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Association between Estimated Cardiorespiratory Fitness and
Insulin Resistance in Korean Adults: Results from the
Korea National Health and Nutrition Survey 2019 - 2021

Yunmin Han, Yeonsoo Kim

Department of Physical Education, College of Education, Seoul National University, Seoul, Korea

Purpose: The purpose of this study was to investigate the association between estimated cardiorespiratory fithess (€CRF)
and insulin resistance in Korean adults, and to compare this association through sex and age-specific analyses.
Methods: A total of 13,405 adults aged 19 years and older (male, 5,869; female, 7,536) were analyzed using data
from the Korea National Health and Nutrition Survey (KNHANES) for the years 2019 to 2021. eCRF was analyzed
by dividing it into quartiles using the estimation equation based on age, sex, body mass index, waist circumference,
smoking status, resting heart rate, and self-reported physical activity level. Insulin resistance was measured to
calculate the HOMA-IR. Logistic regression was used to predict the odds ratio (OR) and 95% confidence interval
(Cl) of the relationship between the two variables, with adjustment for potential confounders.

Results: The results showed a stronger association between fitness level and insulin resistance. Based on the first quartile
(reference group), the lower the cardiorespiratory fitness level, the higher the OR. In male subjects, the lowest quartile
had an OR of insulin resistance 17.65 (95% Cl, 13.76 -22.64). For female subjects, the lowest quartile had an OR of
insulin resistance 7.96 (95% Cl, 6.37-9.94). These results indicate a strong inverse relationship between cardiorespiratory
fitness and insulin resistance and younger groups exhibited significantly higher ORs in age-specific ORs.
Conclusion: The analysis results demonstrated that increasing cardiorespiratory fitness levels can significantly impact
insulin sensitivity and reduce insulin resistance risk.
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Table 1. Baseline characteristics of participants (male)
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eCRF group
Characteristic p-value
Highest 2nd 3rd Lowest

No. of participants 1,461 1,467 1,469 1,472
Age (yr) 47.0+151 48.5+15.7 49.8+16.8 51.0£18.9 <0.001
Height (cm) 171.5+6.4 171.8+£6.6 171.5+6.7 171.6+7.2 0.248
Weight (kg) 63.7£7.6 70.5+8.2 74.9£9.2 84.0+14.3 <0.001
BMI (kg/m?) 21.6+2.1 23.8+£2.0 25.4+2.1 28.4+£3.5 <0.001
WC (cm) 79.4+6.5 85.7+£5.8 90.3%£5.8 98.4+8.0 <0.001
RHR (bpm) 67.4+6.9 70.3£8.2 71.2£8.2 74.7£9.9 <0.001
Fasting glucose (mg/dL) 98.8+19.6 102.0+£21.9 105.1+£23.0 111.6+£32.0 <0.001
Current smoker 358 (24.5) 434 (29.6) 503 (34.2) 592 (40.2) <0.001
Heavy drinker 231 (15.8) 293 (20.0) 290 (19.7) 304 (20.7) <0.001
Physically active 956 (65.4) 769 (52.4) 578 (39.3) 428 (29.1) <0.001
SBP (mmHg) 116.6+4.0 120.2+13.4 122.4+13.9 124.7+13.4 <0.001
DBP (mmHg) 75.7£9.0 77.6+9.1 78.4+£9.7 79.6+10.9 <0.001
C (mg/dL) 189.0+£36.6 190.7+38.3 189.6+39.3 190.3+40.6 0.132
Triglyceride (mg/dL) 124.8+120.5 147.4+£125.4 164.7+£130.9 189.1+£154.7 <0.001
HOMA-IR 1.6+£1.6 2.1£1.6 2.7+2.3 4.3+4.3 <0.001
eCRF (METs) 13.4+1.0 12.4+1.0 11.6+1.1 10.1£1.4 <0.001

Values are presented as number only, meantstandard deviation, or number (%).

