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1. Introduction

The proportion of older adults relative to other age groups has 
continued to grow worldwide, especially in developing countries [1]. 
This population is at risk of nutritional disorders associated with a  
reduction in muscle mass and loss of metabolically active compo-
nents that results in loss of function and worsening health outcomes 
[2]. Current data suggests there are approximately 3 million malnour-
ished adults in the U.S. alone [3]. Malnutrition can be caused by a va-
riety of factors including difficulty eating, reduced mobility, psycho-
logical stress, loss of partner, illiteracy, poverty, and poor access to 
healthcare, dental care and/or social services [4]. Poor general health 
and poor oral health are interrelated, especially among older people, 
primarily because of common disease risk factors, with malnutrition 
being a significant contributor [5].

Adequate oral health can be defined as: A standard of health of 

the oral and related tissues that enables an individual to eat, speak 
and socialize without active disease, discomfort or embarrassment 
and contributes to general well-being [6]. Elders may suffer a wide 
range of oral health problems, including but not limited to poor 
oral hygiene, periodontal diseases, caries, and poorly fitting pros-
thesis [7]. Tooth loss over the years can lead to complete edentu-
lism in older adults, resulting in variable degrees of oral disability or 
incapacitation [8]. As a result, a reduction in appetite may occur as 
a consequence of loss of pleasure in eating, which is considered a 
risk factor for malnutrition [7-9]. People with impaired mastication 
may cope by either adapting their food choices or swallowing coarse 
particles that make for a digestive problem [9]. The first type of be-
havior can induce imbalance in dietary intake, and the second result 
in decreased bioavailability of nutrients and gastrointestinal distur-
bances. In both situations, the impaired dietary or nutrient intake can 
increase nutrition-induced disease [9].

The Mini Nutritional Assessment (MNA) is the most widely used 
tool for nutritional screening and assessment due to its ease of use in 
any care setting [2]. The MNA was developed and validated for use in 
older adults and incorporates anthropometric assessment, function-
ality, cognition/depression, dietary assessment and self-perception 
of health and nutritional status. MNA has been validated in many 
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care settings (independent living, long-term care and acute care). It 
is a simple, well-validated tool that can be easily administered in 10 
to 15 minutes by health professionals (physicians, dietitians, nurses, 
research assistants) [10], but has been found to be challenging for 
patients with cognitive impairment and at times inefficient in acute 
care settings [2]. The MNA in its short form (MNA-SF), can be admin-
istered in 4-5 minutes while retaining the accuracy of the original 
form [2,10-11]. Hence only studies utilizing the MNA or MNA-SF were 
included in this systematic review.

A recent study of older adults at risk of malnutrition from three 
emergency rooms found that patients who reported moderately de-
clining oral health had a 14% malnutrition rate, while those reporting 
poor oral health had a 20% malnutrition rate, a statistically signifi-
cant difference (p≤0.05) [3]. The objective of this systematic review 
and meta-analyses was to determine how poor oral health affects 
the nutritional status of older adults in order to guide prevention and 
treatment strategies.

2. Materials and methods

2.1. Design and PICO question

This systematic review followed the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) [12]. The PICO 
(Patient, Intervention, Comparison, Outcomes) question was as fol-
lows:

• Population: Adults aged ≥ 65 years old.
• Variables of interest: Oral health outcomes.
• Comparison: None.
• Outcomes: MNA or MNA-SF.

2.2. Inclusion and exclusion criteria

Studies were limited to cohorts and cross-sectional studies re-
porting the association of oral health and nutritional status. Studies 
including adults <65 years old were excluded as were those not re-
porting MNA or MNA-SF. Relevant citations were collected for litera-
ture reviews, systematic reviews and clinical guidelines. Editorials/
commentaries, case series and pilot studies were excluded as were 
articles unavailable in English.

2.3. Search methods for identification of studies

Four electronic databases were searched (Medline via PubMed, 
Web of Science, the Cochrane Library and EMBASE) with search strat-
egies described on Supplement Table 1. The bibliography sections 
of all literature reviews, systematic reviews and included studies 
were scanned for relevant studies.

2.4. Data collection

Three review authors (S.H., R.F.K. and S.D.) scanned the title and 
abstracts of articles resulting from the search strategy and data were 
extracted, independently by the same three review authors using a 
previously prepared data extraction form that included the charac-
teristics of research subjects, interventions, control groups and out-
comes. When a clear decision could not be made based on title and 
abstract only, full text articles were retrieved. Disagreements on in-
clusion/exclusion were resolved by a fourth author (R.E.). If the study 
was rejected, the reason for exclusion was recorded. A summary of 

the included cohort and cross-sectional studies is presented in Table 
1.

2.5. Assessment of risk of bias in included studies

The included studies were assessed for risk of bias by the Check-
list by Agency for Healthcare Research and Quality (AHRQ) scale for 
cross-sectional studies [13] by three authors (S.H., R.F.K. and S.D.), 
Supplement Table 2.

2.6. Statistical analyses
2.6.1. Meta-analyses

Oral health variables and nutritional status’ outcomes were ex-
tracted from the included studies by one author and reviewed by a 
second author. Studies reporting the number of patients presenting 
with or without a certain oral health variable (i.e. edentulous) and 
their nutritional status (based on MNA or MNA-SF) as well-nourished 
(normal), at-risk of malnutrition or malnourished were pooled into a 
paired meta-analysis. The analyses included only the available data 
(ignoring missing data). Due to clinical heterogeneity of the partici-
pants (hospitalized, community-dwelling), the oral health collection 
methods (questionnaires/interviews/clinical examination) and the 
study design (cohort versus cross-sectional), the random-effects 
model was reported for all meta-analyses when studies were as-
sumed to be identical [14]. One review author (R.E.) calculated esti-
mates of effect as risk ratios with 95% confidence intervals (CI) for the 
number of patients presenting with or without an oral health vari-
able (i.e. edentulous versus non-edentulous). For number of teeth 
present (continuous variable), estimates of effect were differences in 
means with 95% CI. Statistical analyses were conducted with Com-
prehensive Meta-analysis software version 3 (Biostat, Englewood, NJ, 
USA) by one of the authors.

