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Abstract

Aerobic capacity is the capacity of large skeletal muscle 
groups to adapt to work by using energy obtained as 
a result of aerobic metabolism. VO2max is a good 
indicator of aerobic capacity and is considered to be an 
indicator of the physiological integration of pulmonary, 
cardiovascular and neuromuscular functions. 
Anaerobic capacity is the ability of the muscles to 
adapt to workouts in the form of very short duration, 
maximal and supramaximal physical activities. The aim 
of this study is to investigate the effects of aerobic and 
anaerobic training methods on aerobic and anaerobic 
capacity. 8 female (age; 18.12 ± 0.35 years, weight 46.6 
± 7.39 kg; height 162.7 ± 6.75 cm; BMI; 17.72 ± 2.60 
kg/m2, PBF; 16.01 ± 6.15%) and 8 male (age; 18.50 
± 1.19 years, weight 61.18 ± 5.43 kg; height 174.0 
± 4.00 cm; BMI; 20.16 ± 1.43 kg/m2; PBF; 12.20 ± 
3.96%) participated in this study. The volunteers were 
randomly divided into aerobic (4 female, 4 male) 
and anaerobic (4 female, 4 male) groups. Volunteers 
participated in a total of 24 training seasons, 3 days per 
week over 8 weeks. The training programs Involved 
running on a treadmill in the range of 60-70% maxHR 
for 1 hour on each training day for the aerobic group. 
The anaerobic training program included running in 
the range of maxHR 80-90% on the treadmill (2*100, 
2*200, 2*300, 1*400, 2*300, 2*200, 2*100 sprints) 
for 1 hour per season. In order to determine the aerobic 
performance of the volunteers, a bicycle ergometer 
(Monark LC6 novo, Varberg, Sweden) was used with a 
portable gas analyzer (Cosmed K5, Italy). 

In order to determine the anaerobic performance, a 
bicycle ergometer (Monark 874 E, Varberg, Sweden), 
which was connected to a computer modified for the 
Wingate Anerobic Power Test (WAnT) and compatible 
with an appropriate piece of software, was used. 
The study was planned in accordance with a pre-test 
and post-test model. For statistical evaluation of the 
data obtained, descriptive statistical methods such 
as frequency (f), arithmetic mean (X), and standard 
deviation (SD) were used.  A paired-samples t-test was 
used for the evaluation of the data obtained from pre-
test and post-test measurements. Independent samples 
t-test was used for the determination of differences 
between the sexes. The results were evaluated at 
the 0.05 significance level. Based on the findings, 
anaerobic training was observed to cause an increase 
in all components of anaerobic capacity. Significant 
differences were found in the anaerobic capacity 
components. It was found that anaerobic training 
caused a high level of difference in terms of aerobic 
capacity values, and thus increased aerobic capacity. It 
was observed that aerobic training had a positive effect 
on anaerobic capacity, anaerobic power and the fatigue 
index. Although aerobic training results in an increase 
in aerobic capacity of approximately 4%, this increase 
was not significant. 
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INTRODUCTION

 Activity degree of the practices of 
various physical exercises as well as the capacity 
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of efficiency for an individual or an athletes as 
they are undertaking a physical activity such 
as exercise, is to be evaluated as the maximum 
performance of that individual (Joyner and 
Coyle, 2008).  The main goal of the evaluation of 
maximum performance is to evaluate the energy 
amount generated though aerobic and anaerobic 
metabolism in the skeletal muscle during physical 
activity. Aerobic capacity is the capacity of large 
skeletal muscle groups to adapt to work by using 
energy obtained as a result of aerobic metabolism. 
Aerobic capacity is used as a physiological 
criterion to determine the exercise capacity of the 
athletes.   Physiologically, maximum endurance is 
articulated as the maximum aerobic capacity of the 
individual. In other words, it is the total oxygen 
amount used by an individual during an exercise 
of maximal stress (Tamer, 1996). The peak oxygen 
volume level used by the skeletal muscles during 
a gradually increased exercise test is defined as 
maximum oxygen volume (VO2max). VO2max 
is a good indicator of aerobic capacity and is 
considered to be an indicator of the physiological 
integration of pulmonary, cardiovascular and 
neuromuscular functions. Anaerobic capacity is 
the ability of the muscles to adapt to workouts 
in the form of very short duration, maximal and 
supramaximal physical activities (Yıldız, 2012). 
The contribution towards technique and tactics 
by the optimal levels of athletic performance 
components is indispensable but one should not 
overlook that technical and tactical mentality 
and conditional components are complementing 
factors (Şahin et al., 2017).
 Aerobic exercise is a highly crucial 
conditional component in a variety of branches of 
sports and the physical fitness of the individuals. 
In elite athletes, high aerobic power is found to 
be related to loading during a competition and is 
reported to help recovering during high-intensity 
intermittent exercises (Reilly, 1997). Furthermore, 
the increase in aerobic capacity also increases 
the capacity of oxygen carrying which then helps 
recovery of muscle pH and glycogen consumption 
during overloads through anaerobic energy 
(Balsom et al., 1994; Bangsbo, 1994; Tomlin and 
Wenger, 2001; Impellizzeri et al., 2006). Due to 
these qualities of aerobic exercise, it is used as one 
of the primary methods of exercise in many team 
sports.
 Anaerobic workout indicates the use 
of an explosive power and a load that exceeds 
anaerobic threshold, and is a physical activity 

