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Table 1
Sociodemographic and health-related characteristics of nonusers and users of a day
care center.

Variables Nonusers Users p
(n=173) (n=59)
Valid % (n)  Valid % (n)
Age Mean + SD 699+ 739 81.1+6.69 <0.001
Sex Female 73.4(127) 71.2(42) 0.740
Living structure 0.005
Alone 18.5 (32) 11.9(7) 0239
With partner 31.2 (54) 15.3 (9) 0.017
With child 20.8 (36) 45.8 (27) <0.001
With partner 23.1 (40) 18.6 (11) 0.473
and child
Other 6.4 (11) 8.5 (5) 0.467
Educational level 0.117
Elementary school 42.6 (72) 55.2 (32)
Junior high school 13.6 (23) 12.1(7)
High school 13 (22) 10.3 (6)
University 26.6 (45) 12.1(7)
Other 4.2 (7) 10.4 (5)
Working status 0.006
Formal work 11.7 (19) 34(2) 0.079
Informal work 9.3 (15) 34(2) 0.179
Volunteer work 10.5(17) 1.7 (1) 0.044
Retirement 68.5(111) 91.5(54) <0.001
BMI Mean + SD 26.0 £ 453 240 +5.17 0.004
Medication Yes 82.1(142) 84.7 (50) 0.640
Number of Mean + SD 2.65+260 3.39+253 0.058
medications
Medical consultation 0.862
(past 6 mo)
None 13.6 (23) 15.3(9)
1-2 times 59.2 (100) 59.3 (35)
3—4 times 183 (31) 20.3 (12)
>5 times 8.9 (15) 5.1(3)
Hospitalization Yes 12.8 (22) 15.3(9) 0.632
(past 12 mo)
Life satisfaction 0.013
Satisfied 89.6 (155)  78.0 (46) 0.023
Fair 6.4 (11) 6.8 (4) 0.910
Unsatisfied 4.0 (7) 15.3(9) 0.003

BMI = body mass index.

users were several times more likely to be frail [odds ratio (OR),
14.226; 95% confidence interval (CI), 5.423—-37.320; p < 0.001],
IADL dependent (OR, 78.845; 95% CI, 19.569—-317.674; p < 0.001),
physically inactive (OR, 3.509; 95% CI, 1.467—8.394; p = 0.005),
cognitively impaired (OR, 5.887; 95% ClI, 2.360—14.686; p < 0.001),
and depressed (OR, 5.175; 95% CI, 2.322—11.531; p < 0.001)
(Table 4).

We observed that among the five KCL variables found to be
significant using the logistic regression analysis enter method (i.e.,
total KCL score, IADLSs, physical strength, memory, and mood), only
two were significant in the stepwise model: the KCL total score (OR,
5.201; 95% (I, 1.645—16.445; p = 0.005) and the IADL domain (OR,
37.368; 95% CI, 8.823—158.262; p < 0.001) (Table 5).

Table 2
Differences in the KCL domains’ mean scores between users and nonusers of the day
care center, adjusted for age.

Table 3
Frail individuals in the nonuser and user groups, as determined by cutoff points.
Frail nonusers Frail users p
(n=173) (n=59)
Valid % (n) Valid % (n)
Total KCL score 27.2 (47) 88.1(52) <0.001
IADL domain 1.7 (3) 72.9 (43) <0.001
Physical domain 13.9 (24) 37.3(22) <0.001
Nutrition domain 0.6 (1) 34(2) 0.118
Eating domain 23.7 (41) 24.1 (14) 0.946
Socialization domain 28.9 (50) 55.9 (33) <0.001
Memory domain 49.1 (85) 86.4 (51) <0.001
Mood domain 23.1 (40) 64.4 (38) <0.001

IADL = instrumental activity of daily living; KCL = Kihon Checklist.

4. Discussion

As expected, the day care center users were generally frailer
than the nonusers, as demonstrated by the differences in the total
KCL score; additionally, for all specific aspects of health (functional
performance in IADLs, physical strength, nutrition, eating, social-
ization, memory, and mood), users were more impaired than
nonusers, as indicated by the KCL domain mean scores.

However, both groups had similar percentages of participants
meeting the cutoffs for frailty regarding nutrition and eating con-
ditions; the participants also had a similar risk of malnutrition and
oral disability. These findings may be supported by the BMI mea-
sures, which indicated that both groups were in the normal weight
range. It was interesting to notice that the KCL mean scores differed
between groups; however, when the data were categorized ac-
cording to the cutoff points, no difference was observed between
them. Hence, we suggest that both the mean scores and the cutoff
points for the KCL should be used when analyzing such type of data.
The mean scores can reveal even slight variations in the data,
especially when dealing with small sample sizes, whereas the
cutoff points can help manage large sample sizes with regard to the
aspects of frailty in the analyzed population.

Participants also had a similar risk of seclusion regardless of the
use of the day care center, indicating the importance of these
centers to meet the social and emotional needs of the elderly, as
such centers can alleviate feelings of loneliness, boredom, and
solitude.'®

The logistic regression results indicated that the need variables
for Brazilian users of day care services focus on IADL functional
independence, physical strength, cognitive function, and mood
(Table 4), and this agrees with other research studies where a day
care center is an option for disabled older people, who have func-
tional disabilities, cognitive deficits, or mental frailties.'"'? More-
over, apart from general frailty, the most relevant determinant of
day care center use detected by logistic regression was functional
impairment in IADLs. Such functional dependence was already

Table 4
Logistic regression analysis (enter method) adjusted for age and sex (n = 232).

