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Abstract
Resistance exercises are commonly used by sportsmen and trainers to increase strength, muscle mass, and fatfree mass. The aim of this study is to investigate the effects of moderate-intensity circuit resistance training on
resting metabolic rate and body composition. Moderately active male subjects (n=16) were voluntarily
participated in this study and the subjects were randomly assigned into either training (n=8, 25.1±1.3 years) or
control (n=8, 24.8±1.4 years) group. The moderate-intensity circuit resistance training group followed a 12-week
exercise program while the control group had no resistance training. The subjects’ resting metabolic rates and
body composition assessments were performed at the beginning of the study and at the end of the 12-week
training period as pre- and post-tests. Statistical analyses conducted by using paired samples t-test showed that
there were no significant differences (p>.05) in the resting metabolic rates, heart rates and respiratory exchange
ratios between the training and control groups. At the end of the 12-week training period there was a significant
increase (p<.05) in fat-free mass (2.5%) and a significant decrease (p<.05) in fat mass (-8.5%) and body fat
percentage (-8.9%) of the training group. No significant differences were observed in the control group. Bone
mineral density and body weight values were not statistically different in any group, either. The results showed
that the 12-week moderate-intensity circuit strength training had no significant effect on resting metabolic rate
but body composition values of the training group were improved.
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INTRODUCTION
Resting metabolic rate (RMR) is the minimum amount of calorie needed for a human to continue
his/her vital functions at rest, in leaning position and while awake (Heyward, 1991). It is generally
measured in kcals burnt in a day (kcal.day-1). RMR is directly proportional to the individual’s body
size and surface area; tall and heavy individuals have greater RMR values than those of short and light
individuals (Cunningham, 1982). Along with body size and age factors, RMR is also affected by body
composition. Individuals with more fat-free mass (FFM) have higher RMR values than those of who
have less FFM (Ravussin and Bogardus, 1989; Segal et al., 1985), because fat mass (FM) is
metabolically less active than the muscle tissue (Heyward, 1991).
RMR makes up 60-70% of our daily calories burnt but this depends on the individual’s activity level
(Byrne and Wilmore, 2001; Poehlman and Melby 1998; Wilmore and Costill 1994). An increase about
1-2% in RMR may contribute to one’s body composition and weight control in long-term (Byrne and
Wilmore, 2001). The effects of physical exercises on increasing RMR are not revealed completely
(Wilmore and Costill, 1994). RMR is closely related to body fat-free mass and following a resistance
training program to increase the fat-free mass can be an effective way to increase RMR (Wilmore and
Costill, 1994). There are many studies in literature showing the effects of aerobic training on RMR.
Some of them state that aerobic exercise does not have an effect on RMR (Antunes et al., 2005;
Broeder et al., 1991; Broeder et al., 1992; Heijden et al., 2010; Jennings et al., 2009; Lee et al., 2009;
Wilmore et al., 1998), some state a detrimental effect on RMR (Donnelly et al., 1991; Geliebter et al.,
1997) while some others state that aerobic exercise increases RMR (Potteiger, 2008). In a limited
number of studies done to reveal the effects of resistance exercise on RMR (Heden et al., 2011; Hunter
et al., 2000; Kirk et al., 2009; Abboud et al., 2013; Scharhag-Rosenberger et al., 2014; Aristizabal et
al., 2015; Greer et al., 2015), the effects of resistance training on RMR was not shown clearly.
No specific study on how the moderate-intensity circuit resistance training (MICRT) affects RMR was
found. Circuit resistance training (CRT) increases aerobic endurance moderately while an increase
occurs in strength, muscular endurance and flexibility. More, it may change one’s body composition
well by increasing the muscle mass and decreasing fat-mass (Wilmore and Costill, 1994). Especially,
when the total workloads of the moderate-intensity circuit resistance trainings are considered, they
also contribute to both aerobic and muscular endurance. These kind of exercises may increase fat-free
mass and contribute to both RMR and body composition positively. In this context, the aim of this
study is to investigate the effects of MICRT on RMR and body composition in young adults.

METHOD
Research Group
Sixteen moderately active males volunteered to participate in this study and were randomly assigned
to circuit resistance trained (n=8; 25.1±1.3 years) and control groups (n=8; 24.8±1.4 years). Physical
characteristics of the participants are presented in table 2. The study was performed in accordance with
the Helsinki Declaration of 1975. All subjects were informed of the purpose of the study, completed a
medical history form and signed a written consent form approved by the Duzce University, School of
Medicine, Ethics Committee of Non-invasive Clinical Researches.