2.6.2. Quantitative analyses of included studies

Studies demonstrating a statistically significant association 
(p≤0.05) between an oral health variable (i.e. number of teeth, use 
of dental prosthesis, use of fixed versus removable prosthesis, eden-
tulism) and MNA/MNA-SF categorized as malnourished/at risk versus 
well-nourished or malnourished versus well-nourished are found 
in Table 2 (the unadjusted bivariate associations) and Table 3 (the 
adjusted associations). The statistical tests used to report a bivari-
ate association between the oral health variable and MNA/MNA-SF 
included: Pearson’s or Spearman’s correlations, Chi-square tests and 
bivariate odds-ratios for dichotomous variables (yes/no), logistic or 
linear regression analyses and independent t-tests or Mann-Whitney 
U-test for continuous variables (i.e. number of teeth). Adjusted anal-
yses for socio-demographic indicators as well as other health vari-
ables were reported in Table 3.

2.7. Levels of evidence and summary of the review findings

Quality of evidence assessment and summary of the review find-
ings were conducted with the software GRADE profiler© (Grader©), 
following the Cochrane Collaboration and GRADE Working Group 
recommendations [15,16], Supplement Table 4. In this systematic 
review the sample size of the meta-analysis was considered as insuf-
ficient (small sample size) if less than 400 participants were included 
in the meta-analysis [17], downgrading the quality of the evidence.
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Table 1. Frequency of used luting agent.

Reference, Country, Total 
Sample size, Study design

Population; Setting and Living conditions Inclusion criteria Average Age (mean ± 
SD) and range;Gender

Boulos et al. [26]
Lebanon,
N=1200
Cross-sectional

Randomly selected community dwelling rural elderly; Interviewed at 
home.

≥65 years old 75.7 ± 7.1582M/595F

Burks et al. [3]
USA, 
N= 252
Cross-sectional

Community-dwelling as well as Assisted Living elderly, admitted to 
emergency department.

≥65 years old,
Non-critically ill,
English-speaking

65-74: n=136
≥75: n=116

124M/128F

Chen et al. [27]
Taiwan,
N=114 
Cohort

Patients hospitalized at cardiac and orthopedic units of a tertiary 
medical center.

Majority of them lived with others (86%)

 ≥65 years old 65-90 yrs
75.2 ± 6.3

50M/64F

Chen et al. [28]
Taiwan,
N=306
Cohort 

Randomly selected hospitalized elderly from five medical and surgical 
units of a tertiary medical center.

≥65 years old 65-89 yrs
71.75± 5.62
143M/163F

Dewake et al. [29]
Japan,
N=53
Cross-sectional 

Community-dwelling elders attending an adult daycare center. ≥65 years old 
Absence of depression or mental 
disorder

80.4 ± 6.5
17M/36F

Forcano-Sanjuan et al. [18]
Valencia, Spain
N=791
Cross-sectional

Older persons at high risk for hospital readmission.
Patients were identified either during discharge process at university 
hospital or were community-dwelling, identified by a computerized 
system using a specified set of criteria.

≥65 years old
a) Less tan 3 chronic diseases
b) absence of > one unplanned Emer-
gency Department visit or hospital 
admission in the past 12 months.

Mean 79.8 yrs
395M/396F

Feldblum et al. [30]
Israel,
N=259
Cross-sectional

Hospitalized community-dwelling elderly at Internal medicine units
Living Alone: 36.7%
Living with others: 63.3%

≥65 years old
subjects identified as being at nutri-
tional risk 

75.2 ±5.8 

113M/146F

Gil-Montoya et al. [31]
Spain,
N=2860
Cross-sectional

Community dwelling or institutionalized elderly at geriatric nursing 
homes, as a part of Spanish National Oral Health Survey of elderly 
people.

≥65 years old 73.6±6.8

1193M/1667F

Gil-Montoya et al. [32]
Spain,
N=250
Cross-sectional

Institutionalized elderly
Four private geriatric centers (nursing homes).

≥65 years old
residence for >1 year
with or without teeth

82.7 ± 8.2

88 M/162 F

Holst et al. [33]
Denmark and Sweden,
N=233
Cross-sectional

Community dwelling patients hospitalized at three departments of 
university hospitals.

≥65 years old,
admitted for ≥24 hours.

81 ± 7.64
81M/152F

Iizaka et al. [34]
Japan,
N=130
Cross-sectional

Community dwelling elders, participating at a public recurrent school 
for healthy elderly.

≥65 years old 73.6 ± 6.8

54M/76F

Jürschik et al. [35]
Spain,
N=398
Cross-sectional

Institutionalized older adults selected from multiple institutions 
(health centers, acute hospitals, social centers, and nursing homes) 
with different levels of care in the same city.

≥65 years old 72.0 ± 7.0 for men and
77.7 ± 7.5 for women

Kikutani et al. [36]
Japan,
N=716
Cross-sectional

Community dwelling, frail, elderly from 8 community centers in Tokyo, 
Japan (receiving public long-term care insurance Services).

≥65 years old 83.2 ± 8.6
240M/476F

Kucuk  & Kapucu [37]
Turkey,
N=308
Cross-sectional

Institutionalized elderly individuals
Public care institution or private nursing home.

≥65 years old 78.70±7.87
129M/179F

Lamy et al. [38]
Belgium,
N=120
Cross-sectional 

Nursing home, assisted living residents receiving long-term care insur-
ance services.

Nursing homes in Liège area (Belgium),

≥65 years old 81 ± 8
28M/91F

Lindmark et al. [19]
Sweden,
N=1,156
Retrospective cross- 
sectional study

Data from the Swedish quality register, Senior Alert, were used.
Older adults from all setting/living conditions included.
Nursing home (56.6%), Hospital (25.7%).

≥65 years old
Those who have had an assessment 
relating to both their oral health status 
and their nutritional status using Re-
vised Oral Assessment Guide—(ROAG-
J) and Mini Nutritional Assessment—
Short Form (MNA-SF), respectively.