Variables Nonusers Users p Day care center Odds 95% confidence p
(n=173) (n=59) user group ratio interval

Total KCL score 4.51 + 3.62 109 + 3.93 <0.001 Total KCL score 14.2 5.42-37.3 <0.001
IADL domain 0.40 + 0.69 290 + 1.36 <0.001 IADL domain 78.8 19.6-318 <0.001
Physical domain 1.25 +1.15 2.02 +£1.50 <0.001 Physical domain 3.51 1.47-8.39 0.005
Nutrition domain 0.26 + 0.46 0.47 + 0.57 0.001 Nutrition domain 0.630 0.035—-11.5 0.755
Eating domain 0.79 + 0.91 1.10 + 0.85 0.010 Eating domain 0.734 0.315-1.71 0.473
Socialization domain 0.30 + 0.48 0.66 + 0.66 <0.001 Socialization domain 1,75 0.822—-3.71 0.147
Memory domain 0.67 +0.78 1.63 + 0.87 <0.001 Memory domain 5.89 2.36—14.7 <0.001
Mood domain 0.87 + 1.32 2.12 +£1.39 <0.001 Mood domain 5.18 232-115 <0.001

IADL = instrumental activity of daily living; KCL = Kihon Checklist.

IADL = instrumental activity of daily living; KCL = Kihon Checklist.
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Table 5

Logistic regression analysis (stepwise method) adjusted for age and sex (n = 232).
Day care center Odds 95% confidence p
user group ratio interval
Total KCL score 5.20 1.65-16.4 0.005
IADL domain 37.4 8.82—-158 <0.001

IADL = instrumental activity of daily living; KCL = Kihon Checklist.

stated as one of the criteria for eligibility for long-term care in-
surance in Japan.” Maintaining or enhancing the ability to perform
daily activities and preventing dependence are the primary goals in
the care of vulnerable older adults."”

Difficulties in performing IADLs preclude independent living,
requiring support that is typically initially provided by the family.
Such findings may be linked with the difference in living structure
between the groups, considering that the majority of users lived
with their children (p < 0.001), who may be their caregiver,
whereas the nonusers lived with their partner (p = 0.017). In Brazil,
the State attributes to the family the major role in home care for the
disabled elderly,” exposing the family caregiver to high burdens
that were frequently associated with physical disability, cognitive
decline and functional impairment.'* '® In this context, the family,
as the primary caregiver, often seeks other sources of support to
reduce its burden and distress,"” and these sources include day care
centers.

Interestingly, regardless of day care center use, the use and
number of medications, frequency of medical consultation, and
frequency of hospitalization were similar in both groups. This
finding suggests the important role of day care centers from the
societal perspective, as they contribute to curtailing national ex-
penditures by delaying or preventing institutionalization, which is
much more expensive.'®

In brief, we identified differences in general health and also in all
specific aspects of health between users and nonusers of a day care
service center. The users of the day care center were frailer than the
nonusers, and were also more likely to be physically and cognitively
frail, to be functionally impaired in IADLs, and to have depression.
These aspects of frailty do not seem to represent the main needs of
elderly clients, but more so the main concerns of the family care-
givers because of the heavy burden associated with these aspects.
All these negative outcomes may influence life satisfaction, as our
findings showed that the users of day care service centers were
more unsatisfied with their lives (p = 0.003). Therefore, health care
workers may use these findings to prevent worsening of frailty,
making an effort to improve not only health but also well-being.

We verified these important differences between users and
nonusers of day care service centers using only one type of
assessment, the KCL, a fast and easy assessment tool that included
all the important domains regarding the needs of the elderly.
Therefore, we encourage the use of such assessment method as a
fast screening tool for frailty in the elderly population; when the
KCL results indicate an alarming condition, we suggest continua-
tion and intensification of the investigation using specific in-
struments for the respective domain.

This study has several limitations related to its cross-sectional
design and recruitment locations. As this study was carried out
only in one region of Brazil, the results cannot be generalized to a
national population. Additionally, the study included only one day
care center. Moreover, we address the possible selection bias that
may have occurred considering the predictable higher percentage
of frailty in day care center user group; however, recruiting day care
center users was the unique methodology to achieve the purpose of

550

the present study. Further studies including more participants and
institutions from different regions of Brazil are warranted.

Conflicts of interest

The authors declare no potential conflicts of interest.

Acknowledgments

We thank Nun Kolbe Ayako Tanaka, Sakae Tamura, and their
team for their major collaboration in the data collection at the day
care center; all the contributors to the data collection at the rec-
reational club were led by Jorge Ishii and those at the health units
by Graziela Ghazal. This work was supported by Grants-in-Aid for
Comprehensive Research on Aging and Health from the Ministry of
Health, Labor, and Welfare, Japan (H24-Tyojyu-001).

References

1. BRASIL. Ministério da Saudde. A vigildncia, o controle e a prevencdo das doencas
cronicas ndo-transmissiveis: DCNT no contexto do Sistema Unico de Saide
brasileiro/Brasil. Ministério da Satide — Brasilia: Organizagdo Pan-Americana da
Satide, 2005 [cited 16 October 2013]. Available from: http://portal.saude.gov.br/
portal/arquivos/pdf/doencas_cronicas.pdf [in Portuguese] [accessed 08.08.13].

2. Beltrdo KI, Camarano AA, Kanso S. Brazilian population dynamics at the turn of
the century XX. Rio de Janeiro: [PEA; 2004.

3. Karsch UM. Idosos dependentes: familias e cuidadores. Cad Saude Publica
2003;19:861-6 [in Portuguese].

4. Yamamoto A, Diogo M]D. Os idosos e as instituigoes asilares no municipio de
Campinas. Rev Latino-Am Enferm 2002;10:660—6 [in Portuguese|.

5. Sewo Sampaio PY, Sampaio RAC, Yamada M, Ogita M, Arai H. Validation and
translation of the Kihon Checklist (frailty index) into Brazilian Portuguese.
Geriatr Gerontol Int 2013, http://dx.doi.org/10.1111/ggi.12134.

