
 

 

 

 

 

ABSTRACT 

          Background and objectives: The aim of this study was to investigate the effects 

of six months of aerobic exercise on lipid profile, inflammatory markers, and risk factors of 

cardiovascular disease in middle-aged obese women. 

          Methods: Fifteen obese woman (age range: 35 to 45 years) with BMI of ≥30 Kg/m2 

were enrolled via purposeful and convenience sampling. The participants were randomly 

divided into training (n=10) and control (n=5) groups.  Blood samples (7 ml) were taken 

from all participants before the first training session and after the last training session. The 

women performed 60 minutes of aerobic exercise at 55-65% of heart rate reserve, three 

sessions a week, for six months. Data was analyzed using independent and paired t-tests and 

Mann-Whitney U and Wilcoxon tests at significance of 0.05. 

          Results: After the six-month aerobic exercise, C-reactive protein, low-density 

lipoprotein, triglycerides, total cholesterol and high-density lipoprotein/total cholesterol 

decreased significantly. The exercise intervention also caused a significant increase in the 

concentrations of high-density lipoprotein and apolipoprotein A. 

          Conclusion: Aerobic exercise can reduce the level of inflammatory markers 

associated with risk of cardiovascular disease and atherosclerosis. 

          Keywords: Lipid profile, Inflammatory markers, Obese women, Apolipoprotein, 

Aerobic exercise. 
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Exercise, physical activity, and endurance 

training can act as therapeutic factors for 

patients with atherosclerosis (11). Recent 

studies show that regular exercise can lower 

LDL levels by 5% and subsequently increase 

HDL by 3 to 6% (12).  

Long-term exercise directly reduces CRP 

levels by decreasing cytokine production in 

adipose tissue, muscles, and mononuclear cells 

and increasing insulin sensitivity, all of which 

contribute to weight loss and improvement of 

endothelial function (13). In recent years, the 

protein component of lipoproteins has 

attracted the attention of researchers, and 

many studies have shown that serum levels of 

HDL and LDL depend on the production of 

ApoA and ApoB. In addition, ApoA and 

ApoB levels have a negative and positive 

correlation with risk of cardiovascular disease, 

respectively (14). Hence, this study evaluated 

the effects of six months of aerobic training on 

lipid profile, inflammatory markers, and 

cardiovascular risk factors in middle-aged 

obese women (with BMI of ≥30). 

 

MATERIAL AND METHODS 

        Fifteen obese woman (age range: 35 to 45 

years) with BMI of ≥30 Kg/m
2
 were enrolled 

via purposeful and convenience sampling. 

After obtaining consent and completion of a 

health questionnaire, the participants were 

randomly divided into training (n=10) and 

control (n=5) groups. Exclusion criteria 

included drug use, menopause, smoking, and 

regular exercise in the last six months. First, 

anthropometric characteristics such as height, 

weight, and BMI of the women were recorded. 

Then, they participated in a briefing before the 

start of the training protocol. To evaluate the 

variables under study, fasting blood samples (7 

ml) were taken from all participants in a sitting 

position before the first training session (pre-

test) and after complication of the last training 

session (post-test).  

The women performed 60 minutes of aerobic 

exercise, three sessions a week, for six months. 

The exercise protocol included walking, 

jogging, and aerobic movements at 55-65% of 

heart  rate  reserve.  The   intensity  of  

exercise was  controlled  along  the  study.  

The  control group  did  not  perform  any  

activity.  TGs, total cholesterol (TC), HDL, 

and   LDL  concentrations  were  measured  by 

 

 INTRODUCTION 

         The metabolic triad (hyperinsulinemia, 

hyperapolipoprotein B, and low-density 

lipoprotein) is among the risk factors that have 

recently attracted a lot of attention (1). 

Numerous studies have shown that the 

metabolic triad is an important predictor of 

cardiovascular disease (1). Obesity and 

overweight are the independent risk factor for 

atherosclerosis (2). Body mass index (BMI) of 

more than 25 Kg/m
2
 and 30 Kg/m

2
 is defined 

as overweight and obesity, respectively (3). 

