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Abstract: W e compared the effects of 16-week-training on 
rest metabolic rate, aerobic power, and body fat, and the 
post-exercise effects upon rest oxygen uptake and respi-
ratory exchange ratio in overweight middle-aged females. 
Twenty nine overweight women (BMI 29.9 ± 1.2 kg*m-²) 
participated in training (3 days a week). The subjects 
were divided onto groups of aerobic (AT) and strength 
(ST) training. The results showed that the total body mass 
decrease and VO₂ max increase did not differ in both 
groups. Decrease in waist circumference after 16 weeks 
was higher in the ST group. In the ST group fat-free mass 
increased during the first 8 weeks. Rest metabolic rate was 
increased significantly at 16th week compared to initial 
value in ST group only. Significant increase in post-ex-
ercise resting VO₂ and respiratory exchange ratio at 12 
and 36 h was observed after the strength training session 
only. Increase in rest metabolic rate and post-exercise rest 
energy expenditure occurred after strength training but 
not after aerobic training despite the similar increase in 
aerobic power. The effect of 8-16 weeks of strength train-
ing on body mass decrease was higher in comparison to 
aerobic training.
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1  Introduction
According to Central Statistical Office (GUS), women con-
stituted 51% of Polish population in 2009. Almost 45% of 
them in 2009 were overweight or obese (29.4% and 15.2%, 
respectively). It was almost 3 percent-point-increase com-
pared to data from 2004 [1]. Moreover, detailed statistical 
analyses revealed that among women aged 40-49 years, 
only 50.3 % was normal weight, and it was a decrease (of 
almost 5 percent-points) in that percentage compared to 
2004 [1]. GUS states also that the amount of time spent 
on physical activity increases with the age but only to the 
range of 40-49 years, and after that it decreases. Almost 
80% of women 40-49 years old declare walking as main 
physical activity type. They also state that they spend 
about an hour a day walking [1].

There is a decline in resting metabolic rate [2, 3], 
and energy expenditure of physical activity resulting 
in decline of total energy expenditure within women of 
advanced age [4, 5]. These age-related changes in total 
energy expenditure may lead to increased adiposity in 
pre- and postmenopausal women. The menopause transi-
tion may represent a risky period in a woman’s life, ‘trig-
gering’ adverse metabolic and cardiovascular processes 
[5]. These observations have led to attempts to optimize 
exercise to maximize fat oxidation as a means to promote 
weight loss. 

Reduced rates of fat oxidation, which is preva-
lent in insulin-resistant individuals [7] (i.e., increased 
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respiratory exchange ratio, RER), have been shown to 
lead to weight gain [6]. In both pre- and postmenopausal 
women, increased glucose and insulin concentrations 
associated with decreased amount of sex hormones [8] 
and decreased basal fat oxidation [9] have been shown. 

Because resting metabolic rate (RMR) and energy 
expenditure of physical activity account for about 90% 
of total energy expenditure, any intervention that can 
increase these two components of energy expenditure 
could be useful in restoring energy balance and prevent-
ing women becoming overweight. Naturally, the combi-
nation of calories restricted diet and physical loads pro-
vides the greatest effect on body fat reduction [9, 10]. On 
the other hand, the way of leisure time spending in young 
age can influence human behaviour as well as conditions 
and sports habits, which is crucial for the fitness level in 
the future [11]. Although general requirements concerning 
possible ways of excessive body mass correction are quite 
clear, their practical realization encounters many difficul-
ties. In overweight middle-aged women (OMW) the prob-
ability of increasing energy expenditures using physical 
loads is rather restricted due to decreased physical fitness 
and everyday motor activity [12]. Physical inactivity tends 
to increase with the decline of endogenous estrogen [13]. 

These problems aggravate with age and become especially 
obvious after the age of 40 [14]. 

Until now, the most widely spread type of physical 
exercises for excessive body mass reduction has been 
aerobic exercises. An increase in their duration at about 
40% of maximum workload can further activate fat oxida-
tion [12, 15]. However, recent studies show that efficiency 
of this type of physical training is insufficient from the 
point of view of excessive body fat reduction [16]. Besides, 
some data indicate that in order to maintain the total 
effect that aerobic training has on fat oxidation activation 
its intensity should gradually increase [16, 17]. Therefore, 
there is a search for new forms and modes of health-re-
lated resistance training that take account of the age of 
the women. 

Literature data demonstrate an increase in RMR, 
norepinephrine levels and reduction in intra-abdomi-
nal adipose tissue in healthy older women in response to 
strength training (ST) [18, 19]. In contrast, investigations 
in young women have found a consistent lack of change 
in RMR with ST [20]. Weight training increases FFM and 
strength in untrained young women [20]. Strength train-
ing of postmenopausal women increases FFM and main-
tains RMR despite of weight loss [19]. 

