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[Purpose] This study aimed to investigate the effects
of gradient and age on energy expenditure and fat
metabolism during aerobic exercise at equal intensity in
women.

[Methods] Thirty women in their twenties (n=15) and
fities (n =15) were enrolled. All subjects performed
aerobic exercise on a treadmill for 10 min at 0% and
6% gradient repeatedly to elicit 50%, 60%, and 70%
VO,max.

[Results] Energy expenditure and fat oxidation were
higher during aerobic exercise at 6% of the gradient
than at 0%, and there was no significant difference in
carbohydrate oxidation in any age group.

[Conclusion] Aerobic exercise at a 6% gradient was
more favorable for fat oxidation than a 0% gradient in
all age groups. In particular, in the case of women in
their fifties, walking on a gradient of 6%, which is fa-
vorable for increasing fat oxidation, was more effective
than walking on flat ground for preventing and reducing
obesity. However, to examine the difference in fat
oxidation among exercise intensities more accurately,
exercise performed for longer than 30 min is required.
Follow-up studies are required to investigate the effect
of various gradients on physiological and metabolic
characteristics when carrying out aerobic exercises for
more than 30 min.

[Keywords] aerobic exercise, gradient, energy ex-
penditure, fat metabolism, carbohydrate metabolism,
women
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INTRODUCTION

Regular physical activity is a very important factor for overcoming
obesity, along with the control of diet intake and lifestyle changes. Phys-
ical activity and exercise are effective in increasing energy metabolism,
with lipids and carbohydrates serving as the two main fuels for sustaining
oxidative metabolism. Reduction in fat oxidation has been reported to be
associated with insulin resistance and metabolic diseases?3. Activation
of lipid metabolism is used to treat obesity, and results in improvement
of blood lipids, regulation of energy balance via hormones, maintenance
and loss of weight, reduction of body fat, improvement of cardiovascular
function, and prevention of oxidative damage to tissues*.

Exercise improves physical function, can be performed by all age
groups without risk of injury, and has advantages in effectiveness and
safety®. Despite these advantages, considerable time and high intensity
are required to obtain the required amount of activity within a limited
time, and methods to increase energy consumption are being sought5”.
The energy substrate is evaluated as a method for measuring energy ex-
penditure, and is affected by several factors, such as gender and exercise
intensity. Energy oxidation through exercise can be estimated by mea-
suring fat and carbohydrate oxidation rates using indirect calorimetry,
and the determination of carbohydrate and fat oxidation rates at rest and
during exercise can provide important information for the prescription of
exercise programs®.

It has been reported that speed and gradient can be adjusted to increase
energy consumption®, and that the increase in energy consumption during
walking can linearly increase metabolic requirements as external weights
increase’. These external loads increase metabolic consumption only
when they are >20% of their weight, and increasing weight and walking
speed increases muscle activity and muscle fatigue, which are reported
to cause injuries due to increased load and pressure on the patients knees
and ankles". Lelas et al."? reported that an increase in walking speed
increases the knee joint load, and that obesity, compared with normal
weight, causes a greater knee joint load. Miindermann et al.™® reported
that the vertical ground reaction peak was highest at 0° during 0°, 5°, and
10° walking at equal speeds, increasing the likelihood of osteoarthritis
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and the risk of acute musculoskeletal injury.

To reduce the risk of osteoarthritis and acute musculo-
skeletal injury™, low-speed aerobic exercise is recommend-
ed; however, since energy consumption is also low at low
speed, uphill climbing is recommended as a strategic meth-
od to increase energy consumption. In addition, it was also
reported that moderate incline walking of 10° or less in-
creased metabolic rate compared with horizontal (0°) walk-
ing at an equal speed'®. Using the ACSM standard formula,
it was reported that walking at a 6° gradient at a speed of 0.75
m-s” and aerobic exercise at a 0° gradient at a speed of 1.50
m-s' elicit similar moderate-intensity (VO,max, 40-60%)
physiological and metabolic responses'’. As such, it seems
necessary to study how the change in speed according to
age affects energy consumption and energy metabolism on
flat land and a gradient of 6°, and it is judged that this could
be used as basic data for public health.

