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Abstract

Background: Frailty is a geriatric syndrome that affects multiple domains of human functioning. A variety of problems
contributes to the development of this syndrome; poor nutritional status is an important determinant of this condition.
The purpose of this systematic review was to examine recent evidence regarding the association between nutritional

status and frailty syndrome in older adults.

Methods: PubMed, Web of Science, and Scopus electronic databases were searched using specific key words, for
observational papers that were published during the period from 2005 to February 2017 and that studied the
association or relationship between nutritional status and frailty in older adults. The Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (PRISMA) Statement was followed to assess the quality of the included articles.

Results: Of the 2042 studies found, nineteen met the inclusion criteria. Of these studies, five provided data on
micronutrients and frailty, and reported that frailty syndrome is associated with low intakes of specific micronutrients.
Five studies provided data on macronutrients and frailty, and among those studies, four revealed that a higher protein
intake was associated with a lower risk of frailty. Three studies examined the relationship between diet quality and
frailty, and showed that the quality of the diet is inversely associated with the risk of being frail. Two studies provided
data on the antioxidant capacity of the diet and frailty, and reported that a high dietary antioxidant capacity is
associated with a lower risk of developing frailty. Finally, seven studies evaluated the relationship between scores on
both the Mini Nutritional Assessment (MNA) and the MNA-SF (Short Form) and frailty, and revealed an association
between malnutrition and/or the risk of malnutrition and frailty.

Conclusions: This systematic review confirms the importance of both quantitative (energy intake) and qualitative
(nutrient quality) factors of nutrition in the development of frailty syndrome in older adults. However, more
longitudinal studies on this topic are required to further understand the potential role of nutrition in the prevention,

postponement, or even reversion of frailty syndrome.
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Background

One of the populations with the most serious shifts in
demographics is the world’s aging population. According
to current estimations, the number of people aged 60 years
or over is projected to grow from 901 million to 1.4 billion
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globally between 2015 and 2030 and will reach nearly 2.1
billion by 2050 [1]. The main reason that people are living
longer is a reduction in mortality due to advances in
health services, medicine, wealth and income, nutrition,
behavior, and education [2]. However, living longer is not
equivalent to being healthy, and increasing age is com-
monly related to different levels of frailty [3, 4].

The study of frailty has attracted enormous scientific
interest in recent years because it affects multiple do-
mains of human functioning, including gait, mobility,
balance, muscle strength, motor processing, cognition,
endurance, physical activity, and nutrition [5]. The
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decline across these multiple physiological systems trig-
gers increased utilization of medical and social resources
[3] with consequent economic expenditures.

Fried et al. [3] defined the presence of the frailty pheno-
type based on the presence of three or more of the follow-
ing physical criteria: weight loss, exhaustion, physical
activity, walking time, and grip strength. People are classi-
fied as frail if they meet three or more of these features,
pre-frail if they meet one or two, and non-frail if they do
not meet any of the criteria. Frailty is considered an early
stage of disability, and as such it is characterized the po-
tential for reversibility [6], meaning that appropriate inter-
ventions at the proper time can be used to prevent,
postpone or even reverse this phenomenon [7].

A variety of problems contribute to the development
of frailty and include, environmental factors such as
physical activity [8] or a poorer nutritional status [9-11],
both of which are important determinants in the devel-
opment of frailty syndrome. Inadequate dietary intake
has been associated with many conditions, such as an in-
creased risk of chronic diseases [12], decreased antioxi-
dant defenses [13], impaired immune responses [14], an
increased risk of osteoporotic fractures [15], peripheral
arterial disease [16], and frailty [10, 17]. Optimal nutri-
tion is important for not only the prevention and treat-
ment of different diseases [18], but also the facilitation
of independence throughout the life cycle, which im-
proves the quality of life of our elders, and ultimately
promotes healthy aging [19]. In fact, the importance of
nutrition as a means for postponing frailty in elderly
people is a well-established phenomenon [20]. Neverthe-
less, a major obstacle to the success of nutritional inter-
ventions that is discussed in the literature has been the
difficulty in comparing studies due to the use of multiple
and different methods to measure nutritional status. To
evaluate malnutrition, healthcare professionals and
researchers rely on body mass index, anthropometry,
biochemical markers, as well as a variety of nutritional
screening tools [21]. Considering this difficulty and as-
suming that good nutritional interventions may play a
role in the postponement or even reversion of frailty in
the elderly, the aim of this systematic review was to crit-
ically appraise recent evidence pertaining to the associ-
ation between nutritional status and frailty syndrome in
older adults.