There are numerous reasons to consider ST as one 
of the most effective types of health-related training [21]. 
However, its influence upon energy expenditures and 

activation of fat losses at rest in OMW need further investi-
gations. It is assumed that ST of OMW is a significant stim-
ulating factor for self-regulation of body energy balance 
and body mass correction. This factor may be related to 
changes of RMR and fat oxidation. Although post ST 
increase of rest energy expenditure and body composition 
has already been demonstrated for men, the influence of 
ST on OMW remains to be studied.

2  Material and methods 

2.1  Experimental Approach to the Problem

The aim of the present study was to compare the effects 
of 16 week (wk) training in groups of whole body strength 
training (ST) and aerobic training (AT) on resting meta-
bolic rate, aerobic power, body fat, and also on post-ex-
ercise effects of single training sessions upon rest oxygen 
uptake and respiratory exchange ratio in OMW.

2.2  Participants 

Twenty-nine 40-49 yrs old overweight premenopausal 
middle-aged women from Gdansk, Poland volunteered to 
participate in this study after screening of medical history, 
physical activity questionnaire, and a thorough physical 
examination to rule out any obvious signs of cardiovas-
cular, musculoskeletal, and metabolic disorders. Selected 
women had never participated in special physical training 
and during the last 6 months did not follow any special 
calorie restricted diets. In the process of study the sub-
jects were recommended to follow their ordinary diet 
typical to the last 6 months. Subjects were non-smokers, 
physically inactive for the last 6 months, and were not 
currently taking any cardiovascular, antihypertensive, or 
metabolic medications, with the exception of two women 
on oral contraceptives. About 70% of women had regular 
menstrual cycles 25-31 days. Others had irregularity in the 
cycle between 1 and 5 days. None of the participants were 
menopausal. Body mass variations during this period have 
not exceeded 3.0 kg. Participants were familiarized with 
content of studies and measurement procedures and gave 
consent for its execution. All procedures in the study were 
approved by the Local Institutional Ethical Committee at 
the Sniadecki University School of Physical Education and 
Sport in Gdansk. 
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When pooled together all subjects were character-
ized by excessive body mass which was ≥ 125% of stand-
ard weight for females of the given age determined as a 
mean value of body mass range based on standards given 
by McArdle et al. [4]. Average body mass of subjects con-
stituted 78.7 ± 3.0 kg, whereas BMI was equal to 29.9 ± 
1.2 kg·m–2. Average percentage of fat constituted 35.0% 
(within 68% of variations of 29.3–37.8). In order to realize 
different types of health-related training the subjects were 
randomly assigned to aerobic training group (AT, n = 14) 
aged 43.8 (40–49) years and strength training group (ST, 
n = 15) aged 43.1 (40–48) years. In the ST and AT groups 
there were 11 and 12 women, respectively, and all had 
regular menstrual cycles. In both groups there was one 
woman taking oral contraceptives. The subjects’ physi-
cal characteristics and VO2 max (baseline values) of both 
groups are presented in Table 1. 

Differences in the type of obesity (preferentially of the 
upper or the lower part of the body) relative to waist and 
hip circumference (waist-to-hip ratio, WHR) were eval-
uated. The criterion of van Aggel-Leijssen et al. [22] was 
applied according to which WHR ≥ 0.85 was indicative of 
the obesity of the lower part of the body. In accordance to 
this criterion there were similar number of women with 
obesity of the lower and upper part of the body in the AT 
and ST groups. 

2.3  Anthropometrical data

The body mass was determined with a calibrated digital 
scale to nearest 0.1 kg after shoes, coats, and sweat-
ers had been removed. Body height was obtained by 
a height measurement device integrated in scale to 
the nearest 0.005 m with subjects in standing position 
without shoes. On the test day the subjects were in post 

absorptive state, dehydrated and had not exercised for at 
least 24 h. Percentage body fat and fat free mass (FFM) 
were estimated from four skin folds (biceps, triceps, sub 
scapular and suprailiac) performing every measurement 
3 times - before, after 8 and 16 wk of training, according 
to the method of Durnin and Womersley [23]. Waist cir-
cumference was measured at the smallest circumference 
between the ribs and iliac crest. Anthropometric measure-
ments were conducted by the same individual, according 
to conventional criteria and measurements procedures.

