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ABSTRACT
___________________________________________________________________________
Introduction: Growing population of elderly
requires effective medical diagnostics and help.
Criteria developed by Fried et al. are most often
used for the diagnosis of the frailty syndrome. An
inherent element of frailty syndrome is malnutrition. Malnutrition results from inadequate food
supply, coexistence of acute and chronic diseases.
Effective nutritional interventions conducted on
frail older persons can prevent them from
developing the frailty syndrome.
Review: The prevalence of frailty in elders is 17%
moreover 42.3% are prefrail. There are many
scales designed to identify frailty syndrome, but
the most common is the classification of Fried et
al. Malnutrition is a common state in frail elderly.
Basic questionnaire, which is used to diagnose
malnutrition,
is
MNA
(Mini-Nutritional
Assessment). Mini-Nutritional Assessment ShortForm (MNA-SF) and Malnutrition Universal
Screening Tool (MUST) also can be used.

Sarcopenia, which is defined as reduced muscle
mass and strength and impaired muscle
performance, significantly contribute to the
development of frailty. Many studies have shown
that an effective method in the preventing of
sarcopenia is protein supplementation. Other
beneficial lifestyle and diet changes, which can
help prevent the development of frailty syndrome,
are adherence to the Mediterranean diet, appropriate intake of carotenoids, vitamin E, selenium
and zinc. Another important protective factor is
vitamin D levels. Low serum 25(OH)D is strongly
associated with frailty.
Conclusions: From a nutritional point of view
adherence to a Mediterranean-style diet, sufficient
intake of protein, micronutrients and vitamin D, as
well as regular moderate physical activity, can be
crucial in the preventing of the frailty syndrome.
Keywords: Frail elderly, nutritional status, diet,
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INTRODUCTION
According to data from The World
Factbook, people aged 65 years and older represent
8.32% of the world population (data estimated for
year 2014) [1]. Along with growing population of
the elderly the need to overcome negative effects of
aging is becoming more urgent. Frailty syndrome,
defined by Fried et al., includes five variables:
unintentional weight loss, exhaustion, loss of grip
strength, slowness and low physical activity.
Coexistence of at least three out of five mentioned
variables classify a person as frail [2]. Malnutrition
is one of the symptoms of the frailty syndrome. It is
considered a risk factor for ill-health and increased
mortality. Additionally it contributes to impaired
function of the body, prolonged hospitalization and
deterioration of the quality of life [3]. Lack of gold
standard for diagnosing malnutrition in the elderly
hinders treatment. Only combination of various
methods
(anthropometry,
laboratory
tests,
subjective global assessment, Mini-Nutritional
Assessment, SCALES test) can be effective in
determination of nutritional status [4]. By effective
nutritional interventions conducted on frail older
persons improvement of their risk profile is
possible. Adhering to the principles of a balanced
diet reduces the risk of two factors of the frailty
syndrome- unintentional weight loss and loss of
grip strength [5]. Main aim of this review is to
demonstrate that improvement of the nutritional
status in older people may help overcome the frailty
syndrome.
Literature search
A Medline literature search included
combination of following terms: “frail," “frailty,"
“nutrition," “nutritional status," “malnutrition,"
“diet," “older people," “elderly." Publications
written in English and Polish were included, which
gave the total number of thirty-two publications.
Papers before year 2004 have been rejected.
Frality syndrome
Based on the data from the Frailty
Instrument for Primary Care of the Survey of
Health, Ageing and Retirement in Europe (SHAREFI) it has been shown that the prevalence of frailty
in persons older than 65 years is 17%. Moreover,
42.3% are prefrail [6]. Scientists agree that frailty is
a geriatric syndrome characterized by the reduction
of physiological reserves and resistance to stressors.
These changes make the elderly vulnerable for
adverse health outcomes, including disability,
dependency, falls; need for long-term care and
mortality [2,7-9]. Due to its multidimensional
nature, there are multiple criteria for diagnosing the
frailty syndrome. Most commonly used frailty scale
in research is the Cardiovascular Health Study
(CHS) frailty scale. Previously mentioned scale
consists of five factors. In the presence of three to

five factors, a person is considered as frail, two to
one as prefrail, or when none of the factors are
present as robust [2]. Another method, also using
the CHS frailty scale, is an innovative Platform for
Evaluation of Frailty and Prevention of Disability.
