591
Self-rated oral health status N = 830 N =721 N =109
Very healthy/healthy 70.0 70.2 68.8 135
Not healthy/not unhealthy 27.3 27.6 25.7
Very unhealthy/Unhealthy 2.7 2.2 5.5

Comparison between participants without and with incident malnutrition: Chi>
test.

* refers only to participants having teeth.

* refers to n = 570.

4. Discussion

In this large-scale, prospective study in community-dwelling older
adults including 19 potential oral health determinants, toothache while
chewing was identified as determinant of incident malnutrition. For
xerostomia and a poor self-rated oral health status we only found
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indications that they may play a role in the development of malnutri-
tion.

During the 9-year follow-up, 13.5% of the participants developed
malnutrition. The incidence is similar to a former LASA analysis re-
porting 13.9% based on the time period between 1992/93 and 2001/02
and a slightly different definition of malnutrition [24]. These results
suggest that about one out of seven Dutch older adults will experience
malnutrition during a 10-year follow-up, highlighting the importance of
identifying modifiable determinants of malnutrition, in order to prevent
malnutrition and its negative consequences.

4.1. Toothache while chewing

In our study the hazard of developing malnutrition was increased by
about 2-folds when participants reported toothache while chewing at
baseline. The association remained significant even after adjusting for
various confounders. Surprisingly, this question was also answered by
edentulous participants (wearing dentures), indicating that it was in-
terpreted more generally as pain while chewing. The corresponding
prevalence was similar between participants with and without teeth
and no interaction effect was detected with regard to malnutrition. A
study in US community-dwelling older adults (mean age > 70 years)
did not find any associations between more general oral pain and
subsequent 1-year WL of = 4% and =10% [28]. In a study in residents
of sheltered housings mouth pain was neither associated with a BMI

< 22kg/m?, nor with WL of 5% and 10% after 1-year follow-up [27].
None of the two aforementioned studies specified whether WL was
unintended or not. These differences in results could suggest that pain
during mastication might be more relevant regarding the risk of mal-
nutrition than oral pain in general. As pain while chewing can have
different causes, e.g. ill-fitting dentures, (root) caries or dentinal hy-
persensitivity, that may also occur concurrently, diagnosing and
treating these causes may contribute to the prevention of malnutrition
in older age.

4.2. Xerostomia

Xerostomia was reported by 24% of participants in our study. This is
within the range of prevalence rates reported by other studies in
community-dwelling older adults (17-40%) [42]. Xerostomia showed
an association with incident malnutrition in edentulous people in the
crude model as well as in the model adjusted for age, gender, education,
and income. Statistical significance was lost in the model adjusted for
further confounders (1.99, 0.93-4.28, p = 0.077). As the subgroup of
edentulous people was small, the statistical power might have been too
low to detect an association in the multivariate model. Furthermore, it
can be discussed whether the used 1-item question (yes/no) fully cap-
tures the problem of xerostomia and sufficiently discriminates with
regard to the severity of xerostomia or whether a more differentiated
measure is needed [43,44]. Currently, no gold standard on how to best
assess xerostomia exists [44]. To our knowledge, no other longitudinal
studies have investigated the association between xerostomia and
malnutrition. In a cross-sectional study among European recipients of
home care, the odds for unintended WL was 2.6-fold greater in parti-
cipants suffering from dry mouth than in those not suffering from dry
mouth (8%), however, the association was not adjusted for confounders
[45]. Xerostomia is the subjective feeling of a dry mouth, but is not
necessarily related to a reduced saliva flux [32]. In case xerostomia is
associated with hyposalivation, it may negatively affect dietary intake,
as insalivation of food is important for food perception and texture
modification during eating [16,46]. Furthermore, hyposalivation can
reduce the retention of the dentures as well as the comfort of wearing
dentures [46]; this may explain the interaction between xerostomia and
dental status with regard malnutrition, found in our study.
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Table 4
Hazard ratios and 95% confidence intervals for the unadjusted and adjusted associations between oral health factors and 9-year incident malnutrition in community-
dwelling older adults.

