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Masticatory coefficient and physical functioning in older frail patients

admitted for a Comprehensive Gerontological Assessment
Running title: Masticatory coefficient in frail older people

Highlights

An intra-oral clinical examination may be a useful complement to a comprehensive Gerontological
Assessment in multi-morbid and frail older patients

In multi-morbid and frail patients, impaired chewing capacity is associated with malnutrition and
poorer physical performance

In multi-morbid and frail patients physical performance is poorer with lower masticatory capacities
independently from nutritional status

Abstract:

Background: Physical functioning may be limited in older, frail patients with missing teeth without
prosthetic correction. This cross-sectional study examined the relationship between physical
performance and the geriatric masticatory coefficient (GMC) in patients who underwent both a
comprehensive gerontological assessment (CGA) to improve poly-pathology management and an

intra-oral exam.

Methods: All patients were evaluated based on the following: (corrected) GMC, number of posterior
occluding pairs (POPs), short physical performance battery (SPPB) or timed up and go (TUG) test, and

mini-nutritional assessment (MNA).

Results: Of the 256 patients (mean age 83.76[SD 6.16], 148F), 75 (29.30%) were malnourished. The
corrected GMC was lower in malnourished patients. When adjusted for age, gender, and MNA, the
corrected GMC correlated with the TUG time (r=-0.198, p=0.005) and SPPB score (r=0.282, p=0.009).
Correlations between GMC and POPs were determined for the SPPB (r=0.269, p=0.013; r=0.319,

p=0.004, respectively) but not for the TUG (r=-0.108, p=0.128; r=-0.136, p=0.072).



Conclusion: The correlation between physical performance and decreased masticatory capacity was
not fully explained by malnutrition in mildly to severely frail and multi-morbid patients; posture may
also be impaired by missing teeth. The study of dental care effects on physical performance will

provide further insights.

Keywords: frailty; oral health; poly-morbidity; comprehensive gerontological assessment; physical

performance; malnutrition

1. Introduction

The prevention of both decompensation due to chronic disease and functional dependence is an
important goal in the care of older people. The comprehensive gerontological assessment (CGA) is
based on systematic screening and scoring of four domains: mental health, functionality, medical
status and social status(Kenneth Rockwood et al., 1998; Valencia et al., 2017). The resulting care plan
has been shown to prevent a worsening of health, particularly in frail patients. In older people, frailty
refers to a multifactorial impairment of health that predicts adverse living events, such as loss of
independence, hospitalization, adverse drug reactions, decompensation related to chronic disease,
admission to a nursing home, or death(Fried et al., 2001; Kenneth Rockwood et al., 1999). Effective
preventive strategies in older people may thus rely on the identification of those who are frail. Poor
oral health in hospitalized older patients was found strongly associated with poor functional status or
malnutrition (Poisson et al., 2016). Thus, frailty may be linked to oral health as a possible
determinant of multifactorial development of this syndrome. Indeed, several studies have reported
cross-sectional relationships between components of oral health and frailty. Loss of teeth, an unmet
need for a fixed prosthesis or removable denture, self-reported poor oral health, and pain or
impaired mastication are among the factors associated with an increased prevalence of frailty
(Castrejon-Pérez et al., 2012; Kamdem et al., 2017; Semba et al., 2006; Tsai & Chang, 2011; Woo et al.,
2018). Finally, masticatory dysfunction, number of missing teeth, and dry mouth were identified

among the factors that increase the rate of progression of the prefrail or robust older people to a



frail status (Hakeem et al., 2019; Horibe et al., 2018). Oral health behavior also varies according to
frailty status, as older individuals with several health complaints may neglect oral hygiene (Niesten et
al., 2013).

CGA is essentially multidisciplinary; evaluation is performed by a basic team consisting of a
medical practitioner, a nurse, and a social worker; depending on the patient profile, it may be
supplemented by a psychologist, a physiotherapist, an occupational therapist, and/or a pharmacist.
Given the importance of oral health in the general health status of older subjects, an intra-oral health
examination carried out by a dentist should be performed and care should be proposed if indicated.
The oral exam should be conducted as part of the medical section, along with a nutritional
assessment (Valencia et al., 2017). In the older adult poor oral health, in particular a loss of teeth is
associated with a low-quality diet (Gaewkhiew et al., 2019; Kiesswetter et al., 2018; Mendonca et al.,
2018). Impaired mastication may be due to a loss of teeth or to a non-functional removable
prosthesis (lwasaki et al., 2017) and contributes to sarcopenia. An intraoral examination may have
added value beyond that of a component of the nutritional assessment.

The functional domain assessment includes scoring of daily living activities and assessments of
physical performance and fall risk. Two tools are available for this purpose: the short physical
performance battery (SPPB)(Guralnik et al., 1994) and the timed up and go test (TUG) (Podsiadlo &
Richardson, 1991). These two tests explore balance, gait speed and rising from a chair.

