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​ABSTRACT​
​For​ ​a​ ​lot​ ​of​ ​us,​ ​we​ ​assumed​ ​the​ ​protein​ ​question​​was​​simple:​​eat​​enough​​and​​the​​muscle​​would​​take​​care​​of​
​itself.​​I​​did.​​The​​research​​on​​aging​​muscle​​now​​says​​otherwise,​​and​​it​​says​​so​​with​​two​​numbers​​that​​are​​easy​​to​
​confuse.​​The​​first​​is​​the​​daily​​leucine​​requirement.​​Szwiega​​and​​colleagues​​(2021)​​fed​​healthy​​adults​​over​​sixty​
​a​ ​wide​ ​range​ ​of​ ​leucine​ ​intakes,​ ​from​ ​20​​to​​120​​mg/kg/day,​​and​​measured​​the​​point​​where​​the​​body​​stopped​
​putting​ ​more​ ​of​ ​it​ ​to​ ​use.​ ​They​​found​​a​​mean​​requirement​​of​​78.5​​mg/kg/day​​in​​adults​​over​​sixty,​​more​​than​
​twice​ ​the​ ​33.6​ ​mg/kg/day​ ​mean​ ​requirement​ ​subsequently​ ​measured​ ​in​ ​healthy​ ​young​ ​adult​ ​males​​using​​the​
​same​ ​indicator​ ​amino​ ​acid​ ​oxidation​ ​method​​(Szwiega​​et​​al.,​​2024).​​The​​corresponding​​upper​​95%​​estimates​
​were​​approximately​​81​​and​​41​​mg/kg/day,​​respectively.​​The​​second​​number​​is​​the​​per-meal​​leucine​​target,​​the​
​amount​ ​at​ ​a​ ​single​ ​sitting​ ​needed​ ​to​ ​switch​ ​on​ ​muscle​ ​protein​ ​synthesis.​ ​Katsanos​ ​and​ ​colleagues​ ​(2006)​
​showed​​that​​older​​muscle​​ignores​​a​​small​​leucine​​dose​​that​​younger​​muscle​​responds​​to,​​and​​needs​​closer​​to​​2.5​
​to​ ​3​ ​g​ ​of​ ​leucine​ ​in​ ​a​ ​meal​ ​before​ ​it​ ​responds.​ ​In​ ​this​ ​paper​ ​I​ ​set​ ​these​ ​two​ ​findings​ ​side​ ​by​ ​side,​ ​then​ ​do​
​something​​the​​source​​studies​​do​​not​​do:​​I​​build​​a​​practical​​decade​​by​​decade​​table,​​from​​the​​twenties​​into​​the​
​eighties,​ ​separate​ ​ordinary​ ​adults​ ​from​​people​​who​​lift,​​and​​add​​supplement​​ranges​​for​​those​​whose​​diets​​fall​
​short,​​vegans​​and​​vegetarians​​in​​particular.​​Where​​the​​table​​rests​​on​​direct​​measurement​​and​​where​​it​​rests​​on​
​reasoned​​interpolation​​is​​marked​​throughout.​​A​​supporting​​role​​for​​B-vitamin​​sufficiency​​under​​a​​higher-protein​
​load is also set out, and the limits a careful reader should keep in mind are stated at the close.​
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​1. Introduction: the question behind the question​
​Diet​ ​advice​ ​keeps​ ​changing,​ ​and​ ​the​ ​muscle​ ​question​ ​is​ ​a​ ​good​ ​example​ ​of​ ​why.​ ​What​ ​is​ ​the​ ​optimal​
​protein​​intake​​for​​health,​​strength,​​and​​longevity​​as​​we​​age?​​Ever​​notice​​how​​older​​people​​tend​​to​​almost​
​wither​ ​and​ ​waste​​away?​​That​​process​​is​​called​​sarcopenia.​​Sarcopenia​​is​​the​​progressive​​loss​​of​​skeletal​
​muscle​ ​mass,​ ​strength,​ ​and​ ​function​ ​that​ ​accompanies​ ​aging.​ ​Its​ ​causes​ ​are​ ​multifactorial​ ​and​ ​include​
​reduced​ ​physical​ ​activity,​ ​changes​ ​in​ ​hormonal​ ​and​ ​neuromuscular​ ​function,​​and​​a​​diminished​​anabolic​
​response​ ​to​ ​dietary​ ​protein.​ ​One​ ​important​ ​part​ ​of​ ​that​ ​reduced​ ​response​ ​is​ ​anabolic​ ​resistance:​ ​older​
​muscle​ ​becomes​ ​less​ ​sensitive​ ​to​ ​the​ ​amino-acid​ ​signal​ ​produced​ ​by​ ​a​ ​meal,​ ​meaning​ ​that​ ​the​ ​same​
​amount​​of​​dietary​​protein​​can​​stimulate​​less​​muscle​​protein​​synthesis​​in​​an​​older​​adult​​than​​in​​a​​younger​
​one.​ ​Leucine​ ​is​ ​especially​ ​relevant​ ​because​ ​it​ ​plays​ ​a​ ​central​ ​signaling​​role​​in​​initiating​​muscle​​protein​
​synthesis.​

​When​​it​​comes​​to​​working​​out,​​you​​ask​​how​​much,​​you​​hit​​a​​number,​​and​​you​​move​​on.​​The​​anti-aging​
​and​​muscle​​literature​​has​​taught​​anyone​​over​​fifty​​that​​protein​​alone​​is​​the​​key​​to​​muscle​​growth.​​But​​was​
​this​ ​the​ ​wrong​​answer​​to​​a​​simple​​question?​​The​​better​​question​​is​​how​​much​​leucine​​is​​in​​the​​diet,​​and​
​this​​has​​two​​halves:​​how​​much​​leucine​​over​​the​​day,​​and​​how​​much​​leucine​​in​​each​​meal.​​Those​​are​​not​
​the same question, and mixing them up is where a lot of well-meaning advice goes wrong.​

​The​ ​reason​ ​leucine​ ​matters​ ​so​ ​much​ ​is​ ​a​ ​pair​ ​of​ ​facts​ ​about​ ​older​ ​muscle.​ ​As​ ​we​ ​age​ ​we​ ​tend​ ​to​ ​lose​
​muscle​ ​steadily,​ ​a​ ​process​ ​called​ ​sarcopenia,​ ​and​ ​at​ ​the​ ​same​ ​time​ ​our​ ​muscle​ ​becomes​ ​harder​ ​to​
​stimulate,​​a​​blunting​​of​​the​​building​​response​​that​​researchers​​call​​anabolic​​resistance​​(Cuthbertson​​et​​al.,​
​2005).​
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​Put​ ​simply,​ ​the​ ​same​ ​plate​ ​of​ ​food​ ​that​ ​would​ ​have​ ​grown​ ​muscle​ ​at​ ​twenty-five​ ​does​ ​less​ ​at​​seventy.​
​Leucine,​​one​​of​​the​​three​​branched-chain​​amino​​acids,​​sits​​at​​the​​center​​of​​this​​because​​it​​is​​the​​amino​​acid​
​that​​flips​​the​​molecular​​switch​​for​​muscle​​protein​​synthesis.​​When​​the​​leucine​​signal​​is​​loud​​enough,​​the​
​machinery turns on. When it is too quiet, the meal passes with little to show for it.​

