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Before After p value Before After p value Before After p value

Skin aging parameters

    Skin elasticity, Ur/Uf 0.32 ± 0.01 0.37 ± 0.01 < 0.001 0.32 ± 0.01 0.36 ± 0.01 < 0.001 0.32 ± 0.01 0.38 ± 0.01 < 0.001

    Dermal thickness, mm 1.74 ± 0.02 1.75 ± 0.02 0.43 1.71 ± 0.04 1.71 ± 0.02 0.93 1.77 ± 0.03 1.79 ± 0.03 0.20

    Upper dermal LEP, % 27.0 ± 1.9 15.5 ± 1.7 < 0.001 27.9 ± 3.0 15.8 ± 2.5 < 0.001 26.3 ± 2.3 15.3 ± 2.3 < 0.001

Body composition

    Body weight, kg 54.4 ± 0.8 54.0 ± 0.8 < 0.05 54.2 ± 1.3 53.5 ± 1.3 < 0.05 54.6 ± 1.1 54.5 ± 1.1 0.76

    BMI, kg/m

2

21.1 ± 0.2 20.9 ± 0.2 < 0.10 21.0 ± 0.3 20.8 ± 0.3 < 0.05 21.1 ± 0.3 21.1 ± 0.3 0.91

    AppLTM, kg 15.4 ± 0.2 15.5 ± 0.2 < 0.05 15.4 ± 0.4 15.4 ± 0.4 0.93 15.4 ± 0.3 15.7 ± 0.3 < 0.01

    TotalLTM, kg 36.5 ± 0.5 36.7 ± 0.5 < 0.10 36.7 ± 0.8 36.6 ± 0.8 0.72 36.4 ± 0.6 36.8 ± 0.6 < 0.01

    Body fat, kg 15.6 ± 0.6 15.3 ± 0.6 < 0.10 15.2 ± 0.8 14.9 ± 0.8 0.19 15.9 ± 0.8 15.6 ± 0.8 0.31

    BMC, kg 2.28 ± 0.04 2.27 ± 0.04 0.10 2.25 ± 0.06 2.24 ± 0.06 0.22 2.31 ± 0.05 2.30 ± 0.05 0.28

Physical capacity

　

 VO

2peak,

 mL/kg/min 28.0 ± 0.6 28.9 ± 0.6 < 0.10 27.1 ± 0.8 28.5 ± 0.7 < 0.05 28.7 ± 1.0 29.3 ± 0.8 0.50

　

 1-RM, kg

　　

 Chest press 11.5 ± 0.4 14.9 ± 0.6 < 0.001 11.2 ± 0.6 11.6 ± 0.6 0.10 11.8 ± 0.6 17.7 ± 0.7 < 0.001

　　

  Shoulder press 15.7 ± 0.5 20.0 ± 0.8 < 0.001 14.9 ± 0.7 15.6 ± 0.8 0.07 16.3 ± 0.7 23.8 ± 0.9 < 0.001

　　

 Arm curl  15.2 ± 0.5 18.9 ± 0.7 < 0.001 15.0 ± 0.8 15.6 ± 0.7 0.24 15.4 ± 0.5 21.7 ± 0.8 < 0.001

　　

 Rowing 22.1 ± 0.5 24.6 ± 0.7 < 0.001 21.7 ± 1.0 20.9 ± 0.8 0.11 22.5 ± 0.6 27.8 ± 0.8 < 0.001

　　

 Leg curl 43.4 ± 1.2 50.3 ± 1.7 < 0.001 42.0 ± 2.0 42.8 ± 2.0 0.56 44.6 ± 1.4 56.7 ± 2.0 < 0.001

　　

 Leg extension 68.2 ± 2.4 77.2 ± 2.5 < 0.001 65.5 ± 3.7 68.8 ± 3.5 0.11 70.5 ± 3.0 84.7 ± 3.0 < 0.001

Table 1. Effects of aerobic training and resistance training on skin aging parameters, body composition, and physical capacity

Valuesshowthemeans±standarderrors(SEs).Statisticalanalyseswereperformedwithtwo-sidedpaired



t



teststocompareparametersmeasuredbeforeandafterthe

training intervention.

