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ABSTRACT

Purpose: To determine the relationship between mastication and malnutrition in community-dwelling older 
adults. Research strategies: To establish the eligibility criteria, the acronym PECOS was used: Population: 
non-institutionalized older adults; Exposure: older adults with malnutrition; Control: older adults without 
malnutrition; Outcome: masticatory problems in malnourished older adults; Study types: observational studies. 
Selection criteria: It selected studies assessing malnutrition and mastication difficulties in non-institutionalized 
adults over 60 years old, of both sexes. Mastication and malnutrition were evaluated with questionnaires on 
self-reported symptoms and clinical and instrumental assessments. There were no restrictions on language, year 
of publication, or ethnicity. Data analysis: The included studies were evaluated for methodological quality with 
the Joanna Briggs Institute tool for cross-sectional studies. For the cross-sectional studies included, the odds 
ratio (OR) was calculated with 95% confidence intervals. Results: After searching the databases, 692 references 
were retrieved, with three studies selected for quantitative and qualitative analysis. The values obtained in the 
meta-analysis for association show that malnutrition and mastication difficulties were 2.21 times as likely to occur 
(OR = 2.21; 95%CI = 0.93 – 5.26; I2 = 94%) as individuals without malnutrition (p < 0.001). The assessment 
of the risk of bias presented a high-risk, a moderate-risk, and a low-risk study. The certainty of evidence was 
rated very low with the GRADE tool. Conclusion: Individuals at risk of malnutrition are 2.21 times as likely 
to have mastication difficulties.
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INTRODUCTION

People over 65 years old are among the fastest-growing 
age groups. By 2050, one in every six people worldwide is 
expected to be over 65 years old (16%), up from one in eleven 
in 2019 (9%)(1). The increase in life expectancy highlights the 
need to pay closer attention to this population’s health.

Nutritional status is an important health factor in older patients, 
and it must be assessed to prevent numerous acute and chronic 
diseases(2). Oral disorders associated with reduced mastication 
negatively affect older adults’ nutritional status(3). The inability 
to properly chew and grind food tends to exclude some staple 
foods from their diets, such as meats, fruits, and vegetables, 
favoring the consumption of refined carbohydrates, fats, or soft 
or overcooked foods that pose a risk of missing micronutrient 
sources(4). Malnutrition can be defined as a nutritional status 
resulting from the absence of ingestion or disturbance in the 
absorption of nutrients. It is characterized by deficits in lean 
and fat mass in the body composition in relation to the person’s 
height. Hence, it decreases physical and mental functions, 
aggravating their clinical condition(5).

The oral cavity, in the masticatory process, is the gateway 
to the consumption of nutrients(6). As stated by Yoshida et al.(7), 
tooth loss leads to a change in diet and may, therefore, be linked 
to eating disorders, such as obesity and malnutrition. Given the 
evidence in the literature(8), it is clear that reduced masticatory 
performance is associated with nutritional disorders. This may 
be linked to the fact that reduced masticatory function leads the 
subject to consume a greater amount of soft foods, including 
foods rich in fats or refined carbohydrates, and to reduce the 
intake of fruits, vegetables, and meat. Thus, the present study 
aimed to carry out a systematic review relating mastication with 
malnutrition in community-dwelling older adults.

METHODS

Protocol

This systematic review was performed according to the 
PRISMA(9) (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) guidelines and used the methods recommended 
by the Cochrane Manual for Systematic Reviews.

Register

The protocol of this systematic review was registered on 
PROSPERO – International prospective register of systematic 
review – Center for Reviews and Dissemination University of 
York – CRD4202231558510.

Search strategy and study selection

To establish the eligibility criteria, the acronym PECOS was 
used: Population: non-institutionalized older adults; Exposure: 
older adults with malnutrition; Control: older adults without 
malnutrition; Outcome: masticatory problems in malnourished 
older adults; Study types: observational studies.