Innovative character of this study is based on
focusing on the prevention of the frailty syndrome.
Researchers developed a questionnaire to be used
by general practitioners for screening frailty.
Questionnaire consists of six questions, which
relate to the patient’s frailty status together with
functional, social, cognitive, nutritional factor.
After screening, a multidisciplinary team provides
for each patient a personalized preventive plan of
intervention against disability [8]. The main
assumption of the Frailty Risk Index (FRI) is the
use of Multisystem Risk Factors, which include 13
significant clinical risk indicators of prefrailty and
frailty. The variables are as follows: older age, no
education, heart failure, obstructive respiratory
disorders, stroke, depressive symptoms, hearing
impairment, visual impairment, chronic airflow
obstruction,
chronic
kidney
failure,
low
hemoglobin, high nutritional risk, and increased
WCCs. During validation, the summary risks score
(FRI) was related to the prevalence of prefrailty and
frailty. Increasing number of present risk indicators
enhanced this prevalence [10]. There are many
other scales, which are used to assess the
occurrence of the frailty syndrome, e.g. Frailty
Index Comprehensive Geriatric Assessment (FICGA), the Multidimensional Prognostic Index
(MPI) Index, the Short Emergency Geriatric
Assessment (SEGAm) [10-13]. Each scale is related to nutritional status, differing only in the
analyzed parameters.
Frail older adults are more often females,
live alone, have a lower educational level [15],
higher BMI, history of chronic disease and
depression symptoms; smoke cigarettes [16,17].
According to NHANES III they are also at lower
income levels and less likely to be white. From the
nutritional approach frail elderly have lowest
energy intake and are more likely to be food
insufficient. In fact, people who were frail were
4.69 (95% CI 1.73-12.67) times more likely to
report food insufficiency than people who were not
frail [17].
Nutritional status of frail patients
Malnutrition is a common state connected
to the senile period itself, as well as the frailty
syndrome. It is associated with increased morbidity
and mortality. Due to changes in body composition
of the elderly, e.g. loss of lean body mass, loss of
muscle strength and sarcopenia, increase in body
fat, this group is at risk of malnutrition [3,14,15].
Also, coexisting acute and chronic diseases
predispose to the formation of eating disorders,
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reduction of appetite, which contributes to the
occurrence of malnutrition. Anorexia itself can be
regarded as an early risk factor of frailty [15]. Other
factors responsible for the development of
malnutrition are: weight loss of > 5% in previous
month or > 10% in previous 6 months, significant
under- or overweight (± 20% desirable body
weight), increased catabolism (fever, trauma,
burns), increased loss of nutrients (diarrhea,
malabsorption), previous surgery of the GI tract,
radiotherapy, medications debilitating hunger
(steroids,
antibiotics,
cytostatics),
alcohol
dependence, reduction in serum albumin and
decreased number of lymphocytes in peripheral
blood [4,7]. Basic, validated for older people,
questionnaire, which is used to diagnose
malnutrition,
is
MNA (Mini Nutritional
Assessment). Its full version contains eighteen
questions, while a short-form screening version- the
Mini-Nutritional Assessment Short-Form (MNASF) only six. Questions in the MNA relate to the
anthropometric assessment (weight loss, mid-arm
circumference, calf circumference, BMI), general
assessment (patient’s mobility, medications,
neuropsychological problems), dietary and self
assessment. Scoring for the MNA is as follows: ≥24
well nourished, 17-23,5 at risk of malnutrition, <17
malnourished [18]. For the MNA-SF scoring works
in the opposite direction- a lower score indicates a
higher risk of malnutrition [14]. Studies examining
the size of malnutrition vary between populations.