Methods

Data sources and search strategy

A systematic review of recent literature, published from
January 2005 to February 2017 was performed. Three
computerized electronic databases (PubMed, Web of
Science, and Scopus) were searched using the following
key search words: (“nutritional status” OR “nutrient defi-
ciency” OR “nutrient deficiencies “OR “nutrient deficient”
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OR “nutrient intake” OR “nutritional intake” OR “food in-
take” OR “dietary intake” OR “dietary adequacy” OR
“nutrition assessment” OR “nutritional assessment “OR
“malnutrition” OR “undernutrition” OR “malnourish-
ment”) AND (“frail” OR “frailty” OR “frail elderly”) AND
(“elderly” OR “older adults” OR “older people” OR “geriat-
ric”). All possible articles were merged into a single file,
and duplicate records were removed after they were
checked manually. Two independent reviewers evaluated
the appropriateness of inclusion, and any conflicts that
arose were discussed until a consensus was reached. In
cases where a consensus was not reached, a third reviewer
was included in the discussion.

Inclusion and exclusion criteria
We included original scientific articles that met the fol-
lowing predefined criteria:

Setting: Community-dwelling or institutionalized frail
elderly people who were aged 65 years or older were in-
cluded. As a condition, frailty should be defined with a
clear operational definition/measurement. The study was
excluded if it defined frailty according to disabilities, co-
morbidities, nutritional status, or cognitive impairment.
Outcomes: Only studies that examined the association
or relationship between nutritional status and frailty as a
primary outcome were included. Articles should have a
record of micronutrient and/or macronutrient status
and/or a clear operational definition/measurement of
nutritional status; Language: Only full-text articles pub-
lished in either English or Spanish were considered. It is
important to note that we focused the search on under-
nutrition, malnutrition and nutritional deficiencies and
that any research on overnutrition or obesity was not
included.

Exclusion criteria: Abstracts, reviews, books, book
chapters, letters, conference abstracts, short surveys,
studies based on the description of a protocol, and inter-
ventional studies, as well as studies based on the per-
spective of the authors, and comments on an article
were excluded.

Data extraction

Studies were synthesized according to the following
characteristics: authors and year, study design, country
and sample characteristics (age and sex), setting, oper-
ational definition of frailty, nutritional measurement
tools, prevalence/incidence of frailty and nutritional sta-
tus, and main findings. This was a systematic review that
did not require the ethics approval of an ethics commit-
tee. Because of the heterogeneity of the study designs, a
narrative synthesis approach, rather than a meta-
analysis, was utilized to examine the results. Different
estimators of effect size (ES) were calculated according
to the data to be compared. Cohen’s d values were
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reported as indicators of effect size (ES) for comparing
the mean values. We interpreted the importance of the
ES using the benchmarks for “small ES” (d = 0.2),
“medium ES” (d = 0.5) and “large ES” (d = 0.8) as de-
fined by Cohen [22]. The ES of the difference between
two proportions was estimated according to the arcsine
transformation by Cohen [22], and a Cohen’s /& value
was obtained. We interpreted the importance of these
ES using the benchmarks for “small ES” (& = 0.2),
“medium ES” (2 = 0.5) and “large ES” (4 = 0.8). Finally,
odds ratios were converted into ES using a method pro-
posed by Hasselblad & Hedges [23].

