
KEY POINTS 

• Aging is associated with the progressive loss of skeletal muscle mass and decline in physical function, which may result in reduced mobility and
subsequent loss of independence.

• Exercise is a potent stimulator of muscle protein synthesis in older adults.
• Dietary practices by athletes to augment performance and recovery may be relevant to the preservation of skeletal muscle mass and strength in

older adults.
• Older adults should aim to consume 0.3 to 0.4 g/kg of protein per eating occasion for a total of 1.2 to 1.6 g/kg/day of protein to accompany

exercise regimens.
• Dietary supplementation commonly utilized by athletes, such as creatine, long chain n-3 polyunsaturated fatty acids (n-3 PUFAs), and inorganic

nitrate, may improve skeletal muscle health in older adults.
• Future studies are required to better understand the impact of ingesting multiple ingredient dietary supplements on both skeletal muscle health and

cognition in older adults.
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INTRODUCTION
The aging population is growing rapidly. By the year 2050, 1 in every 6 
individuals will be over the age of 65 (World population ageing 2019, 
2020). Aging is accompanied by the progressive loss of skeletal muscle 
mass (sarcopenia) and strength. With typical sarcopenic decline, 
skeletal muscle mass is lost at a rate of ~1% per year (Janssen et al., 
2002) and muscle strength (e.g., 1-repetition maximum) at ~3% per 
year (Reid et al., 2014). Therefore, skeletal muscle retention with 
advancing age is of incredible physiological importance, as the loss of 
skeletal muscle strength compromises physical independence and 
ability to perform activities of daily living (Maresova et al., 2019). To this 
end, strategies to augment or maintain skeletal muscle mass and its 
functional capacity are a primary consideration in preserving the quality 
of life of older adults. 

Optimizing skeletal muscle mass and physical function are also primary 
objectives for athletes in the pursuit of elite performance. Athletes 
frequently adopt specific training and nutrition regimens to enhance 
skeletal muscle remodeling and elicit hypertrophy. Despite athletic 
intervention strategies being performance focused, many of the 
nutritional and exercise principles utilized by athletes are directly 
applicable to improving skeletal muscle health in older adults. Although 
both athletic and older populations can accumulate training hours to 
achieve competitive goals, the primary objectives of an athlete are to 
benefit performance, whereas for general healthy older populations, 
physical activity provides a means for maintaining independence, 
reducing the risk of falls, and establishing or continuing social interaction 

(Bertera, 2003). Consequently, the nutrition intervention strategies 
discussed in this review should be applied in the context of maximizing 
the benefits of physical activity and, as such, to support more active 
aging. This Sports Science Exchange (SSE) article will discuss sports 
nutrition strategies used by athletes and the potential application in a 
healthy aging population with a focus on skeletal muscle mass and 
physical function (Oikawa et al., 2021). 

DIETARY PROTEIN
The Institute of Medicine (2005) recommends adults consume 0.8 g/
kg/d. However, the total daily protein requirements for athletes are 
suggested to be higher (1.2 - 2.0 g/kg/d) to support the repair, 
replacement, and remodeling of damaged proteins and to optimize the 
reconditioning of various tissues (muscle, bone, and connective tissues) 
following exercise (Thomas et al., 2016). Further, a meta-analysis 
highlighted the benefits of increasing daily protein intake on lean body 
mass (LBM) during training in both young and older adults (Cermak et 
al., 2012). Additionally, protein ingestion may also facilitate adaptation 
to endurance exercise training (Churchward-Venne et al., 2020). 
Greater improvements in maximal oxygen uptake (VO2max) were 
observed following the daily ingestion of casein protein with training 
compared with a placebo isocaloric group (Knuiman et al., 2019). 
Importantly, exercise and protein ingestion act together to stimulate 
muscle protein synthesis (MPS) (Biolo et al., 1997). When protein is 
consumed after exercise, the two act synergistically to increase MPS to 
a greater extent than either stimulus independently (Biolo et al., 1997). 
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Thus, combining exercise with protein feedings represents an effective 
strategy for muscle preservation/growth  in both young and older 
people (Phillips et al., 2009).  

Resistance and aerobic exercise increase MPS in older people (Bell et 
al., 2015) and the engagement in life long physical activity attenuates 
the loss of LBM with age (Zampieri et al., 2015). Importantly, individuals 
who partake in habitual physical activity have superior outcomes of 
physical function compared with their sedentary counterparts (Brach et 
al., 2004). However, the skeletal muscle of older people can develop a 
blunted sensitivity to both exercise and protein ingestion, termed 
anabolic resistance, where a greater volume of exercise and greater 
amount of protein are required to achieve the same muscle building 
responses seen in younger adults (Moore et al., 2015). Thus, nutritional 
strategies to optimize the benefits of physical activity are imperative. 