82.8 ±7.9

443M/713F
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Table 1. (continued)

Lopez-Jornet et al. [8]
Spain,
N=465
Cross-sectional

Non-institutionalized, Community based individuals; individuals 
under institutionalized  living conditions

≥65 years old 75.7 ± 7.8
213 M/252F

Mudge et al. [39]
Australia,
N=134
Cohort study

Community-dwelling, elderly, hospitalized in general medical wards 
of a large, teaching hospital. Medical wards of the Royal Brisbane and 
Women’s Hospital, Australia.

≥65 years old
hospital stay > 2 days,
consecutive patients, admitted from 
the emergency dept. to the study wards

Mean: 80 yrs
66M/68F

Nykänen et al. [40] Finland,
N=696
Cross-sectional

Randomly selected, community-dwelling subjects in the city of 
Kuopio.

≥75 years old assessed for nutrition 
and frailty 

81 ± 4.6
213M/483F

Poisson et al. [41]
France,
N=159
Cross-sectional

Hospitalized elderly from both- community and nursing homes
Acute care unit of department of Gerontology at a hospital, community-
dwelling or in nursing homes

≥65 years old 85.28 ± 5.68
51M/108F

Saarela et al. [42]
Finland,
N=1475
Cross-sectional

A large and representative national survey in in the cities of Helsinki 
and Espoo, Finland.
Assisted living facilities
Living at home or in nursing homes

≥65 years old Mean: 83 yrs
310M/1165F

Saarela et al. [43]
Finland,
N=2188
Cross-sectional

Service housing residents at assisted living facility, those living at own 
home or in nursing homes.

≥65 years old Mean: 83 yrs
459M/1729F

Saarela et al. [44]
Finland,
N=343
Cross-sectional

Older people in wards of assisted living facilities in Helsinki.
Serviced housing with round the clock-physician, nursing care.

≥65 years old Mean: 83 yrs
62M/281F

Saarela et al. [22]
Finland,
N=240
Cross-sectional

All long-term care residents (Nursing homes and assisted living facili-
ties) in Helsinki, Finland.

≥65 years old Mean: 83.9 yrs
1776F/624M

Shiraishi et al. [45]
Japan,
N=108
Retrospective Cohort study

Community dwelling, hospitalized elders, admitted to convalescent 
wards
Rehabilitation Hospital in Japan.

≥65 years old 80.5 ± 6.8
55M/53F

Soini et al. [46]
Finland,
N=3088
Cross-sectional

Private and public nursing home (NH) residents (84%), and residents of 
long-term care (LT) wards (73%), Helsinki city hospitals.

≥65 years old Mean age:
83 yrs in NH, 81 yrs 
in LT.
387M/1649F in NH
263M/789F in LT

Solemdal et al. [47]
Norway,
N=138
Cross-sectional

Community dwelling elderly, hospitalized for acute medical problems 
at Oslo University Hospital.

age >70 years old home-living, 
adequate cognition to understand 
and give written informed consent for 
procedures.

70-101 yrs
83.2 ± 5.9 

39M/99F

Stoffel et al. [20]
Brazil,
N=287
Cross-sectional

Older individuals, 65 to 74y of age, residing in households in the 
districts or neighborhoods.
Examinations and interviews were conducted in residential homes 
between July and August 2016.

65 to 74 years old individuals with 
physical, medical, and mental condi-
tions that allowed conducting the 
study and understanding examina-
tions and interviews performed.

65-74 yrs
69.30±3.52
102M/185F

Subira et al. [48] Spain,
N=3459
Cross-sectional

Institutionalized and non-institutionalized elders, randomly selected 
from primary care clinics and institutions.

≥65 years old 65-98 yrs
73.2 ± 6.4
433M/1996F

Syrjala et al. [49]
Finland,
N=157
Cross sectional

Community-dwelling individuals, randomly sampled for Geriatric 
Multidisciplinary Strategy for Good Care of the Elderly (GeMS) study
Home setting

>75 years old dentate subjects, provid-
ing MNA information and samples of 
both stimulated & unstimulated saliva.

>75 yrs

47M/157F

Tsai et al. [50] Taiwan,
N=2766
Cohort study

Population-based study, based on records of the national household 
registration.
Face-to-face interviews conducted at home

All Taiwanese, ≥65 years old, by the 
end of 1999

≥65 yrs

1527M/1239F

Wakabayashi et al. [21]
Japan,
N=354
Cross-sectional

Individuals aged ≥ 65 years in need of long-term care
Setting: Long-term health care facilities, acute care hospitals, and the 
community-dwelling aged who were receiving home medical care.

≥ 65 years old with
dysphagia or potential dysphagia 
in need of long-term care (possible 
dementia or cognitive impairment).

83± 8
118M/236F

Wu et al. [51] Hong Kong,
N=195
Cross-sectional 

Community-dwelling elders, living at private housing estates, or with 
their families. Evaluated at five NGO run community centers.

Non-institutionalized, ≥65 years old, 
Communicating in Cantonese/ 
Mandarin/English 

65-94 yrs
75.3±6.7
63M/32 F

Abbreviations: N: total number of patients; SD: Standard deviation; F: female; M: male; yrs; years; NH: Nursing Home; LT: Long-term care.
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Table 2. Association between oral health related characteristics and malnutrition based on MNA or MNA-SF. Bivariate analyses - unadjusted model.