Results

The review procedure is described in Fig. 1. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement was followed [24, 25] to assess the
quality of the included articles (see Additional file 1). As
shown in the figure, a total of 2042 studies were identified:
After the removal of duplicates, 1121 were considered po-
tentially relevant and were screened for pertinent content.
From these studies, 1062 were excluded based on the title
and abstract, while 59 were retrieved for full-text assess-
ment. In the next phase, 40 articles were excluded based on
the inclusion criteria (see Additional file 2): 19 were ex-
cluded for not meeting the setting characteristics, and 21
were excluded for not meeting the review objective. Ultim-
ately, 19 studies met the criteria and were included in this
review (see Figure 1).

Participants and study characteristics

The included articles encompassed a sample of 22,270
older adults (63.2% women), with a mean age of
74.5 + 7.0 years (extracted whenever possible). A total of
21,033 participants were community-dwelling elders,
111 lived in residential care facilities, and one study [26]
recruited 1126 participants from both settings
(community-dwelling people living either on their own
or in a family house and those who were living in a
nursing home). Eight studies were conducted in Europe
[9, 26-32], seven in Asia [11, 33-38], and four in the
United States of America [10, 17, 39, 40].

The identification of frail older people was based on
the frailty phenotype [10, 17, 26-29, 33, 40] described by
Fried et al. [3], on modifications of the frailty phenotype
[9, 30, 32, 37, 38, 40], on the Study of Osteoporotic
Fractures (SOF) Frailty Index [11, 33, 35, 36], and on the
FRAIL scale [35]. Specific nutritional measurement tools
employed in each paper are described in Table 1.

Nutritional outcomes

Association between micronutrients and frailty

Five studies provided data on micronutrients and frailty
[9, 10, 17, 38, 39] and used some specific micronutrients
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as a measure of nutrient intake. In all five studies, frailty
syndrome was independently associated with a low in-
take of specific micronutrients. In a cross-sectional ana-
lysis of the InCHIANTI study, Bartali et al. [9] found
that a low intake of certain micronutrients (vitamins D,
E, and C, and folate) was significantly related to frailty
independent of energy intake. In a cross-sectional multi-
center study among three generations (dietetic students,
their mothers, and their grandmothers), Kobayashi et al.
[38] found that 10 of 12 micronutrients studied (vitamin
A, a-carotene, B-carotene, [-carotene equivalent, cryp-
toxanthin, vitamin D, a-tocopherol, vitamin B6, folate,
and vitamin C) were associated with a lower prevalence
of frailty. By using a sample of community-dwelling
women from the Women’s Health and Aging Studies
(WHAS) I and II, Matteini et al. [39] showed that older
women with increased concentrations of methylmalonic
acid (MMA: a marker of vitamin B12 tissue deficiency)
had 40%-60% greater odds of being pre-frail (p-values
<0.07) and 1.66-2.33 times greater odds of being frail
(p-values <0.02) compared to patients who were not
frail. By using the same sample, Michelon et al. [17] re-
ported that the age-adjusted odds ratios of being frail
were higher for older women with lower levels of micro-
nutrients: such as serum total carotenoids, a-tocopherol,
25-hydroxyvitamin D, and vitamin B6. Importantly, after
adjusting for age, sociodemographic status, smoking sta-
tus, and body mass index, the association between
micronutrients and frailty was strongest for total carot-
enoids, B-carotene, and lutein/zeaxanthin. Finally, Semba
et al. [10], also used data from the WHAS-I study, and
showed that women in the lowest quartile of serum ca-
rotenoids and a-tocopherol had a significantly increased
risk of becoming frail over a 3-year period. By applying a
multivariate grouped-time Cox proportional hazards
model, the number of nutrient deficiencies was also re-
lated to an increased risk of becoming frail.

