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Abstract 

The aim of this study was to investigate the effect of different rest intervals between two types of 8 week’s resistance 
training with the same volume and intensity of serum levels of homocysteine and CRP In Sedentary Men. Thirty untrained 
subjects who voluntarily participated in this study  were randomly divided into two groups: resistance training with 90 
seconds rest intervalsbetween sets (n = 10), resistance training with 180 seconds rest intervalsbetween sets (n = 10) and 
control group (n=10). The training programs included 8 exercises, which were performed with 50% of one repetition 
maximum in the first session and with 85% of one repetition maximum on the last session and in 8-12 repetitions in 3 sets. 
Before  and after 8 weeks training period blood sampling carried out. Independent and paired t-tests were used to analyze 
data in a meaningful level (p<0.05). Results showed that There is  statistically significant reduction in CRP homocysteine 
levels after 8 weeks of resistance training with different rest intervals in the experimental group compared to the control 
group (p<0.05).In general, we can say that the difference between rest periods in resistance training can be an important 
factor in changes in serum levels of homocysteine and CRP are important. 
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INTRODUCTION 

Nowadays, the resistance training is one of the 
main methods used to improve physical fitness, as 
well as rehabilitation programs (8). However, some 
reports suggest that resistance training sessions such 
as those seen during endurance training, increase 
production of free radicals, these unstable 
compounds make a swift chain reaction with 
cellular structures. Manipulate and modify any of 
the resistance training variables can alter the cope 
with the results of this exercise and create a different 
biochemical changes within cells or in the 
environment (10,23). Sedentary behaviors or lifestyle 
increases the risk of cardiovascular disease.Despite 
much progress in determining risk factors and 
generating mechanisms, yet these diseases are not 
entirely preventable (6,35). Several factors are 
diagnosed influencing on increasing homocysteine 
and CRP levels, which one of them is such lifestyle 
as sedentary life, alcohol intake, smoking, poor 

nutrition (29,38). Catabolic disorders of these factors 
effectively starts inflammatory and atherosclerosis 
process and through intensification of production of 
reactive oxygen species, oxidative stress increases 
(3,27). Physical activity causes many biochemical 
changes that can affect the metabolism of 
homocysteine and CRP. In this regard, improved 
body composition, to increase the absorption of 
vitamins in the intestine, increase in the activity of 
the associated enzyme (29) and perhaps above all 
reduce oxidative stress play significant roles. The 
results of some studies show that regular 
participation in physical exercise programs reduces 
levels of homocysteine and CRP (36,38). On the 
other hand, some studies have not reported the 
effects of physical activity on homocysteine and CRP 
level (17). For example, Hudson et al., (13). Reported 
the effects of two types of protocols, including 
resistance training, hypertrophy (90 seconds rest 
between sets) and strength training programs (180 
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seconds rest between sets), for six weeks. They 
found that trainings can reduce concentrations of 
inflammatory markers (homocysteine and CRP). 
Nonetheless, Mayhew et al. (20) studied the effect of 
resistance training, with different resting intervals 
(high and moderate), on inflammatory markers in 
sedentary students. They reported that intense 
workouts,compared to workouts with lower 
intensity, have increased levels of homocysteine and 
CRP. Likewise, Nikbakht et al. (24), Namazi et al. 
(22), have reported no change in levels of 
homocysteine and CRP after the regular resistance 
or aerobic training. Thus, the research findings 
indicate the dual nature of the immune system 
response to exercise (33). Accordingly, the 
increasing tendency to resistance training (41), dual 
nature of the immune system response to exercise, 
the relationship between inflammatory markers 
(homocysteine and CRP) with coronary heart 
disease, and limited and conflicting results of 
previous studies in this field are causes intensifying 
the need for further studies. Therefore, this study 
aimed to determine the serum levels of 
homocysteine, CRP after 8 weeks (24 sessions) 
circuit resistance training with different rest 
intervals (reduced intensity processing) on healthy 
sedentary men. 

