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Abstract
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https:/ /doi.org/10.70252 / XEPS8890 The intensity of aerobic exercise is influenced by maximum heart rate
(MHR), which can be assessed through an incremental exercise test. However, this method requires specialized
equipment and a level of fitness that individuals who are sedentary or overweight may lack. Therefore, estimating
MHR using formulas is essential. Various methods exist to calculate MHR, but their effectiveness in real exercise
programs for obese individuals remains unclear. This study aimed to investigate the effects of aerobic exercise
using different intensity calculation methods, specifically comparing Fox's and Tanaka's maximum heart rate
(MHR) equations, as well as the Percentage and Karvonen methods for target heart rate (THR). Seventy-eight men
aged 20 to 30 with a body fat percentage of over 20% were divided into one control group and four aerobic exercise
groups. EG1 and EG3 used Fox’s and Tanaka’s equations for MHR and THR from the percentage, while EG2 and
EG4 applied the Karvonen method for THR. Participants engaged in 45 minutes of moderate-intensity walking or
running on a treadmill four days a week for 12 weeks. Body weight, body fat percentage, BMI, resting heart rate
(RHR), and VO, max were measured at baseline and after the intervention. After 12 weeks, all exercise groups
demonstrated significant improvements in VO, max, as well as reductions in body weight, body fat percentage,
BMI, and resting heart rate (RHR), whereas the control group showed no changes. No significant differences were
found among the exercise groups. Aerobic exercise at various intensities effectively enhances cardiovascular fitness
and body composition in obese individuals, indicating that these methods are equally beneficial.

Keywords: Aerobic exercise, maximum heart rate, exercise intensity, maximal oxygen
consumption

Introduction

Obesity is a significant global health issue that contributes to serious noncommunicable diseases
(NCDs), including cardiovascular disease, diabetes, hypertension, hyperlipidemia, and cancer.!
Over the past 20 years, the prevalence of overweight and obesity has steadily increased.
According to the World Health Organization, more than 1.9 billion adults worldwide were
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overweight in 2016, which comprised 39% of the global population. Among these, over 650
million were classified as obese.? Based on these trends, identifying effective and safe methods
for weight loss is crucial for enhancing the health and quality of life for individuals affected by
this condition. This goal aligns with the United Nations Sustainable Development Goals (SDGs),
particularly those focused on the prevention and control of serious chronic non-communicable
diseases (NCDs). Overweight and obesity are influenced by various factors, including genetics,
excessive calorie intake, advanced age, decreased metabolic rate, reduced physical activity, and
insufficient exercise.?

Aerobic exercise is low in intensity, allowing for prolonged activity, and is particularly suitable
for individuals who are overweight or obese. This type of exercise can aid in weight loss by
helping to reduce body fat# Additionally, aerobic exercise enhances the circulatory and
respiratory systems by increasing oxygen consumption.#> Moreover, exercise promotes energy
metabolism and improves hormonal function, ultimately leading to better body composition,
including a reduction in body fat and waist circumference (WC).> Furthermore, increased
aerobic physical activity is linked to a lower risk of developing type2 diabetes and
cardiovascular diseases.® Exercise is appropriate for individuals across all age groups and has
been shown to enhance the quality of life for both young and older individuals.”

To achieve weight loss, aerobic exercise should be performed at an appropriate intensity.
Exercise intensity is defined as a percentage of an individual's maximum heart rate (MHR). In
healthy individuals, a linear relationship exists between heart rate and exercise intensity during
incremental exercise.? The American College of Sports Medicine (ACSM) recommends that for
effective aerobic exercise, it should be performed at moderate intensity, typically between 46%
and 63% of maximal oxygen consumption (VO2 max), which corresponds to 40% to 59% of the
heart rate reserve (HRR), or 64% to 76% of the MHR.? Individuals starting an aerobic exercise
regimen should aim for an intensity level of 50% to 70% of their VO2 max, which translates to
57% to 76% of their maximum heart rate (MHR) for light to moderate exercise.” However, the
intensity range can vary among individuals due to differences in physical fitness levels and
resting heart rates. Individuals with higher aerobic fitness typically exercise at intensities that
exceed their oxygen consumption (VO,).1°

Exercise intensity is determined based on the individual's maximum heart rate (MHR), which
represents a theoretical point of peak performance in circulatory and respiratory functions.!1213
MHR serves as a reference to establish exercise intensity goals and helps determine the
appropriate target heart rate range (THR) during aerobic exercise. The traditional method for
calculating MHR involves the formula HR max = 220 - age. This formula has been utilized since
the 1930s and gained popularity among exercise physiologists; however, the specific mechanism
behind its development remains unclear. The formula has been extensively used in both
teaching and research and was formally published by Fox III, Naughton, and Haskell in 1971.1214
After its introduction, it became common in textbooks and research and is presented in ACSM's
Guidelines for Exercise Testing and Prescription.’>® However, several studies have suggested
that this method may be off by 7-20 bpm.!> Despite its widespread use, research into more
accurate MHR formulas remains limited.1?1¢ In 2001, Tanaka et al proposed an alternative
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calculation method for healthy individuals: HR max = 208 - (0.7 x age),'” which is also widely
used, particularly among athletes.’

Maximum heart rate is crucial for determining exercise intensity because it plays a vital role in
calculating the target heart rate. Two popular methods are used to determine the target heart
rate (THR) based on the maximum heart rate (MHR): 1) a direct calculation of THR as a
percentage of MHR, a simple and widely used method in various heart rate monitoring contexts
devices,'® and 2) the Karvonen method, which calculates THR using heart rate reserve (HRR)
and is the most commonly employed technique. This method was developed because the MHR
percentage method often yields inaccurate estimates of exercise intensity, leading to either
underestimation or overestimation.'® As physical fitness varies among individuals, these
differences should be taken into account when determining exercise intensity. The HRR, which
is the difference between MHR and resting heart rate (RHR), is used to provide more specific
and personalized calculations.!® The percentage of HRR (%HRR) is closely correlated with the
percentage of VO2max and can effectively determine exercise intensity.’ Although calculating
THR using HRR is directly associated with the body's oxygen consumption, the %MHR method
remains widely used for setting target heart rates during exercise.>18

Although maximum heart rate (MHR) can be tested using an incremental exercise test, it
requires significant equipment, such as a heart rate monitor or treadmill. This method may not
be suitable for some individuals, including those who are overweight or obese. Therefore,
estimating maximum heart rate using a formula is essential for determining the intensity of
aerobic exercise. While several methods exist for calculating exercise intensity, further research
is needed to understand how intensity, duration, and frequency impact fitness outcomes.?’ This
study aimed to compare the effects of aerobic exercise on physical fitness in obese individuals
by evaluating the differences in exercise intensity derived from Fox's and Tanaka's maximum
heart rate equations, as well as comparing the percentage-based and Karvonen methods for
setting target heart rates.

