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Introduction

Sarcopenia, the age-related loss of muscle mass and strength, 
is recognized as a substantial contributor to disability and 
loss of independence in older individuals, as well as a major 
public health problem (1). Nonetheless, interventions for 
sarcopenia are sparse, owing in part to a lack of consensus 
on definitions and an insufficient number of well-designed 
studies (2, 3). Progress in developing treatments for sarcopenia 
was advanced in 2016 when a unique ICD-10 code was 
established for sarcopenia as a first step towards recognizing 
sarcopenia as a reportable condition and enabling the collection 
of more rigorous data on its biological underpinnings, clinical 
characteristics, prevalence, impact on function, response 
to intervention, and other aspects (4). Yet even as the 
pharmaceutical industry advances several different classes of 
drugs that may attenuate or reverse muscle atrophy (3), non-
pharmaceutical interventions such as nutritional and physical 
activity approaches have emerged as having both therapeutic 
and preventive benefits (5).

In February 2018, the International Conference on Frailty 
and Sarcopenia Research Task Force met to discuss the role 
of poor nutrition as an underlying cause of sarcopenia and the 
potential for developing nutritional interventions to treat or 
prevent the condition, whether caused by poor nutrition or other 
problems. Task Force members noted that nutrition interacts 
with sarcopenia through biological, psychosocial, and lifestyle 
mechanisms, yet also recognized that it may be easier for 
clinicians to prescribe a drug than to get patients to change their 
lifestyle and that the severity of sarcopenia may dictate whether 
nutritional, physical activity or pharmacologic approaches are 
warranted and feasible. Thus, the Task Force concluded that 
nutrition would need to be integrated with pharmacotherapy 
and physical activity in order to have a substantial impact on 
individual patients and the overall prevalence of sarcopenia. 

Rationale for nutritional intervention in sarcopenia 

Epidemiological studies indicate that chronic undernutrition 
(inadequate intake of protein and energy; micronutrient 
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deficiencies) contributes to both sarcopenia and frailty. The 
Third National Health and Nutrition Survey (NHANES III), a 
population-based cohort study, found that among older adults 
with sarcopenia, poor diet quality and physical inactivity were 
associated with a higher risk of mortality (6). Similarly, the 
Health ABC study of well-functioning, community-dwelling 
older adults found that low protein intake was associated with 
increased risk of mobility limitation (7). More recently, results 
from the Very Important Protein (VIP) survey in Italy suggest 
an association between protein intake and muscle mass and 
strength across ages (8). 

Indeed, there is a linear relationship between nutritional 
status and functionality (9). A role for nutrition in the 
development of frailty was suggested by a pilot study of older 
adults seen by general practitioners in Germany. Two-thirds of 
patients in this cohort were determined to be frail or pre-frail, 
with 30% of frail and 15% of pre-frail individuals experiencing 
weight loss (10). 

Diet quality is related to both sarcopenia and frailty, and 
nutritional intervention may be able to reduce their incidence 
(11). Different nutritional approaches have been studied, 
including supplemental protein, essential amino acids (EAAs), 
and oral nutritional supplements that combine protein, leucine, 
the leucine metabolite beta-hydroxy-beta-methylbutyrate 
(HMB), and vitamins  (12). The rationale for supplementing 
protein in older adults is particularly strong. Older adults have 
higher protein requirements than do younger adults to maintain 
good health and functionality and enable recovery from illness 
(13). Multiple factors contribute to the higher protein needs 
of older adults, including their reduced anabolic response to 
protein intake and their elevated prevalence of inflammatory 
and catabolic conditions associated with aging (14, 15). Yet 
older adults tend to consume less protein in comparison to 
young adults (16).       

In 2013, an international study group (PROT-AGE) 
established by the European Union Geriatric Medicine Society 
(EUGMS) and other scientific organizations published 
recommendations for dietary protein intake in healthy older 
adults. The study group concluded that older people not only 
need more protein than do younger adults, but that specific 
nutritional strategies – i.e., the protein source, addition of 
specific amino acids and other nutritional components, timing 
of intake, and incorporation of an exercise program -- need to 
be adopted to ensure optimal protein digestion and absorption 
(13). 

