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Abstract 4 

Background: Circuit resistance training (CRT) is a time-efficient exercise 5 

modality for improving skeletal muscle and cardiovascular fitness. But the 6 

beneficial role of CRT in obese individuals is still not well understood. This study 7 

explores the reducing effects of progressive CRT on inflammatory biomarkers and 8 

cardiometabolic risk factors in obese young men. Methods: Thirty obese men 9 

(Body mass index (BMI): 30.67±3.06; age: 23±3.2 years) were divided into CRT 10 

and control groups. The CRT was performed for eight-weeks (3 times/week, 65- 11 

85% of 1 repetition maximum). Fasting blood samples were taken pre and post 12 

intervention for analyzing apelin, chemerin, serum amyloid A (SAA), C reactive 13 

protein concentrations (CRP), lipid profile, and insulin resistance index. The data 14 

were assessed by two-way repeated measures ANOVA. Results: Body mass, BMI 15 

and waist to hip ratio (WHR) were significantly decreased after training 16 

intervention (P<.05). Compared to the control group, the plasma concentrations of 17 

Chemrin (P=.038), SAA (P=.004), insulin (P<.001), insulin resistance index 18 

(P<.001), total cholesterol (P=.033), triglyceride (P<.001), and low-density 19 

lipoprotein (P=.039), were significantly mitigated in the CRT group, but high- 20 

density lipoprotein plasma levels increased in the CRT group compared to that of 21 

the control group (P=.035). There was no significant difference between two 22 

groups in apelin and CRP (P>.05). Moreover, insulin resistance was positively 23 

correlated with apelin (r=.56) and chemerin (r=.51). Also, chemerin had a positive 24 

correlation with SAA (r=.49), and WHR (r=.54). Conclusion: CRT caused an 25 

improvement in inflammation and cardiometabolic risk factors in young obese 26 

men, and this improvement was accompanied by decreased insulin resistance. 27 

Keywords: Adipokine; Inflammation; Obesity; Exercise training.  28 
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1. Introduction 1 

Obesity, a worldwide epidemic, is increasing throughout the world. It is accompanied 2 

by numerous health risks including cardiovascular diseases, hypertension, and Type 2 3 

diabetes mellitus [1]. Adipose tissue, which plays a critical role in the storage of excess 4 

energy intake [2], is involved in obesity related health risk factors. Obesity is charac- 5 

terized by increases in the number and the size of adipocytes, as well as the lipid storage 6 

in mature adipocytes [3]. Adipose tissue produces a variety of cytokines or adipokines 7 

that are involved in the regulation of energy homeostasis [2, 3]. It has been suggested 8 

that any alteration in adipokine secretion mediates inflammation and cardiometabolic 9 

diseases associated with obesity [4]. 10 

Apelin plasma levels that play a substantial role in the regulation of cardiovascular and 11 

metabolic homeostasis, such as cardiovascular regulation and some anti-inflammatory 12 

properties, are produced principally by white adipose tissues [5]. Apelin influences 13 

glucose and insulin homeostasis and may be involved in the adipose tissue dysfunction 14 

in obesity [6]. Moreover, apelin plasma levels increase during obesity, and they are 15 

positively correlated with the body mass index (BMI) [3, 5-7]. 16 

Like apelin, chemerin is predominantly secreted by adipose tissues that play an 17 

important role in the differentiation and enhancement of glucose metabolism in 18 

adipocytes [8]. Some studies have shown that plasma concentrations of chemerin are 19 

positively associated with BMI and can rise in patients with abnormal blood glucose, 20 

high-density lipoprotein (HDL), triglycerides, and hypertension [8, 9]. The knockdown 21 

of chemerin resulted in a suppression of basal lipolysis and glucose uptake in adipocytes 22 

[10]. Obesity-related inflammation is characterized by an increase in lipid profile 23 

(especially low-density lipoprotein (LDL) and triglycerides) [11]. It has been suggested 24 

that acute phase inflammatory proteins, such as serum amyloid A (SAA) may affect the 25 

lipids and the apo-lipoproteins metabolism during inflammation [11]. Adipose tissue is 26 

the main source of SAA, a pro-inflammatory cytokine,  that increases with obesity [12]. 27 

Likewise, another biomarker of low-grade inflammation, high sensitive C-reactive 28 

protein (hs-CRP), increases with obesity [13]. These inflammatory proteins, which have 29 

a positive correlation with the waist to hip ratio (WHR) and subcutaneous adipose 30 

tissue, reduce after weight loss [14]. 31 
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Studies have revealed that regular exercise training plays a critical role in the prevention 1 

and treatment of chronic diseases such as obesity, Type 2 diabetes mellitus, and long- 2 

term cardiovascular complications [15, 16]. Regular exercise training also reduces 3 

levels of systemic concentration of pro-inflammatory cytokines [17, 18]. Among 4 

various modes of exercise training, circuit resistance training (CRT) improves the 5 

cardiorespiratory function, muscular strength, endurance, and power [19]. This is a type 6 

of combination training that incorporates both multi-joint resistance training and 7 

calisthenics exercises; it keeps the heart rate elevated during a training session. In 8 

addition, the metabolic cost of these types of exercise training is higher compared to 9 

traditional resistance training [20], even in compared to the combination of traditional 10 

resistance training and aerobic training [21]. During CRT, the individual moves from 11 

one exercise to another as quickly as possible with very little rest between exercises, 12 

which results in a short exercise session time. Progressive CRT is a unique mode of 13 

exercise that can reduce adiposity while increasing the skeletal muscle mass at the same 14 

time  [21, 22]. Hence, it has also been shown the association between body composition 15 

changes and inflammation [23]. 16 

Most of the studies examined the effect of aerobic training and traditional resistance 17 

training on adipokines and circulating inflammatory indicators. However, with regard to 18 

superior advantages of CRT to traditional resistance and aerobic training [21], the 19 

influence of CRT on circulating adipokines related to cardiometabolic risk factors and 20 

inflammatory biomarkers in obese individuals is not yet fully understood. Therefore, the 21 

purpose of this study was twofold: first, to investigate the effects of eight weeks of CRT 22 

on acute phase protein inflammatory markers levels and body composition, and second, 23 

to examine the effects of CRT on cardiometabolic risk factors and insulin resistance in 24 

inactive obese young men. Our hypothesis was that the CRT, as a time efficient training 25 

strategy, can alleviate cardiometabolic risk factors and inflammation associated with 26 

obesity.  27 

  28 
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2. Materials and Methods  1 