AppLTM,appendicularleansofttissuemass;AT,aerobictraining;BMC,bonemineralcontent;BMI,bodymassindex;LEP,lowechogenicpixels;RT,resistancetraining;

TotalLTM, total lean soft tissue mass; VO

2peak

, peak oxygen uptake; 1-RM, one-repetition maximum



All (n = 56) AT (n = 26) RT (n = 30)
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Before After p value Before After p value Before After p value

COL1A1 0.821 ± 0.025 0.858 ± 0.032 - 0.19 0.857 ± 0.043 0.898 ± 0.053 - 0.37 0.789 ± 0.029 0.823 ± 0.037 - 0.36

COL1A2 0.826 ± 0.023 0.865 ± 0.026 ↑ < 0.10 0.862 ± 0.034 0.928 ± 0.043 ↑ < 0.10 0.795 ± 0.030 0.811 ± 0.027 - 0.60

COL3A1 0.895 ± 0.031 0.969 ± 0.033 ↑ < 0.01 0.945 ± 0.047 1.040 ± 0.055 ↑ < 0.05 0.851 ± 0.040 0.908 ± 0.037 ↑ < 0.10

COL5A1 0.727 ± 0.018 0.764 ± 0.021 ↑ < 0.05 0.757 ± 0.028 0.807 ± 0.035 ↑ < 0.10 0.702 ± 0.024 0.727 ± 0.025 - 0.26

COL6A1 0.809 ± 0.018 0.908 ± 0.023 ↑ < 0.001 0.845 ± 0.025 0.947 ± 0.035 ↑ < 0.05 0.778 ± 0.024 0.873 ± 0.028 ↑ < 0.001

COL12A1 0.981 ± 0.028 1.062 ± 0.032 ↑ < 0.01 1.044 ± 0.047 1.159 ± 0.052 ↑ < 0.01 0.926 ± 0.030 0.978 ± 0.035 - 0.10

COL14A1 0.835 ± 0.023 0.931 ± 0.027 ↑ < 0.001 0.887 ± 0.040 0.984 ± 0.042 ↑ < 0.05 0.791 ± 0.024 0.885 ± 0.034 ↑ < 0.01

HAS1 0.092 ± 0.013 0.102 ± 0.017 - 0.52 0.090 ± 0.013 0.115 ± 0.032 - 0.34 0.095 ± 0.021 0.091 ± 0.016 - 0.98

HAS2 0.177 ± 0.020 0.239 ± 0.022 ↑ < 0.001 0.163 ± 0.018 0.247 ± 0.026 ↑ < 0.001 0.190 ± 0.034 0.233 ± 0.035 ↑ < 0.01

DCN 0.911 ± 0.029 0.994 ± 0.032 ↑ < 0.001 0.973 ± 0.043 1.080 ± 0.049 ↑ < 0.01 0.857 ± 0.036 0.919 ± 0.036 ↑ < 0.10

BGN 0.685 ± 0.016 0.736 ± 0.021 ↑ < 0.01 0.722 ± 0.026 0.750 ± 0.036 - 0.31 0.653 ± 0.019 0.723 ± 0.024 ↑ < 0.001

VCAN 0.595 ± 0.017 0.644 ± 0.019 ↑ < 0.01 0.635 ± 0.028 0.691 ± 0.034 ↑ < 0.05 0.561 ± 0.019 0.604 ± 0.019 ↑ < 0.01

CHPF 1.062 ± 0.030 1.162 ± 0.037 ↑ < 0.001 1.146 ± 0.048 1.252 ± 0.052 ↑ < 0.05 0.989 ± 0.035 1.084 ± 0.048 ↑ < 0.01

CHSY1 1.040 ± 0.042 1.110 ± 0.047 ↑ < 0.05 1.106 ± 0.068 1.186 ± 0.071 - 0.17 0.981 ± 0.049 1.044 ± 0.060 ↑ < 0.05

CHSY3 1.630 ± 0.075 1.653 ± 0.075 - 0.65 1.766 ± 0.121 1.743 ± 0.098 - 0.79 1.513 ± 0.091 1.576 ± 0.111 - 0.31

ELN 0.716 ± 0.036 0.638 ± 0.037 ↓ < 0.05 0.755 ± 0.052 0.651 ± 0.058 ↓ < 0.05 0.682 ± 0.051 0.626 ± 0.047 - 0.24

Table 2. Effects of aerobic training and resistance training on expression level of dermal extracellular matrix-related genes in dermal fibroblasts (measured

in plasma from blood sampled from participants before and after the 16-week training intervention)

ValuesshowthemeansoftherelativelevelofgeneexpressioncalculatedbytheΔΔCtmethod(whereCtisthethresholdcycle)normalizedwithglyceraldehyde3-

phosphatedehydrogenaseasthehousekeepinggeneandthecontrolsample±standarderrors(SEs).Statisticalanalysesfortheintragroupdifferencewereperformed

with two-sided paired t tests.

