Check for
updates

Korean Journal of Sport Science 2024, 35(2), 195-206
https://doi.org/10.24985/kjss.2024.35.2.195

KsPo®

Original Article

Analyzing the Moderating Effect of Physical Fitness on the
Relationship between Abdominal Obesity and Metabolic Syndrome

in Older Women

Minjun Kim', Joonwoong Kim? and Inhwan Lee™*

'Department of Physical Education, Yongin University
’Department of Convergence, Seowon University

’Department of Smart and Healthcare, Changwon National University

Article Info

Received 2023.11.02.
Revised 2024.04. 24.
Accepted 2024.05.13.

PURPOSE This study aimed to analyze the moderating effect of physical fitness on
the relationship between abdominal obesity and metabolic syndrome (MetS) in older

women. METHODS A total of 190 participants were categorized based on waist-
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hip ratio (WHR) into high (50%) and low (50%) groups, as well as based on Z-score
of fitness into high (25%; high fit), moderate (50%; moderate fit), and low (25%; low
fit) groups. Logistic regression was used to assess the relative risk of MetS based on

abdominal obesity and fitness levels, and moderation analysis using the Process
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macro was conducted to explore the moderating effect of fitness on the relationship
between abdominal obesity and MetS risk factors. RESULTS After adjusting for
covariates, logistic regression showed that high WHR (odds ratio (OR)=2.721, p=0.004)
led to a significantly higher risk of MetS compared with low WHR; the high fit group
(OR=0.360, p=0.044) had a significantly lower risk of MetS compared wih the low

fit group. Moderation analysis revealed that the impact of abdominal obesity on
MetS risk factors varied depending on the level of fitness (8=-0.495, p=0.037), and
the results remained significant after covariate adjustment (8=-0.458, p=0.049).
CONCLUSIONS This study suggests that the risk of MetS from abdominal obesity can
be mitigated by higher levels of physical fitness. These findings highlight the need for
participation in regular physical activity to maintain a high level of fitness, along with
proper nutritional intake, to prevent MetS in older women.
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Table 1. Comparison of measured parameters according to classification of metabolic syndrome

Variables Total Normal MetS p-value
(n=190) (n=96/50.5%) (n=94/49.5%)
Anthropometrics
Age (years) 75.3+£5.6 74.5+5.0 76.1+6.0 .038
Height (cm) 152.0+4.9 151.6+5.2 152.4+4.6 305
Weight (kg) 57.2+7.8 55.1+7.6 59.3+7.4 <.001
Body mass index (kg/m?) 24.7+3.1 24.0+3.0 25.543.1 <.001
Waist-hip ratio 0.9440.06 0.91+0.05 0.96+0.06 <.001
Socio-economic status
Education, n (%) 192
Lower than elementary 118 (62.1) 54 (56.3) 64 (68.1)
Middle/high 68 (35.8) 39 (40.6) 29 (30.8)
Over than college 42.1) 3.1 1(1.1)
Marital status, n (%) .062
Married 67 (35.3) 40 (41.7) 27(28.7)
Widowed/divorced 123 (64.7) 56 (58.3) 67 (71.3)
Household income, n (%) 738
<3,000,000 won 160 (84.2) 80 (83.3) 80 (85.1)
>3,000,000 won 30 (15.8) 16 (16.7) 14 (14.9)
Health related factors
Drinking, n (%) 115 (60.5) 66 (68.8) 49 (52.1) .019
Smoking, n (%) 12(6.3) 6(6.3) 6(6.4) 970
ADL impaired, n (%) 18 (9.5) 8(8.3) 10 (10.6) 588
Medication, n (%) 124
0 28 (14.8) 19 (19.8) 9(9.6)
1 81 (42.6) 40 (41.7) 41 (43.6)
>2 81 (42.6) 37 (38.5) 44 (46.8)
Depressive symptoms, n (%) 15(7.9) 9(94) 6(6.4) 970
Metabolic syndrome index
Waist circumference (cm) 95.4+14.3 91.3+13.5 99.6+13.9 <.001
Systolic blood pressure (mmHg) 129.8+14.6 124.3+10.9 135.4+15.7 <.001
Diastolic blood pressure (mmHg) 70.849.1 69.248.2 72.449.7 016
Fasting blood glucose (mg/dL) 112.8423.1 108.0£22.3 117.8+£22.9 .003
Triglyceride (mg/dL) 126.4+59.5 105.1+£33.0 148.0+71.7 <.001
HDL-C (mg/dL) 52.0+12.4 58.2+11.1 45.7+£10.4 <.001
Physical fitness
Upper body strength (kg) 18.3+4.3 18.8+4.3 17.9+4.3 158
Lower body strength (reps/30sec) 14.0+4.3 14.6+4.2 13.3+4.3 .037
Upper body flexibility (cm) -12.7£12.5 -12.0£11.3 -13.3£13.7 463
Lower body flexibility (cm) 9.8+10.0 10.9+9.8 8.8+10.2 .146
Dynamic balance (sec) 7.3£1.5 7.1+1.2 7.5¢1.7 .042
Aerobic endurance (steps/2min) 95.6+19.2 100.1+14.1 90.9£22.5 <.001
Total Z-score 0.000+0.440 0.083+0.413 -0.085+0.453 .008