type that presents itself with fatigue. Anaerobic 
activity cannot be sustained for long periods of 
time. Because, skeletal muscles are operating way 
above the steady-rate oxygen metabolism and 
through anaerobic metabolism. This circumstance 
increases lactate levels in muscle and blood. The 
buffering of accumulated lactate increases the 
CO2 release from the lungs. Fatigue presents 
itself in muscles due to decrease of pH (pH=6.4) 
(Jonathan and Euan, 1997). In muscular activities 
that require maximal generation of energy (about 
90 seconds), most of the energy is supplied by 
ATCP-CP system and anaerobic breakdown of the 
muscle glycogen (Weltmann, 1995). To increase 
the energy transfer capacity of ATP-CP, repeated, 
powerful and short term efforts are needed. These 
efforts must focus on training of the muscles 
working during these movements. Metabolic 
capacity of the muscle fibrils, worked with these 
types of exercises, increase and the development 
of the nerve muscle adaptation specific to the 
sport exercised is increased (McArdle et al., 1996) 
. Anaerobic high-intensity interval training (HIIT) 
defines a short period of high intensity (sub-to near 
maximal) exercise (Hakansson et al., 2018). This 
exercise model can also be utilized to increase 
aerobic capacity. The reason for the utilization of 
this training method to increase aerobic capacity is 
due the fact that it saves time through short period 
of efforts (Li et al., 2018; Jakovljevic et al., 2018). 
 The aim of this study within this context 
is to research the impacts of aerobic and anaerobic 
exercises on these energy systems.

METHODS

Participants
 8 female (age; 18.12 ± 0.35 years, weight 
46.6 ± 7.39 kg; height 162.7 ± 6.75 cm; BMI; 
17.72 ± 2.60 kg/m2, PBF; 16.01 ± 6.15%) and 8 
male (age; 18.50 ± 1.19 years, weight 61.18 ± 5.43 
kg; height 174.0 ± 4.00 cm; BMI; 20.16 ± 1.43 
kg/m2; PBF; 12.20 ± 3.96%) participated in this 
study. The study was conducted in line with the 
principles of Helsinki Declaration of 1975 upon 
receiving necessary approval. 
Training season
 The volunteers were randomly divided 
into aerobic (4 female, 4 male) and anaerobic (4 
female, 4 male) groups. Volunteers participated in 
a total of 24 training seasons, 3 days per week over 
8 weeks. The training programs Involved running 
on a treadmill in the range of 60-70% maxHR for 
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1 hour on each training day for the aerobic group. 
The anaerobic training program included maxHR 
80-90% on the treadmill (2x100, 2x200, 2x300, 

1x400, 2x300, 2x200, 2x100 sprints) for 1 hour 
per season.

Graphic 1. Eight weeks training period

Measurements and data collection
 Body composition analyzes of the 
participants were measurement with X-SCAN 
PLUS II (Jawon Medical, Co, KyungsanCity, 
Korea). In order to determine the aerobic 
performance of the volunteers, a bicycle ergometer 
(Monark LC6 novo, Varberg, Sweden) was used 
with a portable gas analyzer (Cosmed K5, Italy). 
In order to determine the anaerobic performance, 
a bicycle ergometer (Monark 874 E, Varberg, 
Sweden), which was connected to a computer 
modified for the Wingate Anaerobic Power Test 
(WAnT) and compatible with an appropriate piece 
of software, was used. 

