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Abstract: Inadequate nutritional intake is an important modifiable risk factor for frailty. Existing evidence
supports the importance of adequate dietary quantity and especially quality to ensure sufficient intakes of energy,
protein and micronutrients. However, to date no nutritional intervention or supplementation concept has emerged
as being effective for the prevention or treatment of frailty. Further research, including specifically the group of
frail older persons and those at risk of frailty, and focussing on functional benefits as an outcome, is needed to
allow definite recommendations for optimal diet, i.e. food and nutrient intakes, for this population. This article
aims to give a short overview on current knowledge concerning the role of nutrition for the prevention and
treatment of frailty, while providing readers with references giving an overview for further reading.
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Introduction

Observational data

While definitions of frailty still vary, it is generally agreed
upon that frailty is characterized by decreased reserve and
robustness, causing extreme vulnerability to stressors (1) that
is mainly observable as diminished physical strength and
endurance (2-4). Nutrition is a crucial contributing factor
in the complex etiology of frailty and its key component
sarcopenia (5), as it provides the energy and essential nutrients
needed for the maintenance and performance of all organs
and bodily functions, including muscle. However, nutritional
intake in general decreases with ageing (among the reasons
is the so-called anorexia of ageing; 6-8), and moreover, older
individuals with anorexia seem to exhibit altered eating patterns
characterized by lower consumption of nutrient-rich foods
(9). This may be aggravated by functional problems impairing
food access (10) and/or by following restrictive diets (i.e.
low-cholesterol, low-salt, diabetes; 11). Monotonous diets
result, and it is often challenging for older adults to meet
their needs for energy and protein (12-15), but in particular
for micronutrients (16–19). A chronic lack of energy, macroand/or micronutrients, however, not only limits bodily
functions, but over time promotes atrophy and subsequent loss
of body tissues, including muscle (20-22). Thereby, chronic
malnutrition is disturbing metabolic balance, decreasing the
reserves of the body and diminishing its abilities to cope with
stressors (4, 21), i.e. promoting frailty.
This article aims to give a short overview on current
knowledge concerning the role of nutrition for the prevention
and treatment of frailty, while providing readers with references
giving an overview for further reading.

