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Abstract

Purpose: Sarcopenia is defined as a decrease in muscle mass, strength, and function with age that affects overall body function.
We aimed to investigate the effect of combined training on body composition, balance, and muscle function in sarcopenia elderly.
Research design, data, and methodology: Twenty-eight sarcopenia elderly (age 74.9+4.5 years) were randomly assigned to an
exercise, EG (n=14), or a control, CG (n=14), group. The EG performed an intervention consisting of combined exercise training
(60-75 min) for a total of 12 weeks, three times a week. The CG maintained their usual daily lifestyle during the intervention
period. We measured body weight, body mass index (BMI), % body fat, free fat mass, balance ability, peak torque in shoulder,
knee, and lumbar joints normalized for bodyweight in one second. Results: The EG showed improved body composition (i.e.,
BMI, fat-free body mass, fat mass; all p < 0.031, 12> 0.179), balance (i.e., right and left of static and dynamic balance and fast 10
m walk; all p < 0.049, n? > 0.152), and muscular function (i.e., 90°/sec and 180°/sec peak power per kg bodyweight, 90%/sec
average power per kg bodyweight, 180°/sec total work, and 180°/sec endurance ratio; all p < 0.045, n2 > 0.158). Conclusions:
Combined exercise training improves muscle mass and strength, body composition, balance, and muscle function in sarcopenia
elderly.
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Variables
Age (yr)
Height (cm)
Weight (kg)
BMI (kg/m?)
Free fat mass (kg)
Fat mass (%)

=

ASM (kg/m?)
Note. SD = standard deviation, Cl = confidence interval, EG
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Table 1. Participants’ characteristics. Data are means (z SD).
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25 T2 ZTE BESY| Qte] B8 25 Ef0|d TZIME Phu, Boersma, & Duque (2015)0] HA| st
TUAT LS9 28 7t0|=2tlE HESIRACL & 12 Fo| MX|7|Zt F, Initial Stage 2! 1~4 F2t Improvement
Stage 5~12 £ T2l BZHQ 252 HEOIULCL EG FIIMAES2 LF UM M B F 12F 8% 25 BMHE
HAISHRACE FH 20 YEl2Es2 2B 3 2715 102 HAIBIRSH, 2 282 fi2 230 HEd 252
40-60 & St HAIBIAULE Rt 252 EHEZES 20 £~30 2324 HAIGHA 20, HRR 2| 60~80% ZEE
HAISHALL MEgd 282 WEE 0|8%0 23ZEE 2SAAE 12~15 A 10~12 2| g=510 3 ME
HAlSton, 28 S22 87 & 22 (chest press, biceps curl, rowing, shoulder press, squat, lunge, sit up, plank)
TISIRALE 1-2 FAO= 3 MMO| 40 2, 3-4 FAO|= 50 &, 5-12 FAO= 60 = AISZEUCE FUALRES T
CH & XHOI A Polar heart rate analyzer(Polar Electro OV, Finland)E %&A|7{ SE HEs HRE RX[SHEX| R E
ZBIAoH, MY 28 FAIZ =€ HIASHH ZE=E FAGIALE 28 T UL O2 L= 52 245H=
e SAME FGL=F oI 2n, FHAC 25 Z2OM2 <Table 2>0f MA|E B ZCh oHH, SH TEHe| et At=
Sgot M| 7|2 S Bao| dE5EE AUE FAISHES SHRAL.

Table 2. Combined exercise program
Item Exercise type Exercise intensity Time
Warm up Stretching and walking 10 min
Aerobic exercise HRR 60~80% 20~30 min
Main exercise Resistance exercise RPE 12-15/HRR 60-80% 20~30 min
10~12 rep.(3set)
Cool down Stretching and walking 10 min

MM WA o (InBody77O Inbody Co., Seoul, Korea)2t DEXA(Ho-logic QDR 4500, Hologic, Bedford,
MA, USA)E 0|83, M, MT, XL HXLE%)E 5L

