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Abstract: Obesity and physical activity have opposing effects on cardiorespiratory fitness. This
study aimed to investigate the impact of obesity measured by various anthropometric indicators
and physical activity level on oxygen uptake and fat oxidation during moderate-intensity aerobic
exercise in adults. Forty-eight individuals were recruited. Various anthropometric indicators (i.e.,
body mass index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-height
ratio (WHtR)) were measured. Physical activity was assessed using the International Physical
Activity Questionnaire (a short version). Total oxygen uptake (VO2tot) and fat oxidation were
recorded during 30-minute aerobic exercise at moderate intensity. There were no differences in
oxygen uptake and fat oxidation between obese and non-obese groups. Based on obesity and
physical activity, VO2tot was significantly different among groups classified by WHR. Inactive
obesity had significantly lower VO2tot 28.1% compared to active obesity and 29.2 % compared to
active non-obesity. The inactive obesity had a 3.8%, 27.4%, and 4.3% lower fat oxidation than the
active non-obesity, as classified by WC, WHR, and WHIR, respectively. However, the differences
were not statistically significant. We conclude that active obesity, as measured by WHR, exhibited
higher oxygen uptake compared to inactive obesity. Moreover, inactive obesity showed poorer
oxygen uptake than active non-obesity.

Keywords: anthropometric obesity; physical activity; oxygen uptake; fat oxidation; moderate-
intensity aerobic exercise

1. Introduction

Obesity has been a public health concern for several decades globally [1]. It is projected that
individuals living with obesity will reach up to one billion by 2030, particularly in low-and middle-
income countries [2]. In Thailand, the incidence rate of obesity increased by 10% within five-year
period (2012-2018) [3]. As obesity is widely recognized as a significant public health issue, numerous
studies have shown that obesity is strongly associated with hypertension, type 2 diabetes mellitus,
coronary heart disease, stroke, and poor cardiorespiratory fitness [4]. In light of the evidence, poor
cardiorespiratory fitness plays an important factor as a cardiovascular risk and is a strongest
mortality predictor [5,6]. Peak oxygen uptake is an objective measure of cardiorespiratory fitness in
individuals with and without health condition [7]. Obesity has been negatively correlated with peak
oxygen uptake [8-10]. Moderate-intensity aerobic exercise, performing 30 minutes per day, 5 days a
week or a total of 150 min per week) [11] has provided positive effects on body fat reduction [12-14]
and oxygen uptake improvement [13,14] in obese individuals. However, reduction in movement
efficiency as a consequence of excessive body fat results in decreased exercise efficiency and reduced
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fat oxidation due to multiorgan dysfunction (e.g., low adenosine triphosphate (ATP) synthesis and
poor muscular blood flow [15-17]. Hence, investigating the impact of obesity on oxygen uptake and
fat oxidation during moderate-intensity aerobic exercise is essential for identifying health status and
is likely to refer to cardiorespiratory fitness status.

The body mass index is widely adopted as an anthropometric marker to classify obesity and
non-obesity [18,19]. Nevertheless, some evidence argues against the use of BMI on obesity
classification as it does not distinguish fat mass and fat-free mass [20]. Other obesity-related
anthropometric markers including waist circumference (WC), waist — to — hip ratio (WHR), and waist
— to — height ratio (WHtR) have been served as alternative markers. These markers are recognized as
an indirect method for identifying body fatness, particularly abdominal or central obesity. A previous
work has suggested that central obesity, known as abdominal fat, is likely to be more closely linked
with total adiposity cumulation [21]. However, the impact of obesity, as measured by these
anthropometric markers, on oxygen uptake and fat oxidation during moderate-intensity aerobic
exercise remains unknown. Enhancing our comprehension of how obesity affects oxygen uptake and
fat oxidation can provide valuable insight into which anthropometric markers are responsible for
obesity-related health risks. This information could potentially help reduce the burden on public
health.

Physical activity is defined as “bodily movement produced by skeletal muscles that results in
energy expenditure”. It can take in an exercise form (a planned, structured, and repetitive form) or a
non-exercise form (e.g., work-related activity, housework-related activity, daily walking, etc.) [22].
The literature clearly indicates that physical activity serves as a protective factor against
cardiovascular disease [23]. Previous studies have illustrated that physical activity could improve a
prognosis of cardiovascular diseases in healthy individuals and those who were at risk of
cardiovascular diseases [24,25]. The 2016 European Guidelines on cardiovascular disease prevention
has also recommended a sufficient physical activity, as reflected by > 150 min/week of moderate-
intensity of physical activity or > 75 min/week of vigorous-intensity of physical activity [26].
Conversely, physical inactivity is a predictor of cardiovascular risk factors and is positively correlated
with body fat [27]. A previous systematic review ana meta-analysis has shown that individuals with
sedentary lifestyle had a 1.9 times higher risk of type 2 diabetes, a 1.14 times higher risk of
cardiovascular disease incidence, and a 1.15 times higher risk of cardiovascular mortality when
compared to those with sufficient physical activity [28].