MATERIAL & METHOD 

This study is in terms of semi-experimental and 
field research and it has been designed based on the 
pre-test and post-test. After calling for participation 
in the study, 34 interested students studying in 
Islamic Azad University of Sanandaj were chosen by 
random sampling. After an initial selection of 
participants, they were informed with a 
comprehensive and complete information about the 
research in writing and orally. Finally, 30 students, 
aged 19- 28 years with required qualifications and 
consent letter, were chosen. The volunteers were 
divided into three groups: resistance exercise with 
rest intervals of 90 seconds (10 subjects) and 180 
seconds (10 subjects) and a control group (10 
subjects). The precondition and criteria to accept the 
volunteers included physical health; lack of regular 
physical exercise, lack of special diet, no smoking 
and medicines intake, especially non-steroidal anti-
inflammatory medicine. Groups were equaled based 
on physical condition, body fat percentage and body 
mass index. Using a caliper body density with three-
point equation (14), and the formula (37) the 
subcutaneous fat in three points, including: the 
abdomen, above the aisles and triceps were 

measured. And, general characteristics of tests, 
including: age, weight, height, body mass index and 
body fat percentage were indirectly estimated and 
recorded. All measurements were performed prior 
to blood sampling and starting the resistance 
training. To determine the intensity of exercise, 1RM 
through the (Brzycki) formula was used (19). 

1RM = lifted weight ÷ (1.0278 – (0.0278 × number of 
repetitions)) 

In the beginning of each session, both resistance 
training groups, had 10 minutes warm-up with 
exactly similar training. The effects were tested to 
find out response to inflammatory markers. These 
exercises, circular in shape, include bench press; pull 
down curls with pulleys, biceps and triceps workout 
with a barbell, squat using (hack squat machine), 
Latpulldownsand sit-ups. The exercises were 
conducted based on the overload principle. 
Trainingduring the first week consists of 50% of 
1RM, three setswith eight repetitions. One of the 
groups had 90 seconds rest in the round intervals 
while the other group had rest time for 180 seconds. 
5% of 1RM per week is added to the maximum 
intensity exercise so that the intensity of the 8th 
week rose to 85% of 1RM. Also, 10-minute cool-
down was included at the end of each session. Blood 
sampling was taken in 8, 8:30 AM in the medical 
laboratory in fasting state. 10 cc blood samples were 
taken from the right forearm brachial vein in a 
sitting condition. Sampling was repeated likewise 
before and after the trainingprogram.Immediately 
after blood sampling, anti-clotting agent, EDTA, was 
added to the samples and centrifuged at 2500 to 
2700 RPM for 10 minutes to extract the blood 
plasma. The plasma, then, was kept in the freezer. 
Using HPLC technique, lab-kit manufactured by 
Axis-shield Diagnosticcompany in Germany was 
used to measure the concentration of homocysteine. 
And, the Diagnostic Biochem kit made in Canada 
was used to measure CRP by ELISA method. 

The Shapiro-Wilk test was used to exam the 
normality of the data. Respecting the default of 
using the parametric test, two way independent and 
the paired T test was used to determine the 
differences within  and into Two groups.  All 
statistical analyses were performed using SPSS 
software, version 22 and the significance level for all 
statistical tests was set at p ≤ 0.05. 

RESULTS 

After 8 weeks of circuit resistance training with 
different rest periods, physiological characteristics of 
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participants and such possible changes as age, 
height, weight, body fat percentage, BMI and lean 
body mass in the pre-test and post-test stages are 
presented in Table 1. 

The results shown in table 1 revealed that eight 
weeks of circuit resistance training led to significant 
decrease in body fat percentage and a significant 
increase in lean body mass in pre-test and post-test 
in both groups (180 seconds rest, 90 seconds rest and 
control). But circuit resistance training had no 
significant effect on body weight and body mass 
index.The concentration of serum levels of 

homocysteine and CRP and their changes in the pre-
test and post-test, after 8 weeks of circuit resistance 
training with different rest periods, are presented in 
Table 2. 

