
	[bookmark: _2rlve6w6uz98]Supplemental Table 1. Composition of the stable tracers administered by pulse

	Amino Acid Tracer
	mg
	Pathway

	Essential Amino Acids

	L-Phenylalanine [ring-13C6] 
	14.025
	Protein breakdown

	L-Leucine [13C6]
	5.355
	Production & LEU>KIC>HMB

	L-Isoleucine [1-13C] 
	5.27
	Production & ILE>KMV

	L-Valine [13C5] 
	4.25
	Production & VAL > KIV

	Non-Essential Amino Acids

	L-Glutamate  [1,2,-13C2]
	9.775
	Production 

	L-Glutamine [13C5-15N2]
	9.775
	Production

	L-Hydroxyproline [2,5,5-2H3]
	0.85
	Collagen protein breakdown

	tau-Methyl-L-Histidine [methyl-2H3]
	0.51
	Myofibrillar protein breakdown

	L-Taurine [1,2,-13C2]
	3.655
	Production

	L-Tyrosine [ring-2H4]
	1.275
	Production

	Volume approximately 8mL, solution mixed with saline




	[bookmark: _f62wmeedvi02]Supplemental Table 2. Formulas for compartmental calculations

	Formulas for compartmental calculations
	Equations in Excel
	Equations in GraphPad Prism
(Edit equation/Transform to Report)

	
	1/(a/k1+b/k2)
	1/(a/k1+b/k2)

	
	1/sum(a,b)
	(1/(a+b))

	
	sum(a*k1,b*k2)/ sum(a,b)
	((a*k1+b*k2)/(a+b))

	
	(a*b*(k1-k2)^2)/ (sum(a,b)*sum(a*k1,b*k2)) 
	((a*b*(k1-k2)^2)/((a+b)*(a*k1+b*k2))) 

	
	(sum(b*k1,a*k2)/ sum(a,b)) - k12
	(((b*k1+a*k2)/(a+b)) - (a*b*(k1-k2)^2)/((a+b)*(a*k1+b*k2)))

	
	k21*Q1= k12*Q2
	((a*k1+b*k2)/(a+b)) * (1/(a+b))

	
	Q1*(k21/k12)
	((1/(a+b))*((a*k1+b*k2) / (a+b))/((a*b*(k1-k2)^2)/((a+b)*(a*k1+b*k2))))

	
	U2 = k02*Q2
	(((b*k1+a*k2)/(a+b)) - (a*b*(k1-k2)^2)/((a+b)*(a*k1+b*k2)))*((1/(a+b))*((a*k1+b*k2) / (a+b))/((a*b*(k1-k2)^2)/((a+b)*(a*k1+b*k2))))

	The TTR decay of every time point and study day was fitted with a 2-exponential TTR decay curve in GraphPad Prism with the formula (TTR = a*EXP(-k1*t) + b*EXP(-k2*t)). Fij: tracee flux from compartment j to i [μmol·min-1]. kij : fractional tracer exchange rate from compartment j to i [min-1]. Qi: tracee pool size in compartment i [μmol]. qi: tracer pool size in compartment i [μmol]. Ui: tracee production in compartment i [μmol·min-1]. WBP: whole-body production [μmol·min-1].





	[bookmark: _r3o88oh4vyt]Supplemental Table 3. Plasma concentration of amino acids after stratification by stage of frailty in the whole group of older adults

	
	Non-frail
(n=48)
	Pre-frail
(n=90)
	Frail
(n=54)
	P value
Non-frail vs Pre-frail
	P value
Non-frail vs Frail
	P value
Pre-frail vs Frail

	Aspartate
	1.97
[1.8, 2.16]
	1.72
[1.6, 1.86]
	1.54
[1.41, 1.68]
	0.085
	< .001
	0.147

	Glutamate
	65.38
[58.45, 73.13]
	63.14
[57.62, 69.18]
	51.15
[45.97, 56.91]
	0.953
	0.009
	0.011

	Hydroxyproline
	15.67
[12.9, 19.03]
	11.65
[9.94, 13.65]
	12.57
[10.45, 15.13]
	0.083
	0.322
	0.905

