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Effects of 10 weeks of aerobic exercise training on cardiovascular function,

atherosclerosis, and vascular endothelial function in elderly women

Lee, Byung-Sun, Kim, Kyung-Ae, & Man-Gyoon Lee*
Kyung Hee University

[Purpose]The purpose of this study was to investigate the effect of a 10-week aerobic exercise
training on cardiovascular function, atherosclerosis, and vascular endothelial function in elderly women.
[Methods] Twenty impaired fasting glucose (IFG) and normoglycemic elderly women volunteered to
participate in the study. The participants in aerobic exercise training group (TR: n=9) completed 20-40
minutes of aerobic exercise program at 30-50% HRR for 3 times per week during 10 weeks. The
participants in control group (CON: n=11) were asked to maintain their normal life pattern during the
same intervention period. [Results] Main results of the study were as follows: 1) There were no
significant main effect or interaction in body weight, fat-free mass, fat mass, percent body fat, and body
mass index. 2) There were no significant main effect or interaction in heart rate, stroke volume, cardiac
output, total peripheral resistance (TPR), systolic blood pressure, diastolic blood pressure, mean arterial
blood pressure, pulse pressure, and rate pressure product. However, interaction between group and test
in TPR was close to statistically significant level (2 =.054), and it tended to be decreased in TR group.
3) There was a significant main effect of test in high sensitivity C-reactive protein(hs-CRP), it tended to
be decreased in TR group. There were no significant changes in total cholesterol(TC)/high density
lipoprotein-cholesterol (HDL-C) ratio, triglyceride/HDL-C ratio, and low density lipoprotein-cholesterol/HDL-C
ratio. 4) There were significant main effect of group, main effect of test, as well as interaction between
group and test in % flow mediated dilation(FMD), and it increased significantly (/%<.01) in TR group.
Nitric oxide tended to be increased in TR group, even though it did not change significantly in both
groups. [Conclusions] It was concluded that the 10-week aerobic exercise training would be beneficial
for improvement of vascular endothelial function, resulting from the decrement of total peripheral

resistance.

Key words: impaired fasting glucose, aerobic exercise, cardiovascular function, vascular endothelial
function, flow-mediated dilation.
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o8 EREH, % Bddo] A471%< 100 mg-dl”
olviA 125 mg-dl! ol3td W B ATAQl TE
Z7ell (impaired fasting glucose: IFG)Z Xd¥
(American Diabetes Association: ADA, 2013).
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k2 (reactive oxygen species: ROS)E 71
1 endothelial nitric oxide synthase(eNOS)<
J3tE Asi, 9 F7kel o3 4tsl ~EH e
NI 29 75 HlE dodle F8 9] H
< bl F84 4dE vzIth(Brownlee, 2005).
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Table 1. Physical characteristics of participants

Groups TR CON P
Variables (n=9) (n=11)

Age(yrs) 75.70+£3.86 74.36+2.94 381
Height(cm) 150.65+6.31 150.62£5.20  .990
Body weight(kg) 56.39+4.93 56.94+8.00  .854
%BF(%) 34.68+2.29 34.03+3.42 617
BMI(kg'm?) 24.914+2.33 25.10£3.29 881
FPG(mg-dl™) 113.44433.92  115.64+£22.26  .864
FPI(uU-ml™) 6.88+3.08 9.00+5.40 310
HOMA-IR 1.93£1.07 2.60+1.73 325

TR: training group, CON: control group, %BF: percent
body fat, BMI: body mass index, FPG: fasting plasma
glucose, FPI: fasting plasma insulin.
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Insulin kit(Roche, %)< °]&3dto] electro-
chemiluminescence immunoassay® 23}
HOMA-IR(homeostasis model assessment of
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9 4708 A& FAste] Au(heart rate:
HR) ¢} 13]9=3F(stroke volume: SV)= Z43I3Th
A9t % (cardiac output: CO)& Z3 ¥ HRZ SV
HoZ AEsidlen, S3E ¥ (blood pressure:
BP)Z =¥ COE o]&dt] FL2FAAT(total

