The Leucine Threshold: Why Not All Protein
Portions Are Created Equal

What You Really Need to Know About Triggering Muscle Growth

You've heard it before: "Eat more protein to build muscle." But here's what most people get wrong:
how much protein you eat at one time matters just as much as how much you eat in a day. And the key
to understanding why is a single amino acid called leucine. Let's break this down so it actually makes
sense — whether you're 25, 55, or 75.

The Leucine Trigger: Your Muscle's "Wake-Up Call"

Imagine your muscles are asleep, waiting for permission to grow. That permission comes in the form of
a chemical signal called mTORCI1 activation [1]. And the trigger for this signal is leucine, one of nine
essential amino acids your body can't make on its own [2].

When you eat protein, your digestive system breaks it down into individual amino acids. Leucine enters
your bloodstream and activates mTORC1, prompting muscle protein synthesis (MPS) — the process of
building new muscle protein [1][2].

You need enough leucine to cross a threshold before this signal ramps up meaningfully. Below that
threshold, the rise in MPS is smaller. At and above it, MPS reaches close to its ceiling for that meal,
and additional leucine beyond that point is increasingly used for other things — including being burned
as fuel — rather than driving further muscle-building signal [3].

A commonly used analogy is a light switch: you don't get more light by flipping the switch harder. But
it's worth being precise about what "on" means here — this isn't a permanent state. The elevated MPS
response from a single meal is a temporary burst that fades within a few hours, even if amino acids are
still circulating [3]. We'll come back to why that matters.

The Threshold: A Different Number for Every Age

Here's the big picture before we break it down by age. Stable-isotope tracer studies — the gold-
standard method for measuring MPS directly in muscle tissue — show that the amount of protein and
leucine needed to near-maximize this response shifts upward with age, a phenomenon known as
anabolic resistance.

Age Group Protein per Meal Leucine per Meal Key Finding

<39yr ~20-25¢g ~20g Near-maximizes the
acute MPS response in
young adults; higher
single doses don't
further increase it [5].

40-59 yr ~25-30 g ~22-25g A reasonable, evidence-




Age Group Protein per Meal Leucine per Meal Key Finding

informed estimate for
the gradual decline in
anabolic sensitivity that
begins in midlife.*

> 60 yr ~30-40 g ~2.8-30¢g Restores the MPS
response toward
youthful levels by
overcoming age-related
anabolic resistance [6]

[4].

*A note on the 40-59 row, because it matters: almost all of the tracer research in this field studies
two groups — adults in their 20s—30s and adults in their 60s—80s. Very few studies have directly tested
a distinct midlife cohort [7]. The 25-30 g figure is a reasonable interpolation between the well-
established young-adult and older-adult numbers, not a number pulled from a dedicated midlife dose-
response study. Treat it as a sensible working target, not a precisely measured cutoff — and don't
expect a dramatic shift the day you turn 40.

Once these thresholds are reached, muscle enters what researchers call the "muscle-full" state: MPS has
risen about as much as it's going to for that meal, and it will return toward baseline within a few hours
regardless of how much more protein is sitting in your bloodstream [3].

Now let's look at what this actually means for each stage of life.

Young Adults (Under 40)

If you're under 40 and eating a meal with 20-25 grams of high-quality protein (like chicken, fish, eggs,
or Greek yogurt), you've reached the leucine threshold at that meal [5]. This amount delivers roughly 2
grams of leucine, which is enough to near-maximize the acute MPS response in resistance-trained
young adults [5].

What does "high-quality" mean? It's protein that contains all nine essential amino acids, with a
meaningful leucine content. Whey protein, eggs, chicken, and dairy are examples. Plant proteins are
often lower in digestible leucine relative to their total protein content, so a larger serving or a blend
(e.g., pea + rice) may be needed to deliver an equivalent amount [8]. That nuance is worth its own deep
dive on fortification strategies for plant-based eaters.

Practical takeaway: aim for the full 20—25 grams in one sitting to hit the threshold, then aim for another
20-25 gram portion at your next meal a few hours later to trigger a second MPS response. Spreading
25 grams thinly across the whole day means no single meal reaches the threshold [3][9].

Middle-Aged Adults (40-59 Years)

This is roughly when anabolic resistance starts to emerge — a gradual decline in how efficiently your
muscles respond to protein and exercise [10]. You're not "broken," but sensitivity is beginning to shift,



and as the note above explains, the exact numbers for this age band are a reasoned estimate rather than
a directly measured finding [7].

