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Background
In the last decades, older people represent a quickly growing
proportion of the world’s population. In 2015, 8.5 percent (617
million) of people worldwide were aged 65 and over. According
to recent data, this is expected to grow to 17 percent (1.6 bil-
lion) by 2050.! In developed countries, this percentage reaches
higher levels, with a peak in Italy, where in 2016 elderly people
accounted for the 22% of the resident population.> Ageing pop-
ulation represents one of the most significant transformations of
the twenty-first century, with implication for nearly all sectors of
society, such as housing, transportation and social protection.?
Moreover, the increase in ageing represents many opportunities
and several public health challenges to which the health systems
needs to prepare for. Primary, a strong shift from hospital-based
to community-based care is suggested to address the burden of
multi-morbidity and its effects on adverse healthcare outcomes.*
In fact, due to physiological aging, the elderly reveal a reduction
of psycho-physical efficiency that sometimes results in a feature
of a greater vulnerability, also called frailty.’ Frailty in the elderly
is defined as a clinical syndrome characterized by a decrease in
energy reserve, strength, and performance, resulting in a cumula-
tive decline in multiple physiological systems, leading to a state
of greater vulnerability.°®

There are several ways to approach to frailty.” The most
known of these was introduced by Fried and collaborators in the
2001, the “frailty phenotype”. It is based on the identification of
frailty when 3 or more of these criteria are present: unintentional
weight loss, self-reported exhaustion, weakness, slow walking
speed, and low physical activity.® A different model of frailty was
proposed by Rockwood and colleagues.” This approach defines
frailty as a result of multiple interacting factors such as having
difficulties in activities of daily living (ADL), psychological and
social dimensions.!° The most recent approach to frailty was pro-
posed in 2010 by Gobbens and colleagues, which defined frailty
as a multidimensional syndrome.!! To date, a consensus on the ex-
act definition of frailty is still lacking.* Clinically, frailty is a po-
tentially reversible syndrome!? that determines an increased risk
of adverse health outcomes when exposed to a stressor.'* Indeed,
frailty represent a major risk factor for negative health-related
events in the elderly, including disability, falls, the need of long
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term care, hospitalization and death.'*!* Recent data suggest that
the prevalence of frailty ranges between 4.0% to 17.0% (mean
9.9%) in the elderly, with higher percentage (13.6%) when psy-
chosocial frailty was considered. This condition was increased
in persons older than 80 and women had almost twice the risk of
men (9.6% vs 5.2%) to be frail.'®

Therefore, clinical identification of frailty may play an im-
portant role in its prevention.!'* Due to its reversible nature, pre-
ventive strategies can be considered able to modify the natural
history of this syndrome, with remarkable differences among
community-dwelling and hospitalized frail individuals.!”:!¥

The positive impact of physical exercise and nutritional inter-
ventions on frailty have long been investigated,'” with uncertain
results; in fact, in recent literature, physical activity is consid-
ered one of the most effective intervention in frail older persons,
while separate nutritional intervention doesn’t show noteworthy
improvements. Recent data seem to associate type of dietary with
a higher or lower risk of frailty. Despite the wide literature about
this topic, a very few studies examined the reduction of frailty as
primary outcome, and more often the population study doesn’t
respond to an exact definition of frailty.

The aim of this study was to evaluate the most effective inter-
vention in reducing the frailty status, considering both physical
activity and nutritional intervention in community-dwelling old-
er adults, for highlight the better strategy in reducing the preva-
lence of frail elderly.

Methods

The Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) Statement was followed as a method-
ological guide.?

A systematic literature research was performed in Novem-
ber 2016 through PubMed and Cochrane Central Register of
Controlled Trials, using the following keyword: frail elderly and
frailty as MeSH terms, physical activity or nutritional, exercise
or nutrition, training or protein, amino acids, supplementation in
the title/abstract. The searching was restricted to clinical trials
published in the last 10 years, written in English.