Indeed, individuals with visceral obesity have 

impaired plasma lipid metabolism including 

increased triglycerides (TGs) and 

apolipoprotein B (ApoB) and low-density 

lipoprotein-cholesterol (LDL-C), and 

decreased high-density lipoprotein-cholesterol 

(HDL-C) levels (4). Generally, accumulation 

of abdominal and visceral fat is associated 

with an increased risk of thrombosis and 

elevation of inflammatory markers, all of 

which contribute to the development of 

unstable atherosclerotic plaques and unstable 

angina pectoris. Therefore, stabilization and 

fixation of atherosclerotic plaques have an 

important role in reducing the risk of 

cardiovascular events in obese individuals (5). 

With increasing prevalence of obesity, the 

research on strategies to tackle obesity and 

cardiovascular disease and associated 

metabolic risk factors have increased 

considerably. The main risk factors for 

coronary heart disease in women are insulin 

resistance, high waist-to-hip ratio, lipid and 

fatty acid oxidation disorders, inappropriate 

HDL and LDL concentrations, unfavorable 

apolipoprotein A1 (ApoA1) and ApoB levels, 

sedentary lifestyle, inappropriate diet, obesity, 

smoking, hypertension, and stress (6). 

Several studies have identified the role of local 

and systemic inflammation in the process of 

atherosclerosis and its complications (7). 

Therefore, several plasma inflammatory 

markers such as C-reactive protein (CRP) have 

been introduced to predict the risk of coronary 

events (9). Research has shown that elevation 

of CRP causes a 2- to 5-fold increase in the 

risk of coronary artery disease (10). CRP 

measurement can facilitate diagnosis of acute 

myocardial infarction, type 2 diabetes, 

coronary heart disease, inflammation, and 

diseases that cannot be diagnosed through 

clinical examination (7).  
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participants in the study groups. The results of 

t-test showed that after the six-month aerobic 

exercise, LDL, TG, TC, and HDL/TC levels 

decreased significantly, while HDL level 

increased significantly (Table 2). 

 Although the ApoB value decreased in the 

training group, this decrease was not 

statistically significant (Table 2).  

After the six-month training intervention, there 

was a significant difference in HDL, TC, and 

HDL/TC values between the training and 

control groups. 

 However, there was no significant difference 

between the two groups in terms of LDL, TG, 

and ApoB levels (Table 3). 

 The Mann-Whitney U test showed a 

significant difference in CRP values between 

the two groups. However, ApoA values had no 

significant difference between the two groups 

(Table4). The Wilcoxon test also showed a 

significant decrease in CRP and a significant 

increase in ApoA levels (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

spectrophotometry using the BS-380 chemistry 

analyzer (Mindray Co, China). Serum CRP 

level was measured by enzyme-linked 

immunosorbant assay (ELISA) using 

commercial kits (Monobind Inc, USA). ApoA 

and ApoB values were measured using 

biochemical kits (Pars Azmun, Iran) and a 

Hitachi 902 autoanalyzer. Data was analyzed 

using descriptive statistics in SPSS (version 

18); The Shapiro-Wilk test was used to assess 

normality of data; Independent and paired t-

tests were used for evaluation of intra-group 

and inter-group changes in LDL, ApoB, TC, 

HDL, HDL/TC, and TG levels; The Mann-

Whitney U test and Wilcoxon rank-sum tests 

were used for analysis of ApoA and CRP due 

to non-normality of data. All statistical 

analyses were performed at statistical 

significance of 0.05.  