We hypothesized that in the older frail or dependent subjects, functional impairment assessed
using the SPPB or TUG would be more important in the subgroup with missing teeth, particularly
individuals with a non-functional removable prosthesis or without a needed prosthesis. The
objective of the present study is to analyze relationships between functional impairment and an
index of missing teeth recorded as geriatric masticatory coefficient taking into account nutritional

status.

2. Materials and Methods



This cross-sectional study included consecutive patients older than 70 years who were admitted
to a single geriatric day hospital for CGA as part of routine care during a 2-year period. Based on the
usual activity of the unit the duration of the inclusion period was selected to include at least 10
subjects per descriptive variables. Patients received written information about the use of their
anonymized health data for clinical research purposes and were given the option of refusal. The
study was approved by the Ethical Committee of the CHU (university hospital center) of Bordeaux
(GP-CE2020-43).

Patients who had undergone an intra-oral health examination performed by a dentist during the
CGA were included in the study. Patients unable to perform the TUG or SPPB were excluded. In case

of two or more visits to the day hospital, only the first was considered.

2.1 Comprehensive gerontological assessment (CGA)

Co-variables of this study included age, gender, living place (personal home or care home),
education (none or no certificate, primary school certificate, secondary school certificate, bachelor
and over). Mental health was assessed for depression and cognitive troubles by screening with the
15-Geriatric depression scale (GDS)(Yesavage & Sheikh, 1986) and the Gréco French version of mini
mental status examination (MMSe), respectively (Folstein et al., 1975; Kakafat et al., 2003). A GDS
score > 4/15 was considered to indicate depression, and an MMSe score < 23/30 was taken to
indicate cognitive troubles. The functional domain included TUG or SPPB assessment (see 2.3), basic
activities of daily living (ADL)(KATZ, 1983) and instrumental activities of daily living (IADL)(Lawton &
Brody, 1969). An ADL score > 1/12 and an IADL score < 8/8 indicated dependence. The medical
evaluation included chronic pathologies listing, full treatment list and a nutritional assessment. The
latter consisted of a body mass index (BMI, weight (kg)/height (m)2 mini nutritional assessment
(MNA®)(Kaiser et al., 2009)scoring and dental examination by a dentist (see below). MNA® allows
to identify malnutrition (MNA 0-7/14) and at risk for malnutrition (MNA 8-11/14). The version of the

MNA based on calf circumference (CC) (<31 cm vs. 231 c¢m) instead of BMI was used because CC



serves as a surrogate of muscle mass(Cruz-Jentoft et al., 2019). Among routine blood sample
analyses we selected hemoglobin (g/100 mL), C-reactive protein (mg/L), serum albumin (g/L), and
vitamin D (ng/mL) levels. Glomerular filtration rate (eGFR) was estimated using the CKD-
Epidemiology Collaboration equation (CKD-EPI)(Levey et al., 2009) which is based on serum levels of
creatinine. Patients were categorized according to the Rockwood clinical frailty scale(K. Rockwood,

2005).

2.2 Geriatric masticatory coefficient (GMC)

In routine care, chewing performance is not measured in these older and frail adults;
masticatory teeth capacity is assessed. Mastication involves both posterior occluding pairs of teeth
(POPs) and anterior grasping teeth.

The masticatory coefficient (masticatory percentage)(Dion et al., 2007) is determined by
assigning points as follows to each functional tooth according to its role in mastication as long as the
opposite tooth is also functional: 5 points for each molar except the third maxillary molar (2 points)
and the third mandibular molar (3 points), 3 points for each premolar, 4 points for each canine tooth,
and 1 point for each incisor except the central maxillary incisor (2 points). The maximal masticatory
coefficient is 100. A modified index, the geriatric masticatory coefficient (GMC), was used because it
takes into account all of the person’s remaining teeth, not only those belonging to a functional pair
((Berard et al., 2018) . Because teeth with missing opposite teeth have a non-zero role during
mastication, GMC may better reflect the remaining masticatory capacity. With this approach,
individuals with several remaining teeth were not assessed as edentulous. Determining the
remaining masticatory capacity is an important point for treatment decisions, such as extraction of
teeth or placement of dentures.

In patients wearing a prosthesis, a corrected GMC was similarly determined during clinical
observation. Prostheses, fixed or movable, have the value of the teeth they replace, provided they

allow a normal meshing. Thus, the variable “corrected GMC” represented the best GMC for each



patient, with or without a prosthesis. Finally, the number of POPs (POP, range 0-8) without a
prosthesis was also recorded. Pairs of opposite teeth are taken into account providing they allow a

correct meshing.