6. Nemoto M, Yabushita N, Kim M, Matsuo T, Seino S, Tanaka K. Assessment of
vulnerable older adult’s physical function according to the Japanese Long-Term
Care Insurance (LTCI) system and Fried's criteria for frailty syndrome. Arch
Gerontol Geriatr 2012;55:385-91.

7. Japanese Ministry of Health, Labour and Welfare. The manuals of the evaluation
for ability to perform daily activities on preventive care. Japan Ministry of Health,
Labour and Welfare; 2009 [cited 16 October 2013]. Available from: http://
www.mhlw.go.jp/topics/2009/05/dl/tp0501-1c_0001.pdf [accessed 25.08.13].

8. Tomata Y, Hozawa A, Ohmori-Matsuda K, Nagai M, Sugawara Y, Nitta A, et al.
Validation of the Kihon Checklist for predicting the risk of 1-year incident long-
term care insurance certification: the Ohsaki Cohort 2006 Study. Nippon Koshu
Eisei Zasshi 2011;58:3—13.

9. Yamada M, Arai H, Nishiguchi S, Kajiwara Y, Yoshimura K, Sonoda T, et al.
Chronic kidney disease (CKD) is an independent risk factor for long-term care
insurance (LTCI) need certification among Japanese adults: a two year pro-
spective cohort study. Arch Gerontol Geriatr 2013;57:328-32.

10. Jacob ME, Abraham V|, Abraham S, Jacob KS. Effect of community based day
care on mental health and quality of life of older in rural south India: a com-
munity intervention study. Int J Geriatr Psychiatry 2007;22:445—7.

. Jarrott SE, Zarit SH, Berg S, Johansson L. Adult day care for dementia: a com-
parison of programs in Sweden and the United States. ] Cross Cult Gerontol
1998;13:99—-108.

12. Cohen-Mansfield |, Lipson S, Brenneman KS, Pawlson LG. Health status of
participants of adult day care centers. J Health Soc Policy 2001;14:71—89.

. Tsutsui T, Muramatsu N. Japan's universal long-term care system reform
of 2005: containing costs and realizing a vision. ] Am Geriatr Soc 2007;55:
1458—63.

14. Pinquart M, Sérensen S. Associations of stressors and uplifts of caregiving with

caregiver burden and depressive mood: a meta-analysis. | Gerontol B Psychol Sci
Soc Sci 2003;58:112-28.

15. Dunkin JJ, Anderson-Hanley C. Dementia caregiver burden: a review of the
literature and guidelines for assessment and intervention. Neurology 1998;51:
53—60.

16. Viana MC, Gruber M], Shahly V, Alhamzawi A, Alonso |, Andrade LH, et al.
Family burden related to mental and physical disorders in the world: results
from the WHO World Mental Health (WMH) surveys. Rev Bras Psiquiatr
2013;35:115-25.

17. Gaugler JE, Jarrott SE, Zarit SH, Stephens MA, Townsend A, Greene R. Respite for
dementia caregivers: the effects of day service use on caregiving hours and
care demands. Int Psychogeriatr 2003;15:37—58.

18. Gitlin LN, Reever K, Dennis MP, Mathieu E, Hauck WW. Enhancing quality of
life of families who use adult day services: short- and long-term effects of the
Adult Day Services Plus Program. Gerontologist 2006;46:630—9.

1

—

1

w



Age and Ageing 2014; 43: 748-759 © The Author 20 14. Published by Oxford University Press on behalf of the British Geriatrics Society.

doi: 10.1093/ageing/aful 15 This is an Open Access article distributed under the terms of the Creative Commons Attribution
Published electronically 21 September 2014 License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution,

and reproduction in any medium, provided the original work is properly cited.

SYSTEMATIC REVIEWS

Prevalence of and interventions for sarcopenia in
ageing adults: a systematic review. Report of the
International Sarcopenia Initiative (EWGSOP
and IWGS)

ALFONSO |. CRUZ-JENTOFT', FRANCESCO LANDP, STEPHANE M. SCHNEIDER®, CLEMENTE ZUNIGA,

HiDENORI ARAP, YVES BOIRIES, LIANG-KUNG CHEN’, ROGER A. FIELDINGS, FINBARR C. MARTIN?, JEAN-

PIERRE MICHEL'?, CORNEL SIEser'!, JEFFREY R, STOUT'?, STEPHANIE A, STUDENSKI'?, BRUNO VELLAS", JEAN WOO ",
MAURO ZAMBONI'S, TOMMY CEDERHOLM'’

'Servicio de Geriatria, Hospital Universitario Ramén y Cajal, Ctra. Colmenar km 9, |, 28034 Madrid, Spain

Zstituto di Medicina Interma e Geriatria, Universita Cattolica del Sacro Cuore, Rome, ltaly

3Gastroentérologie et Nutrition Clinique, CHU de Nice, Université de Nice Sophia-Antipolis, Nice, France

*Universidad Autonoma de Baja California, Tijuana Baja California Mexico, Mexico

>Department of Human Health Sciences, Kyoto University, Graduate School of Medicine, Kyoto, Japan

Unité de Nutrition Humaine, UMR 1019, INRA, Université Clermont-Ferrand, CHU de Clermont-Ferrand, France
’Center for Geriatrics and Gerontology, Taipei Veterans General Hospital, Taipei, Taiwan

8Nlutrition, Exercise Physiology, and Sarcopenia Laboratory, Jean Mayer Human Nutrition Research Center on Aging at Tufts
University, Boston, MA, USA

?Department of Ageing and Health, Guys and St Thomas’ NHS Foundation Trust, London, UK

'9Département de Réhabilitation et Gériatrie, Hopitaux Universitaires de Genéve-Suisse, Geneva, Switzerland

institut for Biomedicine of Ageing, University Edangen-Nimberg, Edangen, Germany

"2|nstitute for Exercise Physiology and Wellness Research, University of Central Florida, Orlando, FL, USA