Athletes are recommended to ingest ~20 g of high-quality protein 
following exercise to enhance MPS (Moore et al., 2009). However, 20 g 
of protein may be insufficient to maximize MPS in older adults, both 
acutely (Yang et al., 2012) and chronically, when combined with 
resistance exercise (Atherton et al., 2020). Indeed, Moore et al. (2015) 
found that older adults require ~40% more dietary protein after exercise 
to maximize MPS, compared with the amount required by younger 
adults. This equates to a serving of 35 g (~0.4 g/kg/serving) of protein 
to maximize rates of MPS (assuming a male over 60 years, weighing 88 
kg (194 lbs)). Thus, older adults may need to consume greater quantities 
of daily protein (1.2-1.6 g/kg/d) (Bauer et al., 2019) to maximize rates 
of MPS and support skeletal muscle anabolism. For more information 
regarding optimal protein amounts, timing, and type in older adults, see 
SSE article by van Loon, 2017. 

Notably, ~35 g of protein can be a daunting quantity of protein for an 
older adult to ingest at a single meal. Therefore, despite not being 
“optimal,” consuming high-quality protein in amounts similar to those of 
athlete recommendations (~20 g protein/serving) may offer a more 
practical approach and still contribute to the augmented daily protein 
recommendations for older adults. A daily timetable of protein ingestion 

for both athletes and older adults is displayed in Figure 1, with examples 
of protein-containing meals at the suggested amounts in Table 1. 

OTHER NUTRIENTS AND DIETARY SUPPLEMENTS
Importantly, the beneficial interaction of exercise and nutrition is not 
exclusive to protein. Other nutrients and dietary supplements have been 
applied to augment LBM and strength to enhance physical performance 
in athletes. These nutritional strategies may also positively impact 
skeletal muscle health in older people. 

Creatine

Creatine monohydrate is a popular dietary supplement among athletes 
due to its ergogenic ability to enhance the benefits of resistance 
exercise and to optimize elite performance (Kreider et al., 2017; Terjung 
et al., 2000). Oral creatine monohydrate supplementation can improve 
high-intensity exercise capacity by 10% to 20% through increasing 
skeletal muscle stores of phosphocreatine (PCr) (Kreider et al., 2017). 
With an increase in the stores of skeletal muscle PCr, individuals can 
achieve higher workloads during repetitive, high-intensity exercise, 
often resulting in increases in muscle mass and strength (Kreider et al., 
2017). Therefore, supplementation with creatine may be of added 
benefit for athletes competing in sports requiring maximal strength, 
rapid bursts of power, or intermittent sprints (Kreider, 2003) (Figure 1). 

Higher concentrations of muscle PCr have been associated with greater 
muscle volume and greater peak knee extensor power in older adults, 
while, conversely, sarcopenic older adults have demonstrated lower 
content of muscle PCr (Hinkley et al., 2020). Encouragingly, creatine 
supplementation (3-5 g/d), when combined with resistance training, 
augmented gains in strength and LBM in older adults (Candow et al., 
2015). A meta-analysis of older participants (50-72 years) engaged in 
exercise training found that individuals consuming creatine had greater 
increases in LBM and strength compared with participants consuming 
a placebo (Chilibeck et al., 2017). Importantly, in over 700 participants, 
no adverse events related to kidney or liver function were reported 
following prolonged creatine supplementation (Chilibeck et al., 2017).  

Figure 1: Daily timetable of protein ingestion for both athletes (light green) and older people (dark green). For older adults, both a practical protein dose (similar to that for 
athletes) and an optimal protein dose are presented. If possible, consuming a high protein snack (~20 g of protein) would be optimal for older adults; however, it has been 
suggested as optional to accommodate issues in hunger and satiety. Optimal protein intake following exercise is body mass dependent and can be calculated by 0.24 to 0.3 
g/kg body mass for young people (< 30 years), and 0.4 g/kg body mass for adults (> 60 years) (Moore et al., 2015). Dietary supplements to enhance skeletal muscle health 
in combination with protein ingestion and physical activity are shown with appropriate dosing strategies for creatine, omega-3s (n-3 PUFAs), and inorganic nitrate (NO3) in 
athletes (light green) and older people (dark green). MPS, muscle protein synthesis.
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Long Chain Omega-3 Polyunsaturated Fatty Acids

Athletes consume long chain omega-3 polyunsaturated fatty acids (n-3 
PUFAs) supplements to potentially reduce inflammation, improve 
recovery (following injury), enhance immunity, and, in some cases, 
increase skeletal muscle metabolic efficiency (Philpott et al., 2019). 
The incorporation of n-3 PUFAs into the skeletal muscle membrane 
may improve the transport of nutrients, such as amino acids, into 
muscle, increasing rates of MPS (Philpott et al., 2019). 