The role of macronutrient intake in frailty

Five studies reported data on the relationships between
macronutrients and frailty [9, 28, 32, 37, 40]. Three of
the studies found that a higher protein intake was asso-
ciated with a lower risk of frailty [9, 32, 37], whereas two
studies reported that the amount of protein intake was
not associated with frailty [28, 40]. In particular, Bartali
et al. [9] found an association between low protein in-
take (lowest quintile; energy intake of <21 kcal/kg/day)
and frailty after adjusting for energy intake. In a
community-dwelling elder population from France, Rahi
et al. [32] found that a 1 g/kg protein intake was associ-
ated with a lower prevalence of frailty, after adjusting for
sociodemographic and clinical factors. In a multicenter
cross-sectional study that explored the association
between protein or amino acid intake and frailty,



Lorenzo-Lopez et al. BMC Geriatrics (2017) 17:108

Page 4 of 13

(") [ Records identified through database searching (n=2042)
e PubMed=538
e Web of Science=803
‘5 e Scopus=701
3
5‘5 —| Duplicates removed (n=921)
-
v
Records after duplicate removal that were screened for retrieval (n=1121)
s
Records excluded based onf the title and abstract (n=1062)
e Setting (n=209): Persons younger than 65 or with a mean age <65 years
old (n=13), patients with specific diseases (n=187), or the sample did
. not include frail elders (n=9)
g e Study objective (n=483): not designed to study the relationship
2 between nutritional status and frailty (n=464), nutrition and/or frailty
.},‘5 was not a primary outcome (n=16), or there was not sufficient
information included to interpret the data (n=3)

e Type of study (n=370): reviews (n=229), letters and editorials (n=56),
abstracts (n=5), books or book chapters (n=11), conference abstracts or
papers (n=22), descriptive studies (n=2), studies based on the
description of a protocol (n=10), studies based on the perspective of the
authors (n=4), comments on an article (n=8), and guidelines (n=23)

—
\4
Full-text articles assessed for eligibility (n=59)
)
Full-text articles excluded based on the application of inclusion criteria (total
- n=40)
= e Setting (n=19): Persons younger than 65 or with a mean age <65 years
’:,30 old (n=8), patients on specific diet (n=1), unclear criteria of frail elderly
fr] > people (n=9), or the sample did not include frail elders (n=1)
e Study objective (n=21): not designed to study the relationship between
nutritional status and frailty (n=15), nutrition and/or frailty was not a
primary outcome (n=4), or examining an intervention program (n=2)
—
s v
3 Studies included in the manuscript (n=19)
E
Fig. 1 Flow diagram of study selection

Kobayashi et al. [37] showed that a higher intake of total
protein was significantly associated with a lower preva-
lence of frailty among older Japanese women, regardless
of the protein source (animal sources: fish and shellfish,
meat, eggs, and dairy products; plant sources: cereals,
pulses, potatoes, confectionaries, fruits and vegetables),
or the amino acid that composed the protein (leucine,
isoleucine, valine, methionine, cysteine, branched chain

amino acids, sulfur amino acids, and essential amino
acids). Although amino acid consumption was inversely
associated with frailty, the association of total protein in-
take was stronger than those of any individual amino
acids. The authors concluded that neither the protein
sources nor the type of amino acids were particularly
relevant in the prevention of frailty. In another cross-
sectional study that investigated the association between
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the amount and distribution of protein intake through-
out the day (morning, noon, evening) and frailty in older
German community-dwelling seniors, Bollwein et al
[28] found that the amount of protein intake was not as-
sociated with frailty or any of its individual criteria (the
authors only found a significant trend concerning low
physical activity). However, the distribution of protein
intake throughout the day was significantly associated
with frailty. Specifically, frail older adults showed a more
uneven distribution of protein intake throughout the day
with a lower morning intake and a higher midday intake
than pre-frail and non-frail participants. In a longitu-
dinal study that examined the association between base-
line dietary variables and baseline frailty status, Shikany
et al. [40] found that while a higher intake of fiber and
carbohydrates significantly decreased the risk of intermedi-
ate or frail status relative to a robust status, a higher fat in-
take significantly increased the risk of being frail relative to
a robust status. Notably, protein intake was not associated
with the risk of frailty relative to a robust status [40].