2.3 Functional performance

Motor performance was assessed using either the SPPB(Guralnik et al.,, 1994) or the TUG
test(Podsiadlo & Richardson, 1991) depending on the medical practitioner’s preference. Both
evaluate gait speed, standing balance, and rising from a chair. The SPPB consists of three 4-point
scores: 1, standing balance: participants attempt to maintain side-by-side, semi-tandem, and tandem
positions for 10 s; 2, a 4 m walk at normal pace timed from a standing start; and 3, time needed to
rise from a chair as quickly as possible five times. Overall, the maximal SPPB score is 12 (4 points per
test). The TUG test evaluates the same abilities but in a single test that focuses on the risk of falling.
The patient is instructed to rise from a chair (with arms), walk 3 m, turn and return to the chair, and
then sit down again. The performance is timed. Cognitive troubles, mainly attention troubles

increases time spend in the task. TUG explores the risk of falling.

2.4 Analyses

The inclusion period duration was selected to obtain a sample with at least 10 patients for each
described variables based on the usual activity of the unit. Quantitative variables are expressed as
the mean and standard deviation (SD), ordinal variables (scores) are shown as median (IQR,
interquartile range) and qualitative variables are given as numbers and percentages. SPPB is an
ordinal variable and is also expressed as mean (SD). Because the link between dental status and
malnutrition is well established, the characteristics of the patients are presented according to MNA
categories and the different categories are compared using a chi-square test for qualitative variables
and a one-way ANOVA for quantitative variables. Correlations between GMC, corrected GMC, or
POPs and the SPPB or TUG test were determined using Spearman coefficient tests. Because SPPB is

an ordinal variable and TUG is not normally distributed in frail or dependent patients, partial



correlation tests were performed to analyze the relationships between corrected GMC, GMC, and
POPs and SPPB or TUG, controlling for age, sex, and MNA category to identify the role of malnutrition

in those relationships. The software SPSS 23 (IBM®) was used for these analyses.

3. Results

During the study period, 302 patients underwent a CGA that included an intra-oral examination.
After the exclusion of 39 patients due to a missing physical performance assessment in their CGAs
and 7 patients each of whom underwent two CGAs, the study sample included 256 patients.

The characteristics of the study population are presented in Table 1. The SPPB test was
performed in 91 patients and the TUG test was performed in 211. Serious chronic diseases had a high
prevalence and included heart failure in 76 (29.7%), respiratory diseases in 32 (12.5%), major
cognitive troubles in 110 (44.4%), history of cancer in 59 (23.0%), stroke in 43 (16.8%), diabetes
mellitus in 82 (32.0%), and hypertension in 185 (72.5%) patients. The number of medications taken
daily by these patients was also high: 6.9 (SD 3.5), with five or more different medications taken by
191 (74.9%) patients. Chronic inflammation was of low-medium intensity as reflected by a mean C-
reactive protein level of 7.7 (15.3) mg/L. Vitamin D levels were <10 ng/mL in 48 (22.1%) patients; 31

(13.0%) patients had severe renal insufficiency (CKD-EPI<30 mL/min/1.73 m2).

Functional ADL or IADL dependence was present but at low levels. According to the frailty scale
most of the subjects were classified in the categories “mildly frail” (79 (32.1%)) or “moderately frail”
(77 (31.3%)). The others were either in the category “managing well” (25 (9.8%)) or at the opposite in

the other “severely frail” (36(14.6%)).

Malnutrition and risk of malnutrition were frequent, identified in 75 (30.5%) and 126 (51.2%)
patients, respectively. Patients living in a nursing home, with a higher 15-GDS, lower MMSe, major
cognitive troubles, or a higher level of dependence were more likely to be malnourished or at risk of

malnutrition.



The physical performance of the population was poor, evidenced by an SPPB score of <8/12 in
59 (64.8%) patients and a TUG score = 20 s in 102 (46.4%) patients. The SPPB score was lower in

malnourished patients and in patients at risk for malnutrition than in normo-nourished patients.

The dental examinations showed important impairments, based on a low GMC and the low
number of POPs: 53.7/100 (SD 30.6) and 3.1/8 (SD 3.0), respectively. One hundred and five patients
had a dental prosthesis. After correction for patients with a prosthesis, the corrected GMC was 75.4
(SD 19.8). While the corrected GMC was related to the MNA category, this was not the case for

either the GMC or the number of POPs.

After controlling for age, gender and MNA category, an association between the corrected GMC
and both the TUG time (—0.198, p = 0.005) and the SPPB score (0.282, p = 0.009) was determined
(Table 2). Both the GMC and POPs were associated with the SPPB score (GMC: 0.269, p = 0.013;

POPs: 0.319, p = 0.004) but not with the TUG time (Table2).