Epidemiological studies examining the association between
dietary intake or nutritional status and frailty have indeed
supported a putative role for nutrition in the development
of frailty (17, 23) and its key components sarcopenia and
functional decline (10, 18, 21, 24-26). In these studies,
malnutrition, the risk of malnutrition, the presence of weight
loss and/or low body weight/body mass index (BMI) were
shown to be closely associated with frailty (17, 27, 28). Older
adults that were frail (17, 28, 29) (or, in some studies, had
less lean/muscle mass and/or worse physical performance,
which may be regarded as signs for sarcopenia and frailty; 18,
24, 26, 30-32) were found to have lower intakes of energy,
protein and/or of several micronutrients, as well as lower
plasma concentrations of various nutrients when compared
with non-frail older individuals (or better performing persons,
respectively). Semba et al. (33) observed in their study that
each additional nutrient deficiency raised the risk of frailty in
older women by almost 10%. This emphasises the importance
of ensuring a high quality of older persons’ diets in addition to
sufficient quantity as an essential component in the prevention
and treatment of frailty.
Although weight loss often is the most visible sign of
chronic malnutrition (and one of the defining characteristics
of physical frailty according to Fried et al.; 34), the absence of
weight loss as well as a normal or even elevated body weight
does not necessarily signify an adequate nutritional intake,
especially with regard to micronutrients (35). Moreover, a
stable or even increasing body weight may mask an “internal”
gradual reduction in lean body mass (skeletal muscle and bone
mass) that is accompanied by gains in (visceral) fat mass (20,
36). In recent years, epidemiological research has come to
notice that also the presence of obesity (beginning from BMI >
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30 kg/m2, but certainly at BMI > 35 kg/m2) and/or of excessive
(visceral) fat mass heavily aggravates the risk of mobility
limitations and frailty (27, 28, 36–39), especially when it
occurs in combination with sarcopenia (sarcopenic obesity; 36).
Putting the focus on weight loss or body weight alone may thus
inadvertently lead to overlook frailty and/or nutritional deficits
in overweight and obese older adults or those with no obvious
weight loss.
Intervention studies
Supplementation with Protein or Specific Amino Acids
Given their important role in (muscle) metabolism, the
nutrients most extensively studied for the treatment or
prevention of frailty, and especially of sarcopenia, are proteins
and (essential) amino acids (AA). Current evidence indicates
that older persons may have reduced ability to use ingested
protein for muscle protein synthesis, and it is suggested to
increase the recommendations for protein intake in this age
group to at least 1,0-1,2 g/kg body weight/day in order to
maintain, or help regain, muscle mass (for an extensive review
of these topics see 10, 12–15, 17, 20, 21, 24, 25, 30-32, 40-44).
Under debate is also whether the source of ingested protein,
specific AA or the timing of protein ingestion are relevant
factors affecting the anabolic effect of protein intake in older
adults.
To date, reliable evidence from randomized controlled trials
(RCTs) including frail older individuals is scarce (28, 45), and
most studies in this area focus on sarcopenia and/or include
healthy older persons. Moreover, interventional studies using
protein supplements (mainly whey/casein protein or mixed/
individual AA), and in rare cases protein rich foods such
as meat or dairy products (31, 42, 46), mostly focus on the
gain of body weight and/or lean/muscle mass or on metabolic
outcomes. Studies reporting functional outcomes so far provide
heterogeneous results: supplementation has been shown to
increase lean mass and to improve (or at least to reduce the
decline in) physical function in some studies (13, 14, 28,
41-43, 46-49) and was able to attenuate frailty in one small
RCT (50). In other trials, however, such interventions failed to
show beneficial effects on strength and performance, although
sometimes achieving an increase in body weight and/or lean
mass (15, 31, 32, 51, 52).
Supplementation with other Substances
Other nutritional supplements that have been tested in older
adults, although again mostly in healthy and not frail persons,
and mainly in relation to sarcopenia, are vitamin D, creatine,
beta-hydroxy-beta-methylbutyrate (ß-HMB), arginine, betaalanine and citrulline, omega 3 fatty acids and antioxidants
including carotenoids, selenium, vitamin E and C and
isoflavones (reviewed in 10, 13, 15, 17, 24, 25, 28, 32, 40-43,
47, 53). However, to date the number of studies is too small and
their designs and results are too heterogeneous to draw reliable
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conclusions regarding relevant effects of supplementation of
these substances to help maintain or restore robustness in the