​My​​aim​​in​​this​​paper​​is​​practical.​​I​​take​​the​​two​​best-anchored​​findings​​in​​this​​area,​​lay​​them​​next​​to​​each​
​other​​so​​the​​difference​​between​​them​​is​​clear,​​and​​then​​build​​the​​thing​​the​​studies​​themselves​​stop​​short​​of​
​building:​ ​a​ ​decade​ ​by​ ​decade​ ​guide,​ ​from​ ​the​ ​twenties​ ​into​ ​the​ ​eighties,​ ​that​ ​separates​ ​ordinary​ ​adults​
​from​​people​​who​​train​​with​​weights,​​and​​that​​tells​​the​​reader​​roughly​​how​​much​​to​​aim​​for​​from​​food​​and​
​where​​a​​supplement​​makes​​sense.​​I​​include​​a​​chart,​​a​​diagram,​​and​​a​​set​​of​​tables​​so​​that​​the​​guide​​can​​be​
​read​ ​at​ ​a​ ​glance.​ ​I​ ​also​ ​mark​ ​plainly​ ​which​ ​parts​ ​of​ ​the​ ​guide​ ​are​ ​measured​ ​and​ ​which​ ​are​ ​my​ ​own​
​reasoned interpolation, because I would rather the reader trust the honest version than the tidy one.​

​2. Two numbers that are easy to confuse​

​2.1  The daily requirement​
​The​ ​most​ ​direct​ ​study​ ​of​ ​how​ ​much​ ​leucine​ ​older​ ​adults​ ​need​ ​over​ ​a​ ​day​ ​is​ ​Szwiega​ ​et​ ​al.​ ​(2021),​
​published​​in​​the​​American​​Journal​​of​​Clinical​​Nutrition.​​They​​studied​​sixteen​​healthy​​adults​​over​​the​​age​
​of​ ​sixty,​ ​seven​ ​men​ ​and​ ​nine​ ​women,​ ​and​ ​fed​ ​them​​leucine​​intakes​​ranging​​from​​20​​to​​120​​mg/kg/day.​
​Using​​the​​indicator​​amino​​acid​​oxidation​​method,​​a​​stable-isotope​​technique​​that​​reads​​the​​point​​at​​which​
​the body stops putting added leucine to use, they located the requirement with unusual precision.​

​The​​result​​was​​striking.​​The​​breakpoint​​came​​at​​77.8​​mg/kg/day​​for​​the​​men​​and​​78.2​​mg/kg/day​​for​​the​
​women,​ ​with​ ​no​ ​meaningful​ ​difference​ ​between​ ​the​ ​sexes​ ​once​ ​body​ ​weight​ ​was​​accounted​​for,​​so​​the​
​data​ ​were​ ​combined​ ​to​​give​​a​​mean​​requirement​​of​​78.5​​mg/kg/day​​and​​an​​upper​​95%​​estimate​​near​​81​
​mg/kg/day.​

​The​​age​​contrast​​became​​even​​clearer​​when​​Szwiega​​et​​al.​​(2024)​​applied​​the​​same​​indicator​​amino​​acid​
​oxidation​ ​approach​ ​in​ ​healthy​ ​young​ ​adult​ ​males.​ ​They​ ​found​ ​a​ ​mean​ ​leucine​ ​requirement​ ​of​ ​33.6​
​mg/kg/day,​​with​​an​​upper​​95%​​estimate​​near​​41​​mg/kg/day.​​Compared​​with​​the​​older-adult​​values​​of​​78.5​
​and​​81​​mg/kg/day,​​respectively,​​the​​mean​​requirement​​was​​therefore​​more​​than​​twice​​as​​high​​in​​the​​older​
​group.​​This​​gives​​us​​two​​clean,​​like-for-like​​anchors​​measured​​by​​the​​same​​method:​​a​​young​​mean​​of​​33.6​
​rising​​to​​an​​older​​mean​​of​​78.5,​​and​​a​​young​​upper-95%​​value​​of​​41​​rising​​to​​an​​older​​upper-95%​​value​​of​
​81.​

​Turning​ ​the​ ​mean​ ​into​ ​everyday​ ​terms,​ ​at​ ​78.5​ ​mg/kg/day​ ​the​ ​daily​ ​target​ ​scales​ ​with​ ​body​ ​weight​ ​as​
​shown​​in​​Table​​1.​​A​​person​​of​​average​​size​​is​​looking​​at​​something​​in​​the​​range​​of​​5​​to​​8​​g​​of​​leucine​​a​
​day to approximate the measured mean requirement.​

​Table 1.​​Daily leucine target by body weight, at the​​measured mean of 78.5 mg/kg/day.​

​Body weight (lb / kg)​ ​Daily leucine at 78.5 mg/kg/day (g)​

​132 lb / 60 kg​ ​4.7​

​154 lb / 70 kg​ ​5.5​

​176 lb / 80 kg​ ​6.3​

​198 lb / 90 kg​ ​7.1​

​220 lb / 100 kg​ ​7.9​

​The​ ​authors​ ​were​ ​careful​ ​not​ ​to​ ​argue​​for​​stuffing​​older​​people​​with​​protein.​​Their​​own​​suggestion​​was​
​that​ ​reaching​ ​this​ ​leucine​ ​target​ ​usually​ ​means​ ​about​ ​1.0​ ​to​​1.2​​g/kg/day​​of​​high-quality​​protein​​spread​
​through​​the​​day,​​or​​a​​leucine​​supplement​​taken​​with​​meals,​​and​​they​​singled​​out​​those​​on​​plant-based​​diets​
​as​​the​​group​​most​​likely​​to​​fall​​short.​​That​​caveat​​turns​​out​​to​​matter​​a​​great​​deal,​​and​​we​​will​​return​​to​​it​
​in Section 5.​



​2.2  The per-meal threshold​
​The​ ​daily​ ​floor​ ​is​ ​only​ ​half​​the​​story.​​The​​other​​half​​is​​what​​happens​​at​​a​​single​​meal,​​and​​here​​the​​key​
​experiment​​is​​Katsanos​​et​​al.​​(2006).​​Older​​and​​younger​​adults​​were​​given​​6.7​​g​​of​​essential​​amino​​acids​
​in​​one​​of​​two​​blends.​​One​​blend​​was​​26%​​leucine,​​about​​1.7​​g​​of​​leucine,​​and​​the​​other​​was​​41%​​leucine,​
​about​​2.8​​g.​​In​​the​​young,​​both​​blends​​stimulated​​muscle​​protein​​synthesis.​​In​​the​​older​​adults​​the​​roughly​
​1.7​​g​​dose​​did​​essentially​​nothing,​​while​​the​​roughly​​2.8​​g​​dose​​restored​​the​​response.​​The​​difference​​was​
​not the total amino acids, which were identical. The difference was the size of the leucine signal.​

