Mitigating Disuse-Atrophy in Older Adults: Protein, Leucine,
and Resistance Training — What the Evidence Says

1. Why disuse-atrophy matters for adults > 40 yr

After the fourth decade muscle mass declines = 0.5 % yr !, the rate rises to 1-2 % yr ! after age 50 and

accelerates to ~ 3 % yr ! after age 60 [1].

Even short periods of reduced activity (e.g., 2 weeks of < 1 500 steps day ') produce measurable losses

in leg lean-mass and strength that resemble 2—3 years of normal ageing [2].

These data show that both the magnitude of atrophy and the difficulty of recovery increase with age, so

interventions must be stronger in the >60 yr group than in mid-life (40—60 yr).

2. Resistance training — the cornerstone

What the literature reports

Practical take-away

Resistance exercise (RT) is the most effective single
strategy to prevent or reverse disuse-atrophys; it
stimulates muscle-protein synthesis (MPS) before,
during, and after unloading [3].

> 2 sessions week !, whole-body or
multi-joint programmes; progressive
overload is essential.

Low-load RT performed to failure produces MPS gains
comparable to high-load RT, which is useful for older
adults who may have joint limits [4].

When heavy loads are unsafe, use 30 %
1RM to failure (= 20-30 reps) or incorporate
blood-flow-restriction.

RT alone raises MPS but does not fully offset the
catabolic state after a bout of disuse; without protein the
net balance stays negative [1][5].

RT must be paired with adequate protein to
convert the anabolic signal into net muscle
accretion.

In frail elders, RT (1-6 sessions week ', 30-70 % 1RM)
increased strength 6-37 % and muscle mass 3-7 % over
8-12 weeks [6].

Even modest, regular RT yields clinically
meaningful improvements.

Bottom line: RT is necessary but not sufficient on its own to halt disuse-atrophy, especially as anabolic

resistance intensifies after 60 yr.

3. Protein intake — how much is enough?

3.1 Daily total protein

Population

Recommended intake (g kg ! day )

Healthy adults (sedentary) > 60 yr

1.4-2.0 g-kg -day ™" (Layman 2024) [7] [9] (PROT-AGE) [8]




Population Recommended intake (g kg™ ' day ')

Active older adults (regular RT)
> 60 yr

Frail or severely ill Upto 105-2.0 gkg ' day ' (short-term) [7] [9] [8]

Mid-life (40-60 yr) — emerging
anabolic resistance

1.2 - 1.6 gkg ™ day ™" [8] [21]

~12-14gkg'day '[9]

The meta-analysis of 66 trials found a small but significant extra lean-mass gain when protein was
increased > 1.2 g kg ' day ! in older participants, with the strongest effect at 1.6 g kg ' day ' [10].

3.2 Per-meal protein & leucine "threshold"

* 25-30 g of high-quality protein (= 2.5-2.8 g leucine) per meal reliably surpasses the leucine
threshold needed to maximize MPS in older adults [11][12][13].

* For a 70 kg individual this equals 0.4 — 0.6 g kg ! per feeding, distributed across 3—4 meals each
day [12][14].

» Studies using a 41% leucine EAA mixture (= 2.8 g leucine) restored MPS in the elderly,

whereas a 26% mixture (= 1.7 g leucine) failed [15].

3.3 Timing relative to exercise

* Immediate post-exercise protein (< 30 min) yields larger strength and hypertrophy gains than
delayed feeding (> 2 h) in mixed-age cohorts [16].

* Apre-sleep 27.5 g whey dose further augments overnight MPS and improves 12-week strength
gains in young men; the same principle extends to older adults when the dose meets the leucine

threshold [17].

4. The synergy: why you need both protein and RT

Evidence What it tells us

RT + protein (> 1.2 g kg ' d'') — small but consistent additional | Protein amplifies the anabolic
lean-mass gains (= 0.22 SMD) versus RT alone [10] signal generated by RT.

In older adults, exercise before protein improves the proportion of | Timing exercise to prime the
ingested amino acids used for MPS (16-30 % higher) compared | muscle makes the same protein




Evidence

What it tells us

with feeding at rest; the effect is age-independent [18]

dose more effective.

[15]

Studies that combined RT with leucine-enriched EAAs abolished
age-related anabolic resistance, restoring MPS to young-adult levels

Without the leucine boost, RT
alone cannot fully overcome
anabolic resistance.

Meta-regression shows the protein-exercise interaction explains
most variance in strength gains; protein alone rarely produces
measurable hypertrophy in older adults [10][19]

Both stimuli are required for
meaningful functional
adaptation.

Take-away: For adults 40 yr and older, positive NPB (net protein balance) is achieved only when
RT-induced MPS is supported by a protein dose that meets the leucine threshold. Skipping either
component leaves you in a net-catabolic state after disuse or training.