	Asparagine
	66.36
[62.31, 70.68]
	65.11
[61.85, 68.54]
	57.02
[53.7, 60.55]
	0.956
	0.003
	0.004

	Glutamine
	490.6
[466.9, 515.5]
	527.1
[506.3, 548.8]
	527.1
[502.9, 552.6]
	0.082
	0.127
	1

	Citrulline
	34.25
[30.71, 38.2]
	36.27
[33.18, 39.64]
	37.02
[33.37, 41.08]
	0.809
	0.685
	0.988

	Serine
	91.32
[84.15, 99.09]
	89.33
[83.57, 95.49]
	79.46
[73.51, 85.89]
	0.968
	0.058
	0.077

	Glycine
	219.4
[199.4, 241.3]
	212.5
[196.6, 229.7]
	216.7
[197.9, 237.4]
	0.943
	0.997
	0.984

	Arginine
	65.73
[60.6, 71.3]
	67.48
[63.15, 72.11]
	63.03
[58.34, 68.1]
	0.946
	0.854
	0.471

	Taurine
	42.27
[39.09, 45.72]
	42.5
[39.87, 45.31]
	41.61
[38.59, 44.86]
	0.999
	0.989
	0.965

	Proline
	171.3
[155, 189.4]
	164.5
[151.6, 178.5]
	155.1
[141, 170.6]
	0.904
	0.429
	0.738

	Tau-methyl-histidine
	5.68
[4.91, 6.58]
	5.28
[4.68, 5.95]
	6.73
[5.85, 7.74]
	0.832
	0.294
	0.039

	Valine
	200.7
[186.7, 215.8]
	183.3
[172.8, 194.5]
	164.3
[153.3, 176]
	0.175
	< .001
	0.057

	Methionine
	17.95
[16.94, 19.02]
	17.67
[16.85, 18.53]
	16.35
[15.48, 17.28]
	0.968
	0.08
	0.111

	Isoleucine
	56.76
[52.16, 61.77]
	54.97
[51.31, 58.9]
	50.6
[46.69, 54.85]
	0.919
	0.173
	0.335

	Leucine
	105.1
[97.88, 112.9]
	100.4
[94.73, 106.4]
	90.3
[84.38, 96.7]
	0.703
	0.011
	0.063

	Trytophan
	35.24
[32.98, 37.66]
	36.42
[34.5, 38.44]
	33.17
[31.14, 35.33]
	0.836
	0.496
	0.084

	Tryptophan/LNAA
	0.076
[0.072, 0.081]
	0.083
[0.079, 0.087]
	0.084
[0.079, 0.089]
	0.087
	0.069
	0.984

	Phenylalanine
	51.85
[48.98, 54.88]
	52.64
[50.25, 55.14]
	45.79
[43.38, 48.34]
	0.969
	0.009
	< .001

	Ornithine
	51.75
[47.38, 56.52]
	52.76
[49.1, 56.7]
	48.94
[44.99, 53.23]
	0.982
	0.761
	0.457

	Histidine
	66.34
[63.1, 69.74]
	64.89
[62.3, 67.6]
	57.54
[54.86, 60.35]
	0.879
	< .001
	< .001

	Lysine
	148.3
[139.7, 157.4]
	162.5
[154.8, 170.6]
	147.8
[139.6, 156.4]
	0.06
	1
	0.042

	Tyrosine
	51.9
[48.12, 55.97]
	51.16
[48.1, 54.41]
	47.29
[44.01, 50.82]
	0.989
	0.244
	0.283

	Tyrosine/LNAA
	0.267
[0.252, 0.283]
	0.281
[0.268, 0.295]
	0.28
[0.265, 0.295]
	0.425
	0.611
	0.997

	BCAA
	362.7
[337.9, 389.3]
	338.7
[319.7, 358.8]
	305.2
[285.3, 326.5]
	0.379
	0.003
	0.066

	EAA
	789.1
[749.9, 830.3]
	780.5
[748.8, 813.6]
	702.1
[668.9, 736.9]
	0.983
	0.005
	0.004

	LNAA
	467
[439, 497]
	443
[421, 466]
	399
[376, 423]
	0.485
	0.002
	0.028

	SumAA
	2329
[2232, 2430]
	2335
[2256, 2418]
	2165
[2080, 2255]
	0.999
	0.055
	0.018