older population.
Combination of Nutrition and Exercise Interventions
As described before, based on the currently available
evidence it remains unclear if nutritional supplementation
of protein and/or any other substance in itself may have
sufficient effects to attenuate frailty (28). As in some studies
the combination with exercise and/or physical activity was
most effective to reinforce lean/muscle mass and physical
performance (28, 31, 45-47, 54, 55) and to decrease frailty (50),
it is currently recommended to combine both approaches (21,
44).
This is especially important in the case of frail but
excessively obese older persons: future treatment strategies
for these individuals might need to include the consideration
of potential functional benefits of weight loss (39), however,
any weight loss (whether intentional or not) in older persons
may have potentially harmful effects by promoting sarcopenia,
bone loss, nutritional deficiencies, disability and even excess
mortality (36, 37, 56, 57). It is therefore of utmost importance
for these individuals to achieve a gain (or as a minimal
requirement, avoiding a loss) of muscle mass while losing
excess fat mass. This implies that it is advisable to judge the
benefits of any intervention in such obese (but also in nonobese) frail participants not according to (change of) body
weight, but instead to focus on changes in body composition
and, most importantly, on functional outcome parameters.
The goal of maintaining muscle is most effectively achieved
by adding physical activity and/or exercise components (58).
Indeed, in the few studies with older adults conducted in this
field, any intervention including nutritional changes with the
goal of losing weight provided the best functional results when
combined with exercise as a supporting factor (36, 39, 59-61).
However, taking into consideration the “obesity paradox”
(several meta-analyses indicate that being overweight up to
a BMI of 30 kg/m² or even more may protect older persons
against mortality and morbidity; 57), and that the harmful
effects of obesity only increase at a BMI > 30 kg/m² or more,
for every frail obese individual the necessity of weight loss has
to be really thoroughly reflected (57).
Whole diet approach
A major problem regarding the use of single nutrients in
frailty prevention and therapy is that people do not eat single
nutrients, but foods and meals containing a whole range of
interacting constituents. Therefore it may be more appropriate
to consider the influence of the whole diet on frailty, and also
on its key components sarcopenia and functional decline (10,
18, 62). Indeed, some epidemiological studies have indicated
that high adherence to “healthy” dietary patterns such as the
currently best-investigated Mediterranean diet (characterised
by high consumption of nutrient-dense foods such as fruits and
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vegetables, wholemeal cereals and oily fish, but low intake of
saturated fats; (18, 62, 63) in older adults is associated with
a lower risk of frailty (17, 28, 64), or with greater muscle
strength and/or better functional performance (10, 64, 65).
However, research in this field has only started recently (63),
and there is still a paucity of data regarding the effects of
certain food groups and/or dietary intake patterns on the risk of
frailty in older age.
Conclusions
Inadequate nutritional intake is an important modifiable risk
factor for frailty. Existing evidence supports the importance
of adequate dietary quantity and especially quality to ensure
sufficient intakes of energy, protein and micronutrients (21).
However, to date no nutritional intervention or supplementation
concept has emerged as being effective for the prevention
or treatment of frailty (17). Further research, including
specifically the group of frail older persons and those at risk of
frailty, and focussing on functional benefits as an outcome, is
needed to allow definite recommendations for optimal diet, i.e.
food and nutrient intakes, for this population.
Consequently, current best practice for frail older persons
remains to recommend the intake of high-quality, nutrientdense foods in order to achieve adequate provision of energy,
protein and micronutrients, and to avoid weight loss, together
with the promotion of physical activity (21). For severely
obese frail older adults, if the benefits of weight loss are
clearly established, the most appropriate therapeutic approach
might consist of a very moderate energy restriction of 200500 kcal/day, targeted at a moderate weight loss of 0,5-1 kg/
week (or 8-10% of initial body weight after 6 months), while
assuring a protein intake of at least 1 g/kg body weight/day
and appropriate intake of micronutrients, and always combined
with physical activity and/or exercise (36, 57, 59).
Acknowledgements: Sabine Goisser is supported by a research
grant of the Robert Bosch Foundation, Stuttgart, Germany.
Conflicts of interest: All participating authors declare no
conflict of interest.

