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Background: Physical activity (PA) is associated with a favorable metabolic risk profile in adults. However, its role in 
adolescents remains unclear. In this study, using data (2019–2021) from the 8th Korea National Health and Nutri-
tion Examination Survey, we investigated the optimal exercise type for preventing metabolic complications in ado-
lescents.
Methods: A total of 1,222 eligible adolescent participants (12–18-year-old) were divided into four groups as follows: 
aerobic exercise (AE), resistance exercise (RE), combined aerobic and resistance exercise (CE), and no exercise 
(NE). Daily PA was assessed using the international PA questionnaire. Blood samples were collected to measure 
lipid, glucose, and insulin levels. Additionally, the homeostasis model assessment for insulin resistance (HOMA-IR) 
and triglyceride-glucose (TyG) indices were measured. Multivariate regression analysis was used to compare the 
metabolic risk factors across the PA groups before and after propensity score matching (PSM) adjustment for con-
founding variables.
Results: The CE group exhibited improved fasting glucose levels, lower TyG index, reduced white blood cell count, 
and higher high-density lipoprotein (HDL) cholesterol levels than the NE group. The RE group exhibited lower 
mean blood pressure, triglyceride, fasting insulin, HOMA-IR, TyG index and a reduced risk of metabolic syndrome 
than the NE group. The AE group had higher total and HDL cholesterol levels. In detailed comparison of the AE 
and RE groups, the RE group consistently exhibited favorable metabolic parameters, including lower blood pres-
sure and total and low-density cholesterol levels, which persisted after PSM.
Conclusion: These findings highlight the positive effects of PA on cardiovascular risk factors in adolescents. Thus, 
RE may have a more favorable metabolic effect than AE. Further studies are needed to validate the benefits of exer-
cise according to the exercise type.
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INTRODUCTION

Adolescence, a pivotal stage in development, is characterized by 

marked physiological, social, and reproductive maturation. Changes 

during adolescence affect future health and health-related behaviors, 

raising concerns about their long-term impact on the health and well-

being.1,2) Metabolic disorders that manifest during childhood and ado-

lescence pose increased risk of progressing to metabolic syndrome 

(MS), diabetes, and cardiovascular diseases (CVDs), which place con-

siderable burden on global healthcare systems.3)

 Promoting adequate physical activity (PA) is one of the most sus-

tainable and beneficial approaches for combating metabolic disease.4) 

Aerobic exercise (AE) is frequently recommended for obese individu-

als and offers benefits in terms of body composition, lipid profile, 

blood pressure (BP) control, glycemic control, and cardiorespiratory 

fitness.5) Resistance training not only increases the muscle mass and 

strength, but also improves cardiovascular risk factors, like AE.6,7) Sev-

eral studies have shown that combining aerobic and resistance exer-

cises (RE) has a more pronounced effect on reducing fat mass and 

weight while providing additional cardiovascular benefits than either 

AE or RE alone.8,9) Although numerous studies have highlighted the 

advantages of PA, there is limited evidence regarding the most effec-

tive type of exercise for preventing metabolic complications, particu-

larly in adolescents.

 Our study aimed to evaluate and compare the benefits of AE and RE 

in reducing cardiovascular risk factors among adolescents using a rep-

resentative sample of the general Korean population.

METHODS

1. Study Population
In this study, we analyzed pooled data (2019–2021) from the 8th Korea 

National Health and Nutrition Examination Survey (KNHANES). The 

KNHANES is conducted by the Korean Ministry of Health and Welfare, 

and targets non-institutionalized Korean citizens residing in Korea fol-

lowing a multi-stage clustered probability design sampling plan. The 

survey questions were prepared by the Korea Institute for Health and 

Social Affairs and the Korea Centers for Disease Control (KCDC; cur-

rently, Korea Disease Control and Prevention Agency), and approved 

by the ethics committee of the KCDC. Detailed information on 

KNHANES is available at https://knhanes.cdc.go.kr/knhanes/eng.