As described above, to design a safe and effective walk-
ing exercise program in terms of public health, it is import-
ant to understand energy consumption and energy metab-
olism based on inclination and intensity. However, most
studies on aerobic exercise simply compare the energy con-
sumption by increasing the speed, and studies analyzing the
combination of the gradient and intensity are insufficient.
Therefore, this study attempted to investigate the effects of
gradient and age on women’s energy expenditure and meta-
bolic variables during aerobic exercise of equal intensity.

METHODS

Participants

The participants included 30 healthy Korean women in
their 20s (n=15) and 50s (n=15). Physical characteristics
of the participants are presented in Table 1. The participant
selection criteria were as follows: 1) non-smokers, 2) those
without cardiovascular disease, musculoskeletal disease, or
metabolic disease, and 3) those who had no problems partic-
ipating in the exercise test. They participated repeatedly ac-
cording to the random order for 0% gradient and 6% aerobic
exercise, and the effect of the previous test on the next test

Table 1. Participant characteristics.

Age (year) 21.0741.22  57.93t3.65  0.000 ***
Height (cm) 162.60¢5.82  156.69+3.73  0.003 **
Weight (kg) 57.93t6.54  60.98:852  0.280
BMI (kg/m?) 21.8841.85  24.84+344  0.007 **

FFM (kg) 21431280  21.07+2.00  0.694

FM (kg) 17.16£7.96  19.18#250  0.356

%BF (%) 28.8949.15  32.20+2.16  0.184
HRmax (bpm) 194.40¢8.85  166.074¢5.82  0.000 ***
VO,max (m/kg/min) ~ 43.54+4.15  30.46+3.80  0.000 ***

Values are expressed as the mean + SD. BMI, body mass index; FFM, free fat
mass; FM, fat mass; %BF, percentage fat mass, VO, = oxygen consumption;
SD, standard deviation.
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was minimized by leaving an interval of 7 days between the
two tests. We explained the experiments and possible side
effects to all participants prior to the start of the study and
obtained their written consent for participation. This study
was approved by the Institutional Review Board (KHSIRB
2015-009) and conducted in accordance with the provisions
of the Declaration of Helsinki.

Experimental design

All participants visited the laboratory thrice during the
experimental period. The study design is illustrated in Fig-
ure 1. Participants’ body composition was measured during
the first visit. To minimize the adaptation effect, gradient
(0% and 6%) and intensity conditions (50%, 60%, and 70%)
were randomly selected, and each condition had a wash-
out period of at least 1 week. During the experiment, all
participants were allowed to rest for 30 min, after which the
dependent parameters, including energy metabolism, were
measured. All participants performed a graded exercise test
(GXT) using a computerized cardiopulmonary metabolic
system (Cosmed Treadmill T170 DE; Quark CPET, Cosmed
Co., Rome, Italy). To perform aerobic exercise at a gradient
of 0% and 6% by intensity, each individual exercise intensi-
ty was determined using a progressive exercise load test in
advance. Individual exercise intensity settings were calcu-
lated as 50%, 60%, and 70% VO,max in terms of maximum
oxygen uptake.

Participants were requested to arrive at the laboratory 1 h
before the start of the experiment and warm-up for 5 min on
a treadmill with an inclination of 0% and a speed of 2.5 km/
h. After resting for 30 min, aerobic exercise was performed
three times (50%, 60%, and 70% of VO,max) at different
intensities for 10 min at each exercise intensity, with 1 h
of rest between each. For data acquisition during exercise,
cardiorespiratory function parameters and skeletal muscle
oxygenation profiles were measured in increments of 10
seconds, and the average value for every 2 minutes in each
section was calculated as the measured value. For each par-
ticipant’s contribution to energy use and energy consump-
tion during treadmill aerobic exercise, the oxygen uptake
(VO,/kg) per minute for each inclination was measured, and
energy consumption was calculated using the average value
of the 8-minute values of each exercise intensity. All labora-
tory conditions were maintained at a temperature of 23 + 1°C
and humidity of 50 + 5%.

Body composition

All participants were asked to visit the laboratory at 8:30
am following an 8-hour fast and to wear light clothing and
remove metal objects. Body composition, height, weight,
free fat mass, body fat mass, and body fat percentage were
measured using a multifrequency impedance device (Inbody
770, Biospace, Seoul, Korea). Body mass index (BMI) was
calzculated by dividing weight (kg) by the square of height
(m°).