4. Discussion

We found a cross-sectional association between nutritional status, corrected GMC, and physical
performance in the mildly to severely frail older adult with complex health problems. The association
between the corrected GMC and physical performance was independent of nutritional status.
Masticatory capacity was evaluated using two different approaches, pairs of opposing teeth and
number of teeth, weighted according to their alleged role in mastication. The adjusted partial
correlations showed relationships between both indexes and the SPPB score.

An association between diminished masticatory capacity and malnutrition in the older people
has previously been reported(Toniazzo et al.,, 2018). Because malnutrition is associated with low
muscle strength (Veronese et al., 2019) lower muscle performance is expected in patients with
impaired corrected masticatory coefficient. However, malnutrition does not fully explain the link
between a lower corrected GMC and lower physical functioning of the limbs. Physical performance

relies not only on strength but also on balance, proprioceptive functions, and several cognitive



processes, such as attention. Teeth clenching may reinforce balance through a facilitation of the
pretibial reflex that is related to applied strength(Takada et al., 2000). Postural balance may be
improved during chewing(Alghadir et al., 2015). A loss of teeth may directly impact physical
performance, particularly balance. Pain, inflammatory syndromes, and dyspnea also diminish
physical performance. In a previous study, these relationships were considered in a fully adjusted
model, in which the presence of 19 or less teeth not corrected with a prosthesis was found to
increase the risk of falling(Yamamoto et al., 2012).

The most common characteristic of our frail study population was the high prevalence of severe
comorbidity, including cardiovascular diseases, diabetes, COPD and asthma, cognitive troubles, or a
history of stroke. The physical performance of patients with severe comorbidities is frequently
impaired. The comorbidities are possibly secondary to the loss of teeth. In three community studies,
each missing tooth increased cardiovascular risk and mortality (Holmlund et al., 2010; Joshy et al.,
2016; Lee et al., 2019). In a large cross-sectional study, severe tooth loss and a history of stroke were
independently associated with inflammation(You et al., 2009). Missing teeth may predict a higher
risk for cognitive impairment(Zhang et al., 2020). In nursing home residents, patients with missing
POPs without prostheses have an increased 1-year mortality, independent of nutritional
status(Dewake et al., 2020). However, the causal link between missing teeth and the above-listed
pathologies is probably multifactorial and bi-directional(Felton, 2016). Furthermore, some risk
factors for tooth loss are shared by systemic diseases. Low-medium grade inflammation due to
periodontitis can cause both systemic inflammation (and cardiovascular diseases) and a loss of teeth.
Chronic oral inflammation may induce dental loss and increase the risk for cardiovascular disease,
malnutrition, and muscle functional impairment. Finally, the behavioral changes that occur with
severe disease are likely to impair both self-care and access to professional care, thus worsening oral
health.

In our study population, the association between masticatory capacity and physical performance

was better described by the corrected GMC than the GMC, given that prosthetic adaptation protects



against a physical decline. As demonstrated by a previous study showing an improvement in
cardiovascular risk with better oral care (Park et al., 2019) dental care within the scope of the CGA
holds promise in the management of complex health problems in the older adults.

The limitations of our study should be noted. First, it was a cross-sectional study and causality
could not be determined. Second, masticatory capacity, not function, was assessed. Tests for
chewing ability, such as using color-indicator gums and measures of masseter or hand grip strength,
are not done in routine care. However, an association between impaired chewing ability and weaker
occlusal forces with sarcopenia was determined in a previous study of the community-dwelling
elders (Murakami et al., 2015). Therefore, low muscle strength may also affect the muscles involved
in mastication (masseter, tongue, cheeks). In routine clinical practice, a “static” assessment of
masticatory capacity in frail, older patients can be easily and reliably performed. Third, several
subject characteristics potentially associated with the study variables were not recorded and
therefore not analyzed: smoking and alcohol use and usual physical activity. Finally, this study did not
permit to clarify the role of multi-morbidity in the relationship between masticatory capacities and
physical performance. Among the strengths of our study were the large sample population and the
inclusion of frail older individuals engaged in preventive action to decrease the burden of multi-
morbidity. Our results show that oral care has a role to play in preventing functional decline in the

frail elderly. Finally the magnitude of the correlation is not outstanding.

5. Conclusions

In older mildly to severely frail and multi-morbid patients, the physical performance will be
limited in those with a loss of teeth. In addition, malnutrition is not the only link between chronic
diseases, oral health and posture. An impaired posture may be due to missing teeth. A longitudinal
study should explore the effects of dental care on physical performance in multi-morbid older

patients.