As showed in Table 1, reporting inclusion criteria, clinical
trials were considered eligible if included both gender population
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Table 1. Inclusion Criteria.

Inclusion criteria

Participants * Age > 60 years old
* Living in the community
* Both genders cohorts
» Without disabling diseases
« Standardized frailty criteria (eg, Fried’s criteria or Frailty Index)
Interventions * Active physical exercises, nutritional supplementation, or any combination of these
Comparisons * Presence of a control group
Outcomes * Effects of intervention on standardized physical frailty criteria or specific physical performance-based
parameters (scales or performance measurements) related to frailty
Study design * Controlled trial with a randomized assignment in each group

of frail community-dwelling, 65 years old or more excepted for
one study?! that included people from 61-89 years, self-depen-
dent and without disabling diseases.

A specific definition of frailty was mandatory for eligibility,
according to standardized criteria (eg, Fried’s criteria or Frailty
Index).

Selected articles had to evaluate the effect of active physical
exercise programs, nutritional supplementation, or both on frailty
status. As secondary outcomes, selected studies had to evaluate
the performance-based measures of physical function, in frail
older adults. All the studies should have the presence of a control
group and randomization in the assignment to each group (Table
D).

Studies were not included if anyone of the following partici-
pants’ characteristics was present: people living in a health struc-
ture or senior facility (hospitals, long-term care), patients with
outcome-related comorbidities (e.g. diabetes, cardiovascular dis-
eases), relevant acute recent event (as post-stroke, post fracture,
etc.), severe cognitive impairment, single gender cohort.

The primary outcome was the evaluation of frailty status be-
fore and after the intervention. Secondary outcomes were the
evaluation of other parameters such as disability, depressive
symptoms, health-related quality of life, nutritional status, cogni-
tive status, social networking, biochemical markers, self-reported
health status.

Methodological quality of all the selected studies was evalu-
ated using the CONSORT (CONsolidated Standards of Report-
ing Trials) 2010 checklist for randomized trial.”>** One point was
assigned for each respected item of the checklist. Quality eval-
uation was independently achieved by four authors (C.A., G.C.,
EC. F. DG.).

Four authors (C.A., G.C., EC,, and F. DG.) independently
screened in pairs the search results, performed data extraction
and quality evaluation. Any discrepancies were resolved by con-
sensus or consulting with a fifth author (L.M.).

Results
The two-database search identified 602 articles totally, and af-
ter duplicated removal, 324 were considered for selection about
title and abstract. Through the reading of title and abstract, 225
articles were excluded, and 99 were retrieved for full-text assess-
ment of eligibility. Eight studies met the inclusion criteria and
were included in this review.

Details about selection workflow are shown in the Flowchart
(Figure 1).
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Eight studies satisfied eligibility criteria, for a sample of 1265
older people (64.6% women) with a mean age of 77.64 years.
Two studies were conducted in Europe,*? one in Australia/
Oceania,” two in Asia*’??° and two in North of America.?"
Follow-up measurements ranged from 3 to 12 months. Six se-
lected articles were centered only on physical intervention, and
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Figure 1. Flow Chart.
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Table 2. Consort Rating.

Reference Consort rating

Physical intervention

Cameron et al. 22/25
2013
Cesari et al. 16/25
2015
Giné-Garriga et al. 22/25
2010
Tarazona-Santabalbina et al.  21/25
2016
Langlois et al. 16/25
2012
Zhang et al 21725
2014
Physical and nutritional interventions
Tze Pin et al. 22/25
2015
Chan et al. 22/25
2012

two were based on both physical and nutritional intervention. No
studies regarding only nutritional intervention were included.

Selected studies were of good quality, with a mean score of
20.25 out of 25, ranging from 16,2* moderate quality, to 22
points, 226282 excellent quality, as shown in Table 2. Assignment
randomization methods were exhaustively described in six ar-
ticles; 22326272829 dque to the nature of interventions, none of the
studies had blinded participants. Regarding the evaluation of out-
comes, articles were divided in two groups per type of interven-
tion: only physical intervention?2+2>262730 or both physical and
nutritional intervention.??

