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Muscle and bone tissues are interconnected, and both rely on an adequate 
protein intake. Recommendations for protein intake for older adults specifically 
vary across countries. The purpose of this narrative review is to discuss the 
existing evidence for protein recommendations for supporting muscle and 
bone health in older adults and to evaluate if a protein intake above the current 
population reference intake (PRI) for older adults would be scientifically justified. 
First, this review summarizes the protein recommendations from bodies setting 
dietary reference values, expert groups, and national health organizations. Next, 
relevant studies investigating the impact of protein on muscle and bone health 
in older adults are discussed. In addition, the importance of protein quality for 
muscle and bone health is addressed. Lastly, a number of research gaps are 
identified to further explore the added value of a protein intake above the PRI 
for older adults.
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Introduction

Declining muscle mass and strength and bone mineral density (BMD) are common during 
aging (1). These changes may lead to the development of sarcopenia and osteoporosis. Muscle 
and bone are interconnected to each other. From a mechanistic point of view, the mechanical 
forces exerted by muscles during certain activities play a crucial role in stimulating bone 
formation (2). In addition, osteoporosis and sarcopenia share risk factors and often occur 
within the same individual (3). Additionally, low muscle mass and strength that occur with 
sarcopenia increase the risk of falls, and subsequently the risk of fractures, and fractures can 
in turn accelerate muscle mass loss (4). Protein plays a vital role in supporting both muscle 
and bone health in older adults; an adequate protein quantity and quality has been proposed 
to maintain muscle and bone health later in life (5–7).

Recommendations for protein intake for older adults vary across countries (8–12). Some 
bodies setting dietary reference values and national health organizations make no distinction 
between adults and older adults (11–14), while others advocate for higher protein intake 
recommendations specifically tailored to the needs of older adults (8–10). This narrative 
review first summarizes the current national and international protein recommendations for 
(older) adults. Next, we describe recent and relevant studies focusing on the impact of protein 
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on muscle and bone health in older adults specifically. In addition, the 
importance of protein quality is addressed. Thus, the purpose of this 
narrative review is to discuss the existing evidence for protein 
recommendations for supporting muscle and bone health in older 
adults and to evaluate if a protein intake above the population 
reference intake (PRI) of 0.83 g/kg/d for older adults would 
be scientifically justified.

Current protein recommendations

The current protein recommendations from EFSA (13) and the 
FAO/WHO/UNU (14) are based on a meta-analysis of nitrogen 
balance studies from 2003, involving 19 studies and 235 healthy adults 
(15). Hereby the estimated average requirement (EAR) was established 
at 0.65 g/kg bodyweight/d (g/kg/d) and the PRI at 0.83 g/kg/d. In a 
stratified analysis comparing younger adults (<40 years, n = 221) with 
older adults (>67 years, n = 14), a statistically non-significant difference 
in the EAR of 27 mg N/kg/d (=0.17 g protein/kg/d) was found (15). 
Since only 14 older adults were included, the power of this comparison 
is inadequate. The meta-analysis was repeated in 2014 and led to the 
same conclusions (16). However, still only 54 older adults (≥60 years) 
could be included. In both meta-analyses the sample size of older 
adults was low, so there was limited power to establish if there was a 
difference between young and older adults. Thus, more nitrogen 
balance studies involving older adults are needed. Instead of using 
nitrogen balance studies in which the requirement for protein is based 
on the lowest amount of dietary protein intake that will balance the 
nitrogen losses from the body (14), focusing on the effect of protein 
on physiological variables, such as muscle mass, physical functioning 
and bone health, in older adults may be of additional value for the 
estimation of protein recommendations.

