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Effects of 12 weeks of circuit training and L-tryptophan supplementation
on physical fitness and metabolic syndrome in menopausal women

Hyun-Seok Cho, Tae-Hee Lee, & Man-Gyoon L ee*
Kyung Hee University

[Purpose] The study was designed to investigate the effects of 12 weeks of circuit training and
L-tryptophan supplementation on physical fitness and metabolic syndrome. [Methods] Forty-one
menopausal women were randomly assigned to one of three groups. i.e., combined circuit training and
L-tryptophan supplementation group (CT+T: n=14), L-tryptophan supplementation group (T: n=14), and
control group (CON: n=13). The subjects in CI+T exercised three sessions per week and took 3g of
L-tryptophan per day for 12 weeks. The subjects in T took 3g of L-tryptophan per day for 12 weeks.
The subjects in CON were asked to maintain their life pattern for the same period of intervention.
Physical fitness and metabolic syndrome-related variables were measured at pre- and post-test. The data
were compared by utilizing a repeated two-way ANOVA. [Results] Main results of the study were as
follows: 1) Standing long jump, one leg standing with eyes closed, sit-and-reach, sit-up, and maximal
oxygen uptake increased significantly in CT+T. 2) Body weight, body mass index, waist circumference,
waist-hip ratio, fat mass, and percent body fat decreased significantly in CT+T. 3) Total cholesterol
decreased significantly in CT+T. 4) Fasting plasma glucose (FPG), fasting plasma insulin, and HOMA-IR
decreased significantly in CT+T. FPG and HOMA-IR decreased significantly in T. 5) Systolic blood
pressure, diastolic blood pressure (DBP), mean arterial pressure (MAP), and rate pressure product
decreased significantly in CT+T. DBP and MAP decreased significantly in T. 6) Number of metabolic
syndrome risk factors decreased significantly in CT+T and T. [Conclusion] It was concluded that the
circuit training and L-tryptophan supplementation would have positive effects on physical fitness and
metabolic syndrome, and that L-Tryptophan supplementation would have positive effects on metabolic
syndrome by improving insulin resistance and hypertension in menopausal women.
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Table 1. Physical characteristics of participants  (mean+SD)
Variables CT+T T CON p
Age (yrs) 59.343.1  58.9+£3.1  58.943.1 .94l
Height (cm) 156.144.5 157.8+6.1 156.6£5.2 .699
Body weight (kg) 63.0+10.8  67.6£84 62.5£12.0 .379
BMI (kg'm?) 258439 27.1424 257439 488
SBP (mmHg)  132.6+14.6 131.9£11.5 130.5+11.9 .909
DBP (mmHg) 88.3+8.0 86.5+10.4 85.5+10.8 .760
Number of Met-S 3611 45 2434094 223+1.10 908
risk factor

CT+T: Circuit training+L-tryptophan group,

T: L-tryptophan group, CON: Control group,

BMI: body mass index, SBP: systolic blood pressure,

DBP: diastolic blood pressure, Met-S: metabolic syndrome.
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st HighS 71589tk WS (pulse pressure:
PP)2 SBPol|A DBP= W 3to 2 2&319i1, P
St (mean arterial pressure: MAP)S PPS 328 U&E
%ol DBPE tlsto] Ar=atgiet. Ao thgh F2f 1t
A A %9l rate pressure product(RPP)+ SBP9} HRE
Hato] Ab=sisir.
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Table 2. Changes in total caloric intake (mean+SD)
Groups Baseline 4" week 8"week 12" week
Crer  LOOLIT 160134 152951 1,644.19
+418.05 +336.76 +306.02 +289.08
T 1,640.74 1,560.89 1,618.15 1,623.82
+341.08 +331.55 +285.37 +252.01
CON 1,698.02 1,648.68 1,615.15 1,687.69
+360.35 +293.54 +234.14 +319.21
F .035 232 421 .160
p .966 794 .660 .853
CT+T: Circuit training+L-tryptophan group,
T: L-tryptophan group, CON: Control group.
Table 3. Changes in tryptophan intake (mean+SD)
Groups Baseline 4™ week 8" week 12" week
561.68 581.25 612.23 630.79
CTFT - fogea  +133.71  +10638  +130.34
T 568.56 601.68 603.23 628.67
+179.08 +113.32 +119.98 +64.38
CON 571.57 587.51 573.39 600.88
+215.45 +82.93 +151.51 +140.90
F 073 2.815 1.864 3.151
p .930 .072 .169 .054