2.1. Participants and study design 2 

Participants were healthy, obese (BMI ≥30 kg/m2) men (Table 1). The participants were 3 

recruited after an announcement in a poster. The inclusion criteria were: men aged 20– 4 

30 years, inactive (no resistance training or aerobic training in the past six months), 5 

BMI (in kg/m2) from 30 to 40, non-smoking and stable weight (< 5% weight change in 6 

the past six months). The exclusion criteria were: diabetes or evidence of clinical 7 

depression, cognitive disorder, heart disease, cancer, liver or renal disease, chronic 8 

pulmonary disease, uncontrolled hypertension, physical disability, or any 9 

contraindication for physical activities or weight loss (e.g. osteoporosis). Finally, after 10 

screening, 30 participants were selected out of a total of 100 men. Next, the participants 11 

were randomized into two equal groups of 15 people: the CRT group and the control 12 

group (Table 1). Following the full description of all risks, all participants gave their 13 

informed consent before participating in this study. All procedures performed in studies 14 

involving human participants were approved by the ethical committee of Islamic Azad 15 

university of Tehran (#1247/6) in accordance with the ethical standards of the 16 

institutional and/or national research committee and with the 1964 Helsinki declaration 17 

and its later amendments or comparable ethical standards. The control group was only 18 

assessed in the pre-test and post-test periods and did not do any regular exercise training 19 

during the period of study. They did not perform any heavy physical activity. The study 20 

lasted for a period of eight weeks. The described variables were evaluated twice—once 21 

at the beginning and once at the end of the eight-week period. One session was 22 

dedicated to explain the experiment phases relating to the participants. The participants 23 

were asked to maintain their eating patterns throughout the study. The dietary 24 

consumption was recorded during the intervention. Additional weight control diet 25 

instructions were not provided throughout the study and the subjects were asked not to 26 

alter their dietary habits. The ingredients and amounts of calories received on the days 27 

before blood sampling were the same. During the study, two participants in the exercise 28 

group and two participants in the control group were dropped out from continuing the 29 

experiment (for consuming medication or being absent for more than 1 sessions). 30 
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2.2. Training program 1 

All participants attended the gym before the start of the eight-week intervention. The 2 

participants attended the gym for one session to get familiarized with the exercise 3 

equipment and the correct technique for all the exercises. The CRT involved an eight- 4 

week training program that the participants had to follow three times a week. The 5 

duration of each exercise session was approximately 60 minutes (Including a 15-minute 6 

warm-up period, and a 10-minute cool down period). In the first four weeks, the training 7 

intensity was 65%–75% of one repetition maximum (1-RM), and the subjects had to 8 

complete two circuits per session, with eight to 12 repetitions in each exercise. In the 9 

second four weeks, the training intensity was 75%–85% of 1-RM, and the participants 10 

had to complete four circuits per session, with six to eight repetitions in each exercise 11 

(Table 2). The rest between stations was the minimum time required for the subjects to 12 

move from one station to another (<15 seconds), and the rest between circuits was three 13 

minutes of active recovery. The training protocol consisted of the following eight 14 

exercises: squat, standing curls, bench press, leg extension, leg flexion, leg press, 15 

military press, and lat pull down. A 1-RM was calculated using the Brzycki regression 16 

equation, where 1 RM = weight lifted during an RM/(1.0278-.0278 (n) at the beginning 17 

of the study and each exercise block (week 1, 3, 6) as a measure of strength. To avoid 18 

injury, all exercises were performed on a strength training machine instead of free 19 

weight.  20 

2.3. Measurement of anthropometric and Body Composition 21 

BMI was calculated as weight in kilogram divided by height in meters squared. Waist- 22 

to-hip ratio (WHR) was calculated as Waist circumference divided by hip 23 

circumference. 24 

 25 

2.4. Blood Sampling and Analysis 26 

Blood samples were collected before and after the 8-week intervention program (24 27 

hours before the first bout of exercise and 48 hours after the last bout of exercise) were 28 

taken from the antecubital vein. Blood was collected in the morning between 8 and 9 29 

a.m. after an overnight fast. Blood was drawn from a forearm vein into a sterile tube 30 

containing EDTA (Klap activator model). Blood was centrifuged for 10 min at 1000 g 31 
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to separate plasma and stored at −80◦C until analysis.  1 

Plasma total cholesterol (TC), HDL, LDL and triglyceride concentrations were 2 

measured enzymatically on an Integra 400 Plus analyser (Roche Diagnostics GmbH). 3 

Fasting insulin concentration was measured in serum by ELISA (Mercodia, Uppsala, 4 

Sweden; inter-assay variability: 2.9 %; intra-assay variability: 3.4 %), which shows no 5 

cross-reactivity with proinsulin. In addition, fasting glucose levels were measured using 6 

Glucose oxidize. Insulin resistance was calculated with the homeostasis model 7 

assessment (HOMA-IR) by the following formula: fasting plasma glucose (mmol/L) x 8 

fasting serum insulin (μU/mL)/22.5. 9 

Apelin concentrations in the plasma were measured by an enzyme-linked 10 

immunosorbent assay (Elisa; Phoenix Pharmaceuticals inc., Burlingame, CA, USA), 11 

according to the manufacturer's protocol. Plasma chemerin was measured by Elisa 12 