The nitrogen balance-based recommendations have been adopted 
by several national and international organizations (13, 14, 17). 
However, several expert groups including the PROT-AGE Study 
Group (5) and European Society for Clinical Nutrition and 
Metabolism (ESPEN) (6) advise higher protein intakes based on 
evidence for maintaining muscle mass and function. The PROT-AGE 
study Group (5) recommends for older adults an average daily intake 
of at least 1.0 to 1.2 g/kg/d to maintain and regain lean body mass and 
function. In case of an acute or chronic disease, even higher intakes 
are proposed (1.2–1.5 g/kg/d). This is in line with the recommendations 
of the ESPEN expert group (6): at least 1.0–1.2 g/kg/day for healthy 
older people, and 1.2–1.5 g/kg/day for older people who are 
malnourished or at risk of malnutrition because they have acute or 
chronic illness.

Some national organizations also revised their protein 
recommendations for older adults. For example, the Nordic countries 
changed the recommended protein intake into 1.2 g/kg/day in 2012 
(8), which was maintained in the 2023 version (18), and the nutrition 
societies of Germany, Austria, and Switzerland revised it to 1.0 g/kg/d 
for adults >65 years in 2019 (9). In 2021, the Food Safety Authority of 
Ireland advises older adults at risk of frailty, sarcopenia, or 
undernutrition to consume a minimum of 1.0–1.2 g/kg/d (10). These 
increases in national recommendations are based on an overall 
assessment of metabolic and functional parameters. However, due to 
different criteria, for example the type of studies used (nitrogen 
balance studies, cohorts, RCTs), organizations in the Netherlands and 

United Kingdom conclude that the evidence is still insufficient to 
increase the recommendation ≥0.8 g/kg/d (11, 12).

Regarding bone health, European guidance provided by 
International Osteoporosis Foundation (IOF) and European Society 
for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis and 
Musculoskeletal Diseases (ESCEO) stated in 2013 that 1.0 g/kg/d of 
protein can be recommended in the general management of patients 
with osteoporosis (19, 20). However, in the updated guidance of 2019 
this number is removed and changed to “sufficient dietary protein” 
(21). In 2023, the first set of dietary recommendations in the 
prevention and treatment of osteoporosis have been published by the 
French Rheumatology Society and the Osteoporosis Research and 
Information Group (22). Based on evidence from cohort studies, a 
protein intake of at least 1.0–1.2 g/kg/day (with “high quality” animal 
proteins) as part of a balanced diet with adequate calories, calcium and 
vitamin D intakes is advised (19, 22).

Health effects of a protein intake 
above the PRI in older adults

The most recent systematic review on the health effects of increasing 
protein intake above the current PRI in older adults was published by 
the Health Council of the Netherlands in 2022 (11). Data of >1,300 
subjects (≥60 years or mean ≥ 65 years) from 18 RCTs were included 
and only RCT’s lasting ≥4 weeks were included. The Health Council 
concluded that an increased protein intake, combined with physical 
exercise, has a possible beneficial effect on lean body mass, while an 
increased protein intake without exercise had likely no effect on muscle 
strength, physical function, and bone health. However, three limitations 
are of note (23). First, only studies with (relatively) healthy older adults 
could be included. Studies with older adults living in a nursing home or 
care home were not eligible and studies in which the study population 
consisted of hospitalized or immobilized patients or of individuals with 
a specific disease were excluded. However, the population of older 
adults is very heterogeneous. Considering the prevalence of 
malnutrition (9%) (24), frailty (11%) (25), sarcopenia (10–27%) (26), 
obesity (35%) (27) and multimorbidity (51%) (28), the results of this 
systematic review only apply to the healthy segment of the older 
population. Second, no cohort studies were included. In research on 
bone health, cohort studies significantly contribute to our understanding 
of factors associated with bone health, since intervention studies are 
typically too short of duration to identify changes in BMD. Therefore, 
high-quality cohort studies should have a prominent role in evaluating 
the role of a protein intake above the PRI on bone health in older adults 
and should be included in the estimation of reference values for protein. 
Third, studies with a non-isocaloric control intervention were excluded. 
This strict criterion excluded many placebo-controlled RCTs, while the 
protein supplements increase energy intake only by about 80–160 kcal 
per day. Such a minimal amount of extra calories is not expected to 
affect fat free mass or physical functioning to an extent warranting 
exclusion of these important trials.