According to the results presented in table 4.2 
and Figure 4.1, there is a significant decrease in 
plasma homocysteine concentration in different 
stages of measurement (p= 0.001).  The decline in the 
group with 180 seconds rest intervals is about 6.97 
µmol/L and in the group with 90 seconds rest period 
is around 3.97 µmol/L. 

 

Table 1.  Descriptive characteristics before and after 8 weeks of circuit resistance training in 
different groups (Mean ± SD). 
Variables 180 seconds 90 Seconds Control p 
Age (years) 23.5 ±2.64 22.7 ±2.003 23.1 ±2.23  
Height (cm) 173.8 ±3.88 174.8 ±3.49 174.5 ±4.33  
Weight (kg) Pre-test 72.03±4.86 73.32±4.76 72.52±5.37 0.318 

Post-test 71.61±4.92 72.75±4.36 72.52±5.37 
Body fat percentage (%) Pre-test 18.22±1.92 19.1±1.69 17.88±1.54 *0.017 

Post-test 17.05±1.76 18.11±1.64 17.91±1.4 
BMI (Kilograms per meter squared) Pre-test 23.83±0.89 23.98±1.06 23.8±1.13 0.0113 

Post-test 23.65±0.98 23.79±0.91 23.83±1.07 
Lean body mass (kg) Pre-test 56.88±3.66 57.35±3.77 58.04±5.02 *0.024 

Post-test 58.83±3.83 58.63±3.66 58.09±4.59 
* A significant difference with a pre - test stage in all the three groups (p<0.05). 

 

Table 2.  Physiological characteristics of different groups before and after 8 weeks of circuit 
resistance training (Mean ± SD). 

Control 90 Seconds 180 seconds Variables 
   CRP (pg / ml( 

1.666  ± 0.22 1.580  ± 0.2 1.481  ± 0.19 pre-test 
1.664 ± 0.2 1.557 ±0.18 1.421 ± 0.18 Post-test 

NS 0.045* 0.025* The significance level 
  Homocysteine (micromoles per liter) 

8.09  ± 0.58 7.86 ±0.68 9.05  ± 0.79 Pre-test 
8.06  ± 0.55 7.56  ± 0.61 8.46  ± 0.81 Post-test 

NS 0.032* 0.011* The significance level 
* Significance at level (P≤ 0.05) 

 

 
Figure 1. The comparison between plasma homocysteine concentrations in research 
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groups at various stages of measurement. 
 

 
Figure 2. The comparison between plasma concentrations of C-reactive protein 

in research groups at various stages of measurement. 
 

The results in table 4.2 and figure 4.2 represent 
that the plasma concentration of C-reactive protein 
was significantly decreasedat various stages of 
measurement (P=0.013). The decline in the group 
with 180 seconds rest intervals is approximately 4.22 
µmol/L and in the group with 90 seconds rest period 
is about 1.48 µmol/L. 

DISCUSSION 

The results of the present study revealed that 
serum homocysteine levels, after 8 weeks of 
resistance training, in experimental groups with 90 
and 180 seconds rest between sets significantly 
decreased, however no significant change was 
detected in the control group.  

Several studies revealed a significant inverse 
relationship between physical activity and 
inflammatory markers. The results of the studies 
represent that people who are physically active and 
have better physical fitness have lower levels of 
inflammatory markers (1). Nygard et al. (25) and 
Gaume et al. (9) declared that one of the possible 
reasons for the consistency was perhaps the initial 
level of homocysteine, as well as the physical fitness. 
Since a significant reduction in homocysteine after 
physical training represents that the initial level of 
homocysteine and physical fitness effect on the 
exercise-induced changes (26). 

The findings showed that the exercise was 
more significant and effective on sedentary subjects 
with lower physical fitness and high basic levels of 
homocysteine. 

