
Net Protein Balance: What Actually Matters for 
Muscle as You Age

What Is Net Protein Balance (NPB)?
Net protein balance is the difference between the rate at which your muscles synthesize new protein 
(muscle protein synthesis, or MPS) and the rate at which they break down existing protein (muscle 
protein breakdown, or MPB): NPB = MPS − MPB [1]. When NPB is positive, muscle protein 
accumulates; when it's negative, muscle protein is lost. For older adults, maintaining a positive NPB is 
harder, because the underlying capacity to raise MPS in response to protein and exercise is naturally 
reduced, a phenomenon called anabolic resistance [2,3].

Building or preserving muscle as you age comes down to three things working together: enough total 
protein across the day, enough leucine at each meal to actually trigger the synthesis response, and 
resistance training to keep your muscle responsive to both. Protein alone, without training, will not 
build muscle, and training without adequate protein and leucine leaves gains on the table. This article 
covers all three.

What Happens After Resistance Training
Resistance exercise raises both MPS and MPB at the same time [1]. In a fasted state immediately after 
training, breakdown briefly outpaces synthesis, so net balance is mildly negative until protein is eaten 
[1,4]. This is a normal, short-lived, and reversible dip, not evidence that meaningful muscle is being 
lost.

In younger adults, a moderate protein dose closes that gap quickly. In adults 40 and older, the MPS 
response to a given protein dose is smaller [2,3], which is why the amount and leucine content of what 
you eat matters more as you age, more than the exact minute you eat it.

Why This Matters More With Age: Anabolic Resistance
Anabolic resistance means aging muscle needs a larger, leucine-richer meal to produce the same 
synthesis response a younger person gets from less [2,3,6]. A large comparison of young and older men 
found no difference in resting MPS between age groups, the gap shows up specifically in the post-meal 
response, which is measurably smaller in older adults [6]. This is a gradual, continuum-based shift 
rather than a switch that flips at a specific birthday, and it's driven as much by physical activity level, 
muscle disuse, and health status as by age itself [2,3].
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Total Daily Protein: By Age, Body Weight, and Health Condition
Daily protein needs are usually expressed per kilogram of body weight, then adjusted for age, activity 
level, and health status. Use your current body weight unless you carry significant excess body fat, in 
which case a dietitian can help you calculate a more appropriate target weight. Fat tissue doesn't require 
the same protein support as muscle does.

Age / Condition Daily Protein 
Target

Per-Meal Protein Per-Meal Leucine Resistance 
Training

40–59 years, 
generally healthy

1.2–1.4 g/kg/day 25–30 g ~2.2–2.5 g ≥2 sessions/week 
[9]

60+, active / 
training regularly

1.2–1.6 g/kg/day 25–30 g ~2.5–2.8 g ≥2–3 
sessions/week [2,9]

60+, sedentary or 
minimally active

1.4–2.0 g/kg/day 30–40 g ~2.8–3.0 g Start resistance 
training — even 

light-load training 
meaningfully 
improves the 
response [2,3]

75+, frail or 
sarcopenic

1.4–2.0 g/kg/day 25–30 g, small 
frequent meals

~3.0 g Light resistance 
training, or 
supervised 

neuromuscular 
electrical 

stimulation if 
immobile

Rehabilitation / 
acute illness 

(catabolic states)

1.5–2.0 g/kg/day† 30–40 g, post-
therapy

~3.0 g As tolerated, 
guided by a 

physical therapist

† The upper part of this range should be used only under medical supervision, with periodic monitoring 
of kidney function, with pre-existing kidney disease, diabetes, or other chronic metabolic conditions 
[9,10].

Worked example: An 80 kg (176 lb), active adult over 60 targeting 1.2–1.6 g/kg/day should aim for 96
–128 g of protein per day (80 × 1.2 to 80 × 1.6), split across three to four meals of roughly 25–30 g 
each.

A note on the 40–59 row: very few dose-response studies test this age range specifically — most 
research directly compares adults in their 20s against adults 65 and older. The 40–59 numbers are a 
reasonable, evidence-informed estimate that sits between those two well-studied groups, not a number 
pulled from a dose-response study of 40–59-year-olds themselves [3,6]. It's also worth noting that even  
the young-vs-older per-meal thresholds aren't as cleanly separated as headline numbers suggest — one  

2



recent review reports overlapping confidence intervals between the two groups' per-meal protein 
requirements [15], which is a good reason to treat all of these per-meal numbers as reasonable targets 
rather than precise cutoffs.

The Leucine Threshold: Why How Much Protein Per Meal 
Matters, Not Just Total Grams
Leucine is the single amino acid that most strongly signals your muscle to switch on protein synthesis, 
largely by activating a cell-signaling pathway called mTORC1 [3,7]. For any given meal, there appears 
to be a rough leucine "threshold", a dose below which MPS is only weakly stimulated, and above 
which the synthesis response levels off, with additional amino acids increasingly used for other things 
(oxidized for energy, or used elsewhere in the body) rather than driving more muscle building in that 
sitting [3,7,8].

That threshold shifts with age. In a controlled study, elderly adults given a small amino acid mixture 
with a normal leucine ratio (about 1.7 g leucine) showed no significant rise in muscle protein synthesis, 
but the same total amino acids, reformulated to be leucine-enriched (about 2.75 g leucine), did produce 
a significant rise [7]. A separate review of the aging-and-protein literature independently converges on 
the same figure, describing the leucine threshold for stimulating muscle protein synthesis in older 
adults as "approximately 3 g," corresponding to roughly 25–30 g of high-quality protein [14]. That's the 
direct evidence behind the ~2.8–3.0 g leucine target for older adults in the table above.