Muscle health

We have identified five relevant RCTs investigating the impact of 
enhancing protein intake on muscle health that are excluded from the 
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systematic review of the Health Council of the Netherlands or 
published after their systematic search. These RCTs used a 
non-isocaloric control group but do have added value to the scientific 
evidence. These include the studies of ProMuscle (29, 30), ProMuscle 
in Practice (31, 32), ProMuscle Implementation (33), PROMISS (34, 
35), and CALM (36). All investigated the effect of protein on muscle 
health outcomes, and found beneficial effects compared to control 
groups (Table  1). In ProMuscle (29, 30), there were four arms: 
supplementation with 31 g of milk protein concentrate or placebo, 
with or without resistance exercise training for 24 weeks. It was found 
that lean body mass increased in the protein+exercise group. Strength 
and physical performance increased in the protein only group and 
exercise groups. In ProMuscle in Practice (31, 32), an increased protein 
intake of 25 g per main meal in combination with resistance exercise 
training was investigated for 24 weeks. Lean body mass, muscle 
strength and the Short Physical Performance Battery score were 
improved in the protein and exercise group compared to the control 
group. ProMuscle Implementation (33) showed that tailored nutrition 
advice aiming at 20-25 g protein per main meal for 12 weeks combined 
with resistance exercise training improved chair-rise performance and 
leg strength. In PROMISS (34, 35), 400-m walking time and leg 
extension strength improved in the intervention groups (dietary 
advice to increase protein intake to ≥1.2 g/kg aBW/d with or without 
advice to time protein intake in close proximity of usual physical 
activity) compared to controls (no dietary advice). In the CALM study 
(36), the effect of protein supplementation (20 g, twice daily), with or 
without resistance exercise training for 1 year, was investigated and 
compared with a placebo (carbohydrate). Quadriceps size and leg 
strength improved in the exercise+protein group compared to the 
protein only and placebo group. In the protein only group, there were 
no improvements in muscle health over time compared to placebo. 
Despite that the baseline protein intake in these five studies was 
already >0.8 g/kg/d, beneficial effects on muscle health outcomes were 
found, especially when combined with exercise training. Even larger 
effects may be expected in older adults with lower protein intakes 
(<0.8 g/kg/d).

Bone health

Regarding bone health, the latest systematic review and meta-
analysis on dietary protein intake and bone health in older adults was 
published in 2019 by Groenendijk et al. (7). The systematic review 
showed a positive trend between higher protein intakes (above the 
PRI) and higher femoral neck and total hip BMD. The meta-analysis 
showed that a higher protein intake resulted in a significant decrease 
in hip fractures of 11%. Since then, new studies investigating the 
relationship between protein and bone health in older adults have 
been published (repeated search 02/01/2024) (19). At least one 
observational study by Weaver et al. (37) and one intervention study 
by Kemmler et al. (38) would have been included if the systematic 
review would be repeated (Table 2). Weaver et al. (37) showed that 
older adults with higher protein intake (mean ± SD: 1.1 ± 0.4 g/kg/d) 
had 1.8% higher mean hip and 6.0% higher lumbar spine BMD at 
baseline compared to those with a lower protein intake (0.8 ± 0.3 g/ 
kg/d). While the higher and lower protein intake groups had similar 
BMD changes over 4 years of follow-up, the higher protein intake 
group had a 64% (95% CI: 0.14, 0.97) reduced risk of vertebral 

fractures during 5 years of follow-up. Kemmler et al. investigated the 
effects of 18-months of high intensity dynamic resistance exercise 
and whey protein supplementation on BMD in older men with 
osteoporosis and sarcopenia (38). Total protein intake was aimed at 
1.5–1.6 g/kg/d in the intervention group and 1.2 g/kg/d in the control 
group. While the intervention group followed a supervised high 
intensity training program twice a week, the control group received 
no exercise program. In the intervention group, BMD at the lumbar 
spine and total hip was higher than the control group after 18 months 
(mean difference 0.012 and 0.013 mg/cm2, respectively). Both studies 
support the hypothesis that a protein intake above the PRI improves 
bone health in older adults (19). Note that only healthy older adults 
were included in the systematic review by Groenendijk et al. and the 
two recent studies. Different results may be seen in for example frail, 
undernourished, or osteoporotic individuals.