The findings in the following conducted studies 
all have reported that exercise can reduce 

homocysteine levels: (eight weeks of aerobic exercise 
in sedentary women) (12), (six-month training 
program) (31), (6 months of resistance training for 
older overweight and normal-weight adults) (43), 
the effects of two types of protocols, including 
resistance training hypertrophy (90 seconds rest 
between sets) and strength training programs (180 
seconds rest between sets) for six weeks. In general, 
regular physical exercise increases the metabolic 
reactions required for growthand repair muscle 
tissue. Since high metabolic reactions increase the 
need for methionine to create energy and protein 
synthesis, and because homocysteine is an 
intermediate material used in methionine 
metabolism, its value is reduced (15).  Also, regular 
exercise reduces the Oxygen deficit and after that 
body’s need for Phosphagen system is reduced. 
Creatine is synthesized when methionine is turned 
into homocysteine in the body, so a reduction in the 
need for synthesis of creatine in the body is 
associated with lowering homocysteine levels (18). 
Hence, another possible reason for lowering 
homocysteine levels is perhaps the lack dependency 
to Phosphagen system when there is oxygen deficit. 
On the other hand, McAnulty et al. (21) (a triathlon 
competitive racing), Hammouda et al. (11) (one 
session of acute resistance exercise in sedentary 
young men) conducted a study to measure the levels 
of homocysteine and concluded there is no 
significant difference in homocysteine levels of 
experimental and control groups. Robinson et al. 
studies the effects of different rest intervals (180, 90 
and 30 seconds) between sets of resistance training 
on the resistive index of inflammatory activity in 
men. They finally reported that homocysteine level 
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was decreased in 180 and 90 seconds rest intervals, 
but no significant reduction in homocysteine level 
was observed in 30 seconds rest (5). Mayhew et al. 
(20) conducted a study to examine the effects of the 
rest intervals in high and medium intensity 
resistance training on inflammatory markers in 
sedentary students and reported that intense 
workouts compared to the lower intensity workouts 
shows a significant increase in homocysteine levels. 

Also, McAnulty et al. (21) implemented the 
four-week endurance training with high intensity 
for active people and athletes, e Silva & da Mota 
(2014)and Real et al.,(2005)studied the effect of 
Marathon competition in athletes. They all reported 
that these types of exercises either cause either no 
significant difference or increase homocysteine 
serum. The findings of the present study represent 
no consistency with the results of the above-
mentioned studies.Results of some findings 
represent that prolonged or heavy exercise; protein 
metabolism and blood concentration make changes 
in certain amino acids and reduces concentrations of 
methionine.Reducing the availability of methionine 
increases its synthesis. In this way, the mechanism 
of protein transfer increases homocysteine 
concentration during long or difficult training 
sessions(15). Another reason for the inconsistency in 
results are that high intensity exercise increases the 
transfer of methyl groups which in turn increases 
homocysteine levels. Increase in the methyl group 
transfer for any reason, including intensity exercise 
results in increase homocysteine levels (Joubert, 
2008). The other reason is likely the increase in 
oxidative stress and decrease in the bodycapacity to 
deal with free radicals of oxygen formed after the 
long and intensive physical activity (18). Hence, 
almost certainly one of the reasons of inconsistency 
of the findings is that researchers conducted 
experimental studies with long-term, intensive and 
heavy exercises. Although, the present study, think 
to proper rest intervals, isn’t categorized as intense 
workouts. 

The results of this study showed that CRP 
levels, after 8 weeks of resistance training circuit in 
the experimental groups with different rest 
intervals, significantly decreased; whereas no 
significant change was detected in the control group. 
Also, comparisons between two experimentalgroups 
and control group represent that CRP has 
significantly changed.  

Vidyasagar (2013), conducted a study to 
compare the effectiveness of three different 

intensities of exercise on CRP levels. The results of 
the study represent that CRP was significantly 
reduced in all three groups with different intensities. 
Hudson et al. (13) reported the effects of two types 
of protocols, including resistance training, 
hypertrophy (90 seconds rest between sets) and 
strength training programs (180 seconds rest 
between sets), for six weeks. They found that both 
trainings reduce CRP. Church et al. (4) and Phillips 
et al. (30) studied the effect of resistance training on 
levels of CRP circulating among old, obese and 
menopause women. The results are consistent with 
the findings of the present study. Various studies 
examined the fat weight loss and inflammation CRP 
reduction, the results represented that a decisive 
factor in reducing CRP is the diminution of the fat 
mass. 