3Division of Geriatric Medicine, University of Pittsburgh, Pittsburgh, PA, USA

"“Department of Geriatric Medicine, Inserm U558 Le Centre Hospitalier Universitaire de Toulouse (CHU) — Gérontopdle,
Toulouse, France

'>Department of Medicine and Therapeutics, Prince of Wales, Hospital, Chinese University of Hong Kong, Hong Kong SAR,
The People’s Republic of China

'*Division of Geriatrics, Department of Medicine, University of Verona, Verona, ttaly

""Department of Public Health and Caring Sciences/Clinical Nutrition and Metabolism, Uppsala University, Uppsala, Sweden

Address correspondence to: A. |. Cruz-Jentoft. Tel: +34 913368172, Email: ajcruzjentoft@telefonica.net

Abstract

Objective: to examine the clinical evidence reporting the prevalence of sarcopenia and the effect of nutrition and exercise
interventions from studies using the consensus definition of sarcopenia proposed by the European Working Group on
Sarcopenia in Older People (EWGSOP).

Methods: PubMed and Dialog databases were searched (January 2000—October 2013) using pre-defined search terms.
Prevalence studies and intervention studies investigating muscle mass plus strength or function outcome measures using the
EWGSOP definition of sarcopenia, in well-defined populations of adults aged 250 years were selected.

Results: prevalence of sarcopenia was, with regional and age-related variations, 1-29% in community-dwelling populations, 14—
33% in long-term care populations and 10% in the only acute hospital-care population examined. Moderate quality evidence sug-
gests that exercise interventions improve muscle strength and physical performance. The results of nutrition interventions are
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Prevalence of and interventions for sarcopenia in ageing adults

equivocal due to the low number of studies and heterogeneous study design. Essential amino acid (HEAA) supplements, including
~2.5 g of leucine, and B-hydroxy B-methylbutyric acid (HMB) supplements, show some effects in improving muscle mass and
function parameters. Protein supplements have not shown consistent benefits on muscle mass and function.

Conclusion: prevalence of sarcopenia is substantial in most geriatric settings. Well-designed, standardised studies evaluating exer-
cise ot nuttition interventions are needed before treatment guidelines can be developed. Physicians should screen for satcopenia in
both community and geriatric settings, with diagnosis based on muscle mass and function. Supervised resistance exercise is recom-
mended for individuals with sarcopenia. EAA (with leucine) and HMB may improve muscle outcomes.

Keywords: exercise intervention, nutrition intervention, prevalence, age-related, sarcopenia, older people

Introduction

Although exercise and nutrition interventions have proved
efficacy to treat different conditions in various populations
of adults and older people, the effects in those with sarcope-
nia have received less attention. Sarcopenia has been defined
as the loss of skeletal muscle mass and strength that occurs
with advancing age [1]. However, until recently, there has
been no widely accepted definition of sarcopenia that was
suitable for use in research and clinical practice.

A practical clinical definition of, and consensus diagnostic
critetia for, age-related sarcopenia was developed in 2009-10
and reported by the European Working Group on Sarcopenia
in Older People (EWGSOP) [2]. The EWGSOP provided a
working definition of sarcopenia as ‘a syndrome characterised
by progtessive and generalised loss of skeletal muscle mass
and strength with a risk of adverse outcomes such as physical
disability, poor quality of life and death’ [2]. They proposed
that sarcopenia is diagnosed using the criteria of low muscle
mass and low muscle function (either low strength and/or low
physical performance) [2]. A similar approach was taken in
2009 by the International Working Group on Sarcopenia
(IWGS), who provided a consensus definition of sarcopenia
as ‘age-associated loss of skeletal muscle mass and function’.
This group proposed that sarcopenia is diagnosed based on a
low whole-body or appendicular fat-free mass in combination
with poor physical functioning [3].

To date, most prevalence and intervention studies have
used varied definitions of sarcopenia that are not current
(e.g based only on decreased muscle mass) and the results
may therefore be misleading and difficult to interpret.
However, with the implementation of new operational defini-
tions of sarcopenia, it may be possible to define the natural
course of the condition and determine which treatments are
effective. In 2013, representatives of the EWGSOP, IWGS
and international experts from Asia and America came to-
gether to form the International Sarcopenia Initiative (ISI)
with the intention of developing a systematic review of some
aspects of sarcopenia. Specifically, the aims of this systematic
review were to (i) assess the prevalence of sarcopenia using
definitions that include both muscle mass and muscle func-
tion, as proposed by the EWGSOP and the IWGS; and
(ii) to review interventions with nutrition and exercise that
used both muscle mass and muscle function as outcomes.

Methods

Search strategy

PubMed and Dialog databases were searched from January
2000 to May 2013 using the pre-defined search terms sarco-
penia and muscle mass: additional pre-defined search terms
were applied (see Supplementary data available in Age and
Ageing online, Appendix S1) for each of the three areas of
interest: prevalence of sarcopenia, nutrition interventions
for sarcopenia and exercise interventions for sarcopenia
(Figure 1). An additional short search of PubMed and Dialog
databases using the terms ‘sarcopenia’, ‘elderly’, ‘intervention’,
‘prevalence’ and ‘treatment’ was conducted to cover articles
published in the period May—October 2013 (Figure 1). The
reference lists of systematic review articles and meta-analyses
were scanned for any additional references missed from the
PubMed and Dialog searches. The expert group was also
asked to identfy and provide any additional papets; they
deemed to have been missed in the formal literature searches.

Eligibility criteria
Actross all three categories, only studies that enrolled partici-
pants aged 50 years and older within well-defined popula-
tions (such as those in community-dwelling, hospital and
nursing home/geriatric settings) were included. Prevalence
studies were included if sarcopenia had been assessed
according to the EWGSOP definition of sarcopenia, ie.
based on muscle mass and muscle strength or physical pet-
formance [2]. They wete excluded if they only used muscle
mass to define sarcopenia. Nutrition and exercise interven-
tion studies were included if the outcome measures reported
for the interventions included muscle mass and at least one
measure of muscle strength or physical performance, even
when the population studied was not defined as sarcopenic.
If these outcomes were not clearly stated within the study
methodology, the study was excluded. Other criteria used
to exclude studies in each of the three categories are provided
in Supplementary data available in Age and Ageing online,
Appendix S2.

