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Purpose of the review: Nutrition, as part of lifestyle and modiﬁable environmental factors, constitutes an interesting approach for the prevention of geriatric syndromes. The objective of this review was to examine the most
recent evidence on the association between nutrition, from dietary patterns to speciﬁc nutrients, and frailty,
before the onset of disability, among elderly individuals.
Recent ﬁndings: Based on available epidemiological studies, three meta-analyses published in 2018 have outlined
a protective eﬀect of greater adherence to a Mediterranean-type diet (MeDi) on the risk for frailty, with up to a
60% reduction in risk. Several studies focusing on particular food groups, macronutrients and micronutrients
have also been published and have highlighted that a protein intake of 1 g/kg in body weight per day should be
fulﬁlled (except for patients suﬀering from kidney or hepatic dysfunction) and that vitamin deﬁciencies should
be avoided. Available interventional studies of nutritional supplements and/or physical activity programs have
mainly been limited to disabled participants to date.
Summary: Research eﬀorts should target both developing a better understanding of the mechanisms underlying
frailty and improving detection tools and the eﬀectiveness of intervention studies, alongside eﬀorts to address
the speciﬁc needs of older people. For instance, ensuring an adequate nutritional status, by ﬁghting the agerelated increased prevalence of undernutrition or sarcopenic obesity, should be privileged.

1. Introduction
According to the World Health Organization, aging is a continuous
process which results from interactions between genetic and environmental factors that alter the structure and function of the organism.
Advancing age is accompanied by common geriatric syndromes that
can coexist, such as falls and fractures, thinness, isolation, incontinence,
sensory disorders, disability, and frailty (Tabue-Teguo et al., 2017a).
For the last two decades, frailty has become a particularly attractive
concept because of its place in the continuum from robustness to agerelated disability (Tabue-Teguo et al., 2017b). Frailty involves uncompensated adaptation to changes in the environment over time, and
the frailty status is characterized by a depletion in the functional reserves of physiological systems. The French Society of Geriatrics and
Gerontology deﬁnes frailty as “a clinical syndrome expressing a multisystemic reduction of physiological capacities limiting the adaptation
to stress” (Rolland et al., 2011). The frail older adult is therefore unable
to respond appropriately to situations of stress, from the cellular level to
the societal level. The frail older adult thus has an unfavorable prognosis, i.e., is more at risk of adverse health events, disability, loss of
autonomy and death (Tabue-Teguo et al., 2017b; Gill et al., 2010; Crow
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et al., 2018; Gonzalez-Colaco Harmand et al., 2017). However, from a
public health point of view, this transitional state is particularly interesting, since it is potentially reversible and is accessible to preventive
measures (Clegg et al., 2013; Gill et al., 2006; Santos-Eggimann and
Sirven, 2016).
Today, the concept of frailty seems commonly accepted by most
medical practitioners in addition to geriatricians, while its translation
into clinical practice seems to still be limited due to the absence of a
standardized operational deﬁnition. Similarly, the underlying pathophysiological processes that lead to frailty are still debated (GonzalezColaco Harmand et al., 2017; Rodriguez-Manas et al., 2013; Aguayo
et al., 2018). In the current scientiﬁc literature, two ways of thinking
coexist; the ﬁrst deﬁnes frailty as the accumulation of deﬁcits, with a
multidomain and cumulative approach to pathologies and dependencies (Mitnitski et al., 2002; Rockwood et al., 2005), while the
second mainly considers frailty as an impairment of physical function
resulting from a pathological process underlying various clinical manifestations (Fried et al., 2001). According to this latter hypothesis,
pathologies are excluded from the deﬁnition, whereas the loss of lean
mass with undernutrition, decreased muscle strength, and decreased
metabolic and physical activity are components of a self-sustaining
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Australian men, n = 1685, aged 77 years on average), which reported
that low muscle mass and sarcopenic obesity were associated with a
signiﬁcantly doubled risk for frailty over a 5-y period (Hirani et al.,
2017). Overall, these studies conﬁrmed that an altered nutritional
status, as evaluated by both undernutrition and over-nourishment,
should be considered as helpful criteria for the identiﬁcation of frail
individuals. This hypothesis was already suggested by Buch et al. who
reported that central obesity or diabetes can provide useful marker of
frailty among obese young elderly (Buch et al., 2018).

circle and are also fueled by adverse external environmental factors
(Fried et al., 2001). This phenotype, as proposed by Fried et al., seems
to be the most commonly used deﬁnition in the scientiﬁc literature to
date. A third stream of thought has also emerged over several years and
favors a multidimensional approach. Social, cognitive and psychosocial
components, as well as factors associated with decreasing the elderly's
physiological reserves, including nutritional factors, deﬁne diﬀerent
scores of frailty (Aguayo et al., 2018; Avila-Funes et al., 2009; Gobbens
et al., 2010).
Frailty is therefore part of a multifactorial dynamic process in which
the nutritional status appears as a key element in the assessment of
frailty. Moreover, the main hypothesis of the present article is that
nutrition should also be considered as a modiﬁable environmental
factor which potentially could be associated with the prevention of the
frailty status. The purpose of this article is to create a nonexhaustive
inventory of the relationship between nutrition and frailty in the elderly, summarizing the work of observational studies up to the intervention trials already established.