References
1.

2.
3.
4.
5.
6.
7.

Rodríguez-Mañas L, Féart C, Mann G et al. Searching for an operational
definition of frailty: a Delphi method based consensus statement: the
frailty operative definition-consensus conference project. J Gerontol A
Biol Sci Med Sci 2013;68;1:62–7.
Clegg A, Young J, Iliffe S, Olde Rikkert M, Rockwood K. Frailty in
elderly people. Lancet 2013;381;9868:752–62.
Morley JE, Vellas B, Abellan van Kan G et al. Frailty consensus: a call to
action. J Am Med Dir Assoc 2013;14;6:392–7.
Cooper C, Dere W, Evans W et al. Frailty and sarcopenia: definitions and
outcome parameters. Osteoporos Int 2012;23;7:1839–48.
Landi F, Calvani R, Cesari M et al. Sarcopenia as the Biological Substrate
of Physical Frailty. Clin Geriatr Med 2015;31;3:367–74.
Morley JE. Pathophysiology of the anorexia of aging. Curr Opin Clin Nutr
Metab Care 2013;16;1:27–32.
Martone AM, Onder G, Vetrano DL et al. Anorexia of aging: a modifiable

8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34.

76

risk factor for frailty. Nutrition 2013;5;10:4126–33.
Porter Starr KN, McDonald SR, Bales CW. Nutritional Vulnerability in
Older Adults: A Continuum of Concerns. Curr Nutr Rep 2015;4;2:176–84.
Donini LM, Poggiogalle E, Piredda M et al. Anorexia and eating patterns
in the elderly. PloS ONE 2013;8;5:e63539.
Robinson S, Cooper C, Sayer AA. Nutrition and sarcopenia: a review
of the evidence and implications for preventive strategies. J Aging Res
2012:510801.
Zeanandin G, Molato O, Le Duff F, Guérin O, Hébuterne X, Schneider
SM. Impact of restrictive diets on the risk of undernutrition in a free-living
elderly population. Clin Nutr 2012;31;1:69–73.
Paddon-Jones D, Leidy H. Dietary protein and muscle in older persons.
Curr Opin Clin Nutr Metab Care 2014;17;1:5–11.
Deutz NEP, Bauer JM, Barazzoni R et al. Protein intake and exercise for
optimal muscle function with aging: recommendations from the ESPEN
Expert Group. Clin Nutr 2014;33;6:929–36.
Beasley JM, Shikany JM, Thomson CA. The role of dietary protein intake
in the prevention of sarcopenia of aging. Nutr Clin Pract 2013;28;6:684–
90.
Millward DJ. Nutrition and sarcopenia: evidence for an interaction. Proc
Nutr Soc 2012;71;4:566–75.
Ter Borg S, Verlaan S, Mijnarends DM, Schols JMGA, de Groot LCPGM,
Luiking YC. Macronutrient Intake and Inadequacies of CommunityDwelling Older Adults, a Systematic Review. Ann Nutr Metab
2015;66;4:242–55.
Bonnefoy M, Berrut G, Lesourd B et al. Frailty and nutrition: Searching
for evidence. J Nutr Health Aging 2015;19;3:250–7.
Inzitari M, Doets E, Bartali B et al. Nutrition in the age-related
disablement process. J Nutr Health Aging 2011;15;8:599–604.
Zujko ME, Witkowska AM, Waskiewics A, Mironczuk-Chodakowska
I. Dietary Antioxidant and Flavonoid Intakes are reduced in the Elderly.
Oxid Med Cell Longev, 2015;843173:1–8.
Boirie Y, Morio B, Caumon E, Cano NJ. Nutrition and protein energy
homeostasis in elderly. Mech Ageing Dev 2014;136-137:76–84.
Volkert D. The role of nutrition in the prevention of sarcopenia. Wien
Med Wochenschr 2011;161;17-18:409–15.
Schneider SM, Al-Jaouni R, Pivot X, Braulio VB, Rampal P, Hébuterne
X. Lack of adaptation to severe malnutrition in elderly patients. Clin Nutr
2002;21;6:499–504.
Kaiser M, Bandinelli S, Lunenfeld B. Frailty and the role of nutrition
in older people. A review of the current literature. Acta Biomed
2010;81;S1:37–45.
Rondanelli M, Faliva M, Monteferrario F et al. Novel insights on nutrient
management of sarcopenia in elderly. BioMed Res Int 2015;524948:1-14.
Calvani R, Miccheli A, Landi F et al. Current nutritional recommendations
and novel dietary strategies to manage sarcopenia. J Frailty Aging
2013;2;1:38–53.
Milaneschi Y, Tanaka T, Ferrucci L. Nutritional determinants of mobility.
Curr Opin Clin Nutr Metab Care 2010;13;6:625–9.
Hubbard RE, Lang IA, Llewellyn DJ, Rockwood K. Frailty, Body Mass
Index, and Abdominal Obesity in Older People. J Gerontol A Biol Sci
Med Sci 2010;65A;4:377–81.
Guyonnet S, Secher M, Ghisolfi A, Ritz P, Vellas B. Nutrition, Frailty and
Prevention of Disabilities with Ageing. J Frailty Aging 2013;4:13-25.
Kobayashi S, Asakura K, Suga H, Sasaki S. Inverse association between
dietary habits with high total antioxidant capacity and prevalence of frailty
among elderly Japanese women: a multicenter cross-sectional study. J
Nutr Health Aging 2014;18;9:827–39.
Deer RR, Volpi E. Protein intake and muscle function in older adults. Curr
Opin Clin Nutr Metab Care 2015;18;3:248–53.
Nowson C, O’Connell S. Protein Requirements and Recommendations for
Older People: A Review. Nutrition 2015;7:6874–99.
Welch AA. Nutritional influences on age-related skeletal muscle loss.
Proc Nutr Soc 2014;73;01:16–33.
Semba RD, Bartali B, Zhou J, Blaum C, Ko C, Fried LP. Low serum
micronutrient concentrations predict frailty among older women living in
the community. J Gerontol A Biol Sci Med Sci 2006;61;6:594–9.
Fried LP, Tangen CM, Walston J et al. Frailty in older adults: evidence for

