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Effects of 12 Weeks of Combined Exercise on Vascular Function-Related
Inflammation Factors, Carotid Intima-Media Thickness and Physical Fitness in Obese
40s-Aged Women with Metabolic Syndrome

Kijin Kim

Department of Physical Education, College of Physical Education, Keimyung University, Daegu, Korea

Purpose: The purpose of this study was to investigate the effects of 12 weeks of combined exercise on vascular function-related
inflammation, carotid intima-media thickness and fitness factors in obese middle-aged women with metabolic syndrome.
Methods: The subjects of this study were 40 middle-aged women in their 40s with metabolic syndrome but no specific disease.
The exercise group performed aerobic exercise and resistance exercise five times a week for 12 weeks, and then measured
body composition, blood pressure, vascular function-related inflammation factors, metabolic syndrome factors, carotid
intima-media thickness, and physical factors.

Results: The exercise group showed a significant (p<0.05) reduction after exercise in all items related to body composition,
systolic and diastolic blood pressure, and intima-media thickness of the right carotid and left carotid arteries. Exercise group
showed a significant decrease (p<0.05) after exercise in interleukin-6, tumor necrosis factor-«, leptin, and all items of glucose
metabolism-related variables. The exercise group showed a significant (p<0.05) increase after exercise physical efficiency index,
grip strength, sit-ups, and sit & reach. After 12 weeks of exercise training, the reduction of intima-media thickness of the carotid
artery was significantly (p<0.05) correlated with the improvement of body weight, systolic and diastolic blood pressure, grip and
sit & reach, blood HbA1c, and triglyceride concentration.

Conclusion: In conclusion, metabolic syndrome improved the body composition, blood glucose metabolism and lipid variables
after 12 weeks of combined exercise program for obese middle-aged women. Significant improvement in blood pressure and
carotid endometrial thickness, which is a function-related indicator, was confirmed.
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Group Age (yr) Height (cm) Body weight (kg) BMI (kg/m?) %Fat
Exercise 46.10+2.93 161.00+8.25 71.78+14.91 27.60+4.00 31.13+6.34
Control 45.60+1.46 162.90+5.54 69.38+12.19 26.01+£3.47 31.30+6.08

Values are presented as meanzstandard deviation.
BMI: body mass index.
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Table 2. Changes of body composition

Two-way repeated ANOVA

Exercise Control (F-value)

[tem
Group X

Pre Post Pre Post Group Time X
Time

Body weight (kg) 71.78£14.91  69.71£14.26  69.38£12.19  69.61£12.12  0.087  31.433*  49.792«

BMI (kg/m?) 27.60+4.00 26.78+3.98 26.01+3.47 26.09+3.40 0.938  35.014x  52.949*
WHR 0.92+0.08 0.87+0.65 0.88+0.13 0.86+0.12 0.844 8.387* 1.541
%Fat 31.13+6.34 29.14+6.40 31.30+6.08 31.48+5.73 0.420  18.762* 26.942

Values are presented as meanzstandard deviation.
ANOVA: analysis of variance, BMI: body mass index, WHR: waist to hip ratio.

*p<0.05.

Table 3. Changes of blood pressure

Exercise Control Two-way repeated ANOVA
(F-value)

Item
Group x

Pre Post Pre Post Group Time Ti
ime

SBP (mm Hg) 125.00+£23.68 111.75x+£19.55 126.38+11.42  126.61+10.76 0.361 7.128+  16.037~*
DBP (mm Hg) 82.50+18.03 73.50%x£13.09 83.98+12.77 84.25+8.81 0.245 2.791 7.752%

Values are presented as meanzstandard deviation.
ANOVA: analysis of variance, SBP: systolic blood pressure, DBP: diastolic blood pressure.

*p<0.05.
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Table 4. Changes of blood concentration of cytokines

Exercise Control Two-way repeated ANOVA

(F-value)
[tem
Pre Post Pre Post Group Time G;QUDX
ime
Fibrinogen 319.25+77.37 303.95+47.083  319.30+£34.88 322.55+36.15 0.405 0.678 1.607
(mg/dL)
CRP (mg/L) 0.09+0.16 0.13%0.15 0.18%0.21 0.11£0.87 0.584 0.412 4,573«
IL-6 (pg/dL) 15.78+2.59 13.73%+2.65 13.47+1.41 13.24+1.32 5.263« 19.630x 12.399*
Adiponectin 84.49+21.87 90.59++19.52 79.47+£16.38  77.99+16.88 2.242 7.550* 20.235%
(mg/dL)

PAI-1 (mg/dL) 36.04+8.52 39.321+£18.74 41.73+8.48 45.05+£12.61 3.200 1.756 0.001
TNF-a (pg/dL) 59.89+24.53 36.66% T+8.36 71.11£22.49  65.21+£22.15  12.614x 20.451x=  7.237*
Leptin (ug/L) 20.55+10.97 13.10%£7.03 15.08+8.63 14.67+7.55 0.543  28.824x 23.065*

Values are presented as meanzstandard deviation.

ANOVA: analysis of variance, CRP: C-reactive protein, IL-6: interleukin—6, PAI-1: plasminogen activator inhibitor-1, TNF-
@ tumor necrosis factor-a.

*p<0.05 2-way ANOVA or compared to pre-value in t-test of post hoc; TCompared to control value in t—test of post
hoc.