Protein quality

As dietary guidelines increasingly advocate for more plant-based 
diets to address environmental sustainability and health concerns 
(39–43), a critical view on protein quality is needed, especially for 
older adults. Bones and muscles require a continuous supply of amino 
acids for maintenance and repair. The alkaline nature of plant-based 
diets may offer some bone health advantages by reducing the acid load 
on the body (by increasing potassium intake), potentially mitigating 
bone loss (44). However, the lower anabolic potential of plant proteins 
has been suggested to compromise muscle mass, muscle strength, and 
bone health (45, 46).

Protein quality, determined by the digestibility and the amino acid 
pattern of a protein, is generally lower in plant protein sources than in 
animal protein sources. Such lower quality might lead to reductions 
in lean body mass, including muscle and bone tissue (45). Some 
observational studies showed lower BMD values in vegetarians, 
vegans and older adults with a low animal:plant protein ratio (51:49) 
(46, 47). In addition, vegetarians and vegans have been shown to have 
an increased fracture risk, potentially due to intakes below the average 
requirement of protein, calcium and/or vitamin B12 (47, 48). RCTs 
with longer term vegan diets in older adults and specific measures of 
body composition, BMD and bone turnover are urgently needed, and 
some of these trials have been initiated (ClinicalTrials.gov ID 
NCT05809466 and NCT06130956).

In response to the lower quality of plant proteins, there’s a prevailing 
recommendation to increase total protein intake (with a factor of 1.3) to 
meet physiological needs on a plant-based diet (49). However, this 
approach may not be feasible for older adults, who often experience 
diminished appetite and energy intake capacity (45). A more viable 
strategy involves smarter meal planning that leverages the concept of 
protein complementation—combining different plant protein sources 
to achieve a complete amino acid profile. This approach can enhance the 
overall quality of the protein consumed without necessitating increased 
food intake. For example, combining legumes (high in lysine, low in 
methionine) with cereal grains (high in methionine, low in lysine) can 
provide a more balanced amino acid profile, increasing the quality of the 
total meal protein. Such dietary strategies, however, require careful 
planning and knowledge, highlighting the need for tools that help 
dietitians, meal planners and consumers to find optimal combinations 
of plant-based proteins, which our group is currently working on (50).
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It could be that essential amino acids in protein sources exert direct 
effects on bone health, similar to the way in which leucine can stimulate 
muscle protein synthesis (51, 52). In 2022, evidence on the potential 
role of essential amino acids on bone aging was gathered (53). The 
authors report that in vivo and in vitro studies showed that several 
essential amino acids (lysine, threonine, methionine, tryptophan, and 
isoleucine) can increase osteoblast proliferation, activation, and 
differentiation, and decrease osteoclast activity, but that conflicts in 

mechanisms of action exists (53). These findings were partly replicated 
in human studies. In an observational study (n = 2,997, mean age 
72 years), higher serum concentrations of valine, leucine, isoleucine 
and tryptophan were associated with less hip BMD decline after 4 years 
(OR/SD ranging from 0.83 to 0.92) after multiple adjustments (54). In 
that cohort, higher serum tryptophan concentrations were also 
associated with fewer major osteoporotic fractures (HR/SD 0.86) (54), 
a finding that has been confirmed in another cohort study (hip fracture 

TABLE 1 Characteristics and results of five studies investigating the effect of protein on muscle health.

Study [ref] Population Intervention Baseline protein 
intake (g/kg/d)

Results1

ProMuscle (n = 127) 

(29, 30)

≥65 years; frail or pre-frail 

according to fried criteria

Four arms: supplementation with 

31 g of milk protein concentrate or 

placebo, with or without RET for 

24 weeks

Mean (95% CI)

Protein: 1.0 (0.9–1.1)

Placebo: 1.0 (0.9–1.1)

Mean ± SEM

Protein+exercise: 1.0 ± 0.0

Placebo+exercise: 1.0 ± 0.0

Protein compared to placebo: physical 

performance increased, p = 0.022; LBM 

stable, p > 0.052; strength improved in 

both groups, p < 0.013, but no 

interaction.