CT+T: Circuit training+L-tryptophan group,
T: L-tryptophan group, CON: Control group.
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Table 4. Changes in physical fitness (mean=SD)
Variables Groups Tests A% P 112
Pre Post
) ' CT+T 23.9+4.9 25.7+4.9 7.51 Group 321 .058
Right gg}’g)smngth T 269428 269425 -0.03 Test 121 062
CON 25346 25.0+4.2 2110 GroupxTest .022 .182
) CT+T 23.244.3 24.4+4.7 5.17 Group A28 1103
Left gl}ﬁgs)“ength T 27.043.0 263423 252 Test 601 007
CON 24.144.7 24,1442 035  GroupxTest .024 .179
‘ ' CT+T 95.4423 4 116.321.7 w2200 Group 837 .009
Sta“dm(% 13;‘81““11’ T 106.0:25.1 11424209 7.76 Test 000 329
CON 107.6+19.0 106.2+11.0 1129  GroupxTest .001 322
Right one leg standing CT+T 6.4+2.8 44.4+33.6 + ok 597.57 Group .001 319
with eye-closed T 8.8+8.2 10.849.1 23.09 Test .000  .360
(sec) CON 8.0+4.1 9.9+4.8 2358  GroupxTest .000 458
Left one leg standing CT+T 77453 49.2438.7 + #*  5395] Group 000 333
with eye-closed T 8.7+7.5 9.846.2 12.32 Test .000 328
(sec) CON 9.744.9 11.5+6.7 1875  GroupxTest .000 446
' CT+T 7.8£7.7+ 12.4£7.5 * 59.72 Group 037 159
S”'a(ré‘jr'l;‘mh T 154467 15.125.5 172 Test 010 .162
CON 15.945.0 15.745.0 1150  GroupxTest .000 .354
) CT+T 8.1+6.8 15.4+10.9 + *k 88.60 Group 006 239
S&S’ T 41435 43151 526 Test 000 279
CON 52459 49447 588  GroupxTest .000 450
CT+T 26.5+4.9 29.143.0 * 9.86 Group 218 077
(ml‘jg%{?‘rjl’i‘n,l) T 262432 264435 0.68 Test 005 .191
CON 25.543.7 25.542.8 0.12 GroupxTest .002 274

CT+T: Circuit training+L-tryptophan group, T: L-tryptophan group, CON: Control group.
*p<.05, ¥¥p<.01, ***p<.001: Significant difference between pre and post-test.
+ Significantly different from T group and CON group within a test.

T #9e] FPG(p(.01) ¢k HOMA-
(.05)] %P | ZH2E ik CON Hete] 75
B AN fel gt wshh vehA] el

Ak 2 Foka} Fedstod(Table 8), CT+T e
SBP(p(.01), DBP(p(.05), MAP(p(.05), 1&]3 RPP 20| Hi3]
(p€.001)7F FrelshAl A= oL, T Hee] SBP (p<.05)
o} MAP(p¢.05)7} frefatAl st CON e 77 9]
BE WA freofdt Wbyt glolth. golea

ity #EEe(Table 9, CT+T HY 3to] L-tryptophan A%

o1& A} #Hste](Table 7), CT+T Hete] (p(.001) 2
FPG(p<.05), FPI(p(.Ol),ZE]J_HOMA—IR (p¢.05)°] 7} 42517

o,
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Al etsA] 7Wr Heidari et al., 2017). ©
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98
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Table 5. Changes in physique and body composition (mean£SD)
Variables Groups Tests A% P s
Pre Post
CT+T 63.0+10.8 61.4£10.4 HkE -2.65 Group 318 .058
Body weight (kg) T 67.6+8.4 67.348.1 -0.54 Test 000 .307
CON 62.5+12.0 62.1+11.8 -0.77 GroupxTest .022 .182
CT+T 25.8+3.9 25.143.7 HkE -2.68 Group 396 .048
Body mass index (kgm?) T 27.1£2.4 27.0£2.3 -0.53 Test .000 305
CON 25.7+3.9 25.543.8 -0.81 GroupxTest .022  .182
CT+T 86.849.6 81.3+10.1 HkE -6.27 Group 272 .066
Waist circumference (cm) T 88.448.5 87.1£6.0 -1.47 Test .000 .330
CON 90.2+8.8 88.3+9.0 2,12 GroupxTest .031 .167
CT+T 96.9£14.2 95.7+10.3 -1.28 Group 849 .009
Hip circumference (cm) T 98.0+12.7 96.7+11.0 -1.28 Test .098 .070
CON 99.6+9.2 97.949.5 -1.63 GroupxTest .977 .001
CT+T 0.90+0.06 0.85+0.03 * -5.63 Group 181 .086
Waist-hip ratio T 0.91£0.08 0.91£0.07 -0.08 Test 024 127
CON 0.91+0.04 0.90+0.03 -0.93 GroupxTest .044 152
CT+T 41.144.1 41.6£3.5 1.25 Group 233 .076
Fat-free mass (kg) T 442445 43.5+4.3 -1.61 Test 311 .027
CON 41.2+6.0 40.7+5.8 -1.12 GroupxTest .056 .141
CT+T 21.4+74 19.8+7.0 *Ex -7.36 Group 408 .046
Fat mass (kg) T 23.74+4.6 23.444.3 -1.39 Test 002 220
CON 21.446.1 21.246.2 -0.90 GroupxTest .021  .184
CT+T 33.7+4.8 31.8+5.2 ok -5.68 Group 376 .050
Percent body fat (%) T 34.7£3.0 34.8+2.7 0.23 Test 049 .098
CON 33.7+3.4 33.743.7 0.00 GroupxTest .014 200