In healthy older people, prolonged supplementation with n-3 PUFAs has 
been shown to increase rates of MPS and therefore may help preserve 
or facilitate increases in muscle mass with age (Smith et al., 2015). For 
example, in older men and women, the ingestion of 4 g of n-3 PUFAs 
for 6 months was associated with increased thigh muscle volume, 
hand-grip strength, and 1-RM muscle strength compared with those 
given placebo oil (Smith et al., 2015). Indeed, the ability for n-3 PUFAs 
to potentiate the MPS response to protein ingestion is compelling given 
that master athletes (older adults who engage in regular exercise 
training) still exhibit age-related declines in MPS (Murphy & McGlory, 

2021); thus the utility for the use of  n-3 PUFAs may be promising for 
older adults participating in varying levels of physical activity.

Importantly, n-3 PUFAs supplementation has been shown to improve 
measures of muscle strength in older women but not in older men (Da 
Boit et al., 2017), and n-3 PUFA supplementation was also found to 
increase strength and physical performance in a cohort of older women 
(Rodacki et al., 2012). In a separate study, however, no differences 
were found in LBM or strength in older men consuming n-3 PUFAs 
compared with men given a placebo (Cornish et al., 2018). Thus, there 
may be sex-based differences in the efficacy of supplemental n-3 PUFA 
to impact skeletal muscle.

Current population intake recommendations for n-3 PUFA are 250 to 
500 mg of eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) per day; however, given the current evidence, it is recommended 
that older adults aim to consume 3 - 5 g/d of n-3 PUFA to benefit 
skeletal muscle metabolism (Figure 1). Future research should aim to 
provide both insight into the mechanisms driving favorable skeletal 
muscle health outcomes and to better understand potential sex-based 
differences with n-3 PUFA supplementation in older adults. 

Table 1: Examples of protein sources for meat consuming and vegetarian at ~21 g (practical) and ~35 g (optimal) for older adults at each eating occasion. Both practical diets 
are also applicable to athletes (18-30 yrs) and are denoted by an asterisk. Example meals are provided for diets that include meat and lacto-ovo-vegetarian diets.

Practical - Older Adults 
(>60 years) 

~ 21 g pro/meal ** 
Incl. Meat

Practical - Older Adults 
(>60 years) 

~ 21 g pro/meal ** 
Vegetarian (incl. Dairy)

Optimal – Older Adults 
(>60 years)  

~35 g pro/meal 
Incl. Meat

Optimal - Older Adults  
(>60 years)  

~35 g pro/meal 
Vegetarian (incl. Dairy)

Breakfast/Post 
training

•	 1 cup cooked oatmeal (6 g protein)

•	 ½ scoop (15 g) whey protein isolate 
(12 g protein)

•	 100 g yogurt (4 g protein)

•	 1 cup cooked oatmeal  
(6 g protein)

•	 1 scoop (30 g) pea protein 
isolate (24 g protein)

•	 2 eggs (12 g protein)

•	 2 slices whole grain bread  
(7 g protein)

•	 ½ cup low fat cottage cheese 
(14 g protein)

•	 1 cup scrambled tofu  
(11 g protein)

•	 2 slices whole grain bread  
(7 g protein)

•	 ½ cup low fat cottage cheese 
(14 g protein)

Morning snack
•	 1/2 cup low fat cottage cheese (14 g protein)

•	 10 roasted almonds (6 g protein)

•	 1 scoop (30 g) whey protein 
isolate (24 g protein)

•	 ¼ cup Greek yogurt (5 g protein)

•	 10 roasted almonds (6 g protein)

•	 1.5 scoops (45 g) pea protein 
isolate (30 g protein)

•	 10 roasted almonds (6 g protein)

Lunch

•	 100 g turkey breast  
(15 g protein)

•	 2 slices whole grain bread  
(7 g protein)

•	 1 whole wheat tortilla  
(4 g protein)