(Cusabio Biotech, Wuhan, china; sensitivity; 7.8ng/ml, inter-assay variability: <10 %; 13 

Intra-assay: <8 %). hs-CRP concentration was measured by Elisa (apDianv, Turnhout, 14 

Belgium; inter-assay variability: 6.1 %; intra-assay variability: 5.1 %). SAA 15 

concentrations were measured by Elisa (Cusabio Biotech, Wuhan, China, inter-assay 16 

variability: 7.2 %; Intra-assay: 5.6 %). 17 

 18 

2.5. Statistical Analysis 19 

Normality of the data was tested using a Shapiro-Wilk test. The two way repeated 20 

measure analysis of variance (ANOVA) was used to evaluate changes within and 21 

between groups (time*group interaction). A paired t-test was used to measure within 22 

group changes. The statistical significance level was set to α ≤.05. Pearson correlation 23 

was used to determine the relationship between variables. SPSS version 19.0 was 24 

employed to analyse data. 25 

 26 

3. Results 27 

3.1. Body Composition 28 

The statistical analysis using independent t-test showed that there was no significant 29 

difference in body composition between the two groups at pre-test (P>.05).  30 
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Intragroup changes: Compared to the baseline, body weight (P<.001), BMI (P=.002), 1 

and WHR (P=.044) significantly decreased in the CRT group following the intervention 2 

when compared to the pre-test. No changes were found in body weight (P=.458), BMI 3 

(P=.31), and WHR (P=.15) in the control group following the intervention period.  4 

The two way repeated measure ANOVA showed that there was a significant decrease in 5 

body weight, BMI, and WHR in the CRT group compared to the control group 6 

(time*group interaction, P<.05) (Table 1). 7 

 8 

3.2. Plasma parameters 9 

The statistical analysis using independent t-test showed that the chemerin concentration 10 

was higher in the training group (P= .01), but there were no significant differences in 11 

other plasma markers at pre-test (P> .05) (Fig. 1B).  12 

The paired t-test revealed that SAA concentration significantly decreased after 8 weeks 13 

in the CRT group (P=.026) (Fig. 1A). The CRT tended to decrease apelin and chemerin 14 

concentrations, although the differences did not reach statistical significance (P=.073, 15 

P=.081; respectively) (Fig. 1B and 1C). Moreover, there was no significant difference in 16 

hs-CRP (P=.240) (Fig. 1D) following CRT. Further analysis of paired t-test showed 17 

that, plasma levels of TG (P<.001), TC (P=.001), LDL (P=.03) and insulin (P<.001), 18 

and also HOMA-IR (P<.001) significantly decreased in response to CRT in the post-test 19 

period when compared to the pre-test samples. Furthermore, HDL concentration 20 

increased significantly after 8 weeks CRT (P=.003) (Table 3), but glucose concentration 21 

(P=.235) did not change following the intervention period compared to the pre-test 22 

samples in the CRT group.  23 

In the control group, the paired t-test results showed that no significant changes 24 

were found in plasma concentration of apelin (P=.394), chemerin (P=.804), hs-CRP 25 

(P=.493) and SAA (P=.061) in the post-test period compared to the pre-test samples, 26 

(Fig. 1). Also, there was no significant difference in plasma concentrations of LDL 27 

(P=.364), TG (P=.125), TC (.598), HDL (P=1.00) (Table 1), glucose (P=.277) and 28 

insulin (P=.763) as well as HOMA-IR (P=.405) in the post-test compared to the pre-test 29 

in the control group (Fig. 2). 30 
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The two way repeated measure ANOVA showed that Chemerin and SAA concentration 1 

significantly decreased in the training group compared to the control group (time*group 2 

interaction, P=.038, P=.004 receptively), But there were no significant differences in 3 

apelin, hs-CRP and glucose concentrations between two groups (time*group interaction, 4 

P>.05) (Fig. 1). In addition, Plasma levels of LDL, TC, TG and insulin significantly 5 

decreased in CRT compared to the control group (time*group interaction, P<.05). 6 

Moreover, HOAM-IR decreased, but HDL plasma levels increased in the CRT 7 

compared to that of the control group (time*group interaction, P=.035) (Table 3).  8 

After adjusting for change in body weight and BMI, training effects on chemerin 9 

concentration attenuated and lost statistical significance (P=0.066, P=0.047 receptively), 10 

but SAA concentration remained statistically significant between groups (P=0.014, 11 

P=0.005 receptively),    12 

 13 

3.3. Correlation between inflammatory variables and anthropometrical changes 14 

The pearson correlation showed that there was no correlation between plasma 15 

apelin and anthropometrical characteristics (P>.05). But chemerin had a significant 16 

positive correlation with WHR and SAA (Table 4). Also, we found a positive 17 

correlation between apelin and acute phase inflammatory proteins (SAA and CRP; table 18 

4). Chemerin and apelin changes were positively correlated with HOMA-IR (Table 4). 19 

Moreover, chemerin changes had a significant positive correlation with glucose changes 20 

(table 4). But apelin had no correlated with glucose and insulin changes (table 4). In 21 

addition, SAA had a strong positive correlation with insulin (r=.685, P=.002) and 22 

HOMA-1R changes (r=.748, P<.001), But there was no significant correlation between 23 

CRP and glucose homeostasis (P>.05). Plasma TG concentration was significantly 24 

correlated with CRP (r=-.471, P=.49) and SAA (r=.589, P=.01) changes.  25 

  26 
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           4. Discussion 1 