The Journal of Frailty & Aging©
Volume 5, Number 2, 2016

THE JOURNAL OF FRAILTY & AGING
a phenotype. J Gerontol A Biol Sci Med Sci 2001;56;3:M146-56.
35. Agarwal S, Reider C, Brooks JR, Fulgoni VL. Comparison of Prevalence
of Inadequate Nutrient Intake Based on Body Weight Status of Adults in
the United States: An Analysis of NHANES 2001–2008. J Am Coll Nutr
2015;34;2:126–34.
36. Normandin E, Houston DK, Nicklas BJ. Caloric restriction for treatment
of geriatric obesity: Do the benefits outweigh the risks? Curr Nutr Rep
2015;4;2:143–55.
37. Porter Starr KN, Bales CW. Excessive Body Weight in Older Adults. Clin
Geriatr Med 2015;31;3:311–26.
38. García-Esquinas E, José García-García F, León-Muñoz LM et al. Obesity,
fat distribution, and risk of frailty in two population-based cohorts of older
adults in Spain. Obes 2015;23;4:847–55.
39. Anton SD, Karabetian C, Naugle K, Buford TW. Obesity and diabetes
as accelerators of functional decline: can lifestyle interventions maintain
functional status in high risk older adults? Exp Gerontol 2013;48;9:888–
97.
40. Bauer JM, Diekmann R. Protein supplementation with aging. Curr Opin
Clin Nutr Metab Care 2015;18;1:24–31.
41. Cruz-Jentoft AJ, Landi F, Schneider SM et al. Prevalence of and
interventions for sarcopenia in ageing adults: a systematic review. Report
of the International Sarcopenia Initiative (EWGSOP and IWGS). Age
Ageing 2014;43;6:748–59.
42. Fukagawa NK. Protein and amino acid supplementation in older humans.
Amino Acids 2013;44;6:1493–509.
43. Bauer JM, Biolo G, Cederholm T et al. Evidence-Based Recommendations
for Optimal Dietary Protein Intake in Older People: A Position Paper
From the PROT-AGE Study Group. J Am Med Dir Assoc 2013;14;8:542–
59.
44. Morley JE, Argiles JM, Evans WJ et al. Nutritional recommendations for
the management of sarcopenia. J Am Med Dir Assoc 2010;11;6:391–6.
45. Bendayan M, Bibas L, Levi M, Mullie L, Forman DE, Afilalo J.
Therapeutic interventions for frail elderly patients: part II. Ongoing and
unpublished randomized trials. Prog Cardiovasc Dis 2014;57;2:144–51.
46. Bibas L, Levi M, Bendayan M, Mullie L, Forman DE, Afilalo J.
Therapeutic interventions for frail elderly patients: part I. Published
randomized trials. Prog Cardiovasc Dis 2014;57;2:134–43.
47. Malafarina V, Uriz-Otano F, Iniesta R, Gil-Guerrero L. Effectiveness of
nutritional supplementation on muscle mass in treatment of sarcopenia in
old age: a systematic review. J Am Med Dir Assoc 2013;14;1:10–7.
48. Cawood AL, Elia M, Stratton RJ. Systematic review and meta-analysis of
the effects of high protein oral nutritional supplements. Ageing Res Rev
2012;11;2:278–96.
49. Bauer JM, Verlaan S, Bautmans I et al. Effects of a Vitamin D and
Leucine-Enriched Whey Protein Nutritional Supplement on Measures
of Sarcopenia in Older Adults, the PROVIDE Study: A Randomized,
Double-Blind, Placebo-Controlled Trial. J Am Med Dir Assoc
2015;16;9:740-7.
50. Ng TP, Feng L, Nyunt MSZ et al. Nutritional, Physical, Cognitive, and
Combination Interventions and Frailty Reversal among Older Adults: A