 

RESULTS 

       Table  1  shows  the  characteristics  of the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control group Training group Variable 

3.606±157.00 5/033±156.00 Height (cm) 

7/074 ±77.780 9.224±80.53 Weight (Kg) 

1.51±43.40 3.198±41.70 Age (year) 

6.3±30.8 5.4±31.7 BMI (Kg/m2) 

Data are shown in mean ± standard deviation (SD) 

 

Table 1- Characteristics of the subjects in the training and control groups 

 

Index Pre-test  

 

Post-test  

 

P-value 

LDL-C  (mg/dl) 7.76  ± 112.10 13.84 ± 99.20 0.00٭ 

HDL-C (mg/dl) 2.28 ±  43.10 1.37 ±  46.10 0.01٭ 

TC (mg/dl) 18.25± 227.50 22.06± 187.10 0.00٭ 

TG (mg/dl) 56.79±  193.30 36.71±  171.20 0.03* 

HDL/TC (ratio 

factor) 

 ٭0.00 4.06 0.48± 5.30  ± 0.64

ApoB (mg/dl) 17.01 ±  97.10 16.26  ±  96.20 0.48 

BMI (Kg/m2) 5.4±31.7 2.3±28.24 0.00٭ 

Weight (Kg) 9.224±80.53 5.346±66.20 0.00٭ 

 

Table 2- Mean ± SD of lipid and apolipoprotein profiles in the training group 

 

Index Control group Training group   P-value 

LDL-C  (mg/dl) 7.56  ± 112.40 13.84± 99.20 0.07 

HDL-C (mg/dl) 1.14±  41.40 1.37 ±  46.10 0.00٭ 

TC (mg/dl) 27.82 ±  218.00 22.06 ± 187.10 0.03٭ 

TG (mg/dl) 20.69 ±  185.80 36.71 ±  171.20 0.42 

HDL/TC (ratio 

factor) 

 ٭0.001 4.06 0.48± 5.26  ± 0.59

ApoB (mg/dl) 10.32 ±  105.20 96.20±16.26 0.28 

 

Table 3- Comparison of mean ± SD of lipid and apolipoprotein profiles between the training and 

control group in the post-test  
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protein component of HDL, which is produced 

by the small intestine and liver. Increased 

ApoA production stimulates the formation of 

new HDL particles (23). Various studies have 

shown that ApoB is the major component of 

LDL-C and VLDL, and the interaction of 

ApoB with the LDL-C receptor plays an 

important role in its uptake from peripheral 

and hepatic cells (23).  

It has been reported that polymorphisms in the 

ApoB gene are associated with TC and ApoB 

concentrations (24). In clinical conditions, 

HDL-C and ApoA have anti-atherogenic 

properties. Furthermore, the plasma 

concentration of ApoB indicates the total 

number of potentially atherogenic particles, 

correlating with the non-HDL-C levels. The 

ApoB/ApoA ratio is a better indicator of the 

risk of coronary artery disease compared to 

LDL-C. A study reported that physical activity 

can effectively decrease body fat percentage, 

and increased ApoB metabolism can affect 

LDL metabolism (25). Variation in circulating 

concentrations of factors such as lecithin 

cholesterol acyltransferase, acyl-CoA 

cholesterol acyltransferase, cholesteryl ester 

transfer protein, and phospholipid transfer 

protein due to exercise activity can affect the 

concentration of ApoA (26). Exercise not only 

reduces the amount of TC, but also increases 

HDL-C and lowers LDL-C levels. Regular 

physical activity also increases cardiac 

workload, resulting in feelings of pleasure and 

happiness. The intensity of physical activity is 

one of the most important factors affecting the 

HDL levels (15). According to previous 

studies, exercise and physical activity increase 

HDL levels and decrease LDL oxidation, 

ultimately reducing the risk of cardiovascular 

disease. In other words, increasing the 

diameter of LDL lowers its permeability at the 

plasma-arterial wall interface and 

consequently its accumulation and 

atherogenesis. However, it should be noted 

that LDL metabolism and the risk of 

cardiovascular disease increase in intense 

exercise   (at  intensity  of  >80%  of   maximal 

 

 

 

 

 

 

 

DISCUSSION 

          The six-month aerobic training exercise 

significantly affected the indices investigated 

in the study. The training program caused a 

significant reduction in the levels of LDL, TG, 

TC, HDL/TC, CRP, and ApoA. It also caused 

a significant increase in HDL and a non-

significant decrease in ApoB levels. We also 

observed significant differences in the HDL, 

TC, and HDL/TC post-test values of the two 

study groups, but there was no significant 

difference in the LDL, TG, and ApoB values 

between the two groups. These results are in 

line with some studies (8, 15-17) and 

inconsistent with a few other studies (18-20). 