Relationship between dietary patterns and frailty

One longitudinal study explored the relationship between
dietary patterns and the four-year risk of frailty [34]. In a
sample of Chinese community-dwelling older adults, Chan
et al. [34] found that a higher score of “snacks-drinks-milk
products” patterns decreased the risk of being frail. This as-
sociation disappeared when the model was adjusted for age
and sex, or for other demographic and lifestyle factors. No
association with the incidence of frailty was found for “veg-
etables-fruits products” or “meat-fish products” patterns.

Relationship between diet quality and frailty

Three studies examined the relationship between diet
quality and frailty [27, 34, 40], and showed that the over-
all quality of the diet was inversely associated with the
risk of being frail. With the use of a Mediterranean-Diet
Score (MDS) to evaluate a priori-defined dietary pat-
terns, Bollwein et al. [27] found that compared to a less
healthy diet, community-dwelling older adults who had
the healthiest diet had a significantly decreased risk of
being frail. The effect of the diet was graded, as mani-
fested by the linear trend in the odds ratios (OR). Con-
sidering the singular frailty criteria, there was a
significant and inverse association between “weight loss,”
“low physical activity,” and “low walking speed” and the
MDS. With the use of the Diet Quality Index-
International (DQI-I) and the MDS, Chan et al. [34]
explored the associations between dietary patterns and
four-year incident frailty in older Chinese adults and
found that participants with a higher DQI-I score (which
represents a balanced diet in terms of energy and nutri-
ent intake) had a reduced risk of frailty in both sex- and
age-adjusted models. However, the authors did not find
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any association between MDS and frailty. Finally, in an
analysis of the Osteoporotic Fractures in Men (MrOS)
longitudinal study that used the Diet Quality Index
Revised (DQI-R), Shikany et al. [40] found, that the
DQI-R score in a cohort of older men was inversely as-
sociated with frailty status relative to a robust status at
both a baseline and second clinic visit (a mean of
4.6 years later).

Antioxidant capacity of the diet and frailty

Two studies reported data on the antioxidant capacity of
a diet compared to frailty [31, 38]. Both studies showed
that a higher dietary antioxidant capacity is associated
with frailty status. Specifically, in a cross-sectional multi-
center study, Kobayashi et al. [38] found that a higher
intake of dietary total antioxidant capacity (TAC) mea-
sured with four assays (ferric reducing ability of plasma
(FRAP), oxygen radical absorbance capacity (ORAC),
Trolox equivalent antioxidant capacity (TEAC), and total
radical-trapping antioxidant parameters (TRAP)) was in-
versely associated with frailty. The intake of green tea,
coffee, vegetables, and fruits which contributes to dietary
TAC was also associated with lower odds of frailty, since
the odds ratios were less pronounced than those for
dietary TAC. Rabassa et al. [31] designed a longitudinal
study that investigated the association of habitual dietary
resveratrol exposure (measured by total dietary resvera-
trol (TDR), total urinary resveratrol (TUR), and the
combination of both measures (TDR + TUR) with frailty
syndrome and each of its 5 criteria at baseline and at 3-,
6-, and 9-year follow-up periods. The authors found that
high habitual dietary resveratrol exposure was associated
with a lower risk of developing frailty syndrome in older
adults during the first 3 years of follow-up but not after
6- and 9-years follow-up periods, despite results that
trended in the same direction. Considering individual
frailty criteria during the 3-year follow-up period, and
after adjusting for baseline frailty syndrome and for po-
tential covariates (including energy intake), participants
in the highest tertile of TDR + TUR had a lower risk of
feeling exhausted than did those participants in the low-
est tertile. No associations were observed for other
frailty criteria. Considering TDR exposure, raw models
identified a significant inverse association between this
measure and low levels of physical activity at the 3, 6,
and 9-year follow-up periods, although this relationship
was not present in the adjusted models.