2.4  Resting metabolic rate, oxygen uptake 
and respiratory exchange ratio 

RMR was determined by a ventilated hood indirect calo-
rimetry after an overnight fast. Oxygen uptake and carbon 
dioxide production were measured by respiratory gas 
analysis. Concentrations of CO2 and O2 were measured 
in the morning in the laboratory using metabolic system 
(Quark b2, COSMED, Italy) calibrated with standard gas 
mixtures. These gas concentrations were then used to 
determine 24h RMR energy expenditure using the Weir’s 
equation [24]. Subjects were instructed to wear comfort-
able clothing and drink only water for 6 h before testing. 
All data collections were performed under identical con-
ditions relative to ambient temperature (23-26°C) and rel-
ative humidity (45-55%). Subjects were also instructed to 
keep physical activity to a minimum in the morning. They 
were instructed to lie on the bed for 30 min. After the first 
acclimatization of 10 min interval the measurement was 
made. Twenty-four-hour RMR was calculated from the 
average O2 and CO2 concentrations collected during the 
last 20 min. After single training sessions resting post-ex-
ercise oxygen uptake and RER were measured (using the 
same procedures) at 12 and 36 h after last session of the 1st 

Table 1: Physical characteristics and maximum oxygen uptake of overweight females participating in health related physical training (mean 
± SD).

Group of aerobic training (AT) Group of strength training (ST)

Age (yr)
Body mass (kg)
BMI (kg·m–2)
Body fat (%)
Lean body mass (kg)
Waist circumference (cm)
Number of participants with type of obesity in:
- the upper part of the body
- the lower part of the body
VO2 max (ml·min–1 per kg of body mass)

43.8 (40-49)
78.4 ± 2.3
30.2 ± 1.8
35.1 ± 2.2
50.8 ± 1.8
89.9 ± 4.0

6
8
29.1 ± 2.6

43.1 (40-48)
79.0 ± 2.4
29.8 ± 1.7
34.9 ± 2.1
49.8 ± 1.9
91.7 ± 4.2

7
8
29.9 ± 2.8
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and 16th week for evaluation of delayed effects of aerobic 
and strength sessions. The subjects followed their ordi-
nary diet during the study. We assumed that a decrease in 
RER value may indicate increased portion of fat oxidation 
within total energy supply of the body.

2.5  Maximal oxygen uptake 

Maximal oxygen uptake test was performed using incre-
mental grade bicycle exercise protocol 7 days prior to 
onset of training sessions. All subjects were familiarized 
with bicycle exercise (Monark, Sweden) and gas analy-
sis procedures prior to the study. The test was terminated 
when the subjects could no longer continue pedalling at 
rate of 50 cycles·min–1. VO2 max was determined from the 
measurement of the fractional concentrations of O2 and 
CO2  (Quark b2, Cosmed, Italy). To achieve a true VO2 max, 
subjects had to meet two of the following criteria: plateau 
in VO2 max and RER > 1.1, or HR within 10 beats of their age 
predicted HR max.

2.6  Training

Both groups of participants trained at the same University 
gym.

Group AT performed exercises of preferentially aerobic 
type (cyclic character) on training apparatus (bicycle and 
rowing ergometer). All recommendations concerning 
intensity, frequency and duration of exercises were thor-
oughly followed [12, 17]. Training sessions (80 min) were 
conducted 3 times a week. The duration of activity in one 
session at a heart rate of 136–156 beats/min varied from 
35–42 min to 50–55 min; a definite alternation of activity 
types was envisaged. The intensity of training loads was 
gradually increased weekly as the level of females’ condi-
tioning improved. The total energy cost of a session was in 
the range of about 400–600 kcal which corresponded to 
recommendations for such type of training for health-re-
lated physical training [17]. 

In group ST during 16 wk women performed an 
extended whole body strength training 3 times a week on 
standard strength devices according to “circuit” method of 
training in series of 8–12 repetitions (60–65% of maximum 
strength in one maximum repetition – 1RM) in the first 
two weeks. 

All subjects were given 2–3 min of rest between sets 
throughout the entire strength training program. Training 
included exercises that trained all the major muscle 
groups of the body (whole body strength training) [21]. 

Lower body exercises included unilateral leg press, leg 
curl, and leg extension, whereas the upper body muscle 
groups were trained using the chest press, alternat-
ing pull-down, military press, upper back, and triceps 
machines. The biceps were trained unilaterally using free 
weight dumbbells with biceps curls, whereas the abdom-
inal muscles were exercised with both the Keiser abdom-
inal machine and abdominal crunches. The concentric 
phase of each repetition was performed in about 1.5–2 s 
and the eccentric in about 2–3 s. Principles of progres-
sive strength training with orientation of person 1 RM 
were applied. Subjects gradually increased the resist-
ance, after a warm-up at 50% of their 1 RM, until failure to 
complete a repetition occurred. This resulted in 12–14 RM 
for the 14-16 wks. Strength training loads was gradually 
increased weekly as the level of females’ 1 RM improved. 
On this basis, the degree of increase of resistance and 
exercise sessions load were determined [25]. Alternated 
exercises of standard type for muscles of the upper and 
the lower part of the body were performed. Subjects per-
formed one set on all the upper body exercises and two 
sets of the lower body exercises. The strength exercises 
were aimed at both maximum strength development and 
strength endurance enhancement [25]. Total energy cost 
of such training session constituted about 400-480 kcal. 
All aerobic and strength sessions were subjectively heavy 
and monitored by at least two fitness coaches. Figure 1 

Figure 1: The parts (in percent) of whole time of training sessions 
mainly aerobic, strength type and other exercises in groups of over-
weight females with aerobic (AT) and strength (ST) training.
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represents the specific weight of physical exercises mainly 
aerobic or strength type and other exercises for health-re-
lated training sessions in the group of OMW. 