78 58: Z L™ A= Posturomed(Posturomed®, Haider Bioswing GmbH, Pullenreuth, Germany)& 0| 823}0] H
XM nd sHS ZHSIUCH, £ 212 2 2| HYSIALE FX @S £YE Posturomed O FLS B0 MA
ZH|Qt ot 22 ET0IE A REF S5t otF L2l E E55 5t0 5EE AESIRALE 15 = 32 5
Sl HHIRIBIAM Zitt ZHE HE T ot0 0|5 2402 HER X RU0h 35 #HsH2 TH| &0
MM &3 A2 2 o F &g TH| 20 X 5t SA|0 22 &=T0|E A Y #HE = F o3t 5
Al S X ZSHALE £T0| &= A0 S B2 MEEE St 5 ofUCh £t 58 7 5 E fls &7HA=
7] Qo] B Bl £ ot Jhst 7MY HE £E2 10m §& 225 SRt

7|5 isokinetic dynamometer(Cybex 770 NORM™, Cybex International, Medway, MS, USA)E AL&SY 283
ZHSIACE 22 ZEE 90°/sec 0| A 5 2| HhE HFSE D 2H& 1 180%/sec Ol A 15 2| BhE £SO 2| E3, B
2 A0 28, 5 MUY, g0 0t9, X7 Hlg2 S5

2.3. XAI2EA

2 AN @2 ZAdt= SPSS PC+ for window(version 25.0, IBM Corp., Armonk, NY, USA)Z 0| 2310] 23l am,
D E HO|E+ Ha(mean)tt E&EHEX}(standard devation: SD)Z KM A|SHGICH 2 E Zat B0 22 Hd2 Kolmo-
gorov-Smirnov HIAEE AL AEE[RUACE 2F SL B0 ChSH 12 F S22 5 SM 2UE S4517| {8l dh=
E£HE ¢ 0|3 24 242 HASIQUCL Bt £ E S O 24 24 At FEeto| = 2t AAS| F 21 £
TCHOt HARS| M2 AEO| Rolot B2 ZF T L & ZAF 2] X0l= % t-d S (paired t-test)S, 2 AAF L T
Zt Xpol= =& t-ZS(independent t-test)S &A|SH0] ABSIRALCE t-HBS 2| &2 Bonferroni HHES ALESHY Atz
HIAEE ALSHO] AlZh Zutof 2 & L HetE AlHSIRICH BE A2 | +=&F (2 0.05 2 Stk

AMATAHol HsE M4HEMH HB(p = 0.019, n2= 0.209), BMI(p = 0.031, n2 = 0.179), MX|&Z¥p = 0.003, n2 =
0312) ¥ MX|EHE(p < 0001, n2 = 0.573)0f CHSH & 1E 7to| Qe A5 Z20| LIEFRICH AFE 2M ZHD} EG

JE0M HF (mean change, 95% confidence interval (Cl); EG: -0.87 [-1.45, -0.29] kg, p < 0.05), BMI (mean change,
95% confidence interval (Cl); EG: -0.46 [-0.86, -0.07] kg/m2, p < 0.05), and KM X|E(EG: -1.75 [-2.43, -1.08] %, p <
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0.05)0| Fo|5tA ZASIFUon, MX|HZE(EG: 1.05 [0.41, 1.68], kg, p < 0.05)2 F2|StH S 7tSHRUCH <Table 3>.

Table 3. Before and after training data (mean + SD) for body composition measures with main analysis of variance re-
sults.

EG CG 1% (p) value
Measure Mean change Mean change . .
Before After 95% Cl Before After 95% Cl Time Group Interaction

Weight (k) 50.90 50.04 -0.87 52.02 52.35 0.33 .050 .034 .209
+4.65 *4.77 [-1.45, -0.29]* +5.13 +4.65 [-0.53,1.20] (.271) (.366) (.019)f

BMI,(kg/m?) 22.00 21.68 -0.46 22.10 22.13 0.26 .016 .039 179
' +1.25 +1.24 [-0.86, -0.07]* 121 +1.35 [-0.31,0.84] (.537) (.334) (.03D)f
Free fat mass (kg) 32.34 33.39 1.05 33.04 32.79 -0.25 .054 .000 312
+2.02 +1.79 [0.41, 1.68]* +2.61 +3.13 [-0.83,0.32] (.146) (.957)  (.003)}

Fat mass (%) 33,57 31.82 -1.75 33.90 35.09 1.20 .046  .097 573
+3.04 +3.37 [-2.43, -1.08]* +2.74 +2.50 [0.29,2.11]* (.294) (.121)  (.000)f

