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Abstract: Adequate nutritional status is necessary for the proper management of polypharmacy,
the prevention of cognitive decline, and the maintenance of functional capacity in activities of daily
living. Although several studies validate this fact for the general elderly population, data on institu-
tionalized seniors concerning this relation are scarce. A systematic review was performed according
to the PRISMA guidelines, aiming to study the potential correlation between nutritional status
and polypharmacy, cognitive decline, and functional performance in institutionalized elders. The
search was limited to studies in English or Portuguese in the last decade. Inclusion criteria relied
on the PICO method. Five studies explored the relationship of nutritional status with cognitive
performance in the institutionalized elderly, and nine prospective observational studies reported
significant positive associations between appropriate nutritional status and physical abilities. Nu-
tritional status was primarily measured by MNA. Adequate nutritional status was described as an
important parameter in preventing cognitive and functional decline in the institutionalized elderly.
No studies were found describing the impact of nutritional status on the prevention of polypharmacy.
Given the strong impact of malnutrition found in the studies in cognition and functional abilities
in the institutionalized elderly, an evaluation of nutritional status of the elders is crucial to prevent
health problems and allow early intervention programs in order to further prevent health decline.

Keywords: elderly; nutritional status; polypharmacy; cognition; functional capacity

1. Introduction

Nutritional status is an important condition that deeply affects the general health of
the elderly [1,2]. Despite the fact that the recommended intakes of most nutrients do not
or only minimally change with age, decreased olfaction, taste, and vision combined with
physiological changes that promote insufficient ingestion and poor absorption of essential
nutrients may demand a compensatory nutrient intake as age increases [3,4].

While the worldwide population is increasingly aging and the number and proportion
of the elderly in the overall population rise, the institutionalization of older adults is
becoming an evident reality. This trend is driven by the increased demand for care of the
elderly, whose families may not have financial or structural resources to support them [5,6].
The institutionalization process may radically affect the daily lives of older adults, namely
in terms of nutrition, cognition, and level of functioning [7].

Among old, institutionalized subjects, alterations in nutritional status are frequently
detected. The number of malnourished institutionalized elders is significant, ranging from
20% to 60%, depending on the criteria and methodology [8–11]. Moreover, this population
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is more vulnerable to depression, the use of anorexigenic drugs, and dependence on staff
for feeding, which have been described as presenting a two- to three-fold increased risk for
undernutrition [8,11].

Diseases which affect more than 80% of people over 85 years old may even increase
drug consumption and the risk of polypharmacy [12,13]. Older people often present physio-
logical changes related to aging that cause drug pharmacokinetics and pharmacodynamics
changes. Hepatic elimination and renal excretion are particularly affected, interfering
with the ingestion or absorption of nutrients, thereby increasing energy requirements [14].
Institutionalization presents an incremented risk factor over age for polypharmacy. Twenty
to thirty percent of older adults take more than four medications, whereas nursing home
senior residents take more than eight drugs per day [15]. Moreover, polypharmacy was
observed to have a significant association with physical function, nutrition, and depression
in the elderly [16,17].

Deficits caused by cognitive decline can lead to disability, thereby reducing and/or
losing the ability to perform activities of daily living. Regular exercise and an active lifestyle
were associated with a decreased risk of dementia [18–21]. Furthermore, functional and
cognitive abilities and poorer nutritional status are reported to be very closely linked to
each other. Malnourished older adults, or even those at risk of malnutrition, presented
lower cognitive abilities than those with a normal nutritional status [22,23].

In the face of these numbers and facts, a relationship between nutritional status,
polypharmacy, cognition, and functional ability in elders seems to be at first sight logical;
however, concrete data are scarce and lack consistency in terms of both the tools and
well-defined population characteristics used. The number of institutionalized seniors has
increased worldwide, and only now are the first repercussions of this phenomena being
reported [24]. The association between nutritional status and cognition, functional ability,
and polypharmacy in the institutionalized elderly remains poorly characterized [25,26]. In
this systematic review, we aimed to present a comprehensive overview of the peer-reviewed
studies conducted specifically on nursing home residents, where nutritional status was
correlated with polypharmacy, cognitive decline, and functional capacity. Nutritional
patterns and needs are moldable factors at the individual level, and therefore this research
may help to consolidate the relevance of the maintenance of nutritional status to preserve
other health domains of the elderly that are institutionalized.

2. Materials and Methods

This systematic review was performed according to the relevant points of the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [27,28].

2.1. Eligibility Criteria
2.1.1. Inclusion Criteria

Peer-reviewed studies describing interventional, observational, or randomized con-
trolled trials were included. Inclusion criteria were established according to the above-
described PICO strategy.

Population: Older adults over 65 years of age, living in nursing homes. No specific
health condition was used for exclusion.

Intervention: All forms of nutritional patterns.
Comparator/Control: All studies were included irrespective of the presence or absence

of comparator or control groups.
Outcomes: Any correlation between nutritional status with at least one of the other

features (polypharmacy, cognitive function, and functional capacity). Notably, studies
that assessed malnutrition by assessment tools (e.g., MNA) were included. There were no
restrictions placed at the time of follow-up.

2.1.2. Exclusion Criteria

Studies published in a language other than English or Portuguese.
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Publications comprising editorials, comments, letters to the editor, guidelines, theses,
books and scientific meeting abstracts, literature reviews, or case reports.

Studies conducted on participants with a mean age below 65 years and in a different
setting than nursing homes.