eCRF: estimated cardiorespiratory fitness, BMI: body mass index, WC: waist circumference, RHR: resting heart rate, SBP:
systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol, HOMA-IR: homeostatic model assessment
of insulin resistance, MET: metabolic equivalent.
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Table 2. Baseline characteristics of participants (female)

Characteristic °CRF group b for
Highest 3rd Lowest trend

No. of participants 1,878 1,886 1,890
Age (yr) 48.4+13.9 49.5+15.0 50.9+16.8 52.9+18.9 <0.001
Height (cm) 159.3+5.8 158.7+6.1 157.9+6.4 157.346.9 <0.001
Weight (kg) 52.6+5.7 56.6+6.8 59.3+7.8 67.3+12.1 <0.001
BMI (kg/m?) 20.842.2 22.542.5 23.8+2.8 27.1+£4.0 <0.001
WC (cm) 73.0£6.9 77.948.0 81.5+8.2 89.6+9.6 <0.001
RHR (bpm) 67.046.1 70.2+7.2 72.3%£8.3 75.949.4 <0.001
Fasting glucose (mg/dL) 94.7+14.7 97.0+15.7 99.2+21.8 105.0+£25.7 <0.001
Current smoker 41 (2.2) 87 (4.6) 115 (6.1) 165 (8.7) <0.001
Heavy drinker 78 (4.2) 94 (5.0) 106 (5.6) 117 (6.2) <0.001
Physically active 1338 (71.2) 842 (44.7) 533 (28.3) 360 (19.0) <0.001
SBP (mmHg) 112.0£15.9 115.6£17.1 117.2+16.5 121.5+16.4 <0.001
DBP (mmHg) 72.0+9.1 73.449.3 73.849.2 75.4+£9.3 <0.001
C (mg/dL) 193.2+34.6 195.4+37.8 192.2+38.7 192.9+39.6 0.549
Triglyceride (mg/dL) 91.2+50. 103.2+68.8 114.3+84.8 133.8+£80.2 <0.001
HOMA-IR 1.540.9 1.942.1 2.2+1.9 3.6+4.4 <0.001
eCRF (METs) 10.3+£0.9 9.6+£1.0 9.0£1.1 8.0+1.3 <0.001

Values are presented as number only, meantstandard deviation, or number (%).
eCRF: estimated cardiorespiratory fitness, BMI: body mass index, WC: waist circumference, RHR: resting heart rate, SBP:
systolic blood pressure, DBP: diastolic blood pressure, TC: total cholesterol, HOMA-IR: homeostatic model assessment

of insulin resistance, MET: metabolic equivalent.
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Table 3. Association between estimated cardiorespiratory fitness and insulin resistance

Variable Model 1 Model 2
Male
Highest 1 (Reference) 1 (Reference)
2nd 7 (2.44—3.87) 7 (2.25—3.67)
3rd 6 57 (5.27—8.19) 6 00 (4.73—7.62)
Lowest 20.12 (16.01—25.27) 17.65 (13.76 —22.64)
p for trend <0.001 <0.001
Female
Highest 1 (Reference) 1 (Reference)
2nd 2.06 (1.64—2.59) 1.82 (1.44—2.29)
3rd 3.36 (2.67—4.23) 2.73 (2.15—3.45)
Lowest 11.66 (9.41—14.46) 7.96 (6.37—9.94)
p for trend <0.001 <0.001

Model 1: adjusted for age model, 2: adjusted for age, smoking status, alcohol consumption, systolic blood pressure,
diastolic blood pressure, total cholesterol, triglyceride, hypertension, and family history of diabetes.
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Fig. 1. Odds ratio (OR) and 95% confidence interval (Cl) for estimated cardiorespiratory fitness (eCRF) and insulin resist-
ance by age-specific (=50 and <50 years) for male (A) and female (B). Adjusted for age, smoking status, alcohol con-
sumption, systolic blood pressure, diastolic blood pressure, total cholesterol, triglyceride, hypertension, and family history

of diabetes.
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