2.7  Statistical analyses 

Statistical analyses were performed using a statistical soft-
ware package (SYSTAT). Data were checked for the normal 
distribution by Kolmogorov-Smirnov test. All obtained 
data showed normal distributions. Responses to aerobic 
and strength training were assessed using a repeated mea-
sures’ Students t-test because all variables were assessed 
before and after the period of training. Values were pre-
sented by means ± standard deviations, and significance 
level was set at α = 0.05.

3  Results

3.1  Body composition

Changes of total body mass and body mass index in AT 
and ST groups after 8 and 16 wks are presented in Table 
2. The data showed that both types of training resulted in 
significant reduction of body mass and BMI. It took place 
after both the first 8 and the following 8 wks of training. 
The comparison of changes (decrease in percent) in body 
mass (from initial level to level at 8th wk, and from level at 
8th wk to level at 16th wk) shows that after 8 and 16 wks of 
training reduction of body mass in the AT group consti-
tuted 2.7 kg and 5.0 kg (6.3%), respectively, as compared 
to initial values. In the ST group the above reduction con-
stituted 0.6 kg and 4.1 kg, respectively (5.4 %). There were 

significant differences in the decrease (in percent) in body 
mass between initial value and value at 8th week of train-
ing in the AT group. This reduction was higher in the AT 
group as compared to ST one. At the next stage of train-
ing (from 8th to 16th wk) we observed significant decrease 
in body mass in both AT and ST groups. Slightly higher 
decrease of total body mass was observed in females 
engaged in ST group from 8th to 16th wk. 

The data of changes in body fat and FFM are pre-
sented in Table 3. The results showed that during 16 wks 
of training percent of body fat has gradually decreased. 
The degree of body fat (%) decrease in the ST group at 
16 weeks of training was significantly higher than in the 
AT group. During 16 wks of training percent of body fat 
gradually decreased from 35.1% to 33.0%, and from 36.6% 
to 30.5% in the AT and ST groups, respectively. A signifi-
cant increase of FFM has been observed during the first 8 
weeks in the ST group. Total increase in FFM after 16 wks 
of strength training was 1.6 kg (1.2 kg for the first 8 wks). 
Data presented in Table 3 show that both types of training 
led to significant decrease in waist circumference. Total 
decrease in waist circumference after 16 weeks of training 
was higher in the ST group. The decrease in the AT group 
constituted 5.5 cm (-6.3%), whereas that in the ST group 
was more evident and constituted 9.6 cm (–10.7%). 

3.2  Resting metabolic rate and oxygen 
uptake changes

The RMR and oxygen uptake significantly increased (P = 
0.0014 and P = 0.0085, respectively) at 16th week compared 
to initial value in the ST group (Table 4). There were no 
statistically significant changes in the VO2 and RMR in the 
AT group. 

Table 2: Values of body mass and body mass index (BMI) before and after 8 and 16 wks of aerobic (AT) and strength (ST) training of over-
weight females (mean ± SD).

Before 8th wk 16th wk Significance of differences (P values)

1 2 3

Group AT (n = 14)
Body mass (kg)
BMI (kg·m–2)

78.4 ± 2.3
30.2 ± 1.8

75.7 ± 1.8
29.2 ± 1.6

73.4 ± 1.7
28.3 ± 1.5

1-2 (0.0019); 2-3 (0.0018); 
1-2 (0.0454); 2-3 (0.0458)

Group ST (n = 15)
Body mass (kg)
BMI (kg·m–2)

77.9 ± 2.4
29.8 ± 1.7

77.3 ± 2.0
29.6 ± 1.5

73.8 ± 1.8
28.1 ± 1.4

2-3 (0.0000)
2-3 (0.0085)
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3.3  Maximal oxygen uptake

VO2 max per kg of body mass significantly increased at 
16th wk compared to initial value in the AT and ST groups 
(P = 0.0354; P = 0.0140, respectively). However, VO2 max 
per kg of FFM increase did not reach the significant level 
(Table 5). 