Two honest caveats, because this shouldn't be oversold as a precise on/off switch:

• A systematic review of the "leucine trigger" concept found the relationship real, but "not 
perfectly binary," and noted the evidence is cleanest for isolated proteins (like whey powder), 
it's less clean-cut for whole-food meals with mixed macronutrients [8].

• Leucine-rich protein (whey, dairy, eggs, and to a lesser extent other animal proteins) gets you to 
the threshold in a smaller total amount of protein than leucine-poorer sources. If your protein 
source is lower in leucine, you may need a larger total gram amount at that meal to hit the same 
threshold.

Resistance Training: The Third, Non-Negotiable Pillar
Protein and leucine give your muscle the raw material and the biochemical "go" signal, but without a 
mechanical stimulus, that signal is much weaker, and daily protein alone will not build or preserve 
significant muscle. Resistance training does two distinct jobs:

1. It re-sensitizes aging muscle to protein. In one study, older men needed only about 20 g of 
whey to raise muscle protein synthesis above resting levels, but after a bout of resistance 
exercise, 40 g produced a significantly bigger response than 20 g did [5]. Exercise effectively 
raises the ceiling of what your muscle can do with the protein you give it.
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2. It's the intervention most consistently shown to blunt or partially reverse anabolic 
resistance itself, more activity and regular resistance loading are associated with a smaller age-
related gap in MPS response, while inactivity and disuse rapidly make the gap worse [2,3].

Practical guidance: 2–3 resistance sessions per week, targeting the major muscle groups, is the range 
most consistently recommended for adults 40 and older in consensus guidance [2,9]. If you're currently 
sedentary, starting any structured resistance training, even light-load, machine-based, or supervised 
sessions, produces a meaningful improvement in how your muscle responds to protein, independent of 
the exact dose you're eating [2,3].

Meal Timing and Distribution: What Actually Moves the Needle
Spreading protein across the day, rather than concentrating it into one or two big meals, does help. A 
study comparing feeding patterns over a 12-hour recovery period found that protein given in moderate 
~20 g doses every 3 hours produced a better cumulative muscle-building response than the same total 
protein split into two large ~40 g doses roughly 6 hours apart [4]. That's real evidence for spreading 
protein out,  it is not evidence that a single delayed meal after training causes a "catabolic crisis," and 
this specific comparison was done in young resistance-trained men, not older adults.

On the narrower question of pre-workout vs. post-workout timing specifically: an 8-week randomized 
trial in resistance-trained men found no significant difference in muscle or strength gained between 
protein taken immediately around a workout and the same protein taken three hours before and after 
[11]. A broader meta-analysis of trials directly comparing before-vs-after protein timing likewise found 
no meaningful effect on lean mass [12]. In both cases, total daily protein intake, not the clock, was 
what predicted the outcome.

None of this means timing is irrelevant. If you train fasted, or it's been many hours since your last 
protein-containing meal, eating soon afterward is a practical way to get amino acids circulating while 
your muscle is primed to use them. But if you ate a solid protein meal an hour or two before training, 
there's no research-backed reason to treat the post-workout window as urgent.

The 24-Hour Sensitization Window — Real, But Studied in 
Young Adults
A single bout of resistance exercise sensitizes muscle to respond more strongly to a subsequent protein 
meal for a period afterward. The clearest evidence for this, a heightened response to a protein feeding 
still measurable a full 24 hours later, comes from a study in 21-year-old men who trained to failure 
[13]. This has not been directly tested with the same rigor in older adults. A similar, likely smaller, 
effect is plausible given the general pattern of anabolic resistance, but stating it as an established fact 
for 65-year-olds specifically outruns the evidence currently available.

What's separately well established, across ages: a single meal's muscle-building response has a natural 
rise-and-fall shape. In young adults studied at rest, synthesis rises over the first 45–90 minutes after a 
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protein-rich meal, peaks around 90–120 minutes, and eases back toward baseline by roughly 3 hours, 
even while amino acids are still elevated in the blood [4]. That's the real basis for "don't go too long 
between meals", not a claim that synthesis stays "maximally elevated" for the full first 3 hours.

The Bottom Line
Muscle maintenance after 40 depends on hitting three targets together, not any single one perfectly: 
your daily protein total for your age and activity level, a leucine-adequate dose at each meal, and 
consistent resistance training. None of the three substitutes for the others.

• Hit your daily protein target from the table above, based on your age, weight, and activity/health 
status.

• Aim for a leucine-adequate protein dose at each meal, 25–30 g for most adults 40–74 who are 
active, 30–40 g if sedentary, post-workout, or 75+.

• Spread protein across 3–4 meals; don't go long stretches (many hours) without any.

• Train with resistance exercise 2–3 times a week. This is the lever with the strongest evidence 
behind it for keeping muscle responsive to the protein you're already eating.

• Getting protein in reasonably soon after training is a sound habit, especially if you trained 
fasted, but a shake that's an hour "late" is not undoing your workout.
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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 
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consult a healthcare provider before significantly increasing protein intake. The upper end of the ranges 
above should be used only under medical supervision, with regular monitoring of renal function [9,10].
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