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Abstract

Frailty and malnutrition are both highly prevalent in the older populations. Frailty has multifactorial origin, and is
regarded as a fundamental risk factor for deteriorating health status and disability in elder people. It is estimated that
prevalence rates for frailty and pre-frail reach as high as 27% and 51%, respectively. The nutritional deficiency is a
key to the development of frailty, and interventions focused on the nutrition can prevent the transition of frailty into
disability. The critical role of micronutrients in this context suggests the need to improve the quality of food eaten by
elder people, not just the quantity. This review aims at summarizing the recent literature on the nutritional links to
frailty, frailty components and frailty-related parameters such as low muscle strength and low walking speed, and
implications for strategies to prevent or delay frailty in older age.
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Introduction

Over the past century, the world has enormous changes, including a
historically unprecedented decline in mortality and increase in
population growth. It will see a new set of demographic challenges
such as the subsequent aging of populations in both developing and
developed countries. The 20th century was the century of population
growth, but the 21st century will go into the history books as the
century of aging [1]. Then the rise in morbidity of the aging population
will increase the medical costs and the burden on national healthcare
systems. Therefore, a complementary approach to improve the health
of older people would focus on appropriate interventions from a much
earlier age in order to prevent frailty, which is described as a syndrome
that is marked by loss of function, strength, physiologic reserve, with
increased vulnerability to morbidity and mortality. Recently, expert
panels have suggested that the operational definition of frailty include
strength, balance, nutrition, endurance, mobility, activity, cognition,
and psychological measures [2]. The main interest in the concept of
frailty is related to its reversible nature, and interventions focused on
the determinant factors of frailty can prevent the transition of frailty
into disability [3].

Many epidemiologic studies of frailty have been performed, using a
variety of frailty measures. Using the most commonly applied frailty
measure, initially validated in the Cardiovascular Health Study
population, one study showed that approximately 7% of the
community-dwelling population was frail, 44% intermediate, and 46%
non-frail [4]. The prevalence of frailty was even higher in the Women’s
Health and Aging population, with up to 11.3% of this population
meeting frailty criteria from another study [5]. A recent publication
implementing Fried’s criteria identified prevalence rates in various

European countries ranging from 6% to 27% for frailty and from 35%
to 51% for pre-frailty in persons above age 65 [6].

Frailty can be triggered by multiple pathophysiological processes
such as malnutrition, hormone disbalance, chronic inflammation,
immune deficiency, sarcopenia, and multimorbidity. An overview on
the influencing factors on frailty or frailty-related parameters including
the age [7,8] gender [1,9] malnutrition [4,10-13], comorbidity [14,15],
hormonal disbalance, cytokines, oxidative stress, body composition
changes, neuropsychological disorders, and socio-economic factors.
Frailty often leads to deterioration of health status, immobilization,
disability and death; it is particularly characterized by a reduced
functional reserve and increased vulnerability to internal and external
stressors [16]. Hence recognition and treatment of the cause for frailty
and the frailty syndrome itself represent a key approach to improve the
care for older people, particularly as frailty is highly prevalent in this
population [17,18]. This review aims at summarizing the recent
literature on the nutritional links to frailty, frailty components and
frailty-related parameters such as low muscle strength and low walking
speed, and implications for strategies to prevent or delay frailty in
older age.

Malnutrition in Older People

Malnutrition of both macro- and micronutrients has been identified
as an important risk factor for the development and severity
progression of frailty in older people [19]. Older persons are at risk for
“malnutrition” due to decrements in metabolic rate, lean body mass,
gastrointestinal function, sensory perception, and fluid and/or
electrolyte homeostasis. Poor oral health, chronic disease,
polypharmacy, social isolation, hospitalization, cognitive impairment,
and pain are contributory. The ability to consume, digest, absorb,
utilize, traffic, and excrete is central to nutritional adequacy and
ultimately to overall nutriture. Nutritional adequacy becomes a
“chicken or egg” dilemma, as frailty imposes decrements in adequacy,
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and malnutrition contribute to frailty’s development [20,21].
Malnutrition speeds lean body mass loss and decreases competence
and therefore underlies declining grip strength, gait speed, and
physical function in the frail older adult [22].

In comparison with younger ages, older adults eat more slowly, they
are less hungry and thirsty, consume smaller meals, and they snack less
[23]. Although food intake declines with aging which is possibly due to
lower caloric requirements to maintain reduced lean body mass,
inadequately low nutritional intake is frequently observed among older
people, especially in those with increased care needs [24]. The
mechanisms for the “anorexia of aging® are not fully understood but
there may be arrange of physiological, psychological, and social factors
that influence appetite and food consumption, including loss of taste
and olfaction, increased sensitivity of the satiating effects of meals,
chewing difficulties, and impaired gut function [23,25]. The negative
consequences of these changes are compounded by the effects of
functional impairments that impact on the ability to access and
prepare food, psychological problems such as depression and
dementia, as well as the social effects of living and eating alone. Low
food intakes and monotonous diets put older people at risk of having
inadequate nutrient intakes [26]. Thus in a vicious cycle, declining
muscle strength and physical capability in older age may increase the
risk of poor nutrition, whilst poor nutrition may contribute to further
declines in physical capability.

The U. S. National Health and Nutrition Examination Survey
(NHANES III) identified low energy and nutrient intake in up to 21%
of the free-living older study population [27]. The INCHIANTI study
(In-vecchiare in Chianti/Aging in the Chianti area, Italy) which
examined nutritional status and nutritional intake in the general
population including old and very old people, found a strong age-
dependency of low energy, protein and micronutrient intake [26].
Especially people older than 85 years had the lowest dietary intake of
any examined nutrient which was in many cases below official
recommendation. Twenty nine percent of women and 38% of men in
this age group did not meet their recommended protein intake. This
proportion was even higher for some vitamins and trace elements. The
National Diet and Nutrition Survey in the UK, 14% of older men and
women living in the community, and 21% of those living in
institutions, were at medium or high risk of under-nutrition [28].

Recent studies on nursing home residents found an even higher
prevalence of poor nutrient intake. Inadequate energy intake was
identified in 60% of the examined population, and inadequate
micronutrient intake of vitamin E, vitamin B6, folate, magnesium and
Zinc in 70% [29,30]. Similar findings were obtained when screening
tools suitable for the older population such as the mini nutritional
assessment (MNA) were applied in the nursing home setting. Kulnik et
al. found that 38% of nursing home residents were malnourished,
while another 48% were assessed as “at risk” of malnutrition. Estimates
of the prevalence of under-nutrition in older patients admitted to
hospital are even greater, ranging up to 72% [31,32]. A recent study
from UK revealed inadequate food consumption, defined as having
eaten less than three-quarters of the served dishes, in 67% of geriatric
acute care patients [33]. These figures are clearly substantial and
indicate that there are significant numbers of older adults living in
developed settings who currently have less than optimal nutrition.

Association of Inadequate Nutritional Intake with
Frailty

There are two consequences declining food intakes in older age that
could be important for muscle mass and strength deficient which result
in frailty [23]. Firstly, lower energy intakes, if not matched by lower
levels energy expenditure, lead to weight loss, including a loss of
muscle mass. Secondly, as older people consume smaller amounts of
food, it may become more challenging for them to meet their nutrient
needs—particularly for micronutrients. For older people with low food
intakes, this highlights the importance of having diets of adequate
quality. Bartali et al. established a link between deficient nutritional
intake and the frailty syndrome based on InCHIANTI study data
implementing Fried’s criteria [19]. Twenty percent of the InNCHIANTI
population was frail and out of those who were frail more than 53%
showed deficient intake of at least one out of nine examined nutrients.

