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Introduction 

Type 2 diabetes is characterized by a multitude of pathophysiological 

components, including insulin resistance, defective insulin secretion, adiposity, 
decreased incretin effect, increased glucagon secretion, and dyslipidemia (1). 

According to the International Diabetes Federation updates, an estimated 451 

million people globally had type 2 diabetes mellitus (T2DM) in 2017, and this 
number is predicted to increase to 693 million by 2045, with a rise in prevalence 

from an estimated 8.4% to 9.9% (2). Type 2 diabetes mellitus accounts for more 

than 90% of diabetes cases and is associated with high morbidity and mortality 
(3). Diabetes is the leading cause of obesity (4). Type 2 diabetes is linked to 

obesity, hyperlipidemia, hypertension, elevated fasting blood glucose, and 

glycosylated hemoglobin, which, along with a lack of physical activity, increase 
the risk of cardiovascular disorders (5,6). Several risk factors elevate 

cardiovascular risk in patients with obesity and diabetes. Among these factors in 

diabetics are elevated circulating levels of triglycerides (TG), cholesterol, low-
density lipoprotein (LDL), and reduced high-density lipoprotein (HDL) (7). 

Current research shows that lifestyle interventions (e.g., diet and physical 

activity) may lead to diabetes remission among patients with T2DM (8). 
Additionally, physical activity is recommended for the prevention and treatment 

of diabetes (9). Different types of physical activity have different effects on the 

risk of diabetes, with a higher total level of physical activity associated with a 

significant reduction in diabetes risk (9). The American College of Sports 

Medicine (ACSM) has recommended physical activity and exercise as key 

strategies for managing T2DM (10). Physical activity may also be a technique 

for managing risk factors for cardiovascular diseases (CVD) in primary 

prevention. Training can reduce plasma LDL-C and TG concentrations while 

increasing HDL levels and the ratio of HDL to LDL (11). 

Long-term aerobic exercise combined with resistance exercise has a greater 
impact on reducing inflammatory markers than aerobic or resistance training 

alone (12). Combined exercise involves aerobic exercise and resistance exercise 

performed within the same or separate exercise sessions of a training program. 
Compelling evidence shows that aerobic exercise has a positive effect on receptor 

affinity (adipose tissue, skeletal muscle, and insulin receptors), thereby 

promoting insulin sensitivity and glucose homeostasis. Resistance exercise can 
enhance muscle strength, insulin sensitivity, and muscle rehabilitation (13). 

Combined exercise (aerobic + resistance) is more effective in improving insulin 

resistance than aerobic or resistance training alone (14). On the other hand, 
Kambic et al. (2023) demonstrated that resistance training, when combined with 

aerobic training, had no additional effect beyond aerobic training alone on fasting 

glucose metabolism, blood lipids, and body composition in patients with 
coronary artery disease (CAD) (15). The results of the study showed a decrease 

in blood lipids, including TGs, cholesterol-HDL, and cholesterol-LDL, in the 
resistance group (16). Hakimi et al. (2015) observed a significant decrease in fat 

mass, fat percentage, cholesterol, TGs, and LDL in the exercise group (17). 

Gorzi et al. (2012) demonstrated that performing combined exercises 
(aerobic and resistance) reduces blood sugar, LDL-cholesterol, and TG levels 

compared to each of these exercises individually (18). Given the varying research 

results in this field, the present study aimed to compare the effect of the type of 
exercise on the lipid profile in menopausal women with type 2 diabetes. 

 

Methods 

Subjects  

Fifty-six sedentary obese menopausal women with type 2 diabetes, with a median 

age of 54.3 years (range: 48-61 years), were recruited for this study. The subjects 

were randomly divided into 4 groups: aerobic exercise (AE, n: 14), resistance 
exercise (RE, n: 14), combined exercise (CE, n: 13), and a control group (Co, n: 

15). All subjects underwent comprehensive medical screening, including a 

medical history review, physical examination, and stress testing, before 
participation. Inclusion criteria included having type 2 diabetes according to the 

American Diabetes Association criteria, menopausal status, female sex, an age 

range of 48-61 years, and fasting blood sugar levels above 126 mg/dL. Exclusion 

criteria comprised smoking, a history of CAD, renal impairment or proteinuria, 

hepatic impairment, gout or hyperuricemia, uncontrolled hypertension (systolic 
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blood pressure >160 mmHg), diabetic neuropathy, or retinopathy. 