Studies that did not report any results for an outcome measure of nutritional status.
Publications without description of the impact of nutritional status outcomes on

polypharmacy, cognition, or functional ability.
Studies which used oral supplementation to preserve nutritional status.

2.2. Search Strategy

In February 2021, an independent researcher (C.C.) searched the PubMed and Web
of Science databases without language restrictions for the past ten years (since 2011). The
author (C.C.) also reviewed the reference lists from the review articles reported in the
PubMed and Web of Science searches to identify possible additional articles for inclusion.
Cochrane library was also consulted; however, no additional studies were found. A combi-
nation of the following search terms was used: institutionalization AND Nutritional status
AND Cognition, institutionalization AND Nutritional status AND functional capacity,
institutionalization AND Nutritional status AND polypharmacy.

2.3. Selection Process

All search results were exported to Microsoft Office™ (Microsoft, Redmond, WA, US)
Excel, using Mendeley Desktop®software (Mendeley, London, UK).

2.4. Data Extraction

The following data were extracted from each study (CC) and validated by the second
author (E.T.-L.), elaborating a systematic database:

Title, authors, and main aim of the intervention (cognitive/functional dependence/
polypharmacy);

Demographic information of the participants: setting, country, sample size, sex, age;
Study characteristics: nature, aim;
Statistical analysis and outcomes;
Tools/methods used to collect data.
Outcome measures in the domains of nutritional status were sought independently

or in combination with cases of decline in cognitive function and functional abilities.
Differences in the criteria of assessment tools used for nutritional status, cognitive function,
and functional abilities were recorded and discussed.

Results from the initial search were evaluated separately by the two review authors
(C.C. and E.T.-L.) according to the inclusion criteria. First, the results were screened by
reading the article titles and excluding articles that were not relevant according to the
inclusion criteria. Next, the study abstracts were evaluated, and non-relevant articles were
excluded. Finally, the full-text articles selected by the two reviewers were collected and
assessed for their relevance relative to the inclusion criteria. Any disagreements regarding
the eligibility of studies were reconciled at the final step by discussion and consensus.

2.5. Risk of Bias (RoB) Assessment and Overall Quality

The methodological quality of the studies was assessed by two independent reviewers
(C.C. and E. T-L.) based on different domains, such as study participation, confounding
variables, measures of risk factors, analysis, and reporting. The risk of bias and the quality
of each study were discussed between the two researchers until a consensus was reached.

Evidence and methodological quality were assessed according to the Quality in Prog-
nosis Studies (QUIPS) tool [29]. To rate the strength of study outcomes, the following
six domains were considered: (1) Study Participation, (2) Study Attrition, (3) Prognostic
Factor Measurement, (4) Outcome Measurement, (5) Study Confounding, and (6) Statistical
Analysis and Reporting. Overall domain ratings were based on the number of assessment
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criteria in QUIPS met by each study in combination with their associated risk factors: if
the majority of criteria were met with little or no risk of bias, a ‘++’ rating was assigned; if
most criteria were met, but some flaws in the study posed an associated risk of bias, then a
rating of a ‘+’ was assigned; and the domains in which most of the criteria were not met
with significant flaws in key aspects of the study were given a rating of ‘-’.

Summarizing RoB is usually not linear, as there are no explicit criteria in the literature
that pinpoint how to classify the overall RoB of a paper [22]. After continuous discussions
from the authors, and after considering Study Participation, Prognostic Factor Measure-
ment, and Outcome Measurement as critical to our review of the study, the following
categorization was decided: (i) studies with a ‘++’ rating in at least two of the aforemen-
tioned critical domains were defined as low RoB; (ii) studies with a ‘-’ rating in any of the
critical domains or with a ‘+’ rating in four or more domains were defined as high RoB; and
(iii) all papers in between were classified as having moderate RoB. No article was excluded
based on this assessment.

3. Results
3.1. Study Selection and Literature Review

The rationale for identification, screening, eligibility, and inclusion of articles is shown
in Figure 1.

The search recorded 186 nonduplicated references, with 95 classified as potentially
relevant after checking the titles and abstracts. After the screening of the full texts, 87 articles
were excluded because they did not meet the inclusion criteria, namely the evaluation of
nutritional status or its influence on cognitive or functional features. Ultimately, only eight
original publications were selected and included in the review (Figure 1).

Table 1 displays a descriptive review of the included articles (n = 8), summarizing
the impact of nutritional status on cognitive capacity and functional ability [8,30–36]. No
studies were found to be associated with alterations in nutritional status and prevention of
polypharmacy.

3.2. Literature Review

Table 1 displays a descriptive review of the included articles (n = 8), summarizing the
impact of nutritional status on cognitive capacity and functional ability, respectively. No
studies were found to be associated with alterations in nutritional status and prevention of
polypharmacy.

3.3. Quality Assessment

Most of the studies were rated as having a low RoB (n = 5) based on the QUIPS tool in
combination with the authors’ predefined criteria. These papers had strong study partici-
pation through methodologically validated tools in combination with clear descriptions of
potential confounders and outcome measurements. Three studies were rated as having a
“high” RoB (Table 2) [32,34,35]. The limitations identified in these studies were commonly
considerable data loss and/or poor sampling frame and recruitment.