Methods
Participants

A sample size analysis was conducted using G*Power 3.1, which indicated that 59 participants
were required (effect size = 0.5, power = 0.85, significance = 0.05). This effect size was
hypothesized to suggest that the maximal oxygen uptake (VO2max) would improve by 10%,
which is reasonable based on determinations made in G*Power.> To account for potential sample
loss or dropouts, the sample size was adjusted to 80 participants.

Participants in this study were male students and staff recruited from the University of Phayao,
aged 20-30 years, with a body fat percentage exceeding 20%,?! categorizing them as overfat. All
participants were either sedentary or had not engaged in regular exercise for at least three
months before the study. Furthermore, participants did not have any unusual health conditions
that could hinder the training program. To ensure eligibility for the exercise intervention,
participants were screened for any pre-existing health conditions that could affect their ability
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to safely participate in the training program, such as a history of heart disease or severe
hypertension (blood pressure not exceeding 180/100 mmHg). Additionally, participants
completed a health history questionnaire and disclosed any ongoing medication use. Written
informed consent was obtained from all participants prior to their voluntary enrollment in the
study. This study was approved by the University of Phayao Human Experimental Ethics
Committee, Project No. UP-HEC 1.3/022/64. This research was conducted entirely in
accordance with the ethical standards of the International Journal of Exercise Science.??

Protocol

This study used a 12-week randomized controlled trial (RCT) design. All participants were
randomly assigned to five groups of 16 individuals, which included four experimental groups
and one control group as follows:

1) G1 (220 @% MHR): The target heart rate (THR) was determined as a percentage of the formula
MHR = 220 - age, with training at 65-75% MHR.

2) G2 (220 @%HRR): The THR was determined using the Karvonen method: THR = [(MHR -
RHR) x %Intensity] + RHR, with training at 45-55% HRR, where MHR was adjusted using the
formula 220-age.

3) G3 (208 @%MHR): The THR was determined as a percentage of the formula MHR = 208 - (0.7
x age), with training at 65-75% MHR.

4) G4 (208 @%HRR): The THR was determined using the Karvonen method: THR = [(MHR -
RHR) x %Intensity] + RHR, with training at 45-55% HRR, where MHR was adjusted using the
formula 208 - (0.7 x age).

5) Control Group: No exercise intervention; participants continued their normal daily activities.
The intensity of exercise was personalized and assessed using the following methods:

1) Maximum Heart Rate was calculated using either of two formulas:

1.1) Fox's Method: HRmax = 220 - Age%14

1.2) Tanaka's Method: HRmax = 208 - (0.7 x Age)>1”

2) Target Heart Rate was calculated using either of two methods:

2.1) Percentage Method: %MHR (percentage of maximum heart rate) training intensity was set
at 65-75% of HRmax, in line with ACSM recommendations for improving cardiovascular health
and body composition.’
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2.2) Karvonen Method: The training intensity was set at 45-55% of the HRR, according to the
recommendations of the American College of Sports Medicine for exercise aimed at improving
cardiovascular health and body composition.’

A

Intensity

Warm-up J< Participants performed 45 minutes ’L Cool-down
< > 5 Finish

5 10 15 25 35 45 50 60
Time (minute)

Figure 1. The 45-minute Training program. An individual velocity@ THR (km/hr.) was performed for low-intensity
speed (65% HRmax in groups 1 and 3, and at 45% HRR for Groups 2 and 4) and high-intensity speed (75% HRmax
in groups 1 and 3, and at 55% HRR for Groups 2 and 4). The velocity@ THR was adjusted at the beginning of each
mesocycle.

The 12-week intervention program adhered to the guidelines set by the American College of
Sports Medicine for continuous aerobic exercise, incorporating activities such as walking and
running, which are suitable for overweight individuals.>® This period was divided into three
mesocycles, each incorporating adjustments to exercise intensity based on the target heart rate
(THR) test. The velocity during the THR test was individualized according to each participant’s
HRmax and adjusted at the beginning of each mesocycle. The low-intensity speed was
established at 65% of HRmax for Groups 1 and 3, and 45% of HRR for Groups 2 and 4, while the
high-intensity speed was set at 75% of HRmax for Groups 1 and 3, and 55% of HRR for Groups
2 and 4. Participants were allowed to adjust their speed (increase or decrease) throughout the
training period between low- and high-intensity levels as needed. Each training session began
with a 5-minute warm-up, involving walking on the treadmill at an intensity of 40-50% HRmax
or a speed of 3-4 km/h. Following the warm-up, participants engaged in 45 minutes of exercise
at the intensity corresponding to their group assignment, either low or high, followed by a 10-
minute cool-down period. The exercise intervention program was conducted at the same time
every day at the fitness center within the Department of Exercise Science and Sport at the
University of Phayao, in a controlled environment with a temperature range of 25-27 °C.
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Participants were supervised by the researcher and the researcher’s assistant regarding
prescriptions and safety. They were instructed to maintain their regular routines throughout the
intervention period, which involved no significant changes in eating habits, physical activity, or
relaxation behaviors.

The total duration of the intervention comprises 48 exercise sessions. Participants can train
between 3 and 5 sessions per week, with a minimum of 3 sessions and a maximum of 5 sessions
allowed. However, over the last three weeks, participants may attend no fewer than two sessions
and no more than six sessions per week. Additionally, participants who completed fewer than
38 sessions (i.e., less than 80%) were excluded from the analysis.

The physical fitness assessments were conducted 48 hours before the start of the training
program. Participants were instructed to maintain their regular routine in the days leading up
to the test, following specific guidelines to avoid strenuous physical activity, alcohol
consumption, and smoking for at least 72 hours, and to abstain from eating for at least 2 hours
before the fitness test. The testing protocol aimed to assess key components of health-related
physical fitness, including cardiorespiratory endurance and body composition, both of which
can be positively influenced by aerobic exercise.*® The test sequence included measurements of
body weight, body fat, and VO, max.