An energy intake of less than 21 kcal/kg body weight/day was
strongly associated with being frail [34]. This observation was also
valid for some micronutrients even independently from energy intake.
Based on data from the Women’s Health and Aging Study (WHAS),
Semba et al. identified low serum micronutrient concentrations as
frailty predictors [7], in which he estimated that each additional
nutrient deficiency raised the risk of frailty in older woman by almost
10%. At baseline, one third of the study participants were frail with
significantly lower serum concentrations of numerous micronutrients
as compared to their non-frail peers. In the course of regular follow-up
examinations about one third of the non-frail study participants
become frail.

Thus, as exemplified by the two mentioned studies, inadequate
intake of energy and low serum concentrations of micronutrients have
been associated with an increased prevalence of frailty and an
increased risk of becoming frail in the future. The nutrients that have
been mostly consistently linked to sarcopenia and frailty in older
adults are vitamin D, protein, and a number of antioxidants, that
include carotenoids, selenium, and vitamins E and C [34]. This
emphasizes the importance of the quality of diets of older adults, as
well as the quantity of food consumed, to ensure that intakes of a range
of nutrients are sufficient.

Nutritional Diet Modifiable Influence on Age-Related
Frailty

Protein

A number of studies have pointed to protein as a key nutrient in the
elderly [35]. Protein intake greater than the amount required to avoid
negative nitrogen balance can ameliorate chronic wasting (i.e., rapid
loss of muscle mass) associated with the aging process [36]. And other
physiological process can also potentially benefit from increased
protein intake. Examples include improved bone health [37],
maintenance of energy balance [38], cardiovascular function [39,40]
and wound healing [41]. Benefits of increased protein intake may be
reflected on not only improved function and quality of life in the
healthy elderly, but also the ability of hospitalized elderly patients to
recover from disease and trauma. Hence health outcomes are improved
and cost of care is decreased [42] because over 40% of hospital
admissions occur in individuals 65 years and older. The average length
of hospitalized stay of patients 65 years and older is 2 days longer than
younger age groups [43] due in part to a loss of functional capacity
related to depleted muscle mass.
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Physiological changes that occur with aging include a loss of muscle
mass that is not dependent on disease [44]. Continuing loss of muscle
mass eventually leads to sarcopenia which has been termed
“nutritional frailty” to clarify the close interrelationship between poor
nutritional status, loss of muscle mass and muscle strength, and
functional decline [45]. The importance in addressing sarcopenia is
clear in light of its correlation to functional impairment [46,47],
disability [48,49], falls [50], frailty [51], and the loss of independence
that increases with aging [52]. Many elderly patients are
institutionalized prior to hospitalization, and as 85% of
institutionalized patients are classified as malnourished. One-half of
this number is protein under-nourished [53-55]. Once in the hospital,
post-surgical or stress inflammation coupled with physical inactivity
and inadequate protein-energy intake results in further loss of muscle
mass that delays recovery in the elderly, all of which contribute to
higher readmission rates following discharge [56,57].

Risk for protein energy malnutrition has been reported as high as
15% of community dwellers and 65% hospitalized and 75%
institutionalized frail older adults [34,58,59]. In community-welling
older people examined by the US Health, Aging and Body
Composition Study (Health-ABC), Houston and colleagues
demonstrated that low dietary protein intake was associated with loss
of lean body mass (i.e. muscle mass) as measured by dual energy X-ray
absorptiometry (DEXA) [60]. All participants in the Health-ABC
study lost of muscle mass during the three year follow-up period, but
those with lowest protein intake at baseline (0.7 g/kg body weight/day )
lost more than 40% more muscle mass than those with highest protein
intake (1.1 g/kg body weight/day). It was furthermore demonstrated
that lower serum albumin concentrations, even within the normal
ranges, was associated with greater loss of muscle mass in a five-year
follow-up [61].

Known and colleagues examined serum albumin and vitamin D,
which are physiologically interconnected in muscle of function and
metabolism, and their association with physical performance among
community-dwelling older Japanese [62,63]. Study participants with
isolated deficiencies of either albumin or vitamin D had poor muscle
strength as assessed by knee-extension power and hand-grip strength
(one of Fried’s criteria) and impaired balance capability as assessed by
the time up-and-go test and functional reach. Even worse functionality,
though, was found in persons with deficient serum concentrations
both albumin and Vitamin D. These findings should be interpreted
considering the growing evidence that older people hospitalized for
acute disease may require a higher protein intake to maintain a positive
nitrogen balance than previously assumed and officially recommended
in healthy older people [64].

Dietary protein provides amino acids that are needed for the
synthesis of muscle protein, and importantly, absorbed amino acids
have a stimulatory effect on muscle protein synthesis after feeding [65].
In the Women’s Health Initiative Observational Study significant
indicated that protein, corrected for energy, was related in a dose-
responsive manner to decreased risk for frailty, so that a 20% increase
resulted in a 32% lower risk [66]. This translates into high bioavailable
protein levels of 1.5 g/kg body weight or 20% of total calories being
protective. In a randomized controlled trial of 41 subjects with
sarcopenia, oral essential amino acid mixture increased body weight,
decreased insulin resistance, decrease TNF-a, and increased IGF-1 and
lean body mass without negatively influencing renal function [67]. The
dietary protein requirement for an elderly individual is dependent on
their health status. An intake of the Recommended Dietary Allowance

(RDA) of 0.8 g protein/kg/day is inadequate to maintain lean body
mass in the average healthy elderly individual [68]. Evidence indicates
that protein intake greater than the RDA can improve muscle mass,
strength and function in elderly. It appears that an intake of 1.5 g
protein/kg/day, or about 15% to 20% of total caloric intake, is a
reasonable target for elderly individuals wishing to optimize protein
intake in terms of health and function (optimal protein intake).

Fatty acid

There are some observational evidences to support an effect of n-3
long-chain polyunsaturated fatty acids (LCPUFA) status on muscle
function, as higher grip strength was found in older men and women
who had greater consumption of oily fish, one of the richest sources of
n-3 LCPUFAs in the UK diet [69]. In a recent randomized controlled
trial, supplementation of older adults with n-3 LCPUFA
(eicosapentaenoic and docosahexaenoic acids) resulted in an enhanced
anabolic response to amino acid and insulin infusion. Whilst these
novel data suggest that the stimulation of muscle protein synthesis by
n-3 LCPUFA supplementation could be useful for the prevention and
treatment of sarcopenia [70]. “Healthy“ diets, characterized by greater
fruit and vegetable consumptions, whole-meal cereals, and oily fish,
have been shown to be associated with greater muscle strength in older
adults [69]. Benefits of healthier diets and greater fruit and vegetable
consumption on physical function in mid-life have also been described
in women in the Whitehall study [71], and in men and women in the
Atherosclerosis Risk in Communities Study [72]. Intervention studies
that take a food-based of “whole diet“ approach are likely to change
intakes of a range of nutrients and, therefore, have the potential to be
more effective than single nutrient supplementation studies in
preventing age-related losses in muscle mass and strength.