The present study sought to observe the relationship between 
masticatory problems and malnutrition in community-dwelling 
older adults. Thus, it selected studies assessing malnutrition 
and mastication difficulties in non-institutionalized adults over 
60 years old, of both sexes. Mastication and malnutrition were 
evaluated with questionnaires on self-reported symptoms and 
clinical and instrumental assessments. There were no restrictions 
on language, year of publication, or ethnicity.

The following exclusion criteria were applied: 1. Studies 
that did not assess mastication; 2. Studies that did not assess 
malnutrition; 3. Studies in institutionalized or hospitalized older 
adults, or conducted in community health centers or primary 
health care; 4. Studies in children, adolescents, and adults 
up to 60 years old; 5. Studies in which it was not possible to 
establish a relationship between mastication and malnutrition; 
6. Reviews, letters, books, congress abstracts, case reports, 
case series, opinion articles, technical articles, and guidelines; 
7. Studies unavailable for full-text reading.

Word combinations were adapted for each of the six databases 
selected as sources of information: EMBASE, PubMed/MEDLINE, 
Latin American and Caribbean Health Sciences Literature (LILACS), 
Scopus, and Web of Science. The grey literature was also used 
as a source of information through Google Scholar, OpenGrey, 
and ProQuest. The databases and grey literature were searched 
on January 19, 2022, and updated on August 3, 2023; references 
were managed, and duplicates were removed using appropriate 
Mendeley software (Elsevier Inc., New York, NY). The search 
strategy used can be found in Chart 1.

Data extraction

Articles were selected in two stages. In the first one, two 
reviewers (AMMM and RCPA) independently reviewed the 
titles and abstracts of all references. All articles that did not meet 
the previously established eligibility criteria were excluded at 
this stage. In the second one, the same reviewers read the full 
text of the articles selected in the first stage, also independently. 
When they disagreed, and there was no consensus even after 
discussion, a third reviewer (RVAC) was included in the final 
decision. To ensure greater agreement between the reviewers, 
they were calibrated with part of the selected literature using a 
sample of 100 titles/abstracts before beginning stage 1. Hence, 
full-text reading only started after a value > 0.7 was obtained 
in the kappa agreement coefficient.

Two reviewers (AMMM and RCPA) independently collected 
information from the included articles. The following data were 
collected: study characteristics (author, year of publication, 
country, and study design), sample characteristics (sample 
type and size), nutritional assessment, mastication assessment, 
outcomes of the relationship between mastication and nutrition, 
and whether the sample lacked teeth. When data were missing 
or incomplete in the article, attempts were made to contact the 
authors to obtain pertinent unpublished information.

Assessment of methodological quality

The included studies were evaluated for methodological quality 
with the Joanna Briggs Institute(14) tool for cross-sectional studies. 
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Two reviewers (AMMM and RCPA) separately assessed the risk 
of bias and judged the included articles, marking each evaluation 
criterion with “yes”, “no”, “uncertain”, or “not applicable”. 
The risk of bias was classified as high when the study reached 
49% “Yes”; moderate when the study reached 50% to 69% “Yes”; 
and low when the study reached more than 70% “Yes”(15). When 
necessary, disagreements were solved by discussing with a third 

reviewer (KVMT). Revman 5.4 software (Review Manager 5.4; 
The Cochrane Collaboration) was used to generate the figures.

Results were analyzed with GRADE® (Classification of 
Recommendations, Assessment, Development and Evaluation)
(16), which is a quality scoring system for results. Two reviewers 
(AMMM and RCPA) judged the following aspects: risk of bias, 
inconsistency, imprecision, indirect evidence, and publication 

Chart 1. Database search strategy

Database Search (January 19th 2022, and update August 3th 2023)