Data analysis
 The study was planned in accordance 
with a pre-test and post-test model. For statistical 
evaluation of the data obtained, descriptive 
statistical methods such as frequency (f), 
arithmetic mean (X), and standard deviation (SD) 
were used.  A paired-samples t-test was used for 
the evaluation of the data obtained from pre-test 
and post-test measurements. The data showed 
normal distribution, so independent samples t-test 
was used for the determination of differences 
according to the sexes and post-pretest differences 
between the groups. The results were evaluated at 
the 0.05 significance level.

RESULTS

Table 1. T-test result of pre-test-post-test anaerobic values of anaerobic group

Variable Test n X SS t p % change
Anaerobic Capacity 

(Absolute)
Pre

8
407.19 105.85

-3.035 .013* +%5.01
Post 427.62 113.54

Anaerobic Capacity 
(Relative)

Pre
8

6.83 1.05
-2.333 .042* +%3.60

Post 7.08 0.91
Anaerobic Power 

(Absolute)
Pre

8
511.40 168.96

-2.051 .067 +%5.63
Post 540.24 168.18

Anaerobic Power 
(Relative)

Pre
8

8.55 2.04
-1.162 .272 +%2.69

Post 8.78 1.60

Fatigue Index
Pre

8
39.35 15.89

-1.46 .174 +%17.64
Post 46.67 9.71

* p<0.05.
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 Statistical analysis of pre and post test results indicate a meaningful increase of anaerobic values 
as well as the absolute and relative values of anaerobic capacity of the anaerobic group (p<0.05) (Table 
1).

Table 2. T-test result of pre-test-post-test aerobic values of anaerobic group

Variable Test n X SS t p % change
Aerobic Capacity 

(Absolute)
Pre

8
3382.45 917.87

-8.783 .000* +%22.18
Post 4132.77 1106.78

Aerobic Capacity 
(Relative)

Pre
8

57.88 9.45
-8.835 .000* +%17.91

Post 68.25 9.56
* p<0.05

 It was identified that anaerobic group displayed a meaningful increase in absolute and relative 
aerobic values (p<0.05) (Table 2). 

Table 3. T-test result of pre-test-post-test anaerobic values of aerobic group

Variable Test n X SS t p % change
Anaerobic Capacity 

(Absolute)
Pre

8
398.05 105.33

-0.263 .798 +%0.4
Post 399.70 108.58

Anaerobic Capacity 
(Relative)

Pre
8

7.59 0.65
-0.375 .716 +%0.6

Post 7.64 0.83
Anaerobic Power 

(Absolute)
Pre

8
471.96 121.42

-4.585 .001* +%6.5
Post 502.67 110.47

Anaerobic Power 
(Relative)

Pre
8

9.11 0.96
-2.834 .018* +%6.3

Post 9.69 0.68

Fatigue Index
Pre

8
38.73 3.62

-4.849 .001* +%15.28
Post 44.65 4.23

* p<0.05.

 It was seen a meaningful amount of difference is present in the anaerobic values of the aerobic 
group in terms of absolute and relative values of anaerobic power and fatigue index (p<0.05) (Table 3).

Table 4. T-test result of pre-test-post-test aerobic values of aerobic group

Variable Test n X SS t p % change
Aerobic Capacity 

(Absolute)
Pre

8
3473.76 951.26

-1.488 .168 +%4.61
Post 3634.23 1026.27

Aerobic Capacity 
(Relative)

Pre
8

64.91 8.07
-0.967 .356 +%3.07

Post 66.94 8.51
   
 Even though an increase can be observed in the aerobic values of the aerobic group, it is not 
statistically meaningful (p>0.05) (Table 4).
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Table 5. T-test results of the difference between post-test and pre-test parameters of aerobic and 
anaerobic training groups

Variable Group n X SS t p
Anaerobic Capacity 

(Absolute)
Anaerobic

8

19.42 23.16
1.790 .095

Aerobic -1.12 22.73
Anaerobic Capacity 

(Relative)
Anaerobic 9.42 4.18

3.084 .008*
Aerobic 0.35 7.18

Anaerobic Power 
(Absolute)

Anaerobic 31.69 51.64
0.195 .849

Aerobic 27.81 22.48
Anaerobic Power 

(Relative)
Anaerobic 0.13 0.63

-1.101 .290
Aerobic 0.52 0.77

Fatigue Index
Anaerobic 8.34 18.85

0.243 .812
Aerobic 6.69 4.05

Aerobic Capacity 
(Absolute)

Anaerobic 693.33 295.96
3.823 .002*

Aerobic 56.74 366.41
Aerobic Capacity 

(Relative)
Anaerobic 9.42 4.18

3.084 .008*
Aerobic 0.35 7.18

  * p<0.05.
 