5. Age-specific considerations

Age range

Key physiological
change

Recommended
protein dose (per
meal)

RT prescription

40-59 yr (early

Beginning decline in

25-30 g protein (= 2-

2-3 sessions week !, include both
moderate (60-70 % 1RM) and

angbohc MPOS SGI_l?lthlty (~0.5| 25¢g leuc1flle) —aim occasional low-load to failure for
resistance) % yr ! loss) [1] for 0.4 g kg ' per meal
volume
> . Y
>60 yr MPS'response 30-40 g protein (= >2 sessions weelf , prioritize
(pronounced | blunted; needs ~2% 2.8-3 g leucine) — exercises that achieve muscular
anabolic protein to achieve 0' 5.0 % ko™l per failure (even at 30-50 % 1RM) or use
resistance - | young-adult stimulus R & blood-flow-restriction to boost
meal . .
sedentary) [11][13] signaling
Further loss of basal | Upto 1.5-2.0 gkg ' | Include functional and balance work;
> 65 vr & frail mTOR signaling; day ! total; 30-40 g | maintain RT consistency, even light
=03y higher risk of per meal with leucine resistance or NMES when full
sarcopenia [8][20] enrichment intensity is unsafe




Why the difference?

* Leucine threshold rises with age (= 2.5-3 g per meal vs = 2 g in young) [13].

* Baseline MPS is similar across ages, but the post-prandial response diminishes, so a larger

amino-acid load is required to achieve the same net gain [11][1].

6. Putting it all together — Practical prescription

Step

Action

Rationale

1. Assess total protein
intake

Aimfor1.2-1.6gkg'day'(>12¢
kg ' day ! for healthy 40-60 yr; > 1.4 g
kg ' day ! for >60 yr) [7][8]

Meets the increased demand
caused by anabolic resistance
exercise dependent.

2. Distribute protein

3—4 meals each containing 0.4 — 0.6 gkg '
(= 25-30 g protein, 2.5-3 g leucine) [12]
[14]

Guarantees the leucine threshold
at each feeding, avoiding
"muscle-full" saturation after a
single large dinner.

3. Time protein to
training

Consume the target dose within 30 min—2
h after RT (or ingest protein before a bout
to prime MPS) [18][16]

Captures the heightened muscle
sensitivity and shifts NPB from
negative to positive.

4. Resistance-training
program

* Frequency: > 2 sessions week !
(non-consecutive)
* Intensity: 60-80 % 1RM OR low-load to
failure (30-50 % 1RM)
* Volume: 3-5 sets per major muscle group,
progressing to failure each session [4][3]

[6]

Provides the mechanical
stimulus needed for MPS and
combats disuse-atrophy.

5. Monitor & adjust

Re-evaluate lean-mass or strength every
8-12 weeks; if gains plateau, increase
per-meal protein (up to 40 g) or add an
extra training day [10][11]

Addresses individual variability
in the leucine threshold and
training response.

6. Special situations

* Bed-rest or immobilization: prioritize
high-leucine protein (> 30 g) as soon as
mobilization is allowed [3][4]

* Chronic disease / frailty: consider 1.5-2.0
g kg ' day ! and supervised, low-impact
RT [7][8]

Prevents rapid catabolism during
periods of disuse.




7. Summary

Disuse-atrophy accelerates after age 40 and becomes steep after 60 [1][2]; muscle-protein

synthesis in response to feeding is progressively blunted (anabolic resistance) [11].

Resistance training is the primary stimulus that creates a temporary window of heightened

amino-acid sensitivity; without it, protein alone cannot generate net muscle gain in older adults
[31[5]-

Adequate protein, both total daily and per-meal, must meet the age-specific leucine
threshold (= 2.2-2.5 g leucine/meal for 40-59 yr; = 2.5-3 g for > 60 yr) [13][15]. This translates

to 25-30 g protein per meal for mid-life adults and 30-40 g per meal for seniors [12].

Timing matters: ingest protein within the first 1-2 h after RT (or perform the exercise shortly
before the protein feed) to convert the exercise-induced catabolic state into a positive net protein

balance [16][18].

Combined approach yields the greatest protection against disuse-atrophy [10][19].
Meta-analyses show that protein supplementation adds modest but reliable lean-mass gains on
top of RT, especially when the total intake exceeds ~ 1.2 g kg ! day ! and the leucine threshold

1S met.

Age-specific dosing: adults 40-59 yr can often succeed with 1.2-1.4 gkg ' day ' and 25-30 g
protein/meal [9], whereas adults > 60 yr should target 1.2-1.6 g kg ' day ! with 30-40 g

protein/meal (= 2.5-3 g leucine) [11][13].

Bottom line: For anyone 40 yr and older, the most reliable way to blunt or reverse disuse-atrophy is to

pair regular, progressive resistance training with a protein intake that meets the age-adjusted leucine

threshold, distributed across the day and timed close to each training session [3][10][18].



Medical and Nutritional Disclaimer

This information is provided for educational purposes only and is not intended to diagnose, treat, cure,
or prevent any disease. Individuals must consult a qualified healthcare provider or registered dietitian
before making significant changes to their diet or exercise regimen. Important Safety Notice:
Individuals with pre-existing renal impairment, diabetes, or other chronic metabolic conditions should
consult a healthcare provider before significantly increasing protein intake.
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