Embase

‘aged’/exp OR ‘aged’ OR ‘elderly’/exp OR ‘elderly’ OR ‘elderlies’ OR ‘elderly people’/exp OR ‘elderly people’ OR 
‘elderly population’ OR ‘aging’/exp OR ‘aging’ OR ‘ageing’/exp OR ‘ageing’ OR ‘older adults’/exp OR ‘older adults’ 
OR ‘senior’ OR ‘seniors’ OR ‘geriatric’/exp OR ‘geriatric’ OR ‘geriatrics’/exp OR ‘geriatrics’ AND ‘malnutrition’ OR 
‘nutritional deficiency’ OR ‘nutritional deficiencies’ OR ‘undernutrition’ OR ‘malnourishment’ OR ‘weight loss’ OR 
‘management of malnutrition’ AND ‘mastication’ OR ‘chewing’ OR ‘chewing ability’ OR ‘chewing performance’ 
OR ‘masticatory ability’ OR ‘masticatory function’ OR ‘masticatory disability’ OR ‘masticatory dysfunction’ OR 
‘chewing function’ OR ‘chewing discomfort’ OR ‘chewing disorder’ OR ‘chewing problems’

LILACS

“Idosos” OR “Pessoa de Idade” OR “Pessoa Idosa” OR “Pessoas de Idade” OR “Pessoas Idosas” OR “População 
Idosa” “Anciano” OR “Adulto Mayor” OR “Ancianos” OR “Persona de Edad” OR “Persona Mayor” OR “Personas 
de Edad” OR “Personas Mayores” OR “Aged” OR “elderly” OR “elderlies” OR “elderly’s” OR “elderly people” 
OR “elderly population” OR “Aging” OR “ageing” OR “older adults” OR “senior” OR “seniors” OR “geriatric” OR 
“geriatrics” AND “Desnutrição” OR “Desnutrición” OR “Malnutrition” OR “nutritional deficiency” OR “nutritional 
deficiencies” OR “undernutrition” OR “malnourishment” OR “weight loss” OR “management of malnutrition” OR 
“Subalimentação” OR “Subnutrição” AND “Mastigação” OR “Masticación” OR “Mastication” OR “chewing” OR 
“chewing ability” OR “chewing performance” OR “masticatory ability” OR “masticatory function”

PubMed/ Medline

“Aged” OR “elderly” OR “elderlies” OR “elderly’s” OR “elderly people” OR “elderly population” OR “Aging” OR 
“ageing” OR “older adults” OR “senior” OR “seniors” OR “geriatric” OR “geriatrics” AND “Malnutrition”[MeSH 
Terms] OR “Malnutrition” OR “nutritional deficiency” OR “nutritional deficiencies” OR “undernutrition” OR 
“malnourishment” OR “weight loss” OR “management of malnutrition” AND “Mastication”[MeSH Terms] OR 
“Mastication” OR “chewing” OR “chewing ability” OR “chewing performance” OR “masticatory ability” OR 
“masticatory function” OR “masticatory disability” OR “masticatory dysfunction” OR “chewing function” OR 
“chewing discomfort” OR “chewing disorder” OR “chewing problems”

Scopus

(TITLE-ABS-KEY (“Aged” OR “elderly” OR “elderlies” OR “elderly’s” OR “elderly people” OR “elderly population” 
OR “Aging” OR “ageing” OR “older adults” OR “senior” OR “seniors” OR “geriatric” OR “geriatrics”) AND 
TITLE-ABS-KEY (“Malnutrition” OR “nutritional deficiency” OR “nutritional deficiencies” OR “undernutrition” OR 
“malnourishment” OR “weight loss” OR “management of malnutrition”) AND TITLE-ABS-KEY (“Mastication” OR 
“chewing” OR “chewing ability” OR “chewing performance” OR “masticatory ability” OR “masticatory function” 
OR “masticatory disability” OR “masticatory dysfunction” OR “chewing function” OR “chewing discomfort” OR 
“chewing disorder” OR “chewing problems”))

