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DENTITION AND MALNUTRITION RISK IN COMMUNITY-
DWELLING OLDER ADULTS

R. Zelig"?, L. Byham-Gray', S.R. Singer?, E.R. Hoskin®, A. Fleisch Marcus', G. Verdino',
D.R. Radler'?, R. Touger-Decker'?

Abstract: Background and Objective: Older adults are at risk for both impaired oral health and suboptimal nutritional status. The
objective of this study was to explore the relationships between malnutrition risk and missing teeth in community-dwelling older
adults. Design: This was a retrospective cross-sectional analysis of data obtained from the electronic health records of 107 patients
aged 65 and older who attended an urban northeast US dental school clinic between June 1, 2015 and July 15, 2016. Odontograms
and radiographs were used to identify teeth numbers and locations; malnutrition risk was calculated using the Self-Mini
Nutritional Assessment (Self-MNA). Relationships between numbers of teeth and malnutrition risk were assessed using bivariate
logistic regression. Results: Participants (N=107) were 72.6 years (SD=5.6) of age; 50.5% were female. Mean Self-MNA score was
12.3 (SD=2.0) reflective of normal nutrition status; 20.6% were at risk for malnutrition, 4.7% were malnourished. Greater than
87% were partially or completely edentulous. Those with 10-19 teeth had lower Self-MNA scores (mean=11.6, SD=2.5) than those
with 0-9 teeth (mean=12.7, SD=1.3) or 20 or more teeth (mean=12.6, SD=1.8) and had an increased risk for malnutrition (OR=2.5,
p=0.076). Conclusion: The majority of this sample of older adults were partially edentulous and of normal nutritional status. Those
with 10-19 teeth were more likely to be at risk for malnutrition. Further studies are needed to examine relationships between tooth
loss and malnutrition risk and the impact of impaired dentition on the eating experience in a larger sample and to inform clinical

practice.
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Introduction

The relationships between nutrition and oral health
are synergistic. The mouth is the entry way for food and
fluid intake. If its integrity is impaired, the functional
ability of an individual to consume an adequate diet may
be adversely impacted. Older adults are a vulnerable
population at high risk for both impaired oral health
and malnutrition (1-4). Petersen (1) et al reported that
30% of older adults ages 65-74 globally were completely
edentulous and many more were missing some of their
natural teeth. Data from the United States (US) National
Health and Nutrition Examination Survey (NHANES)
2011-2012, revealed that approximately 13% of those aged
65-74 and 26% of those aged 75 and over were edentulous
2).

Tooth loss may affect the ability of an individual
to consume an adequate diet (5-9). Prior research has
demonstrated relationships between nutritional status,
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nutrient intake, oral health and diet quality (5-9). The
number and distribution of teeth impact masticatory
function. Large population studies (5-9) have found that
partial and complete edentulism are associated with
changes in food and nutrient intake in older adults
including decreased consumption of fruit, vegetables,
dietary fiber, calcium, iron, and other vitamins.
Independent of its cause, inadequate intake in older
adults leads to weight loss, malnutrition, and ultimately
increased morbidity and mortality (10, 11).

The etiology of malnutrition in older adults is
multifaceted and may be related to physiological and
psychological changes that contribute to variable food
and nutrient intake (12-14). Kaiser and colleagues (3)
pooled analyses from multinational studies which used
the Mini Nutritional Assessment (MNA) to evaluate
malnutrition prevalence and risk and reported that
22.8% of the older adults studied were malnourished and
46.2% were at risk for malnutrition. Huhmann et al (4)
explored malnutrition risk in community dwelling older
adults using the Self-MNA , a validated self-administered
version of the MNA and found that 27% of subjects were
malnourished, 38% were at risk of malnutrition, and 35%
had normal nutrition status (4).

A systematic review by Zelig et al (15) exploring the
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associations between missing teeth and nutritional status
(determined by MNA score) in community dwelling
older adults revealed conflicting findings. Significant
associations were found in five of eight studies between
missing teeth (16-18) or the use of dental prostheses
(19, 20) and malnutrition risk. MNA scores were
significantly lower in those with fewer teeth/limited
occlusion as compared to those with more teeth and/
or more posterior occluding teeth pairs. However,
other researchers did not report significant associations
between occlusal status (21) or dental status (22) and
MNA score.