 This study was performed in accordance with the Declaration of 

Helsinki and was approved by the Institutional Review Board (IRB) of 

the Severance Hospital, Seoul, South Korea (IRB approval no.: 4-2023-

0877).

 The study participants were Korean adolescents aged 12–18 years. 

Data pertaining to 1,431 adolescent participants were collected in the 

form of a health interview. Those with missing exercise questionnaires 

(n=114) and laboratory data (n=95) were excluded, and 1,222 eligible 

participants were included in the final analysis (Figure 1).

2. PA Questions and Classification of Aerobic Activity and 
Anaerobic Activity

1) Contents of PA questionnaire

The international PA questionnaire was used to assess the participants’ 

PA levels over a typical week. The questionnaire asked the participants 

to report days (and durations) on which they engaged in mild (involv-

ing walking for at least 10 minutes, encompassing activities at work, 

school, transportation, and exercise), moderate (activities such as 

double tennis or volleyball that increased heart rate or breathing for at 

least 10 minutes), or intense (vigorous activities, such as running or 

soccer, for at least 10 minutes) PA.

 Participants noted the number of days and total duration of each 

activity (minimum of 10 minutes). The KNHANES categorizes PA into 

four types: (1) intense PA (resulting in breathlessness for >10 minutes); 

(2) medium-intensity PA (activities causing harder breathing or slight-

ly shorter breaths for >10 minutes); (3) RE (including push-ups, sit-

Adolescents included 2019 2021 (n=1,222)

1:1:1:1 matching by the PSM method 946 Unmatched subjects were excluded

CE

(n=69)

AE

(n=69)

RE

(n=69)

NE

(n=69)

CE

(n=96)

AE

(n=120)

RE

(n=141)

NE

(n=865)

Excluded (n=209)

- Missing exercise questionnaire (n=114)

- Missing laboratory (n=95)

KNHANES 2019 2021 (n=22,559)

Adolescents aged 12 18 years 2019 2021 (n=1,431)

Figure 1. Flow chart of the study population 
selection. KNHANES, Korea National Health 
and Nutr i t ion Examination Survey; CE, 
complex exercise; AE, aerobic exercise; RE, 
resistance exercise; NE, no exercise; PSM, 
propensity score matching.
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ups, weights, and similar activities); and (4) exclusive walking exercise 

(comprising commuting and exercise). Each participant could belong 

to multiple exercise categories.

2) Classification of aerobic activity and anaerobic activity

The World Health Organization (WHO) recommends that children 

and adolescents (aged 5–17 years) should engage in at least 60 min-

utes per day of moderate-to-vigorous intensity, mostly aerobic, PA 

across the week. They should also include vigorous-intensity aerobic 

and muscle- and bone-strengthening activities for at least 3 days per 

week. Therefore, reducing sedentary time, primarily recreational 

screen time, is encouraged.10) For PA measurements, the metabolic 

equivalent of task (MET) for moderate and vigorous aerobic activities 

are approximately 4 and 8, respectively. Based on the WHO recom-

mendation of 60 minutes of daily aerobic activity, adolescents were 

categorized into AE group if they achieved a total of 600 MET×min/wk 

or more. Adolescents who engaged in strength training for more than 

3 days in the previous week were categorized into RE group.

3. Covariates
Household income levels were categorized as low, medium-low, me-

dium-high, or high. Educational level was classified as elementary, 

middle, or high school.