2.3. Relationship between energy, macronutrients and frailty
Much of the literature concerns the contributions of total energy and
macronutrients, especially proteins (Lorenzo-Lopez et al., 2017;
Bonnefoy et al., 2015; Yannakoulia et al., 2017). It is noted in the
majority of cross-sectional studies that frail participants have the lowest
energy intakes (Lorenzo-Lopez et al., 2017; Bonnefoy et al., 2015;
Yannakoulia et al., 2017); the threshold of 21 kcal / kg / d or less was
signiﬁcantly associated with a higher prevalence of frailty. Similarly,
protein intake is inversely associated with frailty, except in one study
where the distribution of daily protein intake, rather than the quantity
itself, could explain this result (Bollwein et al., 2013b). Animal or vegetable protein sources are not essential in the relationship between
protein intake and frailty (Kobayashi et al., 2013). This ﬁnding is particularly true in our cohort of seniors who responded to a thorough
dietary survey (cohort 3-City) (Feart et al., 2007): a protein intake of
nearly 1 g / kg / day was associated with a lower prevalence of frailty
(odds ratio = 0.41, 95% conﬁdence interval 0.19–0.89), and this was
independent of total energy intake (set at 30 kcal / kg / d, alone not
associated with frailty) (Rahi et al., 2016). Longitudinal studies conﬁrm
these results, showing that participants with the lowest protein intake
are the most at risk of becoming frail over time (Artaza-Artabe et al.,
2016; Beasley et al., 2010; Sandoval-Insausti et al., 2016).

2. Text of the review
2.1. Prevalence of frailty
The French “Haute Autorité de Santé” suggests identifying frailty in
people over 70, free from serious illness, by tools that are complementary to standardized geriatric evaluation. Among the most
commonly used tools is the Short Physical Performance Battery (SPPB),
which is the sum of the scores on three criteria: balance test, walking
speed and chair lift test. The walking speed alone, at the 0.8 m / s
threshold, is also a relevant criterion and a marker of health status
(Abellan van Kan et al., 2009; Studenski et al., 2011). Other scales
derived from the frailty phenotype items of Fried et al. have been
proposed, such as the “SOF (Study of Osteoporotic Fracture) criteria for
frailty” (Ensrud et al., 2008), which combines chronic fatigue, chair lift
and weight loss, or the “FRAIL scale”, which combines fatigue, resistance, ambulation, diseases and weight loss (Morley et al., 2012).
The common feature of these numerous scales is their ability to predict
the higher risk for adverse events in frail individuals (Aguayo et al.,
2018).
Because of the lack of a standardized deﬁnition, prevalence data for
frailty in the elderly community vary widely. From 2012, Collard et al.
reported a prevalence in the order of 4 to 60%. Overall, the weighted
prevalence of frailty in their analysis was 10.7%, based on 21 studies
involving nearly 61,500 participants aged 65 and over, with an increased prevalence with age and among women, compared to men
(Collard et al., 2012).