Similarly, Toniazzo et al (23) systematically explored
associations between malnutrition risk assessed by MNA
or Subjective Global Assessment (SGA), and oral health
status in elders and found that individuals with or at risk
for malnutrition had significantly fewer teeth than those
with normal nutritional status (23). However, similar to
Zelig et al, a significant relationship between edentulism
and malnutrition risk was not consistently identified.

Given the heterogeneity of the findings in this area (15,
23), the aim of this study was to explore the associations
between nutritional status (as defined by the Self-MNA)
and dentition status (missing teeth and edentulism with
and without denture replacement) in older adults (=>65
years old) who came to the Rutgers School of Dental
Medicine (RSDM) clinics in Newark, New Jersey (N]),
between June 1, 2015 and July 15, 2016. Analyses from
the NHANES surveys conducted from 1999-2010 have
consistently shown that partial and complete edentulism
are more common in females, in persons who are Black or
Hispanic, and in those who are of a lower socio-economic
status (24, 25). The population of patients treated at the
RSDM provided a convenience sample of vulnerable
individuals at high risk for impaired dentition status and
malnutrition given their racial diversity and low socio-
economic status (24-26). We hypothesized that Self-MNA
scores will be significantly lower in those with fewer
teeth /limited occlusion as compared to those with more
teeth and / or more posterior occluding teeth pairs (15, 23).

Materials and Methods

Sample Design and Sample Selection

This was a retrospective cross-sectional analysis of
data obtained from the electronic health records (EHR),
(Axium, EXAN, Vancouver, BC, Canada) of patients
who attended the RSDM clinic in Newark, NJ between
June 1, 2015 and July 15, 2016. The EHR report contained
select data provided by patients (n=192) during initial
screening which included demographic characteristics,
medical and dental history, and Self-MNA data. Patients
were excluded (n=85) if they were younger than 65 years,
height and/or weight were not available in the dental
record, Self-MNA data were incomplete, and/or the
number and location of teeth could not be accurately
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mined from the EHR. This study was approved by the
Rutgers University Biomedical and Health Sciences
Institutional Review Board.

Assessment of Nutritional Status

Data regarding nutritional status were obtained from
the EHR using patient responses to the Self-MNA tool
(Nestle Nutrition, available at http:/ /www.mna-elderly.
com/forms/Self MNA_English_Imperial.pdf).

The original 18-item Mini Nutritional Assessment
(MNA) was developed and validated in 1994 by Nestle
Nutrition to detect risk for malnutrition in adults aged
65 and older (27). A condensed version of the MNA,
the Mini Nutritional Assessment Short Form (MNA-SF),
containing only six questions, was validated to further
facilitate rapid nutritional screening in older adults, as it
takes only three to five minutes to administer and retains
the diagnostic accuracy of the full MNA (28, 29). In 2013,
the Self-Administered MNA (Self-MNA) was adapted
from the MNA-SF and validated by Huhmann et al (4)
to allow the patient to provide a self-assessment of their
nutritional status (4). The Self-MNA requires that the
patient or their caregiver complete the assessment prior
to their appointment with the healthcare provider; it can
then be reviewed with the healthcare provider to identify
risk factors for malnutrition (4). The Self-MNA contains
six questions which address recent changes in intake
and weight, mobility, recent stress, illness, dementia and
sadness, as well as body mass index (BMI). A score of 0-7
is considered malnourished, 8-11 is at risk of malnutrition
and 12-14 reflects normal nutritional status (4).

Assessment of Dentition Status:

Number and location of teeth were mined from the
EHR using patient digital radiography and odontogram
data. A research assistant, trained and calibrated with
a prosthodontist, recorded tooth numbers as either
“present” or “missing”. If the tooth surface had been
restored with a permanent crown, implant, or fixed
bridge the tooth was reported as “present.” The four
third molars/wisdom teeth were not included as they are
not consistently present in all individuals. The presence
and location of these permanent natural or restored
tooth surfaces was also used to categorize the number
of anterior and posterior occluding pairs of teeth (AOP
and POP, respectively), defined as the “presence of a
natural (or restored permanent) tooth on the maxilla and
corresponding mandible, excluding remaining roots or
root caps (page 316)” (30). Number of natural or restored
teeth was categorized in a manner similar to prior
research into those with 0-9 teeth, 10-19 teeth and 20 or
more teeth (17, 31, 32).
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Data Analysis