Web of Science

“Aged” OR “elderly” OR “elderlies” OR “elderly’s” OR “elderly people” OR “elderly population” OR “Aging” OR 
“ageing” OR “older adults” OR “senior” OR “seniors” OR “geriatric” OR “geriatrics” (Tópico) and “Malnutrition” OR 
“nutritional deficiency” OR “nutritional deficiencies” OR “undernutrition” OR “malnourishment” OR “weight loss” 
OR “management of malnutrition” (Tópico) and “Mastication” OR “chewing” OR “chewing ability” OR “chewing 
performance” OR “masticatory ability” OR “masticatory function” OR “masticatory disability” OR “masticatory 
dysfunction” OR “chewing function” OR “chewing discomfort” OR “chewing disorder” OR “chewing problems” 
(Tópico)

Google Scholar “older adults” AND “Malnutrition” AND “chewing problems” OR “masticatory disability” filetype:PDF

Biblioteca digital 
brasileira de teses e 
dissertação (BDTD)

“Idosos” OR “Pessoa de Idade” OR “Pessoa Idosa” OR “Pessoas de Idade” OR “Pessoas Idosas” OR “Aged” OR 
“elderly” OR “elderlies” OR “elderly’s” OR “elderly people” OR “elderly population” OR “Aging” OR “ageing” OR 
“older adults” OR “senior” OR “seniors” OR “geriatric” OR “geriatrics” AND “Desnutrição” OR “Malnutrition” OR 
“nutritional deficiency” OR “nutritional deficiencies” OR “undernutrition” OR “malnourishment” OR “weight loss” 
OR “management of malnutrition” OR “Subalimentação” OR “Subnutrição” AND “Mastigação” OR “Mastication” 
OR “chewing” OR “chewing ability” OR “chewing performance” OR “masticatory ability” OR “masticatory function”

Open Gray “older adults” AND “Malnutrition”

ProQuest

noft((“aged” OR “elderly” OR “elderly people” OR “elderly population” OR “elderlies” OR “elderly’s” OR “elderlys” 
OR “aging” OR “ageing” OR “senescence” OR “older adults” OR “older adult” OR “older people” OR “senior” OR 
“seniors” OR “geriatric” OR “geriatrics”)) AND noft((“myofunctional therapy” OR “myofunctional therapies” OR 
“orofacial myotherapy” OR “oral myotherapy” OR “orofacial myology” OR “oral exercise” OR “promotion program” 
OR “long-term care prevention programs” OR “resistance training” OR “strength training” OR “exercise program” 
OR “exercise therapy” OR “remedial exercise”)) AND noft((“Stomatognathic System” OR “Masticatory System” OR 
“mastication” OR “Chewing” OR “Deglutition” OR “Deglutitions” OR “Swallowing” OR “Swallowings” OR “Speech” 
OR “Respiration” OR “Breathing”))
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bias. Disagreements were solved by consensus with the third 
reviewer (KVMT). The level of evidence was classified as high, 
moderate, low, or very low.

Statistical analysis

The number of events and the sample size were collected 
from each study to calculate the measure of association. For the 
cross-sectional studies included, the odds ratio (OR) was 
calculated with 95% confidence intervals (CI).

The odds ratio estimates were calculated with the Mantel-
Haenszel method to assess the association between malnutrition 
and mastication difficulties(17). Considering the observational study 
design and the possible methodological or clinical heterogeneity 
causing a degree of variance in the measures of interest, the 
combined estimates were obtained with the random effects models. 
The heterogeneity between the studies grouped in the analysis 
was evaluated with the Higgins I2 statistics(18). The forest plot was 
generated with the Review Manager 5.4® software (RevMan 5.4, 
Copenhagen, Denmark), and the significance level was set at 5%.

If possible (n > 10), publication bias would be assessed with 
funnel plots. However, as this assessment was unfeasible, a 
broad search strategy was carried out in databases and the grey 
literature, besides consulting an expert for unpublished articles, 
in order to reduce the risk of publication bias.

RESULTS

Selection of studies

The search strategy found 1,044 studies in six databases and 
the grey literature. After removing the duplicates, 804 studies 

remained for analyzed. Based on the title and abstract reading (stage 
1), 750 articles were removed in the first search. The remaining 
ones were assessed for eligibility by full-text reading (stage 
2), in which 51 were removed (Appendix A). No studies were 
added to the reference list after consultation with an expert and 
updating the search. Hence, three studies were included in the 
quantitative and qualitative analysis (Figure 1).