= gl
peripheral resistance: TPR)& At&3l9t.
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(% FMD = ((peak vessel diameter-rest vessel
diameter)/rest vessel diameter)x100).
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Table 2. Training program

Week Time Intensity Frequency
(min/day) (%HRR) (day/week)
1~2 20 30 3
3~6 30 40 3
7~10 40 50 3

K=z Ly
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Table 3. Changes of body composition in two groups (Mean+SD)
Tests
Variables Groups A% P
Pre Post
. TR 56.2045.19 56.2345.62 0.05 G 691
Body weight T 937
(kg) CON 56.94+8.00 57.26+7.76 0.56 GxT 949
TR 36.53+2.89 36.57+3.00 0.11 G 407
Fat free mass T 94
(kg) CON 37.3643.81 37.5443.56 0.48 GxT '949
TR 19.63+2.78 19.67+3.28 0.20 G 997
Fat mass T 943
(kg) CON 19.574.48 19.72+4.55 0.77 GxT 964
1 = -0.
Percent body f TR 34.68+2.29 34.66+3.01 0.06 (T; gg;
(%) CON 34.03+3.42 34.06+3.78 0.09 GxT 997
TR 25.0142.45 25324272 124 G 43
Body mass 1ndex T 763
(kg m?) CON 25.1043.29 25.3743.37 1.08 GxT 984

TR: aerobic exercise training group, CON: control group: G: main effect of group, T: main effect of test, GXT:

interaction between group and test:
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Abe] #E, qeln P dake] dadgel fols
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9k ¥ NOE %

UebsttiTable 7).
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F28HA (PO1) 27H9)
ol BAH R fo3}
Sl A Z71EE Ao

olA e g skt Yehta] ditTable 6).

A T/ 5B Wl oy A dRAA, wdol] wet dehde QA8 FgA9 Wske
oy A FEEk A olgt Al ARAA, aelm 87 o] PN AESRER Jeju 9 5o A¥E 26
g A AEa = Zgale)l Asago] Gojah) gk TUdel HH, o)k & FHARI Ml we} =99
U ergbe} :,_311/} 9% FMDOM = Ave] 257 74 AAPIGe] ggtso] AA &3] iHhse A4 &
Table 4. Changes of cardiovascular function in two groups (Mean+SD)

. Tests

Ao
Variables Groups Pre Post % P
TR 64.40+7.35 64.60+7.72 0.31 G 287
HR . T 622
(beats'min™) CON 65.85+4.76 67.76+6.98 2.90 GxT :692
sy TR 60.75+12.35 55.75+5.75 -8.23 G .623
T .530
(ml) CON 58.95+9.23 60.36+7.29 2.39 GxT 266
o TR 3.90+0.84 3.61+0.65 -7.44 G .290
el T .838
(€'min™) CON 3.85+0.42 4.07+0.45 5.71 GxT 194
TPR TR 46.59+16.19 37.174£3.71 -20.22 G 378
(nl-min-mnHg™") CON 4331+6.13 45.79+7.80 5.73 GzT 323
SBP TR 126.44+16.67 122.00+14.87 -3.51 G 754
T 275
(nnHg) CON 128.36:+14.69 122.9149.85 -4.25 GxT o1
DBP TR 67.56+14.28 74.22+10.56 9.86 G 752
T .195
(mmHg) CON 70.73+10.52 73.27+8.40 3.59 GxT ‘558
MAP TR 87.19+14.33 91.70+12.50 5.17 G .906
(nmHg) CON 89.94+10.79 89.8248.10 0.13 T 34
£ ~H0. SLFO. - GxT 528
TR 8,166.26+1,629.69 8,157.14+1,434.26 -0.11 G 587
RPP T .869
CON 8,452.42+1,151.68 8,452.42+1,002.48 0.00 GxT 886