Ethical aspects 

After the aim of the study and potential risks were explained, all subjects 

provided written informed consent. The protocol of this randomized controlled 

trial was conducted in accordance with the Declaration of Helsinki and was 

approved to comply with the Ethical Standards in Research of the Ministry of 
Science, Research, and Technology, with the code 

IR/SSRI.REC.2022.13742.1859. 

Aerobic Exercise (AE) Protocol 

Aerobic exercise consisted of running on the treadmill 3 times per week on non-

consecutive days. In the group-based training sessions, the exercise time was 

gradually increased from 30 to 60 minutes in each session after 2 weeks. The 
exercise intensity was determined based on the maximum heart rate (HRmax), 

which was estimated for each participant using the following formula: HRmax = 

208 - 0.7 × age. The training intensity started at 60% HRmax and was gradually 
increased to 75% HRmax during each session (Table 1). Heart rate was regularly 

monitored using the treadmill's built-in monitor (19).  
 

 

Resistance Exercise (RE) Protocol 

Resistance training consists of 3 sets of 8-10 repetitions with 1-minute rest 

between each repetition and 2 minutes of rest between sets for 8 weeks (20, 21) 

(Table 2). 

✓ The protocol started on 2 days per week during the first month and was 

increased to 3 days per week. 

✓ The training started during weeks 1 and 2 with a 60% 1-repetition 
maximum (1RM) and then increased to 75-80% 1RM.  

✓ The number of sets was 1-2 during the first month; then, it was increased to 

3 sets during the second month.  
✓ This program included 10 different exercises for the upper and lower body, 

such as bench press, seated row, shoulder press, chest press, lateral 

pulldown, abdominal crunches, leg press, leg extension, triceps pushdown, 
and seated bicep curls. 

 

 

Combined Exercise (CE) protocol 

The combined exercise consisted of aerobic exercise plus strength training 3 
times per week for 8 weeks. The subjects worked for 20-30 minutes on a treadmill 

plus 2 sets of each of 8 exercises with 8-10 repetitions on weight machines.   

Control group  

The control group had their daily activities and did not participate  in any exercise 

program. 

Laboratory measurements 

Blood samples were collected before the start of the program (PRE) and 48 hours 

after the last exercise session (POST) from the antecubital vein through repetitive 
venous puncture while the participants were in a seated position. The blood was 

allowed to clot at room temperature and then centrifuged at 3500 rpm for 20 

minutes to obtain the serum. The serum was carefully separated and stored at -70 
°C for subsequent analysis of HDL, LDL, TG, and cholesterol levels. Serum 

levels of LDL were measured using the direct Chol-LDL method, HDL was 

measured using the HDL-Chol Direct method, and TG levels were measured 

using the lipase/PAP-GPO method, all of which were conducted using Pars 

Azmoun kits manufactured in Iran. 

Anthropometric measurements 

Anthropometric characteristics, such as height (cm), body weight (kg), body 

mass index (BMI), body fat percentage, and waist-to-hip ratio (WHR) 

measurements, were measured before (PRE) and 48 h after the program (POST). 

Statistical analysis 

To analyze the data, we employed analysis of variance (ANOVA) to assess 

significant differences between the groups before and after the training. 
Additionally, paired sample t tests were used for specific comparisons. All 

calculations were performed using SPSS v. 20.0 (SPSS, Chicago, IL). The results 

for all parameters are presented as mean values ± standard deviation (SD). The 
level of statistical significance was set at P-Value < 0.05. 

 

Results 

Body Weight, Muscle Weight, BMI, Body Fat Percentage 

The group that engaged in a combination of aerobic and resistance exercises 

(2.86%) and the aerobic exercise group (1.06%) both showed a significant 

decrease in their body weight after 8 weeks of exercise (P < 0.05). In contrast, 
the control sedentary group and the resistance exercise group showed no 

significant change in their body weight (P > 0.05). Both aerobic (0.99%) and the 

combination of aerobic and resistance (3.01%) exercises led to a decrease in BMI, 
while other exercise interventions had no significant effect on BMI. The CE 

group also reduced body fat percentage by 4.67% (P < 0.05), whereas other 
exercise interventions had no significant effect on body fat percentage. When 

comparing the groups, a significantly greater reduction in BMI was observed in 

the CE group compared to the RE (0.91 to 0.084; P = 0.041) and control (0.91 to 
-0.23; P = 0.001) groups. Similarly, when comparing exercise groups to the 

control for body weight, body fat percentage, and muscle mass, the results 

showed percentage changes and corresponding P-values (Table 3). 
 