3.4  Post-exercise effects of single training 
session

Results of resting oxygen uptake and RER measurements 
for 12 and 36 h after aerobic training session (in the AT 
group) at the beginning (1st wk) and at the end (16th wk) 
training program are presented in Table 6. No signifi-
cant differences were observed between VO2 and RER of 
pre-exercise, 12 and 36 h after the AT session. There were 
no statistically significant changes between the 1st and the 
16th wk of training. Results of resting VO2 and RER mea-
surements for 12 and 36 h after single strength training 
session (in the ST group) at the beginning (1st wk) and at 
the end (16th wk) training showed an increase at 12 and 

36 h vs. pre-exercise at 16th wk only (data not presented). 
Comparison of RER values at 1st and 16th wk also showed 
an increase (data not presented). 

The study of RER values changes (in %) after training 
sessions of different type showed that significant changes 
took place after single strength training session only 
(Figure 2). For the first week after the strength training 
session, a significant decrease in RER was noted between 
the initial basal level and the level at 12 h, and between 
the level at 12 h and the level at 36 h. For the 16th wk a sig-
nificant decrease was noted between the initial basal level 
and the level at 12 h.

4  Discussion
The increase in RMR and energy expenditure of physical 
activity with strength training could explain the decrease 
in fat mass that has been reported in response to this 
type of training [26]. The resulting effects of ST is induced 
by increases in muscle mass and RMR [10]. Escalating 
decline of basal fat oxidation with aging is a high gender 

Table 3: Characteristics of overweight females’ body fat before and after 8 and 16 wks of aerobic (AT) and strength (ST) training (mean ± SD).

Before 8th wk 16th wk Significance of differences (P values)

1 2 3

Group AT (n = 14)
Body fat (%)
Fat-free mass (kg)
Abdominal circumference (cm)

35.1 ± 2.0
50.8 ± 1.8
89.9 ± 4.0

34.1 ± 1.9
49.9 ± 1.9
87.7 ± 3.2

33.0 ± 1.6
49.4 ± 1.7
84.4 ± 3.0

–
–
2-3 (0.0092)

Group ST (n = 15)
Body fat (%)
Fat-free mass (kg)
Abdominal circumference (cm)

36.0 ± 2.1
49.9 ± 1.9
91.7 ± 4.2

33.9 ± 1.8
51.1 ± 1.7
87.0 ± 3.1

30.5 ± 1.7*
51.5 ± 1.5
82.1 ± 2.8

1-2 (0.0065); 2-3 (0.0000)
1-3 (0.0162)
1-2 (0.0016); 2-3 (0.0001)

* – significant difference between AT and ST group, P = 0.0004.

Table 4: Resting oxygen uptake and rest metabolic rate changes related to 16 wks of aerobic (АT group) and strength (ST group) training of 
overweight females (mean ± SD).

Before 16th wk Significance of differences  
(P vaules)

Increase (%)

Group AT (n = 14)
O2 uptake (ml·min–1)
RMR (kJ·d–1)

184.1 ± 15
5527 ± 827

193.8 ± 18
5821 ± 898

–
–

–
5.30

Group ST (n = 15)
O2 uptake (ml·min–1)
RMR (kJ·d–1)

185.8 ± 18
5540 ± 875

203.4 ± 16
6688 ± 901

0.0085
0.0014

–
9.52
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specific characteristic of women [2, 27, 28]. In middle-aged 
(pre-menopausal) women this may be more distinct [2]. 
Presented data demonstrate border-line level of excessive 
body mass of studied females. Most frequently the degree 
of excessive body mass is classified as the initial stage of 
obesity when BMI exceeds 30 kg*m–2. BMI standard has a 
tendency to shift towards higher indices with age. 

The stimulation effect of health related physical train-
ing on body composition for women can be explained by 
differential responses in RMR or energy expenditure of 
physical exercise. Some studies have demonstrated that 
strength training may increase resting energy expendi-
tures in elderly males [18, 29], whereas single training 
session with concentric resistance exercises enhances 
RMR within 48 hours after load in healthy 59–77 yrs old 
men [30, 31]. At the same time increase in fat oxidation 
(on the basis of RER changes) has not been noted in these 
studies. Melanson et al. [32] showed that moderate-dura-
tion single exercise (≤ 1 h) has little impact on 24-h fat oxi-
dation. In contrast, 48 hours single bout of strenuous resis-
tance exercise of young men resulted in elevation of RER 
with concomitant increase in fat oxidation. However, the 
possibilities of correction of excessive body mass by using 
prompt effects of strength exercises for women of different 

Table 5: Maximal oxygen uptake changes related to 16 wks of aerobic (AT group) and strength (ST group) training of overweight females 
(mean ± SD). 

Before 16th wk Significance of differences 
(P values)

Group AT (n = 14)
VO2 max (l·min–1)
VO2 max (ml·min–1 per kg of body mass)
VO2 max (ml·min–1 per kg of FFM)

2281 ± 187
29.09 ± 2.6

44.90 ± 2.8

2305 ± 197
31.40 ± 2.9

46.66 ± 2.4

–
0.0354

–

Group ST (n = 15)
VO2 max (l·min–1)
VO2 max (ml·min–1 per kg of body mass)
VO2 max (ml·min–1 per kg of FFM)

2330 ± 191
29.91 ± 2.8

46.69 ± 2.4

2395 ± 201
32.45 ± 2.5

48.48 ± 2.6

–
0.0140

–

Table 6: Oxygen uptake and resting respiratory exchange ratio at 12 and 36 h after aerobic training session (n = 8).