Maximal exercise test
To observe the change in aerobic exercise ability under
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equal environmental conditions, the maximum GXT was
performed using a treadmill and respiratory gas analyzer
(Cosmed Treadmill T170 DE, Quark CPET, Cosmed Co.,
Rome, Italy). For women in their 50s, the Balke protocol
was applied, starting at a speed of 5.5 km/h and 0% incline
in step 1, maintaining the speed every minute, but increas-
ing the incline by 2%. The Bruce protocol was applied for
women in their 20s. The first step was performed for 2 min
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at a walking speed of 2.7 km/h at 10% incline, and the sub-
sequent steps increased the incline by 2% every 3 min and
the speed by 1.1 to 1.4 km/h. During the test, the heart rate
(HR) was measured using a heart rate monitor (HR moni-
tor, Polar) at I-minute intervals, and the rating of perceived
exertion (RPE) was calculated using Borg'®. To measure
the physiology of the subject, the psychological state was
continuously observed. Exercise was performed until the
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subject could no longer sustain the exercise, and after the
exercise was stopped, a cool-down exercise was performed
for 5 min. When at least three of the following conditions
were satisfied, the subject was judged to have reached the
stage of exhaustion and GXT was terminated: 1. when the
HR did not increase in proportion to the exercise intensity;
2. when VO, did not increase, even when exercise intensity
increased; 3. when the respiratory exchange ratio (RER)
was 1.10 or higher; 4. when the Borg scale score was 17 or
higher; and 5. when the predicted HRmax exceeded 90%.

Main experiment

To perform aerobic exercise at a gradient of 0% and 6%
by intensity, each individual exercise intensity was deter-
mined using a GXT in advance. Individual exercise intensi-
ty settings were calculated as 50%, 60%, and 70% VO,max
in terms of maximum oxygen uptake. Participants were
required to arrive at the laboratory 1 h before the start of the
experiment and warm-up for 5 min at a treadmill inclina-
tion of 0% and a speed of 2.5 km/h after which they were
allowed to rest for 30 min. Aerobic exercise was performed
at different intensities (50%, 60%, and 70% of VO,max) for
10 min each, and the rest was performed for 1 h between ex-
ercise intensities. In addition, the experiment was conducted
every seven days so that the results of the previous experi-
ment did not affect future studies, but the experimental se-
quence of each gradient of aerobic exercise was selected by
random assignment (Tables 2, 3, 4).

All participants had their oxygen uptake per minute (VO,)

Table 2. Oxygen uptake.

20s 0% 20.41£2.71  25.67+3.12  30.39+2.78
6% 21.26+1.51 26.13+2.86  30.95+3.16
50s 0% 156.21£2.14  18.49+2.16  21.96+2.86
6% 15.26£2.37  18.74#1.84  21.95%2.05

Values are expressed as the mean + SD. Unit: ml - kg™ - min™.

Table 3. Carbon dioxide production.

20s 0% 14.39£1.92 18.11£2.21  21.44£1.97
6% 14.99£1.07 18.43+2.03 21.84+2.23
50s 0% 10.73£1.52  13.05%¢1.53  15.51£2.02
6% 10.76£1.67 13.23+1.30 15.49+1.45

Values are expressed as the mean + SD. Unit: ml - kg™ - min™.

Table 4. Speed.

20s 0% 9.562+0.66  10.90+0.82 12.09+1.26
6% 7.40+0.85  8.81£0.74  10.08+1.00

50s 0% 5.12+0.41 5.87+0.49  6.69+0.38
6% 3.41x0.37  4.37+0.41 5.17+0.41

Values are expressed as the mean + SD. Unit: km - hr”.
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and carbon dioxide production per minute (VCO,) measured
for each slope during treadmill acrobic exercise; carbohy-
drate oxidation, fat oxidation, and energy consumption (EE),
which are substrate oxides, were calculated using the for-
mula of Jeukendrup and Wallis®. However, protein oxidation
was not evaluated in this study. To calculate protein oxida-
tion, nitrogen excreted from sweat and urine is measured or
radioisotopes are used, but previous studies reported that the
contribution of protein oxidation as an energy source during
exercise is very small'; therefore, it was excluded from this
study.
Carbohydrate (CHO) oxidation (g) =4.210 x VCO,
—2.962 x VO,
Fat oxidation (g) = 1.695 x VO, — 1.701 x VCO,
Energy expenditure (EE, kcal) =4.07 x CHO + 9.75
x FAT