ORAL HEALTH OUTCOMES
SIGNIFICANT ASSOCIATION#

WITH MALNUTRITION
(p≤0.05)

NO SIGNIFICANT ASSOCIATION&

(p>0.05)

Number of teeth present Fewer teeth were associated with malnutrition

Dewake et al. [29] (p=0.047),
Subira et al. [48] (p<0.001),
Wu et al. [51] (p=0.006)

Gil Montoya et al. [32]
Lopez Jornet et al. [8]
Solemdal et al. [47]
Lindmark et al. [19]
Syrjala et al. [49] 

Number of teeth lost N/A Stoffel et al. [20]

EDENTULISM AND USE OF PROSTHESIS

Edentulous (partially or totally) vs. dentate Edentulism is associated with malnutrition

Gil-Montoya et al. [31] (p<0.001),
Boulos et al. [26] (p<0.001)

Lopez Jornet et al. [8]
Stoffel et al. [20]

Edentulous with 0 or 1 complete dentures (CD) vs.
edentulous with 2 CD vs. dentate

Edentulous patients wearing none or only 1 complete denture 
associated with malnutrition vs. edentulous wearing 2 CD vs. 
dentate

Lamy et al. [38] (p<0.05),
Saarela et al. [43] (p=0.014),
Saarela et al. [44] (p=0.005),
Stoffel et al. [20] (p=0.046)

N/A

Use of dental prosthesis
(partial/complete dentures vs. natural dentition)

Boulos et al. [26] (p<0.001) Dewake et al. [29]
Forcano-Sanjuan et al. [18]
Iizaka et al. [34]
Lindmark et al. [19]

Type of dental prosthesis
(removable or none vs. fixed)

Use of removable dentures or non-denture wearers were at 
greater risk of malnutrition than people using fixed-dentures:

Tsai et al. [50] (p=0.019),
Saarela et al. [43] (p=0.014)

N/A

Use of removable dentures N/A Syrjala et al. [49]

Has dental implants N/A Lindmark et al. [19]

OCCLUSION

Number of Occluding Pairs (anterior+posterior or 
posterior only)

Lower number of occluding tooth pairs associated with 
malnutrition

Gil-Montoya et al. [32] (p=0.019 posterior),
Wu et al. [51] (p=0.003, anterior & posterior)

Poisson et al. [41] (posterior only),
Solemdal et al. [47] (posterior),
Syrjala et al. [49] (posterior)

Non-functional occlusal support vs. functional Non-functional occlusal support significantly associated with 
malnutrition

Wakabayashi et al. [21] (p=0.004),
Kikutani et al. [36] (p<0.05)

N/A

ORAL HEALTH INDEXES

GOHAI (Geriatric oral health assessment index):
Patients with good (57-60), moderate (51-56), or 
poor (≤50) oral health

Poor/moderate oral health (lower GOHAI<57) associated with 
malnutrition 

Chen et al. [28] (p<0.0001),
Burks et al. [3] (p<0.05),
Gil-Montoya et al. [31] (p<0.001),
Wu et al. [51] (p=0.007)

Chen et al. [27]

OHIP-14 (Scale 0-56, with higher scores indicating 
poor oral health)

Higher OHIP-14 associated with malnutrition
Gil-Montoya et al. [32] (p=0.015)

N/A

DFT (decayed, filled teeth) Higher DFT associated with malnutrition
Wu et al. [51] (p= 0.011)

N/A

ROAG (Revised oral assessment guide) 8 normal; 
9-12 slight/moderate oral problems; 13-24 severe 
oral problems)
or ROAG-J (1: healthy; 2: must be treated by nursing 
staff; 3: contact the dentist)

Higher ROAG index or ROAG-J associated with malnutrition

Shiraishi et al. [45] (p<0.001),
Lindmark et al. [19] (p < .001)

N/A

Dental plaque/Mucosal plaque score/ Deep pocket 
(≥ 6mm)

N/A Poisson et al. [41]
Wu et al. [51]
Solemdal et al. [47]
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3. Results

3.1. Results of the search

The initial electronic database search strategy yielded 874 un-
duplicated references and the hand search strategy yielded 45 addi-
tional distinct references. All 919 references were assessed indepen-
dently by three review authors, and based on the abstracts and titles 
these were reduced to 191 references that were searched for full-text 
and analyzed for inclusion independently by the same review au-
thors; 28 manuscripts were relevant for inclusion. An update of the 
search in February 5th, 2019 resulted in four more relevant included 
studies [18-21] and one systematic review [7]. The additional system-
atic review was also reviewed for relevant citations. These additional 
4 papers were included in the systematic review and meta-analyses. 
A second update on June 16th, 2020 resulted in four more studies 
being found [22-25].  Three of these were excluded as reporting on 
patients younger than 65 years old with one cross-sectional study 
included [22] in this systematic review. Main reasons for exclusion are 
detailed in the PRISMA flowchart (Fig. 1). Table 1 shows a list of all 

included studies.

3.2. Included studies
3.2.1. Study design.

A total of 33 studies were included in this systematic review 
[3,8,18-22,26-51]. Twenty eight studies were cross-sectional studies 
[3,8,18-22,26,29-38,40-44,46-49,51], and five studies were of cohort 
design [27-28,39,45,50] (Table 1).

3.2.2. Population

Total number of participants included in this systematic review 
was 27,559 with the largest sample size being 3,459 subjects [48] and 
the smallest one being 53 subjects [29]. All of the studies included pa-
tients 65 years or older from both genders with reported ages ranging 
from 65 to 101 years. Participants in 17 of the studies were solely com-
munity dwelling older adults, interviewed at home or in emergency 
rooms or hospital wards [18,20,26-30,33-34,36,39-40,45,47,49-51]. 
Seven studies included only institutionalized older adults, living in 

Table 2. (continued)

ORAL HEALTH CONDITIONS

Self-assessed chewing problems/difficulty chewing Chewing problems significantly associated with malnutrition

Feldblum et al. [30] (p= 0.005),
Holst et al. [33] (p≤0.005),
Jürschik et al. [35] (p<0.001),
Soini et al. [46] (p≤ 0.001,)
Boulos et al. [26] (p=0.008)

Syrjala et al. [49]

Dry mouth/chewing problems Significantly associated with malnutrition
Nykanen et al. [40] (p<0.001)

N/A

Low salivary flow/Xerostomia Significantly associated with malnutrition

Soini et al. [46] (p ≤ 0.001)

Poisson et al. [41]
Syrjala et al. [49]

Taste disturbance Significantly associated with malnutrition

Holst et al. [33] (p<0.005)

N/A

Oral fungal infection/candidiasis Significantly associated with malnutrition
Holst et al. [33] (p<0.005),
Poisson et al. [41] (p<0.01)

