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Extended Abstract

Background and Purpose

Abdominal obesity, in particular, represents a cluster of risk factors that significantly increase the
likelihood of developing cardiovascular disease and type 2 diabetes. At present, in addition to the
classical cardiovascular risk factors—including obesity, hypertension, hypercholesterolemia,
metabolic syndrome, physical inactivity, and smoking—several novel risk markers such as
homocysteine and C-reactive protein have been identified, which independently and more
strongly predict the risk of cardiovascular diseases compared with traditional risk factors.C-
reactive protein (CRP) is a member of the pentraxin family composed of five 23-kDa subunits,
derived from the liver and the endothelium of coronary arteries, and it contributes to vascular
injury and an increased risk of atherosclerosis through mechanisms such as enhancing the
generation of reactive oxygen species, reducing nitric oxide activity, and stimulating macrophage-
mediated uptake of low-density lipoprotein (LDL) cholesterol. Homocysteine, a sulfur-containing
amino acid produced during methionine metabolism, induces endothelial dysfunction by
promoting LDL oxidation, suppressing nitric oxide activity and impairing arterial vasodilation,
inhibiting nitric oxide synthase function, activating platelets, and generating oxidative stress; its
metabolism is dependent on several nutritional and genetic factors. Elevated levels of
homocysteine can lead to a prothrombotic state, oxidative stress, and endothelial dysfunction .
Numerous studies have demonstrated that hyperhomocysteinemia is a significant risk factor for
the development of cardiovascular diseases . However, limited data exist regarding the impact of
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elevated plasma homocysteine levels on the increased risk of cardiovascular disease in individuals
with diabetes. Several studies have reported higher homocysteine concentrations in diabetic
patients compared with non-diabetic individuals. According to a meta-analysis of prospective
studies, a 5 umol/L increase in circulating homocysteine levels is associated with a 33.6% rise in
all-cause mortality risk.Among the various factors influencing serum homocysteine and CRP
concentrations, exercise and physical activity play a significant role. Physical activity induces
several biochemical changes that may affect homocysteine metabolism, with oxidative stress
likely serving as a major mediator in this process . Aerobic training, a specific form of exercise,
is commonly employed to enhance maximal oxygen consumption. The combination of resistance
and aerobic training has been suggested as an effective strategy to improve overall performance.
Evidence from research indicates that combined resistance—aerobic training, compared with
performing each type of exercise alone, elicits distinct resistance-related adaptations that are
closely linked to hormonal responses. Relevant studies addressing these effects individually are
summarized below.Findings from existing research highlight the dual nature of the immune
response to exercise. Intense and prolonged physical activity, characterized by high mechanical
stress and eccentric loading, can cause muscle damage and trigger the release of cytokines,
whereas exercise involving lower mechanical stress is associated with reduced CRP levels.
Currently, limited evidence exists regarding the effects of resistance training—particularly when
combined with endurance training—on cardiovascular and immune markers. Therefore, based on
these considerations, the present study was conducted to address the central question of whether
the sequence of combined training influences cardiovascular risk factors, including C-reactive
protein, homocysteine, and insulin resistance, in obese women with type 2 diabetes.

Materials and Methods

This study employed a quasi-experimental pre-test and post-test design. A total of 36 women aged
40-60 years from Bojnord voluntarily participated and were recruited based on the required
research criteria through announcements and informed instructions. After initial assessments and
completion of questionnaires, participants were randomly assigned into three groups of 14, which,
after attrition, were reduced to 12 per group: a control group that did not perform any exercise, an
experimental group that performed aerobic training before resistance training, and a second
experimental group that performed aerobic training after resistance training. Following the
completion of medical questionnaires, informed consent forms, and readiness assessments,
participants were admitted to the study based on inclusion criteria such as absence of medication
or supplement use, no history of cardiovascular disease or infections affecting immune factors,
and no engagement in regular or intense exercise in the preceding six months. All participants
confirmed their readiness to adhere to the training protocol. Blood samples were collected from
all three groups during both pre-test and post-test stages, and participants were instructed to
refrain from engaging in strenuous physical activity for at least 48 hours before blood collection.