All statistical analyses were conducted using the
Statistical Package for Social Sciences (version 22.0, SPSS
Inc., Chicago, IL). A sample size of 85 was determined to
be needed to establish if a correlation existed between the
number of remaining teeth and Self-MNA score, based on
a two-tailed test with an a priori alpha of p<0.05 and 80%
power to detect an small-moderate effect of at least 0.3
(33). Statistical significance was set at p<0.05.

Descriptive statistics were used to summarize all of
the study variables. To test the hypothesis that Self-MNA
scores will be significantly lower in those with fewer teeth
/ limited occlusion as compared to those with more teeth
and/or more posterior occluding teeth pairs, Spearman’s
Correlation Coefficient was used. Associations between
categorical variables were evaluated using the chi-
squared test; non-parametric Mann-Whitney and
Kruskal-Wallis tests were used to compare groups.
Simple logistic regression was used to assess the odds
of being at risk for malnutrition or malnourished related
to number of teeth present. To determine potential
confounding by demographic characteristics, bivariate
analyses were conducted in accordance to age, gender,
race and ethnicity as well as prior medical history.

Results

Characteristics of the study sample

Records from 107 community dwelling older adults
who came for care to the RSDM clinics in Newark, NJ
between June 1, 2015 and July 15, 2016 were included in
the analyses (Figure 1). Their mean age was 72.6 years
(SD=5.6) with a range of 65-91 years. Table 1 describes
demographic and clinical characteristics of participants.

The mean Self-MNA score of this sample was 12.3
(SD=2.0) reflective of normal nutrition status. Twenty
percent (20.6%, n=22) were at risk for malnutrition and
4.7% (n=5) were malnourished according to their Self-
MNA responses. A moderate to severe decrease in food
intake was reported by 27.1% (n=29) of the patients;
32.7% (n=35) indicated a weight loss of two or more
pounds in the past three months (Table 2). Of those
who reported a weight loss of more than seven pounds
in three months (n=14), all were either at risk for
malnutrition (n=10) or malnourished (n=4).

Of the five who were categorized as having
malnutrition; 80% (n=4) reported a severe or moderate
decrease in food intake, a weight loss greater than seven
pounds in three months, and that they had been stressed
or severely ill in the past three months; 60% (n=3) of these
also had positive responses for severe dementia and /or
prolonged sadness; 40% (n=2) were unable to get out of
bed or a chair without assistance.

Using the Centers of Disease Control and Prevention
(34) (CDC) BMI categories, 21.5% (n=23) were in the

normal weight range, 43.0% (n=46) were overweight and
35.5% (n=38) were obese. All those whose Self-MNA
score reflected malnutrition (n=5) were obese (mean BMI
= 31.6, SD =4.5) with higher BMI values than those who
had a normal nutritional status (mean BMI = 29.0, SD=5.0)
or who were at risk for malnutrition (mean BMI = 27.6,
SD=4.7).

Table 1
Select demographic and clinical characteristics of the
study sample (N=107)

Demographic Clinical Characteristic n %

Gender (n=107)

Male 53 49.5
Female 54 50.5
Race / Ethnicity (n=94)
White 30 31.9
Black or African American 35 372
Hispanic 20 21.3
Other: Asian, Native Hawaiian /Pacific Islander, American 9 9.6
Indian/ Alaska Native, More than one race
Medical History (patient reported presence of):
High or low blood pressure (n=106) 76 71.7
Heart trouble, coronary artery disease, heart attack, heart defect 28 26.2
or other heart trouble (n=107)
Swollen ankles, heart failure (n=107) 8 7.5
Stroke or mini stroke (n=107) 8 7.5
Diabetes (n=107) 30 28.0
Kidney disease (n=106) 4 3.8
Eating disorders, reflux, gastroesophageal reflux disease (n=107) 18 16.8
Alzheimer’s disease (n=107) 2 1.9
Cancer (n=105) 18 17.1

Note: Sample size for each question varied as participants were able to choose to
not answer questions on the registration forms.