A reasonable target is 25-30 grams of high-quality protein per meal (~2.2-2.5 g leucine), aiming for
that amount at each of several meals rather than spread across the day.

Why distribution matters — the "dinner bolus" problem: if you eat 10 grams at breakfast, 12
grams at lunch, and 70 grams at dinner:

* Breakfast (10 g): Below threshold. Weak anabolic signal.
* Lunch (12 g): Below threshold. Same problem.

* Dinner (70 g): Above threshold — but only roughly the first 25-30 grams drives the acute MPS
response at that meal. The remainder is used to support other things the body needs protein for
(see below), rather than producing additional muscle-building signal at that sitting [3][9].

In a small controlled study, healthy adults who ate a roughly even ~30 g of protein at each of three
meals had 24-hour muscle protein synthesis about 25% higher than when the same total daily protein
was skewed toward one large evening meal (n = 8, so treat this as a well-designed but small first look,
not the final word) [9]. Consuming 25-30 grams at each of three meals is a more consistent way to
prompt the MPS response repeatedly through the day than one large bolus.

Older Adults (60+, Active)

If you're 60+ and exercise regularly (resistance training 2—3 times per week), your muscles tend to stay
more responsive to a given protein dose. You can generally aim for 25-30 grams per meal — regular
training appears to help you get a strong response at the lower end of the older-adult range rather than
needing the full 30—40 grams [10].

Older Adults (60+, Sedentary)

Here's where the threshold shifts more clearly. With reduced physical activity, muscle becomes less
sensitive to a given protein dose, and the evidence points to needing roughly 30—40 grams of high-
quality protein per meal — about 2.8-3.0 grams of leucine — to produce a comparable MPS response

[61(4].

For example, across three meals:
* Breakfast: 30-40 g protein (3 eggs + 1 cup Greek yogurt + toast % 38 g)
* Lunch: 30-40 g protein (5 oz grilled chicken + beans + rice # 35 g)
* Dinner: 30—40 g protein (6 oz baked cod + sweet potato ~ 38 g)

One directly relevant study found that in older men, 20 grams of whey protein was enough to raise
MPS above resting levels — but after resistance exercise, the response kept climbing when the dose
was doubled to 40 grams, indicating older, exercised muscle can use more protein per sitting than the
same muscle at rest [12]. This is a good illustration of why "one number for all situations"
oversimplifies things: rest vs. post-exercise state matters, not just age.



Uneven distribution compounds the problem in this group: 15 g at breakfast and 20 g at lunch each fall
well short of the higher threshold, producing little signal, while a large 80 g dinner only drives the
acute response up to roughly the first 30—40 grams — the rest goes toward other protein needs in the
body rather than additional muscle-building signal at that meal [3][9].

Frail or Very Elderly (75+)

At this stage, anabolic resistance is more pronounced, and the same 30—40 gram per-meal range as
sedentary 60+ adults generally applies. Adequate protein intake in this group supports the maintenance
of strength and muscle function, which in turn is one of several factors that contribute to physical
function and day-to-day capability [10][13] — though it's worth being clear that hitting a specific per-
meal gram target hasn't itself been directly tested against outcomes like falls or long-term
independence; the evidence here is at the level of the muscle protein synthesis response, not a
functional-outcomes trial.

Leucine-enriched supplements (whey protein blends or amino acid formulas) can be practical here,
since eating 30—40 grams of solid food in one sitting may be difficult with reduced appetite or
dysphagia [4][2]. Renal function should be monitored, especially with existing kidney disease, and any
meaningful increase in protein intake in this population is worth discussing with a healthcare provider
[2][13].

The "More Is Better" Myth — Mostly Busted

Here's something that surprises most people: in controlled studies, eating well beyond the threshold at a
single meal doesn't produce a bigger acute MPS response than hitting the threshold itself. In young
adults at rest, 40 grams of protein doesn't raise the acute MPS response further than 20 grams does [5].

It's worth being precise about what this does and doesn't mean. These are short tracer-study
measurements of a few hours' MPS response, not a proven statement about muscle built over months or
years — that longer-term relationship is harder to study directly and is less settled than the acute
finding. What we can say with more confidence: amino acids beyond what a single meal's MPS
response can use aren't wasted. They still serve real jobs — immune proteins, gut-lining maintenance,
plasma proteins like albumin, connective tissue, and normal nitrogen turnover — and any true excess is
oxidized for energy [3][9].

In older adults specifically, one study found that 40 grams of whey protein produced no greater MPS
response than 20 grams at rest, but after resistance exercise, the 40-gram dose did produce a larger
response than 20 grams [12]. So the "excess is wasted" framing is too simple — the useful ceiling
depends on whether you've just trained, not just on age.