 

LDL Levels 

The LDL levels changed after an 8-week intervention in the Con, AE, RE, and 

CE groups (P = 0.001). In the Con group, the LDL level increased (pre: 114.82 ± 
34.62 vs. post: 116.42 ± 35.78, P = 0.147, which is not significant). However, the 

LDL level significantly decreased in the AE (pre: 93.64 ± 16.86 vs. post: 91.57 ± 

16.35, P = 0.034), RE (pre: 97.14 ± 34.37 vs. post: 94.71 ± 34.95, P = 0.003), and 
CE (pre: 109.69 ± 38.82 vs. post: 104.38 ± 41.09, P = 0.009) groups (Table 4, 

Figure 1). 

 

Table 1. Aerobic exercise protocol 

Week Number of days per week Training period Training intensity 

First 3 30 min 60% 

Second 3 30 min 60% 

Third 3 35 min 65% 

Fourth 3 35 min 65% 

Fifth 3 40 min 70% 

Sixth 3 50 min 70% 

Seventh 3 60 min 75% 

Eighth 3 60 min 75% 

 

Table 2. Resistance exercise protocol 

Week 

Number 

of days 

per week 

Training 

intensity 

The number of 

repetitions of each 

set 

Number 

of sets 

Rests 

between each 

repetition 

Rest 

between 

sets 

First 2 60% 1RM 8-10 repetitions 1-2 1 min 2 min 

Second 2 60% 1RM 8-10 repetitions 1-2 1 min 2 min 

Third 2 65% 1RM 8-10 repetitions 1-2 1 min 2 min 

Fourth 2 70% 1RM 8-10 repetitions 1-2 1 min 2 min 

Fifth 3 70% 1RM 8-10 repetitions 3 1 min 2 min 

Sixth 3 75% 1RM 8-10 repetitions 3 1 min 2 min 

Seventh 3 75% 1RM 8-10 repetitions 3 1 min 2 min 

Eighth 3 80% 1RM 8-10 repetitions 3 1 min 2 min 

 

Table 3. Subject characteristics in the groups at baseline and after the 8-week 

intervention 

P bvalue P avalue  % POST PRE Group Variables 

0.003* 

0.098 -0.56 73.23 + 10.40 72.66 + 10.30 Con(n=15) 

Weight (Kg) 
0.050* 0.78 73.42 + 7.97 74.21 + 6.88 AE(n=14) 

0.082 0.21 73.50 + 9.15 73.71 + 9.10 RE(n=14) 

0.037* 2.07 70.76 + 9.75 72.84 + 9.45 CE(n=13) 

0.002* 

0.099 -0.23 29.33 + 4.51 29.10 + 4.44 Con(n=15) 

BMI (kg/cm2) 
0.042* 0.28 28.96 + 4.39 29.25 + 4.03 AE(n=14) 

0.084 0.08 28.89 + 2.98 28.97 + 2.95 RE(n=14) 

0.036* 0.91 29.34 + 3.25 30.25 + 3.61 CE(n=13) 

0.236 

0.207 -0.006 0.89 + 0.04 0.88 + 0.05 Con(n=15) 

WHR (cm) 
0.111 0.004 0.88 + 0.050 0.88 + 0.052 AE(n=14) 

0.264 -0.009 0.89 + 0.055 0.88 + 0.050 RE(n=14) 

0.124 -0.01 0.89 + 0.038 0.87 + 0.038 CE(n=13) 

0.047* 

0.342 0.25 39.03 + 2.90 39.29 + 3.04 Con(n=15) 

Muscle (kg) 
0.270 -0.56 40.39 + 3.63 39.82 + 3.68 AE(n=14) 

0.067 -0.32 39.93 + 3.13 39.61 + 2.83 RE(n=14) 

0.012* -1.14 36.88 + 6.83 35.73 + 7.20 CE(n=13) 