Some studies have suggested that protein supplements 
may lead to a reduction in total energy intake (17). This may 
potentially be mitigated by supplementation of EAAs rather 
than by adding high-protein supplements to the diet (18). EAAs 
have been shown to stimulate muscle protein synthesis (19), 
although this effect may be blunted in older age (20). Leucine 
and/or HMB supplementation have also been proposed as an 
effective approach to improve strength and muscle mass in 
older adults due to their effects on muscle protein synthesis, yet 

the studies have been somewhat inconsistent (21, 22).

Evidence from past clinical studies

Although not widely studied and appreciated, accumulating 
evidence indicates that poor skeletal muscle performance is 
critical in many diseases and conditions including sarcopenia, 
frailty, orthopedic disuse, muscle atrophy resulting from 
prolonged bed rest or immobility, neuromuscular diseases, and 
cachexia from cancer or other conditions (23). Nutrition and 
dietary studies have examined the role of protein, essential 
amino acids, leucine and the leucine metabolite HMB, 
citrulline, and omega-3 fatty acids with and without physical 
activity on muscle strength and function. Meanwhile, new 
drugs targeting sarcopenia are emerging from pharmaceutical 
companies, including compounds that affect muscle growth, 
neuromuscular contractile properties, and activators of 
mitochondrial biogenesis. Medicines approved for other 
conditions are also being studied. Combining pharmaceutical 
and lifestyle approaches will likely be needed to achieve 
necessary levels of effectiveness; however, much more research 
is needed to understand how nutrition interacts with drugs and 
other lifestyle interventions. 

Marginal protein intake has been associated with loss of 
muscle mass in older adults (24), which increases the risk of 
developing sarcopenia and other chronic conditions that can 
lead to disability. In a 2017 meta-analysis of eight randomized 
clinical trials testing the effect of protein or amino acid 
supplementation on muscle mass and strength in healthy older 
adults, Tieland and colleagues found no evidence of a positive 
effect from either protein or amino acid supplementation on 
lean body mass, leg press strength, leg extension strength, 
or handgrip strength (25). Their conclusion suggested that 
these interventions may require concomitant nutritional or 
exercise intervention. However, other studies reached different 
conclusions. For example, the PROVIDE study in sarcopenic 
older adults showed that while a 13-week intervention with a 
specific oral nutritional supplement consisting of a leucine-
enriched protein and vitamin D but no physical activity 
component did not improve the primary outcomes -- handgrip 
strength and score on the Short Physical Performance Battery 
(SPPB) -- it did result in a significant improvement in chair-
stand time and appendicular muscle mass assessed with DXA 
(26). Moreover, another study with 6-month duration testing a 
nutritional supplement containing whey protein and vitamins 
D and E demonstrated significant improvement in measures of 
muscle mass, muscle strength, and anabolic markers such as 
IGF-1 and IL-2 in sarcopenic older adults (27).   

Another study with a six-month duration, VIVE-2, tested a 
combined intervention of physical activity with or without a 
daily nutritional supplement of whey protein and vitamin D in 
mobility-limited older adults. This study showed no significant 
difference in walking speed or SPPB using combined 
nutritional and physical activity approach (28).  However, a 
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significant reduction in intramuscular fat and increase in normal 
density muscle was observed with the nutritional supplement 
(29, 30).

Sarcopenia and functional decline are exacerbated with 
prolonged inactivity, especially in the elderly. For example, 
healthy elderly lost 9% of leg mass after only 10 days of bed 
rest (31), while young people lost only 2% of leg mass after 
28 days of bed rest. In a study of older individuals restricted 
to bed rest for 10 days, Ferrando and colleagues showed that 
increasing protein intake by EAA supplementation appeared to 
help restore protein metabolism and synthesis, and degradation 
flux (32). This study supported calls for a higher recommended 
daily allowance of protein in older adults who are inactive. 