Polish WOBASZ study, conducted on a sample of
1,013 elderly, showed that by short-form MNA
questionnaire 13% of seniors were malnourished,
and 57% at risk of malnutrition [19]. In the French
study Gérontopôle, using the MNA, 34% of people
aged 65 years and older were malnourished, and
9% at risk of malnutrition [8]. During analysis of
the MNA and frailty in community dwelling older,
significant statistical differences were found
between risk of malnutrition and development of
the frailty syndrome. Risk of malnutrition was
found in 2.2% of the non-frail, in 12.2% of the prefrail and in 46.9% of the frail participants (p <
0.001) [15]. Another screening tool for malnutrition
is MUST (malnutrition universal screening tool). It
consists of following variables: current BMI (as
WHO defines it), known weight loss, the presence
of acute disease/no nutritional intake for 5 days. A
study among frail older hospital inpatients
comparing MUST and MNA-SF showed that the
MUST scored patients within a low risk category
(77% low risk, 9% medium risk, 14% high risk),
whereas the MNA-SF scored most within ‘at risk’
and ‘malnourished’ categories (46% malnourished,
45% at risk, 9% normal) [14].
Sarcopenia, which is defined as reduced
muscle mass and strength and impaired muscle
performance, significantly contribute to the
development of frailty [7]. Reduced lean body mass

leads to decrease in total body protein and
contributes to increased frailty [16-18,20]. Many
studies have shown the positive impact of protein
supplementation on muscle mass, strength and
physical performance. In a randomized controlled
double blind study the impact of 24 weeks of
dietary protein supplementation on muscle mass,
strength and physical performance has been
assessed. Subjects (65 frail elderly) were randomly
assigned to either a placebo or protein
supplementation group. Daily protein intake was 15
g for breakfast and another 15 g for lunch. After 24
weeks lean body mass increased from 47.2 kg (95%
CI, 43.5-50.9) to 48.5 kg (95% CI, 44.8-52.1) in the
protein group and did not change in the placebo
group. Strength and physical performance improved
significantly in both groups (P=.000) with no
interaction effect of dietary protein supplementation
[21]. Another study, with the intervention period
also lasting for 24 weeks, determined the effect of
protein supplementation (15g protein in a beverage)
on cognitive performance in frail elderly. Among
the 65 respondents protein supplementation did not
improve any of the cognitive domain scores [22].
Researchers who investigated protein consumption
with risk of incident frailty obtained more favorable
results. In the Women’s Health Initiative
Observational Study 24.417 women were involved,
aged 65-79 years, who were free of frailty at
baseline. A 20% increase in protein intake (as a
percentage of total energy) was associated with a
strong, dose-responsive lower risk (of 32%) of
incident frailty after a 3 years follow-up [23,24]. A
new approach to protective impact of protein
consumption on the development of the frailty
syndrome concerns comparison of dietary protein
source (animal or plant) and quality (amino acid
components). Among the group of 2108 Japanese
women (aged 65-94 years), 22.8% were frail. Mean
intake of total protein was 74.0 g/d (43.5 g/d
animal, 30.5 g/d plant). Protein (both animal and
plant) and amino acid intakes in the frail group
were significantly lower than those in the non-frail
group. Results may indicate that the source of
protein or kind of amino acid might not be
particularly important in preventing frailty [16].
Improving muscle mass and strength, gait and
balance, as well as reducing the rate of falls in
elderly, thus preventing sarcopenia and frailty
syndrome, should be accomplished by a multicomponent exercise intervention program that
consists of strength, endurance, and balance
training [25].
The Mediterranean diet is known for its
beneficial health properties and declining overall
mortality [26]. Adherence to the diet can be
summarized with 2 instruments: the Mediterranean
Diet Adherence Screener (MEDAS) and the
Mediterranean Diet Score (MDS). Based on data
from the senior-ENRICA cohort (1815 participants,
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60 years and older), the effect of the Mediterranean
diet (MD) on the development of the frailty
syndrome was investigated. After a 3,5 year followup, researches found that an increasing adherence to
the MD was associated with a decreasing risk of
frailty, referring to the global dietary pattern, not
single foods [27]. By using the Mediterranean Diet
Score (MDS), data from the InCHIANTI study (690
community-living persons, ≥65 years old) was used
to define adherence to a Mediterranean-style diet.
MDS was categorized into 3 categories: low
adherence (MDS ≤3), medium adherence (MDS 4–
5), and high adherence (MDS ≥6). Individuals were
followed for 6 years to identify incident frailty.
Higher adherence to a Mediterranean-style diet was
associated with lower odds of developing frailty
(OR 0.30; 95% CI 0.14-0.66) compared with those
with lower adherence [28].