 Body mass index (BMI) (kg/m2) was calculated as weight in kilo-

grams divided by height in meters squared. Height was measured to 

the first decimal place (0.1 cm) using a stadiometer (SECA 225 in 

2016–June 2019 and SECA 274 in July 2019–2020; Seca, Hamburg, Ger-

many). Weight was accurately measured to the nearest 10 kilogram us-

ing an electronic balance (GL-6000–20; Gtech, Seoul, Korea). Waist 

circumference (WC) was measured at the midpoint between the lower 

margin of the rib cage and the upper margin of the iliac crest. BP was 

measured in a seated position (after a rest period of 5 minutes) in the 

right arm using a standard mercury sphygmomanometer (Bau-

manometer Wall Unit 33 [0850] in 2016–2019; W. A. Baum, Copiague, 

NY, USA and Greenlight 300 in 2020; Accoson, Irvine, UK).

 The participants were categorized into four groups based on their 

BMI percentiles, according to the 2017 Korean national growth charts, 

as follows: underweight (below the 5th percentile), normal (5th to 

<85th percentile), overweight (85th to <95th percentile), and obese 

(≥95th percentile).

 For laboratory assessments, all participants fasted for at least 8 hours 

prior to blood sampling. Blood samples were collected by trained 

medical personnel. Laboratory measurements included serum fasting 

glucose, total cholesterol, triglyceride, high-density lipoprotein choles-

terol (HDL-C), low-density lipoprotein cholesterol (LDL-C), aspartate 

aminotransferase (AST), and alanine aminotransferase (ALT) levels 

measured using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, 

Japan). White blood cell (WBC) counts were measured using a laser 

flow cytometer (XN-9000; Sysmex, Tokyo, Japan).

 Fasting insulin levels were assessed using an electrochemilumines-

cence immunoassay (Roche, Basel, Switzerland) and evaluated with a 

modular E801 analyzer (Roche). Insulin resistance was evaluated us-

ing the HOMA-IR (HOMA-IR=fasting insulin [μU/mL]×fasting glucose 

[mg/dL]/405) and TyG (TyG index=ln[triglyceride (mg/dL)×glucose 

(mg/dL)/2]) indices.

 MS was defined using the criteria adapted from the National Cho-

lesterol Education Program-Adult Treatment Panel III. According to 

the definition, MS required the presence of any three out of the five 

specified criteria: (1) WC ≥90th percentile for age and sex; (2) TG ≥110 

mg/dL; (3) HDL-C ≤40 mg/dL; (4) systolic blood pressure (SBP) or di-

astolic blood pressure (DBP) ≥90th percentile for age, sex, and height; 

and (5) fasting glucose ≥110 mg/dL.11) The reference values for WC 

and BP were based on the growth charts issued by the Korean Pediat-

ric Society.

4. Statistical Analysis
Prior to matching, data are presented as means±standard error or as 

prevalence (%). Sampling weights were used to account for the com-

plex sampling. The characteristics of the exercise groups were com-

pared using analysis of variance or Student t-test for continuous data 

and Pearson’s chi-square test. Multivariate regressions were per-

formed to compare the PA groups associated with metabolic risk fac-

tors after adjusting for age, sex, educational, and household income 

status. The results are presented as coefficients and 95% confidence 

intervals (CI). MS-dependent variables were modeled using multiple 

logistic regression, and the results are reported as odds ratios (ORs) 

and 95% CI.

 Sensitivity analyses were conducted using propensity score match-

ing (PSM) to verify the robustness of our findings regarding the effects 

of PA on metabolic risk factors. We performed 1:1:1:1 PSM to mitigate 

the confounding effects of age and sex using the nearest-neighbor 

matching algorithm. Propensity score was defined as the probability of 

treatment assignment conditioned on the observed covariate.12) Stan-

dardized mean differences (SMD) were calculated to evaluate the bal-

ance of covariates before and after propensity score implementation. 

An SMD <0.1 was considered the balanced distribution of data.

 Statistical significance was set at two-sided P<0.05. All statistical 

analyses were conducted using R software ver. 4.3.0 (R Foundation for 

Statistical Computing, Vienna, Austria; https://www.r-project.org/).