Characteristics of the studies

Regarding age, one study considered older adults those 
60 years or older(11), following the World Health Organization 
(WHO) guidelines for developing countries. Two other studies 
considered those 65 years or older(12,13). The samples consisted 
of 294 (57.8%) women and 215 (42.2%) men in one survey,(12) 
1,591 (50.7%) men and 1,543 (49.2%) women in another(13), and 
363 (36.1%) men and 640 (63.8%) women in the other study(11).

All three studies are cross-sectional. Regarding the country, 
two studies were carried out in Japan(12,13) and the other one was 
carried out in India. The samples ranged from 980(11) to 3,141(13). 
The study characteristics are described in Table 1.

Risk of study bias

One study(13) was assessed with a high risk of bias, one 
study(11) with a moderate risk, and the other one(12) with a low risk. 
The results of the risk of bias are described in Figure 2 and Chart 2.

Results of individual studies

Gupta  et  al.(11) evaluated malnutrition and mastication 
in older adults living in 30 communities by assessing their 

Figure 1. Flow diagram of the literature search and selection criteria9
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Table 1. Summary of the characteristics of the studies included (n=3)

Author, year, and 
country

Sample size and 
sex

Mean ages
Nutritional 

assessment
Mastication 
assessment

Result of the 
relationship 

between 
mastication and 

nutrition

Lacking/not 
lacking teeth

Gupta et al.(11), 
2019, India

n=1,003*; 363 
men; 640 women;

69.5 years (men); 
67.8 years 
(women)

Mini Nutritional 
Assessment, 24-
hour dietary recall 

(n = 248), and 
body mass index 

(BMI)

Oral examination Malnourished 
with mastication 
problems: 26.4% 

(88)

Malnourished, 
completely 
toothless = 
13 (24.5). 

Malnourished, with 
teeth = 127 (13.7)

No mastication 
problem: 8% (52)

At risk of 
malnutrition, 
completely 

toothless = 34 
(64.2)

At risk of 
malnutrition, with 
teeth = 587 (63.3)

Malnutrition 
prevalence (MNA < 

17) was 14.3%

Motokawa et al.(12), 
2021, Japan

n= 509 older 
adults; 294 women

301 participants 
had poor 

mastication (73.9 
years); 208 had 

good mastication 
(72.1 years)

Blood sample; 
Anthropometric 
measures; semi-

quantitative 
food frequency 
questionnaire 

(Takahashi et al., 
2001)

Chewing gum 
test (Xylitol; Lotte, 
Saitama, Japan)

301 participants 
(59.1%) had poor 
mastication, and 

208 had good 
mastication 

(40.9%)

Older adults 
with mastication 

problems and 
mean number of 
teeth: 26.3 (±4.1) 

p= <0.001

Older adults 
without 

mastication 
problems and 

mean number of 
teeth: 27.6 (±1.8) 

p= <0.001

60 participants 
(11.8%) were 
malnourished, 

while 449 (88.2%) 
had a good 

nutritional status

Masticatory ability 
and nutritional 

status (Model 1): 
95%CI: 1.205- 

1.994 p= <0.001

Masticatory ability 
and nutritional 

status (Model 2): 
95%CI: 1.004–
2.022 p= 0.027

Okamoto et al.(13), 
2019, Japan

n = 1,591 men; 
1,543 women

71 years Blood sample and 
BMI

Self-report 
questionnaire and 
maximum occlusal 

force measure 
(Dental Prescale 

System)

Able to masticate 
all food groups; 

with serum 
albumin <4.4: 260 
(20.5%) p=0.041

All five groups of 
chewable foods 

significantly 
decreased with the 

number of teeth 
(p= <0.001)Unable to 

masticate all food 
groups; with serum 
albumin <4.4: 83 
(25.8%) p= 0.041

Caption: BMI = body mass index; MNA =  Mini Nutritional Assessment; *n = 980 actually participated