A qualitative synthesis of the studies meeting the eligibility
criteria or details about the data items are reported on Table 3.

Intervention Characteristics

The intervention characteristics are summarized in Table 2. In
all the selected studies an exhaustive description of intervention
program was reported. Six studies?!:242>262730 were characterized
only by physical interventions. In the study of Giné-Garriga et
al.?* population was submitted to a functional circuit training
program, focusing on improvement of balance and lower body
strength. Cameron et al.?® conducted a multifactorial, interdisci-
plinary and individually tailored treatment intervention, target-
ed on better mobility and better balance, with a weight-bearing
exercise program. Tarazona-Santalbina and collaborators® per-
formed a multicomponent exercise program focused on improv-
ing balance, proprioception, and strength, adding nutritional in-
formation on optimal dietary intake. Cesari et al.* based their
research on intervention including aerobic, strength, flexibility,
and balance training. Langlois et al.?! performed a physical train-
ing sessions including a warm-up session, a strength training and
an aerobic workout that was individually increased to reach a
moderate to hard intensity, followed by a set of cool down exer-
cises. Zhang et al.”’ considered the whole-body vibration, which
is a passive strong physical therapy, as the physical intervention,
compared to a control group doing other kind of physical thera-
pies and routine exercises.

122

= Physical Activity and Nutritional Supplementation to Reduce Frailty in Community -

Y Dwelling Older Adults, Searching for Evidence: A Systematic Review of Randomized Controlled Trials

Two studies®®? investigated the effects of both physical in-
tervention and nutritional program, combined and individual-
ly, compared to a control group. In the study of Ng et al.”® was
performed a moderate physical exercise of 90 min/twice a week
for 12 weeks in classes with a trainer, followed by 12 weeks of
home-based exercises. Iron, folate, vitamin (B6, B12, D) and cal-
cium supplement were administered daily for 24 weeks. Chan et
al.” based the principal intervention (exercise and nutritional) in
a structured exercise course 3 times a week for 3 months. Each
section lasted about 1 h. The research team also inquired about
the subjects’ dietary compliance and responded to their dietary
questions during the exercise sessions.

The interventions lasted 2 months in one study,”” 3 months in
three studies,?"?** 6 months in two studies,?* 12 months in the
last two studies.?*

The frequency of the interventions ranged from twice a
week? 2 to 5 times/week®?’ for physical activity, while nutri-
tional interventions were dispensed daily for all the time of the
study.

Table three summarized in detail primary significant out-
comes. A p value <0.05 or <0.001 were chosen as significance
threshold level.

Outcomes

The primary outcome of this review was to investigate the poten-
tial reversibility power of a physical or combined physical and
nutritional intervention program on frailty status.

Five of the included trials?2628.293% eyaluated the frailty status
as an outcome and all the studies showed a significant improve-
ment on specific frailty scores in the intervention group com-
pared to the control one. Among the studies which investigated
the effect of only physical intervention, both Cameron et al.?®
and Cesari et al.*® evidenced an improvement of Fried-CHS cri-
teria (p<0.01 at 12 months and p=0.01 at 12 months, respective-
ly). Even Tarazona-Santabalbina et al.> evaluated the effect of a
physical intervention alone, measuring Fried frailty criteria and
Edmonton Frailty Scale at 24 weeks, showing a significant im-
provement of both frailty parameters (p<0.001), compared to the
control group. Furthermore, Ng et al. and Ding-Cheng et al.,?®*
evaluated the effect of a combined physical and nutritional inter-
vention on frailty status. Ding Cheng et al.?* showed a significant
improvement of Fried-CHS score in a combined intervention
group compared to the control (P=0.008 at 3 months); Ng et al.®
observed a significant improvement in Fried Frailty Criteria at
12 months in the combined physical and nutritional intervention
group (p<0.01), moreover showing a less but still significant pos-
itive effect on frailty status (p<0.05) of an only nutritional sup-
plementation strategy.