6. References



Alghadir, A., Zafar, H., Whitney, S. L., & Igbal, Z. (2015). Effect of chewing on postural stability during
quiet standing in healthy young males. Somatosensory & Motor Research, 32(2), 72-6.
https://doi.org/10.3109/08990220.2014.969837

Berard, A., Poisson, P., Bourdel-Marchasson, |., & Dupuis, V. (2018, September). Removable
prosthesis improves body mass index in elderly people. Poster presentation at the IADR/PER
General Session (London).

Castrejon-Pérez, R. C., Borges-Yafiez, S. A., Gutiérrez-Robledo, L. M., & Avila-Funes, J. A. (2012). Oral
health conditions and frailty in Mexican community-dwelling elderly: a cross sectional analysis.
BMC Public Health, 12(1), 773 . https://doi.org/10.1186/1471-2458-12-773

Cruz-Jentoft, A. J., Bahat, G., Bauer, J., Boirie, Y., Bruyere, O., Cederholm, T., Cooper, C., Landi, F.,
Rolland, Y., Sayer, A. A., Schneider, S. M., Sieber, C. C., Topinkova, E., Vandewoude, M., Visser,
M., Zamboni, M., Bautmans, |., Baeyens, J.-P., Cesari, M., ... Schols, J. (2019). Sarcopenia: revised
European consensus on definition and diagnosis. Age and Ageing, 48(1), 16-31.
https://doi.org/10.1093/ageing/afy169

Dewake, N., Hashimoto, H., Nonoyama, T., Nonoyama, K., & Shimazaki, Y. (2020). Posterior occluding
pairs of teeth or dentures and 1-year mortality in nursing home residents in Japan. Journal of
Oral Rehabilitation, 47(2), 204-211. https://doi.org/10.1111/joor.12883

Dion, N., Cotart, J.-L., & Rabilloud, M. (2007). Correction of nutrition test errors for more accurate
guantification of the link between dental health and malnutrition. Nutrition, 23(4), 301-7.
https://doi.org/10.1016/j.nut.2007.01.009

Felton, D. A. (2016). Complete edentulism and comorbid diseases: an update. Journal of
Prosthodontics, 25(1), 5-20. https://doi.org/10.1111/jopr.12350

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). “Mini-mental state.” Journal of Psychiatric
Research, 12(3), 189-98. https://doi.org/10.1016/0022-3956(75)90026-6

Fried, L. P., Tangen, C. M., Walston, J., Newman, A. B., Hirsch, C., Gottdiener, J., Seeman, T., Tracy, R.,
Kop, W. J., Burke, G., & McBurnie, M. A. (2001). Frailty in older adults: evidence for a
phenotype. The Journals of Gerontology Series A: Biological Sciences and Medical Sciences,
56(3), M146-56. https://doi.org/10.1093/gerona/56.3.M146

Gaewkhiew, P., Sabbah, W., & Bernabé, E. (2019). Functional dentition, dietary intake and nutritional
status in Thai older adults. Gerodontology, 36(3), 276-284. https://doi.org/10.1111/ger.12408

Guralnik, J. M., Simonsick, E. M., Ferrucci, L., Glynn, R. J., Berkman, L. F., Blazer, D. G., Scherr, P. A., &
Wallace, R. B. (1994). A Short physical performance battery assessing lower extremity function:
association with self-reported disability and prediction of mortality and nursing home
admission. Journal of Gerontology, 49(2), M85-94. https://doi.org/10.1093/geronj/49.2.

Hakeem, F. F., Bernabé, E., & Sabbah, W. (2019). Association between oral health and frailty: A
systematic review of longitudinal studies. Gerodontology, 36(3), 205-215.
https://doi.org/10.1111/ger.12406



Holmlund, A., Holm, G., & Lind, L. (2010). Number of teeth as a predictor of cardiovascular mortality
in a cohort of 7,674 subjects followed for 12 Years. Journal of Periodontology, 81(6), 870-6.
https://doi.org/10.1902/jop.2010.090680

Horibe, Y., Watanabe, Y., Hirano, H., Edahiro, A, Ishizaki, K., Ueda, T., & Sakurai, K. (2018).
Relationship between masticatory function and frailty in community-dwelling Japanese elderly.
Aging Clinical and Experimental Research, 30(9), 1093-1099. https://doi.org/10.1007/s40520-
017-0888-3

Iwasaki, M., Kimura, Y., Ogawa, H., Wada, T., Sakamoto, R, Ishimoto, Y., Fujisawa, M., Okumiya, K.,
Ansai, T., Miyazaki, H., & Matsubayashi, K. (2017). The association between dentition status and
sarcopenia in Japanese adults aged >75 years. Journal of Oral Rehabilitation, 44(1), 51-58.
https://doi.org/10.1111/joor.12460