Some studies had shown that increased
number of micronutrient deficiencies and low
serum beta-carotenoids were significant risk factors
for frailty [10,17]. It is certain that during the
process of ageing micronutrient deficiencies are
becoming more often. An inappropriate intake of
specific nutrient likes vitamin D, A, E, B6, B12,
folate, zinc, and selenium contributes to formation
of deficiencies. In 766 women, of who 250 were
frail and 516 not frail at baseline, serum
micronutrients
were
measured.
Significant
differences between frail and non-frail women were
found in serum concentrations of total carotenoids
(p=.006), α-tocopherol (p=.06), 25-hydroxyvitamin
D (p <.0001), selenium (p< .0001), and zinc (p=
.001). Older women who had one or more
indicators of poor micronutrient status had
significantly higher risk of becoming frail [29].
Vitamin d levels
Vitamin D, besides its widely described
effects on the skeletal system, affects the central
nervous system, muscles (e.g. reduces muscle
strength) and balance, which is especially important
in preventing falls and fractures [30]. In addition,
vitamin D deficiency usually occurs in the form of
latent hypovitaminosis and causes secondary
hyperparathyroidism. It causes high bone turnover
and, consequently, the loss of bone mass. The
prevalence of vitamin D deficiency in the elderly
ranges from 5% to 25% of people living alone and
from 60% to even 80% of those living in nursing
homes. These values vary mainly depending on
latitude, lifestyle, exposure to light, and
supplementation of the diet of vitamin D and
calcium [31,32]. In an Italian study, concerning
association of low vitamin D levels with the frailty
syndrome, 561 women (mean age 75.6) and 444
(mean age 74.2) men were examined.
Concentration of 25(0H)D lover than 50 nmol/L
was defined as insufficient. The median of
25(OH)D for women and men were 33.4 (22.7–

49.4) nmol/L and 48.5 (34.1–73.1) nmol/L,
respectively. 11.8% of women and 8.9% of men
had the prevalence of frailty, while 43.6% of
women and 35.6% of men were intermediate frail.
A strong, independent association of low 25(OH)D
with frailty in men was found [30]. Data from the
third NHANES gave information about impact of
serum 25(OH)D on frailty. Low 25(OH)D
concentrations (<37.4 nmol/L) were associated with
a 3.7-fold increase in the odds of frailty among
whites and a 4-fold increase in the odds of frailty
among non-whites [33]. On the other hand, in a
study conducted among African American
population no association between 25(OH)D levels
and occurrence of either frailty or prefrailty was
found. The lack of association may be explained by
very low levels of 25(OH)D in this population [34].
Effective diet and training program can result in
significant improvement of geriatric frailty. Threemonth exercise and nutritional program resulted in
short-term (3-month) frailty status improvement
and long-term effect on bone mineral density and
serum 25(OH)D among 117 older adults [35].
Investigations aiming vitamin D focused not only
on its influence on frailty syndrome, but also on
cognitive executive function. The ProMuscle Study
examined the association between vitamin D and
cognitive performance in a prefrail and frail elderly
population. 127 participants (mean age 79 years
old) had mean serum 25(OH)D of 54nmol/L. 17%
of the population had serum 25(OH)D levels below
30 nmol/L, 53% below 50 nmol/L and 23% 75
nmol/L or higher. Serum 25(OH)D levels decreased
with age (p=.03). Strong association was found
between serum 25(OH)D
and
executive
functioning, less significant association was
observed for serum 25(OH)D with informationprocessing speed [36].

CONCLUSIONS
Nutrition is one of the major determinants
of successful aging. A proper way of eating is
consistent with genetic, social and psychological
aspects of life as well as an overall well-being.
Disorders of nutritional status, resulting in the
development of malnutrition, sarcopenia, and
consequently, the frailty syndrome, should be
compensated by the appropriate diagnostic,
treatment and consumption of food. Improvement
of quality of life in older adults can be achieved by
a diet consistent with current guidelines (high
amounts of vegetables, fruits, whole grains, poultry,
fish, low-fat dairy products). Furthermore, some
studies have shown that proper intake of vitamins
(especially vitamin D) may influence cognitive
performance. Regular physical activity, adherence
to a Mediterranean-style diet, sufficient intake of
protein, micronutrients and vitamin D can be
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crucial to the prevention of the frailty syndrome,
which should be confirmed by further research.
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