Observational studies were included in the prevalence cat-
egory, but for the exercise and nutrition intervention categories,
only randomised controlled trials were selected. The ISI group
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1 January 2000 to May 2013
Total number of references: n=4810
Pubmed search: n=2715, Dialog search: n=2095

I

A2

V

Prevalence: n=1081
Pubmed search: n=833
Dialogue search: n=248

Exercise: n=1577
Pubmed search: n=899
Dialogue search: n=678

2

Nutrition: n=2152
Pubmed search: n=983
Dialogue search: n=1169

v

v

I

Discarded after title/abstract
review*: n=829

Discarded after title/abstract

review*: n=1402

Discarded after title/abstract
review*: n=1678

y

y

Papers reviewed: n=252

Papers reviewed: n=175

l

Papers reviewed: n=474

May to October 2013
Prevalence:n=6

May to October 2013
Exercise:n=1

May to October 2013
Nutrition:n =4

Rejected after detailed review
(see exclusion criteria): n=240

Rejected after detailed review
(see exclusion criteria): n=169

Rejected after detailed review
(see exclusion criteria ): n=466

Papers included: n=12

L Papers included: n=18

l Papers included: n=7 ] l

*Papers discarded because they were duplicates or fell outside of the general topic or date range.

Figure 1. Selection of papers.

was divided into three subgroups (prevalence, exercise and nu-
trition). Final papers selected for inclusion in each of the three
categoties were agreed upon by each subgroup consensus.

Data synthesis

Data tables were compiled independently for each topic. For
the prevalence of satcopenia category, data were recorded on
demogtaphics (country, gender and age), assessment method
used for each domain (muscle mass, muscle strength and
physical performance) and sarcopenia prevalence. For the
interventional categories, data were collected on population,
numbers studied (by gender), age, intervention, control
group, duration of intervention, outcomes measured and the
main results. The methodological quality of each randomised,
controlled trial was assessed using the 11-point Physiotherapy
Evidence Database (PEDro) scale. Each item on the scale
that the trial satisfied (except for item 1, which assesses exter-
nal validity and is not included in the total scote) contributed
one point to the total PEDro score, with 0 representing the
lowest score and 10 the highest [4]. This scale was specifically
developed to rate the quality of randomised, controlled trials
evaluating physical therapist interventions.

The following questions were investigated in patients aged
50 years and older without comorbid conditions. What is the
prevalence of sarcopenia in different populations? Is physical
exercise (as physical activity, resistance training or endurance
training) effective compared with control in improving mea-
sutes of muscle loss, muscle mass, muscle strength and phys-
ical performance? Compared with control, does nutrition
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supplementation improve measures of muscle mass, muscle
strength, and physical performance? Based on the answers to
these questions, draft recommendations were proposed by
the co-chairs, and the working group then reviewed these
recommendations to reach a consensus.

Results

Overall, 4810 publications were identified (Figure 1). Of
these, 3909 were excluded, leaving 901 publications for po-
tential inclusion (prevalence: 252; exercise: 175; nutrition:
474). In addition, 11 papers were identified as suitable for in-
clusion as a result of a short search of PubMed and Dialog
databases to identify articles published in the petiod May—
October 2013.

Highteen prevalence, 7 exercise and 12 nutrition papers
were finally chosen by the working group members for inclu-
sion within this review (Figure 1).

Estimates of prevalence

Of the 18 prevalence studies meeting the inclusion criteria,
15 (83%) were in community-dwelling patients [5, 6-9, 10,
11,12,13, 14, 15, 16, 17, 18, 19], with two studies in patients
in long-term care institutions [20, 21], and one publication in
the acute hospital-care setting [22] (Table 1). The reporting
of age varied across studies, but for those where the mean
age was given, this ranged from 59.2 to 85.8 years [5, 6-9, 10,
11,12,13, 14,16, 17,18, 19, 21].
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Table I. Prevalence of sarcopenia