RHR was measured according to the guidelines of the International Society of Kinesiology
(ISAK). Measurements were conducted in a quiet room after a 5-minute rest period in the supine
position.?3 To ensure consistency, all RHR tests were scheduled in the morning between 8:00 and
9:00 a.m., before the subject's meal.

Body weight and body fat percentage were measured using Bioelectrical Impedance Analysis
(BIA) with an ACCUNIQ BC380.%4 Participants were instructed to wear the same type of clothing
for each measurement, refrain from wearing accessories or jewelry, and remove their shoes and
socks. Measurements occurred in the morning, before eating or drinking.

Oxygen consumption was assessed using expired air collected every 15 seconds with the 5 L
mixing chamber technique utilizing CardioCoach CO2. Modified Haldane equations were used
to calculate VO, max (mL/kg/min), while CO2 was measured directly by the device. Each
participant completed a 3-minute exercise test at 50 W, followed by a 25 W increment every
minute until reaching volitional fatigue (VO2 max). Participants were required to maintain a
pedal rate of 65 rpm at the specified workload. The test was terminated when participants could
not keep 65 rpm.?

The research team included the researchers who designed the study, managed the testing and
training program, collected data, and analyzed the results. Additionally, a fitness coach with a
degree in sports science or physical education led the exercise training program and conducted
assessments. Fitness coach assistants, who were in their fourth year of a sports science bachelor's
degree program, assisted the fitness coach in delivering the training program and assessments,
all under the supervision of the researchers.
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Statistical Analysis

Data were analyzed using SPSS (version 22.0). The normal distribution was assessed using the
Kolmogorov-Smirnov test. All variables (age, height, weight, RHR, fat (%), BMI, and VO2 max)
are reported as means and standard deviations (SD). A one-way analysis of variance (ANOVA)
was used to compare the mean values at baseline between groups. A paired samples t-test was
employed to compare the mean difference between baseline and after 12 weeks of the exercise
intervention (within-group time effect). A one-way analysis of covariance (ANCOVA) was used
to compare mean differences among groups while controlling for covariance with baseline
values. If significant interactions were identified, the Bonferroni test was applied to compare
mean differences between the groups. Effect sizes from ANCOVA are reported as partial eta
squared (n?p), with values of 0.01 indicating a small effect, 0.06 indicating a medium effect, and
0.14 indicating a significant impact.> The change from baseline to after 12 weeks of the exercise
intervention is shown as a change score and % change.

Results
Participants and Intervention

This study included 80 volunteers who were randomly assigned to one of five groups: four
experimental groups and one control group. The experimental groups underwent a 12-week
exercise intervention, while the control group maintained a typical lifestyle without any exercise
intervention. The exercise groups were categorized based on different methods for determining
target heart rate (THR) during aerobic exercise. Group 1 (G1) utilized the maximum heart rate
(MHR) method, setting the THR at 65-75% of MHR, calculated using the formula MHR = 220 -
age. Group 2 (G2) employed the heart rate reserve (HRR) method, determining THR as 45-55%
of HRR, with MHR again calculated using the formula MHR = 220 - age, alongside the Karvonen
equation: THR = [(MHR — RHR) x %Intensity] + RHR. Group 3 (G3) utilized the MHR method,
with the formula MHR =208 - (0.7 % age), and trained at 65-75% of MHR. Group 4 (G4) adopted
the HRR method, utilizing the MHR calculated via the formula MHR = 208 - (0.7 x age) and the
Karvonen equation, with training conducted at 45-55% of the HRR. The control group continued
their normal daily activities without any exercise intervention. After a 12-week exercise
intervention, 78 volunteers completed the program. Two participants from Experimental
Groups 1 and 4 withdrew due to personal reasons, leaving 62 participants in the exercise groups
and 16 in the control group. The exercise intervention groups showed significant improvements
in VO2 max, body weight, and body fat percentage, whereas the control group exhibited no
significant changes.
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Figure 2. Flow diagram showing participants’ enrollment and completion of the program over the 12-week
intervention period.

Aerobic Exercise Directly Influences Body Weight

The paired-samples t-test revealed significant reductions in body weight across all experimental
groups following the 12-week aerobic exercise intervention: [G1: 220@%MHR, baseline (M =
82.53, SD = 4.63) to post-test (M = 80.30, SD = 4.86), t(14) = 6.170, p < .001] [G2: 220@%HRR,
baseline (M = 84.11, SD = 7.76) to post-test (M = 81.78, SD = 7.34), t(15) = 5.700, p < .001] [G3:
208@%MHR, baseline (M = 86.19, SD = 7.55) to post-test (M = 83.47, SD = 7.16), t(15) = 5.365, p
<.001] [G4: 208@% HRR, baseline (M = 85.40, SD = 6.48) to post-test (M = 83.18, SD = 6.50), {(14)
= 8.928, p < .001], with no significant differences noted in the control group. When baseline
values were adjusted for ANCOVA, a large and significant between-group effect for body
weight was observed (F(4,72) = 9.662, p < 0.001, n%p = 0.349). Post-hoc analysis revealed that,
after 12 weeks of exercise intervention, body weight in all experimental groups was significantly
lower than in the control group (Table 3). No significant differences were found between the
exercise groups.

Aerobic Training Reduces Body Fat Percentage

All experimental groups demonstrated a statistically significant reduction in body fat
percentage after 12 weeks of aerobic exercise intervention: [G1: 220@%MHR, baseline (M = 28.44,
SD = 6.43) to post-test (M = 26.48, SD = 6.32), t(14) = 5.556, p < .001] [G2: 220@% HRR, baseline
(M =27.38, SD = 4.50) to post-test (M =26.01, SD =4.78), t(15) = 4.906, p <.001] [G3: 208@%MHR,
baseline (M = 28.21, SD = 3.59) to post-test (M = 25.81, SD = 3.32), #(15) = 10.477, p < .001] [G4:
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208@% HRR, baseline (M = 26.87, SD = 3.77) to post-test (M =25.09, SD =4.12), t(14) =11.117, p
< .001], while no significant differences were observed in the control group. A large and
significant between-group effect for body fat percentage was noted (F(4,72) = 15.320, p < 0.001,
n2p = 0.460). Post-hoc analysis revealed that after 12 weeks of exercise intervention, body fat
percentage in all experimental groups was significantly lower than in the control group (Table
3). No significant differences were identified between the exercise groups.