As a result of the high risk rates for malnutrition, improving energy
and overall nutrient intake has been investigated in a variety of settings
using a number of different strategies such as supplements, Meals on
Wheels, flavor augmentation, assisted feeding, and meal-time
environment enhancements [73-75]. Use of supplements has been
shown to reduce mortality by as much as 34% in malnourished frail
persons whose energy requirements are estimated as (20-30) kcal/kg
body weight/day [76-78]. Several studies have noted an increase in
total energy intake and weight gain, without corresponding increases
in lean body mass or muscle strength indices, after supplementation
with a nutrient-dense, high energy nutritional drink [79-80]. In a
randomized controlled study of a high calorie, micronutrient enriched
supplement, a significant increase in immune competence and
biochemical markers of antioxidant capacity was reserved after 6
months [81,82]. Caloric supplements produce a small weight gain and
may reduce mortality in undernourished older people. However, a
recent Cochrane collaboration reported no evidence of improvement
in functional parameters with caloric supplements overall, but there
may be a beneficial effect on mortality in people who are
undernourished [83].

Micronutrients

“Oxidative stress“ caused by free radicals is considered a major
damaging influence on macromolecules (enzyme, lipids, DNA), a
contributor to aging at the cellular level and an influencing factor on
disability and mortality in older people [84-89]. An accumulation of
free radicals may lead to oxidative damage and contribute to losses of
muscle mass and strength [65]. The action of free radicals are normally
counterbalanced by antioxidant defense mechanisms that include the
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enzymes superoxide dismutase and glutathione peroxidase, as well
exogenous antioxidants derived from the diet, such as selenium,
carotenoids, tocopherols, flavonoids, and other plant polyphenols
[65,90].

Carotenoids constitute a group of antioxidants and comprise
vitamin precursors and vitamin-like molecules, such as carotene,
lycopene, lutein and several more which are utmost importance to
scavenging free radicals [89]. The main food source for carotenoids is
in fresh fruits and vegetables. Carotenoid serum concentrations are
regarded the most valid markers of such intake [90]. On InCHIANTI
study, higher plasma carotenoid concentrations were associated with a
lower risk of developing a severe walking disability over a follow-up
period of 6 years; after taking account of confounders that include level
of physical activity and other morbidity, the odds ratio was 0.44 (95%
CI 0.27-0.74). Low vitamin D (OR=2.4, CI=1.5-3.7, p<0.001), E
(OR=2.1, CI=1.3-3.3, p<0.003), C (OR=2.2, CI=1.3-3.5, p<0.001), and
folate (OR=1.8, CI=1.2-3.0, p<0.01) [91] were associated with frailty.
Similarly in the Women’s Health and Aging Studies, highly significant
associations were found between frailty risk and vitamin D, the
carotenoids, the B vitamins, calcium, zinc, and selenium [19].
Mechanistically, these nutrients play an important role in
inflammation, quenching free radicals, neuromuscular function,
systemic homeostasis, and bone health.

Many vitamins have antioxidative capacity, e.g. the vitamin A
(retinol), C (ascorbate), D (cholecalciferol) and E (tocophenol group).
Low serum levels vitamins and minerals such as fat soluble vitamin A,
D, and E; water soluble vitamin, such as B6, B12, folate, and C; and
minerals such as calcium, zinc and selenium have been independently
associated with frail indicators [91]. Vitamin D supplementation is
effective for fall prevention and improving balance. In one report,
lower serum levels of 25-hydroxyvitamine D (<20.0 ng/mL) were
associated with a higher prevalence of frailty at baseline in a group of
1600 men over age 65, but did not predict greater risk for developing
frailty at 4.6 years [92]. In an analysis of NHANES data, low serum
levels of vitamin D, defined as less than 15 ng/mL were associated with
a 3.7 fold increased risk of frailty, after adjustment for all confounders
[93]. Vitamin D influences calcium absorption, retention, utilization,
and trafficking. Advanced ages, along with high levels of phosphorus,
phytates, and dietary acid load, among other factors, decrease
absorption, while the requirements for the mineral increase. Levels of
vitamin D are generally low in frailty, while other factors that diminish
calcium absorption are higher, leading to poor bone health and
furthering disability. This particularly dangerous in the older,
sarcopenic obese population, where there are pronounced decreases in
mobility and no benefit is derived from the extra shear force of body
weight on bone [94,95].

Some trace elements, too, like selenium bear antioxidative capacity
after integration into proteins (selenoenzymes) where selenium
constitutes the active center. Zinc, is involved in immune function and
wound healing which are highly relevant attributes particularly at an
advanced age [96]. In a randomized control trial, zinc was
administered along with essential amino acids to frail older adults and
was significantly associated with decreased bone resorption indices,
increased IGF-1 responsivity and better overall physical functioning
[97]. Subclinical B12 deficiency has also been associated with
decrements in bone health in frail older persons. Mechanistically, this
is due to B-12° permissive effect on osteoblast proliferation. Folate was
found to be protective against falls, such that for every 1 ng increase in
serum concentrations, there was a 19% decrease in falls. These findings

point to higher levels of B12, zinc, folate, and vitamin D being
associated with lower levels of physical frailty [98,99].

This review article is limited because it is a narrative review, focus
on nutritional and frailty of elderly. We offer the information of
nutrition support to prevent the transition of frailty into disability. But
we did not focus on how to change the condition of “anorexia of aging”.
The mechanisms are not fully understood, Additional data from large-
scale multi-center trials are still required.

Conclusion

Inadequate nutrient intake is frequent among elderly people and
related to increasing dependence and care needs. An association
between poor nutritional intake and the frailty syndrome was
demonstrated in numerous recent studies. Not only energy and protein
intake have been linked to frailty and frailty-related parameters.
Particularly, the role of micronutrients with antioxidative capacity in
the development of frailty has been highlighted in recent publications.
Intake of micronutrients has found to be associated with frailty or
related parameters of physical functioning, sometimes even
independent from energy intake. Macro- as well as micronutrients may
be regarded one of the key factors contributing to the development and
aggravation of frailty. Particularly, uncovering the role of
micronutrients in this context may lead an increased perception of the
need to improve the quality of food eaten by elderly people-not just the
quantity. Consequently, the goal will be raise general dietary intake of
high-quality food provide both macronutrients and micronutrients.

References

1. Lunenfeld B (2008) An Aging World demographics and challenge.
Gynecol Endocrinol 24: 1-3.

2. Gobbens RJ, Luijkx KG, Wijnen-Sponselee, Schols JMGA (2010)
Determinants of frailty: the added value of assessing medication. ] Health
Nutr Aging 14: 175-181.

3. Gill TM, Gahbauer EA, Allore HG, Ling Han (2006) Transitions between
frailty states among community-living older persons. Arch Intern Med
166: 418-423.

4. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C et al. (2001)
Frailty in older adults: evidence for a phenotype. ] Gerontol A Bios Sci
Med Sci 56: 146-156.

5. Bandeen-Roche K, Xue QL, Ferrucci L, Walston J, Guralnik JM(2006)
Phenotype of frailty: characterization in the women’s health and aging
studies. ] Gerontol A Biol Sci Med Sc 61: 262-266.