2.4. Relationship between micronutrients and frailty
To date, several studies have focused on micronutrients in relation
to frailty, with a particular interest in vitamin D. Older people often
suﬀer from hypovitaminosis D; in 2000, in our 3-City cohort, we observed a nearly 60% level of moderate impairment (25 (OH)
D = 25–50 nmol / L) and a 24% level of deﬁcit (25 (OH)
D = 12.5–25 nmol / L2) (Feart et al., 2017). Elderly frail participants
also exhibited low circulating levels of vitamin D, which are themselves
signiﬁcantly associated with an increased risk of frailty among the robust (Artaza-Artabe et al., 2016). Two metabolic pathways are involved, namely, phosphocalcic metabolism, since vitamin D plays an
essential role in bone mineralization, and muscle strength, since vitamin D binds its receptor in skeletal muscle cells to induce protein
synthesis (Lorenzo-Lopez et al., 2017; Yannakoulia et al., 2017; ArtazaArtabe et al., 2016).
For other micronutrients, data from the Italian InCHIANTI cohort
are among the most interesting: frail participants consume signiﬁcantly
less vitamin D, E, C and folate, regardless of energy consumption, than
nonfrail participants (Bartali et al., 2006). Rates of vitamin E levels
were also associated with an increased risk of frailty over time (Semba
et al., 2006; Ble et al., 2006). These results were partly conﬁrmed by
other studies: the lowest levels of consumption or circulating biomarkers of carotenoids, such as β-carotene, lutein and zeaxanthin, vitamin A, vitamin E, and vitamin B6, were associated with a higher
prevalence and an increased risk of frailty (Lorenzo-Lopez et al., 2017;
Yannakoulia et al., 2017). Semba et al. suggested that the higher the
number of nutritional deﬁcits is, the higher the risk of frailty (Semba
et al., 2006). In the Spanish Seniors-ENRICA cohort, also interested in
the associations between micronutrient intakes and the frailty risk, an
analysis of more than 1600 aged individuals reported that poor intake
of several vitamins (B6, C, E and folates), and non-adherence to the

2.2. Nutritional status of frail elderly people
According to the deﬁnition of Fried et al., unintentional weight loss
is a susceptibility criterion for frailty. Therefore, undernutrition is frequent among frail populations (Bollwein et al., 2013a; Lorenzo-Lopez
et al., 2017). Although undernutrition and frailty are two distinct entities, according to the studies, up to 90% of malnourished elderly
people are also more frequently frail (Bollwein et al., 2013a; Verlaan
et al., 2017). Moreover, the recent concept of sarcopenic obesity should
be introduce in this ﬁeld (Batsis and Villareal, 2018). Indeed, although
apparently in satisfying health due to overweight, elderly individuals
are also likely to lose muscle mass and strength, a phenomenon called
sarcopenia (Cruz-Jentoft et al., 2018). Few studies have been interested
in the association between sarcopenic obesity and frailty. One crosssectional analysis of the National Health and Nutrition Survey
(NHANES) database reported that frail older adults exhibited higher
adiposity (expressed as % of body fat) and greater average waist circumference than non-frail participants (Crow et al., 2019). There is to
date a single longitudinal analysis on the CHAMP participants (100%
2
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Mediterranean diet, Diet Quality Index), or we apply multidimensional
statistical techniques to observational data, thus allowing the identiﬁcation of dietary patterns speciﬁc to the studied sample (i.e., prudent
diet, Western diet). An advantage of these approaches by pattern is the
ability to capture the potential interactions between microconstituents,
whether they are synergistic, additive or antagonistic (Hu, 2002).
These methodologies have been developed in the ﬁeld of frailty.
Thus, the Mediterranean diet would also have beneﬁcial eﬀects applicable to frailty, in addition to the well-known beneﬁts on cardiovascular health and longevity (Soﬁ et al., 2014; Psaltopoulou et al.,
2013). Several studies, including some recently published studies,
conﬁrmed that greater adherence to a diet of Mediterranean-type food
was associated with a lower odds/risk of frailty over time (Bollwein
et al., 2013c; Talegawkar et al., 2012; Leon-Munoz et al., 2014;
Milaneschi et al., 2010; Veronese et al., 2017; Ntanasi et al., 2018).
Using data from the 3-City cohort, our analysis focused speciﬁcally on a
representative sample of people aged 75 years and older, for whom a
signiﬁcant 68% decreased risk of developing frailty in the next 2 years
was observed, suggesting that, even at advanced ages, this eating behavior could be beneﬁcial (Rahi et al., 2018). We had already shown
that following a Mediterranean-type diet was beneﬁcial in terms of the
risk of disability in the 3-City cohort; these last projects emphasized the
importance of this dietary pattern in the phase that precedes this state
of disability and suggested a long-term eﬀect of the eating habits on
health (Feart et al., 2011). Results from these studies on the Mediterranean diet and the risk of frailty were recently included in a metaanalysis, where participants who had the highest scores - with the
strongest adherence to this dietary pattern - had a signiﬁcantly decreased risk of frailty by 56%, signaling a major strength of association
(Kojima et al., 2018). More recently, a report observed that the beneﬁt
of a higher adherence to a Mediterranean diet on preventing frailty was
also obvious on at-risk older women from the Nurses' Health Study
suﬀering from type-2 diabetes (Lopez-Garcia et al., 2018). In addition
to eating a Mediterranean diet to ﬁght frailty, adopting a Mediterranean
lifestyle would be a deterrent to frailty (Voelker, 2018; Bach-Faig et al.,
2011). Moreover, as chronic inﬂammation may play a role in frailty, an
a priori dietary pattern marker of foods and nutrients intakes associated
with inﬂammation has been built in the Seniors-ENRICA cohort. The
authors observed that the highest adherence to the “dietary inﬂammatory index” was associated with a higher risk for frailty (and
slow gait speed) among 1948 participants followed for up to 4 years
(Laclaustra et al., 2019). To our knowledge, this is the single study
interested in the inﬂammatory part of the usual diet in the ﬁeld.
Using the alternative approach of dietary pattern creation, namely,
techniques without a priori hypotheses, we observed that the elderly
men of the cohort 3-City who were characterized by a high consumption of pasta and women who were characterized by a higher consumption of biscuits and snacking, had a 2-fold greater risk of frailty
after 12 years of follow-up (Pilleron et al., 2017). By a similar approach,
“cautious” or “traditional” proﬁles identiﬁed among Spanish or Dutch
participants were also signiﬁcantly associated with a lower risk of
frailty 3.5 to 4 years later (Leon-Munoz et al., 2015; de Haas et al.,
2017). Since these dietary patterns are derived from observational data,
they are not strictly comparable in terms of foods that comprise them,
and the accumulation of knowledge in other elderly populations is required before drawing deﬁnitive conclusions. As a proof, an a posteriori
inﬂammatory dietary pattern identiﬁed among the Spanish older individuals enrolled in the Seniors-ENRICA study failed to be associated
with the frailty risk, while the a priori pattern was, in part due to the
lack of reproducibility of such a posteriori patterns to other populations
than the original ones (Laclaustra et al., 2019).