Table 1. Baseline Participant Characteristics
GI1; G2; G3; G4;

, 220@%MHR  220@%RHR  208@%MHR  208@%RHR Control
Variables (n=15) (n=16) (n=16) (n=15) (n=16)
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Age (years) 2067 +0.82 2069 +0.79 2081 +083 1993 070 2144 051
Height(cm) 172.67 +2.89 17406 +4.02 17444 +457 17387 +387 17375 +2.62
Weight(kg) 8253 +463 8411 +7.76 8620 +755 8540 +648 8376 +8.27
RHR (beat/ min) 7420 +548 7350 +536 7650 +470 7340 +519 7544 +4.08
MHR (220-age) (beat/ 19933 +082 19931 +0.79 - - - - - -
min-1) ’ - ’
MHR (208 (0.7 x age) - 19343 +058 19405 +049 - -
(beat/ min) ) ) )
THR (65%MHR) (beat/ 59z 053 . - 12573 +038 - - - -
min-1)
THR (75%MHR) (beat/ 0,0 059 - 14507 +043 - - - -
min-1) ’
THR (45%HRR) (beat/ - - 13012 £293 - - 12769 +278 - -
min-1)
THR (55%HRR) (beat/ - - 14270 £240 - - 13976 225 - -
min-1)

MHR, Maximum Heart Rate (bpm); RHR, rated heart rate (bpm); THR = Target Heart Rate (bpm); HRR = Heart
Rate Reserve (bpm)

Body Mass Index Decreases After Aerobic Training

The paired samples demonstrated a significant reduction in BMI across all experimental groups
after 12 weeks of aerobic exercise intervention: [G1: 220@%MHR, baseline (M = 27.71, SD =1.93)
to post-test (M = 26.96, SD =1.93), t(14) = 6.256, p < .001] [G2: 220@% HRR, baseline (M = 27.73,
SD = 2.09) to post-test (M = 26.99, SD = 2.18), #(15) = 5.864, p < .001] [G3: 208@%MHR, baseline
(M =28.31, SD =2.01) to post-test (M = 27.41, SD =1.74), t(15) = 5.222, p < .001] [G4: 208@% HRR,
baseline (M = 28.28, SD = 2.31) to post-test (M = 27.54, SD = 2.34), {(14) = 9.046, p < .001]. In
contrast, no significant differences were noted in the control group. Baseline values were
adjusted for ANCOVA, revealing a moderate and significant between-group effect for BMI (F(4,
72)=9.624, p <0.001, ?p = 0.348). Post-hoc analysis indicated that following the 12-week exercise
intervention, BMI in all experimental groups was significantly lower compared to the control
group (Table 3). No significant differences were detected between the exercise groups.
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Aerobic Training Decreases RHR

RHR showed significant reductions across all experimental groups: [G1: 220@%MHR, baseline
(M =74.20, SD = 5.48) to post-test (M = 72.53, SD = 5.50), t(14) = 6.168, p < .001] [G2: 220@% HRR,
baseline (M = 73.50, SD = 5.35) to post-test (M = 71.63, SD = 5.85), t(15) = 5.960, p < .001] [G3:
208@%MHR, baseline (M = 76.50, SD = 4.69) to post-test (M = 74.63, SD = 4.83), t(15) = 10.434, p
<.001] [G4: 208@% HRR, baseline (M = 73.40, SD = 5.18) to post-test (M =72.07, SD = 5.08), t(14)
= 4.641, p < .001]. In contrast, no significant differences were found in the control group.
ANCOVA revealed a small yet significant between-group effect for RHR (F(4, 72) = 4.942, p <
0.05, ?p = 0.215). Post-hoc analysis revealed that, after 12 weeks of exercise intervention, resting
heart rate (RHR) in all experimental groups decreased significantly compared to the control
group (Table 3). No significant differences were noted among the exercise groups.

Table 2. Within-group differences (baseline versus after 12 weeks of aerobic exercise) in Body Weight, Body Fat,
BMI, RHR, and VO, max After 12 Weeks of Aerobic Exercise.

Variables

G1; 220@%MHR (n=15) G2; 220@%RHR (n=16) G3; 208@%MHR (n=16) G4; 208@%RHR (n=15) Control (n=16)

Baseline 12weeks %Change  Baseline 12weeks %Change  Baseline 12weeks %Change Baseline 12weeks %Change Baseline  12weeks %Change
B2 DX B Em L, mD DO g mE e g BB 88 g
oy B BT TR By, BR B, HE DD, 7 M
mi PR B TR BE gy BN TET Ly BRI g TR TE g
mmepm (B ST DR L X ASY g, M A, A B0
Jom WD T g WG DM gex BE BT e DX NS o B3 BU o

%Change = Percentage change from baseline (after 12 weeks of intervention - baseline) x 100 / baseline, BW = body
weight, fat % = body fat percentage, * = p < 0.05, ** = p < 0.001

Table 3. Differences between groups after 12 weeks of aerobic exercise in body weight, percentage of body fat, BMI,
resting heart rate (RHR), and maximal oxygen consumption.

G2; 220@%HRR G3; 208@%MHR G4; 208@%HRR

. 0, = ="
Variables G1; 220@%MHR (n=15) (n=16) (n=16) (n=15) Control (n=16) Ancova

12 weeks Anc.Adj. 12 weeks Anc.Adj. 12 weeks Anc.Adj. 12 weeks Anc.Adj. 12 weeks Anc.Adj. P-value, F 7%
BW (kg.) 80.30 82.096) 81.76 82.076) 83.46 81.776) 83.18 82.246) 83.89 84.51(234 90(6)2’2** 0.349
Fat (%) 26.48 25.720) 26.01 26.280) 25.81 25.280) 25.09 25.876) 27.64 27.88(1234) 10502’2 o 0.460
BMI 26.96 27.186) 26.99 27.196) 27.41 27.060) 27.54 27.236) 27.76 28.00(1234) 90(6)2;1** 0.348
RHR (bpm) 72.53 72.960) 71.63 72.756) 74.63 72.760) 72.07 73.920) 75.00 74.19(1234) 408‘11’2 " 0.215
VO2 max 5 5 5 5 1234 .000,
(ml/kg/min) 32.97 32.076) 33.34 32.096) 31.29 32.556) 32153 32.246) 28.14 29.23(1234) 19390+ 0.519