RESULTS

The clinical characteristics of the participants are summarized in Table 

1. Of the 1,222 participants, 662 (56.2%) were boys and 560 (45.8%) 

were girls. The mean age and BMI of the participants were 15.08 years 

and 22.05 kg/m2, respectively. When divided into four groups accord-

ing to their PA status prior to matching, majority of the participants 

were in the no exercise (NE) group (865, 70.7%), followed by RE-only 

(141, 11.54%), AE-only (120, 9.82%), and CE groups (96, 7.86%). 

Among the four groups, there were significant differences in age, sex, 

educational status, BMI, triglyceride level, glucose level, TyG index, 

and AST level.
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 Following 1:1:1:1 PSM, 276 adolescents were matched based on 

their PA status for the sensitivity analysis. Differences in demographic, 

anthropometric, and metabolic risk factors, including glucose and lip-

id parameters, were analyzed in the 69 matched quadruplets (Table 1). 

No significant differences were noted among the four matched groups, 

except for fasting glucose levels.

1. Comparison of Metabolic Parameters between the Four 
PA Groups

Table 2 and Figure 1 show the regression coefficients of anthropomet-

ric and metabolic parameters among the four PA groups. Fasting glu-

cose, TyG index, and WBC count were lower, whereas HDL-C levels 

were higher in the AE and RE groups compared with that in the NE 

group. The RE-only group showed decreased values of mean BP, tri-

glycerides, fasting insulin, HOMA-IR, and TyG index; however, it 

showed increased HDL-C levels compared to the NE group. Total cho-

lesterol and HDL-C levels were significantly higher in the AE-only 

group compared with that in the NE group. Compared with the NE 

group, the OR of MS in the RE-only group was significantly lower (OR, 

0.228; 95% CI, 0.069–0.756; P=0.016).

 The forest plot depicts a comparison of metabolic parameters and 

cardiovascular risk factors among the four PA groups (Figure 2).

 After PSM, when anthropometric and metabolic risks of the CE 

group were compared with that of the NE group, the results showed a 

trend similar to that before matching. However, the glucose levels were 

significantly lower in the CE group than that in the NE group after ad-

justing for age, sex, educational status, and household income (Ap-

pendix 1).

2. Comparison of Metabolic Parameters between AE- and 
RE-only groups

We performed a subgroup analysis to investigate differences in meta-

bolic risk between the AE- and RE-only groups. Prior to and after the 

1:1 PSM, the RE group had lower total and LDL-C levels than the AE 

group (Table 3).

 Table 4 and Figure 3 show the correlation coefficients of the anthro-

pometries and metabolic indices, and the OR of MS in the RE-only 

group, with the AE group set as a reference prior to matching. Com-

pared to the AE-only group, the RE-only group showed significantly 

lower mean BP (-2.041; 95% CI, -3.957 to -0.125; P=0.037), total choles-

terol (-8.881; 95% CI, -15.855 to -1.807; P=0.014), and LDL-C levels 

(0.762; 95% CI, -13.646 to -1.081; P=0.014).

 After PSM, the comparison of glucose and lipid metabolism param-

eters between the RE- and NE-only groups showed similar trends to 

those prior to matching (Appendix 2, Figure 3). In addition, compared 

to the AE-only group, the RE-only group showed a significantly lower 

TyG index (-1.158; 95% CI, -0.313 to -0.002; P=0.046) after matching 

(Figure 3).
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DISCUSSION

Despite various guidelines endorsing PA for adolescents, the type of 

exercise that is most effective in reducing cardiovascular risk in this 

age group remains unclear. Comparing the benefits of each exercise 

modality can lead to better exercise recommendations for adolescents 

with or at risk for MS.

 Comparison of metabolic parameters in the CE and NE groups re-

vealed that the CE group exhibited lower fasting glucose, TyG index, 

and WBC count but higher levels of HDL-C. The RE-only group 

showed reduced mean BP, triglycerides, fasting insulin, and insulin re-

sistance indices (HOMA-IR and TyG), along with increased HDL-C 

compared to the NE group. Additionally, the RE-only group had signif-

icantly lower odds of developing MS than the NE group. In contrast, 

the AE-only group showed higher total cholesterol and HDL-C levels. 