6. Santos-Eggimann B, Cuenoud P, Spagnoli ], Junod ] (2009) Prevalence of
Frailty in Middle-Aged and Older Community-Dwelling Europeans
Living in 10 Countries. ] Gerontol A Biol Sci Med Sci 64: 675-681.

7. Semba RD, Bartali B, Zhou J, Blaum C, Ko CW, et al. (2006) Low serum
micronutrient concentrations predict frailty among older women living in
the community. ] Gerontol A Biol Sci Med Sci 61: 594-599.

8. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K, et al. (2007) Frailty
in elder people. Lancet 369: 1328-1329.

9. Alvarado BE, Zunzunegui MV, Béland F, Bamvita JM (2008) Life course
social and health conditions linked to frailty in Latin American older
men and women. ] Gerontol A Bio Sci Med Sci 63: 1399-1406.

10. Kinney JM (2004) Nutritional frailty, sarcopenia and falls in the elderly.
Curr Opin Clin Nutr Metab Care 7: 15-20.

11. Cesari M, Pahor M, Bartali B, Cherubini A, Penninx BW, et al. (2004)
Antioxidants and physical performance in elder persons: the Invecchiare
in Chianti (InCHIANTT ) study. Am J Clin Nutr 79: 289-294.

12. Shardell M, Hicks GE, Miller RR, Kritchevsky S, Andersen D, et al. (2009)
Association of low vitamin D levels with the frailty syndrome in men and
women. ] Gerontol A Biol Sci Med Sci 64: 69-75.

] Gerontol Geriatr Res, an open access journal
ISSN:2167-7182

Volume 5 « Issue 4 « 1000328


http://www.tandfonline.com/doi/full/10.1080/09513590701718364
http://www.tandfonline.com/doi/full/10.1080/09513590701718364
http://archinte.jamanetwork.com/article.aspx?articleid=409878
http://archinte.jamanetwork.com/article.aspx?articleid=409878
http://archinte.jamanetwork.com/article.aspx?articleid=409878
http://biomedgerontology.oxfordjournals.org/content/56/3/M146.long
http://biomedgerontology.oxfordjournals.org/content/56/3/M146.long
http://biomedgerontology.oxfordjournals.org/content/56/3/M146.long
http://biomedgerontology.oxfordjournals.org/content/61/3/262.long
http://biomedgerontology.oxfordjournals.org/content/61/3/262.long
http://biomedgerontology.oxfordjournals.org/content/61/3/262.long
http://biomedgerontology.oxfordjournals.org/content/64A/6/675
http://biomedgerontology.oxfordjournals.org/content/64A/6/675
http://biomedgerontology.oxfordjournals.org/content/64A/6/675
http://biomedgerontology.oxfordjournals.org/content/61/6/594.long
http://biomedgerontology.oxfordjournals.org/content/61/6/594.long
http://biomedgerontology.oxfordjournals.org/content/61/6/594.long
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)62167-9/abstract
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)62167-9/abstract
http://biomedgerontology.oxfordjournals.org/content/63/12/1399.long
http://biomedgerontology.oxfordjournals.org/content/63/12/1399.long
http://biomedgerontology.oxfordjournals.org/content/63/12/1399.long
http://ajcn.nutrition.org/content/79/2/289.long
http://ajcn.nutrition.org/content/79/2/289.long
http://ajcn.nutrition.org/content/79/2/289.long
http://biomedgerontology.oxfordjournals.org/content/64A/1/69
http://biomedgerontology.oxfordjournals.org/content/64A/1/69
http://biomedgerontology.oxfordjournals.org/content/64A/1/69

Citation:

doi:10.4172/2167-7182.1000328

Bair MJ, Chen HL, Wu CH, Lee YK, Lin IT, et al. (2016) Nutritional Influences on Age-Related Frailty. J Gerontol Geriatr Res 5: 328.

Page 50f 6

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Semba RD, Ferrucci L, Cappola AR, Ricks MO, Ray AL, et al. (2006) Low
Serum Selenium Is Associated with Anemia Among Older Women Living
in the Community: the Women’s Health and Aging Studies I and II. Biol
Trace Elem Res 112: 97-107.

Volpato S, Onder G, Cavalieri M, Guerra G, Sioulis F, et al. (2007)
Characteristics of nondisabled older patients developing new disability
associated with medical illness and hospitalization. ] Gen Intern Med 22:
668-674.

Purser JL, Kuchibhatla MN, Fillenbaum GG, Harding T, Peterson ED, et
al. (2006) Identifying frailty in hospitalized older adults with significant
coronary artery disease. ] Am Geriatr Soc 54: 1674-1681.

Rockwood K, Abeysundera MJ, Mitnitski A (2007) How should we grade
frailty in nursing home patient? ] Am Med Dir Assoc 8: 595-603.
Bergman H, Ferrucci L, Guralnik J, Hogan DB, Hummel S, et al. (2007)
Frailty: an emerging research and clinical paradigm—issues and
controversies. ] Gerontol A Biol Sci Med Sci 62: 731-737.

Abate M, Di Iorio A, Di Renzo D, Paganelli R, Saggini R, et al. (2007)
Frailty in the elderly: the physical dimension. Eura Medicophys 43:
407-415.

Bartali B, Frongillo EA, Bandinelli S, Lauretani F, Semba RD, et al. (2006)
Low nutrient intake is an essential component of frailty in older persons. J
Gerontol A Biol Sci 61: 589-593.

Bortz W (2010) Understanding frailty. ] Gerontol A Biol Sci Med Sci 65:
255-256.

Brownie S (2006) Why are elderly individuals at risk of nutritional
deficiency? Int ] Nurs Pract 12: 110-118.

Lesourd B (2004) Nutrition: a major factor influencing immunity in the
elderly. ] Nutr Health Aging 8: 28-37.

Nieuwenhuizen WE, Weenen H, Rigby P, Hetherington MM. (2010)
Older adults and patients in need of nutritional support: review of current
treatment options and factors influencing nutritional intakes. Clin Nutr
29:160-169.

Keller HH (2007) Promoting food intake in older adults living in the
community: a review. Appl Physiol Nutr Metab 32: 991-1000.

Murphy C (2008) The chemical senses and nutrition in older adults. J
Nutr Elder 27: 247-265.

Bartali B, Salvini S, Turrini A, Lauretani F, Russo CR, et al. (2003) Age
and disability affect dietary intake. ] Nutr 133: 2868-2873.

http: //www.ars.usda.gov/ba/bhnrc/fsrg.

Margetts BM, Thompson RL, Elia M, Jackson AA (2003) Prevalence of
risk of undernutrition is associated with poor health status in older
people in the UK. Eur J Clin Nutr 57: 69-74.

Grieger JA, Nowson CA (2007) Nutrient intake and plate waste from an
Australian residential care facility. Eur J Clin Nutr 61: 655-663.

Lengyel CO, Whiting SJ, Zello GA (2008) Nutrient inadequacies among
elderly residents of long-term care facilities. Can J Diet Pract Res 69:
82-88.

Heersink JT, Brown CJ], Dimaria-Ghalili RA, Locher JL (2010)
Undernutrition in hospitalized older adults: patterns and correlates,
outcomes, and opportunities for intervention with a focus on processes of
care. ] Nutr Elder 29: 4-41.