0.012* 

0.379 -0.61 34.65 + 2.97 34.03 + 2.74 Con(n=15) 

Body fat (%) 
0.053 0.60 34.28 + 3.11 34.88 + 3.23 AE(n=14) 

0.068 0.38 33.66 + 3.38 34.05 + 3.62 RE(n=14) 

0.003* 1.58 32.26 + 4.57 33.84 + 3.78 CE(n=13) 

BMI: Body Mass Index; WHR: Waist-Hip Ratio; Pa: Paired Sample t test (Comparison 

of pre-tests and post-tests of each group); P b: Based on the ANOVA comparing groups 

for exact changes (pre-post measures); *: Significance difference of P<0.05. Values are 

presented as mean± standard deviation. =PRE-POST. 

Table 4. LDL value in the groups at baseline and after the 8-week intervention 

P bvalue P avalue % Post-test Pre-test Group 

0.001* 

0.147 -1.60 116.42+35.78 114.82+34.62 Con 

0.034* 2.07 91.57+16.35 93.64+16.86 AE 

0.003* 2.42 94.71+34.95 97.14+34.37 RE 

0.009* 5.30 104.38+41.09 109.69+38.82 CE 

Con: Control; AE: Aerobic Exercise; RE: Resistant Exercise; CE: Combined 

Exercise; Pa: Paired sample t test (Comparison of pre-tests and post-tests of each 

group); P b: Based on the ANOVA comparing groups for exact changes (pre-post 

measures); *: Significance difference of P<0.05. Values are presented as mean± 

standard deviation. =PRE-POST. 
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Triglyceride Levels  

The TG level significantly changed after an 8-week intervention only in the AE 

and CE groups (P = 0.006). The TG level decreased significantly in the AE (pre: 

193.21 ± 50.12 vs. post: 190.42 ± 50.37, P = 0.017) and CE (pre: 199.92 ± 36.91 
vs. post: 191.76 ± 37.84, P = 0.0001) groups. No significant changes were 

detected in the Con (pre: 172.72 ± 28.36 vs. post: 174.12 ± 30.32, P = 0.310) and 

RE (pre: 209.28 ± 54.95 vs. post: 202.64 ± 49.81, P = 0.066) groups (Table 5, 
Figure 2). 
 

 

 

High-Density Lipoprotein Levels 

The HDL level significantly increased in the AE (pre: 52.35 ± 10.42 vs. post: 

56.92 ± 10.11, P = 0.041) and CE (pre: 49.61 ± 9.64 vs. post: 53.69 ± 9.87, P = 
0.002) groups. However, there were no significant changes in the Con (pre: 50.13 

± 11.70 vs. post: 51.66 ± 13.16, P = 0.166) and RE (pre: 54.28 ± 12.28 vs. post: 

56.64 ± 12.41, P = 0.117) groups (Table 6, Figure 3). 
 

 

Total Cholesterol Levels 

The total cholesterol (TC) levels significantly decreased in all the exercise 
intervention groups: AE (pre: 189.85 ± 34.77 vs. post: 184.57 ± 34.52, P = 0.041), 

RE (pre: 197.28 ± 15.96 vs. post: 193.50 ± 16.44, P = 0.030), and CE (pre: 166.92 

± 40.78 vs. post: 161.84 ± 40.57, P = 0.010). On the other hand, the Con group 

showed no significant change (pre: 187.86 ± 27.12 vs. post: 189.46 ± 28.57, P = 

0.261) (Table 7, Figure 4). 
 

 

 

Discussion 

The present study aimed to compare the effect of different types of exercises on 
the lipid profile of menopausal women with type 2 diabetes. In this study, we 

observed a significant reduction in serum levels of LDL and cholesterol in all 

exercise groups. These findings align with the results of several previous studies 
(22-24). For instance, Rahimpour et al. (2022) demonstrated that short-term 

vitamin D supplementation had an impact on liver enzymes and lipid profile 

changes following endurance exercise in overweight women with non-alcoholic 
fatty liver disease (NAFLD), leading to a decrease in LDL and total serum 

cholesterol levels (22). Similarly, Du-Hwan Oh and Jang-Kyu Lee (2023) found 

that a combination of aerobic and resistance exercises significantly reduced TC 
and LDL levels in obese middle-aged women (23). Sadowska-Krępa et al. (2020) 

reported that a 12-week intervention involving Nordic walking exercise and a 

modified diet resulted in a notable reduction in TC and low-density lipoprotein 
cholesterol (LDL-C) among overweight and obese individuals who had 

previously worked in the coal mining industry (24). 

