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Abstract 

Background: Overweight and obesity have been associated with cardiovascular disease, diabetes 
mellitus type 2, osteoarthritis, respiratory disorders, cancer, and decline in life expectancy. 
Elevation in pro-inflammatory cytokine has been associated with decline in metabolic function and 
the rise in various diseases risk factors. C-reactive protein which is synthesized at the liver has 
been used to evaluate low-grade risk systemic inflammation. High-intensity Interval Training 
(HIIT) have been developed as an alternative exercise with low volume and expected to help 
efficiently reduce risk factors associated with the overweight condition. 
 
Objective: To evaluate the effect of the HIIT exercise program for 4 weeks on hsCRP serum level 
in overweight men in Medical Rehabilitation Outpatient Clinic at dr. Soetomo Hospital. 

Methods: This study was conducted from January-March 2021. Eighteen men visited Medical 
Rehabilitation Outpatient Clinic at dr. Soetomo Hospital recruited and randomized into the control 
and exercise groups. The exercise group performed the HIIT exercise program for 4 weeks while 
the control group received no intervention. Peripheral blood samples for serum hsCRP were 
collected at baseline and 30 minutes post training at the first and the last exercise in the exercise 
group. 

Results: Within-group comparison in exercise and control group; and between group comparison 
of serum baseline hsCRP levels, showed no significant difference (p = 0,176, p = 0,09, and p = 
0,04, respectively). Within-group acute hsCRP levels showed no significant difference (p=0,163). 

Conclusion: The HIIT exercise program for 4 weeks showed no significant effect on serum 
hsCRP levels in overweight men. 
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1. Introduction 
One of the main health problems in the world is overweight and obesity. These conditions 

strongly associated with cardiovascular disease, diabetes mellitus type 2, osteoarthritis, respiratory 
disorders, and cancer. American College of Sports Medicine (ACSM) recommends moderate 
intensity aerobic exercise for at least 150 minutes per week (30 minutes each, 5 times a week) 
accompanied by 2-3 resistance training in a week. Lately, high-intensity Interval Training (HIIT) 
have been developed as an alternative method to help efficiently reduce risk factors associated 
with the overweight condition. 

C-reactive protein is one of the inflammatory markers synthesized in the liver as a low-grade 
inflammatory response. High-sensitivity C-Reactive Protein (hsCRP) emerged as a remarkable 
examination due to its sensitivity in detecting slight alteration in low grade systemic inflammation. 
There is a substantial relationship between hsCRP and overweight where hsCRP levels are higher 
in people with overweight and obesity compared to people with normal BMI (Lavanya et al., 
2017). CRP is an acute-phase reactant that is sensitive to systemic inflammation. CRP is a 
precursor to metabolic syndrome and type 2 diabetes, as well as a strong predictor reflecting the 
early phase of cardiovascular disease (Kawamoto et al., 2013). Adipose tissue (visceral fat) has a 
role in inducing low-grade inflammation in the liver. This process occurs through the synthesis of 
cytokines such as IL-6. The overweight condition associated with CRP concentrations and the 
close relationship between inflammation and overweight explains why the overweight group is 
more prone to cardiovascular disease. (Kawamoto, et al., 2013). 

 CRP levels increase momentarily up to 24 hours post-exercise. A systematic review study by 
Kasapis and Thompson found an increase in the acute phase response (APR) for up to 24 hours 
then returned to baseline 2 to 6 days after strenuous exercise. The mechanism underlying the post-
exercise increase in APR involves IL-1, IL-6, and TNF-g. These cytokines increased transiently 
during and after exercise (except TNF-g). IL-6 stimulates CRP synthesis in the liver after 
strenuous exercise. Research on hsCRP is still very minimal in Indonesia and only assesses basal 
hsCRP levels without assessing the acute response. The researchers wanted to examine the effects 
of HIIT exercise with changes in inclination on hsCRP levels in overweight and obese men at 
basal levels and acute responses. 
2. Methods 

This research was performed at Physical Medicine and Rehabilitation outpatient clinic Dr. 
Soetomo Academic General Hospital in October-November 2020. Eighteen overweight or obese 
men who met the study criteria were randomly assigned to the treatment group (n=9) and the 
control group (n=9). The exercise group perform HIIT using a treadmill with incline changes for 
30 minutes (starting with warming up and ending with cooling down, 5 minutes each) 3 times a 
week for 4 weeks. The high intensity was calculated using the Karvonen formula with high 
intensity defined as HR rest + 80-90% HR Reserve and low intensity defined as HR Rest + 30-
40% HR Reserve. The control group did not receive intervention and was educated to continue 
daily activity as usual. Measurement of hsCRP levels was carried out before the first exercise 
(basal) and 30 minutes after the first exercise (acute response). Then, after 4 weeks of treatment, 
hsCRP levels were examined before the last exercise (baseline) and 30 minutes after the last 
exercise (acute response). This research has obtained an ethical clearance certificate from the 
ethics committee of Dr. Soetomo Hospital Surabaya. All data were analyzed using SPSS version 
26. 
3. Results 

A total of 18 research participants successfully fulfills the intervention, no side effects were 
reported. Comparison of characteristics between the two study groups was compared based on 
age, height, weight, and BMI. From BMI data. All study subjects had reported no comorbidities 
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(ischemic heart disease, heart rhythm disturbances, restrictive or obstructive airway disease). 
Participant who uses pacemakers, use of beta-blocker drugs, or other antiarrhythmic drugs were 
excluded from the study subjects. 