) 5.26 5.34 0.08 5.19 5.18 -0.01 .029 .016 .048

ASM (kg/m) +0.29 +0.27 [-0.05, 0.22] +0.60 +0.56 [-0.13,0.11] (.406) (.542) (.283)

Note. SD = standard deviation, Cl = confidence interval, EG = exercise group, CG = control group, ASM = appendicular skeletal mass.
+ Significant interaction or main effect

* p<.05 vs. before training

A S2o| ANE MHEH MM U =X FE@al, p < 0049, n2 = 0.152) X W2 10m Z7|(p < 0.029, n2 =
0.184)2| RLEZ 5! 21Z0|M &=z 0| LIEIGCH AZEME MAlot 21t EG AE2| FE 49 Y Ho| 2EZ A

SUM 2 Mgt BN 8 X =9 RLEZX (EG: -1.75 [-2.43, -1.08] mm, p < 0.05), 1% XN 78 52(EG: X-axis -302.16
[-547.31, -57.01], Y-axis -288.38 [-450.19, -126.57], SUM -286.29 [-472.42, -100.16] mm, p < 0.05), LEZ% & 73
S3(EG: X-axis -473.24 [-623.51, -322.97], Y-axis -414.79 [-718.45, -111.13], SUM -311.27 [-549.45, -73.09] mm, p <
0.05), RLE% 58 74 53 (-501.05 [EG: X-axis -872.74, -129.37], Y-axis -270.07 [-516.62, -23.52], SUM -353.77 [-
664.42, -43.12] mm, p < 0.05), and W2 10m 23 (EG: -446.92 [-850.97, -42.87] sec, p < 0.05)0| A S0/t AH| 74M | RACt
<Table 4>.

Table 4. Before and after training data (mean + SD) for balance measures with main analysis of variance results.

EG CG n2 (p) value
Measure Before After Megago/cohgrge Before  After Me:g(;;hcapge Time Group Interaction
saxis 104759 74543 -302.16 1106.40 1151.69 45.29 114 065 190
_ +379.84  +390.67 [-547.31,-57.01]* +540.56 +629.44 [-158.72,249.30] (.092) (210)  (.026)i
Right of 93052 660.17 -270.34 944.44 102054 76.10 054 081 152
Sta“(cn?r?]')ance YIS 435403 +43256  [-580.50,48.81] +388.62 38160 [97.62,249.82] (256) (158) (049)t
suy 145622 116612 -290.09 1677.80 1844.49 166.70 014 150  .160
+637.78  +631.25 [-720.25,140.07] +601.96 +608.95 [-1157,344.96] (569) (050) (.043)
oaxis 110745 81907 -288.38 117827 118157 3.30 186 075 193
+336.05 +294.03 [-450.19,-126.57]* +486.47 +534.43 [-206.97,21357] (028) (175) (.025)
LEitof 92115  634.86 -286.29 99320 981.99 -11.20 199 105 175
Sta“(cnf’r?]')“‘”ce Y-aXIS 18185 27038 [-472.42,-100.16]% +499.96 +380.48 [-200.36,177.95] (022) (106) (.033)
suyq 160012 113588 -473.24 1751.65 1726.05 -25.60 317 113 272
+30131  +403.52 [-62351,-322.97]* +689.84 +705.71 [-314.73,263.52] (.003) (.094) (.006)
s 127811 86332 -414.79 127410 1267.65 -6.45 188 029 179
Right of 162367  +471.55 [-718.45,-111.13]* +798.07 +650.20 [-249.86,236.95] (.027) (.407) (.031)t
dynamic bal- .. 94194 630,67 -311.27 978.44  966.36 -12.08 192 055 169
ance +462.92  +406.78 [-549.45, -73.00]* +410.69 +467.59 [-186.65, 162.49] (.025) (.250) (.037)t
(mm) sum 171904 121799 -501.05 1803.43 1802.33 -1.10 203 061 202
+811.40  +733.70 [-872.74,-129.37]* +650.68 +723.41 [-240.75,23855] (021) (225) (.021)t
ais 124796 977.90 27007 1297.73 1317.07 19.34 138 024 176
Left of 160898  +403.83 [-516.62,-23.52]* +750.03 +748.15 [-110.18,148.86] (062) (452) (.033)
dynamic bal- . 116610 81233 -353.77 1189.13 1224.37 35.23 113 043 159
ance +605.83  +44452 [-664.42,-43.12]* +621.63 +634.52 [-213.36,283.82] (.094) (309) (.044)t
(mm) sum 199564 154872 -446.92 1989.05 2005.30 16.25 135 014 153
+1036.25 +761.64 [-850.97,-42.87]* +1067.88 +1120.81 [-251.19, 283.70] (.065) (558) (.048)t
Normal 8.6 782 1.05 830 826 055 055 023 036
speed  +1.11 +0.69 [-1.51, -0.59] +127  +103  [0.14,097]  (249) (461) (.352)
10m walk (sec) oot 6.44 5.64 175 633 631 1.20 204 044 184

