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This study divided a group of healthy adults aged 20 or older who had a health examination at J General Hospital in
Gyeonggi Province into three groups according to the degrees of metabolic syndrome risk factors. They include the
normal group (n=58), the pre-metabolic syndrome group (n=112) and the metabolic syndrome group (n=32). They
were compared in exercise capacity and cardiac structure and function and impacts of exercise capacity on the cardiac
diastolic function. All the groups took echocardiography to have their cardiac structures and functions examined and an
exercise stress test to have their exercise capacity measured. The research findings were as follows: There were differences
in exercise capacity, cardiac structure, and diastolic heart function among three groups. Between exercise capacity and
diastolic heart function was found to be related. It turned out exercise capacity affected the cardiac diastolic functions. In

conclusion, there were significant differences in exercise capacity between the normal group and the metabolic syndrome
group and in the cardiac structure and function among the normal, metabolic syndrome, and pre-metabolic syndrome
group. In addition, METs (metabolic equivalents) and heart rate recovery of exercise capacity turned out to affect cardiac

diastolic functions.
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Table 1. Clinical and metabolic profiles according to metabolic syndrome status (Mean + SD)

Variable (n§?8) (I; ri_ll\;[ 2S) (nl\:/I§ %) P
Female, n (%) 19 (32.8%) 30 (26.8%) 8 (25.0%) 652
Age (years) 47.0£8.1 49.2+9.8 51.4+7.7 .078
Height (cm) 166.4+8.3 1662493 166.6+8.5 975
Weight (kg) 62.7+9.7 63.7£12.3 75.4%2.8 <.001
BMI (kg/m?) 22.5+2.5 24.7+3.0 27.0£3.5 <.001
Obesity (%) 105.0£11.0 115.4+13.9 126.0£16.2 <.001
Body fat mass (kg) 14.0+4.0 17.614.8 21.5%55 <.001
Waist circumference (cm) 76.4£7.0 83.7x7.5 89.4+8.5 <.001
Hip circumference (cm) 91.9+5.2 95.31%5.3 98.318.0 <.001
Waist hip ratio 0.8610.07 0.90%0.07 0.9410.06 <.001
Muscle mass (kg) 449%7.9 472%8.9 49.8+8.9 .037
Systolic BP (mmHg) 106.7£10.3 117.0x14.4 126.6x18.1 <.001
Diastolic BP (mmHg) 69.7£8.5 75.9£10.0 83.0x12.7 <.001
Pulse (bpm) 61.2+8.6 64.7+12.3 65.3£10.6 .102
Resting HR (bpm) 60.749.1 63.0+10.7 64.7£10.3 178
Maximum HR (bpm) 164.4%+11.9 159.8+16.4 151.8%+15.5 .001
Maximum systolic BP (mmHg) 159.6+17.5 167.9122.3 176.8+23.3 .001
Maximum diastolic BP (mmHg) 76.719.6 82.5+12.0 87.3+13.6 <.001
Glucose (mg/dL) 88.1£7.3 95.2+17.4 109.3+20.3 <.001
Hemoglobin A ¢ (%) 5.5%£0.3 5.910.7 6.210.7 <.001
WBC (X10*/mm®) 5.6%+1.7 6.0+1.6 6.942.0 .002
Total-cholesterol (mg/dL) 198.91+32.5 206.1+35.7 197.6+28.5 .280
Triglyceride (mg/dL) 86.1£32.5 139.1+75.4 220.4+115.0 <.001
HDL-cholesterol (mg/dL) 61.4t13.4 49.8+10.8 42.419.7 <.001
LDL-cholesterol (mg/dL) 123.4%+31.0 135.0+31.3 123.8+27.3 .034
Uric acid (mg/dL) 52%13 5.6t14 59+£1.3 .027
hs-CRP (mg/dL) 0.26%0.69 0.14%0.16 0.40%1.05 .075
Insulin (uU/mL) 43129 6.5+3.7 9.1£53 <.001
Homocysteine (umol/L) 12.1£3.6 13.216.3 13.2£4.0 476
Hypertension (%) 0 19 (16.8%) 15 (45.5%)

Diabetes mellitus (%) 0 5(4.4%) 1 (3.1%)