Model 1 HR (95%CI) p Model 2 HR (95%CI) p Model 3 HR (95%CI) p

Number of teeth N = 886
Both jaws > 7 teeth 1 1
At least one jaw with 1-7 teeth 1.15 (0.73-1.81) .544 1.35 (0.83-2.17) 225
No teeth 1.33 (0.87-2.04) .186 1.16 (0.73-1.84) .540
Dentures N = 880
No dentures 1 1
Partial dentures 0.86 (0.49-1.51) .597 0.88 (0.49-1.57) .656
Complete dentures 1.10 (0.73-1.66) 641 1.09 (0.69-1.73) .720
Combined dentures 0.93 (0.44-1.98) .859 0.93 (0.43-2.00) .843
Oral hygiene
Brushing teeth N =874
More than twice daily 1 1
Twice daily 0.97 (0.56-1.68) 913 1.00 (0.57-1.75) 1992
Once daily 0.86 (0.48-1.54) .623 0.95 (0.52-1.73) .862
Sometimes not daily/never 1.07 (0.36-3.21) .900 1.24 (0.41-3.82) 704
Using dental floss” N =703
> 3 times/week 1 1
1-3 times/week 1.23 (0.52-2.91) .646 1.21 (0.49-2.96) .684
1-3 times/month 0.74 (0.29-1.87) 517 0.69 (0.26-1.83) 463
Never 0.68 (0.33-1.36) 275 0.67 (0.32-1.41) .294
Using interdental brushes N =704
> 3 times/week 1 1
1-3 times/week 0.58 (0.20-1.72) .327 0.60 (0.20-1.80) .364
1-3 times/month 0.59 (0.17-1.99) .393 0.59 (0.17-2.02) 401
Never 0.85 (0.51-1.41) .534 0.89 (0.52-1.51) .656
Using tooth picks” N = 499
More than 3 times/week 1 1
1-3 times/week 0.97 (0.47-2.02) 941 0.97 (0.46-2.04) .938
1-3 times/month 0.80 (0.33-1.95) .629 0.84 (0.35-2.06) .707
Never 1.12 (0.62-2.04) .704 1.12 (0.61-2.06) .708
Dental checks (last 2 years) N = 824
=3 times 1 1
1-2 times 0.89 (0.58-1.36) .583 0.82 (0.53-1.27) .363
Never 0.85 (0.52-1.40) 531 0.77 (0.45-1.32) .340
Dental cleanings (last 2 years) N = 698
=3 times 1 1
1-2 times 1.11 (0.65-1.87) .710 1.03 (0.60-1.75) 918
Never 1.12 (0.68-1.84) .664 1.00 (0.59-1.69) .998
Oral problems N =794
Dental caries”” 0.99 (0.57-1.73) 975 1.03 (0.59-1.81) .906
Lost, loose broken teeth”” 1.62 (0.81-3.26) 174 1.64 (0.80-3.37) .178
Bleeding gums 0.62 (0.32-1.20) 154 0.70 (0.36-1.37) .300
Red or swollen gums 0.72 (0.35-1.48) 373 0.79 (0.38-1.63) 522
Blisters and/or sores in the mouth 1.29 (0.72-2.30) .392 1.02 (0.67-2.16) .548
Toothache while drinking 0.60 (0.26-1.36) 217 0.65 (0.28-1.49) .309
Toothache while chewing 2.09 (1.09-4.01) .027 2.34 (1.21-4.54) .012 2.14 (1.10-4.19) .026
Halitosis 0.97 (0.47-2.00) 935 1.15 (0.53-2.30) .788
With teeth: Xerostomia 1.13 (0.67-1.93) .646 1.15 (0.67-1.98) .614 1.10 (0.62-1.95) 746
Without teeth: Xerostomia 2.77 (1.40-5.48) .004 2.63 (1.18-6.26) .006 1.99 (0.93-4.28) .077
Gingivitis (last 2 years) N =836

0.65 (0.30-1.41) 275 0.68 (0.31-1.48) .333
Self-rated health oral status N =830
Very healthy/healthy 1 1 1
Not healthy/not unhealthy 0.93 (0.60-1.43) 762 0.95 (0.61-1.45) .814 0.94 (0.60-1.46) 775
Very unhealthy/unhealthy 1.90 (0.83-4.36) 131 2.01 (0.87-4.63) 102 2.10 (0.88-4.98) .094

Hazard Ratios and 95% Confidence Intervals were obtained from cox proportional hazards regression.
# refers only to people with teeth.
## refers only to people with teeth (n = 570).
* Model 1: Crude.
** Model 2: Adjusted for age, gender, education, income.

*** Model 3: Adjusted for age, gender, education, income, Mini Mental State Examination score, number of chronic diseases, number of drugs, limitations in 7
activities of daily living, smoking, living situation, and level of urbanization.