AT,aerobictraining;



BGN,biglycan;



CHPF,chondroitinpolymerizingfactor;



CHSY1,chondroitinsulfatesynthase1;



CHSY3,



chondroitinsulfatesynthase3;COL1A1,

collagentypeIα1chain;



COL1A2,collagentypeIα2chain;



COL3A1,collagentypeIIIα1chain;



COL5A1,collagentypeVα1chain;



COL6A1,collagentypeVIα1

chain;



COL12A1,collagentypeXIIα1chain;



COL14A1,collagentypeXIVα1chain;



DCN,decorin;



ELN,



elastin;



HAS1,hyaluronansynthase1;



HAS2,hyaluronan

synthase 2; RT, resistance training; VCAN, versican

Gene

All (n = 56) AT (n = 26) RT (n = 30)
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p value p value p value

COL1A1 0.72 ± 0.05

↓

< 0.01 0.89 ± 0.05

↓

< 0.10 0.93 ± 0.14 - 0.47

COL1A2 0.79 ± 0.03

↓

< 0.01 0.83 ± 0.08

↓

< 0.05 0.98 ± 0.03 - 0.58

COL3A1 0.81 ± 0.06

↓

< 0.05 0.91 ± 0.09 - 0.20 0.82 ± 0.07

↓

< 0.05

COL5A1 0.68 ± 0.05

↓

< 0.01 0.74 ± 0.04

↓

< 0.01 1.01 ± 0.05 - 0.88

COL6A1 0.94 ± 0.07 - 0.21 0.92 ± 0.03 - < 0.05 1.00 ± 0.04 - 0.85

COL12A1 0.73 ± 0.05

↓

< 0.01 0.86 ± 0.05

↓

< 0.05 1.01 ± 0.12 - 0.91

COL14A1 0.73 ± 0.04

↓

< 0.01 0.92 ± 0.20 - 0.57 0.71 ± 0.02

↓

< 0.01

HAS1 0.38 ± 0.14

↓

< 0.01 0.23 ± 0.11

↓

< 0.01 1.53 ± 0.18

↑

< 0.05

HAS2 0.74 ± 0.05

↓

< 0.01 1.05 ± 0.04 - 0.28 1.32 ± 0.11

↑

< 0.05

DCN 0.70 ± 0.07

↓

< 0.01 0.91 ± 0.07

↓

< 0.10 0.85 ± 0.05

↓

< 0.05

BGN 0.56 ± 0.05

↓

< 0.01 0.76 ± 0.03

↓

< 0.05 0.83 ± 0.04

↓

< 0.10

VCAN 0.83 ± 0.07

↓

< 0.05 0.89 ± 0.09 - 0.12 1.03 ± 0.03 - 0.32

CHPF 0.76 ± 0.05

↓

< 0.01 0.84 ± 0.03

↓

< 0.01 1.07 ± 0.02

↑

< 0.05

CHSY1 0.72 ± 0.05

↓

< 0.001 0.91 ± 0.03

↓

< 0.05 1.07 ± 0.05 - 0.10

CHSY3 0.76 ± 0.04

↓

< 0.01 0.93 ± 0.07 - 0.24 0.96 ± 0.08 - 0.50

ELN 0.71 ± 0.02

↓

< 0.001 0.86 ± 0.09

↓

< 0.10 1.09 ± 0.06 - 0.11

Table 3. Effects of factors identified as affecting biglycan (BGN) on expression of other dermal

extracellular matrix-related genes

ValuesshowthemeansoftherelativegeneexpressionamountscalculatedbytheΔΔCtmethod(whereCtis

thethresholdcycle)normalizedwithglyceraldehyde3-phosphatedehydrogenaseasthehousekeepinggene

andthecontrolsample±standarddeviations(SDs).Statisticalanalyseswereperformedwithtwo-sided

independent t tests.

BGN,byglycan;CCL28,C-Cmotifchemokineligand28;



CHPF,chondroitinpolymerizingfactor;CHSY1,

chondroitinsulfatesynthase1;



CHSY3,chondroitinsulfatesynthase3;



COL1A1,collagentypeIα1chain;

COL1A2,collagentypeIα2chain;



COL3A1,collagentypeIIIα1chain;



COL5A1,collagentypeVα1chain;

COL6A1,collagentypeVIα1chain;



COL12A1,collagentypeXIIα1chain;



COL14A1,collagentypeXIVα1

chain;CXCL4,C-X-Cmotifchemokine4;



DCN,decorin;



ELN,elastin;



HAS1,hyaluronansynthase1;HAS2,

hyaluronan synthase 2; VCAN, versican

Gene

CCL28 N,N-dimethylglycine CXCL4

vs control (1.00) vs control (1.00) vs control (1.00)