​Here,​​anabolic​​resistance​​becomes​​easy​​to​​see.​​Older​​muscle​​has​​a​​higher​​bar​​to​​clear,​​and​​leucine​​is​​what​
​clears​​it.​​A​​systematic​​review​​by​​Zaromskyte​​et​​al.​​(2021)​​found​​the​​same​​pattern​​across​​the​​literature:​​the​
​idea​​that​​leucine​​acts​​as​​a​​trigger​​for​​muscle​​protein​​synthesis​​was​​supported​​in​​thirteen​​of​​twenty​​study​
​arms​ ​in​ ​older​​adults​​but​​in​​only​​three​​of​​ten​​arms​​in​​the​​young,​​exactly​​what​​you​​would​​expect​​if​​aging​
​muscle​ ​needs​​a​​louder​​leucine​​signal​​to​​respond.​​This​​is​​where​​the​​commonly​​cited​​older-adult​​target​​of​
​about​ ​2.5​ ​to​ ​3.0​ ​g​ ​of​ ​leucine​ ​per​ ​meal​ ​comes​ ​from.​ ​Figure​ ​1​ ​below​ ​shows​ ​the​ ​concept:​ ​with​ ​age​ ​the​
​dose-response​ ​curve​ ​shifts​ ​to​ ​the​ ​right,​ ​so​ ​the​ ​same​​meal​​that​​was​​plenty​​at​​thirty​​falls​​under​​the​​bar​​at​
​seventy.​

​Figure 1.​​A schematic of the leucine practical target. Older muscle needs a larger per-meal leucine dose to reach​
​the same building response. The curves illustrate the concept and are not fitted from a single study.​

​2.3  Why both numbers matter​
​Here​​is​​the​​distinction​​I​​want​​to​​nail​​down,​​because​​it​​is​​the​​heart​​of​​the​​paper.​​The​​78.5​​mg/kg/day​​figure​
​is​ ​the​ ​estimated​ ​mean​ ​daily​ ​requirement,​ ​while​ ​the​ ​approximately​ ​81​ ​mg/kg/day​ ​upper-95%​ ​value​
​provides​ ​the​ ​more​ ​conservative​ ​reference​ ​point.​ ​The​ ​2.5​ ​to​ ​3​ ​g​ ​per​ ​meal​ ​figure​ ​is​ ​a​ ​per-meal​​anabolic​
​target,​ ​the​ ​signal​ ​size​ ​needed​ ​at​ ​one​ ​sitting​ ​to​ ​actually​ ​build.​ ​They​ ​can​ ​pull​ ​in​ ​different​ ​directions.​ ​A​
​person​ ​could​ ​scrape​ ​past​ ​the​ ​daily​ ​floor​ ​and​ ​still​ ​miss​ ​the​ ​threshold​ ​at​ ​every​ ​meal​​by​​eating​​small​​and​
​spreading​ ​thin,​ ​in​ ​which​ ​case​ ​the​ ​leucine​ ​is​ ​adequate​ ​on​ ​paper​ ​but​ ​rarely​​loud​​enough​​to​​build.​​Just​​as​
​easily,​​a​​person​​who​​aims​​to​​clear​​the​​per-meal​​target​​at​​three​​or​​four​​meals​​will​​comfortably​​exceed​​the​
​daily​​floor.​​So​​an​​older​​adult​​might​​physiologically​​require​​only​​6​​to​​7​​g​​of​​leucine​​a​​day​​by​​body​​weight,​
​yet​ ​if​ ​the​ ​goal​ ​is​ ​to​ ​build​ ​and​ ​hold​ ​muscle​ ​rather​ ​than​ ​merely​ ​avoid​ ​deficiency,​​spreading​​high-quality​
​protein​​across​​the​​day​​to​​land​​around​​2.5​​to​​3​​g​​of​​leucine​​at​​each​​of​​three​​meals,​​which​​totals​​closer​​to​​7.5​
​to 9 g, is the more useful way to think about it.​



​Two​ ​practical​ ​points​ ​follow.​ ​First,​ ​the​ ​muscle​ ​building​ ​response​ ​to​ ​a​ ​meal​ ​lasts​​only​​a​​couple​​of​​hours​
​before​​it​​settles​​back​​down,​​so​​meals​​spaced​​through​​the​​day​​give​​more​​separate​​chances​​to​​build​​than​​the​
​same​​protein​​piled​​into​​one​​sitting.​​Figure​​2​​makes​​the​​point​​with​​a​​simple​​example.​​Second,​​none​​of​​this​
​replaces​ ​total​ ​daily​ ​protein,​ ​which​ ​still​ ​does​ ​most​ ​of​ ​the​ ​work.​ ​For​ ​older​ ​adults​ ​generally,​ ​the​ ​protein​
​intake​ ​that​ ​supports​ ​the​ ​leucine​ ​targets​ ​set​ ​out​ ​here​ ​sits​ ​in​ ​the​ ​range​ ​of​ ​roughly​ ​1.0​ ​to​ ​1.2​​g/kg/day​​of​
​high-quality​ ​protein​ ​spread​ ​across​ ​the​ ​day​​(Szwiega​​et​​al.,​​2021),​​with​​position​​papers​​on​​aging​​muscle​
​placing​​the​​recommended​​range​​somewhat​​higher,​​around​​1.0​​to​​1.2​​g/kg/day​​for​​healthy​​older​​adults​​and​
​1.2 to 1.5 g/kg/day for those who are ill or actively building (Bauer et al., 2013).​

​The​ ​higher​ ​figure​ ​of​ ​about​ ​1.6​​g/kg/day​​and​​up​​belongs​​specifically​​to​​the​​sports-nutrition​​literature​​for​
​active,​ ​resistance-trained​ ​people​ ​(Jäger​ ​et​ ​al.,​ ​2017),​ ​not​ ​to​ ​older​ ​adults​ ​as​ ​a​ ​whole.​ ​The​ ​per-meal​
​threshold is a lens for arranging that protein well, not a substitute for eating enough of it.​

​Figure 2.​​The same daily leucine, arranged two ways, for a general adult in the 60 to 69 band. Stacking it clears the​
​per-meal practical target at one meal; spreading it clears the threshold at all three.​

​3. The gap: no map from decade to decade​
​For​ ​all​ ​the​ ​good​ ​work​ ​above,​ ​the​ ​literature​ ​does​ ​not​ ​hand​ ​us​ ​what​ ​a​ ​reader​ ​actually​ ​wants,​ ​which​ ​is​​a​
​simple​​progression​​of​​the​​form​​take​​this​​much​​in​​your​​forties,​​this​​much​​in​​your​​fifties,​​this​​much​​in​​your​
​seventies.​​What​​it​​gives​​instead​​are​​anchor​​points.​​We​​have​​a​​directly​​measured​​young-adult​​value​​and​​a​
​directly​​measured​​value​​for​​adults​​over​​sixty,​​both​​from​​the​​same​​method,​​and​​we​​have​​a​​well-supported​
​claim that the per-meal target rises with age. Between and beyond those anchors the ground is thinner.​

​So​ ​I​​will​​be​​plain​​about​​the​​method.​​I​​treat​​the​​directly​​measured​​young-adult​​values​​of​​33.6​​mg/kg/day​
​for​​the​​mean​​requirement​​and​​approximately​​41​​mg/kg/day​​for​​the​​upper​​95%​​estimate​​as​​the​​lower​​daily​
​anchors.​​The​​corresponding​​older-adult​​values​​of​​78.5​​and​​approximately​​81​​mg/kg/day​​provide​​the​​upper​
​daily​ ​anchors.​ ​The​ ​forties​ ​and​ ​fifties​ ​are​ ​filled​ ​by​ ​graded​ ​interpolation​ ​between​ ​these​ ​measurements,​
​divided​ ​evenly​ ​across​ ​the​ ​three​ ​steps​ ​from​ ​the​ ​young​​anchor​​to​​the​​older​​one,​​since​​anabolic​​resistance​
​builds​​gradually​​rather​​than​​switching​​on​​at​​a​​birthday.​​The​​daily​​values​​beyond​​sixty-nine​​are​​held​​at​​the​
​older-adult​ ​anchor​ ​rather​ ​than​ ​pushed​ ​higher,​ ​because​ ​direct​​age-specific​​requirement​​data​​in​​the​​oldest​
​decades​ ​remain​ ​sparse;​ ​only​​the​​per-meal​​targets​​carry​​a​​further​​extrapolated​​rise.​​The​​result,​​in​​Table​​2​
​and​​Figures​​3​​and​​4,​​is​​a​​planning​​tool​​built​​on​​measured​​anchors,​​not​​a​​measured​​dose-response​​for​​each​
​individual​ ​decade.​ ​I​​would​​ask​​the​​reader​​to​​use​​it​​as​​a​​starting​​map​​and​​adjust​​to​​the​​person​​in​​front​​of​
​them.​