Stratton R J (2007) Malnutrition: another health inequality? Proc Nutr
Soc. 66: 522-529.

Patel MD, Martin FC (2008) Why don't elderly hospital inpatients eat
adequately? ] Nutr Health Aging 12: 227-231.

Kaiser M, Bandinelli S, Lunenfeld B (2010) Frailty and the role of
nutrition in older people. A review of the current literature. Acta Biomed
1: 37-45.

Wolfe RR, Miller SL, Miller KB (2008) Optimal protein intake in the
elderly. Clin Nutr 27: 675-684

Morais JA, Chevalier S, Gougeon R (2006) Protein turnover and
requirements in the healthy and frail elderly. ] Nutr Health Aging 10:
272-283

Dawson-Hughes B (2003) Calcium and protein in bone health. Proc Nutr
Soc 62: 505-509.

38.

39.

40.

41.

42,

43.
44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

Wilson MM, Purushothaman R, Morley JE (2002) Effect of liquid dietary
supplements on energy intake in the elderly. Am J Clin Nutr 75: 944-947.
Hu FB, Stampfer MJ, Manson JE, Willett WC (1999) Dietary protein and
risk of ischemic heart disease in women. Am J Clin Nutr 70: 221-227.

He J, Klag MJ, Whelton PK, Chen JY, Qian MC, et al. (1995) Dietary
macronutrients and blood pressure in south-western China. ] Hypertens
13:1267-1274.

Stratton R], Ek AC, Engfer M, Moore Z, Rigby P, et al. (2005) Enteral
nutritional support in prevention and treatment of pressure ulcers: a
systematic review and meta-analysis. Ageing Res Rev 4: 422-450.

Schiirch MA, Rizzoli R, Slosman D, Vadas L, Vergnaud P, et al. (1998)
Protein supplements increase serum insulin-like growth factor-I levels
and attenuate proximal femur bone loss in patients with recent hip
fracture: a randomized, doubleblind, placebo-controlled trial. Ann Intern
Med 128: 801-809.

www.cdc.gov/nchs/data

Roubenoff R, Hughes VA (2000) Sarcopenia: current concepts. ] Gerontol
A Biol Sci Med Sci 55: 716-724.

Balcs CW, Ritchie CS (2002) Sarcopenia, weight loss, and nutritional
frailty in the elderly. Annu Rev Nutr 22: 309-323.

Visser M, Kritchevsky SB, Goodpaster BH, Newman AB, Nevitt M, et al.
(2002) Leg muscle mass and composition in relation to lower extremity
performance in men and women aged 70 to 79: the health, aging and
body composition study. ] Am Geriatr Soc 50: 897-904.

Evans WJ, Campbell WW (1993) Sarcopenia and age-related changes in
body composition and functional capacity. ] Nutr 123: 465-468.

Rantanen T, Guralnik JM, Ferrucci L, Leveille S, Fried LP (1999)
Coimpairments: strength and balance as predictors of severe walking
disability. ] Gerontol A Biol Sci Med Sci 54: 172-176.

Lauretani E Russo CR, Bandinelli S, Bartali B, Cavazzini C, et al. (2003)
Age-associated changes in skeletal muscles and their effect on mobility:
an operational diagnosis of sarcopenia. ] Appl Physiol 95: 1851-1860.
Lord SR, Ward JA, Williams P, Anstey KJ (1994) Physiological factors
associated with falls in older community-dwelling women. ] Am Geriatr
Soc 42:1110-1117.

Roubenoff R (2000) Sarcopenia: a major modifiable cause of frailty in the
elderly. ] Nutr Health Aging 4: 140-142.

Rantanen T, Avlund K, Suominen H, Schroll M, Frindin K, et al. (2002)
Muscle strength as a predictor of onset of ADL dependence in people
aged 75 years. Aging Clin Exp Res 14: 10-15.

Guigoz Y, Lauque S, Vellas B] (2002) Identifying the elderly at risk for
malnutrition. The Mini Nutritional Assessment. Clin Geriatr Med 18:
737-757.

Posner BM, Jette AM, Smith KW, Miller DR (1993) Nutrition and health
risks in the elderly: the nutrition screening initiative. Am J Public Health
83:972-978.

Rowe JW, Kahn RL (1998) Successful aging. Pantheon Books, New York.

Friedmann JM, Jensen GL, Smiciklas-Wright H, McCamish MA (1997)
Predicting early non-elective hospital readmission in nutritionally
compromised older adults. Am J Clin Nutr 65: 1714-1720.

Biolo G, Ciocchi B, Stulle M, Piccoli A, Lorenzon S, et al. (2005)
Metabolic consequences of physical inactivity. ] Ren Nutr 15: 49-53.
Keller HH (2004) Nutrition and health-related quality of life in frail older
adults. ] Nutr Health Aging 8: 245-252.

Kagansky N, Berner Y, Koren-Morag N, Levy S (2005) Poor nutritional
habits are predictors of poor outcome in very old hospitalized patients.
Am J Clin Nutr 82: 784-791.

Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, et al. (2008)
Dietary protein intake is associated with lean mass change in older,
community-dwelling adults: the Healthy, Aging, and Body Composition
Study. Am J Clin Nutr 87: 150-155.

Visser M, Kritchevsky SB, Newman AB, Goodpaster BH, Tylavsky FA, et
al. (2005) Lower serum albumin concentrations and change in muscle
mass: the Healthy, Aging, and Body Composition Study. Am J Clin Nutr
82:531-537.