The majority of participants were partially edentulous
(n=94, 87.8%); 4.7% (n=5) were completely edentulous
and 7.5% (n=8) were fully dentate. Fifty-one (47.7%) had
at least 20 teeth, 29.9% (n=32) had 10-19 teeth and 22.4%
(n=24) had 0-9 teeth. Approximately one-third (35.5%,
n=38) of the sample had no posterior occlusion and 7.5%
(n=8) had complete posterior occlusion; approximately
one quarter (26.2%, n=28) had no anterior occlusion and
43.0% (n=46) had complete anterior occlusion.

The mean number of natural or restored teeth
decreased from 17.4 among those with normal
nutritional status to 14.4 among those classified as
having malnutrition; however, these differences were not
statistically significant (p=0.656). Median values of teeth
declined in a similar pattern, from 20 among those with
normal nutritional status to 18 among those at risk for
malnutrition and 15 among those categorized as having
malnutrition (Figure 2).
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Figure 1
Flow chart of study sample

Figure 2
Boxplot of number of natural or restored teeth by
nutritional status category (N=107)

Analyses of the relationships between dental and
occlusal status and Self-MNA Score revealed no linear
relationships between the Self-MNA score and the
number of natural teeth (r=0.104, p=0.285), posterior
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occluding pairs (POP) of teeth (r=0.173, p=0.074) or
anterior occluding pairs (AOP) of teeth (r=0.049, p=0.619).
Although mean differences were not significant
(Kruskal-Wallis, p=0.116), those with 10-19 teeth had
lower Self-MNA scores (mean=11.6, SD=2.5) than those
with 0-9 teeth (mean=12.7, SD=1.3) or 20 or more teeth
(mean=12.6, SD=1.8) (Figure 3). When MNA Score was
dichotomized into those who were at risk for malnutrition
or malnourished (25.2%, n=27) compared to those with
normal nutritional status (74.8%, n=80), those with
10-19 teeth had 2.5 times the odds of being at risk for
malnutrition/malnourished than those with 20 or more
teeth (OR=2.5, p=0.076). Bivariate analyses yielded no
statistically significant confounding effects of age, gender,
race/ethnicity or medical history.

Figure 3
Boxplot of Self-MNA scores among those with different
categories of natural or restored teeth (N=107)

Discussion

The aim of this study was to explore the associations
between nutritional status and dentition status among
older adults who presented for care at the RSDM clinics
in Newark, NJ. The study hypothesis that Self-MNA
scores will be significantly lower in those with fewer
teeth / limited occlusion as compared to those with more
teeth and/or more posterior occluding teeth pairs was
not supported as a significant direct relationship between
Self-MNA score and number of natural or restored teeth
was not found.

The majority of the sample had some degree of
tooth loss (87.8% partially edentulous; 4.7% completely
edentulous). Although not statistically significant, there
was a trend whereby the mean number of natural or
restored teeth decreased from 17.4 in those with normal
nutritional status to 14.4 in those classified as having
malnutrition, suggesting a link between having fewer
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Table 2
Responses to Self-MNA questions by nutritional status category (N=107)