​4. A decade-by-decade framework​
​Table 2.​​A practical leucine framework by decade. Daily mean-requirement and upper-95% values are anchored to​
​the young-adult measurements of Szwiega et al. (2024) and the older-adult measurements of Szwiega et al. (2021).​
​Values for ages 40 to 59 are linear interpolations between those anchors. Daily values above age 70 are held at the​
​older-adult anchor because direct age-specific requirement data are sparse. Per-meal values are practical anabolic​
​targets anchored to the older-adult response demonstrated by Katsanos et al. (2006); resistance-trained values are​

​practical targets rather than separately measured physiological requirements.​

​Age band​
​(yr)​

​Daily leucine​
​mean​

​(mg/kg/day)​

​Daily upper​
​95%​

​(mg/kg/day)​

​Per meal,​
​general (g)​

​Per meal,​
​resistance-tr​

​ained (g)​

​Basis​

​20 to 39​ ​33.6​ ​41.0​ ​2.0​ ​2.5​ ​Young-adult daily anchor,​
​measured (Szwiega et al., 2024)​

​40 to 49​ ​48.6​ ​54.3​ ​2.2​ ​2.7​ ​Interpolated​

​50 to 59​ ​63.5​ ​67.7​ ​2.5​ ​3.0​ ​Interpolated​

​60 to 69​ ​78.5​ ​81.0​ ​2.8​ ​3.2​ ​Older-adult daily anchor (Szwiega​
​et al., 2021); per-meal anchor from​

​Katsanos et al. (2006)​

​70 to 79​ ​78.5​ ​81.0​ ​3.0​ ​3.3​ ​Daily value held at older-adult​
​anchor; per-meal target​

​extrapolated​

​80+​ ​78.5​ ​81.0​ ​3.0​ ​3.3​ ​Daily value held at older-adult​
​anchor; per-meal target​

​extrapolated​

​Figure 3.​​Daily leucine target by decade, plotted as the mean requirement against the upper 95% value. The​
​outlined bars show the measured older-adult anchor mapped to the 60 to 69 band for this framework. Daily values​

​are held flat beyond age 70 because direct age-specific requirement data are sparse.​



​Figure 4.​​Per-meal leucine practical target by decade, with the common older-adult target band of 2.5 to 3.0 g shaded.​

​4.1  Reading the table​
​The​ ​two​ ​halves​ ​of​ ​the​ ​table​ ​answer​ ​the​​two​​questions​​from​​Section​​2.​​The​​mean​​column​​represents​​the​
​estimated​​central​​requirement,​​while​​the​​upper-95%​​column​​gives​​the​​upper​​confidence​​bound​​and​​serves​
​as​​the​​more​​conservative​​value​​in​​this​​framework.​​The​​per-meal​​columns​​tell​​you​​the​​signal​​to​​aim​​for​​at​
​each​ ​sitting.​ ​For​​most​​people​​the​​per-meal​​columns​​are​​the​​more​​useful​​of​​the​​two,​​because​​if​​you​​clear​
​the​​target​​at​​three​​or​​four​​meals​​the​​daily​​total​​tends​​to​​look​​after​​itself.​​The​​daily​​columns​​are​​best​​read​​as​
​a floor to stay above, not a ceiling to stop at.​

​4.2  Lifters need more, at every age​
​Anyone​ ​who​ ​trains​ ​with​​weights​​sits​​in​​a​​different​​place​​on​​this​​table​​than​​a​​sedentary​​peer​​of​​the​​same​
​age,​​which​​is​​why​​I​​gave​​resistance-trained​​readers​​their​​own​​per-meal​​column.​​I​​want​​to​​be​​careful​​about​
​what​ ​that​ ​column​ ​is​ ​and​ ​is​ ​not.​ ​I​ ​have​ ​deliberately​ ​not​ ​given​​lifters​​a​​separate​​daily​​mg/kg/day​​leucine​
​column,​ ​because​ ​a​ ​defensible​ ​daily​ ​figure​ ​for​ ​trained​ ​people​ ​does​ ​not​ ​fall​ ​cleanly​ ​out​ ​of​​the​​measured​
​requirement​ ​data.​ ​The​ ​sports-nutrition​ ​consensus​ ​sets​ ​total​ ​protein​ ​around​ ​1.4​ ​to​ ​2.0​ ​g/kg/day​ ​with​
​roughly​​20​​to​​40​​g​​of​​protein​​per​​feeding​​distributed​​across​​the​​day​​(Jäger​​et​​al.,​​2017);​​at​​the​​paper's​​own​
​assumption​​that​​leucine​​is​​about​​eight​​percent​​of​​dietary​​protein,​​that​​protein​​range​​corresponds​​to​​a​​very​
​high​​leucine​​intake,​​well​​above​​the​​measured​​requirement,​​and​​it​​reflects​​a​​training​​and​​total-protein​​target​
​rather​ ​than​ ​a​ ​dose-finding​ ​requirement.​ ​Rather​ ​than​ ​present​ ​an​ ​unsupported​ ​daily​ ​number,​ ​I​ ​keep​ ​the​
​resistance-trained​ ​figures​ ​as​ ​per-meal​ ​practical​ ​targets​ ​only.​ ​Two​ ​things​ ​justify​ ​a​ ​higher​ ​per-meal​ ​aim:​
​training​​raises​​the​​protein​​that​​supports​​recovery​​and​​growth,​​and​​it​​leaves​​muscle​​primed​​to​​respond​​for​
​many​​hours​​afterward,​​so​​each​​meal​​counts​​more.​​The​​practical​​advice​​for​​a​​lifter​​of​​any​​age​​is​​to​​aim​​at​
​the​ ​upper​ ​end​ ​of​ ​the​ ​per-meal​ ​leucine​ ​band​ ​and​ ​to​ ​keep​ ​total​ ​protein​ ​toward​ ​the​ ​higher​ ​end​ ​of​ ​the​
​sports-nutrition​ ​range.​ ​These​ ​per-meal​ ​values​ ​are​ ​sensible​ ​practical​ ​targets,​ ​not​ ​separately​ ​measured​
​physiological​ ​requirements,​ ​because​ ​the​ ​clean​ ​dose-finding​ ​studies​ ​were​ ​done​ ​in​ ​ordinary​ ​adults.​ ​A​
​seventy-year-old​​who​​lifts​​should​​treat​​the​​3.3​​g​​per-meal​​figure​​as​​a​​goal​​to​​reach​​at​​each​​main​​meal,​​not​
​a limit.​