However, some studies have reported results that are inconsistent with our 
findings (25,26). For instance, Liu et al. (2023) evaluated time-restricted nutrition 

and walking exercise interventions in female students with hidden obesity, and 

despite positive effects on the health of the participants, they observed an increase 
in TC levels (25). Additionally, Ratajczak et al. (2019) found that combined 

endurance and strength training in obese women had positive effects but led to 

an increase in cholesterol levels (26). Possible reasons for the discrepancies in 
research findings may include differences in age (24,25) sex (22,23) exercise type 

 

Figure1: Plasma LDL changes 
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Table 5. Triglyceride value in the groups at baseline and after the 8-week 

intervention 

P bvalue P avalue % Post-test Pre-test Group 

0.006* 

0.310 -1.40 174.12 +30.32 172.72 + 28.36 Con 

0.017* 2.78 190.42 + 50.37 193.21 + 50.12 AE 

0.066 6.64 202.64 + 49.81 209.28 + 54.95 RE 

0.0001* 8.15 191.76 + 37.84 199.92 + 36.91 CE 

Con: Control; AE: Aerobic Exercise; RE: Resistant Exercise; CE: Combined 

Exercise; Pa: Paired sample t test (Comparison of pre-tests and post-tests of each 

group); P b: Based on the ANOVA comparing groups for exact changes (pre-post 

measures); *: Significance difference of P<0.05. Values are presented as mean± 

standard deviation. =PRE-POST. 

 

Figure2: Plasma TG changes 
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Table 6. High-Density lipoprotein value in the groups at baseline and after the 8-week 

intervention 

P bvalue P avalue % Post-test Pre-test Group 

0.396 

0.166 -1.53 51.66 + 13.16 50.13 + 11.70 Con 

0.041* -4.57 56.92 + 10.11 52.35 + 10.42 AE 

0.117 -2.35 56.64 + 12.41 54.28 + 12.28 RE 

0.002* -4.07 53.69 + 9.87 49.61 + 9.64 CE 

Con: Control; AE: Aerobic Exercise; RE: Resistant Exercise; CE: Combined Exercise; 

Pa: Paired sample t test (Comparison of pre-tests and post-tests of each group); P b: 

Based on the ANOVA comparing groups for exact changes (pre-post measures); *: 

Significance difference of P<0.05. Values are presented as mean± standard deviation. 

=PRE-POST. 

 

Figure 3: Plasma HDL changes  
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Table 7. The cholesterol value in the groups at the baseline and after the 8-

week intervention 

bvalue P avalue % Post-test Pre-test Group 

0.002* 

0.261 -1.60 189.46 + 28.57 187.86 + 27.12 Con 

0.0001* 5.28 184.57 + 34.52 189.85 + 34.77 AE 

0.030* 3.78 193.50 + 16.44 197.28 + 15.96 RE 

0.010* 5.07 161.84 + 40.57 166.92 + 40.78 CE 

Con: Control; AE: Aerobic Exercise; RE: Resistant Exercise; CE: Combined Exercise; 

Pa: Paired sample t test (Comparison of pre-tests and post-tests of each group); P b: Based 

on the ANOVA comparing groups for exact changes (pre-post measures); *: Significance 

difference of P<0.05. Values are presented as mean± standard deviation. =PRE-POST. 

 

 

Figure 4. Plasma cholesterol changes 
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(25) duration (22-24), exercise intensity (22-25), and intervention protocols (22, 

25). 

It is worth noting that calcium can bind with bile acids, promoting their 
excretion in feces, which in turn contributes to a decrease in serum cholesterol 

levels. Consequently, vitamin D may potentially lower cholesterol, TG, and LDL 

levels by enhancing calcium absorption (27,28). Furthermore, elevated 
lipoprotein lipase activity resulting from increased physical activity enhances the 

catabolism of TG-rich lipoproteins, leading to a reduction in LDL levels (29). 