Reference Date data collected Country M/E, n Assessment method Age, years Mean Sarcopenia prevalence, %
Muscle mass ~ Muscle strength ~ Physical (SD) [Range] Total Male  Female
performance
Community-dwelling populations
Abellan van Kan efal. [5]  Jan 1992-Jan 1994 France 0/3025 DEXA HS GS 80.51 (3.9) 5.2 - 52
[=75]
Landi ez al. [6] Oct 2003 Italy 66/131 MAMC HS GS 82.2 (1.4) 21.8 25.7 19.8
[80-85]
Landi ez al. 7 Oct 2003 Ttaly 118/236 MAMC HS GS 85.8 (4.9) 29.1 27.1 30.1
Lee et al. (8] - Taiwan 223/163 DXA HS, KE, PEF SPPB, GS, TUG, 73.7 (5.6) 7.8" 10.8*  3.7%
or SCPT 16.6" 149" 19.0°
Legrand et al. [9) Nov 2008-Sep 2009 Belgium 103/185 BIA HS mSPPB, GS 84.8 (3.6) 125 14.6 12.4
[>80]
Malmstrom ez al. [10] Sep 2000—Jul 2001 USA (African 124/195 DEXA - GS 59.2 (4.4) 4.1 - -
Americans)
Mclntosh ez al. [11] - Canada 42/43 BIA HS GS 75.2.(5.7) 6.0 515 S: 7
SS&:0  SS:0
Mutphy et al. [12] - USA 1426/1502 DEXA HS GS F: 73.5 (2.88) S:5 - -
M: 73.8 (2.85)
Total: [70-79]
Patel ¢z al. [13] - UK*® Cohort A: 103/0 DEXA, SFT'  HS GS, TUG, (A)72.5 @2.5) (A):6.8 4.6 7.9
Cohort B: 765/1022 chair-rise time B): M, 67.0 (2.6); B):7.8
E 67.1 (2.6)
Patil ez al. [14] - Finland 0/409 DEXA HS GS, SPPB, TUG 74.2 (3.0) 0.9 - 0.9
[70-80]
Sanada ¢ al. [15] - Japan 0/533 DEXA HS, LEP Sit and reach, <39:11.4% 24.2 - 24.2
VO <49:21.2%
<59:25.9%
<69: 29.8%
<85:11.6%
[30-84]
Tanimoto e al. [16] May—Jun 2007, Japan 364/794 BIA HS GS M: 74.4 (6.4) - 1.3 10.7
2008, 2009 F:73.9 (6.3)
[=65]
Verschueren ez al. [17) - Belgium, UK 679/0 DEXA HS, KE GS 59.6 (10.7) S: 3.7 s =
[40-79] SS: 0
Volpato e/ al. [18] 2004-2006 Ttaly 250/288 BIA HS GS 771 (5.5) 10.2 2.6 6.7
[65-97]
Yamada ez al. [19] - Japan 568/1314 BIA HS GS 74.9 (5.5) - 21.8 22.1
[65-89]
Institutional dwelling
Continned
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The prevalence of EWGSOP-defined sarcopenia was
1-29% (up to 30% in women) for older adults living in the
community [5, 6-9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19],
14-33% (up to 68% in men) for those living in long-term
care institutions [20, 21] and 10% for those in acute hospital
care [22]. Age was not consistently reported across the
studies, with some giving mean ages only, others reporting
ranges, and others breaking age down into categories; thus, a
comprehensive analysis of prevalence based on age could not
be made. However, where reported, the majority of studies
suggested the prevalence of sarcopenia increased with age
[18, 19, 22]. However, one study appeared to show a decrease
in sarcopenia prevalence with increasing age [20]. In one
study, sarcopenia appeared to be related to gender, with
males more commonly affected than females [21], while
another study showed a numerically higher prevalence of sar-
copenia and severe sarcopenia in women than in men [13]. In
a further study, the prevalence of sarcopenia was higher in
women than in men in those aged <75 years; but, in those
aged >85 years, the prevalence of sarcopenia was higher in
men than in women (P<0.05) [19]. However, in most
studies that reported gender, there was no significant associ-
ation with sarcopenia prevalence [6-9, 11, 16, 19, 20].

Female
20.8%

Male
67.7

Sarcopenia prevalence, %

50-64: 12.7
>65:17.4

Total
All: 14.3
32.8
10.2

50-59: 46.5%
60-69: 35.2%
70-79:16.2%
>80: 2.1%

Age, years Mean
(SD) [Range]
[250]

84.1 (4.8)
[270]
[265]

Physical
performance
GS

GS

Exercise interventions

Muscle strength

HS
HS
HS

There were seven moderate quality (PEDro score: 4-6) inter-
vention studies that investigated the effect of exercise on
muscle parameters in different populations aged 60-95 years
(Table 2) [23-29]. The impact of exercise on sarcopenia was
assessed using muscle mass and muscle strength or power
measures in all studies [23-29]; assessment of physical pet-
formance (chair rise [24], 12-min walk [25], stair climbing
[29] ot timed up and go [27, 28]) was carried out in five of
seven studies (Table 2).

Assessment method

Muscle mass
CcC

BIA
MAMC

M/E #n
450/434
31/91
227/205

Resistance training interventions

Resistance training was explored in four mixed-gender studies
(Table 2) [23-25, 29]. When used from 3—18 months, resist-
ance training interventions alone improved muscle mass in
two of four studies [23, 29] and muscle strength in three of
four studies [23, 25, 29| compared with control (low-intensity
home exercise or standard rehabilitation). Physical perform-
ance (chair rise, stair climb or 12-min walk) improved with
resistance training alone versus control in all three studies
assessing this parameter [24,25,29].

Country
Netherlands
Ttaly

UK

Date data collected
Aug—Sep 2010

Combined exercise/physical activity interventions

Three additional studies explored compound exercise inter-
ventions (with different blends of aerobic, resistance, flexibil-
ity and/or balance training), which wete performed for 3-18
months [26—28]. A high-intensity multipurpose exercise pro-
gramme over 18 months improved muscle mass, muscle
strength and physical performance versus control (wellbeing)
in a study in 246 women [27]. In two mixed-gender studies

Bastiaanse ¢z al. [20]
Landi e al. [21]
Gariballa and Alessa [22]

ALM, appendicular lean mass; BIA, bioelectrical impedance analysis; CC, calf circumference; DEXA, dual-energy X-ray absorptiometry; F, female; GS, gait speed; HS, hand-grip strength using a dynamometer; KE, knee
extensor; LEPR, leg extension power; M, male; MAMC, mid-arm muscle circumference; PEE peak expiratory flow; S, sarcopenia; SCP'T, stair-climb power test; SD, standard deviation; SFT, skin-fold thickness; (m)SPPB,

(modified) standard physical performance battery; SS, severe sarcopenia; TUG, timed-up-and-go; VO, maximal oxygen uptake.

a

“Consists of two cohorts (Cohort A: detailed data were collected. Cohott B: same data were collected, but no DEXA).

By relative appendicular skeletal muscle index.
*#P <0.001 vetsus females.

"By petcentage skeletal muscle index.