Relationships between the mini nutritional assessment
(MNA®) and the mini nutritional assessment shot form
(MNA-SF®) scores and frailty

Six studies evaluated the relationship between MNA and
MNA-SF [41] scores and frailty [11, 26, 29, 30, 33, 35, 36],
and revealed a significant association between malnutrition,
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the risk of malnutrition, and frailty status. Specifically,
Chang [11] found that frail Taiwanese community-dwelling
elders had a particularly high risk of malnutrition. Bollwein
et al. [29] reported a significant association between frailty
status and the three dimensions of the MNA score: MNA
total scores, MNA-subscores, and 12 of the 18 MNA single
items. Boulos et al. [33] reported a strong association be-
tween 14 of the 18 MNA items and frailty status. In
addition, by applying a multivariate analysis, the authors
found a strong and independent relationship between frailty
and both malnutrition and the risk of malnutrition. In a pi-
oneer study carried out in Asian pre-frail elders, Chang and
Lin [35] revealed a relationship between pre-frail status and
the total MNA score. Similarly, El Zoghbi et al. [36] showed
that frailty was inversely correlated with the nutritional sta-
tus of 111 institutionalized elders. In a multicenter study,
Eyigor et al. [26] found that several socio-demographic fac-
tors, lifestyle variables, and clinical characteristics (such as
malnutrition) were related to frailty. Specifically, the au-
thors found that being malnourished increased the risk of
being frail. Finally, in a sample of 640 community-dwelling
Spanish elders, Jirschik et al. [30] found a significant asso-
ciation between the 5 frailty criteria and malnourishment,
as identified by the MNA and the MNA-SE and argued
that both tests could be used to identify frail elders.

Discussion

This systematic review regarding the relationship be-
tween nutrition measurements (micronutrients, macro-
nutrients/protein intake, diet quality, antioxidant
capacity, MNA or MNA-SF scores) and frailty in elderly
people, provides current evidence of an association be-
tween many of these outcomes and frailty syndrome.
The focus on malnutrition, at both the micro- and
macronutrient levels is relevant because nutrition was
identified in a recent systematic review as a means for
delaying the onset of the negative consequences of frailty
in older adults [20] as well as for the slowing the devel-
opment and progression of frailty in elderly people [9].
Similar to a previous article [8], we required rigorous
criteria to perform this review and to define frailty in
older people; thus, trials that included the word “frail” in
the title or in the abstract, and studies that did not rigor-
ously define the word “frail”, were not included.

Five of the articles studied the association between
micronutrients and frailty, and reported that low intake
of specific micronutrients increased the risk of being
frail [9, 10, 17, 38, 39]. Among the micronutrients that
were studied, most of them had sequentially decreasing
levels in non-frail, pre-frail, and frail older people. One
important implication of the inverse association between
micronutrients and frailty is that the intake of specific
nutrients affect the health of older people and may lead
to the development of frailty, among other important
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conditions. Indeed, different types of cancer are related
to deficiencies of carotenoids and vitamins C and E [42];
cardiovascular disease is related to the impaired antioxi-
dant capacity of vitamin E, p-carotene, and vitamin C
[43], and sarcopenia is related to low serum concentra-
tions of carotenoids and vitamin E [44]. A rich dietary
intake of carotenoids and vitamins could be a potentially
modifiable factor for preventing all these conditions.
Therefore, it is important to teach our elders about
foods that contain specific micronutrients. The goal
could be to present specific dietary programs aimed at
the avoidance of malnutrition while increasing the intake
of foods that are rich in carotenoids and vitamins (such
as vegetable foods) depending on the needs of each
elder. Based on these findings, Bartali et al. [9] suggested
that the quality of the diet, expressed by the intake of
specific nutrients, should be included as part of frailty
screening, diagnostic and treatment processes, because
nutrition is a relevant factor that significantly affect the
health of older adults.

Five studies [9, 27, 32, 36, 40] included in this review
considered the role of macronutrient and protein intake
in frail patients. Three of those studies [9, 32, 37] found
that higher protein intake was associated with lower
frailty risk, while only one study [28] found that it was
actually the overall distribution of the protein through-
out daily meals that was significantly associated with
frailty. Specifically, Bollwein et al. [28] found greater uni-
formity in the pattern of protein intake in non-frail el-
ders than in frail or pre-frail older adults. This result
occurred with other findings and signaled the import-
ance of ingesting a sufficient amount of protein with
each meal, which is recommended at 25-30 g of high-
quality protein per meal or approximately 1-1.2 g/kg
per day [45].