Figure 2. Forest plot of the meta‐analysis of the relationship between mastication and malnutrition in community-dwelling older adults, and 
displaying risk-of-bias judgements for each study included
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oral status, body mass index, and 24-hour dietary recall and 
applying the Mini Nutritional Assessment with previously 
trained researchers. Masticatory capacity was analyzed through 
oral examinations and interviews. During the oral examination, 
subjects were requested to open their oral cavities for inspection. 
A comprehensive examination of the teeth ensued, involving 
the counting of lost teeth. Edentulous status was established 
when no teeth were present in both the upper and lower jaws. 
Palpation of the lower face was carried out to assess missing 
teeth and edentulous status, while subjects were also examined 
for the presence of any chronic oral diseases that could impact 
dental health. They found that 26.4% were malnourished 
with mastication problems, 8.0% were malnourished without 
mastication problems.

Motokawa et al.(12) examined the cognitive functions of older 
adults in urban communities to enhance their engagement in the 
research aimed at assessing serum albumin levels. In addition, 
anthropometric measurements and semi-quantitative data on 
food frequency were collected. Malnutrition was categorized 
based on the cutoff value of 4.0 g/dL in albumin analysis. 
Mastication capacity was evaluated using xylitol color-changing 
chewing gum; if it turned green within 1 minute, it indicated 
a diminished mastication capacity. The researchers identified 
that 8.8% of the participants demonstrated both malnutrition 
and mastication problems, while 2.9% were malnourished but 
did not experience mastication difficulties.

Okamoto et al.(13) verified the relationship between tooth loss, 
low masticatory capacity, and nutritional indices in community-
dwelling older adults. Objective masticatory evaluation was 
employed to measure occlusal force. In terms of nutritional 
assessment, body mass index was recorded, and blood samples 

were collected following an overnight fast to determine serum 
albumin levels. The masticatory capacity was assessed using 
the Dental Prescale System(19,20), which employs microcapsules 
embedded in a horseshoe-shaped pressure-sensitive sheet with 
layered colors. These microcapsules rupture based on occlusal 
pressure, leading to a red coloration due to chemical reactions. 
The authors found that 4.4% were malnourished with mastication 
problems and 14.9% were malnourished without mastication 
problems.

Summary of results

The results of the meta-analysis regarding the association 
indicate that the likelihood of experiencing malnutrition and 
mastication difficulties was 2.21 times higher (OR = 2.21; 
95%CI = 0.93 – 5.26; I2 = 94%) compared to individuals without 
malnutrition (Figure 2).

Reporting bias

As it was not possible to assess with a funnel plot (n˂10) 
to reduce the probability of publication bias, a wide search 
was carried out in several databases, including a non-English 
language base (LILACS), and in the grey literature.

Level of evidence

The certainty of evidence was rated very low with the 
GRADE® system. This result was due to the assessment of 
risks of bias of the included studies, unclear exclusion criteria, 
uncontrolled confounding factors, wide confidence interval, 
and high heterogeneity (Table 2).

Chart 2. Risk of bias assessed by the Joanna Briggs Institute critical appraisal tool for cross-sectional studies

Question
Answer*

Gupta et al.(11) Motokawa et al.(12) Okamoto et al.(13)

1. Were the inclusion criteria in the sample clearly defined? Y Y N

2. Were the study subjects and the scenario described in detail? Y Y U

3. Was the exposure measured in a valid and reliable way? U Y Y

4. Were objective and standard criteria used to measure the condition? N N N

5. Were confounding factors identified? N Y Y

6. Were strategies for deal with confounding factors stated? N U N

7. Were the outcomes measured in a valid and reliable way? Y Y U

8.Was appropriate statistical analysis used? Y Y Y

% yes/risk 50% 75% 37.5%

Mod Low Hight
*Y = Yes; N = No; U = Unclear

Table 2. Analysis of information quality through GRADE

Research question: To determine the relationship between mastication and malnutrition in community-dwelling older adults?