N/A

Patients reporting oral health problems/mouth 
injuries and/or pain in mouth

Significantly associated with malnutrition

Jürschik et al. [35] (p=0.04),
Kucuk & Kapucu [37] (p=0.032),
Soini et al. [46] (p ≤ 0.001)

N/A

Number of dental and oral problems (bad condition 
of teeth,
problems swallowing, problems chewing and dry 
mouth)

Significantly associated with malnutrition

Saarela et al. [22] (p<0.001)

Iizaka et al. [34]

ACCESS AND ORAL HYGIENE

Access to the dentist over 12 months Patients with no access to the dentist over the past 12 months 
at higher risk of malnutrition

Stoffel et al. [20] (p=0.003)

N/A

Participants who had no daily cleaning of teeth and/
or dentures

No daily cleaning was significantly associated with malnutrition

Jürschik et al. [35] (p=0.001),
Saarela et al. [42] (p<0.01)

N/A

# A statistically significant association between the oral health variable and MNA/MNA-SF was defined as: a Chi-square test or Fischer exact test for categori-
cal variables with a p-value ≤ 0.05, a Pearson’s or Spearman’s correlation test with a p-value ≤ 0.05, a t-test or Mann-Whitney U-test for continuous variables 
with a p-value ≤ 0.05, a bivariate linear regression analysis with a p-value ≤ 0.05, or an Odds Ratio with a 95% Confidence Interval not including 1.0.

& A non-significant association was defined as a Chi-square test, correlation test, t-test, Mann-Whitney U-test or linear regression analysis with a p-value > 
0.05 or an Odds Ratio with a 95% Confidence Interval including 1.0.
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nursing homes or assisted living facilities [21-22,32,35,37-38,44,46]. 
Nine studies included both living conditions, community-dwelling 
and long-term care [3,8,19,21,31,41-43,48].

3.2.3. Nutritional status

The MNA includes 18 items (range of scores, 0-30) consisting of 
four domains: anthropometric, general, dietary and subjective as-
sessment. An MNA score ≥24 indicates well-nourished, 17-23.5 sug-
gests at-risk for malnutrition and a MNA<17 indicates malnourish-
ment [2]. The total score in MNA-SF version is 14 points, where 12-14 
points indicate no risk or well nourished, 8-11 points, a risk of malnu-
trition and 7 or fewer points, malnutrition [19]. Twenty studies used 
complete Mini Nutritional Assessment (MNA) and 13 studies used its 
short form (MNA-SF) [3,18-19,21,29-30,36,40-41,45,47,49-50].

3.2.4. Oral health outcomes

Oral health variables reported in Tables 2 and 3 are classified 
into dental status (number of teeth present/absent), edentulism 
(number of edentulous patients with/without complete dentures), 
use of prosthesis (use of dental prosthesis, removable vs. fixed pros-

Table 3. Multiple logistic regression analyses using nutritional status based on MNA/MNA-SF (well-nourished vs. malnourished/at risk) as a dependent vari-
able. Total GOHAI, autonomy for oral care, access to the dentist and edentulism combined with 0 or 1 prosthesis were found to be statistically significant for 
malnutrition after adjustment for socio-demographic factors.

ORAL HEALTH OUTCOMES ADJUSTED ANALYSIS WITH SIGNIFICANT ASSOCIATION
WITH MALNUTRITION (p<0.05)

ADJUSTED ANALYSIS 
WITH NO SIGNIFICANT 
ASSOCIATION (p>0.05)

Number of remaining teeth N/A Wu et al. [51] 

Edentulous (partially or totally) vs. dentate N/A Boulos et al. [26]

Number of Occluding Pairs (posterior or anterior+posterior) N/A Wu et al. [51]
Poisson et al. [41] 

ORAL HEALTH INDEX

DFT (decayed, filled teeth) N/A Wu et al. [51]

Shallow pocket (4-5mm) N/A Wu et al. [51]

Deep pocket (≥6mm) N/A Wu et al.  [51]  

Total GOHAI (Geriatric oral health assessment index); Scale 
12-60 with higher scores denoting better oral health

Patients with poor/moderate oral health (lower total GOHAI) at 
higher risk of malnutrition:
Wu et al. [51]  (p= 0.014a; p=0.017b)

N/A

ORAL HEALTH CONDITIONS

Salivary hypofunction N/A Poisson et al. [41]

Oral fungal infection/candidiasis N/A Poisson et al. [41]

Number of patients reporting oral health problems / mouth 
injuries and/or pain in mouth

N/A Boulos et al. [26]

ORAL CARE AND ACCESS

Autonomy for oral care Patients with no autonomy for oral care were at higher risk of 
malnutrition: 
Poisson et al. [41] (p=0.004 c)

N/A

Access to the dentist over 12 months Patients with no access to the dentist over the past 12 months had 
48% higher prevalence ratio of malnutrition:
Stoffel et al. [20] (p=0.006d) 

N/A

Use of prosthesis by edentulous people Edentulous individuals with either no dentures or only one denture 
had 59% higher prevalence ratio of nutritional risk:
Stoffel et al. [20] (p=0.002d)

a Wu et al. [51] provided data adjusted for age, systemic disease, gender, education, housing, occupation, periodontal status, total GOHAI score and number 
of remaining teeth.

b Wu et al. [51] provided data adjusted for age, systemic disease, gender, education, housing, occupation, periodontal status, total GOHAI score and number 
of occluding tooth pairs.

c Poisson et al. [41] adjusted for age, gender, dysphagia, salivary hypofunction, candidiasis, posterior occluding pairs (POPs) < 7, self-feeding autonomy.
d Stoffel et al. [20] provided a multivariate model adjusted for level of education, marital status, mean age, mean tooth loss, number of comorbidities, num-

ber of medicines used per day.

Fig. 1. PRISMA flow diagram.
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thesis and presence of dental implants), occlusion (number of oc-
cluding pairs, functional occlusion), oral care (autonomy and daily 
cleaning), access to the dentist, oral health conditions and oral health 
indices including self-assessed chewing difficulty, swallowing diffi-
culty, low salivary flow/xerostomia, painful mouth conditions, mouth 
injuries, oral fungal infections/candida, and taste disturbances. The 
following oral health indices were reported by the authors: dental 
plaque/mucosal plaque score/presence of deep periodontal pock-
et (≥6mm), Geriatric Oral Health Assessment Index (GOHAI), DFT  
(decayed, filled teeth), Revised Oral Assessment Guide (ROAG), and 
Oral Health Impact Profile (OHIP-14).