77

Randomized Controlled Trial. Am J Med 2015;128;11:1225-36.e1.
51. Milne AC, Potter J, Vivanti A et al. Protein and energy supplementation
in elderly people at risk from malnutrition. Cochrane Database Syst Rev
2009;2:Cd003288.
52. Komar B, Schwingshackl L, Hoffmann G. Effects of leucine-rich protein
supplements on anthropometric parameter and muscle strength in the
elderly: a systematic review and meta-analysis. J Nutr Health Aging
2015;19;4:437–46.
53. Halfon M, Phan O, Teta D. Vitamin D: a review on its effects on muscle
strength, the risk of fall, and frailty. BioMed Res Int 2015;953241:1-11.
54. Denison HJ, Cooper C, Sayer AA, Robinson SM. Prevention and optimal
management of sarcopenia: a review of combined exercise and nutrition
interventions to improve muscle outcomes in older people. Clin Interv
Aging 2015;10:859–69.
55. Cermak NM, Res PT, de Groot LCPGM, Saris WHM, van Loon LJC.
Protein supplementation augments the adaptive response of skeletal
muscle to resistance-type exercise training: a meta-analysis. Am J Clin
Nutr 2012;96;6:1454–64.
56. Murphy RA, Reinders I, Register TC et al. Associations of BMI and
adipose tissue area and density with incident mobility limitation and poor
performance in older adults. Am J Clin Nutr 2014;99;5:1059–65.
57. Mathus-Vliegen EMH. Prevalence, pathophysiology, health consequences
and treatment options of obesity in the elderly: a guideline. Obes facts
2012;5;3:460–83.
58. Weinheimer EM, Sands LP, Campbell WW. A systematic review of the
separate and combined effects of energy restriction and exercise on fatfree mass in middle-aged and older adults: implications for sarcopenic
obesity. Nutr Rev 2010;68;7:375–88.
59. Goisser S, Kemmler W, Porzel S et al. Sarcopenic obesity and complex
interventions with nutrition and exercise in community-dwelling older
persons – a narrative review. Clin Interv Aging 2015;10:1267-82.
60. Porter Starr KN, McDonald SR, Bales CW. Obesity and physical frailty
in older adults: a scoping review of lifestyle intervention trials. J Am Med
Dir Assoc 2014;15;4:240–50.
61. Poggiogalle E, Migliaccio S, Lenzi A, Donini LM. Treatment of body
composition changes in obese and overweight older adults: insight into the
phenotype of sarcopenic obesity. Endocrine 2014;47;3:699–716.
62. Wirfält E, Drake I, Wallström P. What do review papers conclude about
food and dietary patterns? Food Nutr Res 2013;57:20523.
63. Kiefte-de Jong JC, Mathers JC, Franco OH. Nutrition and healthy ageing:
the key ingredients. Proc Nutr Soc 2014;73:249–59.
64. León-Muñoz LM, García-Esquinas E, López-García E, Banegas JR,
Rodríguez-Artalejo FM. Major dietary patterns and risk of frailty in older
adults: a prospective cohort study. BMC Med 2015;13:11.
65. Panza F, Solfrizzi V, Giannini M, Seripa D, Pilotto A, Logroscino
G. Nutrition, frailty, and Alzheimer’s disease. Front Aging Neurosci
2014;6:221.