Furthermore, evidence has revealed that obesity is associated with lower levels of physical
activity [29]. Among these contexts, it is suggested that obesity with high physical activity may
exhibit higher oxygen uptake than those with low physical activity. This study aimed to investigate
the impact of obesity, as measured by various anthropometric indicators (i.e., BMI, WC, WHR, and
WHItR), and physical activity level on oxygen uptake and fat oxidation during moderate-intensity
aerobic exercise in adults. We hypothesized that obese adults, as classified by at least one
anthropometric indicator would have poorer oxygen uptake and lower fat oxidation than those with
non-obesity. In addition, obese adults, as classified by at least one anthropometric indicator who were
active had better results on these outcomes than obese adults who were inactive. The findings of this
study would provide important indicators related to health risks in obese adults.

2. Materials and Methods

2.1. Study design and participants

The data of this study was obtained from our original research [30]. Recruitment process was
conducted via a public advertisement during November 2022 - February 2023. The current study
investigated a total of 48 individuals with obesity classified by BMI. Participants who had BMI equal
or above 25 kilometer per square meters (kg/m2) according to guideline for Asia-Pacific region [31];
aged between 20 to 60 years; and could walk without walking aids were included. Any participants
who met the following criteria: (i) presence in uncontrolled cardiovascular diseases (e.g., unstable
angina and acute heart failure), (ii) having neurological conditions (e.g., severe spasticity and
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epilepsy), (iii) having musculoskeletal conditions (e.g., severe osteoarthritis and rheumatoid
arthritis), (iv) having respiratory disorders (e.g., severe asthma and chronic obstructive pulmonary
disease) which restricted to perform exercise, or refusing study participation were excluded. All
participants provided written informed consent before data collection. The study was approved by
the Research Ethics Committee of Research Institute for Health Sciences, Chiang Mai University
(Approval number: 55/2022).

2.2. Aerobic exercise test

The exercise testing session contains three activities — warm up, aerobic exercise test, and cool
down. Eligible participants were instructed to perform aerobic exercise test with moderate intensity.
Moderate-intensity aerobic exercise was done using a bicycle ergometer (Lode, Lode B.V., Groningen,
Netherland). The aerobic exercise was done in the laboratory room environment, set at 50-55%
relative humidity and a constant room temperature of 25°C. The moderate intensity of exercise was
determined based on a percentage of predicted maximum heart rate (HRmax) (HRmax was
calculated from 220 minus with age), which are ranging between 64-76% HRmax [32]. The moderate
intensity was obtained by workload adjusting within an initial 5 minutes of exercise, which was
adjusted every minute until the moderate intensity of exercise was met. According to Wasserman'’s
formula, the workload (watt) was computed based on each participant’s VO2peak and VO2unloaded
(workload = VO2peak ((height-age) x sex) - VO2unloaded (150 + (6 x weight)))/ 100) [33]. Each
participant was instructed to perform cycling for a total of 30 minutes, at a constant speed of 60
revolutions per minute (rpm). Lower limb stretching, carried out as warm up and cool down was
performed before and after completed the aerobic exercise session. Hip flexor, knee flexor, and knee
extensor muscle groups were statically stretched (15 seconds/ muscle/ side/ set) for 3 sets each.

2.3. Physical activity assessment

The physical activity level was evaluated using a short version of the International Physical
Activity Questionnaire (IPAQ) [34]. The short version of IPAQ is widely used across countries, and
is valid and reliable [35,36]. Participants were interviewed and given verbal information about their
physical activity over the last 7 days. During completed the questionnaire, all participants were also
provided with a time to recall their physical activity. The IPAQ containing eight subitems
encompasses questions relevant time spent vigorous activity, moderate activity, walking, and sitting.
Metabolic equivalent in a minute per week (MET-minute/ week) was computed for each activity
category, except for sitting. Formulas used to calculate the MET-minute/ week of each activity depend
on its factor, number of minutes, and number of days: (a) vigorous MET-minute (8 x minutes of
vigorous-intensity activity x days of vigorous-intensity activity); (b) moderate MET-minute (4 x
minutes of moderate-intensity activity x days of moderate-intensity activity); (c) walking MET-
minute (3.3 x minutes of walking activity x days of walking activity). The physical activity is
interpreted as highly active, minimally active, and inactive. Criteria for these three categories are as
follows.