Increased LDL level is an independent risk 

factor for coronary artery disease, and its 

reduction to 60 mg/dl will reduce the 

incidence of coronary artery disease by 50% 

within two years (21). Based on previous 

studies, LDL has a greater oxidation potential 

and is influenced by oxidizing materials, 

macrophages, endothelial cells, and vascular 

smooth muscle cells. This process leads to 

formation of foam cells, subsequently 

promoting the formation of atheroma (14). 

The increase in TG levels is one of the 

mechanisms associated with increased HDL 

catabolism, resulting in formation of TG-rich 

particles, which act as suitable substrates for 

hepatic lipase. HDL not only has a role in 

reverse cholesterol transport, but also acts as 

an antioxidant, anti-inflammatory and 

antithrombotic agent that improves endothelial 

function by controlling endothelial cell 

apoptosis (22). Initiation of atherosclerosis is 

largely dependent on the oxidation of LDL, 

which could be inhibited by HDL (14). 

There is a significant relationship between 

ApoB level and severity of coronary artery 

disease. This can be attributed to the fact that 

the atherogenic particles such as VLDL, 

intermediate-density lipoprotein and LDL have 

ApoB molecules, which directly present the 

amount of atherogenic plasma lipoproteins. 

However, no significant relationship has been 

found between ApoA level and severity of 

coronary artery disease (23). ApoA is the main  

Test Index U-value P-value 

Mann-Whitney U 

test 

ApoA (mg/dl) 19.50 0.513 

CRP 7.50 0.028* 

Wilcoxon test ApoA (mg/dl) Z-value P-value 

-2.492 0.013* 

CRP -2.375 0.018* 

 

Table 4- Levels of ApoA and CRP in the training and control groups 
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endothelial function (35). In this regard, a 

study showed that lack of CRP reduction after 

exercise could be due to lack of change in 

adipose tissue and insufficient exercise 

duration (36). Recent studies show that regular 

and prolonged exercise reduces CRP levels 

through several mechanisms. Given that CRP 

increases significantly in the course of 

inflammation and it is accompanied by a 

notable increase in plasma IL-6 

concentrations, it seems that one of the reasons 

for the increased CRP value in obese people is 

the overproduction of IL-6, which triggers 

CRP production. Increased mechanical stress 

and activation of endothelial cells could be 

among the possible causes of increase in CRP 

values (37). 

 

CONCLUSION 

        Performing aerobic exercise can reduce 

the inflammatory markers associated with risk 

of cardiovascular disease and atherosclerosis. 

Given that most inflammatory markers are 

closely linked to obesity, performing such 

exercises for weight loss can be beneficial for 

obese individuals. 
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aerobic power) (8, 27). Several studies have 

shown that physical activity reduces the 

concentration of LDL, which is thought to be 

linked with exercise intensity (28). 

Improvement of lipid profile in our 

participants is partially due to the role of 

estrogen in the elevation of HDL levels, which 

decreases LDL-C concentration and fat lipid 

deposition in the arterial wall (28). 

We also observed a significant decrease in 

CRP values following the six-month aerobic 

training exercise. This finding is in line with 

some studies (29, 30) but inconsistent with 

studies of Lee et al. and Leon and Sanches (31, 

33). According to research, CRP level is a 

stronger predictor of cardiovascular events 

than the LDL level, and the risk of heart attack 

in people with a CRP greater than 2.11 mg/L is 

three times higher than those with CRP value 

of no more than 0.55 mg/L. It has been well 

established that high CRP values are strongly 

related to obesity (33). Generally, total adipose 

tissue is higher in women than in men, and 

there is strong evidence suggesting that 

inflammatory markers are associated with 

abdominal obesity (34). Long-term exercise 

leads to CRP reduction by reducing cytokine 

production in adipose tissue, muscles, and 

mononuclear cells, and increasing insulin 

sensitivity,    which    subsequently   improves 
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