recommended dietary allowances for thiamine, niacin and vitamin B6
were all independently associated with the frailty risk over 3.5y
(Balboa-Castillo et al., 2018). As with food consumption, we recently
developed an original approach that consisted of building a pattern of
circulating biomarkers of micronutrients. As part of the European
project FRAILOMIC (study case-control design) (Erusalimsky et al.,
2015), we pooled 4 cohorts (including InCHIANTI and 3-City) for which
blood tests of α- and β-carotene, lycopene, cryptoxanthin, lutein and
zeaxanthin, retinol, α- and γ-tocopherol and 25 (OH) D3 were assessed
from 1324 participants. We identiﬁed 3 diﬀerent nutrient patterns and
observed that frail participants had signiﬁcantly lower vitamin E and A
levels (component 2), but there was no association between the patterns characterized by either the carotenoid levels (component 1) or by
the vitamin D levels (component 3) and frailty (Pilleron et al., 2018).
Even more surprisingly, no nutrient pattern was associated with the risk
of frailty in this sample, suggesting that these patterns were only status
markers and were not predictive of the risk of frailty (Pilleron et al.,
2018). These results raise the question of the reverse causality bias that
may have been observed in previous studies: the underlying frailty may
have led to changes in eating behavior rather than the reverse.
Nevertheless, to our knowledge, this original and unique study should
be reproduced before forming a deﬁnitive conclusion about this relationship.
Recently, omega-3 fatty acids have gained interest regarding the
preservation of muscle mass. We already observed that a higher circulating long-chain omega-3 fatty acid status (high in EPA and DHA)
was associated with lower odds of exhibiting low gait speed among 3City participants (Frison et al., 2017). Another longitudinal study
conﬁrmed that a higher intake of omega-3 fatty acids contributed to a
lower risk of frailty development (Leon-Munoz et al., 2015). To our
knowledge, no additional studies have assessed this association in a
diﬀerent context.
2.5. Relationship between food and frailty
With regard to food consumption and its relationship to frailty,
studies are rare. Fruits and vegetables represent the food group that has
attracted the most interest, including in our cohort. In collaboration
with Spanish colleagues, we have studied the relationship between fruit
and vegetable consumption and the risk of frailty in three European
cohorts (Garcia-Esquinas et al., 2016). Among a sample of 2926 people
aged 65 and over, followed for up to 2.5 years, the initial intake of at
least 3 fruits per day was signiﬁcantly associated with a 52% decrease
in the risk of developing frailty, while a consumption of 2 servings of
vegetables a day led to a 44% decrease in the risk of frailty. Combined,
the daily consumption of 5 or more servings of fruits and vegetables
was signiﬁcantly associated with a nearly 70% reduction in the risk of
frailty among elderly people in the community. These results suggested
a beneﬁcial eﬀect of fruit and vegetable consumption on the short-term
risk of frailty, even among people who were almost 70 years old on
average (Garcia-Esquinas et al., 2016). Regarding other food groups, a
recent Spanish study has also underlined a signiﬁcant association between sugar consumption and a higher risk for frailty, but this ﬁnding
was limited to sugars from processed foods (i.e., added sugars) and not
naturally occurring sugar in food (Laclaustra et al., 2018). Overall, it is
important to emphasize that participants with a high consumption of
plant products are also people who, in general, have a healthier diet and
lower added sugar intake, which is now encouraging researchers to take
into account for all food intake within the context of dietary patterns.
2.6. Relationship between dietary patterns and frailty