Older adults may also have sarcopenia in combination 
with obesity, although studies report varying prevalence of 
sarcopenic obesity depending on the definition of sarcopenia 
used (33). Nutritional approaches to treating sarcopenic obesity 
must achieve a balance of gaining muscle mass while reducing 
fat mass. The few studies that have been done in this population 
suggest that complex interventions are required, which include, 
in addition to nutritional supplements, a focus on weight 
management and exercise (34).  

Across these various populations, studies have confirmed a 
link between frailty, sarcopenia, and malnutrition, and provided 
a rationale for protein and nutritional intervention in sarcopenia. 
However, many questions remain. For example, it is unclear 
whether there is a role for a nutritional supplement alone or 
if it must be combined with physical activity; and the type of 
physical activity program is as complicated to define as the 
type of nutritional supplement. More research is also needed 
to better understand the role of nutritional intervention in 
sarcopenic obese older person. Many questions also remain 
about the appropriate time course for trials of nutritional 
interventions in sarcopenia. When trying to change distal 
outcomes such as walking ability, stair climbing, or chair rise 
time with a nutritional intervention in comparison to a drug or 
even an exercise program, the effects may be subtle and take 
longer than a typical 6-month trial. 

Designing studies with nutritional interventions against 
sarcopenia 

Inconsistencies among recent nutritional interventions 
studies in sarcopenia make it difficult to integrate their findings 
into a consistent message about the efficacy of nutritional 
approaches. Table 1 summarizes five of these recent studies 
(12, 26, 28, 35, 36), comparing some of the key trial design 
features as well as the results. The table highlights the lack 
of consistency among studies in terms of target population, 
assessments, health-care settings, control group, duration, and 
choice of primary and secondary outcomes, making it difficult 
to draw conclusions about the relative merits of the different 
interventions.  Only the NOURISH study included a cost-
effectiveness analysis, although this represents an important 

aspect of any intervention for payers, clinicians, and patients 
(37). 

Target population, healthcare setting, and inclusion/
exclusion criteria. All five studies enrolled older adults, either 
≥65 years (12, 26, 35, 36) or ≥70 years (28). Participants 
were enrolled alternatively from community settings (12, 26, 
28), rehabilitation units (36), or hospitals (35), and in a single 
country versus multiple countries. In addition, the inclusion and 
exclusion criteria varied widely. For example, the PROVIDE 
Study enrolled sarcopenic, primarily independent-living, 
non-malnourished older adults with SPPB scores between 
4 and 9 and low skeletal muscle mass index (26); while the 
NOURISH Study enrolled malnourished Subjective Global 
Assessment (SGA) class B or C adults hospitalized for heart 
failure, acute myocardial infarction, pneumonia, or chronic 
obstructive pulmonary disease (35); and the VIVE2 study 
enrolled older adults with functional limitations but who were 
able to walk 400 meters in less than 15 minutes and had vitamin 
D insufficiency (28). Three of the studies excluded individuals 
with low Mini-Mental State Examination (MMSE) scores, yet 
the cut-offs varied from <20 to <25. Exclusions for various 
comorbid conditions also varied substantially among studies.  

Types of assessment
Studies used varying functional assessments such as SPPB, 

hand-grip strength, gait speed, and different measures of leg 
extension strength and power. Measures of muscle quality also 
varied substantially. PROVIDE, for example used bioelectric 
impedance analysis to determine skeletal muscle index, while 
SDM, Cramer, and VIVE2 used DXA to measure alternatively 
relative muscle mass (36), skeletal mass index (12), or whole-
body and regional fat and muscle mass (30). Even DXA 
measurement varied among studies, which used either lunar and 
Hologic machines (38). 

Type and duration of intervention
Table 1 summarizes the interventions tested in each study as 

well as the composition of the placebo provided to the control 
group. Trial duration ranged from 12 weeks to 24 weeks with 
the exception of the NOURISH study, which lasted for the 
length of the hospital stay plus 90 days.  