MetS: metabolic syndrome, ADL: activities of daily living, HDL-C: high density lipoprotein cholesterol
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Table 2. Comparison of measured parameters according to classification of waist-hip ratio

Variables Low WHR High WHR p-value
(n=95/50%) (n=95/50%)
Waist-hip ratio 0.89+0.04 0.99+0.04 <.001
Anthropometrics
Age (years) 74.0+5.6 76.6£5.2 <.001
Height (cm) 152.744.7 151.345.0 .047
Weight (kg) 55.7+6.9 58.7+8.4 .009
Body mass index (kg/m?) 23.9+2.8 25.6+3.2 <.001
Socio-economic status
Education, n (%) .002
Lower than elementary 48 (50.5) 70 (73.7)
Middle/high 43 (45.3) 25(26.3)
Over than college 4(4.2) 0(0.0)
Marital status, n (%) .010
Married 42 (44.2) 25(26.3)
Widowed/divorced 53 (55.8) 70 (73.7)
Household income, n (%) 426
<3,000,000 won 78 (82.1) 82 (86.3)
>3,000,000 won 17 (17.9) 13 (13.7)
Health related factors
Drinking, n (%) 61 (64.2) 54 (56.8) 299
Smoking, n (%) 8(8.4) 4(4.2) 233
ADL impaired, n (%) 7(7.4) 11 (11.6) 322
Medication, n (%) .143
0 18 (19.0) 10 (10.5)
1 42 (44.2) 39 (41.1)
>2 35 (36.8) 46 (48.4)
Depressive symptoms, n (%) 9(9.5) 6(6.3) 420
Metabolic syndrome index
Waist circumference (cm) 89.8+12.8 100.9£13.5 <.001
Systolic blood pressure (mmHg) 127.5£13.6 132.1£15.2 .029
Diastolic blood pressure (mmHg) 70.349.6 71.348.6 470
Fasting blood glucose (mg/dL) 111.0+£21.9 114.6+£24.2 287
Triglyceride (mg/dL) 118.4+43 .4 134.4+71.5 .064
HDL-C (mg/dL) 53.4+12.5 50.7+12.3 133
Metabolic syndrome prevalence (%) 31(32.6) 63 (66.3) <.001
Physical fitness
Upper body strength (kg) 19.0+4.2 17.7+4.4 .043
Lower body strength (reps/30sec) 14.5+4.0 13.4+4.5 .070
Upper body flexibility (cm) -12.1+11.6 -13.2+13.5 .540
Lower body flexibility (cm) 10.7+10.3 9.049.7 249
Dynamic balance (sec) 7.0£1.5 7.6x1.4 .009
Aerobic endurance (steps/2min) 98.1£16.5 93.1+21.5 .074
Total Z-score 0.058+0.424 -0.058+0.450 .069

WHR: waist-hip ratio, ADL: activities of daily living, HDL-C: high density lipoprotein cholesterol
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Table 3. Comparison of measured parameters according to classification of physical fitness

Variables Low fit Moderate fit High fit p for liner trends
(n=47/24.7%) (n=96/50.6%) (n=47/24.7%)
Physical fitness
Upper body strength (kg) 15.4£3.7 18.0£3.8 219434 <.001
Lower body strength (reps/30sec) 10.7£2.9 14.0£3.2 17.2+4.9 <.001
Upper body flexibility (cm) -22.8411.0 -11.6£11.1 -4.849.8 <.001
Lower body flexibility (cm) 0.4+10.7 11.247.1 16.6+7.3 <.001
Dynamic balance (sec) 7.8+1.6 7.4+1.4 6.5+1.2 <.001
Aerobic endurance (steps/2min) 82.0+23.8 95.7£14.9 108.9+11.2 <.001
Total Z-score -0.595+0.289 0.044+0.167 0.505+0.168 <.001
Anthropometics
Age (years) 77.74£5.9 75.245.1 73.145.2 <.001
Height (cm) 151.545.7 151.7+4.4 153.1+5.1 .108
Weight (kg) 57.0+8.3 57.3£8.1 57.0+6.7 992
Body mass index (kg/m?) 24.8+3.0 24.9+3.4 243427 424
Waist-hip ratio 0.9440.06 0.9440.06 0.91+0.06 .013
Socio-economic status
Education, n (%) .002
Lower than elementary 37 (78.8) 60 (62.5) 21 (44.7)
Middle/high 9(19..1) 34 (35.4) 25(53.2)
Over than college 1(2.1) 2(2.1) 1(2.1)
Marital status, n (%) .196
Married 13 (27.7) 61 (63.5) 28 (59.6)
Widowed/divorced 34 (72.3) 35(36.5) 19 (40.4)
Household income, n (%) .048
<3,000,000 won 41 (87.2) 85 (88.5) 34(72.3)
>3,000,000 won 6(12.8) 11 (11.5) 13(27.7)
Health related factors
Drinking, n (%) 28 (59.6) 58 (60.4) 29(61.7) .833
Smoking, n (%) 5(10.6) 4(4.2) 3(6.4) .398
ADL impaired, n (%) 5(10.6) 13 (13.5) 0(0.0) .079
Medication, n (%) 243
0 7(14.9) 13 (13.5) 8(17.0)
1 17 (36.2) 41 (42.7) 23 (48.9)
>2 23 (48.9) 42 (43.8) 16 (34.0)
Depressive symptoms, n (%) 7(14.9) 7(7.3) 1(2.1) .022
Metabolic syndrome index
Waist circumference (cm) 94.8+13.7 95.4+14.9 95.8+13.9 744
Systolic blood pressure (mmHg) 131.2+12.9 131.4+15.0 125.1+14.6 .044
Diastolic blood pressure (mmHg) 70.2+7.1 71.349.6 70.3+9.9 982
Fasting blood glucose (mg/dL) 119.5+£20.7 113.24£26.6 105.1+14.1 .002
Triglyceride (mg/dL) 143.0+£82.6 122.1+49.4 118.5+47.9 .046
HDL-C (mg/dL) 50.8+13.7 51.2+11.2 54.9+13.2 113
Metabolic syndrome prevalence (%) 28 (59.6) 51(53.7) 15(31.9) .007