CT+T: Circuit training+L-tryptophan group, T: L-tryptophan group, CON: Control group.

*p<.05, ¥*¥p<.01, ***p<.001: Significant difference between pre and post-test.

AA FEeds N F de AeE HaHAY
(Cunliffe et al., 1998). Javierre et al.(2010)- Ale]
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Table 6. Changes in blood lipids (mean=SD)
Variables Groups Tests A% p 7
Pre Post
CT+T 199.5+35.9 180.6+33.3 ok -9.45 Group 775 013
T"ta(‘}qfé‘,‘ﬁfitf“’l T 199.6+42.7 186.6+28.3 651 Test 009 165
CON 199.3+40.6 199.9+42.1 0.31 GroupxTest .119  .106
' ' CT+T 119.4+43.2 94.3+50.0 -21.01 Group 780 013
Tﬁgfﬁﬂ‘;‘e T 118.6£79.3 109.1451.6 -8.01 Test 131059
CON 121.8+44.5 118.1£53.6 -3.04 GroupxTest .559  .030
High density CT+T 57.6£10.4 62.4+10.0 831 Group 959 .002
lipoprotein-cholesterol T 59.9+11.3 60.4+14.8 0.83 Test 116 .064
(mgdI) CON 58.6+13.2 59.4+10.8 131 GroupxTest 301 .061
Low density CT+T 118.6£34.4 107.4+25.5 -9.51 Group 862 .008
lipoprotein-cholesterol T 111.9£37.2 105.9423.5 -5.36 Test 166 .050
(mg-dl) CON 112.9437.0 117.9+37.8 443 GroupxTest 082 .124
CT+T: Circuit training+L-tryptophan group, T: L-tryptophan group, CON: Control group.
**p<.01: Significant difference between pre and post-test.
Table 7. Changes in surrogate indices of insulin resistance (mean+SD)
Variables Groups Tests 4% p 7
Pre Post
. CT+T 102.3+16.5 90.7+8.5 * -11.31 Group 648 .023
Fas““g(gll?g}‘f‘lfluc"se T 102.6+13 .4 91.2+11.2 * L3 Test 000 375
CON 102.5+21.0 99.3+14.7 -3.15 GroupxTest .123  .104
) o CT+T 8.1+5.8 5.5+34 ok -32.66 Group 551 .031
Fasnn(g ﬁ{??gﬁ;“suhn T 9.2+4.6 6.8+4.4 2593 Test 001 251
CON 8.6+3.1 8.0+2.9 -7.05 GroupxTest 248 .071
CT+T 2.2+1.9 1.3£0.9 * -42.02 Group 685 .020
HOMA-IR T 24+14 1.6£1.1 * -35.88 Test .000 .287
CON 2.2+1.0 1.9+0.8 -1246  GroupxTest 273  .066
CT+T: Circuit training+L-tryptophan group, T: L-tryptophan group, CON: Control group.
HOMA-IR: homeostasis model of assessment for insulin resistance.
*p<.05, **p<.01: Significant difference between pre and post-test.
w89 iAol vebd = itk Hagh up e, o] A o Helth, o] Aol A HAIEE k5ol T2 5 AlAt
odlA CT+T e At A cese A= 2e g8 719 Slad 271719k FARE Fato] ok, o
o] &3 WM FFol 7] Wil oo o] FAHA L S WEA o Ao va A 7] 5] fofstA
Z {8 FE7H BebA] 1ok o R dddnh 1 AR s
2t of A9 CTHT el A AAe]2e]H 7] 9 Sl& o] A79 CT+T Heell L eA717t #2]3
Qo717 el GAE AL $E meade) T4 7] SAEAY $TLES 59 A4 289 W 2
o] 24 PEI fAE Bl BT AT US RAFZ B 0P AFS A Aol 5 FRRAe F3
7P7F bt Alcaraz et al. (2011)9] Hush #d 81 28]l o 27]59] S frieste] B34 & A 2
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Table 8. Changes in heart rate and blood pressure (mean+£SD)
. Tests )
Variables Groups A% P n
Pre Post
CT+T 67.4+7.7 65.946.0 -2.22 Group 707 018
H%g;gfe T 65.9+5.6 64.9+4.3 -1.52 Test 437 016
CON 66.748.3 68.0+6.5 1.96 GroupxTest .070 .131
' CT+T 132.6£14.6 125.6+11.0 ok -5.28 Group 867 .007
SY“Ohiﬁiiﬁz?ES““e T 13194115 130.6+12.9 098 Test 050 097
CON 130.5£11.9 131.4+10.1 0.71 GroupxTest .032 .166
S CT+T 88.3+8.0 83.9+4.3 * -5.02 Group 558 .030
Diastolic blood pressure T 86.5+10.4 80.147.8 * 735 Tet 008 .I72
(mmHg)
CON 85.5+10.8 86.2+7.2 0.72 GroupxTest .066 .133
CT+T 44.3+10.9 41.749.1 -5.81 Group 271 .066
Pulse pressure T 4544124 50.4+8.1 1118 Test 539010
(mmHg)
CON 44.945.6 45.247.6 0.68 GroupxTest .121  .105
CT+T 103.1£9.3 97.845.8 * -5.13 Group 872 .007
Mean arterial pressure
(mmHg) T 101.6+9.0 97.0£9.0 * -4.60 Test 003 208
CON 100.5£10.9 101.247.5 0.70 GroupxTest .033 .164
CT+T 8,920.6+1,339.1 8,272.4+1,002.0  *** -7.27 Group 801 .012
Rate pressure product
(bpm*mmHeg) T 8,691.4+1,127.2 8,469.1+989.2 -2.56 Test 063 .083
CON 8,757.4+1,724.4 8,956.0+1,247.4 2.27 GroupxTest .020 .185
CT+T: Circuit training+L-tryptophan group, T: L-tryptophan group, CON: Control group.
*p<.05, **¥p<.01, ***p<.001: Significant difference between pre and post-test.
Table 9. Changes in number of metabolic syndrome risk factors (mean+SD)
. Tests )
Variables Groups A% p 7
Pre Post
CT+T 2.36+1.45 0.93+1.07 ko 61.25 Group 416 .045
Number of metabolic
syndrome risk factors T 2.43+0.94 1.7120.99 wk -42.11 Test 000 426
CON 2.23+1.10 2.00£1.16 -11.50  GroupxTest .009 .222