Anc.Adj. = ANCOVA adjustment for baseline covariates, BW = body weight, fat % = body fat percentage, * = p <
0.05, ** = p < 0.001, O = significate with 220@%MHR, @ = significate with 220@%HRR, ©) = significate with
208@%MHR, @ = significate with 208@%HRR, © = significate with Control Group

VO, max Increases Significantly with Aerobic Training

VO2 max significantly improved in all experimental groups after 12 weeks of aerobic training
[G1:220@%MHR, baseline (M = 30.13, SD = 3.92) to post-test (M = 32.97, SD = 3.66), t(14) =8.713,
p < .001] [G2: 220@% HRR, baseline (M = 30.47, SD = 3.84) to post-test (M = 33.34, SD = 4.24),
t(15) = 10.664, p < .001] [G3: 208@%MHR, baseline (M = 28.08, SD = 4.65) to post-test (M = 31.29,
SD = 4.74), t(15) = 10.683, p < .001] [G4: 208@% HRR, baseline (M = 29.56, SD = 5.26) to post-test
(M =32.53, SD = 6.68), t(14) = 6.859, p < .001]. Therefore, no significant differences were found
in the control group. When baseline values were adjusted for ANCOVA, a large and significant
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between-group effect for VO, max was observed (F(4, 72) = 19.390, p < 0.001, np? = 0.519). Post-
hoc analysis showed that after 12 weeks of exercise intervention, VO, max in all experimental
groups improved significantly compared to the control group (Table 3). No significant
differences were observed between the exercise groups.

Discussion

This study revealed several key findings after 12 weeks of aerobic exercise intervention. All
exercise groups demonstrated significant improvements in maximal oxygen consumption, as
well as decreases in body weight, body fat percentage, BMI, and resting heart rate (RHR). At the
same time, these parameters remained unchanged in the control group. Furthermore,
comparisons between the exercise groups and the control group revealed significant differences
in body weight, body fat percentage, BMI, and resting heart rate (RHR). Lastly, no significant
differences were observed among the exercise intervention groups. These findings highlight the
efficacy of aerobic exercise in enhancing physical fitness and body composition in individuals
with obesity, regardless of the specific formula used to calculate target heart rate zones.

Aerobic exercise improved cardiovascular and respiratory endurance, body composition, and
muscular strength in all training groups. The absence of significant differences between the
exercise interventions can be attributed to the concept of Co-Target Heart Rate Area (Co-THRA)
(Figure 3). When calculating MHR and THR using various methods, some overlap in THR
ranges may occur, resulting in similar exercise intensities across groups. In this study, the Co-
THRA ranged from 130.12 bpm to 139.76 bpm. As a result, participants in all groups may train
at similar intensities, resulting in insignificant differences in physical fitness between
intervention groups.

The image show concepts of "Co-Target Heart Rate Area (Co-THRA)

Lower Target Heart Rate - : Upper Target Heart Rate
G1; 220 @%MHR 129.57 (+.53)« > < »149.48 (+.59)
G2; 220 @%MHR 130.12 (£2.93) « >, Co-Target < » 142.70 (£2.40)
G3; 208 @%MHR 125.73 (+.38) <« > Heart Rate < »145.07 (+.43)
G4; 208 @%MHR 127.69 (£2.78) < »| 130.12-139.76 BPM | »139.76 (+2.52)

Figure 3. Co-Target Heart Rate Area (Co-THRA)
Body Composition Adaptation

Participants in the exercise intervention groups exhibited a statistically significant decrease in
body weight, body fat, and body mass index (BMI). These reductions can be attributed to regular
aerobic exercise four days a week for 12 weeks. This regimen promotes fat burning through a
process called fat oxidation.?¢ Increased energy expenditure during exercise and heightened
lipoprotein lipase activity contribute to fat reduction not only through fat oxidation but also by
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stimulating catecholamine release, which enhances metabolic processes, boosts fat burning, and
increases the secretion of growth hormones.?”-?8 Post-exercise oxygen consumption also plays a
role in prolonging fat oxidation after an exercise session.?

As body fat decreases, fat-free mass increases, which includes muscles and other lean tissues.
Furthermore, aerobic exercise elevates resting energy expenditure, enabling the body to burn
more calories even at rest and facilitating weight loss.* These findings align with previous
studies that demonstrated a reduction in body weight and body fat percentage after aerobic
training.3® When comparing the exercise groups to the control group, the experimental groups
exhibited significantly lower body weight and body fat levels, reinforcing the role of aerobic
exercise in enhancing body composition.

These improvements also have significant health implications. Reducing body weight and fat
lowers the risk of cardiovascular diseases and diabetes and helps alleviate the workload on the
heart at rest. Overweight individuals have a higher resting heart rate (RHR), and the reduction
in body weight through exercise contributes to lowering RHR.3! To achieve changes in body
composition, moderate-intensity continuous aerobic exercise should be performed at 60-76% of
maximal heart rate (MHR) or 40-70% 2’ of heart rate reserve (HRR). In this study, exercise
intensity was set at 65-75% of MHR and 45-55 % of HRR. Our findings are consistent with
previous studies, which demonstrate that exercise at 40-70% HRR significantly reduces body
weight and fat.?”

Although the results of this study demonstrate the positive effects of aerobic exercise on weight
loss, previous studies have suggested that long-term exercise training may not necessarily lead
to a continuous reduction in body weight. Although increased exercise initially resulted in more
significant energy expenditure and fat burning, weight loss plateaued over time or resulted in
modest weight loss (1.5-3 kg).3? Adjustments to exercise programs may be necessary to achieve
sustained weight loss over the long term.

While increased exercise may initially lead to more significant energy expenditure and fat
burning, weight loss will eventually stabilize. Adjusting the exercise program might be
necessary to achieve sustainable long-term weight loss.