	Values are estimated means [95% CI].
Statistics (JASP) are done with Generalized Linear Model (Family: Gamma, Link: Log) to examine the effect of frailty group with covariates age, sex, and BMI.
Multiple comparisons for group differences were analyzed using Tukey post hoc. Bold is p < 0.05.
Abbreviations: LNAA, Large Neutral Amino Acids; BCAA, Branched-chain Amino Acids; EAA, Essential Amino Acids





	[bookmark: _z74gwkjjkeg2]Supplemental Table 4. Plasma concentration of amino acids after stratification by stage of frailty in males and females separately	Comment by Mick Deutz: Why is the format of this table different from table 3 and 4?	Comment by Chloe Kang: As the plasma concentration table is long and the table will be in a supplementary file, we decided to keep the tables for whole group, and M and F separately.

	
	Sex
	Non-frail
(n=27m/21f)
	Pre-frail
(n=49m/43f)
	Frail
(n=15m/53f)
	P value
Non-frail vs Pre-frail
	P value
Non-frail vs Frail
	P value
Pre-frail vs Frail

	Aspartate
	M
	2.07
[1.85, 2.31]
	1.7
[1.55, 1.86]
	1.69
[1.46, 1.95]
	0.034
	0.087
	1

	
	F
	1.85
[1.59, 2.15]
	1.75
[1.55, 1.96]
	1.47
[1.32, 1.64]
	0.899
	0.067
	0.116

	Glutamate
	M
	63.76
[55.67, 73.03]
	63.71
[56.82, 71.44]
	53.24
[44.48, 63.73]
	1
	0.303
	0.233

	
	F
	68.77
[57.05, 82.89]
	63.07
[54.6, 72.84]
	49.5
[43.37, 56.51]
	0.852
	0.034
	0.062

	Hydroxyproline
	M
	14.51
[11.33, 18.59]
	11.84
[9.61, 14.59]
	12.64
[9.1, 17.54]
	0.545
	0.877
	0.983

	
	F
	17.1
[12.73, 22.98]
	11.5
[9.16, 14.45]
	12.48
[10.13, 15.39]
	0.151
	0.315
	0.94

	Asparagine
	M
	68.91
[64.12, 74.06]
	65.68
[61.81, 69.79]
	63.24
[57.48, 69.57]
	0.686
	0.402
	0.873

	
	F
	63.94
[57.4, 71.23]
	64.79
[59.61, 70.42]
	53.47
[49.53, 57.72]
	0.996
	0.04
	0.005

	Glutamine
	M
	505.9
[474.8, 539]
	517.8
[490.8, 546.2]
	524.1
[481.8, 570]
	0.927
	0.885
	0.993

	
	F
	468.2
[432.5, 506.7]
	536
[504.2, 569.7]
	530.9
[501.9, 561.5]
	0.023
	0.038
	0.995

	Citrulline
	M
	37.39
[31.85, 43.9]
	38.35
[33.5, 43.9]
	38.41
[31.05, 47.51]
	0.993
	0.996
	1

	
	F
	32.1
[27.53, 37.42]
	34.26
[30.43, 38.57]
	34.39
[30.85, 38.35]
	0.876
	0.856
	1

	Serine
	M
	91.09
[82.8, 100.21]
	84.69
[78.14, 91.79]
	88.7
[78.16, 100.66]
	0.59
	0.983
	0.903

	
	F
	91.65
[80.05, 104.92]
	94.64
[85.26, 105.06]
	75.84
[68.91, 83.47]
	0.975
	0.105
	0.012

	Glycine
	M
	196.9
[174.4, 222.4]
	193.4
[174.5, 214.3]
	206.3
[175.6, 242.4]
	0.994
	0.958
	0.878