Protein+exercise compared to 

placebo+exercise: LBM increased, 

p = 0.0062; strength and physical 

performance improved in both groups, 

p < 0.0013, but no interaction.

ProMuscle in 

practice (n = 168) 

(32)

≥65 years; frail or pre-frail 

according to Fried criteria or 

physical inactive and 

experiencing difficulties in 

daily activities

Two arms: increased protein intake 

of 25 g per main meal via 

conventional and enriched products

combined with RET versus control 

for 24 weeks

Mean (95% CI)

Control: 1.08 (1.01–1.15)

Intervention: 1.12 (1.05–1.19)

LBM: 0.4 (0.1–0.8) kg, p < 0.052

Muscle strength: 30.8 (11.5–50.0) N, 

p < 0.012

SPPB score: 0.5 (0.1–0.9), p < 0.052

ProMuscle 

implementation 

(n = 35) (33)

≥65 years; room for 

improving muscle strength or 

protein intake, or recovery 

after inactive period

One arm: tailored nutrition advice 

aiming at 20–25 g protein per main 

meal for 12 weeks combined with 

RET

Not measured Chair-rise performance: −3.3 ± 4.2 s, 

p = 0.0013

Leg strength: 47.8 ± 46.8 kg, p < 0.0013

PROMISS (n = 276) 

(35)

≥65 years; habitual protein 

intake < 1.0 g/kg aBW/d at 

baseline

Three arms: dietary advice to 

increase protein intake to ≥1.2 g/kg 

aBW/d with (PROT+TIMING) or 

without (PROT) advice to time 

protein intake in close proximity of 

usual physical activity, or no dietary 

advice for 24 weeks

Mean ± SE

PROT+TIMING: 0.81 ± 0.01

PROT: 0.82 ± 0.01

Control: 0.82 ± 0.01

Compared to controls:

400-m walking time

PROT+TIMING: −4.9 (−14.5 to 4.7) s

PROT: −12.4 (−21.8 to −2.9) s

Leg extension strength

PROT+TIMING: 24.3 (0.2–48.5) N

PROT: 32.6 (10.6–54.5) N

CALM (n = 76) (36) >65 years; no medical 

condition potentially 

preventing them from safely 

completing the intervention

Three arms: Supplementation with 

20 g of whey protein 2 times/day 

with or without heavy RET, or 

placebo (maltodextrin+sucrose) for 

12 months

Mean ± SD

Protein: 1.1 ± 0.3

Protein+exercise: 1.1 ± 0.4

Placebo: 1.2 ± 0.3

Protein only compared to placebo: no 

improvements in quadriceps size, lower 

extremity strength and power, 

functional capabilities, and body 

composition.

Compared to protein only, 

protein+exercise improved in:

Quadriceps size: +1.68 (0.41–2.95) cm2, 

p = 0.034

Dynamic knee extensor strength: +18.4 

(10.1–26.6) Nm, p < 0.0014

Isometric knee extensor strength: +23.9 

(14.2–33.6) Nm, p < 0.0014

LBM, lean body mass; RET, resistance exercise training; SPPB, Short Physical Performance Battery.
1Values are mean ± SD or β (95% CI), unless stated otherwise.
2p value for time × treatment effect.
3p value from paired samples t-tests.
4Values are mean between-group difference (95% CI).
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cases n = 131; controls n = 131) (55). Alternatively, in a study using UK 
Biobank data (n = 111,257; 901 hip fracture cases) that investigated the 
association between circulating amino acids and incident fractures, an 
association was found between valine concentrations and hip fractures 
(HR/SD 0.79) (56). This finding was replicated in the Umeå Fracture 
and Osteoporosis hip fracture study (hip fracture cases n = 2,225; controls 
n = 2,225) (56). Although the evidence is starting to suggest a protective 
role of essential amino acid concentrations, specifically valine and 
tryptophan, more high-quality evidence is required to arrive at firm 
conclusions about the role of essential amino acids in bone health.