] Gerontol Geriatr Res, an open access journal
ISSN:2167-7182

Volume 5 « Issue 4 « 1000328


http://link.springer.com/article/10.1385%2FBTER%3A112%3A2%3A97
http://link.springer.com/article/10.1385%2FBTER%3A112%3A2%3A97
http://link.springer.com/article/10.1385%2FBTER%3A112%3A2%3A97
http://link.springer.com/article/10.1385%2FBTER%3A112%3A2%3A97
http://link.springer.com/article/10.1007%2Fs11606-007-0152-1
http://link.springer.com/article/10.1007%2Fs11606-007-0152-1
http://link.springer.com/article/10.1007%2Fs11606-007-0152-1
http://link.springer.com/article/10.1007%2Fs11606-007-0152-1
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2006.00914.x/abstract;jsessionid=671916282A7049688037C9EE9CF2A976.f03t02?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2006.00914.x/abstract;jsessionid=671916282A7049688037C9EE9CF2A976.f03t02?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2006.00914.x/abstract;jsessionid=671916282A7049688037C9EE9CF2A976.f03t02?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://www.jamda.com/article/S1525-8610(07)00351-9/abstract
http://www.jamda.com/article/S1525-8610(07)00351-9/abstract
http://biomedgerontology.oxfordjournals.org/content/62/7/731.long
http://biomedgerontology.oxfordjournals.org/content/62/7/731.long
http://biomedgerontology.oxfordjournals.org/content/62/7/731.long
http://biomedgerontology.oxfordjournals.org/content/61/6/589.long
http://biomedgerontology.oxfordjournals.org/content/61/6/589.long
http://biomedgerontology.oxfordjournals.org/content/61/6/589.long
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-172X.2006.00557.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-172X.2006.00557.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://www.clinicalnutritionjournal.com/article/S0261-5614(09)00183-6/abstract
http://www.clinicalnutritionjournal.com/article/S0261-5614(09)00183-6/abstract
http://www.clinicalnutritionjournal.com/article/S0261-5614(09)00183-6/abstract
http://www.clinicalnutritionjournal.com/article/S0261-5614(09)00183-6/abstract
http://www.nrcresearchpress.com/doi/abs/10.1139/H07-067
http://www.nrcresearchpress.com/doi/abs/10.1139/H07-067
http://www.tandfonline.com/doi/abs/10.1080/01639360802261862
http://www.tandfonline.com/doi/abs/10.1080/01639360802261862
http://jn.nutrition.org/content/133/9/2868.long
http://jn.nutrition.org/content/133/9/2868.long
http://www.ars.usda.gov/ba/bhnrc/fsrg
http://www.nature.com/ejcn/journal/v57/n1/full/1601499a.html
http://www.nature.com/ejcn/journal/v57/n1/full/1601499a.html
http://www.nature.com/ejcn/journal/v57/n1/full/1601499a.html
http://www.nature.com/ejcn/journal/v61/n5/full/1602565a.html
http://www.nature.com/ejcn/journal/v61/n5/full/1602565a.html
http://dcjournal.ca/doi/abs/10.3148/69.2.2008.82
http://dcjournal.ca/doi/abs/10.3148/69.2.2008.82
http://dcjournal.ca/doi/abs/10.3148/69.2.2008.82
http://www.tandfonline.com/doi/abs/10.1080/01639360903574585
http://www.tandfonline.com/doi/abs/10.1080/01639360903574585
http://www.tandfonline.com/doi/abs/10.1080/01639360903574585
http://www.tandfonline.com/doi/abs/10.1080/01639360903574585
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1395148&fileId=S0029665107005848
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=1395148&fileId=S0029665107005848
http://link.springer.com/article/10.1007%2FBF02982626
http://link.springer.com/article/10.1007%2FBF02982626
http://www.clinicalnutritionjournal.com/article/S0261-5614(08)00117-9/abstract
http://www.clinicalnutritionjournal.com/article/S0261-5614(08)00117-9/abstract
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=817404&fileId=S0029665103000661
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=817404&fileId=S0029665103000661
http://ajcn.nutrition.org/content/75/5/944.long
http://ajcn.nutrition.org/content/75/5/944.long
https://www.researchgate.net/publication/12872317_Dietary_protein_and_risk_of_ischemic_heart_disease_in_women
https://www.researchgate.net/publication/12872317_Dietary_protein_and_risk_of_ischemic_heart_disease_in_women
http://journals.lww.com/jhypertension/Abstract/1995/11000/Dietary_macronutrients_and_blood_pressure_in.8.aspx
http://journals.lww.com/jhypertension/Abstract/1995/11000/Dietary_macronutrients_and_blood_pressure_in.8.aspx
http://journals.lww.com/jhypertension/Abstract/1995/11000/Dietary_macronutrients_and_blood_pressure_in.8.aspx
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0022201/
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0022201/
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0022201/
http://annals.org/article.aspx?articleid=711411
http://annals.org/article.aspx?articleid=711411
http://annals.org/article.aspx?articleid=711411
http://annals.org/article.aspx?articleid=711411
http://annals.org/article.aspx?articleid=711411
http://biomedgerontology.oxfordjournals.org/content/55/12/M716.long
http://biomedgerontology.oxfordjournals.org/content/55/12/M716.long
http://www.annualreviews.org/doi/abs/10.1146/annurev.nutr.22.010402.102715
http://www.annualreviews.org/doi/abs/10.1146/annurev.nutr.22.010402.102715
http://onlinelibrary.wiley.com/doi/10.1046/j.1532-5415.2002.50217.x/abstract;jsessionid=D1A23FC59F06A4C97D1513BE7DEF8FB0.f04t04?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1046/j.1532-5415.2002.50217.x/abstract;jsessionid=D1A23FC59F06A4C97D1513BE7DEF8FB0.f04t04?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1046/j.1532-5415.2002.50217.x/abstract;jsessionid=D1A23FC59F06A4C97D1513BE7DEF8FB0.f04t04?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1046/j.1532-5415.2002.50217.x/abstract;jsessionid=D1A23FC59F06A4C97D1513BE7DEF8FB0.f04t04?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://biomedgerontology.oxfordjournals.org/content/54/4/M172.long
http://biomedgerontology.oxfordjournals.org/content/54/4/M172.long
http://biomedgerontology.oxfordjournals.org/content/54/4/M172.long
http://jap.physiology.org/content/95/5/1851
http://jap.physiology.org/content/95/5/1851
http://jap.physiology.org/content/95/5/1851
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.1994.tb06218.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.1994.tb06218.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.1994.tb06218.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
https://www.researchgate.net/publication/12383585_Roubenoff_R_Sarcopenia_A_major_modifiable_cause_of_frailty_in_the_elderly
https://www.researchgate.net/publication/12383585_Roubenoff_R_Sarcopenia_A_major_modifiable_cause_of_frailty_in_the_elderly
http://www.geriatric.theclinics.com/article/S0749-0690(02)00059-9/abstract
http://www.geriatric.theclinics.com/article/S0749-0690(02)00059-9/abstract
http://www.geriatric.theclinics.com/article/S0749-0690(02)00059-9/abstract
http://ajph.aphapublications.org/doi/abs/10.2105/AJPH.83.7.972
http://ajph.aphapublications.org/doi/abs/10.2105/AJPH.83.7.972
http://ajph.aphapublications.org/doi/abs/10.2105/AJPH.83.7.972
http://www.jrnjournal.org/article/S1051-2276(04)00166-9/fulltext
http://www.jrnjournal.org/article/S1051-2276(04)00166-9/fulltext
https://www.researchgate.net/publication/8394166_Nutrition_and_health-related_quality_of_life_in_frail_older_adults
https://www.researchgate.net/publication/8394166_Nutrition_and_health-related_quality_of_life_in_frail_older_adults
https://www.researchgate.net/publication/7554501_Poor_nutritional_habits_are_predictors_of_poor_outcome_in_very_old_hospitalized_patients
https://www.researchgate.net/publication/7554501_Poor_nutritional_habits_are_predictors_of_poor_outcome_in_very_old_hospitalized_patients
https://www.researchgate.net/publication/7554501_Poor_nutritional_habits_are_predictors_of_poor_outcome_in_very_old_hospitalized_patients
http://ajcn.nutrition.org/content/87/1/150.long
http://ajcn.nutrition.org/content/87/1/150.long
http://ajcn.nutrition.org/content/87/1/150.long
http://ajcn.nutrition.org/content/87/1/150.long
http://ajcn.nutrition.org/content/82/3/531.long
http://ajcn.nutrition.org/content/82/3/531.long
http://ajcn.nutrition.org/content/82/3/531.long
http://ajcn.nutrition.org/content/82/3/531.long

Citation:

doi:10.4172/2167-7182.1000328

Bair MJ, Chen HL, Wu CH, Lee YK, Lin IT, et al. (2016) Nutritional Influences on Age-Related Frailty. J Gerontol Geriatr Res 5: 328.

Page 6 of 6

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Kwon J, Suzuki T, Yoshida H, Kim H, Yoshida Y, et al. (2007)
Concomitant lower serum albumin and vitamin D levels are associated
with decreased objective physical performance among Japanese
community-dwelling elderly. Gerontology 53: 322-328.