​5. Getting there from food, and where supplements fit​

​5.1  Leucine on the plate​
​Leucine​​makes​​up​​roughly​​eight​​percent​​of​​the​​protein​​in​​a​​mixed​​diet,​​which​​gives​​a​​quick​​rule:​​a​​meal​
​with​ ​about​ ​30​ ​g​ ​of​ ​good​ ​protein​ ​carries​ ​somewhere​ ​near​ ​2.4​ ​g​ ​of​ ​leucine,​ ​just​ ​about​​at​​the​​older-adult​
​threshold.​​Table​​3​​puts​​numbers​​on​​common​​foods.​​The​​pattern​​is​​worth​​absorbing.​​At​​these​​serving​​sizes,​
​whey​ ​isolate​ ​reaches​ ​the​ ​lower​ ​end​​of​​the​​older-adult​​target,​​while​​many​​single​​servings​​of​​meat,​​dairy,​
​eggs,​ ​and​ ​plant​ ​foods​ ​fall​ ​somewhat​ ​short.​ ​Larger​ ​portions​ ​or​ ​combinations​ ​of​ ​protein​ ​sources​ ​may​
​therefore​​be​​needed​​to​​reach​​approximately​​2.5​​to​​3.0​​g​​of​​leucine​​in​​a​​meal.​​A​​single​​plant​​serving,​​a​​cup​
​of​ ​lentils​ ​or​ ​beans​ ​or​ ​a​ ​block​ ​of​ ​tofu,​ ​lands​ ​lower​ ​still.​ ​That​ ​is​ ​not​​an​​argument​​against​​plants;​​it​​is​​an​
​argument for portion size and for combining sources, which is the subject of the next two sections.​



​Table 3​​. Approximate leucine content of common foods. Values are rounded and will vary by product and preparation.​

​Food (typical serving)​ ​Protein (g)​ ​Leucine (g)​

​Whey isolate, 1 scoop (25 g protein)​ ​25​ ​2.7​

​Chicken breast, cooked, 3.5 oz (100 g)​ ​31​ ​2.3​

​Lean beef, cooked, 3.5 oz (100 g)​ ​26​ ​2.1​

​Salmon, cooked, 3.5 oz (100 g)​ ​25​ ​1.9​

​Greek yogurt, plain, 200 g​ ​20​ ​2.0​

​Eggs, 3 large​ ​18​ ​1.5​

​Milk, 1 cup (240 ml)​ ​8​ ​0.8​

​Soy protein isolate, 1 scoop​ ​25​ ​2.0​

​Firm tofu, 150 g​ ​17​ ​1.3​

​Lentils, cooked, 1 cup (198 g)​ ​18​ ​1.3​

​Black beans, cooked, 1 cup​ ​15​ ​1.2​

​Quinoa, cooked, 1 cup​ ​8​ ​0.5​

​5.2 The plant-based challenge​
​Plant​ ​proteins​ ​are​ ​not​ ​simply​ ​weaker​ ​versions​ ​of​ ​animal​ ​proteins,​ ​but​​on​​average​​they​​carry​​less​​of​​the​
​essential​​amino​​acids​​per​​gram​​and,​​importantly​​here,​​less​​leucine,​​and​​they​​are​​often​​lower​​in​​lysine​​and​
​methionine​ ​as​ ​well​ ​(Gorissen​ ​et​ ​al.,​ ​2018).​ ​Leucine​ ​content​ ​across​ ​plant​ ​isolates​ ​ranges​ ​widely,​ ​from​
​around​​five​​percent​​in​​hemp​​to​​over​​thirteen​​percent​​in​​corn​​protein,​​against​​about​​nine​​percent​​for​​milk.​
​The​ ​practical​ ​consequences​ ​are​ ​manageable.​ ​A​ ​vegan​ ​or​ ​vegetarian​ ​who​ ​wants​ ​to​ ​clear​ ​the​ ​per-meal​
​threshold​ ​can​ ​eat​ ​a​ ​somewhat​ ​larger​ ​portion​ ​of​ ​protein,​ ​combine​ ​complementary​ ​sources​ ​so​ ​the​​amino​
​acid​ ​profile​ ​fills​ ​out,​ ​a​ ​common​ ​example​ ​being​ ​rice​ ​with​ ​pea​ ​protein,​ ​or​ ​add​ ​leucine​ ​directly.​​Soy​​is​​a​
​staple​ ​for​ ​many​ ​vegans​ ​and​ ​vegetarians,​ ​but​ ​raw​ ​soybean​ ​contains​ ​two​ ​major​ ​protease​ ​inhibitors,​
​particularly​​the​​Kunitz​​trypsin​​inhibitor​​(KTI)​​and​​the​​Bowman-Birk​​inhibitor​​(BBI),​​which​​together​​are​
​the​ ​principal​ ​antinutritional​​factors​​of​​the​​seed​​(Kim​​et​​al.,​​2015;​​Vagadia​​et​​al.,​​2017).​​These​​inhibitors​
​bind​ ​digestive​ ​proteases:​ ​KTI​ ​acts​ ​mainly​ ​on​ ​trypsin​ ​and​ ​accounts​ ​for​ ​the​ ​large​ ​majority​ ​of​ ​the​ ​seed's​
​trypsin-inhibiting​ ​activity,​ ​while​ ​BBI​ ​inhibits​​both​​trypsin​​and​​chymotrypsin,​​so​​sufficiently​​high​​active​
​amounts​ ​reduce​​protein​​digestion​​and​​lower​​amino​​acid​​availability​​(Liener,​​1994;​​Avilés-Gaxiola​​et​​al.,​
​2018).​​Because​​these​​inhibitors​​are​​heat-labile,​​standard​​heat​​processing​​inactivates​​most​​of​​their​​activity,​
​which​ ​is​ ​why​ ​properly​ ​processed​ ​soy​ ​foods​ ​and​ ​commercial​ ​soy​ ​protein​ ​isolates​ ​are​ ​far​ ​better​ ​protein​
​sources​​than​​raw​​or​​minimally​​processed​​soy​​such​​as​​lightly​​steamed​​edamame​​(DiPietro​​&​​Liener,​​1989;​
​Avilés-Gaxiola​ ​et​ ​al.,​ ​2018).​ ​The​ ​anti-trypsin​ ​activity​ ​is​ ​somewhat​ ​less​ ​heat-stable​ ​than​ ​the​
​anti-chymotrypsin​​activity,​​so​​ordinary​​cooking​​removes​​the​​bulk​​of​​the​​digestive​​penalty​​(Vagadia​​et​​al.,​
​2017).​ ​For​ ​that​ ​reason​ ​I​ ​would​ ​favor​ ​well-cooked​ ​or​ ​processed​ ​soy​ ​over​ ​raw​ ​or​ ​low-processed​ ​forms.​
​Encouragingly,​ ​Lim​ ​et​ ​al.​ ​(2024)​ ​showed​​that​​adding​​leucine​​to​​a​​plant-based​​protein​​moved​​its​​muscle​
​building response up toward that of whey, which is exactly what the threshold model predicts.​