CT+T: Circuit training+L-tryptophan group, T: L-tryptophan group, CON: Control group.
**p<.01, ***p<.001: Significant difference between pre and post-test.
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At ol H7 A4S Fe R At £EeE
AAGE A3 AR FE o] folsi ATt B
g Grindler & Santoro(2015)2] d7-9} U5,
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ol ARAQ FgE T Ao dAdHEn.
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o th& Fgrt dom, giAl gelizt e A TS Alg
Holglx B 1% o] (Strasser et al., 2015) Awtd A
A7t 2&H ek 3 Javierre et al. (2010) & &%

7} Lrtryptophan AH & BAE 4¢ %5 F TG 2
2H|F9] &H]7} F7hE o] 3 A Ho] AHAHIT L B
sttt o]t Mg AT AIE E3dle] Ltryptophan
95 AT 5 A e 27 7ol (AR %
I 53 AR S W 1 ZRL et e AeE A e

% % 9t

o] Aol T Fe 4% TC, TG, HDL-C, 28]
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al.(2002)2 A 5] EF Ad} -3 AA 7} 9lom,
£38] AR vt vepd o 23 AR ax &
A vepdtia g b gl o] A7) T Aol
A2 ARG wghrt g7 wgo] 5 A def W
e Veh A & Ao g Adtdn) wdk A&d uie}
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TF A9 898 270 o) ztm e A A o]
77 o] 7] w ol 5 A e] fol gt Wshrt e}
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al.(2007)& Fx=H FolAl L-tryptophans
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