speed  +0.89 +0.70 [-2.43,-1.08]*  $073  +0.85 [0.29,2.11]  (.021) (201) (.029)F
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Note. SD = standard deviation, Cl = confidence interval, EG = exercise group, CG = control group.
+ Significant interaction or main effect * p<.05 vs. before training

=752 AnE HEHEH, 90°/sec MM 12| MBY ZFZE@ll, p = 0.044, n2 = 0.158)1 HEBE
@ll, p = 0.039, N2 = 0.166)0|A] & Ctat AHALQ| 80| Fo|5HA| LIEtGSn, 180°/sec At 29|
I Ao EEall, p = 0.020, n2 = 0.204) 1 p = 0.204, n2 = 0.020), A™O| ZX|F+& H|E(p =
0.045, n2 = 0.158)01| A E Tt HALS| 42 ZE&0| FoISHA LIEHRCH A= 24 ZAutEG A E0M HESE %[0 THY(EG:
90°/sec extension 10.69 [2.54, 18.84], 90°/sec flexion 14.31 [3.76, 24.85], 180°/sec extension 10.31 [2.49, 18.12],
180°/sec flexion 9.31 [-0.66, 19.28] % BW, p < 0.05), 90 = M|E T HH I} (EG: extension 13.15 [1.19, 25.12], flexion
12.27 [0.91, 23.62] %BW, p<0.05), 180 & HMEE E YU o/sec total work per kg BW (EG: extension 124.31 [32.81,
215.81] %BW, p<0.05), 12|11 180 = ™ 2 X|73 H|Z °/sec extension endurance ratio (EG: 7.31 [1.34, 13.28] %BW,

p<0.05)0 A F2I5HA 7H44 = RALY. (Table 5, 6)
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Table 5. Before and after training data (mean + SD) for 90°/sec isokinetic muscle function measures with main analysis
of variance results.

EG CG 12 (p) value

Measure
Before  After Mean change Mean change

Before After Time Group Interaction

95% ClI 95% ClI
Extension
Peak power 56.23 60.85 4.62 54.85 54.31 -0.54 .080  .025 122
(Nm) +1499  £11.27 [-0.15, 9.38] +13.44 +13.21 [-4.41, 3.34] (.161) (.438) (.080)
Peak power 107.46  118.15 10.69 104.31 102.77 -1.54 123 .033 .200
(9%BW) +31.80 +26.56 [2.54, 18.84]* +23.95 +23.62 [-8.73, 5.65] (.079) (.371) (.022)f
Total work 22554  247.23 21.69 220.77 219.08 -1.69 .040  .020 .055
(Nm) +71.40 +43.05 [-8.67, 52.06] +71.62 +68.60 [-32.57,29.18] (.324) (.488)  (.251)
Total work 436.38  485.38 49.00 422.69 414.15 -8.54 .050  .032 .096
(%BW) +149.78 +106.09 [-6.03, 104.03] +136.13  +£124.80 [-64.78, 47.71] (.274) (.383) (.124)
Average power  50.85 56.62 5.77 49.69 48.23 -1.46 .059 .041 151
(W) +14.38  +10.87 [-0.22, 11.76] +12.13 +13.39 [-6.17, 3.25] (.230) (.319) (.050)
Average power  97.69 110.85 13.15 95.15 92.23 -2.92 .089 .047 194
(%BW) +30.99  +26.03 [1.19, 25.12]* +22.06 +24.48 [-11.27, 5.43] (.140) (.285)  (.024)t
Flexion
Peak power 34.69 39.15 4.46 33.54 33.08 -0.46 .080  .051 116
(Nm) +9.55 +9.13 [-1.18, 10.10] +8.50 +8.32 [-2.62, 1.70] (.162) (.270) (.088)
Peak power 65.38 79.69 14.31 63.92 64.85 0.92 233 .089 .190
(9%BW) +16.51  +12.97 [3.76, 24.85]* +16.22 +15.36 [-5.37,7.22] (.012) (.138) (.026)f
Total work 14385 158.54 14.69 138.31 137.15 -1.15 .040  .023 .054
(Nm) +54.22  +54.40 [-13.72, 43.11] +42.16 +42.98 [-9.05, 6.74] (.327) (.459) (.253)
Total work 285.23  304.77 19.54 262.31 258.15 -4.15 .026  .036 .060
(%BW) +114.65 +112.84 [-19.91, 58.99] +76.72 177.24 [-17.65, 9.34] (.429) (.355) (.228)
Average power  32.31 36.85 4.54 31.85 31.69 -0.15 .054 031 .062
(W) +10.27  +1141 [-3.08, 12.16] +7.78 +8.07 [-2.97, 2.66] (.251) (.393) (.220)
Average power  61.88 74.15 12.27 60.46 60.08 -0.38 149 .088 .166
(%BW) +15.28 +16.66 [0.91, 23.62]* +13.99 +13.63 [-5.90, 5.13] (.051) (.141)  (.039)t