Parameters Pre-exercise 12 h 36 h
1 2 3

1st week
O2 uptake (ml·min–1)
Respiratory exchange ratio

183.4 ± 15
0.881 ± 0.05

196.2 ± 17
0.862 ± 0.03

187.6 ± 19
0.884 ± 0.01

16th week
O2 uptake (ml·min–1)
Respiratory exchange ratio 

193.0 ± 18
0.863 ± 0.003

205.5 ± 19
0.856 ± 0.01

190.1 ± 17
0.861 ± 0.01

Figure 2: Post-exercise changes of resting respiratory exchange ratio 
(as % of initial basal level) at 12 and 36 hours after training session 
in groups of aerobic (AT) and strength (ST) training. Data for the 1st 
and the 16th week of training are presented.
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age groups were not experienced. For that reason, studies 
of effects of strength training in middle-aged women may 
help to better understand this type of training’s effect 
factors that influence body composition. Thus the present 
study deals with the examination of health training in 
overweight women, which relates to determining the role 
of strength training as one of the adequate means for 
excessive fat reduction. We assumed that in pre-meno-
pausal (middle-aged) women the results of strength train-
ing may be more pronounced then in young female. The 
effects of strength- and aerobic training on body mass, 
body fat decrease and on aerobic power and RMR were 
controlled in the study. Attention was focused on augmen-
tation of resting metabolism under the influence of aerobic 
and strength exercises rather than on energy expenditure 
during training sessions. It is known that RMR may be the 
dominating factor of increase daily energy expenditure 
and decrease of excessive body mass [4, 12]. Prerequisites 
for such examination arise from logical analysis of known 
general effects of strength training. General and partic-
ular programs of strength training including those for 
females both for sport and health-related purposes have 
been elaborated [17, 21, 25]. The present study investigates 
the role of aerobic and extended program of strength exer-
cises in body mass correction of OMW independently. 
Aerobic training included cyclic type of exercises. It rep-
resents widely used type of physical training for correction 
of excessive body mass by increasing the energy expendi-
ture. Sixteen weeks of training induces the increase in VO2 
max per kg of body mass and of fat-free body mass only. In 
AT and ST groups the increase in VO2 max per kg of body 
mass did not differ significantly and reached 7.9 and 8.4%, 
respectively. In the present study, the training effects in 
both groups were related mainly to the decrease in whole 
body mass but not to the increase in VO2 max of FFM. The 
physical fitness level of studied females (estimated by VO2 
max values) was comparable for both groups and corre-
sponded to usual values for the age groups of women who 
did not participated in a special program of physical train-
ing [2, 4]. Therefore, this type of 16-wks physical training 
of OMW had no specific effects for VO2 max increase.

The presented data demonstrate that RMR increased 
from 1st to 16th wk of training. In the ST group a significant 
increase was observed in 12 out of 15 women. However, in 
the AT group only a tendency (statistically not significant) 
was observed in the increase in RMR and oxygen uptake 
at rest. Some studies on women solely to investigate the 
effect of exercise on RMR were provided. Lemmer et al. [33] 
showed that changes in RMR in response to strength train-
ing were affected by gender and not by age. When young 
and older men (20–30 and 60–75 yrs) were pooled as a 

group, there was a significant increase in RMR within 24 
wks of strength training (total RMR significantly increased 
by 7%), whereas young and older women showed no 
change in response to this type of training [20, 33]. The 
lack of a change in RMR for women is consistent with pre-
vious studies in both young [20] and older women but is 
in contrast to other studies in women [19]. In the present 
study total RMR significantly increased by 9.5% vs. initial 
value. It may be related specifically to pre-menopausal 
women with more distinct age-related decrease in RMR 
[3]. Furthermore, one of the essential reasons of being 
overweight is the distinctive RMR decrease in women aged 
40–50 yrs and the decrease in basal fat oxidation in aging 
women [28]. In both pre- and postmenopausal women, 
several studies have shown that increased glucose and 
insulin concentrations are associated with increased free 
testosterone and decreased sex hormone binding globu-
lin [8]. It is known that female sex hormones may affect 
several enzymes involved in the metabolism of triglycer-
ide and may also affect lipolysis [27]. The temporal direc-
tion of this relationship in women is not clear, however. 
Studies of young females showed no significant effects of 
aerobic and strength training when RMR was corrected for 
FFM [33]. The single study showed no change in responses 
of RMR to strength training for either young (age = 26 yr) 
or older (age = 70 yr) individuals [20]. However, this could 
be related to the fact that the subjects did not increase 
FFM in response to strength training. In the other studies 
the increase in RMR in response to strength training in 
older men and women of 60-70 yrs old was shown, when 
pooled together [19, 33]. Lemmer et al. [33] concluded 
that changes in absolute and relative RMR in response to 
strength training are influenced by gender but not age. In 
contrast to what has been suggested previously, changes 
in body composition in response to strength training are 
not due to the changes in physical activity besides train-
ing. These studies, however, cannot be compared with-
strength training-induced changes in RMR in OMW.