4.3. Self-rated oral health (2.10, 0.88-4.98, p = 0.094) in our study. As the prevalence of 2.7%
was very low, the limited statistical power might again be a reason for

A self-rated unhealthy oral status was the second oral factor this insignificant result. Compared to a study with Asian Americans
showing a high but insignificant hazard ratio for incident malnutrition (mean age 69 years), more people of our study rated their oral health as
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good or excellent (55% vs. 70%) [47]. In a cross-sectional study with
community-dwelling older adults from Brazil an unsatisfied self-rated
gingival health, but not an unsatisfied self-rated tooth health, was as-
sociated with a risk of malnutrition according to the Mini Nutritional
Assessment (MNA) [48]. Evidence from longitudinal studies is lacking.

4.4. Further oral health factors

For 16 of the 19 investigated oral health factors we did not find any
evidence for an association with incident malnutrition. This can be
attributed to several reasons. Firstly, some of the investigated oral
problems, like red or swollen gums, might be more acute and less
persistent problems and consequently, might not affect long-term in-
cidence of malnutrition. Furthermore, we did not assess the severity of
the problems. Secondly, the oral health of the participants can be
generally considered as good, indicated by a majority reporting good
self-rated oral health, regular tooth brushing, frequent dentist visits,
and low prevalence of gum problems. Moreover, missing teeth were
mostly replaced by dentures. The loss of teeth without replacement
might affect oral function more negatively [30]. In contrast to our
study, Ritchie et al. observed that edentulism was related to an in-
creased risk of malnutrition in community-dwelling older adults [28].
The proportion of edentulous people was comparable in both studies
(34% vs. 36%); moreover, in both studies almost all edentulous parti-
cipants wore dentures. Different was the definition of the outcome, as
they used 1-year WL of =4% and =10% without specification if it was
unintended or not, and without excluding malnourished participants at
baseline. In a further prospective study in community-dwelling older
adults edentulism was not associated with 1-year WL of > 5% [20]. In
addition, in a sample of older adults receiving home care neither having
=19 teeth with dentures nor having <19 teeth without dentures was
associated with malnutrition (MNA < 7) compared to having =20
teeth [22]. These controversial results could imply that additional
factors, like occlusal contacts of teeth or the fit of dentures, might be of
importance. However, to our knowledge, these aspects have not been
investigated with regard to malnutrition prospectively yet. Thirdly, self-
assessment of oral health as well as detecting oral-health related pro-
blems might have been difficult for the participants, which could have
led to an underestimation of some problems. However, some of the self-
reported oral health measures have shown good agreement with clinical
assessments [34,35].

4.5. Strengths and limitations

The relatively large sample, the prospective design with a long
follow-up, the consideration of multiple oral health domains, and the
elimination of confounding bias by statistically controlling for multiple
confounders were strengths of this study. However, some limitations
need to be addressed. Firstly, oral health was assessed questionnaire-
based without performing a complementary oral examination.
Therefore, some potentially relevant factors, like the loss of occlusal
contacts, could not be investigated. Moreover, no formal validation of
the questionnaire was conducted for this study. Secondly, as oral health
status was investigated in a side study, oral health and participants’
characteristics were not assessed at the same time point. Thirdly,
missing data in the answers of the oral health questionnaire resulted in
different sample sizes for the single regression analyses. Fourthly, the 3-
year intervals between the follow-up assessments were relatively long,
participants, suffering from WL and/or low BMI in the meantime, might
have been missed and correspondingly, the incidence of malnutrition
might have been underestimated.

4.6. Conclusions

Our explorative analyses revealed toothache while chewing as de-
terminant of incident malnutrition during a 9-year follow-up in
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community-dwelling older adults. For reporting a poor self-rated oral
health and xerostomia in combination with having no teeth we only
found indications that they may play a role in the long-term develop-
ment of malnutrition. As the p-values of the latter two hazard ratios
were above the error probability of 5%, further longitudinal studies
focusing on incident malnutrition with large sample sizes are needed to
confirm or disprove the outlined tendencies. Regarding the develop-
ment of strategies to prevent malnutrition in older people these three
aspects would be of specific interest as they are modifiable and can be
easily assessed by self-reports. In addition, studies focusing on func-
tional related oral health aspects like the number of occlusal contacts of
teeth or the fit of dentures can contribute to further gain insight in the
relation between oral health and malnutrition in older adults.
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