Other relevant outcomes were observed, such as mobility,
muscle strength, balance, quality of life, cognitive status and bio-
chemical markers.

Mobility outcomes were investigated in all the trials evaluat-
ing the only physical intervention. Five authors?!?*232627 showed
a statistically significant improvement in several mobility pa-
rameters: 6 minute walking test*' (p=0.03 at 12 weeks), short
physical performance battery (SPPB)*% (p<0.001 at 12 months
and p=0.007 at 24 weeks, respectively), lower extremity contin-
uous summary performance score (LECSPS)* (p<0.001 at 12
months), physical performance test (p<0.001) and Tinetti scales
(p<0.001), time up and go and 30 second chair stand tests”
(both p<0.05 at 8 weeks). Gine-Garriga et al.** evaluated a bat-
tery of several mobility tests, which almost all significantly im-
proved at 36 weeks, such as stand up test (p=0.002), rapid gait
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test (p<0.001), normal speed (p=0.003), fast speed (p=0.001).
In one of the trials evaluating a combined intervention,?® a gait
speed test was significantly improved (p<0.05) in the group un-
dergoing an only physical training. Two authors*3° evaluated
mobility indicators but they didn’t found significant improve-
ments. No mobility outcome was evaluated in one combined in-
tervention trial.?

Several muscle strength parameters were significantly im-
proved in four trials®*?7?-? after intervention programs, while in
two studies?'?? intervention did not prove to have relevant effects.
Gine-Garriga et al.>* detected an efficacy of physical intervention
on isometric dynamometry performance at 12 weeks (p<0.001);
Li et al.”” measured the efficacy on knee extensor strength (p<0.05
at 8 weeks). Ng et al.”® showed a knee extensor strength improve-
ment in both physical and combined intervention groups (p<0.01
at 12 weeks), while no significant improvement was observed in
the only nutritional supplementation group. Ding-Cheng et al.?®
evaluated the effect of combined intervention on dominant leg
extension power, not showing any statistical improvement.

Balance scales were significantly improved in two articles**?’
in which a physical intervention was performed. Gine-Garriga et
al.”* evidenced at 36 weeks an improvement in tandem (p<0.001)
and semitandem (p=0.021) tests, while single-leg test significant-
ly improved (p<0.001) from 12 to 36 weeks. Li et al.”” demon-
strated the efficacy of a whole-body vibration training session
on frail elderly’s balance capacity at 8 weeks through an elliptic
surface area walking (p<0.05). No balance scales were evaluated
in the other included trials.

After his physical training program, Langlois et al.?! mea-
sured an improvement of an Achieve Personal Goals in 28 life
domains as a quality of life indicator (p<0.05). Physical exer-
cise was effective in improving Barthel index in two studies***
(p=0.001 at 36 weeks and p<0.001 at 24 weeks, respectively).
Cameron et al.? and Ng et al.”® evaluated a quality of life assess-
ment with different scales with no statistically significant results
at follow-up.

Anthropometric parameters, such as BMI, were measured as
outcomes in three trials and did not show a significant benefit
neither after a physical exercise program>** nor after a combined
physical and nutritional intervention.”

Physical and nutritional combined intervention, in Chan et
al.,” showed to have significant effects on increasing in 25 (OH)
vitamin D levels at 12 months (p=0.006); Tarazona-Santabalbi-
na® evidenced a relevant improvement of another biochemical
marker such as the plasma protein carbonyls levels at 24 weeks
(p=0.05), performing only a physical program.