The GOHAI is a 12-item self-reported index which assesses prob-
lems related to food ingestion [31,52]. Participant responses to each 
item are coded and the total score is used to define patients with 
good (57-60), moderate (51-56), or poor (≤50) oral health [3]. The Oral 
Health Impact Profile (OHIP-14) measures people’s perception of the 
social impact of oral disorders on their well-being. on a range from 
0 to 56 with higher scores indicating a poorer oral health-related 
quality of life [53]. The Revised Oral Assessment Guide [ROAG] [54] 
evaluates oral health by assessing the condition of the voice, lips, 
oral mucosa, tongue, gums, teeth, saliva, swallowing and any den-
tures/implants with  a total score range of 8 (without oral problems) 
to 24 (with severe oral problems). The Decayed Missing Filled Teeth 
[DMFT] or Decayed Filled Teeth [DFT] indexes have been used for 
over 65 years [55] and are the most common indexes to measure car-
ies experience in dental epidemiology.

3.2.5. Statistical analyses

Though our intention was to perform a meta-analysis for each 
oral health variable, due to the heterogeneity of the reported oral 
health variables, the lack of outcomes reported (authors often re-
ported just the p-value not the number of people at-risk/malnour-
ished versus well-nourished), meta-analyses were conducted on six 
oral health variables (number of edentulous patients, number of 
people with dental prosthesis (partial or complete), number of pa-
tients with chewing problems, mean number of teeth, number of 
people with poor/moderate oral health (GOHAI<57) and number of 
people with no daily denture and/or teeth cleaning.

3.3. Risk of bias

The cross-sectional and cohort studies included in this system-
atic review were assessed for risk of bias using the checklist outlined 
by the Agency for Healthcare Research and Quality (AHRQ) [13] (Sup-
plement Table 2). The AHRQ checklist is composed of nine criteria, 
which were applied to each included study. Review of Supplement 
Table 2 shows a “Yes” response to the “Source of information de-
scribed” by all thirty-three studies. Two of the studies did not give 
clear disclosure of the exclusion criteria [36,44] and only 60.6% of the 
studies reported the time period of data collection. A total of 20 stud-
ies were population-based and 13 were not. Out of those 13, seven 
did not specify if the enrollment of the subjects was consecutive, one 
was unclear and five studies clearly specified that the subjects were 
consecutively enrolled. Fully 42.4 % of the studies had an “Unclear” 
response for the criteria “Assessments for Quality Assurance,” mean-
ing that the authors stated “trained” without explanation, while 
12.1% had a “No” response (i.e. a single individual was assigned to 
collect data, but training of this individual was not clearly described, 
nor was there mention who or how the data was collected). More 
than a quarter of the studies (27.2%) did not describe patient exclu-

sions from analysis and 18.2% did not control confounding variables. 
The response rate for collected data was not clear for 9% of the stud-
ies, and 21.2% did not state how many patients declined to partici-
pate in the study or were excluded and why. The “Missing data in 
analysis explained” category had “No” responses for 42.8% of the 
studies reviewed. Overall, 72.7% of the studies reviewed were High 
Risk of bias, 15.1% were unclear risk of bias and only 12.1% percent 
were considered “Low Risk of Bias,” with a “Yes” for all nine criteria 
[39,45,47,49].

3.4. Results of the meta-analyses

A meta-analysis was conducted for all the oral health outcomes 
reported on at least two studies comparing the same groups (at risk/
malnourished vs. well-nourished). Of the 33 studies only six meta-
analyses could be conducted due to heterogeneity of the reporting 
of the oral health variables. Some studies reported only p-values 
but not descriptive statistics of the original outcomes. Partial or fully 
edentulous patients aged 65 or over had a 9.5% higher chance to 
be at-risk for malnutrition or malnourishment compared to dentate 
patients (RR=1.095; 95% CI 1.007 to 1.190; p=0.033; Fig. 2A). Older 
adults with a dental prosthesis (a partial or complete denture or 
fixed/removable prosthesis) had 3.7% lower chance of being at-risk/
malnourished than those without a prosthesis, however this result 
was not statistically significant (RR=0.963; 95% CI 0.862 to 1.076; 
p=0.505; Fig. 2B). Older adults with chewing problems had nearly 
twice the risk of malnutrition, with these findings being statistically 
significant (RR=1.956; 95% CI 1.097 to 3.488; p=0.023; Fig. 2C). Older 
adults with no daily teeth or denture cleaning were at 52.6 % higher 
risk of malnutrition, again statistically significant results (RR=1.526; 
95% CI=1.261 to 1.847; p<0.001; Fig. 2D). At-risk or malnourished 
individuals had on average lost 4 more teeth than those well- 
nourished, however this difference was not statistically significant 
(mean difference = - 3.858;  95% CI -7.968 to 0.252; p=0.066; Fig. 2E).

3.5. Results of the individual studies
3.5.1. Bivariate analyses.

Table 2 presents the bivariate associations of oral health and 
nutritional status (MNA or MNA-SF) with a summary of the results 
presented in Supplement Table 3.