3.4. Participants and Follow-Up

Table 1 shows the number of participants assessed in each study included in this
review as well as the mean age and the representativeness of females in the study samples.
The final sample ranged from 23 to 2919. With the exception of Li et al., all of the samples
included more than 60% of females. Follow-up periods varied considerably from 1 week to
5 years.
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Table 1. Description of reviewed studies on the impact of nutritional status on cognitive function and functional capacity in institutionalized seniors.

Author/Year Study Design Participants
Outcome Measurements

Main Results
Nutritional Status Cognitive

Function
Functional
Capacity Other

Li et al., 2013 [30] Cross-sectional study
306

(Mean age: 80.6 ± 7.1,
47.7% female)

MNA SPMSQ Modified BI NA
Both ADLs and depressive symptoms

were significantly associated with
nutritional status (p < 0.001).

Mendonca et al.,
2017 [31]

Prospective
longitudinal study

Follow-up: 1.5, 3, and
5 years

765
(Age over 85 years old,

66.0% female)

BMI and Biochemical
parameters: Baseline
RBC folate, plasma

vitamin B12, and tHcy
concentrations

MMSE NA NA

Higher RBC folate and lower tHcy
concentration measured at baseline were
associated with better global cognition as

measured by the MMSE (p < 0.001).

Donini et al.,
2020 [8] Cross-sectional study

246
(Mean age: 80.4 ± 10.5,

66.7% females)

Height, weight, and calf
and mid-arm
circumference
measurements
Modified MNA

MMSE Katz Scale
SPPB

Disease-related
multi-morbidity:

Cumulative Illness
Rating Scale

Physical performance, depression and
cognitive function ere significantly and
positively associated with the M-MNA

total score (p < 0.001).

Pedrero-Chamizo
et al., 2020 [32]

Prospective
longitudinal study
Follow-up: 1 year

60
(Mean age: 80.6 ± 9.9,

68.3% females)

Biochemical parameters:
Serum cobalamin,
Total-cholesterol,
HDL-cholesterol,
LDL-cholesterol,

triglycerides,
apolipoprotein A1

(ApoA), apolipoprotein
B (ApoB), lipoprotein A
(LpA), glucose, albumin,

and creatinine

MMSE

HGS, Upper body
strength (Arm curl

test), and Lower
body strength (30 s

chair stand test)

NA

MMSE scores showed a significant positive
correlation with sCbl, HDL-cholesterol,

ApoA, and albumin (p < 0.05). Significant
negative correlations with HGS were

observed for RBC folate, total cholesterol,
LDL-cholesterol, and triglycerides.

Biomarkers, except HDL-cholesterol lost
their association with HGS when observed
as covariates. HDL-cholesterol became the

sole marker presenting a positive
significant association.

Assis et al.,
2020 [33] Cross-sectional study

95
(Mean age: 73.3±12.5,

69.8% female)

MNA
Anthropometric values:
weight and height (to
calculate body mass

index—BMI),
mid-upper arm

circumference (AC), calf
circumference (CC),
waist circumference

(WC), and hip
circumference (HC)

MMSE ADL NA

The participants with higher scores in
MNA (normal and at risk of malnutrition)
had higher scores in MMSE compared to

malnourished ones (p < 0.001). Participants
that practiced more AADLs (9 to

13 activities) had higher MMSE scores
(p = 0.031) compared to those that

practiced fewer activities.

Cereda et al.,
2013 [34]

Multicenter prospective
cohort study

Follow-up: 5 years

346
(Mean age: 85.7 ± 9.1,

74.6% female)
GNRI NA BI NA

Functional status was significantly
associated with nutritional risk by GNRI

(p < 0.001).



Nutrients 2021, 13, 3477 6 of 12

Table 1. Cont.

Author/Year Study Design Participants
Outcome Measurements

Main Results
Nutritional Status Cognitive

Function
Functional
Capacity Other

Pereira et al.,
2014 [35] Cross-sectional study

359
(Mean age: 79.5 ± 9.3,

72.7% female)
MNA MMSE

GDS Scale of ADL

Presence of
comorbidity

(hypertension,
diabetes mellitus,
and dyslipidemia)

Nutritional status was associated with
dyslipidemia (p = 0.029), cognitive capacity

(p = 0.006), the suspicion of depression
(p = 0.048), and functional capacity for

ADLs (p < 0.001)

Serrano-Urreaand
García-Meseguer,

2014 [36]
Cross-sectional study

895
(Mean age: 82.3 ± 7.1,

58.4% female)
MNA NA BI NA MNA and the BI scores were positively

associated (r = 0.375; p < 0.001)

ADL: Activity of Daily Living; BI: Barthel Index; BMI: Body Mass Index; GDS: Global Deterioration Scale; GNRI: Geriatric Nutritional Risk Index; HGS: Hand Grip Strength; MMSE: Mini-Mental State
Examination; MNA: Mini Nutritional Assessment; p: p-value; r: Pearson Correlation value; SPMSQ: Short Portable Mental Status Questionnaire; SPPB: Short Physical Performance Battery.
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Table 2. Overall risk of bias.