The Real Insight: Hitting the Threshold at Multiple Meals

Your muscles can't "store" the anabolic signal from a single meal. The elevated MPS response lasts
roughly 2—3 hours after eating [3], after which it returns toward baseline — unless you're within the
extended post-exercise window discussed below.



Scenario 1 — Skewed distribution (most protein at dinner): 15 g breakfast, 20 g lunch, 80 g dinner.
Breakfast and lunch fall short of a meaningful signal; dinner drives one strong response, with the
remainder used for other purposes. Net result: roughly one strong MPS-triggering event across the day.

Scenario 2 — Distributed protein (threshold hit at each meal): 35 g breakfast, 32 g lunch, 35 g
dinner. Each meal independently reaches the threshold. Net result: up to three separate MPS-triggering
events across the day.

The small crossover study referenced above found evenly distributed protein produced meaningfully
higher 24-hour muscle protein synthesis than the same total protein skewed toward one meal [9]. It's a
single small study (n = 8), but it lines up with the acute per-meal mechanism described throughout this
article, which makes the distributed-meals strategy a reasonable, evidence-consistent approach even
though the long-term outcome data (muscle mass and strength over months to years) is thinner than the
short-term MPS data.

Exercise Changes Things

Resistance exercise extends the window during which muscle remains sensitive to protein. In young
men, a single bout of resistance training performed to failure enhanced the muscle's amino-acid
sensitivity for up to 24 hours afterward, using a modest, fixed protein dose in that study [11]. This is a
real and interesting finding, but two caveats are worth keeping in mind: it was demonstrated in young
men, with exercise taken to failure and a single dose size — so treat "up to 24 hours, for everyone, at
any dose" as a reasonable extrapolation rather than something tested across every age group and
training style discussed above.

Practically, this means:

» Eating protein before exercise can help prime the signal and supply amino acids during the
workout.

» Eating immediately after captures peak post-exercise sensitivity.

» FEating a threshold-hitting meal several hours after training may still produce a better response
than the same meal on a non-training day.

For example: 7 AM breakfast (30 g protein) — 10 AM resistance training — 12:30 PM lunch (35 g,
within the extended window) — 6 PM dinner (35 g). This concentrates two of your three threshold-
hitting meals during a period when muscle is likely more receptive.

Your Practical Action Plan

Under 40 and active
e 20-25 g protein per meal (whey, eggs, chicken, fish, Greek yogurt)
* Example: 25 g breakfast, 22 g lunch, 28 g dinner
* Daily total: ~1.0-1.2 g/kg for general health, up to ~1.6 g/kg for hypertrophy goals



* Distribute across 3—4 meals, each independently hitting the threshold
40-59

* 25-30 g protein per meal (a reasonable estimate — see note above)

* Example: 28 g breakfast, 26 g lunch, 29 g dinner

* Daily total: ~1.2-1.4 g/kg

* Maintain 2+ resistance training sessions weekly
60+, active

* 25-30 g protein per meal (regular training helps you get by on the lower end of the older-adult
range)

* Example: 27 g breakfast, 28 g lunch, 30 g dinner

* Daily total: ~1.2-1.6 g/kg

* Resistance training 2—3x weekly
60+, sedentary

* 30-40 g protein per meal (protein shakes can help if solid food volume is difficult)

* Example: 35 g breakfast, 33 g lunch, 36 g dinner

* Daily total: ~1.4-2.0 g/kg

» Starting even gentle resistance training may improve your muscles' responsiveness over time
75+ or frail

* 30-40 g protein per meal (protein shakes or leucine-enriched formulas if solid food is difficult)

* Example: 35 g breakfast (shake), 32 g lunch, 38 g dinner

* Daily total: ~1.4-2.0 g/kg

* Work with a healthcare provider, especially to monitor renal function at higher intakes

The Bottom Line

The leucine threshold isn't complicated once you understand it: your body needs a certain amount of
protein at a given meal to meaningfully activate muscle protein synthesis, and that amount tends to rise
with age and inactivity. Eating well beyond that amount at a single sitting doesn't produce a bigger
response at that meal — the protein isn't wasted, but it isn't driving extra muscle-building signal either.
The practical opportunity is in hitting your target at multiple meals across the day, and pairing that with
regular resistance training, which is consistently one of the best-supported ways to maintain muscle as
you age.

Start where you are, be consistent, and adjust as you learn what works for your body.
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