NG, normal; Pre-MS, pre-metabolic syndrome; MS, metabolic syndrome; n, number of tested subjects; BMI, body mass index; HR, heart
rate; BP, blood pressure; WBC, white blood cell; HDL, high density lipoprotein; LDL, low density lipoprotein; hs-CRP, high sensitivity
C-reactive protein; bpm, beat per minute.
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Table 2. Comparisons of the exercise capacity, cardiac structure & function according to the metabolic syndrome status

Variable NG Pre-MS MS
Exercise capacity
METs 12.1+1.6 11.5+2.1 11.1+1.7a°
Exercise duration (min) 10.0£1.5 9.5%£1.9 9.0+1.7a°
HRR (bpm) 36.0£11.9 323+115 27.849.7a"
Cardiac structure
IVSd (mm) 9.0%1.2 9.6+1.1a" 10.1£1.3a™
IVSs (mm) 13.8%1.6 14.6+1.8a" 16.0£1.8a"" b
LVEDD (mm) 47.0+4.0 475447 493%3.6
LVESD (mm) 28.5+3.6 28.2+4.7 28.1+39
LVEDV (mL) 102.24233 106.5+24.3 118.9423.42"b"
LVESV (mL) 31.0+10.3 32.0+16.1 36.4+24.7
LVPWd (mm) 8.7+1.2 9.1%1.1 9.6+1.1a”
LVPWs (mm) 14.6+2.0 152419 162+1.4a"b"
LV mass (g) 176.4140.4 193.8448.5 219.4+42.8a"b"
LV mass index 102.5+18.7 108.2+24.6 118.0£25.0a"
Cardiac function
FS (%) 39.6+5.0 40.8+59 423+72
EF (%) 70.0%6.1 712474 720188
DT (m/sec) 189.1£47.0 201.2458.1 199.0+32.2
E (cm/sec) 69.9114.6 62.7+14.1a" 64.8+14.0
A (cr/sec) 52.0+12.5 58.8+17.3a° 61.9%14.52°
E/A ratio (%) 1.4+0.4 1.2+04a™ 1.1£0.3a"
E' (cm/sec) 142427 13.1£7.6 12.0£3.0
E/E' ratio (%) 51413 52%15 55%1.6

METs, metabolic equivalent; HRR, heart rate recovery; bpm, beat per minute; [VSd, interventricular septal thickness at diastole; IVSs,
interventricular septal thickness at systole; LVEDD, left ventricular end diastolic diameter; LVESD, left ventricular end systolic diameter;
LVEDYV, left ventricular end diastolic volume; LVESV, left ventricular end systolic volume; LVPWd, left ventricular posterior wall diastole
thickness; LVPWs, left ventricular posterior wall systole thickness; FS, fractional shortening; EF, ejection fraction; E, mitral peak velocity
of early filling; A, mitral peak velocity of late filling; E', early diastolic mitral annular velocity.

a, significant difference compared with that of the NG (normal group); b, significant difference compared with that of the Pre-MS (pre
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metabolic syndrome); *, P<0.05; ™, P<0.01; ™", P<0.001.
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Table 3. Standard multiple regression with exercise capacity and
LV diastolic function

Model

R2 p SE i

E-velocity (cm/sec)

METs .063 216 1.800 .361

Exercise duration (min) -.068 1.961 .774

HRR (bpm) .188 087 .008™
A-velocity (cm/sec)

METs 074 -560 1965 017

Exercise duration (min) 392 2140 .096

HRR (bpm) -151 095 032"
E/A ratio (%)

METs 109 489 051 .035"

Exercise duration (min) =272 056 239

HRR (bpm) 209 002 003"
E'-velocity (cm/sec)

METs A1 413 717 042

Exercise duration (min) -.164 785 479

HRR (bpm) 067 .037 347
E/E' ratio (%)

METs 110 -555 178 019

Exercise duration (min) .243 195 302

HRR (bpm) 056 .009 439

R’, coefficient of determination; E, mitral peak velocity of early
filling; METs, metabolic equivalent; HRR, heart rate recovery;
bpm, beat per minute; A, mitral peak velocity of late filling; E/,
early diastolic mitral annular velocity; *, P<0.05; ™, P<0.01.
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