The present study evaluated the effects of CRT on some inflammatory markers, 2 

cardiometabolic risk factors, and insulin resistance in obese young men. The main 3 

findings were that the CRT improves cardiometaboilc risk factors (lipid profile and 4 

some adipokines related to cardiovascular disease), and glucose homeostasis, and 5 

alleviates acute inflammation (e.g. SAA) in obese young men.  6 

Obesity causes low-grade inflammation, which leads to an imbalance in the secretion of 7 

adipokines. This, in turn, reduces insulin sensitivity and increases inflammation [2]. 8 

Chemerin is an essential adipokine, which plays a role in inflammation and adipocyte 9 

differentiation [8]. Similar to previous studies [4, 24], in this study, the levels of 10 

chemerin decreased about 11% after eight weeks of CRT. In contrast to chemerin, 11 

apelin concentration was reduced, although the reduction was not statistically 12 

significant. Plasma apelin levels are increased by obesity and reduced by diet-induced 13 

weight loss, and this change was significantly correlated with serum levels of 14 

triglyceride, glucose, and HOMA-IR [25]. A previous study showed that apelin was 15 

correlated with insulin sensitivity and it was reduced after 12 weeks of intense exercise 16 

in obese individuals [6]. In the present study, HOMA-IR significantly reduced and 17 

positively correlated with apelin. It has been shown that when insulin resistance is 18 

decreased, this leads to a decline in apelin levels compensatory mechanism to further 19 

increase insulin sensitivity [26]. This decline in apelin is likely to result in insulin 20 

sensitivity improvement and there was no compensatory advantage in more reduction in 21 

apelin concentration.  22 

Also, we found that other cardiometablic risk factors including LDL, TC, and 23 

triglyceride decreased after the training programme. On the other hand, HDL levels also 24 

significantly increased. In this line, Fett, Fett & Marchini (2009) showed a significant 25 

reduction in  the total cholesterol and triglycerides levels following resistance training 26 

[27]. Owing to the nature of CRT, which increases the aerobic capacity [19], this type of 27 

training is likely to cause the compatibility of  the oxidative pathway, thereby increasing 28 

lipid oxidation and reducing lipid profiles. Although the mechanisms of the effect of 29 

exercise training on the lipid profile remain unclear, exercise training appears to 30 

enhance the ability of muscles to oxidize lipid, which leads to a reduction in plasma 31 
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lipid concentrations. These mechanisms may include increases in lecithin–cholesterol 1 

acyltransferase (LCAT; the enzyme responsible for  the HDL-cholesterol ester transfer) 2 

following exercise and increases in lipoprotein lipase activity involved in lipid 3 

metabolism, which increased the ability of muscle fibres in the oxidation of plasma 4 

lipids such as triglycerides and VLDL cholesterol [28]. 5 

One of the possible mechanisms by which exercise training affects adipokines may be 6 

due to the body composition changes. Resistance exercise has been shown to improve 7 

body composition by increases in lipolysis in abdominal adipose tissue, energy 8 

expenditure, and fat oxidation in obese subjects [29]. Moreover, CRT increases the 9 

maximum oxygen consumption (VO2max) [19]. The VO2max increases oxygen delivery 10 

to the working muscles, thereby increasing the fat oxidation [30] and reducing the fat 11 

cells’ size and content [31]. In addition, it has been shown that the nM increase of 12 

circulating chemerin is accompanied by a decrease in the fat cell beta-adrenergic 13 

receptor function [10], lower the intracellular cyclic AMP [32], and a decrease in the 14 

function of catecholamines. It has been reported that the circulating levels of chemerin 15 

are positively correlated with the BF% [24]. Our results showed that the body weight, 16 

BMI, and WHR and were significantly lower in the training group compared to the 17 

control group, so it is likely that the decline in circulating chemerin would be caused by 18 

the improvement in the body composition. 19 

Accordingly, a pervious study reported that the circulating levels of apelin were not 20 

necessarily correlated with weight and body fat mass, but it was strongly correlated with 21 

the levels of inflammatory parameters [33]. In our study, SAA fell following CRT, and 22 

a positive correlation was found between SAA and insulin or HOMA-IR. SAA has been 23 

shown to inhibit the genes involved in maintaining normal insulin sensitivity [34]. Thus, 24 

the reduction of SAA in this study is likely caused by an improvement in insulin 25 

sensitivity. In this regard, Ogawa and co-workers (2010) showed that the serum levels 26 

of SAA were reduced in response to 12 weeks of resistance training [35]. However, the 27 

serum levels of SAA did not change in older women in response to eight weeks of 28 

aerobic exercise. But, the levels of CRP decreased [36]. Moreover, higher levels of 29 

Chemerin in moderate and severe obesity were also found to be significantly associated 30 

with higher circulating levels of CRP [37]. In this study, CRP levels dropped in the 31 
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exercise group, but the reduction did not reach statistical significance and had no 1 

correlated with chemerin changes. In agreement with our study, Franklin and co- 2 

workers (2015) observed that CRT had no effect on h-CRP levels in obese women [22].  3 

Nevertheless, chemerin changes had a positive correlation with SAA changes. 4 

Compared to CRP, SAA is known as a more sensitive biomarker of inflammation [14]. 5 

Thus, it seems that the response of these two acute phase proteins (SAA and h-CRP) is 6 

different. The proposed mechanisms for reducing the acute phase inflammatory proteins 7 

by exercise training may be due to the up-regulation of the levels of IL-6 and the 8 

suppression of TNF-α, which lead to the regulation of the CRP levels [38]. A study 9 

showed that 12 weeks of resistance training reduced the activity of the TNF-α 10 

messenger RNA and the protein expression [39]. Hence, perhaps the resistance training 11 

by regulating the cytokine levels reduced the CRP levels. Resistance training also 12 

increases the lean body mass by increasing protein synthesis [35]. It has been shown 13 

that TNF-α reduced protein synthesis in skeletal muscle and increased protein 14 

catabolism by reducing the translation initiation process [40]. Therefore, it may increase 15 

the protein synthesis induced by resistance training [39] which resulted in the 16 

suppression of inflammatory responses and significantly reduced the CRP levels. 17 