•	 ¼ cup black beans  
(3.5 g protein)

•	 ½ cup seitan (16 g protein)

•	 100 g turkey breast  
(15 g protein)

•	 2 slices whole grain bread  
(7 g protein)

•	 1.5 cups 1% milk (13 g protein)

•	 1 whole wheat tortilla  
(4 g protein)

•	 ¼ cup black beans  
(3.5 g protein)

•	 1 cup seitan (32 g protein)

Dinner/Post training
•	 85 g chicken breast  

(24 g protein)

•	 ½ cup cooked tempeh  
(16 g protein)

•	 ½ cup cooked quinoa  
(3.5 g protein)

•	 115 g chicken breast  
(32 g protein)

•	 ½ cup cooked quinoa  
(3.5 g protein)

•	 1 cup cooked tempeh  
(32 g protein)

•	 ½ cup cooked quinoa  
(3.5 g protein)

Pre-sleep •	 20 g casein protein shake
•	 20 g casein protein shake OR 25 

g pea protein isolate
•	 35 g casein protein shake

•	 35 g casein protein shake OR 45 
g pea protein isolate

Pro, protein; incl, including. **Also the estimated amount to be beneficial for athletes (18-30 yrs). 
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Inorganic Nitrate 

Athletes ingest dietary sources of inorganic nitrate (NO
3
) (e.g., beetroot 

juice) due to its potential impact on aerobic exercise performance 
(Jones, 2022). Beetroot or inorganic nitrate supplementation has been 
shown to benefit recreationally trained and moderately trained men 
(Jones et al., 2018) but not women (Wickham et al., 2019). However, 
the effects of NO

3
 on performance in females has been substantially 

understudied compared with that in males (Wickham & Spriet, 2019). 
Consumption of NO

3
 may improve exercise performance through the 

restoration of inorganic nitrate cycling, resulting in an augmented 
vasodilatory response above exercise alone (Jones et al., 2018). 
Consumption of NO

3
 on exercise performance utilize a wide array of 

dosing strategies and amounts. Most commonly, dosages between 6 
and 12 mmol/d in young adults have been reported to improve exercise 
performance (Figure 1). Importantly, the enhanced vascular function 
effects of NO

3
 extend beyond the scope of sport; thus supplementation 

may provide benefits beyond exercise performance. 

Diets rich in NO
3
 are associated with lower blood pressure due to 

improvements in endothelial mediated vasodilation and increased nitric 
oxide availability (Matz et al., 2000). Older age is associated with 
arterial stiffening, impaired vasodilation, and endothelial dysfunction 
caused, in part, by disruptions in the nitric oxide pathway responsible 
for maintaining vascular homeostasis (Matz et al., 2000). NO

3
 ingestion 

(8-24 mmol/d) has been successful as both a lone intervention as well 
as complementary therapy to improve vasodilation and lower blood 
pressure in older adults (Bahadoran et al., 2017) (Figure 1). Of note, 
increased vasodilatory capacity may result in increased delivery of 
amino acids to skeletal muscle, augmenting anabolic sensitivity and 
potentially aiding in the maintenance of skeletal muscle mass over time 
(Phillips et al., 2012). 

Carbohydrate Periodization

The daily intake of carbohydrate and carbohydrate intake during 
exercise can be adjusted to match the demands and objectives of 
exercise (Impey et al., 2016). Athletes ingest carbohydrate during 
training and competition for performance benefits (Williams & Rollo, 
2015). Carbohydrate intake may positively influence performance by 

reducing the perceived effort, as well as supplying substrate for muscle 
contraction and brain function (Rollo et al., 2020). Athletes modify their 
carbohydrate intake to match their training objectives and for body 
composition management.

 Physical activity is the primary driver to achieve health-related 
outcomes and maintain physical capabilities in the older adult 
population. Although performance is often not a primary concern, the 
ingestion of carbohydrate during exercise may improve the subjective 
experience by lowering the perception of effort in the healthy aging 
population (Backhouse et al., 2007). Increasing the adherence to 
exercise regimens is a key consideration in exercise prescription. 
Conversely, during days with no structured exercise, the main 
determinant of energy expenditure is the amount of fat-free mass. The 
inability to match declining energy requirements with a reduced energy 
intake will lead to body fat accumulation. In older adults, an increase in 
body fat and abdominal obesity are associated with increased incidence 
of non-insulin-dependent diabetes mellitus (Sharda et al., 2015). Thus, 
recommended modification to daily carbohydrate intake to match daily 
energy requirements, applicable to both athletes and older adults, are 
presented in Table 2. 