Cardio-Respiratory Endurance

This study found a statistically significant increase in VO2 max across all intervention groups,
with no differences observed between them. VO. max, regarded as the gold standard for
cardiovascular fitness, reflects improvements in both the circulatory and respiratory systems.
Aerobic exercise enhances VO, max by increasing cardiac output, stroke volume, and
arteriovenous O differences.?® Exercise also promotes vasodilation and angiogenesis.34-3¢ These
adaptations contribute to positive changes in maximal oxygen consumption in the exercise

group.
The intensity of exercise in this study (40 - 55 %RHR and 64 - 70% MHR, four days per week for

three months) is consistent with previous research, indicating that aerobic exercise at 50-75%
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MHR positively influences maximal oxygen consumption.3”-3 Some studies suggest that higher
exercise intensities may lead to more significant improvements in VO.max, with moderate (50%
VO reserve), vigorous (75% VO. reserve), and near-maximal (95% VO. reserve) intensities
resulting in increases in VO, max of 20.6%, 14.3%, and 10%, respectively.®® In contrast, a meta-
analysis of 28 studies suggests that any training intensity above 60% of the maximum oxygen
uptake (VO2 max) can enhance cardiorespiratory endurance.?® Additionally, the appropriate
duration of training may significantly impact the optimization of maximal oxygen
consumption.4?

In this study, resting heart rate (RHR) significantly decreased in all exercise groups, aligning
with previous findings.#1-42 This reduction was attributed to an increased stroke volume, while
cardiac output remained unchanged. Aerobic endurance training enlarges the left ventricle,
which directly affects blood volume and contributes to the observed decrease in resting heart
rate (RHR).#1-42 Therefore, regular moderate-intensity aerobic exercise, as highlighted in this
study (65-75% of maximum heart rate or 45 - 55 % of heart rate reserve, performed four times a
week for 45 minutes per session), effectively enhances cardiorespiratory fitness, regardless of
the method used to calculate maximum heart rate and heart rate reserve.

Therefore, the increase in VOmax, the decrease in resting heart rate (RHR), and the reduction
in body fat and weight among the four sample groups align with the exercise intensity that
encourages physical development, as previously mentioned. Although the four groups
employed different methods to calculate exercise intensity, the resulting values were consistent
with the intensities necessary for developing both the circulatory and respiratory systems, as
well as body proportions. Exercise intensity in the four sample groups ranged from 130.12 bpm
to 139.76 bpm, based on the combined values. If the groups exercised at an intensity that was
neither too high nor too low, according to the combined values, the development of VO.max,
the decrease in RHR, and the reduction in body fat and weight would occur at a similar level,
resulting in no statistical difference between the groups.

Furthermore, the development of VO2xmax, the decrease in resting heart rate (RHR), and the
reduction in body fat and weight are interconnected. The reduction in fat correlates with the
decline in body weight, and lower body weight is generally associated with lower resting heart
rate (RHR) values compared to those who are obese.3! This study demonstrates that exercise
training, by determining MHR using Fox and Tanaka’s formulas and THR from the Percentage
and Karvonen Methods, effectively enhances physical fitness related to health, particularly in
the circulatory and respiratory systems and in body composition.

We identified some limitations in our study. First, although volunteers were advised not to alter
their daily energy intake, we could not directly monitor their consumption; however, the
observed reductions in body weight and body fat are assumed to result from the exercise
intervention rather than changes in dietary habits. A second significant limitation was that
participants did not continuously wear heart rate monitoring devices. This design, however,
was intentional to enhance the study's ecological validity, as the protocol was aimed to be
practical and reflective of real-world conditions where individuals may not use monitors due to
cost, comfort, or personal preference. To mitigate this, we re-evaluated and adjusted the exercise
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intensity at the beginning of each mesocycle, ensuring an appropriate and progressive training
stimulus throughout the experimental period. Finally, as this research was conducted with
individuals with obesity —a population where exercise often elicits more pronounced changes —
findings from this study may not apply to certain populations. This includes individuals with
high physical fitness, those with strength training backgrounds, or athletes.

In summary, the findings of this study suggest that aerobic exercise, irrespective of the method
used to calculate maximum and target heart rates, significantly enhances cardiovascular fitness
and body composition in individuals with obesity. Participants who performed aerobic training
showed better overall physical performance compared to those who did not exercise. While
maximum heart rates can be measured through an incremental maximum exercise test, this
method requires precise equipment, such as a heart rate monitor or exercise ergometer. Some
organizations may not have access to such testing equipment. Additionally, the incremental
maximum exercise test should only be performed on healthy individuals, as it can pose risks for
those with a history of circulatory or respiratory diseases, the elderly, or obese individuals.
Therefore, using a formula to estimate maximum heart rate is essential. The data from this
research can be used to develop exercise programs for weight management, improve
cardiovascular and respiratory fitness in clinical settings, and promote health in schools and
communities. Although the study's results showed no significant differences in improvements
to the circulatory and respiratory systems or body composition among the different groups, we
recommend using simple formulas and calculation methods for children and older adults. Also,
including resting heart rate (RHR) in assessments should be considered in clinical practice to
help address obesity and support individuals with good physical fitness.

For future research, it is recommended to investigate the MHR formula by Miller et al (200 —
(0.48 x age)), which was specifically developed for the obese population, in comparison to other
formulas. However, this study has intentionally focused on comparing the Fox and Tanaka
formulas due to their widespread prevalence and practical application in textbooks and various
automatic calculation tools for designing weight-loss exercise programs. Importantly, this
research addresses a significant gap in the literature, as no previous study has directly compared
the effects of using both of these formulas in conjunction with the Karvonen method (%HRR)
specifically within an obese population. Finally, the data from this study confirms the value of
calculating maximum heart rate using both the Fox and Tanaka methods, as well as calculating
target heart rate with the Percentage and Karvonen Methods, which are highly relevant in the
tields of health and exercise science.

Acknowledgements
This study was supported by the University of Phayao Fundamental Fund 2022.

References

1. Safaei M, Sundararajan EA, Driss M, Boulila W, Shapii A. A systematic literature review on obesity:
Understanding the causes & consequences of obesity and reviewing various machine learning approaches used to
predict obesity. Comput Biol Med. 2021;136:104754. https:/ /doi.org/10.1016/j.compbiomed.2021.104754

International Journal of Exercise Science http:/ /www.intjexersci.com

708

—
| —


https://doi.org/10.1016/j.compbiomed.2021.104754

Int ] Exerc Sci 18(8): 695-711, 2025

2. World Health Organization. Overweight and obese. Accessed March 28, 2022. <https://www.who.int/news-
room/ fact-sheets/detail / obesity-and-overweight>; 2016.