	
	F
	243.6
[208.7, 284.3]
	233.8
[207.5, 263.4]
	233.8
[209.5, 260.9]
	0.966
	0.967
	1

	Arginine
	M
	63.72
[56.77, 71.52]
	64.76
[58.75, 71.38]
	68.82
[59.06, 80.2]
	0.995
	0.821
	0.88

	
	F
	68.41
[60.77, 77.01]
	70.64
[64.47, 77.4]
	60.94
[56.04, 66.28]
	0.964
	0.353
	0.073

	Taurine
	M
	39.78
[36.17, 43.76]
	40.37
[37.25, 43.75]
	38.5
[33.93, 43.69]
	0.994
	0.968
	0.891

	
	F
	46.02
[29.7, 71.3]
	43.64
[31.13, 61.18]
	57.52
[42.18, 78.46]
	0.997
	0.796
	0.573

	Proline
	M
	167.6
[146.6, 191.6]
	166.5
[148.7, 186.5]
	174.7
[146.2, 208.6]
	1
	0.977
	0.959

	
	F
	174.8
[149.6, 204.3]
	163.1
[144.6, 184]
	147.5
[132, 164.7]
	0.866
	0.268
	0.555

	Tau-methyl-histidine
	M
	5.82
[4.74, 7.15]
	5.47
[4.6, 6.5]
	7.08
[5.39, 9.29]
	0.958
	0.624
	0.358

	
	F
	5.77
[4.63, 7.19]
	5.11
[4.31, 6.06]
	6.35
[5.44, 7.43]
	0.78
	0.862
	0.197

	Valine
	M
	204.7
[186.4, 224.8]
	190.7
[176.2, 206.4]
	173.6
[153.4, 196.6]
	0.598
	0.111
	0.48

	
	F
	196.9
[174.8, 221.8]
	176.1
[160.6, 193.1]
	157.7
[144.9, 171.6]
	0.385
	0.019
	0.252

	Methionine
	M
	18.74
[17.32, 20.26]
	17.64
[16.52, 18.85]
	16.51
[14.88, 18.32]
	0.586
	0.161
	0.617

	
	F
	17.16
[15.67, 18.79]
	17.7
[16.5, 18.98]
	16.07
[15.06, 17.14]
	0.932
	0.597
	0.152

	Isoleucine
	M
	60.65
[54.07, 68.03]
	56.86
[51.61, 62.64]
	53.56
[46, 62.36]
	0.786
	0.483
	0.876

	
	F
	52.36
[45.93, 59.69]
	53.05
[47.95, 58.7]
	48.29
[44.01, 53]
	0.998
	0.712
	0.469

	Leucine
	M
	111.56
[101.84, 122.22]
	104.93
[97.16, 113.31]
	96.66
[85.65, 109.07]
	0.681
	0.177
	0.569

	
	F
	98.69
[87.8, 110.94]
	96.08
[87.78, 105.15]
	85.2
[78.42, 92.57]
	0.978
	0.162
	0.176

	Trytophan
	M
	34.06
[31.29, 37.06]
	37.06
[34.51, 39.8]
	36.24
[32.4, 40.54]
	0.352
	0.773
	0.981

	
	F
	36.93
[33.21, 41.08]
	35.8
[32.97, 38.86]
	31.67
[29.37, 34.15]
	0.955
	0.086
	0.109

	Tryptophan/LNAA
	M
	0.072
[0.066, 0.078]
	0.082
[0.076, 0.087]
	0.087
[0.078, 0.096]
	0.06
	0.028
	0.71

	
	F
	0.082
[0.075, 0.09]
	0.085
[0.079, 0.091]
	0.084
[0.079, 0.09]
	0.933
	0.969
	0.998

	Phenylalanine
	M
	53.77
[49.98, 57.84]
	54.4
[51.15, 57.85]
	47.73
[43.33, 52.59]
	0.993
	0.156
	0.065

	
	F
	50.37
[45.9, 55.28]
	51.06
[47.53, 54.86]
	43.96
[41.15, 46.95]
	0.994
	0.078
	0.013

	Ornithine
	M
	51.81
[45.79, 58.61]
	53.52
[48.23, 59.39]
	50.66
[43.01, 59.66]
	0.97
	0.995
	0.918