Certainty assessment Certainty

Nº of studies Study design Risk of bias Inconsistency Indirectness Imprecision
Other 

considerations
Prevalencia

3
observational 

studies
Seriousa seriousb not serious Seriousc none

⨁◯◯◯
VERY LOW

Explanations. aExclusion factors were not undefined, and confounding factors; bPresence of a source of heterogeneity even after the feasibility analysis; cWide 
confidence interval
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DISCUSSION

This systematic review aimed to gather available evidence 
regarding the relationship between malnutrition and mastication 
in community-dwelling older. The outcome of the meta-analysis 
conducted in this study revealed that individuals facing mastication 
difficulties exhibited a 2.21-fold higher likelihood of experiencing 
malnutrition. The certainty of evidence was classified as very 
low with the GRADE® system, which is explained by the 
assessment of the risk of bias of the studies (classified as high(13), 
moderate(11), and low risk(12)), uncontrolled confounding factors, 
wide confidence intervals, and high heterogeneity. The sample 
size varied widely, from 509 participants in one study(11) to 
3,134 participants in a survey(13). Due to the differences in the 
samples, measure assessments, and outcome tools, the meta-
analysis had 94% of heterogeneity. Hence, it was not possible 
to identify the reason with a sensitivity test because of the few 
studies and great methodological and clinical variability.

All the studies included in this analysis were cross-sectional 
and focused on investigating the impact of masticatory problems 
on the subjects’ nutritional status. It is important to recognize that 
the results presented by cross-sectional studies do not allow for 
the determination of cause-and-effect relationships(19). However, 
these cross-sectional analyses are commonly performed to 
determine factors that are associated with a particular health 
problem – in this case, malnutrition. All studies had some degree 
of methodological flaws and some kind of bias. A common issue 
observed among them was the omission of confounding factors an 
example is socioeconomic status. The socioeconomic background 
of individuals can markedly influence both the prevalence of 
chewing problems and nutritional status. Individuals with lower 
socioeconomic status may face obstacles in accessing proper 
dental care or nutrition, introducing potential bias into the 
observed association. Overlooking these confounding factors 
hampers a comprehensive understanding of the intricate interplay 
between chewing problems and nutritional outcomes, which can 
potentially distort the accurate assessment of how an exposure 
influences an outcome.

This is the first systematic review of the relationship between 
mastication and malnutrition in non-institutionalized older 
adults over 60 years of age. The strengths of this review include 
unrestricted literature searches, no language limitations, and 
studies independently selected by two researchers. However, 
there is still no consensus in the literature on mastication 
assessment, which can be performed in different ways. In this 
study, the masticatory assessment was performed with physical 
examinations by trained professionals(11), using color-changing 
chewing gum(12), maximum occlusal force measurement, and a 
self-reported questionnaire(13).

It is worth noting that even self-reported questionnaires are 
tools widely used in research – even though they may pose a 
memory bias, especially if they are not validated, impacting the 
result of the risk of bias. However, only one article included 
used a nutritional self-reference questionnaire, which is validated 
and widely used in research and clinical practice. Furthermore, 
a significant strength observed in the included studies was the 
consensus in nutritional assessments. These assessments were 

conducted meticulously, with careful avoidance of evaluations 
conducted shortly after a period of hospitalization. This precaution 
was taken to minimize the potential for bias.

To better understand the relationship between mastication 
and malnutrition, it is important to point out that oral disorders 
associated with reduced mastication negatively affect the 
nutritional status of older adults(3). In this review, a study(11) 
shows that completely toothless individuals with poor oral 
health status and mastication problems had significantly poor 
nutritional status and body mass index (BMI). Another study(13) 
presents the same finding, thus corroborating the findings in 
the literature(20).

Oral health is a seemingly neglected public health problem, 
in spite of its relevance. It is estimated that 3.5 billion people 
worldwide suffer the consequences of untreated oral conditions(21). 
Many changes in masticatory function are subtle but can enhance 
age-related pathological processes. As healthy diets can have 
systemic beneficial effects, oral care also plays an important 
role in maintaining and improving not only oral health but also 
general health and well-being(22).