3.5.2. Multivariate analyses

Significant multiple logistic regression analyses using nutrition-
al status (well-nourished vs. malnourished/at risk) as a dependent 
variable were reported by three studies [20,41,51] (Table 3). Four 
oral health variables showed statistical significance after adjust-
ing for socio-demographics and other oral health factors. Patients 
with poor or moderate oral health, demonstrated by a total GOHAI 
score< 57, were at higher risk of malnutrition (p=0.014/p=0.017) [51] 
adjusted for different criteria. Also, patients with no autonomy for 
oral care were at higher risk of malnutrition (p=0.004) [41]. Stoffel 
et al. [20] showed individuals with no access to the dentist over the 
past 12 months were at 48% higher prevalence ratio of malnutrition 
(p=0.006). In the same study [20],  edentulous individuals with either 
none or one denture had a 59% higher prevalence ratio of malnutri-
tion (p=0.002). There were also non statistically significant differenc-
es based on MNA/MNA-SF reported on three studies for some oral 
health outcomes (refer to Table 3 for an exhaustive list). [26,41,51].
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3.6. Summary of the evidence and quality of the findings (GRADE)

According to GRADE evidence method [15,16], low evidence qual-
ity grading indicates that ”further research is very likely to have an 
important impact on our confidence in the estimate of effect and is 
likely to change the estimate” of the effect. Very low evidence quality 
grading indicates that “we are very uncertain about the estimate” of 
the effects. The quality of the evidence in this systematic review was 
low or very low for all outcomes (Supplement Table 4) due to the 
observational study design (cross-sectional studies and cohorts), the 
unclear or high risk of bias of the included observational studies, and 
the small total sample size (<400 participants [17]) of the included 
studies based on the GRADE evidence method [15-16].

4. Discussion

4.1. Summary of main results
4.1.1. Edentulism and the use of prosthesis

Our meta-analysis showed edentulous patients (with or without 
prosthesis) were at 9.5% higher risk of malnutrition (p=0.033). Evi-
dence does suggest that edentulous persons lack specific nutrients 
that could ultimately result in increases of various health disorders 

[56]. The edentulous, when compared to dentate, frequently report 
lower intakes of fruits and vegetables due to difficulty chewing 
foods hard or fibrous in texture, putting them at risk of malnutrition 
[57]. In one study [20], edentulous with none or only one complete 
denture(s) were at higher risk for malnutrition than those dentate, af-
ter adjustment for socio-demographic factors, access to the dentist, 
number of comorbidities and daily medications. Although edentu-
lism, with subsequent increase in malnutrition is linked to a declining 
quality of life, there is hope for edentulous patients, as no statistically 
significant difference was observed for nutritional risk between den-
tate and edentulous people with two complete dentures (p>0.05) 
[38], justifying early and complete prosthetic rehabilitation after to-
tal tooth loss.

4.1.2. Use of prosthesis

The meta-analysis (Fig. 2) comparing patients with and without 
different types of prosthesis, showed that the use of prostheses was 
not significantly associated with malnutrition (p=0.505). According 
to Lindmark et al. [19], having dental implants was similarly not sig-
nificantly associated with malnutrition (p=0.416). In this review, par-
ticipants at-risk or malnourished, averaged four more teeth lost than 
those well-nourished (p=0.066); however, the World Health Organi-

Fig. 2. Meta-analyses. A. Edentulous patients with any type of prosthesis were at a 9.5% significantly higher risk for malnutrition/at-risk of malnutrition 
(p=0.033); B. Use of prosthesis was not a significant risk for malnutrition or being malnourished (p=0.505); C. Patients with chewing problems were twice at 
risk of malnutrition or malnourished (p=0.023); D. Patients with no daily teeth or denture cleaning had 52.7% more chances to be at risk of malnutrition or 
malnourished (p<0.001); E. At-risk or malnourished individuals had on average lost 4 more teeth than those well-nourished (p=0.066).
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zation considers that individuals are in need of prostheses when one 
or more teeth are missing with no replacement by a prosthesis [58].

4.1.3. Chewing and occlusion

In our meta-analyses, patients with chewing problems were at 
nearly twice the risk of malnutrition (p=0.023). In general, persons 
who have masticatory dysfunction, tend to select food to match 
their dental status, resulting in an increased consumption of soft and 
easy-to-eat foods, often resulting in unbalanced poor-quality diets 
[56,59,60].

Chewing efficiency in the dentate correlated with the number 
of posterior teeth and occlusal relationships [36], while in another 
study, the number of premolar-molar occluding pairs was a good in-
dex of masticatory function. [61]. It is not surprising, then to find a 
positive association between number of teeth, particularly pairs of 
occlusal posterior teeth, and the nutritional status of individuals [62]. 
According to Gil-Montoya et al. [32] participants with malnutrition or 
at-risk had less than eight antagonist pairs of teeth. When consid-
ering the effect of occlusal support (functional vs. non-functional) 
on both mastication and swallowing functions, and its possible im-
pact on nutritional status, Kikutani et al. [36] concluded that non- 
functional occlusal support was significantly associated to malnutri-
tion risk. When comparing older individuals with natural dentition 
and adequate function to individuals with functionally inadequate 
occlusion with no dentures, the latter group had a 3.189-fold greater 
malnutrition risk than the first group (95% CI 1.437 to 7.080) [36]. In 
comparison, older adults, partially or fully edentulous, but maintain-
ing functional occlusion with dentures in one or both jaws had a 
1.704-fold greater malnutrition risk than those with functionally ad-
equate natural dentition [36]. This study emphasizes the importance 
of early dental treatment and prosthetic rehabilitation in the elderly 
as a way to protect remaining natural dentition and occlusal function 
[36].

4.1.4. Salivary flow

Poor oral health, due to a reduction in salivary flow, candidiasis, 
and related dysphagia [41], can contribute to undernutrition. Soini 
et al. [46], found a positive significant association between salivary 
hypofunction and malnutrition (p ≤ 0.001).

4.1.5. Oral health quality of life

In Wu et al. [51], the GOHAI score appeared to be a significant 
indicator of malnutrition in older adults when adjusted for socio-
demographics and systemic disease, periodontal status, and the 
number of remaining teeth, while dental variables (i.e. dental caries, 
deep pockets, missing teeth, and number of occluding pairs) were 
not significant risk factors for malnutrition after adjustment.

4.1.6. Lack of daily oral hygiene

Meta-analyses showed that lack of daily oral hygiene (teeth or 
denture cleaning) placed older adults at 52.7% higher risk of malnu-
trition (p<0.001). In Saarela et al. [42], frail elders in assisted living, and 
males with lower education and longer institutionalization showed 
higher incidences of lack of daily oral hygiene, malnourishment and 
dependence in activities of daily living. This suggests that oral hy-
giene assistance received by these residents could be inadequate to 
compensate for loss of independent, daily oral health care. Despite 

poorer oral health these residents used fewer dental services. Fur-
ther resources and education should focus on the oral hygiene of 
frail older assisted living residents.