​5.3 Leucine, BCAAs, or complete essential amino acids?​
​Because​​leucine​​is​​a​​branched-chain​​amino​​acid,​​it​​is​​tempting​​to​​reach​​for​​a​​branched-chain​​amino​​acid,​
​or​ ​BCAA,​ ​supplement,​​and​​this​​is​​where​​I​​want​​to​​correct​​a​​common​​mistake.​​Leucine​​is​​the​​spark,​​not​
​the​​fuel.​​It​​flips​​the​​switch​​for​​muscle​​protein​​synthesis,​​but​​building​​new​​muscle​​protein​​then​​requires​​all​
​nine​​essential​​amino​​acids.​​A​​BCAA​​product​​supplies​​only​​three​​of​​them,​​leucine,​​isoleucine,​​and​​valine,​
​so​ ​on​ ​its​ ​own​ ​it​ ​can​ ​raise​ ​the​​signal​​while​​leaving​​the​​raw​​material​​short,​​and​​taken​​chronically​​at​​high​
​doses​​in​​isolation​​it​​can​​even​​work​​against​​you​​by​​competing​​with​​other​​amino​​acids.​​For​​someone​​whose​
​diet​ ​already​ ​falls​ ​short​ ​on​ ​essential​ ​amino​ ​acids,​ ​which​ ​describes​ ​many​ ​plant-based​ ​eaters,​ ​the​ ​better​
​choice​ ​is​ ​usually​ ​a​ ​complete​ ​essential​ ​amino​ ​acid​ ​blend​ ​or​ ​simply​ ​more​ ​and​ ​better-combined​ ​whole​
​protein,​​with​​a​​little​​added​​leucine​​if​​a​​given​​meal​​needs​​it.​​In​​short,​​the​​word​​people​​reach​​for​​is​​BCAA,​
​but​​the​​thing​​that​​actually​​helps​​is​​complete​​protein​​or​​complete​​essential​​amino​​acids,​​with​​leucine​​as​​the​
​amino acid to watch.​



​5.4 Practical supplement ranges​
​With​ ​that​​settled,​​Table​​4​​gives​​rough​​starting​​ranges​​by​​situation.​​As​​a​​rule​​of​​thumb,​​the​​supplemental​
​leucine​​doses​​used​​in​​older-adult​​trials​​to​​raise​​the​​muscle​​protein​​synthetic​​response​​to​​a​​meal​​fall​​in​​the​
​range​​of​​roughly​​2.5​​to​​5​​g​​of​​added​​leucine​​per​​meal​​(Casperson​​et​​al.,​​2012;​​Murphy​​et​​al.,​​2016),​​with​
​acute​ ​studies​ ​adding​ ​as​ ​little​ ​as​ ​about​ ​1​ ​g​ ​to​ ​reach​ ​the​ ​older-adult​ ​per-meal​ ​target;​ ​complete​ ​essential​
​amino​​acid​​blends​​are​​typically​​dosed​​from​​about​​6​​g​​upward,​​with​​roughly​​15​​g​​needed​​to​​fully​​restore​
​the​​anabolic​​response​​in​​older​​adults,​​since​​lower​​EAA​​doses​​are​​blunted​​by​​anabolic​​resistance​​(Church​
​et​ ​al.,​ ​2024;​ ​Zaromskyte​ ​et​ ​al.,​ ​2021).​ ​None​ ​of​ ​this​ ​is​ ​mandatory.​ ​Food​ ​comes​ ​first,​​and​​a​​person​​who​
​already​ ​reaches​ ​25​ ​to​ ​30​ ​g​ ​of​ ​good​ ​protein​ ​at​​each​​of​​several​​meals​​rarely​​needs​​anything​​added​​at​​all.​
​Supplements​ ​earn​ ​their​ ​place​ ​mainly​ ​for​ ​small​ ​appetites,​ ​plant-based​ ​diets,​ ​and​ ​training​ ​done​ ​fasted​​or​
​first thing in the morning.​

​Table 4.​​Suggested supplement ranges by situation. Starting points, to be adjusted to the individual.​

​Situation​ ​Leucine from the meal​ ​Suggested add-on​

​Omnivore, 25 to 30 g protein at the​
​meal​

​~2.4 to 2.7 g​ ​Usually none; a small top-up to reach ~2.8 g at 60 to​
​69 or ~3.0 g at 70+​

​Dairy or egg meal, ~20 g protein​ ​~1.5 to 1.8 g​ ​Add ~1 g leucine, or eat a larger portion​

​Vegan legume or grain meal, ~20 g​
​protein​

​~1.2 to 1.5 g​ ​Add 1 to 1.5 g leucine or 6 to 12 g complete EAA;​
​combine rice and pea​

​Small appetite, under 25 g protein​
​per meal​

​often under 1.5 g​ ​6 to 12 g complete EAA, or 1 to 3 g leucine with the​
​meal​

​Training fasted or first thing in the​
​morning​

​varies​ ​6 to 15 g complete EAA around the session​

​6. B-vitamin sufficiency during higher-protein intake​
​A​​higher-protein​​diet​​raises​​the​​body's​​throughput​​of​​amino​​acids,​​and​​that​​throughput​​has​​a​​cofactor​​cost​
​that​​is​​easy​​to​​overlook.​​Several​​B​​vitamins​​are​​the​​enzymatic​​cofactors​​that​​amino​​acid​​metabolism​​runs​
​on,​​and​​the​​demand​​for​​at​​least​​one​​of​​them,​​vitamin​​B6,​​has​​long​​been​​calculated​​in​​direct​​proportion​​to​
​protein​​intake​​(Bender,​​1999;​​Institute​​of​​Medicine,​​1998).​​This​​section​​sets​​out​​why​​that​​matters,​​why​​the​
​timing​​of​​intake​​matters​​as​​much​​as​​the​​amount,​​and​​where​​a​​modest​​B-complex​​fits​​alongside​​the​​leucine​
​strategy developed above.​

​6.1 Protein, methionine, and homocysteine​
​The​ ​clearest​ ​link​ ​between​ ​protein​ ​intake​ ​and​ ​B-vitamin​ ​status​ ​runs​ ​through​ ​a​ ​single​ ​amino​ ​acid.​
​Methionine,​ ​an​ ​essential​ ​amino​ ​acid​ ​found​ ​in​ ​high​ ​amounts​ ​in​ ​animal​ ​protein,​ ​is​ ​metabolized​ ​into​
​homocysteine​​as​​a​​normal​​step​​in​​its​​use.​​Homocysteine​​is​​then​​cleared​​by​​two​​cofactor-dependent​​routes:​
​it​​is​​remethylated​​back​​to​​methionine​​using​​folate​​(B9)​​and​​vitamin​​B12,​​or​​it​​is​​broken​​down​​through​​the​
​transsulfuration pathway using vitamin B6 (Selhub, 1999; Škovierová et al., 2016).​

​When​ ​protein​ ​and​ ​methionine​ ​intake​ ​is​ ​high,​ ​the​ ​load​ ​passing​ ​through​ ​this​ ​system​ ​rises,​ ​and​ ​adequate​
​folate,​ ​B12,​ ​and​ ​B6​ ​are​ ​what​ ​keep​ ​homocysteine​ ​from​ ​accumulating​ ​(Selhub,​ ​1999).​ ​Elevated​
​homocysteine​ ​is​ ​an​ ​independent​ ​marker​ ​associated​ ​with​ ​cardiovascular​ ​and​ ​cognitive​ ​risk​ ​(Ganguly​ ​&​
​Alam,​ ​2015;​ ​Smith​ ​&​ ​Refsum,​ ​2016),​ ​which​ ​is​ ​why​ ​the​ ​interaction​ ​between​ ​a​ ​high-protein​ ​diet​ ​and​
​B-vitamin​​sufficiency​​is​​worth​​stating​​plainly​​rather​​than​​assuming​​the​​muscle-building​​benefit​​of​​protein​
​comes free of any downstream cost.​