ADL: activities of daily living, HDL-C: high density lipoprotein cholesterol
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Table 4. OR and 95% Cl of metabolic syndrome according to waist-hip ratio and physical fitness

Model 1 Model 2
Variables
HR (95% CI) P value HR (95% CI) P value
Waist-hip ratio
Low 1 (reference) 1 (reference)
High 4.065 (2.221-7.437) <.001 2.721(1.378-5.374) .004
Physical fitness
Low fit 1 (reference) 1 (reference)
Moderate fit 0.769 (0.379-1.560) 467 0.705 (0.311-1.599) 377
High fit 0.318(0.137-0.741) .008 0.360 (0.134-0.971) .044

OR: odds ratio, CI: confidence interval, ADL: activities of daily living

Model 1: unadjusted.

Model 2: adjusted for age, body mass index, education, marital status, household income, drinking, smoking, ADL impaired, medication,
depressive symptoms, waist-hip ratio (for physical fitness), and physical fitness (for waist-hip ratio).

Table 5. The moderating effect of physical fitness on the relationship between waist-hip ratio and metabolic syndrome

Predictors Coefficients SE t P-value Pl
Lower Upper
Model 1 (R?=.152, F=11.114, p=<.001)
Waist-hip ratio 726 164 4.440 <.001 404 1.049
Physical fitness -.053 153 -344 731 -355 249
Interaction -.495 235 -2.102 .037 -.959 -.030
R? change due to the moderator=.020(F=4,419 p=.037)
Moder 2 (R?=.264, F=4.858, p=<.001)
Waist-hip ratio 510 172 2.962 .003 170 .849
Physical fitness -.076 159 - 475 .636 -390 239
Interaction -458 231 -1.982 .049 -914 -.002

R? change due to the moderator=.016(F=3.927, p=.049)

CI: confidence interval, ADL: activities of daily living

Model 1: unadjusted.

Model 2: adjusted for age, body mass index, education, marital status, household income, drinking, smoking, ADL impaired, and medication,
depressive symptoms.

ERHTE 9 [ $Eo g2 gASEE =& Ui A ERHTE o ARG A1 8919 BANA AFo =4
A A= B3 24
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o AN YES AEW Avlolt. 1 A, BRHGE S0 o £F LS AR Avtolch. 1 A3, Byuwe} ST
@& Alow WHR, OR=1)7 Histe] BRu[GE $20] £ 919 2910 BAE A2 S20] whet §5 Aol7 = 202 1}
4%(High WHR, OR=4.065, p(. 0S| HAFFE el A EhEeBI(g=-d95, - 037) wegol That 14 olFolE AaH(g
910l §OI811 2 RO ehton], BUYol ot B ol =458, p=040) I A ehich. olelt Ae 248
o ATHOR=2.721, p=.004)= §OI5HA Jersieh, Bt A1 % 3 (Figure 1ol A1GE vl o] HR|gro 2 et i3 2
Zol W2 ST kol et AT IUES BAT AR A 99 299 24 @A) AY 0] RoHISE GolsH Fat
¥ %0] W Ad(low fit, OR=DF Hlwste] A Szl e 2 Judek

A (High fit, OR=0.318, p=.008)2] hAIE T &0 st A&
o] folatA ¥ Aoz yepton, Zso] gt B4 o]Fo|x
ZA3HOR=0.360, p=.044)= 73t ZA o2 Lepstet,
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Moderation of the effect of WHR on MetS components at values of the moderator physical fitness

Low fit
------- Moderate fit
——High it

MetS components
w

Low WHR High WHR

Fig. 1. Moderating effect of physical fitness on the relationship between
abdominal obesity and metabolic syndrome
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