Campbell PM, Allain TJ (2006) Muscle strength and vitamin D in older
people. Gerontology 52: 335-338.

Gaillard C, Alix E, Boirie Y, Berrut G, Ritz P (2008) Are elderly
hospitalized patients getting enough protein? J Am Geriatr Soc 56:
1045-1049.

Kim JS, Wilson JM, Lee SR (2010) Dietary implications on mechanisms of
sarcopenia: roles of protein, amino acids and antioxidants. J Nutr
Biochem 21: 11-13.

Beasley JM, LaCroix AZ, Neuhouser ML, Huang Y, Tinker L, et al. (2010)
Protein intake and incident frailty in the Women's Health Initiative
observational study. ] Am Geriatr Soc 58: 1063-1071.

Solerte S, Gazzaruso C, Bonacasa R, Rondanelli M, Zamboni M, et al.
(2008) Nutritional supplements with oral amino acid mixtures increases
whole-body lean mass and insulin sensitivity in elderly subjects with
sarcopenia. Am ] Cardiol 101: 69-77.

Campbell WW, Trappe TA, Wolfe RR, Evans WJ (2001) The
recommended dietary allowance for protein may not be adequate for
older people to maintain skeletal muscle. ] Gerontol A Biol Sci Med Sci
56: 373-380.

Robinson SM, Jameson KA, Batelaan SE, Martin HJ, Syddall HE, et al.
(2008) Hertfordshire Cohort Study Group. Diet and its relationship with
grip strength in community-dwelling older men and women: the
Hertfordshire cohort study. ] Am Geriatr Soc 56: 84-90.

Smith GI, Atherton P, Reeds DN, Mohammed BS, Rankin D, et al. (2011)
Dietary omega-3 fatty acid supplementation increases the rate of muscle
protein synthesis in older adults: a randomized controlled trial. Am ] Clin
Nutr 93: 402-412.

Stafford M, Hemingway H, Stansfeld SA, Brunner E, Marmot M (1998)
Behavioural and biological correlates of physical functioning in middle
aged office workers: the UK Whitehall II study. ] Epidemiol Community
Health 52: 353-358.

Houston DK, Stevens J, Cai J, Haines PS (2005) Dairy, fruit, and vegetable
intakes and functional limitations and disability in a biracial cohort: the
atherosclerosis risk in communities study. Am J Clin Nutr 81: 515-522.
Vikstedt T, Suominen MH, Joki A, Muurinen S, Soini H, et al. (2011)
Nutritional status, energy, protein, and micronutrient intake of older
service house residents. ] Am Med Direc Assoc 12: 302-307.

Visvanathan R, Chapman IM (2009) Undernutrition and anorexia in the
older person. Gastroenterol Clin North Am 38: 393-409.

Wells JL, Dumbrell AC (2006) Nutrition and aging: assessment and
treatment of compromised nutritional status in frail elderly patients. Clin
Interv Aging 1: 67-79.

Gaillard C, Alix E, Salle” A, Berrut G, Ritz P (2007) Energy requirements
in frail elderly people: a review of the literature. Clin Nutr 26: 16-24.
Gaskill D, Black LJ, Isenring EA, Hassall S, Sanders F, et al. (2008)
Malnutrition prevalence and nutrition issues in residential aged care
facilities. Australas J Aging 27: 189-94.

Labossiere R, Bernard MA (2008) Nutritional considerations in
institutionalized elders. Curr Opin Clin Nutr Metab Care 11: 1-6.

Payette H, Boutier V, Coulombe C, Donald KG (2002) Benefits of
nutritional supplementation in free-living, frail, undernourished elderly
people: a prospective randomized community trial. ] Am Diet Assoc 102:
1088-1095.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Payette H (2005) Nutrition as a determinant of functional autonomy and
quality of life in aging: a research program. Can ] Physiol Pharmacol 83:
1061-1070.

Wouters-Wesseling W, Vos AP, van Hal M, De Groot LC, Van Staveren
WA, et al. (2005) The effect of supplementation with an enriched drink on
indices of immune function in frail elderly. ] Nutr Health Aging 9:
281-286.

Wouters-Wesseling W, Wagenaar LW, de Groot LC, et al. (2003)
Biochemical antioxidant levels respond to supplementation with an
enriched drink in frail elderly people. ] Am Coll Nutr 22: 232-238.

Milne AC, Potter ], Vivanti A, Avenell A (2009) Protein and energy
supplementation in elderly people at risk from malnutrition. Cochrane
Database Syst Rev 2: CD003288.

Clarkson PM, Thompson HS (2000) Antioxidant: what role do they play
in physical activity and health? Am J Clin Nutr 72: 637S-646S.
Mendoza-Nunez VM, Sanchez- Rodriguez MA, Retana-Ugalde R, et al.
(2001) Total antidxidant levels, gender, and age as risk factors for DNA
damage in lymphocytes of the elderly. Mech Ageing Dev 122: 835-847.
Mendoza-Nunez VM, Ruiz-Ramos M, Sanchez-Rodriguez MA, Retana-
Ugalde R, Mufioz-Sénchez JL, et al. (2007) Aging-related oxidative stress
in healthy humans. Toboku J Exp Med 213: 261-268.

Semba RD, Ferrucci L, Sun K, Walston ], Varadhan R, et al. (2007)
Oxidative stress and severe walking disability among older women. Am J
Med 120: 1084-1089.

Semba RD, Ferrucci L, Sun K, Walston J, Varadhan R, et al. (2007)
Oxidative stress is associated with greater mortality in older women living
in the community. ] Am Geriatr Soc 55: 1421-1425.

Semba RD, Lauretani F Ferrucci L (2007) Carotenoids as protection
against sarcopenia in older adults. Arch Biochem Biophys 458: 141-145.
Layretani F, Semba RD, Bandinelli S, Brannigan MD, Layretani E, et al.
(2008) Carotenoids as protection against disability in older persons.
Rejuvenation Res 11: 557-563.

Kaiser MJ, Bandinelli S, Lunenfeld B (2009) The nutritional pattern of
frailty - Proceedings from the 5th Italian Congress of Endocrinology of
Aging, Parma, Italy, 27-28 March 2009. Aging Male 12: 87-94.

Ensrud KE, Blackwell TL, Cauley JA, Cummings SR, Connor EB, et al.
(2011) Circulating 25-hydroxyvitamin D levels and frailty in older men:
the osteoporotic fractures in men study. ] Am Geriatr Soc 59: 101-106.
Wilhelm-Leen ER, Hall YN, deBoer IH, Chertow GM (2010) Vitamin D
deficiency and frailty in older Americans. J Intern Med 268: 171-180.
Zochlin J, Chen ]S, Seibel M, Schwarz ], Cameron ID, et al. (2005)
Calcium metabolism in the frail elderly. Clin Rheumatol 24: 576-582.
Jacobs Jr DR, Hohe C, Mursu ], Robien K, Folsom AR (2010) Whole grain
intake, incident hip fracture and presumed frailty in the Jowa Women's
Health Study. Br ] Nutr 104: 1537-1543.

Mocchegiani E (2007) Zinc and aging: third Zincage conference. Immun
Aging 4: 5.