Table 5. Changes of blood concentrations of glucose metabolism-related parameters

Two-way repeated ANOVA

Exercise Control (F-value)
[tem
Pre Post Pre Post Group Time Gfrgupx
ime
Glucose (mg/L) 115.30+£44.29 103.35%+£42.99 117.60+10.10  117.65'+9.35 1.810 16.775% 17.058%
HbAlc (%) 8.14%+1.01 6.32*%+1.42 7.09+0.64 6.82+0.90  0.885 53.552% 29.405*
Insulin (ulu/mL) 14.38+5.73 10.84% 7+3.33 15.84+3.51 15.92+3.28 1.133  11.998* 13.060*
HOMA 3.93+1.68 2.71%+1.22 3.99+0.85 3.91+0.91 0.783 21.092x 22.521=*

Values are presented as meanzstandard deviation.

ANOVA: analysis of variance, HOMA: homeostatic model assessment.

*p<0.05 2-way ANOVA or compared to pre-value in t-test of post hoc; TCompared to control value in t-test of post
hoc.
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Table 6. Changes of blood concentration of lipid profiles

Two-way repeated ANOVA

Exercise Control
(F-value)
[tem
Pre Post Pre Post Group Time G%(.)UDX
ime
C (mg/dL) 196.50+26.53  189.85%+26.84 192.25+16.95 197.45+10.32 1.714 0.096 6.418*
FFA (mg/dL) 592.05+245.82 576.85+190.39  578.90+163.15 536.90+£136.12  0.235 1.494 0.328

HOL-C (mg/dL) 49.83+8.96 54.02%+10.61 49.88+13.31 47.90£12.74 1.947 1.182 9.213*
LOL-C (mg/dL)  130.60+22.69 138.30+£22.13 130.80+£10.80 133.80+£16.25 2.367 3.888 0.389
G (mg/dL) 154.50+£82.30  114.90%+58.67 151.10£17.44 149.50+£12.28 1.874 7211 10.174x%

Values are presented as meanzstandard deviation.

ANOVA: analysis of variance, TC: total cholesterol, FFA: free fatty acid, HDL-C: high—density lipoprotein cholesterol,
LDOL-C: low—density lipoprotein—cholesterol, TG: triglyceride.

*p<0.05.

Table 7. Changes of intima—media thickness of carotid artery

Two—-way repeated ANOVA

Exercise Control (F-value)

ltem
Group x

Pre Post Pre Post Group Time Ti
ime

Rt carotid artery (mm) 0.70+0.18 0.56*+0.13 0.64+0.08 0.58+0.13 0.341 11.912»  1.906
Lt carotid artery (mm) 0.68+0.17 0.57x+0.12 0.63£0.12 0.63+0.13 0.005 4.096x  4.096%

Values are presented as meanzstandard deviation.
ANOVA: analysis of variance, Rt: right, Lt: left.
*p<0.05.

Table 8. Changes of physical fitness

Exercise Control Two-way repeated ANOVA

(F-value)
[tem
Pre Post Pre Post Group  Time G?)pr
ime
PEI (%) 57.58+7.73 62.12*x+7.76  64.10+16.20 62.86+14.48 0.926  4.595+« 14.181+
Back muscular strength (kg) 56.37+£23.46 56.92+25.70 57.57+32.77 59.25+32.37 0.040 0.250 0.064
Grip strength (kg) 29.2949.50 33.00x+£9.33  31.02+10.20 31.44+9.39 0.001 29.098* 18.465*
Sit-up (frequency) 12.75+7.25 15.60*%+6.96  15.50+2.96 15.45+2.78 0.609 12.037* 12.912*
Sit & reach (cm) 10.83+10.97 13.96*x+7.97 12.38+3.41 12.20+3.57 0.002  3.967 5.027*
Values are presented as meanzstandard deviation.
ANOVA: analysis of variance, PEl: physical efficiency index.
*p<0.05.
6. Mg 7. 2SEY0|Y £ =Y W Yo AHY
27740] BB T 59 T AP Wl Table 8] 1257 BReEDRIY 49 T Y5 vs P ey
A Uehd HReF 22|, 25152 PEL 9, SEde7| 2 Table 9014 Lpeht vl 224, 57] EY9] Halo] siA
2 AR 59 FHIN €5 Tl §B(p<005) T7E £ AF BML HoAle, TG, 116, ofr] 4 2 of2 5o} g}
Ueidloy BAIES &5 A% 7o R2gt Aozt gt AL Fof3H(p<0.05) FHIAE Ut e, oj7] F4e
H8k A=l A%, TG, IL-6, ofjxdel % okg £ s}
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Table 9. Correlation coefficients among differences between pre— and post—exercise training in parameters

Variable SBP4 OBP4 RCCA4 LCCA4
Body weight4 0.435%* 0.332% 0.516%* 0.370%
BMI4 0.424xx* 0.206 0.389* 0.289
HbA1c 4 0.423*x 0.228 0.404*x 0.483*x
TG4 0.474x* 0.517x* 0.514xx* 0.448+
IL-64 0.391% 0.422%x 0.164 0.029
Adiponectin4 —0.480%* —0.412%x 0.099 —0.181
Grip strength4 —0.465%* —0.565%* —0.581#* —0.534xx*
Sit & reach4 —0.281 —0.210 —0.530%* —0.458%%

4. difference between pre and post-value, SBP: systolic blood pressure, DBP: diastolic blood pressure, RCCA:
intima—media thickness of right carotid artery, LCCA: intima—media thickness of left carotid artery, BMI: body mass index,

TG: triglyceride, IL-6: interleukin—6.
*p<0.05, **p<0.01.

e SBP
401 DBP

DBP, y=26.683x-1.9741
R=0.1086 (r=0.330, p<0.05)

SBP, y=29.717x-3.7399
(]
R’=0.1182 (r=0.344, p<0g5)

-60

Fig. 1. Correlation between blood pressure differences and
difference of intima—media thickness of left carotid artery
after exercise training. SBP: systolic blood pressure, DBP:
diastolic blood pressure.
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