Total Sample Normal At Risk for Malnutrition
N=107 Nutritional Status Malnutrition n=5
n=80 n=22
General Question Responses n % n % n % n %
A: Has your food intake declined over Severe decrease in food intake 6 5.6 1 13 2 9.1 3 60.0
the past 3 months?
Moderate decrease in food intake 23 21.5 10 12.5 12 54.5 1 20.0
No decrease in food intake 78 729 69 86.3 8 36.4 1 20.0
B: How much weight have you lost in Weight loss greater than 7 pounds 14 131 0 0.0 10 455 4 80.0
the past 3 months?
Do not know the amount of weight loss 5 47 2 2.5 2 9.1 1 20.0
Weight loss between 2 and 7 pounds 21 19.6 16 20.0 5 227 0 0.0
No weight loss or weight loss less than 2 pounds 67 626 62 77.5 5 22.7 0 0.0
C: How would you describe your Unable to get out of bed, a chair, or a wheelchair 5 47 2 2.5 1 4.5 2 40.0
current mobility? without the assistance of another person
Able to get out of bed or a chair, but unable to go 2 1.9 1 13 1 4.5 0 0.0
out of my home
Able to leave my home 100 935 77 96.3 20 90.9 3 60.0
D: Have you been stressed or severely ill
in the past 3 months?
Yes 16 150 4 5.0 8 36.4 4 80.0
No 91 85.0 76 95.0 14 63.6 1 20.0
E: Are you currently experiencing Yes, severe dementia and/or prolonged severe 4 3.7 1 13 0 0.0 3 60.0
dementia and/or prolonged severe sadness
sadness?
Yes, dementia, but no prolonged severe sadness 6 5.6 4 5.0 2 9.1 0 0.0
Neither dementia nor prolonged severe sadness 97 9.7 75 93.8 20 90.9 2 40.0
F: Body Mass Index (BMI)
(weight in Kg) / (height in m?) BMI <19 kg/m? 0 0.0 0 0.0 0 0.0 0 0.0
BMI 19 - 20.99 kg/m? 3 2.8 2 2.5 1 4.5 0 0.0
BMI 21-22.99 kg /m? 10 9.3 7 8.8 3 13.6 0 0.0
BMI >23 kg /m? 94 879 71 88.8 18 81.8 5 100.0

teeth and an increased risk of malnutrition. Those with
10-19 teeth had lower Self-MNA scores than those with
0-9 teeth or 20 or more teeth and, among those with
10-19 teeth the odds of being at risk for malnutrition/
malnourished were 2.5 times those with 20 or more
teeth. Interestingly, the patients with malnutrition had
10-19 teeth; none were fully dentate or fully edentulous.
Furuta et al (17) also noted a similar trend whereby
those with 10-19 teeth had the lowest MNA-SF scores as
compared to those with 0-9 teeth or greater than 20 teeth.
While not significant, this finding suggests that those who
are missing one third to two thirds of their natural teeth
may be most at risk for becoming malnourished.

In contrast to our findings, Kikutani et al (16), Starr
et al (18), and Furuta et al (17), reported significant
associations between MNA scores and number of missing
teeth whereby MNA scores were significantly lower in
those with fewer teeth / limited occlusion as compared to
those with more teeth and/or more posterior occluding
teeth pairs of teeth. Kikutani et al found that individuals
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with more missing teeth and inadequate occlusion were
more likely to be at risk for malnutrition, and those with
functionally inadequate occlusion and no dentures had
a 3.189 fold greater malnutrition risk than those with
natural dentition and adequate function (16). Similarly,
Starr et al demonstrated that individuals who were
completely edentulous had significantly lower MNA
scores than those who were partially or completely
dentate (p = 0.028) (18). In bivariate models, Furuta et al
found that those with 0-19 teeth had lower MNA scores
than those with 20 or more teeth (p = 0.041), however, in
a multivariate path analysis, no direct relationship was
noted between oral health status and MNA score (17).
While the results of the current study showed
similar trends they did not reach the level of statistical
significance reported by others. Possible explanations
for the variation in results lie in the differences in the
populations studied. The subjects in our study were all
patients of an urban northeast US dental school clinic
in Newark, NJ, and were younger than participants in



other studies (16-18). The combined 25% prevalence of
malnutrition and risk for malnutrition was relatively
lower than the 13.3% malnourished and additional 51.7%
at risk for malnutrition reported by Kikutani et al (16),
and 14.0% malnourished / 55.2% at risk of malnutrition
reported by Furuta et al (17). Participants in the current
study had more teeth (mean of 17.0 8.5 compared to
8.6 +/-9.9) (17) and were less likely to be edentulous
then those studied by Furuta et al (17). In contrast, the
population studied by Starr et al represented healthy
older adults who were free of medical conditions and
medications at baseline, and as a whole had relatively
high MNA scores with a mean of 8.0 or greater out of a
maximum score of 9 using their version of the MNA tool
(18).

Our findings are consistent with preceding studies,
which were unable to find statistically significant
relationships between number of teeth (35), occlusal
status (21) or dental status (22) and MNA score.
Systematic reviews of the evidence (15, 23), have
similarly found much conflicting results due in part to the
heterogeneity of the studies comparing these variables.
Nutritional status and dentition status can be assessed
in a variety of ways. Varying clinical and demographic
characteristics of the populations sampled such as age,
health status and country of origin add to the complexity
of this area of research.