Results

In this study, the highest mean age was observed in the aerobic—resistance group at 49.7 years.
The lowest mean height also belonged to the aerobic—resistance group at 154.2 cm, while the
highest mean weight was recorded in the same group at 71.6 kg. The results indicated that ten
weeks of combined aerobic—resistance training produced significant effects on HbAlc,
homocysteine (Hcy), C-reactive protein (CRP), and insulin resistance in women with type 2
diabetes. In contrast, ten weeks of combined resistance—aerobic training did not significantly
affect Hey levels, although it had significant effects on insulin resistance, CRP, and HbAlc. No
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significant changes were observed in the control group. The results also showed that ten weeks
of combined aerobic—resistance training had no significant effects on the lipid profile (LDL, HDL,
TG, TC) of women with type 2 diabetes, except for HDL and TC. Similarly, combined resistance—
aerobic training did not significantly affect the lipid profile (LDL, HDL, TG, TC) except for HDL.
No significant changes were observed in the control group.

Conclusion

The findings of this study demonstrated significant differences in HbAlc, homocysteine (Hcy),
CRP, and insulin resistance indices before and after aerobic—resistance training. In contrast, ten
weeks of resistance—aerobic training did not significantly affect Hcy but did produce significant
improvements in insulin resistance, CRP, and HbA1c. Insulin levels before and after training were
not significantly different in either experimental group, and no significant differences were
observed between the experimental and control groups. Comparison of HbAlc values showed a
significant reduction following aerobic—resistance training, whereas no significant change was
observed with resistance—aerobic training. After ten weeks of aerobic—resistance training, total
cholesterol decreased significantly while HDL increased significantly, whereas in the resistance—
aerobic group, only HDL showed a significant increase. These results suggest that aerobic—
resistance training may help improve insulin resistance through reductions in fasting glucose and
insulin levels.

Keywords: Homocysteine, Insulin Resistance, Aerobic-Resistance Training, Hemoglobin A1C,
C-Reactive Protein

Article Message

The sequence of combined exercises significantly affects metabolic and inflammatory markers in
obese women with type 2 diabetes. Performing aerobic exercise before resistance training yields
greater improvements in insulin resistance, homocysteine, and CRP levels, offering a practical
approach for glycemic control and cardiovascular risk reduction.
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Table 1- The values of measured variables in research groups

Jrs $3lgr- Shoglio oglio— (5 3lsn Joesi
Control Aerobic-Resistance Aerobic-Resistance Variable
8.48+1.341 6.78+2.124 5.11+1.888 Pre | opel e Hey
' (umol/L)
9+1.845 2.5+2.491 9+2.219 POSt | 9051
0.541 0.013* 0.059 p
16.4+5.34 28.6£16.5 18.8+8.7 Pre | el i il gl
38.11424.31 47.8+35.8 40.9+33.3 POS | spe;lm  IMSUlin resistance
0.841 0.166 0.088 p
8.01+1.12 8.53+2.17 8.07+1.42 Pre | ogejl i HbAlc (%)
7.91+1.14 7.88+1.67 7.3621.89 POSt | ¢y50)] e
0.529 0.098 0.01* p
1.731+1.52 1.535+1.75 0.854+0.663 Pre | cyso)] i CRP (mg/L)
0.841£0.572 0.6331+0.501 0.71740.555 POst | (9031 ms
0.639 0.122 0.258 p
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Table 2- Lipid profile of research groups
Jrs Slgh-(shoglie oglio-g5lge ik
Control Aerobic-Resistance Aerobic-Resistance Variable
205.7+48.2 178.1+49 197.7+44.1 Pre | oygesl i TC
i (mg/dL)
214+47.3 178.2+41.1 208+43.7 POSt | ¢y505]
0.589 0.992 0.044* p
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i (mg/dL)
148.2+73.4 125457 144.9+71.9 Post | 9031
0.603 0.242 0.603 p
35.842.7 38.5+11.2 442436 Pre | osesl i HDL
i (mg/dL)
39.7+4.2 42+10.9 50.1+5.7 POSt | y051 s
0.791 0.017* 0.002* p
125.1435 106.2+34 117.7+34 Pre | osesl i LDL
i (mg/dL)
119.3+29 10032 120.4+28 Post | ye51m
0.642 0.498 0.503 p
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