4.1.7. Autonomy for oral care

Dependency and weak masticatory ability have been described 
as risk factors for malnutrition [38]. Poisson et al. [41] noted that au-
tonomy for oral care (alone versus needed help) was independently 
associated with undernutrition. They also found a relationship be-
tween oral self-care dependency and dysphagia [41].

4.1.8. Access to dental care

Access barriers to oral care over 12 months was significantly as-
sociated with higher nutritional risk in the multiple logistic analysis. 
Stoffel et al. [20] argued that the lack of access might be related to 
the absence of human resources, as well as geographic, financial, and 
cultural barriers.

4.2. Agreements and disagreements with other reviews

Narrative reviews pertaining to our PICO question were assessed 
for agreement and/or disagreement with the findings of this system-
atic review. Gil-Montoya et al. [63] concluded that poor oral health is 
responsible for mastication difficulties, chronic disease destabiliza-
tion, and impairment of oral health related quality of life with direct 
effects on the individual’s general quality of life and well-being. De-
ficient mastication has also been related to tooth loss, lack of saliva, 
masticatory force, and malocclusion issues [64]. This is in agreement 
with our findings that older adults with chewing problems were at 
nearly twice the risk of malnutrition (p=0.023).

A systematic review conducted by Toniazzo et al. [7], on subjects 
>60 years of age found that individuals with or at risk of malnutri-
tion had fewer numbers of teeth present in agreement with our re-
view. However, the use of dental prosthesis and/or being edentulous 
was not associated with the nutritional status (p>0.05); and, those 
with partials or fully edentulous were at higher risk of malnutrition 
(p=0.033) with the use of a prosthesis having no effect (p=0.505) [7].

The relationship between food choices, oral health status and 
the consequences to nutrition was explored by Walls and Steele [65]. 
The oral health variables of interest were salivary flow and number 
of teeth, the distribution of these teeth or complete loss of teeth, 
and the effects on nutrition. The review found that those with a de-
creased ability to chew food were not choosing nutritious foods such 
as whole fruits and vegetables or meats. The intake of food high in 
fiber was significantly decreased, as were micronutrients and vitamin 
C. The authors concluded that limited nutritional intakes were more  
likely related to foods choice than the direct mechanical effects of 
impaired chewing in individuals with compromised oral function 
[65].

The systematic review conducted by Zelig et al. [66] investigated 
the association between those with missing teeth, those with pros-
thesis replacing missing teeth and their nutritional status concluding 
that five of the eight included articles supported positive relation-
ships or associations between missing teeth, teeth replaced with 
prostheses, and malnutrition risk. Individuals with fewer teeth and 
poorer occlusion were at an increased risk of malnutrition in agree-
ment with our review.
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In a systematic review including seventeen cross-sectional stud-
ies, Van Lancker et al. [67] concluded that there was tentative evi-
dence to suggest that malnutrition and oral health status were inde-
pendently associated. This agrees with our review, that patients with 
poor or moderate oral health, demonstrated by a total GOHAI score< 
57, were at higher risk of malnutrition.

4.3. Overall completeness, applicability and heterogeneity

Based on our eligibility criteria (age>65 years, oral health vari-
able, nutritional assessment by MNA), four popular electronic da-
tabases (MEDLINE through PubMed, the Cochrane Library, EMBASE 
and Web of Science) were searched through June 16th, 2020 for 
relevant studies. Three authors cross-referenced and searched all 
included studies, literature reviews, and systematic reviews for pos-
sible missed references. The results of this study are not applicable 
to people younger than 65 years old and for certain other patient 
categories, excluded based on criteria given by our included articles 
(critical/terminal illness, being on life-support, or parenteral nutri-
tion, poor cognition, refusal to participate).

Though every study used MNA or MNA-SF to measure malnu-
trition, there was some heterogeneity in terms of oral health vari-
ables under consideration. The population type differed, based on 
whether they were community dwelling or institutionalized, their 
health status and place of interview/examination e.g. own home, day 
care center, hospitalization ward or emergency room. The reviewed 
studies conducted the dental screening using various methods e.g. 
face to face interviews, questionnaires and clinical exams by nurses/
doctors with different levels of training.

4.4. Quality of the evidence and limitations

The overall quality of the evidence according to the GRADE 
table was low for edentulism, use of prosthesis, chewing problems, 
poor moderate oral health (GOHAI≤57).  The quality of the evidence 
for ‘mean number of teeth present’ and the variable ‘no daily denture 
or teeth cleaning’ was very low with only two studies included in the 
meta-analysis and observational study design (Supplement Table 
4).

Several limitations should be highlighted in this systematic  
review. First, only studies including patients aged 65 and over were 
included. Secondly, primary data collection was undertaken by  
single or multiple investigators, with different levels of training,  
utilizing various methods such as oral examinations, questionnaires 
and personal interviews (Supplement Table 2). Most studies includ-
ed in this systematic review utilized questionaries’ with oral health 
status being self-reported. It is known that self-reported oral health 
and perceived oral health needs do not correlate with clinical exam 
findings [54]. Second, there was significant variability regarding the 
measurements of the oral health variables, with a vast array of oral 
cavity conditions making up the oral health status data collected. 
Conditions such as salivary hypofunction or oral lesions may be a 
consequence of medical conditions and non-modifiable risk factors. 
All but three studies were high risk/unclear risk of bias.

5. Conclusion

In conclusion, this systematic review with meta-analyses found 
that edentulism, lack of daily oral hygiene (teeth or denture cleaning) 
and chewing problems were associated with higher risks of malnutri-

tion based on MNA and MNA-SF assessments. After adjustment for 
socio-demographic variables, three oral health variables were sig-
nificantly associated with higher risk of malnutrition in the original 
studies, lack of autonomy for oral care and access to the dentist, self-
reported poor/moderate oral health (measured with the geriatric 
oral health assessment-GOHAI), and being edentulous with either no 
dentures or only one denture.
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