Table |. Continued
Acute hospital care

Reference
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Table 2. Summary of the effect of exercise on sarcopenia in randomised, controlled studies meeting the inclusion criteria

Reference Population
Binder ¢z al. Frail, community-dwelling
[23]

Bonnefoy ¢/ al.  Frail, care institution
[24]

Bunout ¢ al.
[25]

Community-dwelling

Suetta e/ al. Frail, post-operative

[29] elective hip replacement
Goodpaster Sedentary,
et al. [26] community-dwelling

Kemmler ¢zal. Community-dwelling

[27

Rydwik ez al.
[28]

Frail, community-dwelling

Number

studied
M/F)

57 (7/50)

98 (36/62)

36 (18/18)

42, (11/31)

246 (0/246)

96 (38/58)

Age, years
Mean (SD)
[Range]

83

270

[60-86]

[70-89]

69.1 [65-80]

=75

Intervention
Description Duration
(months)

Progressive RET; CON 9
(low-intensity home exercise)

RET + SUPP; CON + SUPP; 9
RET + PLA; PLA + CON

RET + SUPP; SUPP; RET; CON 18

RET; ES; CON (standard )
rehabilitation)

PA (aerobic, strength, flexibility, 12
balance training); CON (health
education)

High-intensity multipurpose exercise 18
programme; CON (wellbeing)

PA (aerobic, muscle strength, balance 3

exercises); nutrition intervention;

PA + nutrition intervention; CON

PEDro
score

Outcomes measuted

MM (DEXA), MS (KF)

MM (FFM by labelled water),
M, PP (chair rise)

MM (DEXA), MS (quadriceps
strength), PP (12-min walk)

MM (US), MS (quadriceps), PP
(stair climbing)

MM (CT scan), MS (KE)

MM (DEXA), MS (isometric

leg extension), PP (timed up
and go)

Main results

Total body FFM incteased in the progressive
RET group, but not in the CON group
(P=10.005)

MS increased to a greater extent in the
progressive RET than in the CON group
(P=10.05)

RET did not improve MM or MP, but
improved PP versus CON (P = 0.01)

FFM did not change in any group

RET improved MS versus CON (P < 0.01)

PP remained constant in RET group, but
declined in the CON group (P < 0.01).

RET improved MM, MS and PP versus CON
(all P<0.05)

In the ES or CON groups, there was no
increase in any measutement outcomes

MM decreased in both groups (but losses
were not different between groups)

MS loss was decreased in CON, but
completely prevented in PA (between group
change not significant)

Multipurpose exercise was associated with
significant improvements in MM
(P=10.008), MS (P=0.001), PP (P< 0.001)
versus CON

MM [FEM = BW-fat mass (skin ~ PA improved MS (P < 0.01 for dips), but did

folds)], MS (leg press, dips),
PP (timed up and go)

not improve MM or PP versus CON

BW] body weight; CON, control; CT, computetised tomography; DEXA, dual-energy X-ray absorptiometry; ES, electrical stimulation; F, female; FEM, free-fat mass; FM, fat mass; KE, knee extension; M, male; min, minute;
MM, muscle mass; MP, muscle power; MS, muscle strength; RET, resistance exercise training; PA, physical activity; PLA, placebo; PP, physical performance; SD, standard deviation; SUPP, nutritional supplement;

US, ultrasound.
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[26, 28], muscle mass did not improve; muscle strength
(assessed as dips) improved with physical activity versus
control at 3-months follow-up in one of the two studies [28];
and physical performance did not improve in the one study
in which it was assessed [28].

Overall, most exercise trials showed improved muscle
strength and physical performance (using different measures),
but only three of seven studies found increased muscle mass.
These trials wete largely performed in community-dwelling
older people, sometimes identified as frail by different
measures.

Nutrition interventions

Most studies (11/12) evaluating nutrition intervention in
adults aged 50 yeats and over (Table 3) wete in community-
dwelling populations whose age ranged from 62 to 90 years
(n=14-98) [25, 30-39]. One study assessed individuals
living in care institutions (mean age, 83 years; #=57) [24].
Nutrition interventions that were identified included protein
supplementation (usually with other nutrients providing
extra calories) [24, 25,30, 37, 38], amino acid (mainly leucine)
supplementation [33, 35], B-hydroxy B-methylbutyric acid
(HMB; a bioactive metabolite of leucine) supplementation
with arginine [34] or alone [32, 34, 36, 39] or fatty acid sup-
plementation [31] administered over 8-36 weeks to evaluate
changes in muscle mass and/or strength and function.

Protein supplements

Protein supplementation (with other nutrients providing
~400 extra kilocalories/day in three of five studies) either
alone or in addition to resistance exercise training was evalu-
ated in five moderate- to high-quality (PEDro score: 4-10)
studies [24, 25, 30,37, 38]. In the only high-quality study with
no associated exercise in a frail, community-dwelling popula-
ton, protein supplementation improved physical perform-
ance, but not muscle mass or muscle strength versus control
[38]. Only in one of the four moderate- to high-quality
studies using different types and amounts of protein supple-
mentation in addition to an exercise programme for 24
weeks to 18 months [24, 25, 30, 37], was muscle mass
increased over the control group [40]. Muscle strength did
not change in any of the studies; only a transient increase in
muscle power was found in one study [24]. Physical perform-
ance did not improve in any of these four studies.

Overall, these five moderate- to high-quality studies fail to
show a consistent effect of protein supplementation on
muscle mass and function [24, 25, 30, 37, 38].

Essential amino acid supplementation

The effect of essential amino acid (EAA) supplementation
either alone [33] or in combination with resistance exetcise
training [35] on muscle parameters was investigated in two
high-quality (PEDro score: 7 and 8) studies of 3 month’s

754

o587

duration each, in community-dwelling individuals. Daily
leucine amount provided was 2.8 and 2.5 g. EAA improved
muscle mass in one of two studies [33], did not improve
muscle strength, and improved physical performance in the
study that used this outcome [35]. When combined with ex-
ercise, EAA improved leg muscle mass and muscle strength
but not physical performance versus health education at
3 months [35].

Overall, very limited evidence on EAA supplementation
seems to show some effects on muscle mass and function.