In a detailed comparison of the AE and RE groups, the RE group con-

sistently exhibited favorable metabolic parameters, including lower BP 

and total and LDL-C levels, which persisted even after PSM.

 The WHO recommends 60 minutes of moderate-to-high-intensity 

PA for children and adolescents, including muscle-strengthening exer-

cises for at least 3 days per week.13) However, our study found that over 

70% of Korean adolescents did not meet this minimum recommended 

PA level, with only 40% incorporating resistance training, and their 

compliance with these standards trailing significantly behind those of 

other nations.14,15) Given these results, it is essential to create a plan that 

enables students to engage in PA at school, home, and while commut-

ing. Strength training and increased exercise volumes can enhance the 

overall metabolic health of adolescents.

 Given the lasting impact of the CVD risk from youth to adulthood,16) 

it is essential to highlight that healthy lifestyle habits that develop 

through daily PA during adolescence often persist into adulthood.17) 

Robust evidence suggests that a sedentary lifestyle contributes to the 

pathogenesis of MS.18,19) In contrast, PA not only enhances physical fit-

ness but also has a positive impact on cardiometabolic health in the 

Variable Coefficient (95% CI) P-value

Glucose (mg/dL)

Insulin (IU/L)

AE & RE group

AE only group

RE only group

Non-AE & RE group

AE & RE group

AE only group

RE only group

Non-AE & RE group

AE & RE group

AE only group

RE only group

Non-AE & RE group

AE & RE group

AE only group

RE only group

Non-AE & RE group

HOMR-IR

TyG index

0.008

0.695

0.270

0.220

0.687

0.407

0.260

0.669

0.378

0.150

0.467

0.581

- - -3.39 ( 5.90 to 0.88)

0.50 ( 2.01 to 3.02)-

- -1.41 ( 3.91 to 1.10)

Ref

-3.49 (-9.07 to 2.09)

- -1.15 ( 6.74 to 4.44)

- -2.35 ( 7.91 to 3.22)

Ref

- -0.89 ( 2.43 to 0.66)

- -0.34 ( 1.89 to 1.21)

- -0.69 ( 2.23 to 0.85)

Ref

- -0.14 ( 0.33 to 0.05)

0.07 ( 0.12 to 0.26)-

- -0.05 ( 0.24 to 0.13)
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0 55

A

Variable Coefficient (95% CI) P-value

Cholesterol (mg/dL)

Triglyceride (mg/dL)

AE & RE group

AE only group

RE only group

Non-AE & RE group

AE & RE group

AE only group

RE only group

Non-AE & RE group

AE & RE group

AE only group

RE only group

Non-AE & RE group

AE & RE group

AE only group

RE only group

Non-AE & RE group

HDL cholesterol (mg/dL)

LDL cholesterol (mg/dL)

0.392

0.063

0.976

0.424

0.365

0.479

0.113

0.888

0.203

0.501

0.088

0.746

4.30 ( 5.58 to 14.19)-

9.40 ( 0.50 to 19.30)-

- -0.15 ( 10.01 to 9.70)

Ref

- -6.60 ( 22.83 to 9.64)

7.50 ( 8.76 to 23.76)-

- -5.82 ( 22.01 to 10.36)
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2.67 ( 0.64 to 5.98)-
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7.51 ( 1.13 to 16.15)-

- -1.41 ( 10.01 to 7.19)
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0 2020

B

Figure 2. (A, B) Forest plot showing the 
comparison of metabolic parameters and 
cardiovascular risk factors between the four 
physical activity groups. CI, confidence 
interval; AE, aerobic exercise; RE, resistance 
exercise; Ref, reference; HOMA-IR, homeo-
stasis model assessment-estimated insulin 
resistance; TyG, triglyceride and glucose; HDL, 
high-density lipoprotein; LDL, low-density 
lipoprotein.
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youth, as confirmed by previous studies.20,21)