2.7. Nutritional interventions to prevent or delay frailty

There are several methods of developing dietary patterns: either we
have a priori assumptions about the beneﬁcial or deleterious eﬀects of
food groups on health, which allow us to build scores for each participant whether or not they conform with these hypotheses (i.e.,

Intervention studies provide the best causal evidence in support of
associations suggested by observational studies. In the case of
3
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intake are associated with an increased risk of frailty, while all studies
converge to suggest that adopting a Mediterranean-style dietary pattern
rich in fruit and vegetable sources of antioxidants would be an eﬀective
way to combat the emergence of frailty. However, no scientiﬁc evidence is available to date. Research must continue to help better
identify frail elderly people by providing validated tools and by testing
the eﬀectiveness of prevention interventions. As we move forward in
this direction, we will be able to help make dietary recommendations to
prevent frailty and its consequences and to meet the speciﬁc needs of
the aging population.

nutritional exposure, it is particularly diﬃcult to set up pragmatic trials
to modify dietary behavior, but not impossible (Estruch et al., 2013),
and complementary approaches are often preferred. The prevention of
frailty at the level of the elderly community includes conventional
health prevention messages such as the promotion of physical activity,
a healthy diet, the cessation of tobacco, an active social life, weight
maintenance, and the control of vascular and metabolic risk factors,
such as dyslipidemia, diabetes, and blood pressure (Sternberg et al.,
2011). Multidomain interventions, including nutrition and physical
activity, seem more relevant than the isolated nutritional approach,
although nutrition alone can be considered as a multilevel approach
through its potential beneﬁts on several biological, clinical and social
systems (Dedeyne et al., 2017).
Overall, frailty is still a ﬁeld of research where nutritional interventions are rare: participants are more often already frail and beneﬁt
from interventions to slow down the process and the onset of disability
(Yannakoulia et al., 2017; Cesari et al., 2014; Puts et al., 2017). Here,
we described two main trials, but recent reviews will complete this
noncomprehensive list (Yannakoulia et al., 2017; Kelaiditi et al., 2015;
Kelaiditi et al., 2014; Hernandez Morante et al., 2019). From 2013, a
ﬁrst trial was set up with robust women aged 65 and over who received
1–2 g of long-chain omega 3 fatty acids (EPA and DHA) daily for
6 months (n = 85), while the control group received 1.8 g of oleic acid
in the form of olive oil (n = 41). The results showed no eﬀect on the
prevalence of frailty as a whole after 6 months, although a slight improvement in walking speed was observed in the intervention group
(Hutchins-Wiese et al., 2013). Another trial conducted in Singapore
with 151 prefrail and frail women included nutritional supplementation, cognitive training, physical training or a combination of these
treatments vs a nonintervention group, for 12 months (Ng et al., 2015).
At the end of the intervention, the frailty status was reduced in all
groups, including the control group, and was signiﬁcantly lower in the
intervention group than in the control group. This trial has therefore
demonstrated the eﬀectiveness of these interventions on the reversibility of frailty (Ng et al., 2015).
While still rare today, the ﬁrst available RCTs are valuable since
they contribute to the improvement of future study plans of nutritional
interventions on frailty, whether or not they are coupled with other
interventions, and add to the deﬁnition of the best strategies for caring
for frail people. Thus, hopes are now resting on SPRINTT-type trials,
where sarcopenia, deﬁned by a reduction in both mass and muscle
strength, is considered the physiological substratum of frailty, while
being a separate entity according to the ESPEN (European Society for
Clinical Nutrition and Metabolism) (Cruz-Jentoft et al., 2018;
Cederholm et al., 2017; Landi et al., 2017). SPRINTT means “Sarcopenia and physical frailty in older people: multicomponent treatment
strategies”: for 36 months, 1500 frail and sarcopenic elderly people will
follow a multidomain program including structured physical activity
programs, dietary counseling and intervention, and information and
communication technology intervention vs a healthy aging education
program in the control group. The goal is to demonstrate the eﬀectiveness of this intervention on the prevention of disability, evaluated
by the inability to walk 400 m in 15 min, without sitting, and without
help. The results should help not only in informing better care for frail
elderly people at high risk of disability but also in better deﬁning
preventive actions.
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