Resting metabolic rate (RMR) assessment
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RMR assessments of the subjects were done both before and after the 12-week training period. The
assessments were done in the morning time following an all-night sleep (approx. 8 hours) and 12-hour
fasting. The subjects did not have any strenuous physical activity in the last 48 hours before the RMR
assessment. After the subjects were invited into the laboratory, they were asked to stay in semi
recumbent position for 45 mins. The lab was a semi-dark, temperature controlled (21.8±.6 °C), and
isolated room. The subjects were not allowed to speak, move, or sleep during the assessment. Oxygen
uptake (VO2) and carbon dioxide output (VCO2) were recorded automatically in every 10 secs by an
automatic gas analyser (Cortex Metalyzer II, CORTEX Biophysik GmbH Germany) in the last 30 min
of the assessment period. Gas analyser was calibrated before the assessment according to the protocol
provided by the producing company. In the 10-min period between the minutes 15 and 25, the mean
values of oxygen uptake (VO2) and carbon dioxide output (VCO2) were taken and used to compute
RMR. RMR calculation was done by using Weir equation as follows:
RMR = [(3.941) (VO2) + (1.106) (VCO2)] (Weir, 1949).
Where VO2 is the volume of oxygen uptake (mL.min-1) and VCO2 is the volume of carbon dioxide
output (mL.min-1). The subjects’ heart rates were recorded during the measurements of resting
metabolic rate procedure with the recording device (Polar Sport Tester Heart Rate Monitor, Polar
Vantage Nv, Polar Electro Oy, Finland).
Assessment of body composition
Body weight and height were measured by using a mechanical scale with height rod (Seca 700; Seca
GmbH & Co. KG., Hamburg, Germany). Weight graduation was 50 g and measure rod graduation was
1 mm. Body composition was assessed by dual-energy X-ray absorptiometry (DXA) by using the GE
Lunar DPX Pro Pencil Beam Scanner (GE-Lunar Corporation, Madison, WI). The calibration was
done on a daily basis by the technician using the instrument and the certificated officials of the
company on a monthly basis. Tests, checks and phantom measurements of the system were checked
every three months at the company technical service.The total body scan provided values for bone
mineral density (gr/cm2), non-bone lean tissue (kg), and fat-mass (FM) in the whole body and in the
arms, legs, trunk, android, gynoid separately. Fat-free mass (FFM) was defined as the sum of nonbone lean tissue and bone mineral content.
MICRT protocol
After completing all pre-tests a total of 8 subjects participated in a MICRT for 12 weeks, three days
per week. The resistance training program consisted of the following 16 exercises for the lower and
upper body: barbell curl, preacher’s curl, pushdown, triceps extension, back press, lateral raise, chest
press, pec deck fly, lat pull down, seated row, leg press, leg extension, lying leg curl, floor hip
extension (kick back), floor hip abduction, and crunch. Training sessions began following a 10-min
warm-up. During the resistance training sessions, subjects performed 10-14 repetitions per set, with a
work load equivalent to 40-60% of their one repetition maximum (1RM) (Brzycki, 1993). Two or
three sets per exercise per training session lasted approximately 1 hour. Training intensity (weight, and
repetitions) was adjusted according to each participant’s progress during the training period. The
training protocol is presented in table 1.
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Table 1. Training protocol for the MICRT group
Weeks

Session/week

Sets

Repetitions

1-3
4-6
7-9
10-12

3
3
3
3

2
2
3
3

10-12
10-12
12-14
12-14

Rest between
sets
45 sec.
45 sec.
30-45 sec.
30-45 sec.

Rest between
exercises
90 sec.
90 sec.
60-90 sec.
60-90 sec.

Workload
(1RM%)
40
40
50
60

Analyses of data
The mean and standard deviations (mean ± SD) were calculated as descriptive statistics. Data were
analysed by using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA). Independent sample t-test was
used to assess differences between (pre- and post-tests) group values. Differences between pre- and
post-test (within group) were analysed using paired samples t-test. The homogeneity of variances was
assessed by Levene tests. The level of significance was set at p<.05.
RESULTS

Resting Metabolic Rate
Results of the RMR measurements are presented in table 2. There were no significant group
differences before and after the intervention. RMR, heart rate (HR) and respiratory exchange ratio
(RER) were not significantly (p>.05) changed either in the control or in the training group over the 12
weeks (Table 2).
Table 2. Pre- and post-test RMR, HR and RER results of the MICRT (n=8) and Control (n=8) groups (mean ±
SD)
Variables

Group

Pre-training

Post-training

Change

RMR (kcal.d-1)

MICRT
Control

1466.6 ± 92.4
1558.5 ± 82.8

1496.9 ± 85.9
1561.5 ± 79.6

30.3
2.9

.606
.939

HR (beats.min-1)

MICRT
Control

62.8±5.2
61.1±4.7

60.9±5.6
61.2±5.6

-2
0.1

.143
.936

RER

MICRT
Control

.8968±.168
.7949±.083

.8151±.034
.8269±.048

-.081
.032

.230
.295
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Table 3. Physical characteristics and body composition at baseline and at 12 weeks between the circuit
resistance training (MICRT, n=8) and Control (C, n=8) groups. (mean ± SD)

Variables

Groups
MICRT
Control

Pre-test
25.1±1.3
24.8±1.4

Post-test

Change

p

MICRT
Control

173.7±.6
173.8±.5

Body weight (kg)