 PA enhances insulin sensitivity by addressing critical factors in the 

pathophysiology of insulin resistance, such as adiposity, inflamma-

tion, and disrupted glucose metabolism.22) In addition, it positively af-

fects plasma lipids, particularly triglycerides and HDL-C.23) Moreover, 

PA of any intensity is linked to lower BP, suggesting its value in improv-

ing the metabolic health of adolescents.16) However, limited and in-

consistent data are available on the comparative effects of AE and RE 

on cardiovascular and metabolic parameters in adolescents.

 AE notably enhanced cardiorespiratory fitness, whereas RE and CE 

improved muscular strength and endurance more effectively than the 

control conditions or AE-alone in adolescents.7) Although there is lim-

ited information on the impact of RE on cardiovascular health com-

pared to that of AE, our findings indicate that RE outperforms AE-

alone in reducing lipid parameters and the TyG insulin resistance in-

dex, even after adjusting for demographic covariates. The HEARTY tri-

Table 4. Comparison between aerobic exercise and resistance exercise, before matching

Variable AE only group
RE only group

Coefficient (95% CI) P-value

Body mass index (kg/m2) Ref -0.670 (-1.806 to 0.466) 0.247
Waist circumference (cm) Ref -1.378 (-4.316 to 1.560) 0.357
Mean blood pressure (mm Hg) Ref -2.041 (-3.957 to -0.125) 0.037
Cholesterol (mg/dL) Ref -8.831 (-15.855 to -1.807) 0.014
Triglyceride (mg/dL) Ref -11.035 (-22.231 to 0.160) 0.053
High-density lipoprotein cholesterol (mg/dL) Ref 0.762 (-1.547 to 3.071) 0.516
Low-density lipoprotein cholesterol (mg/dL) Ref -7.363 (-13.646 to -1.081) 0.022
Glucose (mg/dL) Ref -0.220 (-2.061 to 1.622) 0.814
Insulin (IU/L) Ref -1.546 (-4.844 to 1.752) 0.357
Homeostasis model assessment-estimated insulin resistance Ref -0.418 (-1.244 to 0.407) 0.319
Hemoglobin A1c (%) Ref -0.006 (-0.072 to 0.060) 0.861
Triglyceride and glucose index Ref -0.071 (-0.200 to 0.058) 0.281
Aspartate aminotransferase (IU/L) Ref 0.730 (-1.954 to 3.414) 0.593
Alanine aminotransferase (IU/L) Ref 0.427 (-4.378 to 5.232) 0.861
White blood cell (thousand/μL) Ref -0.159 (-0.567 to 0.250) 0.446
Metabolic syndrome (yes) Ref 0.315* (0.058 to 1.372) 0.14

AE, aerobic exercise; RE, resistance exercise; CI, confidence interval; Ref, reference. 
*This value represents the odds ratio.

Variable Coefficient (95% CI) P-value
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Figure 3. (A, B) Forest plot showing the 
comparison of metabolic parameters and 
cardiovascular risk factors between aerobic 
and resistance exercise groups. CI, confidence 
interval; AE, aerobic exercise; RE, resistance 
exercise; Ref, reference; HOMA-IR, homeo-
stasis model assessment-estimated insulin 
resistance; TyG, triglyceride and glucose; HDL, 
high-density lipoprotein; LDL, low-density 
lipoprotein.
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al (healthy eating, aerobic and resistance training in youth trial) re-

ported that insulin resistance tended to persist in young individuals 

transitioning into puberty and increased their cardiometabolic risk in 

adulthood along with early onset of dyslipidemia in childhood and 

adolescence,24) and showed that effective management of insulin re-

sistance and lipid profile through RE in adolescents may reduce the 

risk of premature CVD.25)