Study 1 2 3 4 5 6 Overall RoB
Rating

Donini et al. [8] ++ + ++ ++ - + Low

Li et al. [30] ++ + ++ ++ - + Low

Mendonca et al. [31] ++ + ++ ++ + + Low

Pedrero-Chamizo et al., 2020 [32] + + ++ ++ + + High

Assis et al., 2020 [33] ++ + ++ ++ - + Low

Cereda et al., 2013 [34] + - + + + + High

Pereira et al., 2014 [35] + - + + + + High

Serrano-Urrea and
García-Meseguer, 2014 [36] ++ + ++ ++ - + Low

1 = Study Participation; 2 = Study Attrition; 3 = Prognosis Factor Measurement; 4 = Outcome Measurement;
5 = Study Confounding; 6 = Statistical Analysis and Reporting; ‘++’ corresponds to low RoB, ‘+’ was assigned to
moderate RoB studies, and ‘-’was given to high RoB.

3.5. Characteristics of Studies and Outcomes Measures

Table 1 shows the methods used as outcome measurements in the included papers.
Five studies [8,30,33,35,36] used MNA (short or long form) to evaluate nutritional status,
which used a standard <17 points (long form) or <7 points (short form) as a measure of
nutritional status. One study used BMI (kg/m2) to measure nutritional status [31], one
used biochemical parameters, and another one used the geriatric nutritional risk index
(GNRI) [34].

Cognitive function was measured in six studies [8,30–33,35]. The types of assess-
ments differed slightly, with negligible variations in the cut-off value for the same type
of assessment. Five studies [8,31–35] used the well-known and rapid Mini-Mental State
Examination (MMSE). Two studies [32,33] defined <24 points as cognitive impairment. One
study used <19 points as a measure of cognitive impairment [8], while another study [30]
used the Short Portable Mental Status Questionnaire (SPMSQ) to define scores between 8
and 10 as intact cognitive functions.

Seven studies [8,30,32–36] assessed functional capacity. Half of the studies
(n = 4) [30,35,37] used the Barthel Index (BI), a tool developed to cover all aspects of
self-care dependence in activities of daily living, where a score of 100 indicates functional
independence. Notably, every study that used the BI reported cut-off values. Two studies
measured the level of dependence on activities of daily living (ADL) [33,35], while one
study [8] focused on ADL using the Katz Scale and assessed physical performance through
the Short Physical Performance Battery (SPPB). One study assessed handgrip strength and
used arm curl/lift as a performance test [32].

In all evaluated studies, a statistically significant association between cognition or
functional capacity and nutritional status was pointed out. Serrano-Urrea and García-
Meseguer [36] reported a positive association between MNA and BI scores (r = 0.375;
p < 0.001), and Cereda et al. [34] concluded a significant association between GNRI and
functional status.

Li et al. [30] found that both ADLs and depressive symptoms were significantly
associated with nutritional status (p < 0.001). Similarly, Assis et al. [33] described that
higher MNA scores (normal and at risk of malnutrition, MNA > 17) had higher scores
in MMSE compared to malnourished ones (p < 0.001) and that more active participants
who practiced between 9 to 13 ADLs had higher MMSE scores (p = 0.031) compared to
those that practiced fewer activities. Donini et al. [8] validated the already reported results
showing that physical performance, depression, and cognitive function were significantly
and positively associated with the Man total score (p < 0.001). Pereira et al. [35] also
associated nutritional status with cognitive capacity (p = 0.006), the suspicion of depression
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(p = 0.048), and functional capacity for ADLs (p < 0.001) as well as with dyslipidemia
(p = 0.029).

Different blood biochemical parameters used to determine nutritional status were
correlated with MMSE scores. Higher RBC folate and a lower tHcy concentration were
associated with better global cognition as measured by the MMSE (p < 0.001) [31] as well
acyl, HDL-cholesterol, ApoA, and albumin (p < 0.05) [32].

4. Discussion

Eight studies were found relating nutritional status with at least one of the two
domains of cognition or functional capacity, and a clear relationship between nutritional
status and cognitive and functional abilities was found in institutionalized seniors.

According to the studies, a close relationship exists between nutritional and func-
tional domains in long-term care residents [34,35]. Impairments in functional ability and
nutritional status often occur with overlapping outcomes such as muscle loss, weakness,
and frailty [38]. The results of this review found that there were slight variations in the
assessment of functional abilities. The BI and the Katz Scale were the most commonly used
tools to assess ADL in older adults. These two validated tools are very comprehensive
and can provide useful insights into a patient’s functional capacity. The choice to use one
of these tools is not often linear and should be made based on a case-by-case assessment.
Notwithstanding, the Katz scale was developed to be recorded over a period of time. As
such, it may be more suitable for long-term care settings. In addition, the approach to
measuring functional dependence could benefit from a multifaceted strategy. Findings
from this review suggest that anthropometric measures such as weight, height, waist
circumference, and body mass index (BMI) may provide a more accurate understanding of
functional status in older adults when combined with ADL assessment.

Different studies have also shown that nutritional status affects cognition. Normal
levels of folate, total homocysteine, serum cobalamin, HDL-cholesterol, and triglyceride
levels were important biomarkers for cognition; however, they were not identified as
predictive factors for cognitive decline [31,33]. Of note, Pedrero-Chamizo et al. also
correlated these biomarkers with functional performance [32].

Depressive symptoms, and associated cognitive symptoms, are often reported in the
institutionalized elderly. This fact is extremely relevant when evaluating the institution-
alized elderly. In addition to presenting a higher risk of malnutrition, the prevalence of
cognitive deficits and other neurological disorders is high among home care older adults.
The findings of this review regarding the association between nutritional status and depres-
sion and subsequent cognitive performance are somewhat limited and should therefore
be interpreted with caution. If preventive strategies fail to diagnose or treat depressive
symptoms, specific dietary changes may be of immeasurable value. Nevertheless, the
reported data are relatively limited. Therefore, further studies are needed to effectively
understand the role of nutrition on this outcome.