Our results showed that the degree of body mass 
reduction for 16 wks was quite similar during aerobic 
and strength training. The comparable levels of decreas-
ing body mass for 12-14 wks of training were obtained in 
other studies [20]. Significant differences in the extent 
of body mass reduction (%) were noted during the first 
stage (8 wks) of training. This reduction was higher in 
the aerobic group as compared to the strength one. The 
further decrease in body mass in ST group from 8th to 16th 
wks was however higher (P = 0.0000). Nevertheless, the 
main part is the increase in FFM and was noted for the 
first 8 wks of strength training. The same amount of BMI 
reduction at each training stage was observed. Differences 
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of waist circumference reduction between groups were 
already evident at the first stage of training (the first 8 
wks). Body fat from the abdominal region is recognized 
as being much more lipolitic than adipose tissue from 
the gluteal-femoral region [30]. It is noteworthy that the 
most obvious changes (decrease) in waist circumference 
in ST group took place for the second stage of training 
(from 8th to the 16th wk). Thus, the data resulted in higher 
degree (in %) of total body fat decrease in ST group during 
the whole period of training (–15.6%) as compared to AT 
group (–6.1%) which occurred mostly at the second stage 
of training.

The data presented showed that a single strength train-
ing session induced (unlike aerobic type one) significant 
increase in resting oxygen uptake after 12 h both during 
the first and the 16th week. During the 16th week even after 
36 h it remained on the level significantly higher than the 
initial one. These findings are indicative of the fact that 
strength training (single training session) produces higher 
post-exercise effect on resting oxygen uptake than aerobic 
training. In other words, an increase in energy expendi-
tures during strength training is taking place not only 
during the session but for about 24 h after one. In contrast, 
results of Jamurtas et al. [34] showed that post-exercise 
increase in RMR and fat oxidation (for at least 24 h post-ex-
ercise) of either strength or aerobic types of similar inten-
sity and duration was comparable. It is noteworthy that in 
the ST group the initial (pre-exercise) level of RER during 
the 16th wk was significantly lower than during the 1st wk, 
that is, in comparison to the pre-exercise state. Analysis 
of RER changes (its decline) may indicate enhanced fat 
oxidation 12 h after training session. The decrease in RER 
within 16 wks of strength training was maintained 36 h 
later (–5.1% and –4.5%, respectively at 1st and 16th wk). 
During 16 wks of aerobic training these changes in RER 
were not observed. It was shown earlier that low-intensity 
aerobic training (40% VO2 max) did not change fat oxida-
tion at rest in obese 32–42 yrs women [21]. In the ST group 
a decrease in gas exchange ratio 12 h after the session was 
observed during the first week of training (–12.0%) and 
the 16th wk (–8.9%). In the AT group RER did not change 
by more than 2.5% on the average after single training 
session. These data may indirectly indicate that strength 
training of OMW produces significant post-exercise effect 
which consists in daily increase in fat oxidation, or pos-
sibly even longer. The degree of this increase (up to 12%) 
may represent an important factor for excessive body mass 
reduction. The results showed that aerobic training had 
no effect on RMR and post-exercise effect. In the AT group 
increase in RMR did not reach the level of significance. It 
confirms an earlier study concerning the determination of 

RMR during 20 wks of endurance training of 17–63 yrs men 
and women [6]. There were no changes in post-training 
RMR after the last exercise bout and in chronic adaptation 
in the presence of small changes in body composition and 
a large increase in VO2 max (17.9%). Maximal fat oxidation 
rates seem to be higher in women compared with men. Fat 
oxidation rates are higher at a given exercise intensity in 
female subjects and maximal fat oxidation rates occur at 
a higher exercise intensity [26]. Although the mechanism 
is not clear, the ability of female subjects to use more fat 
during exercise may be due to differences in levels of cir-
culating hormones and catecholamine, a more oxidative 
muscle fiber type distribution, an increased sensitivity to 
catecholamine-stimulated lipolysis, or increased activity 
of hormone-sensitive lipase [35]. The reason of the low 
effect of aerobic training in women may be related to its 
relatively low intensity. There were findings that show a 
relatively heavy work rate (at the ventilatory threshold) 
elicits the highest rate of fat oxidation in the female pop-
ulation [16]. Thus, strength training creates a predisposi-
tion for additional increase of daily energy expenditures 
at rest both as a result of chronic adaptation as well as 
by increasing the rest energy expenditure for 12–36 h after 
training bouts. Interestingly, the level of daily energy 
expenditure in the ST group for 12 h period after train-
ing sessions was higher (7206 kJ·d–1) than in the AT group 
(5963 kJ·d–1). The increase observed in the ST group after 
12 h was 13.4% and 11.6% (during the 1st and the 16th wk, 
respectively). 