	
	F
	51.77
[45.28, 59.18]
	52.11
[46.99, 57.78]
	47.79
[43.46, 52.55]
	1
	0.731
	0.555

	Histidine
	M
	65.9
[62.16, 69.88]
	65.05
[61.92, 68.34]
	60.33
[55.83, 65.2]
	0.982
	0.21
	0.269

	
	F
	67.32
[61.76, 73.37]
	64.89
[60.72, 69.35]
	55.97
[52.65, 59.49]
	0.879
	0.005
	0.007

	Lysine
	M
	141.7
[131.5, 152.6]
	156.5
[147, 166.7]
	154.6
[140.1, 170.5]
	0.132
	0.439
	0.995

	
	F
	156
[141.4, 172.1]
	169.4
[157, 182.7]
	147
[137.1, 157.6]
	0.459
	0.725
	0.03

	Tyrosine
	M
	50.9
[46.64, 55.55]
	50.84
[47.23, 54.73]
	47.6
[42.39, 53.45]
	1
	0.74
	0.7

	
	F
	53.34
[46.82, 60.78]
	51.68
[46.73, 57.15]
	47.27
[43.1, 51.85]
	0.974
	0.399
	0.509

	Tyrosine/LNAA
	M
	0.264
[0.245, 0.285]
	0.273
[0.256, 0.29]
	0.269
[0.243, 0.296]
	0.896
	0.992
	0.991

	
	F
	0.272
[0.248, 0.298]
	0.292
[0.272, 0.314]
	0.287
[0.268, 0.306]
	0.541
	0.743
	0.98

	BCAA
	M
	376.9
[343.4, 413.7]
	352.5
[325.9, 381.3]
	323.9
[286.2, 366.5]
	0.635
	0.155
	0.561

	
	F
	347.8
[310.3, 390]
	325.3
[297.8, 355.3]
	291.2
[268.6, 315.8]
	0.739
	0.059
	0.219

	EAA
	M
	804.1
[754.6, 856.8]
	789.1
[747.9, 832.5]
	744
[683.9, 809.3]
	0.959
	0.381
	0.549

	
	F
	774.1
[711.4, 842.3]
	773.1
[724.3, 825.1]
	677.3
[637.9, 719.1]
	1
	0.051
	0.016

	LNAA
	M
	481.8
[444.8, 521.8]
	457.9
[428.1, 489.8]
	420.1
[377.9, 467]
	0.715
	0.124
	0.417

	
	F
	451.9
[408.1, 500.3]
	428
[395.7, 463]
	382.9
[356.2, 411.5]
	0.791
	0.044
	0.136

	Sum of amino acids
	M
	2310
[2187, 2440]
	2287
[2183, 2395]
	2243
[2085, 2412]
	0.989
	0.89
	0.957

	
	F
	2340
[2187, 2504]
	2390
[2268, 2518]
	2149
[2049, 2255]
	0.947
	0.154
	0.015

	Values are estimated means [95% CI].
Statistics (JASP) are done with Generalized Linear Model (Family: Gamma, Link: Log) to examine the effect of frailty group with covariates age and BMI.
Multiple comparisons for group differences were analyzed using Tukey post hoc. Bold is p < 0.05.
Abbreviations: LNAA, Large Neutral Amino Acids; BCAA, Branched-chain Amino Acids; EAA, Essential Amino Acids;





	[bookmark: _i2x0423lis7v]Supplemental Table 5. Extracellular and intracellular pool size of amino acids after stratification by stage of frailty in the whole group of older adults

	
	Non-frail
(n=48)
	Pre-frail
(n=90)
	Frail
(n=54)
	P value
Non-frail vs Pre-frail
	P value
Non-frail vs Frail
	P value
Pre-frail vs Frail

	Extracellular pool size of amino acids

	Glutamine
	9771
[8677, 11000]
	9445
[8662, 10300]
	12090
[10730, 13620]
	0.957
	0.056
	0.007