Different cognitive status scales were investigated in three tri-
als?»?7in which a significant better score was recorded after in-
tervention, while in a combined intervention Chan et al.?® did not
observed any significant improvement in MMSE at follow-up.
Langlois et al.?! applied a cognitive domain survey which showed
a significant score raising at 12 weeks (p<0.05); Tarazona-Sant-
abalbina et al.>® detected a significant improvement (p=0.025) of
MMSE at 24 weeks; Li et al.”’ evaluated a Mental Health Com-
ponent Score (MCS) which was significantly improvement at 8
weeks (p<0.05). Cameron et al.?® recorded no statistically signif-
icant changes on a depression scale values during the follow-up
in the intervention group.

Discussion

This systematic review highlighted that both interventions, phys-
ical activity alone or physical and nutritional combined, have
undoubted positive effects on frailty status. Moreover, in all the
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studies based on physical activity intervention, it was observed
an important and statistically significant improvement of physi-
cal parameters considered as frailty criteria. Furthermore, in ar-
ticles that considered both physical and nutritional interventions,
the improvement comprises also some chemical biomarker.
Other frailty-related parameters, such as cognitive, balance and
lower extremities performance indicators, Activity Daily Living
and other generic quality of life indicators have been improved
in the study populations compared to the control groups. All the
trial included in our paper were of good quality, but probably
the strictly inclusion criteria could have reduced the number of
studies included, with a scarce prevalence of nutritional clinical
trials. Nevertheless, in the last years several systematic reviews
were published among the most effective interventions in frailty,
but none, to date, exploring the combined effect of physical activ-
ity and nutritional implementation. The only review that affords
this topic is a scoping review published in January 2017, where
differences with our work are remarkable.?

The effects of physical activity on frailty are more studied.
A heterogeneity of definitions, tools and results is the biggest
challenge that researchers encountered. In fact, most studies re-
ported in the literature, differ in terms of included participants
(frailty diagnostic tools), intervention strategies (type, number
and combination of interventions) and intervention duration.?? As
expected, also in our study physical exercise, with or without a
nutritional intervention, improves frailty parameters, confirming
the reversible nature of frailty syndrome and the importance of
prevention or early intervention.

In some recent systematic reviews,****3 the effects of exercise
intervention in frail older people could promote an implement of
physical functioning, but results showed great heterogeneity in
terms of outcomes. De-Labra et al.*® concluded that multi-com-
ponent exercise interventions, including some type of resistance
training, could promote better performance in the global function
capacity of frail older adults. Chou et al. * showed a significant
benefit of exercise in gait speed and in improving balance, but also
great heterogeneity in results for the timed up and go test (TUG
test) and performance in ADL. Giné-Garriga et al.** found moder-
ate evidence to support exercise training for improving gait speed
and combined performance measures such as SPPB in agreement
with other authors,* but inconclusive findings about the effect of
exercise training for improving functional mobility or balance, in
contrast to other authors.*** In conclusion, the exercise training
has some benefit in frail older people, but uncertainty still exists
regarding which exercise characteristics (type, frequency, dura-
tion) are most effective. According to our results, it seems that
physical activity intervention itself could improve the frailty sta-
tus, regardless of the type of exercise. In our revision, most of the
beneficial effects of the physical intervention were observed also
over time (12 months), highlighting the importance of this kind
of intervention in improving quality of life and reducing the insti-
tutionalization and/or hospitalization of frail older adults. In fact,
one of the utmost important consequences of frailty is the onset
of disability. Ramon Daniels et al.* investigated how to prevent
disability in frailty community-dwelling elderly through physical
interventions. They were focused on disability outcome, where
disability was defined as having trouble in performing activities in
any domain of life. Exercise intervention seems to have a positive
effect also on ADL and IADL in community-living people with a
moderate physically disability.