Outcomes
Results of the studies are also summarized in Table 1. The 

primary endpoint was met only in the SDM study, where 
supplementation with protein, EAAs, and Vitamin D resulted 
in a significant increase in fat-free mass compared to the 
control group that received placebo with an isocaloric amount 
of maltodextrin. Handgrip strength was also significantly 
increased in the supplement group. Participants in most of the 
studies improved regardless of whether they received the active 
versus control intervention.
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Going forward 

Applying the lessons learned from these and other previous 
studies, including the landmark Lifestyle Interventions and 
Independence For Elders (LIFE) study (39), the Sarcopenia and 
Physical fRailty IN older people: multi-componenT Treatment 
strategies” (SPRINTT) study was launched under the umbrella 
of the Innovative Medicines Initiative-Joint Undertaking (IMI-
JU 11561) in 2014, and has recently completed enrollment of 
1500 community-dwelling participants aged 70 years and older 
who are deemed to be at high risk of experiencing mobility 
disability (40). Eighty researchers from 11 countries are 
conducting the Phase III randomized controlled trial, which is 
aimed at preventing mobility disability with a multi-component 
intervention (MCI) consisting of long-term structured physical 
activity, personalized nutritional counseling and dietary 
intervention, and information and communications technology 
(ICT) intervention. The control group will receive a healthy 
aging lifestyle education (HALE) program. In designing the 
SPRINTT trial, researchers proposed a novel operationalization 

of physical frailty, recognizing sarcopenia as its central 
biological substrate (41), which should enable identification 
of a precise target population with unmet medical needs. In 
addition to evaluating the effectiveness of the multicomponent 
intervention, the trial also aims to identify and validate 
diagnostic and prognostic biomarkers for physical frailty 
related to sarcopenia. The researchers worked closely with 
the European Medicines Agency (EMA) to develop the study 
and received EMA’s endorsement of the eligibility criteria 
and statistical approach and acknowledgment of the rationale 
driving selection of the target population. The EMA also 
endorsed the concept of physical frailty related to sarcopenia 
as a loss of function rather than a set of concomitant disease 
states, and therefore accepted the incident inability to complete 
the 400-meter walk test as the primary outcome. EMA has also 
indicated that if this trial demonstrates benefits in a certain 
population, they would consider issuing recommendations for 
industry. 

The nutritional intervention component of the SPRINTT 
will include both an individual nutritional assessment and 

Table 1
Comparison of Nutrition Trials in Sarcopenia

Study Target Population Healthcare 
Setting

Intervention (total 
per day)

Control (per day) Duration Outcome Assessments Results

PROVIDE (26) independent-living 
older adults with 
sarcopenia

community 40 g whey protein, 6 
g leucine, 6 g fat, 18 g 
carbohydrates, 1600 IU 
vitamin D, vitamins, 
minerals, fiber 

isocaloric product with 
any protein

13 weeks primary: handgrip 
strength, SPPB
secondary: chair-stand, 
gait speed, balance, 
SMI

Handgrip strength and 
SPPB improved in both 
groups without signi-
ficant between-group 
differences.
Active group gained 
more appendicular 
muscle mass than 
control group (p=.045)

NOURISH (35) malnourished and 
hospitalized adults

hospital 700 kcal, 40 g protein, 
22 g fat, 88 g carbohy-
drate, 3 g CaHMB, 320 
IU vitamin D

96 kcal, 24 g carbohy-
drate, 20 mg vitamin C

hospital stay 
plus 90 days

primary: 90-day post 
discharge incidence of 
death and non-elective 
readmission
secondary: 30- and 
60-day post discharge 
incidence of death and 
readmission, length of 
stay, SGA class, body 
weight, ADL

primary composite en-
dpoint similar between 
two groups.
HP-HMB group had 
signficant higher odds 
of achieving better nu-
tritional status at day 90 
and significant increase 
in body weight at days 
30, 60, and 90.