Natural dentition and adequate function are important
to maintain nutritional status. Missing teeth and
inadequate occlusion affect masticatory function and can
result in a decline in overall quality and quantity of intake
(5-9) and/or replacement of difficult to chew foods with
softer foods that may be more calorically dense and/or
nutrient poor which could lead to changes in weight and
overall nutritional status (36, 37). Further studies that
address diet quality and quantity are necessary to better
understand these relationships and guide implications for
practice.

Strengths and Limitations

Although the study sample was adequately powered
and representative of the population of older adults who
attend the RSDM clinic, the majority were overweight/
obese and of normal nutrition status. The findings are
limited to a single institution and not generalizable to
other community dwelling dental settings. Given the
retrospective design of this study, a cause and effect
relationship between variables could not be established.
Risk for malnutrition may be better assessed using a tool
such as the MNA-SF, which considers oral health factors
specifically when looking at inadequate intake.

Strengths include data collection over a 13-month
timespan to assure an adequate sample size, the
availability of all of the data in the EHR, and the
verification of dentition status by a research assistant,
who was trained and calibrated with a prosthodontist,
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using digital radiography and the patient’s odontogram.
The subjective nature of all self-reported data, including
all demographic characteristics, height, weight, and Self-
MNA data is a potential limitation. Although the Self-
MNA is a validated tool to assess malnutrition prevalence
and risk, it lacks the details found in the MNA-SF that
prompts the healthcare professionals to assess the
etiology behind a decline in food intake such as loss of
appetite, digestive problems, chewing or swallowing
difficulties (4).

Conclusion

The findings of this study did not support relationships
between the number of natural or restored teeth and
Self-MNA score in this sample of community dwelling
older adults. Although not statistically significant, the
mean number of natural or restored teeth declined as
nutritional status declined, which may be clinically
relevant. Those classified as having malnutrition had
higher rates of weight loss, decreased intake and more
frequently reported dementia and/or depression, and
severe illnesses than those with a normal nutritional
status. Similarly, those classified as being at risk of
malnutrition were more likely to experience weight loss
and a moderate decline in intake than those who were
classified as being of normal nutritional status.

Implications for Research

Our findings add to the heterogeneity of research
outcomes in this area. The conflicting findings between
studies is in part due to the use of different measures
of nutrition and dental status as well as variations in
demographic characteristics. Further research with larger
samples, in different populations of community dwelling
older adults with varying health conditions is needed to
better understand the associations between nutrition and
oral health and increase the generalizability of results.
Prospective studies to determine and compare changes
in nutritional status over time with changes in dentition
and denture usage can help to determine cause and
effect. Qualitative research aimed at understanding how
impaired dentition affects intake, the eating experience
and overall nutritional status can also help to shed light
on these relationships, and can provide the necessary
data upon which to develop practice based interventions
and guidelines for this vulnerable population. Although
the Self-MNA has been validated as a self-administered
tool to determine malnutrition prevalence and risk
in community dwelling older adults, research in this
area may benefit from using the MNA-SF, which is
administered by a healthcare professional as older adults
may require more clarification of questions to elicit more
accurate results. The MNA-SF also includes a question
related to decline in intake attributed to chewing or
swallowing difficulties.
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Implications for Practice

The dental clinic setting may be an ideal location to
perform nutritional status screenings. As reported by
Greenberg et al, both oral healthcare professionals and
patients were receptive to screening for various medical
conditions at the time of a dental visit (38, 39). This could
be expanded to include nutritional status screening to
identify patients at risk for malnutrition who may not
regularly attend visits with a primary care provider. The
results of the current study revealed that over 25% of the
sample of older adults in this research who came for care
at the RSDM clinic had malnutrition or were at risk for
malnutrition. Based on these results and previous studies
that estimated the prevalence of malnutrition to be over
one third in older adults (3, 4), the use of nutritional
screening tools by oral healthcare professionals could
help to provide timely referrals to primary care
physicians or Registered Dietitian Nutritionists for
these individuals. Referrals to community assistance
programs (such as Meals on Wheels) could also be made
as appropriate to prevent decline in nutrition status.
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