 According to the difference between the post-test pre-test parameters of the difference between 
aerobic and anaerobic training groups; There was a statistically significant difference in Anaerobic 
Capacity (Relative), Aerobic Capacity (Absolute) and Aerobic Capacity (Relative)  values in favor of 
anaerobic training group. 

DISCUSSION AND CONCLUSION

 Based on the findings, anaerobic training 
was observed to cause an increase in all components 
of anaerobic capacity. Significant differences were 
found in the anaerobic capacity components. It 
was found that anaerobic training caused a high 
level of difference in terms of aerobic capacity 
values, and thus increased aerobic capacity. 
Another result from the anaerobic exercise group 
is that, following the exercise period there exists 
no change in fat-free mass. Yüksel et al., (2007) 
displayed that continuous and interval exercises 
conducted for three days a week for eight weeks; 
interval exercises had no impact on body mass, 
body fat ratio and anaerobic power levels. In 
our study as well, even though positive impacts 
of anaerobic exercises on anaerobic capacity are 
seen, it holds no influence on body fat ratio, fat 
free body mass and anaerobic power. Another 
study of similar nature, found an increase of 
15.4% statistically relevant/meaningful, VO2max 
levels of 42.33mL/kg/min before the exercise 
and 48.85mL/kg/min after, following a ten-week 
exercise with extensive interval method conducted 
in male basketball players aging 13-14 years (Erol 

et al., 1997). Our study points towards similar 
results with an increase of %17.91 in relative 
VO2max levels.
 According to another result obtained from 
our study; it was observed that aerobic training 
had a positive effect on anaerobic capacity, 
anaerobic power and the fatigue index. Although 
aerobic training results in an increase in aerobic 
capacity of approximately 4%, this increase was 
not significant statistically. Short et al, (2004) 
found a 9% increase in the aerobic capacities of 
the participants following an aerobic exercise 
program of for months in a study. The same study 
displayed no difference in fat free body mass. In 
our study, since the study period was limited to 
two months, we observed a %4 increase in aerobic 
capacity. In line with these results, it is conceivable 
that aerobic capacity can be increased with aerobic 
exercise method through an extended/long exercise 
program. However, our study displayed a decrease 
in fat free body mass in contrast of the other study. 
This discrepancy could have been caused by the 
utilization of the treadmill exercise, which uses 
more muscle groups, in contrast to bicycle exercise 
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(Sözen, 2010). This result is supported by another 
study too (Short et al., 2003). There are also studies 
that indicate aerobic exercise has no meaningful 
impact on aerobic capacity, and the exercise period 
of these studies are reported to be between six and 
eight weeks (Helgerud et al., 2001; Impellizzeri 
et al., 2006). Another study of similar nature by 
Overend et al., (1992) reports the benefits of high 
and low intensity interval exercises carried on for 
ten weeks on VO2max levels through continuous 
exercise.
 When the difference between the post-
test pre-test parameters are examined according 
to the differences between the aerobic and 
anaerobic training groups; Anaerobic Capacity 
(Relative), Aerobic Capacity (Absolute) and 
Aerobic Capacity (Relative)  values in favor of the 
anaerobic training group compared to the aerobic 
training group. According to this result, it can be 
said that anaerobic training has more effect on 
both anaerobic and aerobic capacity according to 
aerobic training.
 The inclusion of anaerobic exercise 
methods in exercise types that aim to increase 
aerobic capacity could prove beneficial in the 
enhancement of aerobic capacity. Furthermore 
however regarding the fatigue index, to which 
the decrease in power during the anaerobic test 
is mapped as a percentage, it can be argued that 
aerobic exercise has a negative impact on it and 
hence a decrease in anaerobic continuity. The 
availability of anaerobic training methods in the 
types of training that aim to improve aerobic 
capacity can help to increase aerobic capacity 
and also it is recommended to take part in 
aerobic training because of the positive effects on 
anaerobic power, which is thought to be based on 
alactic anaerobic processes.
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