One may assume that some specific effects of strength 
exercises in pre-menopausal women are related to hor-
monal background and resting metabolism change. It 
is evident that increase in muscular mass, strength and 
strength endurance would be the normalizing factor with 
respect to excessive body fat. There are data demonstrat-
ing that strength training results in increased resting 
blood epinephrine content, which is hardly observed 
during regular endurance training [14, 15]. Acute bouts 
of resistance exercise of young males elicited a greater 
response of growth hormone compared to continuous 
aerobic session [36]. One possible explanation for the 
training effect of strength training on RMR and post exer-
cise fat oxidation rising in women is the increase in sym-
pathetic nervous system activity [5, 33, 37]. Pratley et al. 
[18] attributed the increase in RMR over that which could 
be accounted for by increased FFM to an increase in sym-
pathetic nervous system activity, which conversely was 
not demonstrated by Ryan et al. [19]. Unfortunately, sym-
pathetic nervous system activity was not measured in 
the current study. In one case it was shown that body fat 
and body lipids in postmenopausal women are related to 
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resting autonomic nervous system activity measured by 
power spectral analysis of heart rate variability [38]. This 
study further implies that autonomic depression could be 
a crucial risk factor in being overweight and in undermin-
ing the health of pre- and post-menopausal women [39]. 
Perhaps this was the reason of strength training (unlike 
the aerobic one) inducing post-exercise (after training 
bout) fat oxidation increase within 36 h. This effect was 
not only maintained but even reinforced under the influ-
ence of 16 wks of strength training. Thus, in the given 
work the above mentioned hypothesis has been convinc-
ingly confirmed. This fact acquires especially great impor-
tance taking into consideration that the degree of resting 
metabolism enhancement in studied OMW has correlated 
with the degree of post-exercise RER decrease (r = 0.59, P 
= 0.0432). Increased energy expenditures within relatively 
a long period of time after the session along with simul-
taneous enhancement of fat oxidation may explain the 
significant differences in adipose tissue loss in AT and ST 
groups. Differences in approximately 1250 kJ constitutes to 
about 65–70% of energy expenditures during the training 
session. As a result, the total effect (according to energy 
expenditures) of strength type bout along with its post-ex-
ercise effect exceeds that aerobic type sessions. Thus, in 
contrast to what has been suggested previously for young 
and old women, in middle-aged females changes in RMR 
and body fat composition in response to whole body 
strength training were shown. Previously, the treatment 
effect on body fat of twice-weekly strength training in 164 
overweight women 25–44 yrs for 2 yrs was shown [29].  A 
comprehensive comparison of relevant data in the litera-
ture concerning the effects of strength training on resting 
energy expenditure and body composition changes in 
OMW is not possible due to the lack of such studies. 

5  Possible limitations of the study
It remains unclear, how different intensities of strength 
training can influence RMR and body composition spe-
cifically in relation to hormone and resting autonomic 
nervous system activity changes in middle-aged women 
and the role of large individual differences in the respon-
siveness to endurance and resistance training [37]. It 
is determined by several factors including difference 
of hormone response to the characteristics of strength 
training: type of strength exercise, the frequency, inten-
sity, volume, type of recovery. It may be suggested that a 
number of series are determinants of the level of activa-
tion of the endocrine and autonomic nervous systems.

6  Conclusion
The results of this study indicate an apparent effect of 
strength training on body fat and resting energy expen-
diture in OMW in the presence of increasing in VO2max 
(both per kg body mass and FFM) and decrease in BMI. 
These findings show that strength training can have a 
positive effect on body composition in OMW. Strength 
training-induced reductions in fat mass may be related to 
increases in fat oxidation. It is expressed in the increase  
in RMR and in more intensive post-exercise fat oxidation 
during 16 wks of strength training compared to equiva-
lence severity of aerobic training. After aerobic training 
sessions the above post-exercise and post-training effects 
was not observed. The effect of the first 8 wks of aerobic 
training on body mass decrease was higher in compari-
son with strength training. However, for the 8-16 wks this 
effect was higher in ST group. 

The results obtained can have application in exercise 
prescription in health-related training of OMW. By using 
available data on OMW body mass correction studies pre-
scriptions may be based on the natural mechanism of 
self-regulated body energy expenditure. 
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