Rodondi A, Ammann P, Ghilardi-Beuret S, Rizzoli R (2009) Zinc
increases the effects of essential amino acids-whey protein supplements in
frail elderly. ] Nutr Health Aging 13: 491-497.

Dhonukshe-Rutten RAM, Lips M, de Jong N, Chin A Paw MJM, Hiddink
GJ, et al. (2003) Vitamin B-12 status is associated with bone mineral
content and bone mineral density in frail elderly women but not in men. J
Nutr 133: 801-807.

Shahar D, Levi M, Kurtz I, Shany S, Zvili I, et al. (2009) Nutritional status
in relation to balance and falls in the elderly: a preliminary look at serum
folate. Ann Nutr Metab 54: 59-66.

] Gerontol Geriatr Res, an open access journal
ISSN:2167-7182

Volume 5 « Issue 4 « 1000328


http://www.karger.com/Article/Abstract/103257
http://www.karger.com/Article/Abstract/103257
http://www.karger.com/Article/Abstract/103257
http://www.karger.com/Article/Abstract/103257
http://www.karger.com/Article/Abstract/94981
http://www.karger.com/Article/Abstract/94981
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2008.01721.x/abstract;jsessionid=3FDCDD84105CCBB4710C52C876A9AC95.f03t04?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2008.01721.x/abstract;jsessionid=3FDCDD84105CCBB4710C52C876A9AC95.f03t04?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2008.01721.x/abstract;jsessionid=3FDCDD84105CCBB4710C52C876A9AC95.f03t04?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://www.jnutbio.com/article/S0955-2863(09)00138-7/abstract
http://www.jnutbio.com/article/S0955-2863(09)00138-7/abstract
http://www.jnutbio.com/article/S0955-2863(09)00138-7/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2010.02866.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2010.02866.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2010.02866.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://www.ajconline.org/article/S0002-9149(08)00399-8/abstract
http://www.ajconline.org/article/S0002-9149(08)00399-8/abstract
http://www.ajconline.org/article/S0002-9149(08)00399-8/abstract
http://www.ajconline.org/article/S0002-9149(08)00399-8/abstract
http://biomedgerontology.oxfordjournals.org/content/56/6/M373.long
http://biomedgerontology.oxfordjournals.org/content/56/6/M373.long
http://biomedgerontology.oxfordjournals.org/content/56/6/M373.long
http://biomedgerontology.oxfordjournals.org/content/56/6/M373.long
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2007.01478.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2007.01478.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2007.01478.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2007.01478.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://ajcn.nutrition.org/content/93/2/402
http://ajcn.nutrition.org/content/93/2/402
http://ajcn.nutrition.org/content/93/2/402
http://ajcn.nutrition.org/content/93/2/402
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1756727/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1756727/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1756727/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1756727/
http://ajcn.nutrition.org/content/81/2/515.long
http://ajcn.nutrition.org/content/81/2/515.long
http://ajcn.nutrition.org/content/81/2/515.long
http://www.jamda.com/article/S1525-8610(10)00529-3/abstract
http://www.jamda.com/article/S1525-8610(10)00529-3/abstract
http://www.jamda.com/article/S1525-8610(10)00529-3/abstract
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2682454/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2682454/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2682454/
http://www.clinicalnutritionjournal.com/article/S0261-5614(06)00149-X/abstract
http://www.clinicalnutritionjournal.com/article/S0261-5614(06)00149-X/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1741-6612.2008.00324.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08:00-11:00+BST+/+03:00-06:00+EST+/+15:00-18:00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1741-6612.2008.00324.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08:00-11:00+BST+/+03:00-06:00+EST+/+15:00-18:00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1741-6612.2008.00324.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08:00-11:00+BST+/+03:00-06:00+EST+/+15:00-18:00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://www.nrcresearchpress.com/doi/abs/10.1139/y05-086?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
http://www.nrcresearchpress.com/doi/abs/10.1139/y05-086?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
http://www.nrcresearchpress.com/doi/abs/10.1139/y05-086?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD003288.pub3/abstract;jsessionid=010EEEB27625FC4794542C950A0A12F9.f04t01?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD003288.pub3/abstract;jsessionid=010EEEB27625FC4794542C950A0A12F9.f04t01?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD003288.pub3/abstract;jsessionid=010EEEB27625FC4794542C950A0A12F9.f04t01?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://ajcn.nutrition.org/content/72/2/637s.long
http://ajcn.nutrition.org/content/72/2/637s.long
https://www.jstage.jst.go.jp/article/tjem/213/3/213_3_261/_article
https://www.jstage.jst.go.jp/article/tjem/213/3/213_3_261/_article
https://www.jstage.jst.go.jp/article/tjem/213/3/213_3_261/_article
http://www.amjmed.com/article/S0002-9343(07)00848-0/abstract
http://www.amjmed.com/article/S0002-9343(07)00848-0/abstract
http://www.amjmed.com/article/S0002-9343(07)00848-0/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2007.01308.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2007.01308.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2007.01308.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2645641/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2645641/
http://online.liebertpub.com/doi/abs/10.1089/rej.2007.0581
http://online.liebertpub.com/doi/abs/10.1089/rej.2007.0581
http://online.liebertpub.com/doi/abs/10.1089/rej.2007.0581
http://www.tandfonline.com/doi/abs/10.3109/13685530903296706?journalCode=itam20
http://www.tandfonline.com/doi/abs/10.3109/13685530903296706?journalCode=itam20
http://www.tandfonline.com/doi/abs/10.3109/13685530903296706?journalCode=itam20
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2010.03201.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2010.03201.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-5415.2010.03201.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2796.2010.02248.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2796.2010.02248.x/abstract?systemMessage=Wiley+Online+Library+will+be+unavailable+on+Saturday+30th+July+2016+from+08%3A00-11%3A00+BST+%2F+03%3A00-06%3A00+EST+%2F+15%3A00-18%3A00+SGT+for+essential+maintenance.Apologies+for+the+inconvenience.
http://link.springer.com/article/10.1007%2Fs10067-005-1107-8
http://link.springer.com/article/10.1007%2Fs10067-005-1107-8
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7921823&fileId=S0007114510002382
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7921823&fileId=S0007114510002382
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=7921823&fileId=S0007114510002382
http://immunityageing.biomedcentral.com/articles/10.1186/1742-4933-4-5
http://immunityageing.biomedcentral.com/articles/10.1186/1742-4933-4-5
http://link.springer.com/article/10.1007%2Fs12603-009-0099-5
http://link.springer.com/article/10.1007%2Fs12603-009-0099-5
http://link.springer.com/article/10.1007%2Fs12603-009-0099-5
http://jn.nutrition.org/content/133/3/801.long
http://jn.nutrition.org/content/133/3/801.long
http://jn.nutrition.org/content/133/3/801.long
http://jn.nutrition.org/content/133/3/801.long
http://www.karger.com/Article/Abstract/207356
http://www.karger.com/Article/Abstract/207356
http://www.karger.com/Article/Abstract/207356

	Contents
	Nutritional Influences on Age-Related Frailty
	Abstract
	Keywords:
	Introduction
	Malnutrition in Older People
	Association of Inadequate Nutritional Intake with Frailty
	Nutritional Diet Modifiable Influence on Age-Related Frailty
	Protein
	Fatty acid
	Micronutrients

	Conclusion
	References