Nutritional supplement doesn’t seem to modify the frailty sta-
tus, but it should attend more frequently on the metabolic aspect,
improving the hematologic pattern, and the concentration of cer-

©Biomedicine & Prevention 2017
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tain nutrients used as nutrition markers. Noteworthy, nutritional
status is an important predictor marker of frailty. As reported by
Yannakoulia M et al., all the frailty criteria are affected by poor
eating habits.’” They analyzed cross-sectional studies, prospec-
tive studies and intervention studies, assessed that not only a
low level of energy intake is consistently associated with frailty,
but also the daily distribution of dietary intake, the number of
micronutrient deficiencies and the dietary patterns contribute to
the syndrome. One important aspect that arises from this study
is the correlation between the adherence to Mediterranean diet
and the low risk of frailty in ageing, as many studies confirmed.
As in our cases, their difficulty was to assess the correlation of
frailty with poor dietary intake by randomized clinical trials. In
fact, to date, it seems difficult to find randomized clinical trials
that correlate nutritional supplementation and frailty itself. More
often, nutritional interventions, based on administration of some
micronutrients or proteins, were considered as part of combined
intervention in clinical trials or studied in observational studies,
therefore no cause-effect relationship was proven, 3834041424344

Moreover, elderly people experiment the phenomenon called
“anorexia of aging”.*4%47 A significant number of older people
fail to ingest sufficient food to meet their essential energy and
nutrient needs. In the study of Tsutsumimoto and colleagues, in
frail older people the anorexia of aging resulted in 21.2% respect
to 7.9% in their robust counterparts, and was independently asso-
ciated with frailty status, with slowness, exhaustion, and weight
loss. Recent systematic reviews seem to confirm these results,
such as Kelaiditi et al.,* that investigated whether nutrition in-
tervention is important to postpone frailty. In contrast, Xu et al.*
performed a systematic review and meta-analysis to assess the
ability of protein or amino acid supplementation to augment lean
body mass (LBM) or strength of leg muscles in elderly patients,
but they did not found any differences in lean body mass gain and
muscle strength more than placebo in frail elderly.

As previous said, available evidences are characterized by
an overall heterogeneity in terms of objectives and methods, but
mostly by the lack of randomized clinical trial performed with
certain criteria for frailty definition and inclusion participants.
Moreover, the combined interventions found in our revision, did
not seem to improve the frailty status more than physical exercise
alone, so future study need to be assessed to establish the role of
nutrition in the syndrome.

Limits

The most important limit that author encountered in this system-
atic review, was the scarce prevalence of randomized clinical
trials conducted according to univocal criteria for the identifi-
cation of frailty. Moreover, in most cases trials were conducted
including both frail and pre-frail population or institutionalized
older adults. The strictly inclusion criteria chosen by the authors
were mandatory for the study, but this probably has reduced the
number of included studies, reducing the evidence strength. An-
other important limit was the heterogeneity of interventions, in
terms of type, duration and population. These limits, despite a
massive literature present in the scientific database, have reduced
the quality of randomized clinical trials until now, resulting in the
few number of articles comprises in this systematic review.

Conclusion

This systematic review showed that physical intervention alone
or combined with nutritional supplementation should improve
the frailty status. Furthermore, the role of nutritional intervention
alone or in combination is still uncertain and recent data suggest
that rather than making interventions based on the supplement of
some nutrients, it should be more appropriate a global approach
based on a healthy diet. Establishing which exercise program
could be more effective to contrast frailty is a challenge for the
future. In the meanwhile, one of the most important goal is stan-
dardize the screening tools to identify community-dwelling frail
people who might benefit from prevention strategy or early in-
terventions.

Therefore, an early identification of people at risk of being
frail could significantly reduce the adverse outcomes of the syn-
drome and improve both the performance of healthcare systems
and older people quality of life. Moreover, targeting people who
are at risk for frailty, could also lead to economic advantages.

In conclusion this systematic review, although including a
small number of articles, confirmed the benefits of physical exer-
cise in reducing the frailty status, but more studies are needed to
understand which is the best approach to achieve lasting results.
More studies are also auspicial to understand the role of nutrition
in the frailty syndrome and its treatment. The authors are con-
vinced of the usefulness of this type of intervention, both isolated
and in support of physical activity, so we hope that future studies
will focus on this topic.
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