Statistical analysis

Data obtained in this study were analyzed using the Sta-
tistical Package for the Social Sciences (SPSS) version 25.0
(IBM Corporation, Armonk, NY, USA), and the mean and
standard deviation (SD) were calculated to present descrip-
tive statistics. The normality and homoscedasticity of all
outcome parameters were verified using the Shapiro-Wilk
test. Repeated two-way ANOVA was performed to verify
the average difference in the dependent variables between
the three exercise intensities and between the two gradients.
When the main effect of intensity, the main effect of gradi-
ent, or the interaction between intensity and gradient was
significant, the difference between the exercise intensity
within the gradient was analyzed using one-way ANOVA
and the least significant difference (LSD) method. The dif-
ference between the gradients within exercise intensity was
analyzed using a dependent t-test. In addition, the average
difference in the dependent variable by age group in exer-
cise intensity was analyzed using an independent t-test. The
significance level (a) for all statistical analyses was set at p
<0.05.

RESULTS

Energy expenditure

Regarding the difference in energy expenditure by inten-
sity according to the gradient within a specific age group,
the main effect of intensity was found to be significant in
both age groups (p < 0.05), and the interaction between in-
tensity and gradient was not significant. On the other hand,
the main effect of the gradient was found in the 20s group,
but there was no significant difference between the gradients
for all intensities. Regarding the difference in energy expen-
diture by intensity according to the gradient between the age
groups, there was a significant difference between the two
age groups at all gradients and intensities (p < 0.05), and the
energy expenditure in the 20s age group was significantly
higher than that in the 50s age group (Table 5, 6).
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Table 5. Difference in energy expenditure.

205 0% 5599+6.96a  71.12¢8.11b  84.3747.99¢ 26.4 19.2 507 'gf:;g‘r’]tobog%*
6% 582246222  72.15:¢8.70b  86.43%10.22¢  23.9 19.8 485 Nt o.
Interaction 0.816
505 0% 46514847a  56.76:8.11b  68.14+1261c 220 20.1 465 "g‘:g;;g’n?gggg
6% 463449312  57.124¢801b  67.27+9.89 ¢ 233 17.8 452 nto.
Interaction 0.858

Values are expressed as the mean + SD. Unit: kecal-min”; *p<.05; *** p<.001.: significant of main effect and interaction, a, b, c: Different alphabets mean that there is a
significant difference between intensities within the gradient.

Table 6. Difference in energy expenditure between the two age groups.

50% 55.99+6.96
0% 60% 71.12+8.11
70% 84.37£7.99
50% 58.22+6.22
6% 60% 72.15+8.70
70% 86.43+10.22

46.51+8.47 3.350 0.002**
56.76+8.11 4.736 0.000***
68.14+12.61 4.210 0.000***
46.34+9.31 4.109 0.000***
57.12+8.01 4.923 0.000***
67.27+9.89 5.218 0.000***

Values are expressed as the mean + SD. Unit: kcal-min™; **p<.01; *** p<.001: significant difference between the two age groups.

Table 7. Difference in fat oxidation.

205 0% 25.46+9.04 24.25£12.34 27.74+16.33 36 13.0 9.0 'G”:aeglse'x 8'172‘;
6% 321314392  29.49+16.36a  22.92+18.36b 8.2 L% 8.7 PNED.193
Interaction 0.029
S0s 0% 12.93£10.11 11.25£10.07 8.10£9.77 13.1 -28.0 -37.4 cI;r:;e d”IZ'r?t’ 832?
6% 17.419.03 17.80+10.32#  17.02¢13.37 # 28 4.8 22 '

Interaction 0.071

Values are expressed as the mean + SD Unit: kcal-min™'; *p<.05; *** p<.001.: significant of main effect and interaction, a, b, c: Different alphabets mean that there is a
significant difference between intensities within the gradient. #: significant difference between the gradient within the intensity.

Table 8. Difference in fat oxidation between the two age groups.