TR: aerobic exercise training group, CON:

interaction between group and test:

HR: heart rate, SV:

stroke volume, CO:

pressure, DBP: diastolic blood pressure,
MAP: mean arterial pressure, PP: pulse pressure, RPP: rate pressure product

cardiac output, TPR: total peripheral resistance, SBP:

control group: G: main effect of group, T: main effect of test, GXT:

systolic blood



306 Lee, Byung-Sun et al.

Table 5. Changes of blood lipid profiles in two groups (Mean+SD)
. Tests
Variables Groups 4% P
Pre Post
TR 178.11+42.48 168.00+41.51 -5.56 G 954
Total cholesterol (mg-dl™) T .886
CON 170.64+41.58 177.00+£38.37 5.60 GxT 530
TR 113.11+37.88 120.00+37.90 731 G 442
Triglyceride (mg-dl") T 926
CON 109.45+39.12 104.81+37.52 123 GxT 637
TR 58.22+11.45 54.4449.02 -5.57 G 786
HDL-C (mg-dl") T 645
CON 55.18+12.94 55.36:+14.06 0.24 GxT 612
TR 111.89+41.59 105.89+41.31 543 G 884
LDL-C (mg-dl") T 989
CON 108.00+43.58 113.64+39.06 10.84 GxT 661

TR: aerobic exercise training group, CON: control group: G: main effect of group, T: main effect of test, GXT:

interaction between group and test:
+<.05: Significant main effect or interaction

Table 6. Changes of surrogate indices of atherosclerosis in two groups (Mean+SD)
. Tests
Variables Groups A% P
Pre Post
TR 3.16+0.89 3.16+0.88 0.00 G .633
TC/HDL-C ratio T .850
CON 3.26£1.22 3.39£1.17 3.99 GxT 860
TR 2.07+1.02 2.3140.92 11.59 G 987
TG/HDL-C ratio T .823
CON 2.22+1.26 2.14+1.20 -3.60 GxT 666
TR 2.01+0.81 2.01+0.81 0.00 G 622
LDL-C/HDL-C ratio T .842
CON 2.10+1.15 2.23+1.13 6.19 GxT 848
hs-CRP TR 0.85+0.38 0.60+0.21 -29.41 (;1 013567+
Ll -
(mg- ) CON 0.54+0.24 0.55+0.17 1.85 GxT 116

TR: aerobic exercise training group, CON: control group: G: main effect of group, T: main effect of test, GXT:

interaction between group and test:
+¢.05: Significant main effect or interaction

o] ZPHTH Woods et al., 2014). =21el|Al loiA agyg §A A
+& ZRI] Fol = AR /] TRt ofy et A i
gy hArdse] X 5ol BaA g By

om 53] o] BAE glste] fALEFol 7 &
g1 RaEAcH(Swift et al., 2013).

ox,
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2
o, A el =

+& Edoldo] AA T el 3

b Aol H AL oAt} Hayes et al.(2013)
677t 5 130~150%, HRmax9] 70 80%= &
T A AT Zﬂvb} Zﬂxl Eo| frefatAl 7
o @ﬁ}ﬂ’ H)\Mq—v'—- Hy
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Table 7. Changes of vascular endothelial function in two groups (Mean£SD)
) Tests
Variables Groups 4%, P
Pre Post
. TR 0.427+0.024 0.410+0.031 -3.98 G 846
Rest vessel diameter T 951
(cm) CON 0.413+0.591 0.429+0.055 3.87 GxT 274
+0. A A . .
Rest blood flow TR 0.037+0.028 0.040£0.028 8.11 g, ;gz
(Cmin”) CON 0.042+0.020 0.054+0.032 28.57 GxT 503
+ =+
Peak vessel diameter TR 0.4710.029 0.482:0.042 2.34 ? .2431;
(cm) CON 0.457+0.061 0.471£0.059 3.06 GxT 918
1390, ) ) : :
Peak vessel blood flow TR 0.139+0.045 0.1560.069 12.23 (Ti 28;
(C-min™) CON 0.168+0.128 0.113+0.078 -32.74 GxT 503
TR 10.35+3.60 17.68£5.59%*  ## 70.82 G 013+
% FMD T 026+
CON 10.71+4.85 9.92+3.48 -7.38 GxT 007+
TR 7.02+4.37 9.52+3.06 35.61 G 227
NO
nM-ml™) 6.87+4.9 223 y e
( CON 6.7242.13 87491 : GxT 334