Ambiguous and contradictory evidence prevents the current understanding of resistance 18 

training capacity to reduce the systemic markers of chronic inflammation. Some 19 

evidence shows that resistance training does not have any effect on CRP or 20 

inflammatory cytokines [4]. Otherwise, another study reported that resistance training 21 

causes a noticeable reduction in inflammatory cytokines [41]. The inconsistency of 22 

these results may be attributed to the subjects’ characteristics (e.g. age, basal 23 

inflammation, training status, and body composition) and/or the differences in 24 

methodology (e.g. training volume, intensity, and training period time). The 25 

physiological mechanism of the effectiveness of resistance training on inflammation 26 

levels may be contributed to several factors. Based on the main role of adipose tissue in 27 

the secretion of several inflammatory cytokines, the reduction in the BMI and WHR in 28 

our study may affect the adipose tissue secretion of inflammatory cytokines. 29 

Furthermore, resistance training stimulates protein synthesis rates in the skeletal muscle, 30 

so this stimulation may induce the secretion of anti-inflammatory myokines in such a 31 
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way that it can affect inflammatory cytokines [41]. The lack of any significant change in 1 

hs-CRP levels in the present study could be owing to the short duration of exercise 2 

training. This is because the study showed that a longer duration of exercise training 3 

needs to reduce the acute phase inflammation [35]. 4 

In the current study, the body composition (body weight, BMI, waist circumference, and 5 

hip circumference) significantly improved via CRT, which is consistent with a previous 6 

study [42]. It seems that resistance training by increasing the resting metabolic rate and 7 

the fat-free mass reduces body fat [43], which results in a negative energy balance. 8 

Thus, these results suggest that a decrease in the body weight and BMI lead to a parallel 9 

reduction in the circulating levels of SAA. In the current study, SAA had a positive 10 

correlation with plasma triglyceride changes. Moreover, it seems that SAA has a role in 11 

lipid transfer through the reverse cholesterol transport to the peripheral cells, and it 12 

facilitates the removal of free cholesterol at the sites of inflammation [44]. Lipid profile 13 

(especially very low-density lipoprotein (VLDL) and triglyceride) has a tendency to 14 

increase during inflammation [11]. Furthermore, it has been suggested that SAA may 15 

affect the lipids and the apo-lipoproteins metabolism during inflammation [11]. 16 

Consequently, it is plausible that decrease in SAA caused by the CRT can improve lipid 17 

profile in obese individuals.  18 

A possible limitation of this study was that only obese young men were investigated. It 19 

is well documented that increasing adipose tissue mass with age throughout the body 20 

leads to low-grade inflammation by producing high levels of inflammatory adipokines 21 

[45]. In addition, it has been shown that the key mediators of inflammatory cytokines 22 

are up-regulated by the aging process [46]. In this regard, Bruunsgaard and Pedersen 23 

(2003) reported that inflammatory cytokines (e.g. hsCRP and SAA), even in the absence 24 

of chronic diseases, increased two to four-fold in elderly compared to young adults [47]. 25 

Accordingly, this limitation should be considered in generalizing these findings to all 26 

age groups. 27 

 28 

5. Conclusions 29 

To the best of our knowledge, it is the first study that showed that eight weeks of CRT 30 

could improve circulating levels of inflammatory proteins and some adipokines in obese 31 
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young men. These improvements were associated with insulin resistance reduction. 1 

Thus, these results confirm that CRT can ameliorate cardiometabilc risk factors in part 2 

through improving body composition in obese young men. Overall, although CRT may 3 

be useful as an exercise training therapy for chronic diseases involving higher 4 

cardiometabolic risk factors in young obese individuals, further studies are needed to 5 

elucidate the beneficial effects of CRT on inflammation and metabolic syndrome in 6 

other populations (e.g. obese children, women, and elderly). 7 

  8 

 9 

Conflict of Interest: The Authors declare that in this research did not receive 10 

any specific grant from funding agencies in the public, commercial, or not-for-profit 11 

sectors that might lead to a conflict of interest 12 

Acknowledgements: The authors express their thanks to all the subjects who 13 

participated in this study.  14 

 15 

  16 



15 

 

References 1 

[1] A.R. Saltiel, J.M. Olefsky, Inflammatory mechanisms linking obesity and metabolic disease, The 2 

Journal of clinical investigation 127(1) (2017) 1-4. 3 

[2] S. Golbidi, I. Laher, Exercise induced adipokine changes and the metabolic syndrome, Journal of 4 

diabetes research 2014 (2014). 5 

[3] M. Guo, F. Chen, Y.P. Tanfa Lin, W. Li, X. Zhu, L. Lin, Y. Chen, Apelin-13 decreases lipid storage 6 

in hypertrophic adipocytes in vitro through the upregulation of AQP7 expression by the PI3K signaling 7 

pathway, Medical science monitor: international medical journal of experimental and clinical research 20 8 

(2014) 1345. 9 

[4] T. Stefanov, M. Blüher, A. Vekova, I. Bonova, S. Tzvetkov, D. Kurktschiev, T. Temelkova- 10 

Kurktschiev, Circulating chemerin decreases in response to a combined strength and endurance training, 11 

Endocrine 45(3) (2014) 382-391. 12 

[5] C. Alfarano, C. Foussal, O. Lairez, D. Calise, C. Attané, R. Anesia, D. Daviaud, E. Wanecq, A. Parini, 13 