MICRT
Control

67.5±3.1
69.7±3.3

67.7±3.8
70.6±3.4

.2
.9

.657
.329

BMI (kg/m2)

MICRT
Control

22.3±1.9
23.1±3.8

22.4±1.8
23.3±4.2

.1
.2

.756
.427

FM (kg)

MICRT
Control

12.9±3.9
14.8±3.1

11.7±3.3
15.9±3.2

-1.2
1.1

.040#
.072

FFM (kg)

MICRT
Control

54.6±2.7
54.7±2.3

56.0±2.2
55.4±2.7

1.4
.6

.004*
.219

PBF (%)

MICRT
Control

19.8±2.7
21.9±4.2

17.9±3.3
22.8±2.4

-1.8
.8

.014#
.151

Bone mineral density
(gr/cm2)

MICRT
Control

1.19±.08
1.24±.12

1.20±.08
1.24±.11

.01
.00

.371
.826

Age (years)
Height (cm)

* Significantly different from pre-training for same group, p < 0.05.
#
Significantly different from MICRT Pre, and Control Post, p < 0.05.
MICRT = Moderate Intensity Circuit Resistance Training
BMI = Body Mass Index; FM = Fat Mass; FFM = Fat Free Mass; PBF = Percent Body Fat.

Body mass and composition
Results of body mass and body composition analyses are presented in table 3. There were no
significant group differences before the intervention. After the intervention, significant (p<.05)
increases were seen in FFM (2.5%), decreases were seen in FM (-8.5%) and percent body fat (PBF) (8.9%) in MICRT, whereas the control group showed no significant changes from baseline to week 12.
Bone mineral density, body weight and body mass index (BMI) were not significantly (p>.05)
changed either in the control or in the MICRT group over the 12 weeks (Table 3). Between-groups
comparison showed significantly greater decrease for FM (-8.5%) and PBF (-8.9%) for the MICRT
group than for the control group.

DISCUSSION
In the present study, the effects of MICRT on RMR, body weight, and body composition in young
adults were studied. No dietary restriction was applied to the subjects. The results showed that 12week MICRT had no effect on RMR. MICRT had some positive effects on some body composition
parameters. MICRT applied had an increasing effect on the subjects’ RMR by 2% but this was not
statistically significant. In some studies, it was reported that FFM was related to RMR and an increase
in FFM was considered to cause an increase on RMR (Heyward, 1991; Segal et al., 1985; Wilmore
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and Costill, 1994). Although the increase in FFM by 2.5% was statistically significant, it caused no
positive effect on RMR. There are some studies supporting the findings of the present study (Antunes
et al., 2005; Broeder et al., 1992; Jennings et al., 2010). In one of these researches, Broeder et al.
(1992) stated that 12-week high-intensity resistance training decreased PBF and increased FFM but
had no significant effect on RMR. On the contrary, there are some studies with opposing results
(Byrne and Wilmore, 2001; Hunter et al., 2000; Kirk et al., 2009). Kirk et al. (2009) found that 24week minimal resistance training had a statistically significant effect on FFM and RMR (7.4%) in
young adults. In the present study, the reasons for insignificant results on RMR may be a relatively
short training period or the inappropriate statistical results due to insufficient number of subjects.
One of the aims of the present study was to examine the effects of MICRT on body composition.
According to the results, at the end of the 12-week period there were statistically significant changes in
FM, PBF and FFM, -8.5%, -8.9% and 2.5%, respectively. No statistically significant differences were
observed in the control group. Additionally, there were no statistically significant differences on body
weight, BMI, bone mineral density in either control or training groups. Resistance training is
commonly used as a method to increase FFM and decrease PBF (Ferreira et al., 2010; Heyward, 1991;
Ucan, 2013; Wilmore and Costill, 1994). In his study, Wilmore (1974) found that attending to
resistance training 2 times a week for 10 weeks showed no significant effect on the subjects’ body
weight but PBF of the control and training groups were decreased by 10% and 7.6%, respectively.
Similarly, Kwon et al., (2010), Marra et al., (2005) and Ucan (2013) stated in their studies that
resistance trainings significantly increased the subjects’ muscle mass and strength and decreased PBF,
body weight and waist circumference values significantly. These studies support the findings of the
present study. In some other studies, the effects of resistance training on body composition were not
found statistically significant (Brown and Wilmore, 1974; Hanson et al., 2009). In a study conducted
by Harber et al. (2004) 12 men (aged 18-35) were exposed to a CRT program which was consisted of
10 exercises, for 10 weeks and 3 times per week. As a result of the study, no significant differences
were observed in the subjects’ body weight, FFM, FM and PBF. As it can be clearly seen, the effects
of resistance training on body composition parameters were widely investigated but no definite
judgement about the effects of resistance training could be made. The findings of the present study
showed that MICRT increased FFM and decreased PBF.

CONCLUSION

No significant changes in RMR, bone mineral density and body weight were found either in the
control or in the training group over 12 weeks. MICRT did not affect the RMR in moderately active
young males. Furthermore CRT significantly increased FFM and decreased PBF and FM in the
experimental group.
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