The findings of this review further demonstrate that there is little variation in the
type of cognitive assessment, which in turn may partially contribute to the strength of
some of the included studies. Notwithstanding, most of the included studies used the
MMSE as one of the primary tools. One of the many advantages of this test is its ease
of administration, despite the fact that it has been extensively criticized for its reliance
on verbal interpretation [39]. This can eventually prove to be a major problem when
administering the test to illiterate participants.

An effective relationship between nutrition and polypharmacy is yet to be consol-
idated [40]. Since certain diseases, per se, increase the likelihood of poor nutritional
status, it is difficult to determine the independent role of drugs on nutritional status.
Comorbidity-adjusted correlations show a strong link between nutritional status and ex-
cessive polypharmacy (more than nine drugs), whereas polypharmacy (six to nine drugs)
has no association with nutritional status in non-institutionalized older adults [41]. To the
best of our knowledge, no study has been conducted to correlate nutritional status with
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polypharmacy in the institutionalized elderly. Nevertheless, excessive polypharmacy was
associated with declined nutritional status (p = 0.001), functional ability (p < 0.001), and
cognitive capacity (p < 0.001) when compared to a non-polypharmacy group [41]. These
data may eventually suggest that adherence to healthy dietary patterns could potentially
delay the onset of age-related health deterioration and reduce the need for multiple medica-
tions. The support of pharmacists and physicians in nursing homes would also be of great
value in maintaining strict control of medications. Therefore, the prescription of multiple
drugs will be monitored to ensure minimal risk to the health of older adults.

Several instruments have been used to assess malnutrition or its associated factors.
Although most studies used MNA to assess the nutritional status of the elderly, slightly
different cut-off points and criteria were used, which might ultimately lead to over- or
underestimation. Some easy-to-implement changes, such as increasing tea consumption,
may have substantial results in psychomotor and cognitive-related tasks [40]. Considering
that MNA does not measure the exact quantity or quality of fluid intake, further studies are
needed to effectively understand the optimal type and quality of fluid intake in maintaining
or improving the functional status of the elderly.

The strengths of this review, in our opinion, are the low prevalence of high RoB studies
and the broader understanding of the potential benefits of an adequate nutritional status
on different outcomes, which, in our view, have not been adequately accounted for in the
literature. However, most of the included studies were observational, thereby making it
impossible to establish a cause-and-effect relationship. The fact that the clinicaltrials.gov
database has not been included in the search strategy may eventually have contributed
to the low rate of experimental studies included in the review; however, the prevalence
of clinical trials in domains outside of medicine or similar is always very low, and some
of them, if existing, could have been found in the searched databases. Additionally, the
subjective nature of domain assessment is prone to bias. By independently reviewing
the domain ratings, we hope to better adjust the overall quality scores of the included
studies. The highly heterogeneous nature of nutritional interventions on different outcomes
increases the complexity of the analysis.

Our findings also include a few studies with low participation rates, which, when
combined with variations in assessment methods, can eventually lead to inconsistencies
that can hamper the reliability of the results.

In an aging society with an increasing number of institutionalized elders, this review
highlights the urgent need for further research on the relation of nutritional status to
functional capacity, cognitive status, and polypharmacy in the elderly population living in
nursing homes. Randomized clinical trials would be the most suitable approach to generate
robust results.

5. Conclusions

The eight studies included in this systematic review show that better nutritional status
is associated with better cognitive function and functional capacity in the elderly.

Since nutritional status can be adjusted and has been reported to have very intricate
links to cognition, independence, and autonomy, a closer evaluation of nutritional status
on these parameters is crucial to prevent associated health issues in the elderly population,
especially the one that lives in nursing homes.

Author Contributions: Conceptualization: E.T.-L. and F.R.; Methodology and formal analysis: C.C.,
E.T.-L. and S.O.M.; Writing—original draft preparation: C.C. and E.T.-L.; Writing—review and
editing: S.O.M. and F.R.; Funding acquisition: F.R. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by FCT—Portuguese Foundation for Science and Technology,
I.P. [grant nº _UIDB/50006/ 2020], and the APC was funded by the University of Coimbra—Faculty
of Pharmacy.

Conflicts of Interest: The authors declare no conflict of interest.



Nutrients 2021, 13, 3477 11 of 12

References
1. Malazonia, M.; Anuashvili, A.; Vashakmadze, N.; Corpas, E. Assessment of Nutritional Status in the Elderly, Causes and

Management of Malnutrition in the Elderly. Endocrinol. Aging 2021, 651–687. [CrossRef]
2. Rasheed, S.; Woods, R.T. Malnutrition and Quality of Life in Older People: A Systematic Review and Meta-Analysis. Ageing Res.

Rev. 2013, 12, 561–566. [CrossRef] [PubMed]
3. Malafarina, V.; Uriz-Otano, F.; Gil-Guerrero, L.; Iniesta, R. The Anorexia of Ageing: Physiopathology, Prevalence, Associated

Comorbidity and Mortality. A Systematic Review. Maturitas 2013, 74, 293–302. [CrossRef] [PubMed]
4. Elmadfa, I.; Meyer, A.L. Nutrition, Aging, and Requirements in the Elderly. Present Knowl. Nutr. 2020, 83–99. [CrossRef]
5. Fonseca, A.C.d.C.; Scoralick, F.M.; Silva, C.L.D.; Bertolino, A.C.; Palma, D.P.; Piazzolla, L.P. Epidemiological Profile of Elderly and

Determinants Factors to the Admission in Nursing Homes in the Distrito Federal. Rev. Brasília Médica 2011, 48.
6. Lini, E.V.; Portella, M.R.; Doring, M. Factors Associated with the Institutionalization of the Elderly: A Case-Control Study. Rev.