Joshy, G., Arora, M., Korda, R. J., Chalmers, J., & Banks, E. (2016). Is poor oral health a risk marker for
incident cardiovascular disease hospitalisation and all-cause mortality? Findings from 172 630
participants from the prospective 45 and Up Study. BMJ Open, 6(8).
https://doi.org/10.1136/bmjopen-2016-012386

Kaiser, M. J., Bauer, J. M., Ramsch, C., Uter, W., Guigoz, Y., Cederholm, T., Thomas, D. R., Anthony, P.,
Charlton, K. E., Maggio, M., Tsai, A. C., Grathwohl, D., Vellas, B., & Sieber, C. C. (2009).
Validation of the Mini Nutritional Assessment short-form (MNA®-SF): A practical tool for
identification of nutritional status. The Journal of Nutrition, Health and Aging, 13(9), 782-8.
https://doi.org/10.1007/s12603-009-0214-7

Kakafat, M., Hugonot-Diener, L., & Poitrenaud, J. (2003). Standardisation et étalonnage francais du
Mini Mental State (Mms) Version Gréco. Revue de Neuropsychologie, 13, 209-236.

Kamdem, B., Seematter-Bagnoud, L., Botrugno, F., & Santos-Eggimann, B. (2017). Relationship
between oral health and Fried’s frailty criteria in community-dwelling older persons. BMC
Geriatrics, 17(1), 174. https://doi.org/10.1186/s12877-017-0568-3

Katz, S. (1983). Assessing self-maintenance: activities of daily living, mobility, and instrumental
activities of daily living. Journal of the American Geriatrics Society, 31(12), 721-727.
https://doi.org/10.1111/j.1532-5415.1983.tb03391.x

Kiesswetter, E., Poggiogalle, E., Migliaccio, S., Donini, L. M., Sulmont-Rossé, C., Feart, C., Suwalska, A.,
Wieczorowska-Tobis, K., Patys, W., tojko, D., Saba, A., Sinesio, F., Polito, A., Moneta, E.,
Ciarapica, D., Brug, J., & Volkert, D. (2018). Functional determinants of dietary intake in
community-dwelling older adults: a DEDIPAC (DEterminants of Dlet and Physical ACtivity)
systematic literature review. Public Health Nutrition, 21(10), 1886-1903.
https://doi.org/10.1017/51368980017004244

Lawton, M. P., & Brody, E. M. (1969). Assessment of Older People: Self-Maintaining and Instrumental
Activities of Daily Living. Gerontologist, 9, 179-186.



Lee, H. J., Choi, E. K., Park, J. B., Han, K. D., & Oh, S. (2019). Tooth Loss Predicts Myocardial Infarction,
Heart Failure, Stroke, and Death. Journal of Dental Research, 98(2), 164-170.
https://doi.org/10.1177/0022034518814829

Levey, A. S, Stevens, L. A,, Schmid, C. H., Zhang, Y. (Lucy), Castro, A. F., Feldman, H. ., Kusek, J. W.,
Eggers, P., van Lente, F., Greene, T., & Coresh, J. (2009). A new equation to estimate glomerular
filtration rate. Annals of Internal Medicine, 150(9), 604-12. https://doi.org/10.7326/0003-4819-
150-9-200905050-00006

Mendoncga, N., Granic, A., Mathers, J. C., Hill, T. R., Siervo, M., Adamson, A. J., & Jagger, C. (2018).
Prevalence and determinants of low protein intake in very old adults: insights from the
Newcastle 85+ Study. European Journal of Nutrition, 57(8), 2713-2722.
https://doi.org/10.1007/s00394-017-1537-5

Murakami, M., Hirano, H., Watanabe, Y., Sakai, K., Kim, H., & Katakura, A. (2015). Relationship
between chewing ability and sarcopenia in Japanese community-dwelling older adults.
Geriatrics & Gerontology International, 15(8), 1007-12. https://doi.org/10.1111/ggi.12399

Niesten, D., van Mourik, K., & van der Sanden, W. (2013). The impact of frailty on oral care behavior
of older people: a qualitative study. BMC Oral Health, 13(1), 61. https://doi.org/10.1186/1472-
6831-13-61

Park, S.-Y., Kim, S.-H., Kang, S.-H., Yoon, C.-H., Lee, H.-J,, Yun, P.-Y., Youn, T.-J., & Chae, |.-H. (2019).
Improved oral hygiene care attenuates the cardiovascular risk of oral health disease: a
population-based study from Korea. European Heart Journal, 40(14), 1138-1145.
https://doi.org/10.1093/eurheartj/ehy836

Podsiadlo, D., & Richardson, S. (1991). The Timed “Up &amp; Go”: A test of basic functional mobility
for frail elderly persons. Journal of the American Geriatrics Society, 39(2), 142-8.
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x