TR: aerobic exercise training group, CON: control group: G: main effect of group, T: main effect of test, GXT:

interaction between group and test:

+¢.05: Significant main effect or interaction: **(.01: Significant difference between pre-test and post-test within a

group:

##(.01: Significant difference between TR and CON within a test.

3} th Banz et al.(2003)2 1057t
A Ee= AAT 23 AL —i—%ﬁ‘”ﬂroﬂﬁ Az,
BMI, AASE, 22]a AAEFe] o3
UA] 22 9hA | A9 S F R ol Ak Zﬂﬂ‘%%ﬁ e
Sk gk} AR o] fojgk bt vEstthal Boast
ATt Meijer et al.(2000)2 =91& tdo = 1257t
F 23], 49 30, HRRY 50% 2 A7)+ AAIE
A3 Ag, AL, a2l AATEANA frofet Wt
7F UebdA] eksktta Bastgth
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(Z4) o] AFME FEEH 7]F(125 mg-dl ) o]ou w9l ow < qWOE 10T7 o] & i%
01 AR, AL 4]

o () SR oA 98 1053 F 39‘4 20 ~ 4087}, HRRJ 30~ 50/§ wi%% 21
ol Foa} AR 118E Y AA) 713t Bt A AEERES TR FAIES 39
o (B} o £ A3 29 gy 2o 1) AR BAst AlS, AR, AR
Z, AANE, 28ln BMIA Jde] a3 AAte] a7, aela Jaa) 4] doztge] s
UehA] ekttt 2) Ad #7153 #dste] HR, SV, CO, TPR, SBP, DBP, MAP, PP, 12|31 RPPA

kel FEI}, A FaY, agla Jiy Hake dogge] foaiA YehtA] ¢ttt 28y TPRY
A5 AT} AAre] datgo] fog 5ol 7MHA UdERg e (P=.054), TPRO] &5HTolA 4=
748(20.22% )& Bk 3) BUAA e} #HE gF A H hs-CRPeIM A Fa37} f2l8HA
velgton &5 AdEe A B sUAAR A E TC/HDL-C Hl&
TG/HDL-C ¥l§, 723 LDL-C/HDL-C ¥ &4 23 W7 yehux] ek 4) EeslA 7%
I} gt oFY Al R oY Al R A3 ol A ARAA, agjn I3 ol Al RN Ht
o FEI}, A Fa3, g J9d AAle] Aaatge] fofsi YehA &9kttt a3y % FMDeA
e gy FEY, drre] Fa9, a2lu Juy gake] Aaago] fos Uehker, % FMD7F £53
oM et (KX.01) S7HEIATE. 83 NOE F A9 EFoM SAFCR st BlgtsA] eskont
FAAN F7kE = A ge] vebdth (&)1 A3E T, 1057 AAE fathEsol =9
Aol SIIA 75 A0 gatH el AEAE 4= 9len o] TPRY E3 NO2 7HAld] U5
71Q18t] yehd Aojgta i Hr}, o] AFE Bt T ADARE AstE = A 27 50| F24
53t g 59 4 ke Ao] wEzlen, nEi G ADANEH 25 $5& AHske A

Fool: FEATHN, fritads, AW, dHlAAE7]S, FMD