Discussion

The differences in protein recommendations for older adults 
between bodies setting dietary reference values, expert groups, and 
national health organizations stem from the utilization of distinct 
criteria. When nitrogen balance studies are used, the conclusion is to 
set the PRI at 0.83 g/kg/d. But if physiological outcomes are taken into 
account, then it is time to reconsider the values, which is 
acknowledged by other critical reviews as well (57, 58). Another 
criterium is if cohort studies are valued to the same extent as RCTs. 
Especially for bone health, the evidence originates mostly from 
cohort studies.

Physiological changes that occur with aging, such as sarcopenia, 
osteoporosis, reduced protein synthesis, and altered metabolism, 
make it probable that a protein intake above the PRI is needed for 

older adults compared to adults. To justify this higher protein 
recommendation for older adults, a number of research gaps needs 
to be  addressed. First, more nitrogen balance studies need to 
be performed in older adults. Additionally, a distinction between 
different age groups within the older population should be made, for 
example between individuals who are between 65 and 80 years and 
those who are above the age of 80 years. This differentiation allows for 
a more nuanced understanding of the effects of aging and the 
potential variations in health needs and outcomes. Secondly, research 
should focus on the effect of protein on physiological and clinically 
relevant outcomes. These outcomes are also highly valued by the 
older population since they directly influence quality of life and 
overall well-being. Well-designed, large, and long-term RCTs are 
especially needed to determine if a protein intake above the PRI can 
support bone health and/or prevent osteoporosis, as evidence from 
trials is limited. Thirdly, the heterogeneity of the older population 
needs to be acknowledged. Individuals in this demographic vary 
widely in terms of health status. For example, different 
recommendations may be necessary for those who are malnourished 
or for those who have several comorbidities.

Next, to protein quantity, more studies are needed to investigate 
protein quality. While plant-based diets offer environmental and 
health benefits, their adoption among older adults raises concerns 
regarding protein and nutrient adequacy for muscle and bone health. 
Unraveling the true effect of plant-based diets on muscle and bone 
health in older adults is needed, as well as solutions to improve the 
protein quality of plant-based diets. An exciting topic for future 

TABLE 2 Characteristics and results of two recent studies investigating the effect of protein on bone health in healthy older adults.

Study (ref) Population Follow-up period 
(cohort) or intervention 
(trial)

Baseline protein 
intake (g/kg/d)1

Results

Weaver et al. (37) 

(n = 3,075)

70–79 years; healthy, white and 

Black men and women

5 years of follow-up High: 1.1 ± 0.4

Low: 0.8 ± 0.3

Compared to low protein 

group, high protein group 

had:

1.8% higher mean hip BMD 

at baseline, p < 0.05

6.0% higher lumbar spine 

BMD at baseline, p < 0.05

No differences in BMD after 

4 years

Reduced risk of vertebral 

fractures after 5 years, HR 

0.64 (95% CI: 0.14–0.97), 

p = 0.04

Kemmler et al. (38) (n = 43) ≥72 years; men with osteoporosis 

and sarcopenia

Whey protein supplementation and 

high intensity dynamic RET for 

18 months

Control: 1.29 ± 0.34

Intervention: 1.10 ± 0.25

Compared to control, 

intervention group improved 

in:

Lumbar spine BMD: +0.012 

(0.001 to −0.020) mg/cm2, 

p=0.0242

Total hip BMD: +0.013 

(0.002–0.022) mg/cm2, 

p=0.0252

HR, hazard ratio; RET, resistance exercise training.
1Values are mean ± SD.
2Values are mean difference (95%CI). p value from dependent t-tests.
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exploration is the initial evidence that hints at a protective role of 
essential amino acids in bone health.

In conclusion, considering physiological and clinically relevant 
outcomes in protein recommendations for older adults is preferable, 
focusing on both the quantity and quality of protein.
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