FUTURE DIRECTIONS
Many factors impact the rate of sarcopenia and dynapenia (age-
associated loss of muscle strength) in aging adults. Stimuli such as 
physical inactivity and presence of chronic conditions exert greater 
influence on the loss of muscle mass and strength than alterations in 
nutrition in healthy individuals. Nevertheless, optimizing nutrition that 
may augment or attenuate the decline in skeletal muscle health with 
aging, particularly when combined with exercise, should be considered 
when tailoring nutritional strategies to older people. Further, the 
potential to combine dietary protein with the aforementioned nutritional 
supplements to enhance muscle protein anabolism is promising and 
can be undertaken with little risk of harm.  It is, however, important to 
note that the optimal dosing and timing of nutrition strategies specific 
to older adults discussed above are still to be determined and clearly 
described. 

Though this SSE focused on the benefits of physical activity and 

Table 2: Daily carbohydrate intake guidelines based on physical activity level for both athletes and older adults. Suggested ranges accommodate likely variations in individual 
goals specifically related to body composition. Lower intakes should be targeted to accommodate weight loss and fat loss, whereas upper targets should be considered for 
weight maintenance or gain.

Example Activity
Daily Physical Activity 

Level
Activity Duration (min)

Target Carbohydrate 
Intake (g/kg/d)

Rest day Daily living demands Light 0 -20 3 - 5

Exercise 
(3-5 days/week)

Brisk walking, swimming, cycling, 
general yard work, gardening, 

yoga, resistance exercise, yoga, 
calisthenics

Moderate 20 - 60 5 - 6

Jogging, running, swimming laps, 
heavy yard/gardening work

Heavy 60 + 5 - 8
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nutrition to enhance muscle health and quality of life in older adults, 
preserving cognitive function or attenuating cognitive decline is also 
crucial for independent living in this population (Diem et al., 2018). 
Indeed, dietary intake can modulate cognitive function in aging. For 
example, high consumption of antioxidants and poly- and mono-
unsaturated fats are associated with positive effects on cognitive health 
outcomes in older adults (Scarmeas et al., 2018). The ingredients 
discussed in this SSE article were selected based on their potential to 
enhance skeletal muscle anabolism in athletes and older adults. 
However, ingestion of these dietary compounds is not exclusive to 
benefiting skeletal muscle but to the whole body via the systemic 
circulation. Further, each ingredient discussed has also shown some 
benefit for cognitive health (Kulzow et al., 2016; Turner et al., 2015; 
Wightman et al., 2015) albeit in a limited capacity. As such, future 
research may determine the influence of these nutrients with or without 
an exercise training regimen on both skeletal muscle and brain health 
in aging populations. 

PRACTICAL RECOMMENDATIONS
•	 Older adults should aim to consume ~20 to 30 g (0.25-0.4 g/

kg) of protein per eating occasion to increase total daily protein 
intake and maximal post-prandial muscle protein synthesis rates.

•	 Increases in protein and supplements to augment skeletal muscle 
health should be considered within the context of a healthy active 
lifestyle including resistance exercise.

•	 Supplementation with creatine monohydrate (3-5 g/d), n-3 
PUFAs (3-5 g/d), and NO

3
 (8-24 mmol/d) may support the 

improvements in skeletal muscle health following exercise 
training in older adults.

•	 Augmented physical fitness is associated with higher levels 
of cognitive function in older people. Consuming creatine 
monohydrate, n-3PUFAs, and inorganic nitrate may support such 
improvements in cognitive function in older adults, but further 
study is required.

SUMMARY
In summary, healthy older adults may benefit from nutritional strategies 
used by athletes in pursuit of improved performance. Nutrition 
interventions discussed in this article (protein, creatine, n-3 PUFA, NO

3
) 

do not counteract sarcopenia. However, dietary interventions may 
augment the benefits of exercise training in the pursuit of more active, 
healthy aging. Further research is required to determine the mechanisms 
by which nutrients in isolation or in combination may promote favorable 
changes in skeletal muscle and cognitive function to maximize the 
benefits of increasing physical activity levels.  
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PepsiCo R&D. The views expressed are those of the authors and do not 
necessarily reflect the position or policy of PepsiCo, Inc. Luc van Loon 
has received research grants, consulting fees, speaking honoraria, or 
a combination of these for research on the impact of exercise and 
nutrition on muscle metabolism; a full overview is provided here: 
https://www.maastrichtuniversity.nl/l.vanloon.
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