Bras. Geriatr. Gerontol. 2016, 19, 1004–1014. [CrossRef]
7. De Medeiros, M.M.D.; Carletti, T.M.; Magno, M.B.; Maia, L.C.; Cavalcanti, Y.W.; Rodrigues-Garcia, R.C.M. Does the Institution-

alization Influence Elderly’s Quality of Life? A Systematic Review and Meta-Analysis. BMC Geriatr. 2020, 20, 44. [CrossRef]
[PubMed]

8. Donini, L.M.; Stephan, B.C.M.; Rosano, A.; Molfino, A.; Poggiogalle, E.; Lenzi, A.; Siervo, M.; Muscaritoli, M. What Are the Risk
Factors for Malnutrition in Older-Aged Institutionalized Adults? Nutrients 2020, 12, 2857. [CrossRef]

9. Fávaro-Moreira, N.C.; Krausch-Hofmann, S.; Matthys, C.; Vereecken, C.; Vanhauwaert, E.; Declercq, A.; Bekkering, G.E.; Duyck, J.
Risk Factors for Malnutrition in Older Adults: A Systematic Review of the Literature Based on Longitudinal Data. Adv. Nutr.
2016, 7, 507–522. [CrossRef]

10. Donini, L.M.; Poggiogalle, E.; Molfino, A.; Rosano, A.; Lenzi, A.; Rossi Fanelli, F.; Muscaritoli, M. Mini-Nutritional Assessment,
Malnutrition Universal Screening Tool, and Nutrition Risk Screening Tool for the Nutritional Evaluation of Older Nursing Home
Residents. J. Am. Med. Dir. Assoc. 2016, 17, 959.e11–959.e18. [CrossRef] [PubMed]

11. Rathnayake, K.M.; Wimalathunga, M.; Weech, M.; Jackson, K.G.; Lovegrove, J.A. High Prevalence of Undernutrition and Low
Dietary Diversity in Institutionalised Elderly Living in Sri Lanka. Public Health Nutr. 2015, 18, 2874–2880. [CrossRef] [PubMed]

12. Lavan, A.H.; Gallagher, P.F.; O’Mahony, D. Methods to Reduce Prescribing Errors in Elderly Patients with Multimorbidity. Clin.
Interv. Aging 2016, 11, 857–866. [CrossRef]

13. Villén, N.; Guisado-Clavero, M.; Guisado-Clavero, M.; Fernández-Bertolín, S.; Fernández-Bertolín, S.; Troncoso-Mariño, A.;
Foguet-Boreu, Q.; Foguet-Boreu, Q.; Foguet-Boreu, Q.; Amado, E.; et al. Multimorbidity Patterns, Polypharmacy and Their
Association with Liver and Kidney Abnormalities in People over 65 Years of Age: A Longitudinal Study. BMC Geriatr. 2020, 20.
[CrossRef] [PubMed]

14. Moreira, F.S.M.; Jerez-Roig, J.; de Brito Macedo Ferreira, L.M.; de Queiroz Medeiros Dantas, A.P.; Lima, K.C.; Ferreira, M.Â.F. Uso
de Medicamentos Potencialmente Inapropriados Em Idosos Institucionalizados: Prevalência e Fatores Associados. Cienc. Saude
Coletiva 2020, 25, 2073–2082. [CrossRef] [PubMed]

15. Levy, H.B.; Barney, K.F. Pharmacology, pharmacy, and the aging adult: Implications for occupational therapy. In Occupational
Therapy with Aging Adults: Promoting Quality of Life through Collaborative Practice; Elsevier Inc.: St. Louis, MO, USA, 2016;
pp. 214–234. ISBN 9780323228169.

16. Eyigor, S.; Kutsal, Y.G.; Toraman, F.; Durmus, B.; Gokkaya, K.O.; Aydeniz, A.; Paker, N.; Borman, P. Polypharmacy, Physical and
Nutritional Status, and Depression in the Elderly: Do Polypharmacy Deserve Some Credits in These Problems? Exp. Aging Res.
2021, 47, 79–91. [CrossRef] [PubMed]

17. Kose, E.; Wakabayashi, H.; Yasuno, N. Polypharmacy and Malnutrition Management of Elderly Perioperative Patients with
Cancer: A Systematic Review. Nutrients 2021, 13, 1961. [CrossRef] [PubMed]

18. Kushkestani, M. The Relationship Between the Level of Physical Activity and Dementia in Elderly Residents of Nursing Homes
in Tehran. Biomed. J. Sci. Tech. Res. 2020, 29. [CrossRef]

19. Henskens, M.; Nauta, I.M.; van Eekeren, M.C.A.; Scherder, E.J.A. Effects of Physical Activity in Nursing Home Residents with
Dementia: A Randomized Controlled Trial. Dement. Geriatr. Cogn. Disord. 2018, 46, 60–80. [CrossRef]