Note. SD = standard deviation, Cl = confidence interval, EG = exercise group, CG = control group, %BW = percentage body weight.

+ Significant interaction or main effect, * p<.05 vs. before training

Table 6. Before and after training data (mean + SD) for 180°/sec isokinetic muscle function measures with main analysis
of variance results.

EG CG 12 (p) value

M
easure Before  After Mean change Mean change

Before After Time Group Interaction

95% CI 95% CI
Extension
Peak power 39.96 43.85 3.88 38.89 38.08 -0.82 .051  .050 A11
(Nm) +10.03 +8.63 [0.43,7.34] +7.60 +7.47 [-5.60, 3.97] (.269) (.272) (.096)
Peak power 76.38 86.69 10.31 75.46 72.77 -2.69 .076  .047 193 (.025)
(%BW) +21.74  +21.47 [2.49, 18.12]** +16.20 +13.98 [-11.55, 6.17] (.173) (.286) ° ’
Total work 414.38  460.00 45.62 405.62 400.54 -5.08 .069  .050 104
(Nm) +106.45 +72.18 [0.19, 91.04] +91.01 +72.24 [-63.25,43.10] (.195) (.273) (.108)
Total work 801.54  925.85 124.31 781.85 762.00 -19.85 119 .087 .204
(9%BW) +188.07 +184.79  [32.81,215.81]* +175.44 +131.16 [-107.12,67.43] (.084) (.143)  (.020)f
Endurance ratio  75.46 82.77 7.31 73.85 72.23 -1.62 .071  .109 .158
(%) +10.75 +9.41 [1.34, 13.28]* +12.35 +9.32 [-8.58, 5.35] (.189) (.100)  (.045)F
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Flexion
Peak power 28.92 32.62 3.69 27.77 26.77 -1.00 .040  .057 112
(Nm) +7.86 +10.44 [-1.90, 9.29] +6.99 +6.98 [-2.83,0.83] (.329) (.241) (.095)
Peak power 55.15 64.46 9.31 53.31 51.92 -1.38 .094  .098 158 (044)
(%BW) +8.54 +15.11 [-0.66, 19.28] +13.03 +14.40 [-5.96, 3.19] (.129) (119) - ’
Total work 328.62  342.69 14.08 325.69 318.46 -7.23 .009 .006 077
(Nm) +100.17 £109.71 [-11.19, 39.35] +68.76 +78.30 [-28.13,13.67]  (.653) (.700) (.170)
Total work 64254  683.15 40.62 628.38 594.31 -34.08 .004 .020 317 (.003)f
(%BW) +233.16 +238.61 [-1.09, 82.32]* +126.00 +140.35 [-59.37,-8.78]*  (.773) (.495) ° :
Endurance ratio  78.31 87.15 8.85 77.08 76.23 -0.85 .062  .095 .088
(%) +1561 +13.35 [-3.18, 20.87] +12.64 +8.07 [-7.78, 6.09] (.221) (.126) (.141)

Note. SD = standard deviation, Cl = confidence interval, EG = exercise group, CG = control group, %BW = percentage body weight.

+ Significant interaction or main effect, * p<.05 vs. before training
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