Table 1 The Demographic and Anthropometric Data. 
Variable Exercise group (n=9) Control group (n=9) p value 
Age (Years) 30.4+2.6 36±1.8 0.407 
Height (cm) 168.3±5.8 167.11±6.97 0.794 
Weight (kg) 79.5±10.3 76.2±11.57 0.482 
BMI (kg/m2) 28±2.7 27.15±2.83 0.657 
Values are presented as mean± SD. BMI: body mass index 
 
There was no significant difference in basal hsCRP levels before and after the intervention in the exercise 
group (p=0.176) and control group (p=0.09). The same results were also obtained in the assessment of acute 
hsCRP levels. 
 
Table 2 hsCRP value after 4 weeks of observation in the exercise and control groups 

Parameter Exercise Group Control Group 
Pre Post Pre Post 

hsCRP baseline (mg/dL) 0.18+0.08 0.28+0.21 0.19+0.09 0.29+0.17 
Values are presented as mean± SD. Significantly different from baseline  if P < 0.05 
 
There was no significant difference between acute hsCRP levels after the first exercise and after the last 
exercise (p=0.163). We also measured the difference between the difference (delta) in basal values and 30 
minutes after the first exercise and the last exercise. After being compared, there was no significant difference 
(p=0.376). 
 
Table 3 hsCRP value 30 minutes after exercise in the exercise group 

Parameter 1st Exercise 12th exercise 
Baseline Post exercise Baseline Post exercise 

hsCRP (mg/dL) 0.18+0.08 0.18+0.08 0.28+0.21 0.22+0.12 
Values are presented as mean± SD. Significantly different from baseline  if P < 0.05 

 
4. Discussion 

The results of this study showed that there was no decrease in hs-CRP levels in the treatment group after 
4 weeks of High-Intensity Interval Training. This result is different from Homaee et al (2014) which reported 
a significant decrease in hs-CRP levels between the group given endurance training, the group was given 
HIIT exercise, and the group not given exercise after a 12-week observation period. However, in the study of 
Homaee et al (2014) the three groups were also given dietary arrangements. The diet is regulated so that there 
was a reduction in calories per week in each group (3500 kcal/week for the diet-only group, 2500 kcal/week 
for the endurance and HIIT training group) with a composition of 50-55% carbohydrates, 15-25% protein, 
25-30 % fat. Homaee et al (2014) argue that calorie restriction accompanied by an increase in energy 
requirements through exercise can reduce body weight and CRP levels. The results of our study are in line 
with research conducted by Allen et al (2017) who reported that there was no significant change in serum 
CRP and TNF-g levels after 9 weeks of HIIT exercise. In the research of Allen et al (2017), dietary 
restrictions were also not carried out such as the research of Homaee et al (2014). Our study is also in line 
with a systematic review study by Fedewa et al (2017) which states that in addition to exercise, the most 
significant factors in influencing the decrease in CRP are improvements in body mass index (BMI) and a 
decrease in body fat percentage. A meta-analysis study by Khalafi and Symonds (2020) showed that there 
was no difference in serum CRP levels between the HIIT group and the control group or the HIIT group with 
the moderate or low-intensity exercise group. The study also mentions that to get the effect of changing IL-6 
and CRP requires at least 3 weeks of regular exercise or more. The researcher believes that there was no 
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decrease in basal serum hs-CRP levels after 4 weeks of HIIT exercise because we only provided an exercise 
program for 4 weeks and did not control the diet of the study subjects.  

This study showed that there was no difference in acute hsCRP levels between the first 30 minutes after 
the first exercise and 30 minutes after the last HIIT exercise. The changes in basal hsCRP levels with 30 
minutes post-exercise between the 1st exercise and the 12th exercise also did not show any significant 
change. Kaspar et al (2016) reported that there was no significant change in CRP levels 30 minutes and 2 
days after the HIIT exercise intervention. In a systematic review study by Kasapis and Thompson (2005), 
changes in the acute phase response are related to activity, muscle injury, muscle mass involved during 
exercise, and the type of exercise. Strenuous physical exercise causes a transient increase in the level of the 
acute phase response shortly after exercise. However, in the systematic review, most of which involved 
studies conducted on athletes, only one study with 3 untrained subjects was included. A systematic review 
study by Cerqueira et al (2020) found that the increase in hs-CRP levels was highest after 24 hours of 
strenuous physical exercise. The study by Draganadis et al. (2013) showed an increase in CRP levels 
occurred 1-2 days after exercise before returning to baseline values. Marklund et al. (2013) reported an 
increase in CRP levels 30 minutes and 28 hours post-exercise, with the increase at 28 hours post-exercise 
being greater than 30 minutes post-exercise. Several studies mention an increase in the acute phase response 
after strenuous exercise (Kasapis and Thompson, 2005). This acute-phase response-enhancing effect was 
accompanied by an increase in interleukin-1 (IL-1) and creatinine kinase (CK), suggesting that an increased 
post-exercise inflammatory response is associated with a post-exercise muscle injury. Moreover, the increase 
in post-exercise CRP levels was proportional to the increase in exercise duration as well. The longer the 
exercise and the higher the muscle injury (increased CK), the higher the post-exercise CRP levels. This 
increase continued for up to 48 hours post-exercise and returned to basal values 2 to 6 days post-exercise 
(Kasapis and Thompson, 2005). Researchers believe that there is no change in hs-CRP levels 30 minutes 
post-exercise can be caused by the physical activity in this study was not heavy enough to cause acute 
changes in hsCRP. In addition, it can also be influenced by the time the sample was taken. 

 
5. Conclusion 

There was no decrease in basal serum hsCRP levels in overweight/obese men who received 
HIIT treadmill exercise with changes in inclination for 4 weeks. There was no decrease in acute 
response serum hsCRP levels in overweight/obese men receiving HIIT treadmill exercise with a 
change in inclination for 4 weeks. Further study with a larger sample group is needed to increase 
confidence in the effect of HIIT treadmill exercises on blood hsCRP level. 
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