50% 25.46+9.04
0% 60% 24.25+12.34
70% 27.74+16.33
50% 32.13+14.39
6% 60% 29.49+16.36
70% 22.92+18.36

12.93+£10.11 3.577 0.001*
11.25+10.07 3.685 0.001**
8.10£9.77 3.997 0.000***
17.411£9.03 3.356 0.002*
17.89+£10.32 2.324 0.028*
17.02+13.37 1.006 0.323

Values are expressed as the mean + SD. Unit: kcal-min™; *p<.05; *p<.01; *** p<.001.: significant difference between the two age groups.

Fat oxidation

Table 7, 8 shows the differences in the fat oxidation rates.
In both age groups, the main effect of intensity was not
significant, the interaction between intensity and gradient
was significant in participants in their 20s (p = 0.029), and
the main effect of gradient was significant in participants
in their 50s (p = 0.027). There was a significant difference
in fat oxidation according to intensity between the two age
groups, except for VO,max 70% intensity at a 6% gradient,
and the fat oxidation in participants in their 20s was signifi-
cantly higher than in participants in their 50s.

Carbohydrate oxidation

Table 9, 10 shows the differences in carbohydrate oxi-
dation. In both age groups, the main effect of intensity on
carbohydrate oxidation during aerobic exercise was signif-
icant (p < 0.001), and the interaction between intensity and
gradient was not significant. On the other hand, the main
effect of gradient was found only in participants in their 50s
(p = 0.035). Post hoc analysis revealed that carbohydrate
oxidation was significantly higher at 0% than at a gradient
of 6% at VO,max 70% intensity. There was no significant
difference in carbohydrate oxidation according to gradient
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205 0% 3052+1320a  46.86+14.88b  56.60£18.12 ¢ 375 34.9 855 '”thgzggn%’ggs
6% 26.07+14.19a  4262+1661b  6351+19.13c 635 49.0 143.6 nto.
Interaction 0.064
50 0% 3358+14.11a  4551+1424b  60.04+1635¢ 355 319 788 '2?:;3?@,08?5*
6% 2893+1420a  39.23+1325b 50.24+16.41c # 356 28.1 73.6 ;

Interaction 0.251

Values are expressed as the mean + SD. Unit: kcal-min™; * p<.05; *** p<.001: significant of main effect and interaction, a, b, c: Different alphabets mean that there is a
significant difference between intensities within the gradient. #: significant difference between the gradient within the intensity.

Table 10. Difference in carbohydrate oxidation between the two age groups.

50% 30.52+13.20
0% 60% 46.86+14.88
70% 56.60+18.12
50% 26.07£14.19
6% 60% 42.62+16.61
70% 63.51+£19.13

33.58+14.11 -614 0.544
45.51+14.24 -.623 0.539
60.04+16.35 -.546 0.590
28.93+14.20 -.5562 0.585
39.23+13.25 618 0.542
50.24+16.41 2.038 0.051

Values are expressed as the mean = SD. Unit: kcal-min™; *p<.05; ** p<.01; *** p<.001: significant difference between the two age groups.

intensity between the age groups.

DISCUSSION

This study compared and analyzed the effects of different
gradients and ages on energy consumption and metabolic
variables during aerobic exercise with equivalent exercise
intensities (50%, 60%, and 70% of VO, max).

Exercise intensity is the most representative factor affect-
ing energy metabolism during exercise, and it determines
the ratio of carbohydrates and fats oxidized by muscles®. In
this study, fat oxidation was compared using the substrate
oxides calculation formula by Jeukendrup and Wallis® at
50%, 60%, and 70% of the equal VO,max according to
gradient and age. The results of fat oxidation in this study
showed no significant difference according to the increase
in exercise intensity, but a significant difference was
found between the VO,max 60% (29.49+16.36) and 70%
(22.92+18.36) intensities at a 6% gradient for participants in
their 20s.

Romijn et al.?! reported that energy supply is achieved
through fatty acid oxidation of plasma when exercise con-
tinues for > 30 min at 55%-75% of VO,max, which can
be maintained for more than 90 min. Crisp et al.?2 showed
similar results to this study for fat oxidation measured at
exercise times of 3, 10, 20, and 30 minutes at intensities
of VO,max 40%, 45%, 50%, 55%, and 60%, respectively.
In addition, the absolute fat oxidation rate was reported to
show no significant difference, and it was reported that fat
oxidation was not affected in steady-state exercise within
30 min. As a result of this study, the reason for the lack of
significant difference in fat oxidation due to the increase in
exercise intensity is considered to be because the exercise

time for each intensity was limited to 10 min.