3. Lee A, Cardel M, Donahoo WT. Social and Environmental Factors Influencing Obesity. 2019 Oct 12. In: Feingold
KR, Ahmed SF, Anawalt B& et al. Endotext [Internet]. South Dartmouth (MA): MDText.com, Inc.; 2000-. PMID:
25905211.

4. Mendonga FR, Ferreira de Faria W, Marcio da Silva J, et al. Effects of aerobic exercise combined with resistance
training for health-related physical fitness in adolescents: a randomized controlled trial. | Exerc Sci Fit.
2022;20(2):182-189. https:/ /doi.org/10.1016/].jesf.2022.03.002

5. Poon ET-C, Siu PM-F, Wongpipit W, Gibala M, Wong SH-S. Alternating high-intensity interval training and
continuous training is efficacious in improving cardiometabolic health in obese middle-aged men. ]| Exer Sci Fit.
2022;20(1):40-47. https:/ /doi.org/10.1016/j.jesf.2021.11.003

6. Wahid A, Manek N, Nichols M, et al. Quantifying the association between physical activity and cardiovascular
disease and diabetes: A systematic review and meta-analysis. | Am Heart Assoc. 2016;5(9):e002495.
https:/ /doi.org/10.1161/JAHA.115.002495

7. Rugbumrung M, Impanya S, Thurayot A, et al. The quality of life of the ageing in Phayao Province. | Posit Sch
Psychol. 2022;6(8):1474-1480.

8. Ida JB, Sara ES, Bard ER, Kari ML, Ida AK, Trine M. Relationship between the maximum heart rate in
a Cardiorespiratory fitness and maximal heart rate tests. | Sci Med Sport. 2019;22:607-610.
https:/ /doi.org/10.1016/j.jsams.2018.11.018

9. ACSM. ACSM'’s Guidelines for Exercise Testing and Prescription. 10th ed. Baltimore: Wolters. Kluwe; 2018.

10. Figueira TR, Machado CEP, Caputo F, Denadai BS. Aerobic fitness level modulates the effects of prior
supramaximal exercise on pulmonary VO2 response during moderate-intensity exercise. | Exer Sci Fit. 2009;7(1):48-
54. https:/ /doi.org/10.1016 /51728-869X(09)60007-1

11. Karvonen M]J, Kentala E, Mustala O. Effects of training on heart rate: A longitudinal study. Ann Med Exp Fenn.
1975,35(3):307-315. https:/ /doi.org/10.1177 /009182967500300305

12. Robergs RA, Landwerh R. The surprising of history of the “HRmax=220-age” equation. | Am Soc Exer Physiol
(ASEP). 2002;5(2):1-10.

13. ACSM. ACSM'’s Guidelines for Exercise Testing and Prescription. 8th ed Lippincott, Baltimore, MD. Baltimore:
Williams & Wilkins; 2010.

14. Fox, III SM, Naughton JP, Haskell WL. Physical activity and the prevention of coronary heart disease. Ann Clin
Res. 1971,3(6):404-432.

15. Ebnet T, Kosinski E, Menges K, Rudy K. Predicting maximal heart rate using age, resting heart rate, and weight.
J Dept Kinesiol University Wisconsin. Eau Claire. 2006;2(1):15-20.

16. Gellish RL, Goslin BR, Olson RE, McDonald A, Russi GD, Moudgil VK. Longitudinal modeling of the
relationship between age and maximal heart rate. Med Sci Sports Exerc. 2007;39(5):822-829.
https:/ /doi.org/10.1097 /mss.0b013e31803349¢6

17. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revised. | Acc. 2001;37(1): 153-156.
https:/ /doi.org/10.1016/50735-1097(00)01054-8

International Journal of Exercise Science http:/ /www.intjexersci.com

709

—
| —


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/j.jesf.2022.03.002
https://doi.org/10.1016/j.jesf.2021.11.003
https://doi.org/10.1161/JAHA.115.002495
https://doi.org/10.1016/j.jsams.2018.11.018
https://doi.org/10.1016/S1728-869X(09)60007-1
https://doi.org/10.1177/009182967500300305
https://doi.org/10.1097/mss.0b013e31803349c6
https://doi.org/10.1016/S0735-1097(00)01054-8

Int ] Exerc Sci 18(8): 695-711, 2025

18. Scheid JL, O'Donnell E. Revisiting heart rate target zones through the lens of wearable technology. ACSM Health
Fit ]. 2019;23(3):21-26. https:/ / doi.org/10.1249/FIT.0000000000000477

19. Meyer T, Gabriel HH, Kindermann W. Is Determination of exercise intensities as percentages of VO2max or
HRmax adequate? Med Sci Sports Exerc. 1999;31(9):1342-1345. https:/ /doi.org/10.1097/00005768-199909000-00017

20. O'Hagan C, De Vito G, Boreham CAG. Prescription of exercise for the treatment of type 2 diabetes mellitus
Practices,  existing  guidelines and  futureresearch  directions.  Sports  Med.  2013;43(1):39-49.
https:/ /doi.org/10.1007/s40279-012-0004-y

21. Belcic I. Does Age, Experience and Body Fat Have an Influence on the Performance of Handball Referees?
Applied Sciences. 2022; 12(19):9399. https:/ /doi.org/10.3390/app12199399

22. Navalta JW, Stone WJ, Lyons TS. Ethical Issues Relating to Scientific Discovery in Exercise Science. Int | Exerc
Sci. 2019;12(1):1-8. https:/ /doi.org/10.70252 / EYCD6235

23. Goorakani Y, Rahimabadi M, Dehghan A, et al. Correlation between the resting heart rate and
anthropometric measurements factors, and serum biomarkers in a population-based study: the Fasa Persian cohort
study. BMC Cardiovasc Disord. 2020;20:319. https:/ /doi.org/10.1186 /s12872-020-01594-y

24. Yang S-W, Kim T-H, Choi H-M. Reproducibility and validity of the body composition measurements devices
using bioelectrical impedance analysis in Korean adults. | Exerc Rehabil. 2018;14(4):621-627.
https:/ /doi.org/10.12965/jer.1836284.142

25. Dieli-Conwright CM, Jensky NE, Battaglia GM, McCauley SA, Schroeder ET. Validation of the CardioCoachCO2
for submaximal and maximal metabolic exercise testing. | Strength Cond Res. 2009;23(4):1316-1320.
https://doi.org/10.1519/]SC.0b013e3181a3c5e8