 Our study had several limitations. First, the cross-sectional design 

did not establish causality. Especially in adolescents, the type of exer-

cise may be influenced by external factors, such as parental guidance, 

and other variables such as obesity, socioeconomic status, and age. To 

compensate for this limitation, we used PSM, which successfully re-

duces the bias between groups. Second, there are inconsistencies be-

tween the results of previous studies and ours. Several studies have re-

vealed that AE and CE are superior to RE.8,26-28) The precise reasons for 

the inconsistent results remain to be elucidated and are possibly influ-

enced by factors such as racial disparities, sample sizes, and variations 

in exercise type and strength. Therefore, further extensive prospective 

cohort studies with larger population and meticulously designed clini-

cal trials are warranted to establish the optimal exercise regimen for 

adolescents. Third, there were substantial discrepancies in demo-

graphic characteristics, such as sex and BMI, prior to matching. Con-

sequently, a limitation arose regarding the reduced availability of 

matching data with similar characteristics: the proportion of female 

adolescents was lower than male adolescents. However, PSM remains 

a valuable method for reducing baseline group differences, particular-

ly when randomized controlled trials are not feasible. Fourth, our 

study did not consider essential dietary factors among the various life-

style factors that can influence the cardiovascular risk. Finally, we re-

lied on self-reported questionnaires to evaluate PA, potentially weak-

ening the connection between AE and RE, and their impact on glucose 

and lipid parameters.

 Despite these limitations, this study has several strengths. To the 

best of our knowledge, this is the first study to identify a positive asso-

ciation between RE and metabolic indices compared with AE in ado-

lescents. Additionally, we conducted a sensitivity analysis using a 1:1 

PSM approach, using a well-known database that accurately repre-

sents the Korean population.

 The findings of this study provide valuable insight into the positive 

effects of PA on cardiovascular risk factors in adolescents. In addition, 

our study suggests that RE may be superior to AE in improving meta-

bolic risk factors in adolescents. Further studies are warranted to con-

firm the relative benefits of exercise, based on the type of exercise.
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Appendix 2. Comparison between AE and RE groups, before matching

Variable AE only group
RE only group

Coefficient (95% CI) P-value

Body mass index (kg/m2) Ref -1.027 (-2.355 to 0.302) 0.129
Waist circumference (cm) Ref -2.263 (-5.723 to 1.196) 0.198
Mean blood pressure (mm Hg) Ref -1.777 (-3.951 to 0.396) 0.108
Cholesterol (mg/dL) Ref -10.369 (-18.628 to -2.110) 0.014
Triglyceride (mg/dL) Ref -16.895 (-30.309 to -3.482) 0.014
High-density lipoprotein cholesterol (mg/dL) Ref 1.152 (-1.465 to 3.769) 0.386
Low-density lipoprotein cholesterol (mg/dL) Ref -8.222 (-15.711 to -0.733) 0.032
Glucose (mg/dL) Ref -1.343 (-3.482 to 0.795) 0.217
Insulin (IU/L) Ref -2.889 (-6.475 to 0.697) 0.114
Homeostasis model assessment-estimated insulin resistance Ref -0.760 (-1.650 to 0.129) 0.093
Hemoglobin A1c (%) Ref 0.030 (-0.046 to 0.107) 0.432
Triglyceride and glucose index Ref -0.158 (-0.313 to -0.002) 0.046
Aspartate aminotransferase (IU/L) Ref -0.277 (-3.295 to 2.742) 0.857
Alanine aminotransferase (IU/L) Ref -0.376 (-6.626 to 5.874) 0.906
White blood cell (thousand/μL) Ref -0.305 (-0.773 to 0.162) 0.199
Metabolic syndrome (yes) Ref 0.197* (0.025 to 1.058) 0.075

AE, aerobic exercise; RE, resistance exercise; CI, confidence interval; Ref, reference. 
*This value represents the odds ratio.