20. Carvalho, A.; Rea, I.M.; Parimon, T.; Cusack, B.J. Physical Activity and Cognitive Function in Individuals over 60 Years of Age:
A Systematic Review. Clin. Interv. Aging 2014, 9, 661. [CrossRef]

21. Talhaoui, A.; Aboussaleh, Y.; Ahami, A.; Sbaibi, R.; Agoutim, N.; Rouim, F.Z.; Karjouh, K. Association between Physical Activity
and Cognitive Function among the Elderly in the Health and Social Centers in Kenitra, Rabat, and Sidi Kacem City (Morocco).
Nutr. Metab. Insights 2021, 14, 11786388211026758. [CrossRef]

22. El Zoghbi, M.; Boulos, C.; Amal, A.H.; Saleh, N.; Awada, S.; Rachidi, S.; Bawab, W.; Salameh, P. Association between Cognitive
Function and Nutritional Status in Elderly: A Cross-Sectional Study in Three Institutions of Beirut-Lebanon. Geriatr. Ment. Heal.
Care 2013, 1, 73–81. [CrossRef]

23. Jyväkorpi, S.K.; Pitkälä, K.H.; Puranen, T.M.; Björkman, M.P.; Kautiainen, H.; Strandberg, T.E.; Soini, H.H.; Suominen, M.H. High
Proportions of Older People with Normal Nutritional Status Have Poor Protein Intake and Low Diet Quality. Arch. Gerontol.
Geriatr. 2016, 67, 40–45. [CrossRef]

24. Ferreira, A.R.; Dias, C.C.; Fernandes, L. Needs in Nursing Homes and Their Relation with Cognitive and Functional Decline,
Behavioral and Psychological Symptoms. Front. Aging Neurosci. 2016, 8, 72. [CrossRef]

http://doi.org/10.1016/B978-0-12-819667-0.00020-2
http://doi.org/10.1016/j.arr.2012.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23228882
http://doi.org/10.1016/j.maturitas.2013.01.016
http://www.ncbi.nlm.nih.gov/pubmed/23415063
http://doi.org/10.1016/B978-0-12-818460-8.00005-8
http://doi.org/10.1590/1981-22562016019.160043
http://doi.org/10.1186/s12877-020-1452-0
http://www.ncbi.nlm.nih.gov/pubmed/32024479
http://doi.org/10.3390/nu12092857
http://doi.org/10.3945/an.115.011254
http://doi.org/10.1016/j.jamda.2016.06.028
http://www.ncbi.nlm.nih.gov/pubmed/27528452
http://doi.org/10.1017/S1368980015000749
http://www.ncbi.nlm.nih.gov/pubmed/25828742
http://doi.org/10.2147/CIA.S80280
http://doi.org/10.1186/s12877-020-01580-1
http://www.ncbi.nlm.nih.gov/pubmed/32532213
http://doi.org/10.1590/1413-81232020256.26752018
http://www.ncbi.nlm.nih.gov/pubmed/32520255
http://doi.org/10.1080/0361073X.2020.1846949
http://www.ncbi.nlm.nih.gov/pubmed/33183169
http://doi.org/10.3390/nu13061961
http://www.ncbi.nlm.nih.gov/pubmed/34200493
http://doi.org/10.26717/BJSTR.2020.29.004800
http://doi.org/10.1159/000491818
http://doi.org/10.2147/CIA.S55520
http://doi.org/10.1177/11786388211026758
http://doi.org/10.1016/j.gmhc.2013.04.007
http://doi.org/10.1016/j.archger.2016.06.012
http://doi.org/10.3389/fnagi.2016.00072


Nutrients 2021, 13, 3477 12 of 12

25. Leão, L.L.; Engedal, K.; Monteiro-Junior, R.S.; Tangen, G.G.; Krogseth, M. Malnutrition Is Associated With Impaired Functional
Status in Older People Receiving Home Care Nursing Service. Front. Nutr. 2021, 8, 684438. [CrossRef] [PubMed]

26. Caçador, C.; Teixeira-Lemos, E.; Oliveira, J.; Pinheiro, J.; Mascarenhas-Melo, F.; Ramos, F. The Relationship between Nutritional
Status and Functional Capacity: A Contribution Study in Institutionalised Portuguese Older Adults. Int. J. Environ. Res. Public
Health 2021, 18, 3789. [CrossRef] [PubMed]

27. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; Estarli, M.; Barrera, E.S.A.;
et al. Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) 2015 Statement. Rev. Esp. Nutr.
Humana y Diet. 2016, 20, 148–160. [CrossRef] [PubMed]

28. Page, M.J.; Mckenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ Open 2021, 372,
n71. [CrossRef]

29. Hayden, J.A.; van der Windt, D.A.; Cartwright, J.L.; Côté, P.; Bombardier, C. Assessing Bias in Studies of Prognostic Factors. Ann.
Intern. Med. 2013, 158, 280–286. [CrossRef] [PubMed]

30. Li, I.C.; Kuo, H.T.; Lin, Y.C. The Mediating Effects of Depressive Symptoms on Nutritional Status of Older Adults in Long-Term
Care Facilities. J. Nutr. Health Aging 2013, 17, 633–636. [CrossRef]

31. Mendonca, N.; Granic, A.; Mathers, J.C.; Martin-Ruiz, C.; Wesnes, K.A.; Seal, C.J.; Jagger, C.; Hill, T.R. One-Carbon Metabolism
Biomarkers and Cognitive Decline in the Very Old: The Newcastle 85+Study. J. Am. Med. Dir. Assoc. 2017, 18, 806.e19–806.e27.
[CrossRef]