In addition, the three studies that examined the relation-
ship between overall diet quality and frailty [27, 34, 40]
revealed that the quality of the diet is inversely associated
with the risk of being frail, thus providing convergent
evidence that a potentially modifiable factor, such as diet-
ary intake, may play a crucial role in frailty status. As
already suggested [27] and as proposed by the MDS, this
effect could be mediated by a low intake of animal prod-
ucts and a high intake of fruits and vegetables. This result
coincides with the previously mentioned micronutrient
studies that indicated that the main nutritional sources of
carotenoids and vitamin C were vegetable foods.
Consistent with these results, this review found two
studies [31, 38] that showed that a high intake of foods
with high dietary antioxidant capacity, such as vegetables,
fruits, coffee, and green tea, was associated with a lower
risk of developing frailty. In summary, this and the previ-
ous findings indicate that a high-quality diet with satisfac-
tory energy intake, the optimal intake of quality protein
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that is evenly distributed throughout all meals, and meals
that are rich in antioxidants, are important factors for pre-
venting and postponing the onset of frailty in older adults.

In is important to note that all the reviewed papers
highlighted the importance of different nutritional factors
in frailty, regardless of the type of study, the studied sam-
ple, or the instruments used to measure frailty and
nutritional status.

Regarding the gap in the literature, future longitudinal
studies with larger sample sizes and clinical trials are
needed to further improve our knowledge regarding the
associations between nutritional status and frailty.
Specifically, future studies that examine the relationships
between micro- and macronutrients concentrations and
frailty are needed. It would also be interesting to deter-
mine whether different components of frailty are associ-
ated with the quality of the diet, independent of major
confounders, in future studies.

This review has several limitations that should be men-
tioned. The main limitation is that most of the included
studies were of a cross-sectional design, and as such, no
statements can be made about causal relationships. Indeed,
poor nutrition or malnutrition might contribute to frailty, or
conversely, frailty might contribute to poor nutrition or
malnutrition. Additionally, it is possible that some other me-
diating factors, such as poor dentition and swallowing prob-
lems, reduced smell and taste, or a deteriorated functional
capacity that was associated with the need for feeding assist-
ance, might have contributed to the relationship between
both variables. Our review has limitations resulting from the
search terms and years included. It would be really interest-
ing, in future reviews on the topic, to include articles with
malnutrition or frailty as secondary outcomes and more spe-
cific terms (protein, carbohydrate, fat, vitamin D, diet qual-
ity, dietary pattern, antioxidant, MNA, fruit or vegetable),
with no limit of search years. An additional limitation is that
only two studies were performed with institutionalized older
adults, while seventeen were performed in community-
dwelling populations, which limits significant comparisons
among settings. Finally, the heterogeneity of the outcome
measurements could have limited the strength of the con-
clusions. Nevertheless, there were also strengths that deserve
to be highlighted. The main strength is that this review gives
a beneficial outlook on how nutrition is linked to frailty in
different elderly populations throughout the world. Thus,
the results allow cross-country comparisons. In addition, we
required strict criteria to define frailty, nutrition, and malnu-
trition in older people, and we presented a well-defined
question and explicit inclusion criteria.

Establishing an optimal nutrition-based plan for the
aging population should be of concern for governments
for the judicious allocation of resources and for policy
makers who want to add life to years and not years to
life [46].
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Conclusion

This systematic review analyzes recent evidence that nu-
trition or nutritional intake is associated with frailty in
older adults. However, a straightforward conclusion about
the efficacy of nutrition on frailty cannot be established
due mainly to the cross-sectional design of many of the
included studies. In summary, more prospective cohort
studies in older adults are needed to further understand
the potential role of nutrition in the prevention, postpone-
ment, or the reversal of frailty syndrome.
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