26. Jeukendrup A, Achten J. Fatmax. New concept for optimizing fat oxidation during exercise. Eur | Sport Sci.
2001;1(5):1-5. https:/ /doi.org/10.1080/17461390100071507

27. Chiu C-H, Ko M-C, Wu L-S, et al. Benefits of different intensities of aerobic exercise in modulating body
composition among obese young adults: a pilot randomized controlled trial. Health Qual Life Outcomes.
2017;15(1):168. https:/ /doi.org/10.1186/512955-017-0743-4

28. Ferguson MA, Alderson NL, Trost SG, Essig DA, Burke JR, Durstine JL. Effects of four different single exercise
sessions on lipids, lipoproteins, and lipoprotein lipase. ] Appl Physiol (1985). 1998;85(3):1169-1174.
https:/ /doi.org/10.1152/jappl.1998.85.3.1169

29. Mann TN, Webster C, Lamberts RP, Lambert MI. Effect of exercise intensity on post-exercise
oxygen levels consumption and heart rate recovery. Eur | Appl Physiol. 2014;114(9):1809-1820.
https:/ /doi.org/10.1007 /s00421-014-2907-9

30. Rugbumrung M, Impanya S, Thurayot A, Rukbumrung Té& et ai. Effects of moderate intensity Effect
of continuous and interval training on the physical fitness of obese individuals. Int | Health Sci. 2022;6(suppl 5):8891-
8901. https://doi.org/10.53730/ijhs.v6nS5.11799

31. Itagi A, Nagaraja S, Bondade S, Yunus GY. Relationship between resting heart rate and body composition
Obesity among young adults in India: A cross-sectional study. Natl ] Physiol Pharm Pharmacol. 2014;4(2):143-148.
https:/ /doi.org/10.5455/njppp.2014.4.081120132

32. Hopkins M, King NA, Blundell JE. Acute and Long-term Effects of Exercise on Appetite Control benefit for
weight control? Curr Opin Clin Nutr Metab Care. 2010;13(6):635-640.
https:/ /doi.org/10.1097/MCO.0b013e32833e343b

International Journal of Exercise Science http:/ /www.intjexersci.com

710

—
| —


https://doi.org/10.1249/FIT.0000000000000477
https://doi.org/10.1097/00005768-199909000-00017
https://doi.org/10.1007/s40279-012-0004-y
https://doi.org/10.3390/app12199399
https://doi.org/10.70252/EYCD6235
https://doi.org/10.1186/s12872-020-01594-y
https://doi.org/10.12965/jer.1836284.142
https://doi.org/10.1519/JSC.0b013e3181a3c5e8
https://doi.org/10.1080/17461390100071507
https://doi.org/10.1186/s12955-017-0743-4
https://doi.org/10.1152/jappl.1998.85.3.1169
https://doi.org/10.1007/s00421-014-2907-9
https://doi.org/10.53730/ijhs.v6nS5.11799
https://doi.org/10.5455/njppp.2014.4.081120132
https://doi.org/10.1097/MCO.0b013e32833e343b

Int ] Exerc Sci 18(8): 695-711, 2025

33. Angane EY, Navre AA. Effects of aerobic exercise on maximum oxygen uptake (Vo2max) in healthy adults. Int
J Sci Res. 2015;4(5):3-5.

34. Hoier B, Hellsten Y. Exercise-induced capillary growth in human skeletal muscle and its dynamics of VEGF.
Microcirculation. 2014;21(4):301-314. https:/ /doi.org/10.1111/micc.12117

35. Olver TD, Ferguson BS, Laughlin MH. Molecular mechanisms of exercise training Changes in vascular structure
and function in skeletal muscle, cardiac muscle, and brain. Prog Mol Biol Transl Sci. 2015;135:227-257.
https:/ /doi.org/10.1016 /bs.pmbts.2015.07.017

36. Pinckard K, Baskin KK, Stanford KI. Effects of exercise on cardiovascular health. Front Cardiovasc Med. 2019;6:69.
https:/ /doi.org/10.3389/fcvm.2019.00069

37. Park SK, Park JH, Kwon YC, et al. Effects of long-term aerobic exercise on maximal oxygen
concentration consumption, left ventricular function, and serum lipid levels. | Physiol Anthropol Appl Hum Sci.
2019;22(1):11-17. https:/ /doi.org/10.2114/jpa.22.11

38. Gormley SE, Swain DP, High R, et al. Effect of aerobic training intensity on VO2max. Med Sci Sports Exerc.
2008;40(7):1336-1343. https:/ /doi.org/10.1249/MSS.0b013e31816c4839

39. Scribbans TD, Vecsey S, Hankinson PB, Foster WS, Gurd BJ. The effect of training intensity on VO2max in young
healthy adults: A  meta-regression and meta-analysis. Int ] Exerc Sci. 2016;9(2):230-247.
https:/ /doi.org/10.70252/ HHBR9374

40. Ferri Marini C, Federici A, Skinner JS, et al. Effect of steady-state aerobic exercise Intensity and duration of the
relationship between heart rate reserve and oxygen uptake. Peer]. 2022;10:13190.
https:/ /doi.org/10.7717 / peerj.13190

41. Reimers AK, Knapp G, Reimers C-D. Effects of exercise on the resting heart rate: A systematic review and meta-
analysis of interventional studies. | Clin Med. 2018;7(12):503. https:/ /doi.org/10.3390/jcm7120503

42. Mahdiabadi V. The effect of 8 weeks moderate-intensity continuous training on central hemodynamics and
VO2max in nonathletic male. Phys Educ Stud. 2021;25(3):172-177. https:/ /doi.org/10.15561/20755279.2021.0305

Corresponding author: Maninthorn Rugbumrung physicalfitnessthailand@gmail.com

[©NoIel

International Journal of Exercise Science http:/ /www.intjexersci.com

711

—
| —


https://doi.org/10.1111/micc.12117
https://doi.org/10.1016/bs.pmbts.2015.07.017
https://doi.org/10.3389/fcvm.2019.00069
https://doi.org/10.2114/jpa.22.11
https://doi.org/10.1249/MSS.0b013e31816c4839
https://doi.org/10.70252/HHBR9374
https://doi.org/10.7717/peerj.13190
https://doi.org/10.3390/jcm7120503
https://doi.org/10.15561/20755279.2021.0305
mailto:physicalfitnessthailand@gmail.com