Motokawa et al.(12) also demonstrate that in the group with low 
chewing capacity, all levels of nutrient intake were significantly 
low, except for carbohydrates, which confirms the findings in 
the literature(4). Therefore, it is demonstrated that the inability 
to properly chew and grind food tends to exclude some staple 
foods from their diets, giving priority to the consumption of 
refined carbohydrates. Dental status can also affect the choice 
and preparation of food; when they are no longer able to cut 
and chew food properly, they end up opting for easy-to-eat 
foods, which are often less nutritious. Thus, they tend to exclude 
foods that require a greater masticatory demand. According to 
the included studies(11-13), a low number of teeth is significantly 
correlated with low masticatory capacity.

Given the demographic changes that began in the 20th century, 
with increasingly older populations, it is important to ensure older 
adults not only a longer survival but also a good quality of life(1). 
There were limitations in this systematic review, such as the 
different methodologies used, wide confidence intervals, different 
diagnostic criteria and sample size, and the few studies available 
with associations between mastication and malnutrition. Hence, 
further studies should be carried out to examine the effects of 
mastication on malnutrition with better methodological quality, 
avoiding the limitations found in this review.

CONCLUSION

The values obtained in the meta-analysis showed that 
individuals at risk of malnutrition are 2.21 times as likely to have 
mastication difficulties. The results indicate that malnutrition 
is associated with mastication difficulties. However, given the 
level of certainty, the results should be cautiously evaluated, 
and studies with better methodological quality are suggested.
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APPENDIX A. EXCLUDED ARTICLES AND REASONS FOR EXCLUSION (N = 51)

Author Reason for exclusion*

Alia et al.(1) 3

Aquilanti et al.(2) 2

Baumgartner et al.(3) 4

Braud et al.(4) 4

Borges et al.(5) 4

Brodeur et al.(6) 2

Chatindiara et al.(7) 1

Cousson et al.(8) 1

Harel et al.(9) 3

Hutton et al.(10) 5

Iwasaki et al.(11) 5

Khandelwal et al.(12) 6

Khandelwal et al.(13) 1

Kiesswette et al.(14) 6

Kim et al.(15) 1

Kim et al.(16) 1

Kiss et al.(17) 1

Kolb et al.(18) 6

Krishna et al.(19) 1

Kwon et al.(20) 2

Majumder et al.(21) 1

Mann et al.(22) 2

Manzon et al.(23) 1

Matsuo et al.(24) 7

Mbodj et al.(25) 4

Morais et al.(26) 1

Musacchio et al.(27) 5

Oliveira et al.(28) 7

Oliveira et al.(29) 1

Osta et al.(30) 3

Osta et al.(31) 2

Özsürekci et al.(32) 7

Özsürekci et al.(33) 3

Palmer et al.(34) 1

Putri et al.(35) 3

Riesen et al.(36) 6

Saksono et al.(37) 1

Saletti et al.(38) 1

Samnieng et al.(39) 5

Samnieng et al.(40) 5

Semba et al.(41) 5

Soini et al.(42) 1

Stajkovic et al.(43) 6

Tani et al.(44) 5

Treesattayakul et al.(45) 4

Volkert et al.(46) 7

Volkert et al.(47) 7

Woo et al.(48) 1

Yuniendra et al.(49) 3

Wallace et al.(50) 4

Ziylan et al.(51) 1
*1. Studies that did not assess mastication; 2. Studies that did not assess malnutrition; 3. Studies in institutionalized or hospitalized older adults, or conducted 
in community health centers or primary health care; 4. Studies in children, adolescents, and adults up to 60 years old; 5. Studies in which it was not possible to 
establish a relationship between mastication and malnutrition; 6. Reviews, letters, books, congress abstracts, case reports, case series, opinion articles, technical 
articles, and guidelines; 7. Studies unavailable for full-text reading.
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