Fat weight loss has been observed in the 
experimental groups with Different rest intervals, in 
the present study. It is possible that fat weight loss 
leads to a reduction in CRP. The mechanism 
decreasing the CRP through fat weight loss is not 
totally clear (28). One of the new findingsis that 
macrophages absorbed from the blood circulation 
are the main source of inflammatory markers (7). 
However, it has been observed that physical activity 
resulted in a decrease in macrophageinfiltration into 
fat tissue. Therefore, it is believed that physical 
exercise reduces the fat mass and less macrophage 
infiltration by which less inflammatory markers are 
produced by fat tissue (2). Perhaps the training 
program of the present study, which results in 
reduction in fat mass, has actedas anti-atherogenic 
and risk factors in the experimental groups, and 
CRP has been reduced. 

In general, regular physical activity and sport 
exercise upsurges cardiovascular protection capacity 
and thus improve the quality of life (16). However, 
the relationship between physical activity and CRP 
has not been verified in a few studies. Mayhew et al. 
(20), conducted a study to examine the effects of 
high and moderate intensity resistance training on 
inflammatory markers in sedentary students and 
reported thatintense workouts, compared to the 
moderate ones, significantly increases CRP levels.  

Swift et al. (39) investigated three types of 
exercises including, aerobic, resistance and 
concurrent exercises for 9 months. The results 
showed that CRP values, in response to three types 
of exercises, did not display a significant reduction. 
Sheikholeslami et al. (34) also showed that CRP 
levels in healthy young men didn’t change after six 
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weeks of moderate or high intensity resistance 
training. The results of the mentioned studies are 
not consistent with the findings of this study 
because it has proper rest intervals to recover. This 
lack of consistency may be due to muscle damage 
caused by exercise because it stimulates the 
production of IL- 6, which is produced in the very 
beginning stage of the inflammatory response to 
repair the damage muscle and it is the main trigger 
of the CRP production (34). Thus, the muscle 
damage increases topical production of CRP and 
this increases the CRP serum after physical training 
(22). In addition, the production of mechanical stress 
and endothelial cell activation is possibly 
responsible for the increase in levels of CRP serum 
after long and heavy workouts.Therefore, 
interpreting the results of the CRP, such factors as 
the potential harms, intensity, type and volume of 
training (40) features of subjects such as age, sex, 
obesity and body mass index inflammatory and 
infectious diseases, baseline levels of CRP and some 
other factors should be considered.  

It seems that cases such factors as weight loss, 
lose body fat levels, loss of body mass index, enough 
increase in muscle strength  and decreasing 
inflammation are possible mechanisms by which 
exercise affects the homocysteine and CRP levels. So 
probably running the eight weeks of resistance 
exercise with different rest intervals (high and 
moderate intensity) in the present study can activate 
the mechanism so that they decrease and change the 
level of circulating of homocysteine and CRP. The 
results reveal that eight weeks of resistance 
trainingwith rest intervals reduce the risk of 
atherosclerosis disease and improve cardiovascular 
health through reducing the percentage of body fat, 
increasing the muscle strength and antioxidant 
defenseand reducing the risk of cardiovascular 
inflammatory markers (homocysteine and CRP). 
Also, anti-inflammatory effects of exercise training 
in humans play an important role in reducing 
inflammatory markers in human beings and 
resistance training with proper rest intervals (low 
intensity)  can be a suitable method to deal with 
inflammation and cardiovascular risk factors. 
Therefore, it is recommended that resistance training 
with proper intensity can be used to prevent adverse 
effects of increased incidence of atherosclerosis 
disease for people with sedentary lifestyle. 
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