P. Valet, Transition from metabolic adaptation to maladaptation of the heart in obesity: role of apelin, 14 

International journal of obesity 39(2) (2015) 312-320. 15 

[6] J. Krist, K. Wieder, N. Klöting, A. Oberbach, S. Kralisch, T. Wiesner, M.R. Schön, D. Gärtner, A. 16 

Dietrich, E. Shang, Effects of weight loss and exercise on apelin serum concentrations and adipose tissue 17 

expression in human obesity, Obesity facts 6(1) (2013) 57-69. 18 

[7] A. Aguilar-Valles, W. Inoue, C. Rummel, G.N. Luheshi, Obesity, adipokines and neuroinflammation, 19 

Neuropharmacology 96 (2015) 124-134. 20 

[8] K. Bozaoglu, K. Bolton, J. McMillan, P. Zimmet, J. Jowett, G. Collier, K. Walder, D. Segal, 21 

Chemerin is a novel adipokine associated with obesity and metabolic syndrome, Endocrinology 148(10) 22 

(2007) 4687-4694. 23 

[9] H. Sell, A. Divoux, C. Poitou, A. Basdevant, J.-L. Bouillot, P. Bedossa, J. Tordjman, J. Eckel, K. 24 

Clement, Chemerin correlates with markers for fatty liver in morbidly obese patients and strongly 25 

decreases after weight loss induced by bariatric surgery, The Journal of Clinical Endocrinology & 26 

Metabolism 95(6) (2010) 2892-2896. 27 

[10] K.B. Goralski, T.C. McCarthy, E.A. Hanniman, B.A. Zabel, E.C. Butcher, S.D. Parlee, S. 28 

Muruganandan, C.J. Sinal, Chemerin, a novel adipokine that regulates adipogenesis and adipocyte 29 

metabolism, Journal of Biological Chemistry 282(38) (2007) 28175-28188. 30 

[11] M.C. De Beer, N.R. Webb, J.M. Wroblewski, V.P. Noffsinger, D.L. Rateri, A. Ji, D.R. Van Der 31 

Westhuyzen, F.C. De Beer, Impact of serum amyloid A on high density lipoprotein composition and 32 

levels, Journal of lipid research 51(11) (2010) 3117-3125. 33 

[12] R.Z. Yang, J.B. Blumenthal, N.M. Glynn, M.J. Lee, A.P. Goldberg, D.W. Gong, A.S. Ryan, 34 

Decrease of circulating SAA is correlated with reduction of abdominal SAA secretion during weight loss, 35 

Obesity 22(4) (2014) 1085-1090. 36 

[13] A.S. Ryan, S. Ge, J.B. Blumenthal, M.C. Serra, S.J. Prior, A.P. Goldberg, Aerobic exercise and 37 

weight loss reduce vascular markers of inflammation and improve insulin sensitivity in obese women, 38 

Journal of the American Geriatrics Society 62(4) (2014) 607-614. 39 

[14] C. Gabay, I. Kushner, Acute-phase proteins and other systemic responses to inflammation, New 40 

England journal of medicine 340(6) (1999) 448-454. 41 

[15] A.B. Evert, M.C. Riddell, Lifestyle intervention: nutrition therapy and physical activity, Medical 42 

Clinics of North America 99(1) (2015) 69-85. 43 

[16] P. Trachta, J. Drápalová, P. Kaválková, V. Tousková, A. Cinkajzlová, Z. Lacinová, M. Matoulek, T. 44 

Zelinka, J. Widimský Jr, M. Mráz, Three months of regular aerobic exercise in patients with obesity 45 

improve systemic subclinical inflammation without major influence on blood pressure and endocrine 46 

production of subcutaneous fat, Physiological Research 63 (2014) S299. 47 



16 

 

[17] C.B. Papini, P.M. Nakamura, L.P. Zorzetto, J.L. Thompson, A.C. Phillips, E. Kokubun, The effect of 1 

a community-based, primary health care exercise program on inflammatory biomarkers and hormone 2 

levels, Mediators of inflammation 2014 (2014). 3 

[18] M. Akbarpour, The effect of aerobic training on serum adiponectin and leptin levels and 4 

inflammatory markers of coronary heart disease in obese men, Biol Sport 30(1) (2013) 21-27. 5 

[19] L.R. Gettman, P. Ward, R. Hagan, A comparison of combined running and weight training with 6 

circuit weight training, Medicine and Science in Sports and Exercise 14(3) (1981) 229-234. 7 

[20] C.E. Pichon, G.R. Hunter, M. Morris, R.L. Bond, J. Metz, Blood Pressure and Heart Rate Response 8 

and Metabolic Cost of Circuit Versus Traditional Weight Training, The Journal of Strength & 9 

Conditioning Research 10(3) (1996) 153-156. 10 

[21] T.R. Myers, M.G. Schneider, M.S. Schmale, T.J. Hazell, Whole-body aerobic resistance training 11 

circuit improves aerobic fitness and muscle strength in sedentary young females, The Journal of Strength 12 

& Conditioning Research 29(6) (2015) 1592-1600. 13 

[22] N.C. Franklin, A.T. Robinson, J.-T. Bian, M.M. Ali, E. Norkeviciute, P. McGinty, S.A. Phillips, 14 

Circuit resistance training attenuates acute exertion-induced reductions in arterial function but not 15 

inflammation in obese women, Metabolic syndrome and related disorders 13(5) (2015) 227-234. 16 

[23] Y. Mavros, S. Kay, K.A. Simpson, M.K. Baker, Y. Wang, R.R. Zhao, J. Meiklejohn, M. Climstein, 17 

A.J. O'Sullivan, N. de Vos, Reductions in C‐reactive protein in older adults with type 2 diabetes are 18 

related to improvements in body composition following a randomized controlled trial of resistance 19 

training, Journal of cachexia, sarcopenia and muscle 5(2) (2014) 111-120. 20 

[24] M. Venojärvi, N. Wasenius, S. Manderoos, O.J. Heinonen, M. Hernelahti, H. Lindholm, J. Surakka, 21 