Poisson, P., Laffond, T., Campos, S., Dupuis, V., & Bourdel-Marchasson, I. (2016). Relationships
between oral health, dysphagia and undernutrition in hospitalised elderly patients.
Gerodontology, 33(2), 161-8. https://doi.org/10.1111/ger.12123

Rockwood, K. (2005). A global clinical measure of fitness and frailty in elderly people. Canadian
Medical Association Journal, 173(5), 489-95. https://doi.org/10.1503/cmaj.050051

Rockwood, Kenneth, Silvius, J. L., & Fox, R. A. (1998). Comprehensive geriatric assessment.
Postgraduate Medicine, 103(3), 247-264. https://doi.org/10.3810/pgm.1998.03.424

Rockwood, Kenneth, Stadnyk, K., MacKnight, C., McDowell, |., Hébert, R., & Hogan, D. B. (1999). A
brief clinical instrument to classify frailty in elderly people. The Lancet, 353(9148), 205-6.
https://doi.org/10.1016/5S0140-6736(98)04402-X

Semba, R. D., Blaum, C. S., Bartali, B., Xue, Q. L., Ricks, M. O., Guralnick, J. M., & Fried, L. P. (2006).
Denture use, malnutrition, frailty, and mortality among older women living in the community.
The Journal of Nutrition, Health & Aging, 10, 161-167.



Takada, Y., Miyahara, T., Tanaka, T., Ohyama, T., & Nakamura, Y. (2000). Modulation of H reflex of
pretibial muscles and reciprocal la inhibition of soleus muscle during voluntary teeth clenching
in humans. Journal of Neurophysiology, 83(4), 2063-70.
https://doi.org/10.1152/jn.2000.83.4.2063

Toniazzo, M. P., Amorim, P. de S., Muniz, F. W. M. G., & Weidlich, P. (2018). Relationship of
nutritional status and oral health in elderly: Systematic review with meta-analysis. Clinical
Nutrition, 37(3), 824-830. https://doi.org/10.1016/j.cInu.2017.03.014

Tsai, A. C., & Chang, T.-L. (2011). Association of dental prosthetic condition with food consumption
and the risk of malnutrition and follow-up 4- year mortality risk in elderly Taiwanese. The
Journal of Nutrition, Health & Aging, 15(4), 265-70. https://doi.org/10.1007/s12603-010-0299-z

Valencia, W. M., Danet, M., Florez, H., & Bourdel-Marchasson, |. (2017). Assessment procedures
including comprehensive geriatric assessment. In Diabetes in Old Age. Sinclair, A.J., Dunning, T.,
Mafias, L.R., Munshi, M. eds., pp. 43-53. John Wiley & Sons, Ltd.
https://doi.org/10.1002/9781118954621.ch5

Veronese, N., Stubbs, B., Punzi, L., Soysal, P., Incalzi, R. A., Saller, A., & Maggi, S. (2019). Effect of
nutritional supplementations on physical performance and muscle strength parameters in older
people: A systematic review and meta-analysis. Ageing Research Reviews, 51, 48-54.
https://doi.org/10.1016/j.arr.2019.02.005

Woo, J., Tong, C., & Yu, R. (2018). Chewing difficulty should be included as a geriatric syndrome.
Nutrients, 10(12), 1997. https://doi.org/10.3390/nu10121997

Yamamoto, T., Kondo, K., Misawa, J., Hirai, H., Nakade, M., Aida, J., Kondo, N., Kawachi, |., & Hirata,
Y. (2012). Dental status and incident falls among older Japanese: a prospective cohort study.
BMJ Open, 2(4). https://doi.org/10.1136/bmjopen-2012-001262

Yesavage, J. A., & Sheikh, J. I. (1986). 9/Geriatric Depression Scale (GDS). Clinical Gerontologist, 5(1—
2), 165-173. https://doi.org/10.1300/J018v05n01_09

You, Z., Cushman, M., Jenny, N. S., & Howard, G. (2009). Tooth loss, systemic inflammation, and
prevalent stroke among participants in the reasons for geographic and racial difference in
stroke (REGARDS) study. Atherosclerosis, 203(2), 615-9.
https://doi.org/10.1016/j.atherosclerosis.2008.07.037

Zhang, S., Yang, F., Wang, Z,, Qian, X., Ji, Y., Gong, L., Ge, S., & Yan, F. (2020). Poor oral health
conditions and cognitive decline: Studies in humans and rats. PLOS ONE, 15(7).
https://doi.org/10.1371/journal.pone.0234659



Table 1. Characteristics of the patients according to Mini-Nutritional Assessment (MNA) category.