​6.2 B vitamins as cofactors in amino acid handling​
​Beyond​ ​the​ ​homocysteine​ ​pathway,​ ​vitamin​ ​B6,​ ​in​ ​its​​active​​form​​pyridoxal​​5'-phosphate,​​is​​a​​required​
​cofactor​ ​for​ ​more​ ​than​ ​one​ ​hundred​ ​enzymes​ ​involved​ ​in​ ​amino​ ​acid​ ​metabolism,​ ​including​ ​the​
​transaminases​ ​and​ ​decarboxylases​ ​that​ ​process​ ​amino​ ​acids​ ​throughout​ ​the​​body,​​so​​the​​machinery​​that​
​puts dietary protein to use depends on B6 being present (Institute of Medicine, 1998; Parra et al., 2018).​



​Controlled​​feeding​​studies​​bear​​this​​out​​directly:​​raising​​dietary​​protein​​while​​holding​​B6​​intake​​constant​
​lowers​ ​plasma​ ​and​ ​urinary​ ​markers​ ​of​ ​B6​ ​status,​ ​consistent​ ​with​ ​the​ ​vitamin​ ​being​ ​drawn​ ​down​ ​for​
​increased​ ​amino​ ​acid​ ​catabolism​ ​(Miller​ ​et​​al.,​​1985;​​Hansen​​et​​al.,​​1996).​​Riboflavin​​(B2)​​and​​other​​B​
​vitamins​ ​feed​ ​the​ ​energy​ ​metabolism​ ​that​ ​supports​ ​protein​ ​turnover​ ​(Institute​ ​of​ ​Medicine,​ ​1998).​ ​The​
​practical​ ​reading​ ​is​ ​that​ ​raising​​protein​​intake​​without​​regard​​to​​B-vitamin​​status​​asks​​more​​of​​a​​system​
​while​​leaving​​its​​cofactors​​unaddressed.​​For​​an​​older​​adult​​already​​increasing​​protein​​to​​meet​​the​​leucine​
​targets​​set​​out​​above,​​and​​for​​a​​plant-based​​eater​​at​​elevated​​risk​​of​​low​​B12​​in​​particular​​(Pawlak​​et​​al.,​
​2013),​​cofactor​​sufficiency​​is​​part​​of​​doing​​the​​higher-protein​​approach​​properly​​rather​​than​​an​​unrelated​
​concern.​

​6.3 Water solubility and the case for spreading intake​
​The​ ​B​ ​vitamins​ ​are​ ​water-soluble,​ ​which​ ​has​ ​two​ ​consequences​ ​that​ ​point​ ​in​ ​the​ ​same​ ​direction.​​First,​
​with​​the​​notable​​exception​​of​​B12​​discussed​​below,​​they​​are​​not​​stored​​in​​fat​​tissue​​in​​appreciable​​reserves​
​the​​way​​the​​fat-soluble​​vitamins​​are,​​so​​the​​body​​holds​​a​​smaller​​working​​buffer​​and​​depends​​on​​regular​
​intake​ ​(Institute​ ​of​ ​Medicine,​ ​1998;​ ​Lykstad​​&​​Sharma,​​2023).​​Second,​​water-soluble​​vitamins​​taken​​in​
​excess​​of​​what​​the​​tissues​​can​​use​​at​​one​​time​​are​​cleared​​by​​the​​kidneys​​and​​excreted​​rather​​than​​retained,​
​so​​a​​single​​large​​dose​​is​​used​​inefficiently,​​with​​much​​of​​the​​surplus​​lost​​(Lykstad​​&​​Sharma,​​2023).​​Both​
​facts​​favor​​smaller​​amounts​​taken​​more​​than​​once​​across​​the​​day​​over​​one​​large​​dose,​​which​​parallels​​the​
​meal-spreading​ ​logic​ ​that​​governs​​leucine​​in​​Section​​2.​​The​​same​​daily​​habit​​that​​distributes​​the​​leucine​
​signal across meals can carry the B vitamins that the accompanying protein load draws on.​

​The​​exception​​worth​​noting​​is​​B12,​​which​​unlike​​the​​other​​B​​vitamins​​is​​stored​​in​​the​​liver​​in​​reserves​​that​
​can​ ​last​ ​for​ ​years,​ ​so​​its​​intake​​is​​less​​time-sensitive​​day​​to​​day​​(O'Leary​​&​​Samman,​​2010;​​Institute​​of​
​Medicine,​ ​1998).​ ​It​ ​is​ ​included​ ​here​ ​because​ ​a​ ​high-protein​ ​plan​ ​built​ ​partly​ ​on​ ​plant​ ​sources​ ​is​ ​the​
​common​ ​setting​ ​in​ ​which​ ​B12​ ​runs​ ​low​ ​over​ ​the​ ​longer​ ​term,​ ​since​ ​B12​ ​is​ ​essentially​ ​absent​ ​from​
​unfortified plant foods (Pawlak et al., 2013).​

​6.4 Practical ranges​
​The​ ​sensible​ ​goal​ ​is​ ​to​ ​ensure​ ​adequate​ ​B6,​​folate,​​and​​B12​​from​​diet,​​and​​to​​supplement​​when​​dietary​
​intake​ ​or​ ​clinical​ ​circumstances​ ​warrant​ ​it​ ​rather​ ​than​ ​as​ ​a​ ​reflex.​ ​A​ ​standard​ ​B-complex​ ​supplies​ ​the​
​relevant​​B​​vitamins​​at​​or​​somewhat​​above​​their​​reference​​intakes,​​which​​is​​one​​convenient​​way​​to​​cover​
​that​ ​need​ ​for​ ​someone​ ​whose​ ​diet​ ​is​ ​short​ ​or​ ​who​ ​is​ ​deliberately​ ​eating​ ​more​ ​protein;​ ​splitting​ ​it​ ​or​
​choosing​​a​​lower-dose​​product​​taken​​with​​two​​meals​​suits​​the​​water-solubility​​logic​​above.​​The​​amounts​
​involved​ ​are​ ​modest​ ​and,​ ​for​ ​the​ ​water-soluble​ ​B​ ​vitamins,​​generally​​well​​tolerated,​​with​​two​​cautions.​
​Chronic​​high-dose​​B6,​​in​​the​​range​​of​​hundreds​​of​​milligrams​​per​​day,​​far​​above​​a​​normal​​B-complex,​​has​
​been​ ​linked​ ​to​ ​reversible​ ​sensory​ ​nerve​ ​symptoms​ ​and​ ​should​ ​be​ ​avoided;​ ​EFSA's​ ​2023​ ​assessment​
​established​ ​a​ ​tolerable​ ​upper​ ​intake​ ​level​ ​of​ ​12​ ​mg/day​ ​for​ ​vitamin​ ​B6​ ​in​ ​adults,​ ​with​ ​peripheral​
​neuropathy​ ​identified​ ​as​ ​the​ ​critical​ ​adverse​ ​effect​ ​(EFSA​ ​Panel​ ​on​ ​Nutrition,​ ​Novel​ ​Foods​ ​and​ ​Food​
​Allergens, 2023).​