J. Lindström, S. Aunola, M. Atalay, Nordic walking decreased circulating chemerin and leptin 22 

concentrations in middle-aged men with impaired glucose regulation, Annals of medicine 45(2) (2013) 23 

162-170. 24 

[25] I. Castan-Laurell, C. Dray, C. Attané, T. Duparc, C. Knauf, P. Valet, Apelin, diabetes, and obesity, 25 

Endocrine 40(1) (2011) 1-9. 26 

[26] S. Xu, P.S. Tsao, P. Yue, Apelin and insulin resistance: another arrow for the quiver?, Journal of 27 

diabetes 3(3) (2011) 225-231. 28 

[27] C.A. Fett, W.C.R. Fett, J.S. Marchini, Circuit weight training vs jogging in metabolic risk factors of 29 

overweight/obese women, Arquivos brasileiros de cardiologia 93(5) (2009) 519-525. 30 

[28] S. Mann, C. Beedie, A. Jimenez, Differential effects of aerobic exercise, resistance training and 31 

combined exercise modalities on cholesterol and the lipid profile: review, synthesis and 32 

recommendations, Sports Medicine 44(2) (2014) 211-221. 33 

[29] M.J. Ormsbee, M.D. Choi, J.K. Medlin, G.H. Geyer, L.H. Trantham, G.S. Dubis, R.C. Hickner, 34 

Regulation of fat metabolism during resistance exercise in sedentary lean and obese men, Journal of 35 

Applied Physiology 106(5) (2009) 1529-1537. 36 

[30] J.L. Talanian, G.P. Holloway, L.A. Snook, G.J. Heigenhauser, A. Bonen, L.L. Spriet, Exercise 37 

training increases sarcolemmal and mitochondrial fatty acid transport proteins in human skeletal muscle, 38 

American Journal of Physiology-Endocrinology and Metabolism 299(2) (2010) E180-E188. 39 

[31] D.P. Andersson, D.E. Hogling, A. Thorell, E. Toft, V. Qvisth, E. Näslund, A. Thörne, M. Wirén, P. 40 

Löfgren, J. Hoffstedt, Changes in subcutaneous fat cell volume and insulin sensitivity after weight loss, 41 

Diabetes Care 37(7) (2014) 1831-1836. 42 

[32] V. Wittamer, J.-D. Franssen, M. Vulcano, J.-F. Mirjolet, E. Le Poul, I. Migeotte, S. Brézillon, R. 43 

Tyldesley, C. Blanpain, M. Detheux, Specific recruitment of antigen-presenting cells by chemerin, a 44 

novel processed ligand from human inflammatory fluids, The Journal of experimental medicine 198(7) 45 

(2003) 977-985. 46 

[33] M. Heinonen, D. Laaksonen, T. Karhu, L. Karhunen, T. Laitinen, S. Kainulainen, A. Rissanen, L. 47 

Niskanen, K. Herzig, Effect of diet-induced weight loss on plasma apelin and cytokine levels in 48 

individuals with the metabolic syndrome, Nutrition, Metabolism and Cardiovascular Diseases 19(9) 49 

(2009) 626-633. 50 



17 

 

[34] L. Scheja, B. Heese, H. Zitzer, M.D. Michael, A.M. Siesky, H. Pospisil, U. Beisiegel, K. Seedorf, 1 

Acute-phase serum amyloid A as a marker of insulin resistance in mice, Experimental diabetes research 2 

2008 (2008). 3 

[35] K. Ogawa, K. Sanada, S. Machida, M. Okutsu, K. Suzuki, Resistance exercise training-induced 4 

muscle hypertrophy was associated with reduction of inflammatory markers in elderly women, Mediators 5 

of inflammation 2010 (2010). 6 

[36] P.T. Campbell, K.L. Campbell, M.H. Wener, B. Wood, J.D. Potter, A. McTIERNAN, C.M. Ulrich, 7 

A yearlong exercise intervention decreases CRP among obese postmenopausal women, Medicine and 8 

Science in Sports and Exercise 41(8) (2009). 9 

[37] J. Weigert, M. Neumeier, J. Wanninger, M. Filarsky, S. Bauer, R. Wiest, S. Farkas, M.N. Scherer, A. 10 

Schäffler, C. Aslanidis, Systemic chemerin is related to inflammation rather than obesity in type 2 11 

diabetes, Clinical endocrinology 72(3) (2010) 342-348. 12 

[38] A.M.W. Petersen, B.K. Pedersen, The anti-inflammatory effect of exercise, Journal of Applied 13 

Physiology 98(4) (2005) 1154-1162. 14 

[39] J.S. GREIWE, B. Cheng, D.C. RUBIN, K.E. YARASHESKI, C.F. SEMENKOVICH, Resistance 15 

exercise decreases skeletal muscle tumor necrosis factor α in frail elderly humans, The FASEB Journal 16 

15(2) (2001) 475-482. 17 

[40] A.J. Dirks, C. Leeuwenburgh, Tumor necrosis factor α signaling in skeletal muscle: effects of age 18 

and caloric restriction, The Journal of nutritional biochemistry 17(8) (2006) 501-508. 19 

[41] C.M. Tomeleri, A.S. Ribeiro, M.F. Souza, D. Schiavoni, B.J. Schoenfeld, D. Venturini, D.S. 20 

Barbosa, K. Landucci, L.B. Sardinha, E.S. Cyrino, Resistance training improves inflammatory level, lipid 21 

and glycemic profiles in obese older women: A randomized controlled trial, Experimental gerontology 84 22 