Another significant finding of this study was a decrease in serum TG levels 
in the aerobic and combined exercise groups. These results are consistent with 

previous research findings (4,23,30). For instance, Du-Hwan Oh and Jang-Kyu 

Lee (2023) reported a substantial decrease in TG levels among middle-aged 
obese women who engaged in a combined regimen of aerobic and resistance 

exercises (23). Similarly, Costa et al. (2019) found that performing water-based 

aerobic exercises (WA) in dyslipidemic elderly women led to a reduction in TG 
levels (30). Additionally, Nazarieh et al. (2023) demonstrated that aerobic 

exercise in women with obesity and type 2 diabetes resulted in reduced TG levels 

(4). 
However, the results of some studies were inconsistent with the findings of 

our study (31,32). For instance, Shakoor et al. (2023) found that engaging in 

moderate-intensity exercise led to an elevation in TG levels in male Wistar rats 
(31). Similarly, the results of Banz et al. (2003) showed that aerobic training for 

10 weeks resulted in increased TG levels (32). Several factors may account for 

the discrepancies in research findings, including differences in age (30-32), sex 
(23,31,32), type of exercise (4,30-32), duration of exercise (23,30-32), exercise 

intensity (4,23,30-32), and other interventions (4,30,31). 
Engaging in aerobic exercise has been shown to increase mitochondrial 

volume and the activity of lipolysis-effective enzymes. This enhancement 

contributes to an elevated capacity for fat catabolism during physical activity, 
consequently leading to a reduction in TG levels. While the specific mechanism 

behind the impact on HDL remains unclear, it is suggested that lecithin-

cholesterol acetyltransferase (L-CAT) and hepatic lipase (HL) may play a role in 
facilitating HDL's function in the reverse transport of cholesterol from arterial 

walls (33). 

Another significant finding of this study was a significant increase in serum 
HDL levels in the aerobic and combination exercise groups compared to the 

resistance training group. These results are consistent with those of several 

previous studies (26,34,35). For example, Ratajczak et al. (2019) reported a 
significant increase in high-density lipoprotein cholesterol (HDL-C) 

concentration among obese women subjected to endurance training (26). 

Similarly, the results of Said et al.'s research (2021) indicated that HDL-C 
concentration increased in the studied samples that engaged in resistance and 

aerobic exercise (34). Ozbay et al.'s study (2020) demonstrated that both indoor 

and outdoor aerobic exercises conducted during the winter resulted in an increase 
in HDL-C levels (35). 

However, the results of some studies were inconsistent with the findings of 

our study (36). For instance, Streb et al. (2022) found that engaging in combined 
exercise among obese adults led to a reduction in the levels of HDL (36). Possible 

reasons for the lack of consistency in research findings include differences in age 

(26,34-36), sex (26,34-36), type of exercise (26,34-36), duration of exercise 
(26,34-36), exercise intensity (26,34-36), and seasonal variations (35). 

Consequently, the improvement in the oxidant-antioxidant balance in both 

blood and tissues, as a result of physical training, appears to be a potential 
mechanism contributing to the systemic regulation of endothelial function. 

Elevated levels of malondialdehyde (MDA) in the blood lead to its binding with 

HDL-C particles. This binding subsequently leads to the formation of modified 
HDL-C lipoproteins, which then activate protein kinase C-β2 (PKC-β2). 

Activation of PKC-β2 results in decreased phosphorylation of endothelial nitric 

oxide synthase (eNOS), thereby reducing the release of nitric oxide (NO) by the 
endothelium (37). Schuler et al. (38) suggest that alterations in HDL-C 

metabolism during exercise may occur, in part, to sequester elevated 

concentrations of MDA in the blood. 

 

Conclusion 

Overall, this study demonstrated the effectiveness of all three training methods 

in improving cardiovascular risk factors and lipid profiles in menopausal women 
with diabetes. However, combined exercises, in addition to providing greater 

resistance than aerobic or resistance training alone, proved to be particularly 

effective in reducing risk factors for cardiovascular disease in menopausal 
women with type 2 diabetes. It is considered the most effective type of exercise 

for improving cardiovascular risk factors and lipid profiles. Additionally, 

combined exercises resulted in significant changes in body composition, 
including BMI and body fat percentage, in menopausal women with diabetes. 

 

Limitations of the study 

The psychological condition of the subjects and the lack of accurate control of 

their nutrition (nutrition control through the material registration sheet) are the 

limitations of the present study. 
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