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Aim: Given the prevalence of overweight and the associated increase in
oxidative stress as one of its major adverse consequences, the present study
aimed to investigate the effects of exercise with an energy expenditure of
3000 kcal per week on hsCRP, MDA, and insulin resistance in overweight
women.

Method:

This experimental study followed a pre-test-post-test design and was
conducted on 27 participants divided into three groups: high-energy
expenditure exercise (HCE), standard-energy expenditure exercise (SCE),
and control (CON). The training program for the HCE group involved an
energy expenditure of 1200 kcal (50-60% VO:2max) in the first week and 3000
kcal (70-85% VO2max) in the final week. The SCE group exercised with an
energy expenditure of 900 kcal (65-75% VO:2max) in the first week and 1200
kcal (70-85% VO:zmax) in the final week. MDA, hsCRP, insulin, and HOMA-IR
were measured as indicators of oxidative stress, inflammation, and insulin
resistance. Data were analyzed using a 2x3 repeated-measures ANOVA at a
significance level of P<0.05.

Results: According to the findings, a significant reduction in MDA levels was
observed only in the SCE group across measurement phases (P=0.043).
Additionally, a significant increase in hsCRP was found in the HCE group
compared to the SCE (P=0.010) and CON (P=0.005) groups. No other
significant differences were observed (P>0.05).

Conclusion: Based on the results, combined training with an energy
expenditure of 3000 kcal per week, compared to standard exercise protocols,
did not result in significant increases in oxidative stress, systemic
inflammation, or insulin dysfunction after 12 weeks. Therefore, such high-
energy training protocols can be considered metabolically and
inflammatorily safe.
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Extended abstract
Problem Statement and Research Significance

Background: Overweight and obesity are associated with chronic low-grade inflammation, increased
oxidative stress, and metabolic dysregulation that elevate the risk of cardiovascular disease and type
2 diabetes. Among the biomarkers commonly used to evaluate these disturbances, malondialdehyde
(MDA) represents lipid peroxidation and oxidative stress, while high-sensitivity C-reactive protein
(hsCRP) reflects systemic inflammation. Insulin resistance, often estimated using indices derived
from fasting insulin and glucose, is another key metabolic abnormality observed in overweight
populations. Although physical activity is widely recommended as a non-pharmacological
intervention for improving metabolic health, the optimal dose of exercise required to produce
significant improvements in these biomarkers remains unclear. The American College of Sports
Medicine generally recommends approximately 2000 kcal of weekly energy expenditure through
exercise for health maintenance. However, there is increasing interest in whether higher levels of
energy expenditure—such as 3000 kcal per week—may provide greater metabolic benefits.
Therefore, the purpose of the present study was to examine the effect of an exercise program with a
weekly energy expenditure of 3000 kcal on oxidative stress, systemic inflammation, and insulin
resistance in overweight women.

Methodology Overview

This semi-experimental study was conducted on overweight female participants who were assigned
to exercise intervention groups and a control group. The training protocol consisted of structured
aerobic exercise sessions designed to achieve a target weekly energy expenditure of approximately
3000 kcal in the high-calorie-expenditure group. Anthropometric measurements and biochemical
variables were assessed before and after the intervention period. Fasting blood samples were
collected to determine serum concentrations of MDA, hsCRP, insulin, and glucose. Insulin resistance
was estimated using standard indices derived from fasting measures. Statistical analyses were
performed using appropriate parametric tests to examine both within-group changes from pre-test
to post-test and between-group differences following the intervention. The significance level for all
analyses was set at P < 0.05.

Key Findings and Results Analysis

The analysis revealed differential responses among the measured biomarkers. A significant overall
change was observed for MDA levels across time (P = 0.043, F = 4.585). Post-hoc analysis indicated
that a significant reduction in MDA from pre-test to post-test occurred in the SCE group (P = 0.043),
while the HCE and control groups did not show statistically significant intra-group changes.
Moreover, the comparison among groups did not reveal a significant difference (P = 0.221). These
findings suggest that exercise training influenced oxidative stress; however, the magnitude of
change varied across the experimental conditions.
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Figure 1: MDA levels in Pre-test and Post-test
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Figure 1. Changes in malondialdehyde (MDA) levels across groups before and after the exercise intervention.

For hsCRP, no significant within-group pre- to post-test change was observed (P = 0.279).
Nevertheless, a statistically significant difference was detected between the groups (P = 0.003, F =
7.720). Post-hoc comparisons revealed that the high-calorie-expenditure group differed significantly
from both the standard-exercise group and the control group after the intervention. This result
indicates that higher weekly energy expenditure through exercise may exert a stronger
anti-inflammatory effect compared with lower exercise volumes.

Figure 2: hsCRP levels highlighting Between-Group differences
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Figure 2. Comparison of hsCRP levels among groups following the exercise intervention.

In contrast, insulin concentration and insulin resistance indices did not demonstrate statistically
significant changes. Insulin levels showed no meaningful difference across time (P = 0.158) or
between groups (P = 0.671). Similarly, insulin resistance did not change significantly within groups (P
= 0.525) or between groups (P = 0.634). These results suggest that although the exercise
intervention may influence inflammatory responses, it may not be sufficient in the short term to
substantially alter insulin sensitivity in overweight individuals.

Innovation and Practical Implications

Conclusions and Recommendations

The findings of the present study indicate that an exercise program designed to produce
approximately 3000 kcal of weekly energy expenditure can positively influence certain
cardiometabolic biomarkers in overweight women. In particular, the results suggest a beneficial
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effect on systemic inflammation, as demonstrated by differences in hsCRP levels between groups.
However, the intervention showed limited effects on oxidative stress and did not significantly
improve insulin resistance within the duration of the study. These findings highlight the complexity
of metabolic adaptation to exercise and suggest that longer intervention periods, greater reductions
in body fat, or combined dietary and exercise approaches may be necessary to achieve significant
improvements in insulin sensitivity. Future research should further investigate the dose—response
relationship between exercise energy expenditure and metabolic health outcomes in overweight
populations.
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