	Glutamate
	434.8
[345.9, 546.6]
	505.7
[429.1, 595.9]
	786.1
[624.4, 989.6]
	0.627
	0.004
	0.02

	Histidine
	1831
[1528, 2195]
	1574
[1382, 1794]
	1505
[1249, 1814]
	0.471
	0.413
	0.974

	Hydroxy proline
	3.84
[3.31, 4.47]
	2.94
[2.65, 3.25]
	3.6
[3.14, 4.12]
	0.019
	0.902
	0.076

	Isoleucine
	709.7
[618.7, 813.9]
	629.8
[572.3, 693.1]
	656.7
[570.9, 755.4]
	0.425
	0.841
	0.952

	Leucine
	1499
[1375, 1634]
	1460
[1373, 1553]
	1391
[1277, 1515]
	0.949
	0.572
	0.751

	Methionine
	235.3
[217.6, 254.6]
	225.4
[213, 238.6]
	239.7
[220.8, 260.3]
	0.765
	0.986
	0.567

	Phenylalanine
	757.6
[701.6, 818.1]
	727.6
[688.9, 768.6]
	686.4
[633.4, 743.8]
	0.783
	0.265
	0.569

	Taurine
	344.2
[314.8, 376.4]
	387.8
[363.9, 413.3]
	426.2
[387.5, 468.7]
	0.088
	0.008
	0.313

	Tau-methyl histidine
	24.9
[19.66, 31.53]
	40.26
[34.09, 47.56]
	50.87
[40.02, 64.66]
	0.002
	< .001
	0.368

	Tyrosine
	896.2
[778, 1032]
	830.1
[750.1, 918.6]
	835.6
[718.7, 971.6]
	0.773
	0.893
	1

	Valine
	2920
[2629, 3242]
	2333
[2169, 2509]
	2513
[2254, 2802]
	0.003
	0.177
	0.626

	Intracellular pool size of amino acids

	Glutamine
	31390
[27930, 35280]
	27860
[25640, 30280]
	30770
[27370, 34580]
	0.292
	0.994
	0.469

	Glutamate
	29500
[25390, 34270]
	25540
[22970, 28390]
	33100
[28540, 38380]
	0.345
	0.668
	0.028

	Histidine
	4075
[3468, 4789]
	3414
[3045, 3827]
	3010
[2569, 3527]
	0.235
	0.042
	0.512

	Hydroxy proline
	705.8
[595.2, 836.9]
	492.2
[441.1, 549.3]
	562.7
[486.3, 651]
	0.005
	0.181
	0.419

	Isoleucine
	5227
[4329, 6312]
	4813
[4221, 5489]
	5011
[4126, 6086]
	0.862
	0.988
	0.983

	Leucine
	9816
[9178, 10500]
	9674
[9220, 10150]
	8829
[8264, 9434]
	0.98
	0.105
	0.088

	Methionine
	2164
[1989, 2354]
	2079
[1956, 2209]
	1721
[1574, 1881]
	0.832
	0.002
	0.002

	Phenylalanine
	4191
[3935, 4464]
	4151
[3970, 4342]
	3710
[3473, 3965]
	0.993
	0.04
	0.019

	Taurine
	2493
[2275, 2732]
	2563
[2399, 2738]
	2430
[2205, 2677]
	0.948
	0.977
	0.757

	Tau-methyl histidine
	84.91
[73.34, 98.3]
	78.53
[70.84, 87.04]
	85.29
[73.61, 98.82]
	0.778
	1
	0.764

	Tyrosine
	3659
[3363, 3980]
	3485
[3286, 3698]
	3022
[2771, 3296]
	0.733
	0.01
	0.024

	Valine
	10990
[10030, 12040]
	9232
[8651, 9853]
	10270
[9319, 11310]
	0.01
	0.712
	0.239

	Values are estimated means [95% CI] and percentages (for sarcopenia prevalence).
Statistics (JASP) are done with Generalized Linear Model (Family: Gamma, Link: Log) to examine the effect of frailty group with covariates age, sex, and lean soft tissue.
Multiple comparisons for group differences were analyzed using Tukey post hoc. Bold is p < 0.05.