​And​ ​a​ ​high​ ​folic​ ​acid​ ​intake​ ​can​ ​mask​ ​the​ ​blood​ ​signs​ ​of​ ​B12​ ​deficiency,​​the​​so-called​​folic-acid​​trap,​
​which​ ​is​ ​a​ ​specific​ ​reason​ ​for​ ​plant-based​ ​eaters​ ​to​ ​ensure​ ​B12​ ​itself​ ​is​ ​covered​ ​rather​​than​​relying​​on​
​folate​​alone​​(Institute​​of​​Medicine,​​1998;​​Selhub​​et​​al.,​​2009).​​As​​with​​the​​leucine​​supplements​​in​​Section​
​5,​​food​​is​​the​​first​​source:​​animal​​proteins​​carry​​B12​​and​​B6​​alongside​​the​​protein​​itself,​​and​​a​​mixed​​diet​
​with​ ​adequate​ ​whole​ ​foods​ ​often​ ​meets​ ​the​ ​need​ ​without​ ​a​ ​supplement.​ ​A​ ​B-complex​ ​earns​ ​its​ ​place​
​mainly​ ​for​ ​plant-based​ ​diets,​ ​small​ ​appetites,​ ​and​ ​older​ ​adults​ ​whose​ ​absorption​ ​of​ ​B12​ ​in​ ​particular​
​declines with age (Baik & Russell, 1999).​

​7. Limits and honest caveats​
​A​​guide​​like​​this​​is​​only​​as​​good​​as​​the​​reader's​​awareness​​of​​its​​edges,​​so​​let​​me​​name​​them.​​The​​middle​
​and​ ​oldest​ ​decades​ ​of​ ​the​ ​table​ ​are​ ​interpolation​ ​and​​extrapolation,​​not​​direct​​measurement,​​and​​should​
​move if better dose-finding studies in those age groups appear.​



​The​ ​per-meal​ ​threshold​ ​rests​ ​largely​ ​on​ ​short-term​ ​measures​​of​​muscle​​protein​​synthesis,​​and​​while​​the​
​acute​ ​effect​ ​is​ ​well​ ​established,​ ​its​ ​translation​ ​into​ ​long-term​ ​gains​ ​in​ ​muscle​ ​mass​​across​​years​​is​​less​
​settled​​and​​remains​​an​​active​​question.​​My​​tables​​scale​​to​​body​​weight​​for​​simplicity,​​but​​lean​​body​​mass​
​is​ ​the​ ​better​ ​anchor,​ ​so​ ​a​ ​heavier​ ​person​ ​carrying​ ​more​ ​fat​ ​should​ ​lean​ ​toward​ ​the​ ​lower​ ​end​ ​of​ ​the​
​weight-based numbers. Individual variation in health, activity, and digestion is large.​

​Two​ ​medical​ ​points​ ​deserve​ ​emphasis.​ ​Higher​ ​protein​ ​and​ ​amino​ ​acid​ ​loads​ ​are​ ​not​ ​appropriate​ ​for​
​everyone:​​anyone​​with​​chronic​​kidney​​disease​​or​​another​​condition​​that​​calls​​for​​protein​​restriction​​should​
​not​ ​raise​ ​intake​ ​without​ ​guidance​ ​from​ ​their​​physician,​​and​​should​​treat​​this​​paper​​as​​general​​education​
​rather​ ​than​ ​personal​ ​medical​ ​advice.​ ​And​ ​supplements​​are​​not​​regulated​​with​​the​​rigor​​of​​medicines,​​so​
​quality​ ​and​ ​dosing​ ​accuracy​ ​vary​ ​between​ ​products​ ​and​ ​brands.​ ​When​ ​in​ ​doubt,​ ​food​ ​first​ ​and​ ​a​
​conversation with a qualified clinician or dietitian beats a canister.​

​8. Conclusion​
​After​​fifty,​​protein​​becomes​​a​​timing​​problem​​as​​much​​as​​a​​total​​problem.​​The​​single​​most​​useful​​habit​​is​
​to​ ​clear​ ​the​ ​per-meal​​leucine​​threshold,​​about​​2.5​​to​​3​​g,​​at​​the​​upper​​end​​if​​you​​are​​older​​or​​you​​lift,​​at​
​three​​or​​four​​meals​​across​​the​​day,​​which​​in​​ordinary​​food​​means​​roughly​​25​​to​​40​​g​​of​​good​​protein​​each​
​time.​​For​​total​​daily​​protein,​​an​​older​​adult​​who​​is​​not​​training​​heavily​​is​​well​​served​​by​​roughly​​1.0​​to​​1.2​
​g/kg/day​​of​​high-quality​​protein,​​with​​position​​papers​​on​​aging​​suggesting​​up​​to​​about​​1.2​​to​​1.5​​g/kg/day​
​for​​those​​who​​are​​ill​​or​​actively​​rebuilding​​muscle​​(Bauer​​et​​al.,​​2013;​​Szwiega​​et​​al.,​​2021).​​The​​higher​
​figure​ ​of​ ​around​ ​1.6​ ​g/kg/day​ ​and​ ​up​ ​is​ ​a​ ​target​ ​drawn​ ​from​ ​the​ ​sports-nutrition​ ​literature​ ​for​ ​active,​
​resistance-trained​ ​people,​ ​so​​reach​​for​​it​​if​​you​​lift​​or​​train​​hard,​​not​​as​​a​​blanket​​rule​​for​​everyone​​over​
​fifty​​(Jäger​​et​​al.,​​2017).​​Prefer​​whole​​protein​​or​​a​​complete​​essential​​amino​​acid​​blend​​over​​a​​bare​​BCAA​
​product,​ ​and​ ​fill​ ​the​ ​gaps,​ ​plant-based​ ​diets​ ​most​ ​of​ ​all,​ ​with​ ​a​ ​modest​ ​amount​ ​of​ ​leucine​ ​or​ ​essential​
​amino​​acids​​rather​​than​​a​​large​​amount​​of​​any​​one​​thing.​​A​​higher-protein​​diet​​also​​provides​​a​​reason​​to​
​ensure​ ​adequate​ ​intake​ ​of​ ​the​ ​B​​vitamins​​that​​process​​amino​​acids​​and​​clear​​homocysteine,​​so​​covering​
​B6,​​folate,​​and​​B12​​from​​food,​​or​​from​​a​​modest​​B-complex​​spread​​across​​the​​day​​when​​the​​diet​​is​​short,​
​is​​a​​reasonable​​companion​​to​​the​​protein​​itself,​​especially​​on​​plant-based​​diets.​​The​​decade​​table​​is​​where​
​I​ ​would​ ​start​ ​a​ ​conversation,​ ​not​ ​where​ ​I​ ​would​ ​end​ ​it.​ ​Muscle​ ​in​ ​later​ ​life​ ​responds​ ​to​ ​a​ ​clear​ ​signal​
​delivered often, and leucine, used with a little care, is how we send it.​

​A​​note​​of​​further​​corroboration​​comes​​from​​a​​2024​​Szwiega​​study​​in​​healthy​​young​​adult​​males,​​using​​the​
​same​ ​indicator​ ​amino​ ​acid​ ​oxidation​ ​approach,​ ​which​ ​found​ ​a​ ​mean​ ​leucine​​requirement​​of​​about​​33.6​
​mg/kg/day,​​with​​an​​upper​​95%​​value​​around​​41​​mg/kg/day.​​This​​gives​​a​​clean,​​like-for-like​​comparison​​to​
​the​​older-adult​​values​​used​​throughout​​this​​paper:​​young​​mean​​33.6​​rising​​to​​older​​mean​​78.5,​​and​​young​
​upper value 41 rising to older upper value 81 (Szwiega et al., 2024).​
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