32. Pedrero-Chamizo, R.; Albers, U.; Palacios, G.; Pietrzik, K.; Meléndez, A.; González-Gross, M. Health Risk, Functional Markers
and Cognitive Status in Institutionalized Older Adults: A Longitudinal Study. Int. J. Environ. Res. Public Health 2020, 17, 7303.
[CrossRef] [PubMed]

33. Assis, A.P.M.; de Oliveira, B.T.N.; Gomes, A.L.; Soares, A.D.N.; Guimarães, N.S.; Gomes, J.M.G. The Association between
Nutritional Status, Advanced Activities of Daily Living, and Cognitive Function among Brazilian Older Adults Living in Care
Homes. Geriatr. Nurs. 2020, 41, 899–904. [CrossRef] [PubMed]

34. Cereda, E.; Pedrolli, C.; Zagami, A.; Vanotti, A.; Piffer, S.; Faliva, M.; Rondanelli, M.; Caccialanza, R. Nutritional Risk, Functional
Status and Mortality in Newly Institutionalised Elderly. Br. J. Nutr. 2013, 110, 1903–1909. [CrossRef] [PubMed]

35. Pereira, M.L.A.S.; de Almeida Moreira, P.; De Oliveira, C.C.; Roriz, A.K.C.; Amaral, M.T.R.; Mello, A.L.; Ramos, L.B. Nutritional
Status of Institutionalized Elderly Brazilians: A Study with the Mini Nutritional Assessment. Nutr. Hosp. 2015, 31, 1198–1204.
[CrossRef]

36. Serrano-Urrea, R.; García-Meseguer, M.J. Relationships between Nutritional Screening and Functional Impairment in Institution-
alized Spanish Older People. Maturitas 2014, 78, 323–328. [CrossRef]

37. Lauque, S.; Arnaud-Battandier, F.; Mansourian, R.; Guigoz, Y.; Paintin, M.; Nourhashemi, F.; Vellas, B. Protein-Energy Oral
Supplementation in Malnourished Nursing-Home Residents. A Controlled Trial. Age Ageing 2000, 29, 51–56. [CrossRef]

38. de Oliveira, L.F.S.; Wanderley, R.L.; de Medeiros, M.M.D.; de Figueredo, O.M.C.; Pinheiro, M.A.; Rodrigues Garcia, R.C.M.;
deAlmeida, L.d.F.D.; Cavalcanti, Y.W. Health-Related Quality of Life of Institutionalized Older Adults: Influence of Physical,
Nutritional and Self-Perceived Health Status. Arch. Gerontol. Geriatr. 2021, 92, 104278. [CrossRef]

39. Nieuwenhuis-Mark, R.E. The Death Knoll for the MMSE: Has It Outlived Its Purpose? J. Geriatr. Psychiatry Neurol. 2010, 23,
151–157. [CrossRef] [PubMed]

40. Little, M.O. Updates in Nutrition and Polypharmacy. Curr. Opin. Clin. Nutr. Metab. Care 2018, 21, 4–9. [CrossRef]
41. Jyrkkä, J.; Enlund, H.; Lavikainen, P.; Sulkava, R.; Hartikainen, S. Association of Polypharmacy with Nutritional Status, Functional

Ability and Cognitive Capacity over a Three-Year Period in an Elderly Population. Pharmacoepidemiol. Drug Saf. 2011, 20, 514–522.
[CrossRef] [PubMed]

http://doi.org/10.3389/fnut.2021.684438
http://www.ncbi.nlm.nih.gov/pubmed/34195219
http://doi.org/10.3390/ijerph18073789
http://www.ncbi.nlm.nih.gov/pubmed/33916422
http://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://doi.org/10.1136/bmj.n71
http://doi.org/10.7326/0003-4819-158-4-201302190-00009
http://www.ncbi.nlm.nih.gov/pubmed/23420236
http://doi.org/10.1007/s12603-013-0018-7
http://doi.org/10.1016/j.jamda.2017.05.008
http://doi.org/10.3390/ijerph17197303
http://www.ncbi.nlm.nih.gov/pubmed/33036324
http://doi.org/10.1016/j.gerinurse.2020.06.014
http://www.ncbi.nlm.nih.gov/pubmed/32653259
http://doi.org/10.1017/S0007114513001062
http://www.ncbi.nlm.nih.gov/pubmed/23578415
http://doi.org/10.3305/nh.2015.31.3.8070
http://doi.org/10.1016/j.maturitas.2014.05.021
http://doi.org/10.1093/ageing/29.1.51
http://doi.org/10.1016/j.archger.2020.104278
http://doi.org/10.1177/0891988710363714
http://www.ncbi.nlm.nih.gov/pubmed/20231732
http://doi.org/10.1097/MCO.0000000000000425
http://doi.org/10.1002/pds.2116
http://www.ncbi.nlm.nih.gov/pubmed/21308855

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Inclusion Criteria 
	Exclusion Criteria 

	Search Strategy 
	Selection Process 
	Data Extraction 
	Risk of Bias (RoB) Assessment and Overall Quality 

	Results 
	Study Selection and Literature Review 
	Literature Review 
	Quality Assessment 
	Participants and Follow-Up 
	Characteristics of Studies and Outcomes Measures 

	Discussion 
	Conclusions 
	References