All subjects MNA 0-7 MNA 8-11 MNA 12-14 P value*
Characteristics N =256 Malnutrition At risk of Normal Comparison
N=75 malnutrition N=45 according to
N =126 MNA classes

Age 83.8 (6.2) 83.3 (5.4) 84.6 (5.5) 84.0 (4.3) <0.001
Gender (F/M) 148/108 47/28 79/47 18/27 0.020
Educational level 0.389

-no certificate 63 (25.2) 20 (27.8) 34 (27.6) 8(17.8)

-primary school
certificate 87 (34.8) 27 (37.5) 46 (37.4) 11 (24.4)

-secondary school
certificate 43 (17.2) 11 (15.3) 19 (15.4) 10 (22.2)

-bachelor and over 57 (22.8) 14 (19.4) 26 (19.5) 16 (35.5)
Living place 20 (7.8) 13 (17.3) 4(3.2) 0(0) <0.001
(nursing home)
BMI (kg / m?) 26.5 (5.3) 24.1 (5.0) 26.4 (3.9) 28.2 (5.8) <0.001
Calf circumference 33.0 (3.9) 31.6 (3.5) 33.6 (3.6) 36.1(3.7) <0.001
(cm)
GMC (0-100) 53.7 (30.6) 43.6 (4.3) 58.9 (31.0) 71.3 (9.3) 0.096
Corrected GMC (0-  75.4 (19.8) 75.9 (20.9) 77.6 (15.9) 77.39.4) <0.001
100)
POPs (n) 3.1(3.0) 2.6 (3.6) 3.6 (3.2) 43(2.2) 0.056
TUG (s) 22.0 (14.6) 22.0 (11.4) 25.3 (11.5) 18.8 (7.3) 0.303
SPPB (0-12) 6(7) 4 (4) 4 (6) 10 (3) <0.001
MMSe (0-30 23 (9) 23 (7) 22 (9) 29 (3) <0.001
15-GDS (0-15) 6 (6) 8 (6) 7 (6) 4 (3) <0.001
ADL (0-12) 1(4) 3(6) 2 (5) 0(0) 0.005
IADL (0-8) 4 (6) 2(3) 2(5) 7 (3) <0.001
Diabetes (yes) 82 (32.0) 26 (34.7) 36 (28.6) 18 (40.0) 0.333
Stroke history 43 (16.8) 15 (20.0) 15 (11.9) 11 (24.4) 0.099
Cognitive troubles 110 (44.4) 42 (59.2) 60 (48.8) 4(9.1) <0.001
Hypertension 185 (72.5) 57 (76.0) 84 (67.2) 38 (84.4) 0.065
History of cancer 59 (23.0) 16 (21.3) 27 (21.4) 14 (31.1) 0.377
Heart failure 76 (29.7) 18 (24.0) 38 (30.2) 17 (37.8) 0.274
COPD-asthma 32 (12.5) 8 (10.7) 14 (11.1) 9 (20.0) 0.253
Number of 6.9 (3.48) 6.7 (3.2) 6.7 (3.5) 8.5 (3.8) 0.479
medication
eGFR (CKD-EP], 65.0 (19.9) 66.4 (15.1) 65.2 (14.0) 62.4 (28.9) <0.001
mL/min / 1.73m2)
C-reactive protein 7.7 (15.7) 23.4 (51.2) 9.3 (14.0) 3.9 (4.1) 0.553
(mg /L)
Serum albumin 37.7 (4.0) 36.8 (4.5) 36.9 (3.1) 38.3 (4.0) 0.123
(g /L)
Hemoglobin (g /100  13.0 (1.5) 12.6 (1.6) 13.1 (1.4) 129 (1.2) 0.231
mL)
Vitamin D 22.3 (13.0) 27.2 (14.1) 28.2 (19.3) 19.5(9.7) 0.162

(ng /mL)

Variables are presented as Mean (SD), Median (Interquartile range) or N (%). POPs: posterior occluding pairs of teeth;

GMC: geriatric masticatory coefficient; TUG: timed up and go test; SPPB: short physical performance battery; MMSe :

mini mental state examination; GDS geriatric depression scale; ADL basic activities of daily iiving; IADL: instrumental

activities of daily living; eGFR: estimated glomerular filtration rate;. *Quantitative variables were compared using one-

way ANOVA and qualitative variables using Chi2 test.



Table 2. Correlations between physical performance assessment and masticatory capacity assessment
based on the number of teeth

TUG SPPB
Correlation  Spearman Partial Partial Partial P Partial P
coefficient correlation correlation correlation correlation
controlled controlled controlled controlled
by age and by age, by age and by age,
gender gender gender gender
and MNA and MNA
classes classes
Corrected -0.116 -0.240 -0.198 0.465 0.052 0.282 0.009
GMC (0-
100)
GMC (0- -0.261 -0.141 -0.108 -0.583 0.011 0.269 0.013
100)
POPs (0-8) -0.257 -0.133 -0.136 0.528 0.024 0.319 0.004