(2016) 80-87. 23 

[42] L.H. Willis, C.A. Slentz, L.A. Bateman, A.T. Shields, L.W. Piner, C.W. Bales, J.A. Houmard, W.E. 24 

Kraus, Effects of aerobic and/or resistance training on body mass and fat mass in overweight or obese 25 

adults, Journal of Applied Physiology 113(12) (2012) 1831-1837. 26 

[43] J.T. Lemmer, F.M. Ivey, A.S. Ryan, G.F. Martel, D.E. Hurlbut, J.E. Metter, J.L. Fozard, J.L. Fleg, 27 

B.F. Hurley, Effect of strength training on resting metabolic rate and physical activity: age and gender 28 

comparisons, Medicine and Science in Sports and Exercise 33(4) (2001) 532-541. 29 

[44] C.M. Uhlar, A.S. Whitehead, Serum amyloid A, the major vertebrate acute‐phase reactant, European 30 

Journal of Biochemistry 265(2) (1999) 501-523. 31 

[45] E. Cevenini, C. Caruso, G. Candore, M. Capri, D. Nuzzo, G. Duro, C. Rizzo, G. Colonna-Romano, 32 

D. Lio, D. Carlo, Age-related inflammation: the contribution of different organs, tissues and systems. 33 

How to face it for therapeutic approaches, Current pharmaceutical design 16(6) (2010) 609-618. 34 

[46] H.Y. Chung, M. Cesari, S. Anton, E. Marzetti, S. Giovannini, A.Y. Seo, C. Carter, B.P. Yu, C. 35 

Leeuwenburgh, Molecular inflammation: underpinnings of aging and age-related diseases, Ageing 36 

research reviews 8(1) (2009) 18-30. 37 

[47] H. Brüünsgaard, B.K. Pedersen, Age-related inflammatory cytokines and disease, Immunology and 38 

Allergy Clinics 23(1) (2003) 15-39. 39 

 40 

 41 

 42 

 43 

 44 

 45 

 46 

 47 



18 

 

 1 

 2 
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 4 

 5 

Table 1. Anthropometrical characteristics of the participants. 6 

Training group Control group  

Post-test (n=13) Pre-test (n=15)  Post-test (n=13) Pre-test (n=15)  

- 23.0±3.8  - 24.0±4.8 Age (yrs) 

96.6±12.08*$ 99.1±12.3 102.4±13.48 101.6±13.49 Weight (kg) 

28.06±3.00*$ 30.12±2.99 31.4±3.2 31.1±3.2 BMI 

.87±.05*$ .90±.08 1.00±0.12 .98±0.97 WHR 

 Data are given as Means ± SD. Differences between groups for baselines were tested with paired t- test. Also, Differences 7 

between groups for changes were tested with ANOVA repeat measure. The*significant difference compared to pre-test. The $ 8 

Significant difference compared to the control group (time*group interaction). 9 

 10 

 11 

 12 

Table 2. Training programme. 13 

Repetition Percentage of 1-RM Training sessions 

12-14 65 1-3 
10-12 70 4-7 
8-10 75 8-12 
8-10 80 13-18 
6-8 85 19-end 

  14 
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Table 3. Lipid profile changes in the resistance training and control groups. 1 

 2 

Training group Control group Variable 

   
Post-test Pre-test  Post-test Pre-test  

 
148.25±10.1*$ 

 
168.6 ±7.68 

 
166.3±14.3 

 
164.3±13.5 

 
TG (mg/dL) 

185.6±14.2*$ 198.8±16.7 193.8±16.9 195.9±17.4 TC (mg/dL) 

48.3±6.9*$ 45.3±7.3 43.9±5.85 43.9±6.53 HDL (mg/dL) 

105.1±9.9*$ 110.2±9.5 111.1±15.5 108.6±11.7 LDL (mg/dL) 

Data are given as Means ± SD. Differences between groups for baselines were tested with paired t- test. Also, Differences 3 

between groups for changes were tested with the two way ANOVA repeat measure. The*significant difference compared to pre- 4 

test. The $ Significant difference compared to the control group (time*group interaction). 5 

 6 

Table 4. Pearson correlation between variable changes 7 

        Apeiln Chemerin 
   R    P     r    P 

Weight .249 .319 .109 .312 
BMI .178 .480 .121 .633 
WHR .245 .067 .542 .034* 

TG .123 .435 .032 .901 
LDL .098 .701 .035 .881 
HDL -.021 .935 -.149 .554 
TC .029 .910 .320 .902 
Glucose .404 .096 .547 .019* 

Insulin .407 .093 .377 .123 
HOMA-IR .561 .014* .506 .032* 

SAA .467 .033* .490 .039* 

CRP .543 .028* .294 .236 

*significant difference at α <.05 8 

 9 
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             1 

                2 

Figure 1. Effects of progressive circuit resistance training on inflammatory biomarkers. Values are in mean ± 3 

P=.038 compared to the control group *hemerin concentration, cpelin concentration; B) Plasma aSD.   A) Plasma 4 

.004 compared to the control group (time*group P=*(time*group interaction); C) Plasma SAA concentration, 5 

-CRP concentration. SAA: Serum amyloid A; hs-.026 compared to the baseline; D) Plasma hsP=$interaction), 6 

CRP: high-sensitivity C-reactive protein. 7 
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Figure 2. Effects of progressive circuit resistance training on Glucose, Insulin, and HOMA-IR. Values are in mean 3 

± SD.   A) Fasting Glucose concentration; B) Fasting Insulin concentration, *P <.001 compared to the control group 4 

(time*group interaction), $P< .001 compared to the baseline; C) HOMA-IR , *P< .001 compared to the control group 5 

(time*group interaction),  $P< .001 compared to the baseline. HOMA-IR: Homeostatic model assessment of insulin 6 

resistance. 7 
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