SDM (36) sarcopenic older 
subject

rehabilitation 
unit

22 g whey protein, 10.8 
g EAAs including 4 g 
leucine, 100 IU vitamin 
D, Physical activity 

placebo with isocaloric 
amount of maltodextrin

12 weeks primary: fat free mass 
secondary: fat mass, 
muscle strength, QOL, 
IGF-1, CRP, ADL

supplement group had 
significant increase 
in fat-free mass and 
handgrip strength 
(p<0.001)

Cramer (12) malnourished and 
sarcopenic men and 
women

community 40 g protein, 72 g car-
bohydrate, 3 g CaHMB, 
998 IU vitamin D3

28 g protein, 88 g 
carbohydrate, 294 IU 
vitamin D3

24 weeks primary: leg strength 
(isokinetic peak torque) 
secondary: weight, leg 
muscle mass, tested 
leg muscle mass, grip 
strength, gait speed, 
product compliance

Both ONS groups 
improved PT, MQ, grip 
strength, and gait speed 
from baseline with no 
treatment differences

VIVE228 older adults with mobi-
lity limitations and low 
vitamin D

community 150 kcal, 20 g. whey 
protein, 800 IU vitamin 
D, 350 mg calcium, 
vitamins and minerals, 
physical activity

placebo of non-nutri-
tion drink (30 kcal)

24 weeks primary: 400 m walk 
test (expressed as 
average gait speed)
secondary: change in 
400 m walk time, SPPB 
score

both groups showed 
improvement in gait 
speed with no signifi-
cant differences
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personalized dietary recommendations, aimed at providing 
an adequate caloric intake with the appropriate nutrients 
delivered at the optimal time based on the individual’s age, 
sex, health status, physical activity level, and comorbidities. 
The intervention will be delivered for a minimum of 24 months 
up to a maximum of 36 months. However, while SPRINTT 
is an important trial, it will be impossible to pull apart the 
independent effects of exercise and nutritional approaches to 
combat sarcopenia. Moreover, the nutrition approach is not 
standardized, which will make it difficult to make definitive 
statements about the effectiveness of specific nutritional 
interventions. SPRINTT will be unable to assess the benefits 
of nutrition on the maintenance of mobility in people with non-
physical frailty related to sarcopenia. To understand the effects 
of nutrition on functional outcomes, trials with different designs 
will be needed. 

Conclusions

The studies conducted so far provide clear evidence that 
large randomized controlled trials in heterogeneous populations 
are necessary to quantify in real-world populations the clinical 
benefit of nutrition on different clinical outcomes, with 
and without exercise. They also suggest the need to target 
populations with sarcopenia secondary to undernutrition for 
nutritional trials. Body mass index can be used for screening but 
is not a proxy for malnutrition. Subgroups need to be identified 
at the beginning of a study, i.e., malnourished versus normally 
nourished, inactive versus active, as well as those with specific 
conditions such has hip fracture, diabetes, COPD, and obesity 
(23).  

Consensus is also needed on which outcomes are most 
meaningful and what represents a clinically meaningful change. 
Regulators have expressed support for including patient-
reported outcomes (PROs) in trials because of their focus on 
clinical meaningfulness. PROs exist to assess the importance 
of functional improvement to patients, yet no PRO is currently 
available for malnutrition. A mix of qualitative and quantitative 
measures that assess both function and independence 
would be useful. The Task Force could participate in the 
development of a core battery of measurements to be used 
in all clinical sarcopenia trials. If trials were conducted in a 
more standardized way with standard assessments, pooling of 
data might provide the power necessary to analyze results in 
subpopulations.  

The Task Force split on the question of whether sufficient 
evidence exists to include nutritional intervention in clinical 
practice. This will require trials that are convincing enough to 
be explained easily to patients. While there are substantial data 
on the benefits of supplemental protein, other nutrients need to 
be evaluated and studied in more depth. Studies are also needed 
to demonstrate the benefits of diet versus supplements, nutrition 
alone versus nutrition in combination with exercise, what kind 
of exercise is best, and how exercise and supplementation 

impact total food intake. Despite these limitations of available 
evidence, there was broad support from the Task Force for 
improving educational approaches that focus on prevention of 
sarcopenia through improved nutrition. 
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