As a result of fat acidification between gradients, there
was a significant difference between 60% (0%: 11.25+
10.07, 6%: 17.89+10.32) and 70% (0%: 8.10+9.77, 6%:
17.02+13.37) of VO,max for participants in their 50s. In
both the 20s and 50s age groups, there was a higher ten-
dency for fatty acid oxidation to increase during aerobic
exercise with a gradient of 6% compared with that with a
0% gradient. Physiological and metabolic comparative stud-
ies on the effects of exercise type and exercise intensity?
reported that there was no difference in fatty acid oxidation
according to exercise type, but Zouhal et al.?* reported that
exercise using small muscle groups produced a low re-
sponse to catecholamines depending on the type of exercise,
and also affected the decrease in fat oxidation, suggesting
that there was a difference in fat oxidation depending on the
type of exercise. The results of a study analyzing muscle ac-
tivation according to inclination during treadmill walking®®
suggest that activation of the quadriceps, gastrocnemius,
and soleus muscles related to lower extremity muscles in-
creased when walking on an inclined treadmill compared
with walking on flat ground. The increase in fat oxidation in
the 6% gradient aerobic exercise group in this study may be
due to the availability of more muscle groups in this group
compared with the 0% gradient aerobic exercise group.

Comparing the fat oxidation results between the two age
groups showed that there was a significant increase in fat
oxidation in women in their 20s compared to those in their
50s, and similar results were found in a study comparing fat
oxidation according to women’s age®. It has been reported
that the fat oxidation difference according to the increase
in age is caused by the decreased metabolic function of the
body using fat as an energy source owing to the accumula-
tion of triglycerides in the muscles and low cardiorespira-
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tory fitness?”. This is thought to be the result of low oxygen
uptake and high respiratory exchange rate reducing the ratio
of fat oxidation in energy expenditure of women in their 50s
compared with those in their 20s®.

Energy expenditure has a linear relationship with heart
rate and oxygen consumption?. McNarry et al.?® reported
that energy expenditure also increases proportionally when
acrobic exercise increases, and as reported in previous stud-
ies, an increase in speed during aerobic exercise can increase
energy expenditure®. In this study, energy expenditure sig-
nificantly increased as exercise intensity increased, which is
considered to be the result of an increase in exercise speed
as exercise intensity increased. In addition, the increase in
exercise intensity according to age showed a lower energy
expenditure in the 50s age group than in the 20s age group;
this finding is supported by Bavenholm et al.*', who report-
ed that energy expenditure decreases with age.

This study has several limitations. First, it was necessary
to calculate protein oxidation by measuring the nitrogen
excretion portion in the urine, but this was not calculated
due to the findings of previous studies. Second, an exercise
time of 30 min or more is required for fat metabolism, but
in this study, exercise time was limited to 10 min. Third, the
psychological state of the participants in this study could not
be controlled equally. Despite these limitations, the results
of this study were meaningful.

In conclusion, it was found that, regardless of age, en-
ergy expenditure and fat oxidation were higher in walking
with a gradient of 6% than in walking with a gradient of 0%.
In particular, to have a positive effect on resolving obesity
in women in their 50s, it can be concluded that walking on
a gradient of 6% rather than walking on a gradient of 0%
at an equal intensity would be more effective in increasing
fat oxidation. When performing aerobic exercises, such
as flat walking and gradient walking, if the same energy
consumption appears, increasing the gradient will decrease
the speed, thereby lowering the risk of knee injury and
increasing the rate of fat metabolism. In addition, there is
an advantage in that both energy expenditure and fat oxi-
dation can be increased when exercise is performed at 60%
of VO,max among various exercise intensities. Therefore,
since gradient walking is judged to be an effective method
of relieving obesity, it can be actively applied in the field.
However, to examine the difference in fat oxidation among
exercise intensities more accurately, an exercise time > 30
min is required. Follow-up studies are required in the future
to investigate the effect of various gradients on physiologi-
cal and metabolic characteristics when carrying out aerobic
exercises for more than 30 min.
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