HMB supplementation

The effect of HMB alone (32, 36] or HMB in combination
with ARG and LYS [34] or resistance exercise training [39]
on muscle parameters has been investigated in four high-
quality (PEDro score: 8-10) studies of 8—24-week duration
in community-dwelling older adults [34, 36, 39] or in healthy
older adults on extended bed rest [32]. HMB prevented
muscle mass loss in one of four studies and did not improve
muscle mass in the other three [32]; improved muscle strength
in one [34] (and possibly two) [36] of four studies and
improved physical performance in one of four studies [34].

Overall, HMB showed some effects on muscle mass and
function in these high-quality studies, but sample sizes were
small.

Fatty acids

The only study examining the effect of fatty acid supplemen-
tation («-linolenic acid) on muscle parameters (PEDro score:
10), in 51 older adults undergoing resistance training for 12
weeks, showed no effect of the supplementation on muscle
mass or muscle strength versus placebo [31].

Discussion

Sarcopenia is an independent risk factor for adverse out-
comes, including difficulties in instrumental and basic ADL
[6, 10, 16, 20, 21}, osteoporosis [17], falls [21], hospital length
of stay and re-admission [22] and death [6]. This underscores
the importance of understanding the true prevalence of sar-
copenia and effective preventative strategies.

Prevalence

The prevalence of sarcopenia in the literature varies widely,
and is likely to be affected by the population studied (in-
cluding the population under investigation and the refer-
ence population) and the different methods used to assess
muscle mass, muscle strength and physical performance
[3]; although results may also be due to real differences in
prevalence of sarcopenia. As studies that defined sarcopenia
as muscle mass plus muscle strength/physical performance
were few, comparisons of prevalence across studies were
difficult due to the different methods and cut-off points
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Table 3. Summary of the effect of nutrition on sarcopenia in randomised, controlled studies meeting the inclusion critetia

Reference

Population

Number studied

Age, years, mean
(SD) [range]

PEDro

Score

Intervention (duration)

Outcomes measutred

Main results

Bonnefoy ez al. [24]

Bunout ¢z al. [25]

Chale et al. [30]

Tieland ez al. [37)

Tieland ez al. [38]

Dillon ez al. [33]

Kim et al. [35]

Flakoll ez al. [34]

Deutz ¢t al. [32]

Frail, care institution 57 (7/50)

Community-dwelling 98 (36/62)

Sedentary, 80 (33/47)
community-dwelling

Frail, 62 (21/41)
community-dwelling

Frail, 65 (29/36)
community-dwelling

Healthy individuals 14 (0/14)

Community-dwelling

155 (0/155)

Community-dwelling 57 (0/57)
Healthy individuals on 19 (4/15)
bed rest

[>70]

[70-85]

PLA: 79 (6)
Protein: 78 (9)
[Z65]

PLA: 81 (+1 SEM)
Protein 78 (+1
SEM)

265

All: 68 (£2)

PLA: 69 (£3)

Supplement: 67 (+1)
79.2.9)

[275]

76.7
162-90)

PLA: 67.1 (+1.7)
HMB: 67.4 (+1.4)
[60-76]

10

10

10

RET + SUPP (400 keal, 30 g of
protein/day); CON + SUPP;
RET + PLA;

PLA + CON (9 months)

RET + SUPP (400 keal, 13 g of
protein/day); SUPP; RET; CON
(18 months)

WPS (378 keal, 40 g of protein/
day) + RET; CON (378 kcal, no
protein) + RET (6 months)

Protein (30 g/day) + RET;

PLA + RET (24 weeks)

Protein (30 g/day); PLA; (24 weeks)

EAA (HIS, ILE, LEU, LYS, MET,
PHE, THR, VAL); PLA; (3 months)

EAA (LEU, LYS, VAL, ILE, THR,
PHE) + RET; EAA; RET; HE
(3 months)

ARG + HMB + LYS; PLA (12 weeks)

HMB; PLA
Bed rest (10 days) + rehabilitation
(8 weeks)

MM (FEM by labelled water), MP,
PP (chair rise, 6-min walk, stait
climb)

MM (DEXA), MS (biceps and
quadriceps strength), PP
(12-min walk)

MM (DEXA, CT scan), MS (KE),
PPPP (stair climb, chair rise,
400 m walk, SPPB)

MM (DEXA), MS (leg press,

LE, HS), PP (SPPB)

MM (DEXA), MS (leg press,
LE, HS), PP (SPPB)

MM (DEXA), MS (bicep cutl,
triceps extension, LE, leg cusl)

MM (BIA), MS (KE), PP (max.
walking speed)

MM (BIA), MS (isometric leg
strength, HS), PP
(get up and go)

MM (DEXA), MS (KE, leg
press), PP (SPPB, get up and
go, 5-item PPB)

SUPP significantly increased MP at 3
months versus CON (P = 0.03), but
not at 9 months

SUPP did not improve MM ot PP
versus CON

SUPP alone had no effect on MM, MS
or PP

SUPP did not show an additive effect
over RET outcome

WPS + RET did not improve MM, MS
or PP significantly versus
CON +RET

Protein + RET significantly improved
MM (P = 0.006), but not MS or PP
versus PLA + RET

PP improved significantly with protein
supplementation (P = 0.02), but not
MM or MS versus PLA

EAA increased MM versus baseline,
(P<0.05)

There were no changes in MS

EAA alone improved PP, but not MM
and MS versus HE

EAA + RET improved leg (not
appendicular or total) MM
(P <0.007) and, MS (P = 0.02)
versus HE

PP was not mote improved by the
addition of EAA than by RET alone

MS (P=0.05) and PP (P = 0.002)
significantly improved with
ARG + HMB + LYS versus PLA

ARG + HMB + LYS did not
significantly improve MM versus
PLA

Bed rest caused a significant decrease in
MM (P=0.02) in the PLA group,
but MM was preserved in the HMB
group

Changes in MS and PP were not
significant for HMB versus PLA
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