(i) Highly active level is classified based on either criteria: (a) 2 3 days of vigorous-intensity activity
which obtain a minimum of an equal or above 1500 MET-minute/week; (b) 2 7 days of any
combined walking, moderate- or vigorous-intensity activities which receive a minimum of at
least 3000 MET-minute/week.

(ii) Minimally active level is considered based on either criteria: (a) 2 3 days of vigorous activity
with a minimum of 20-minute/day; (b) 2 5 days of moderate-intensity activity or walking, with
a minimum of 30-minute/day; (c) 2 5 days of any combined vigorous-intensity activity,
moderate-intensity activity, or walking, with a minimum of 600 MET-minute/week.

(iii) Inactive level is categorized as participants who do not meet either highly active or minimally
active levels.
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2.4. Anthropometric measurement

Anthropometric variables included BMI, WC, WHR, and WHtR. The measurement of
anthropometrics are as follows;

2.4.1. Body Mass Index (BMI)

The Body Mass Index (BMI) is determined by taking into account an individual's weight and
height. The BMI is computed using the following mathematical expression: BMI equals the weight in
kilograms (kg) divided by the square of the height in meters (m”2). In the context of the participants
in this study, who are in Asia-Pacific region, a BMI exceeding 25 kg/m”2 is categorized as obese
individuals [31].

2.4.2. Waist circumference (WC)

The measurement of waist circumference (WC) involved the use of a non-elastic measuring tape,
and this was conducted with participants in a standing position, barefoot. The participants were
instructed to expose their waist area and fold their arms across their chest. The assessor positioned
the non-elastic measuring tape horizontally, precisely at the midpoint between the lowest rib and the
iliac crest [37]. The assessor took the measurement of the waist circumference while participants were
in an exhaled state. The measurement was recorded in centimeters (cm). Each participant's WC was
measured twice, and the average of these two measurements was utilized for analysis. In case where
the two measurements differed by more than 1 cm, a third measurement was taken to ensure
accuracy. The WC that equals or exceeds 90 cm in men and 80 cm in women is considered as a key
indicator of obesity [38].

2.4.3. Waist — to - hip ratio (WHR)

The waist — to — hip ratio (WHR) was calculated by dividing the waist circumference by the hip
circumference. The hip circumference was measured in cm at its broadest point above the buttocks.
Each participant underwent this measurement twice, and the average of these two values was
employed in the computation of the waist — to — hip ratio. In situations where the two measurements
exhibited a variance greater than 1 cm, a third measurement was taken to guarantee precision. As
outlined in reference [38], a WHR equal to or exceeding 0.9 for men and 0.85 for women is established
as a significant marker for obesity.

Waist — to — height ratio (WHtR)

The waist — to — height ratio (WHtR) was determined by dividing the waist circumference by
individual’s height in cm. In accordance with the criteria provided in reference [39], a WHtR value
that equal to or exceeding 0.51 for men and 0.53 for women is established as a significant indicator of
obesity.

2.5. Oxygen uptake measurement

The measurement of oxygen uptake (VO2) was conducted during a 30-minute session of
moderate exercise intensity. To capture a comprehensive profile of VO2, data points were recorded
at 5 minutes intervals throughout the entire 30-minute aerobic exercise session. Subsequently, these
VO2 values were adjusted based on the participants’ respective body weight to account for variations
among individuals. The aggregate oxygen uptake for the full 30-minute duration, referred to as total
VO2 (Vo2tot), was calculated as the sum of VO2 measurements taken over the course of the exercise,
ensuring that it was adjusted for each 5 minutes segment of the session.

This approach allowed for a more precise evaluation of the participants” oxygen consumption,
taking into consideration both the intensity and duration of the exercise, while also accounting for
differences in body weight. By normalizing the VO2 data, it provided a standardized way to compare
and analyze the participants’ metabolic responses to the 30-minute moderate exercise, enhancing the
accuracy and comprehensiveness of the assessment.
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2.6. Fat oxidation measurement

Fat oxidation, an important component of metabolic analysis, was determined through the
utilization of an indirect calorimetry method, with a stationary metabolic cart (Corival CPET, Lode
B.V., Groningen, Netherland). This advanced equipment precisely measured oxygen consumption
and carbon dioxide production, allowing for a comprehensive evaluation of the fat oxidation process.
The calculation of fat oxidation involved a straightforward yet effective formula that subtracted the
carbon dioxide production (VCO2) from the oxygen consumption (VO2). This formula denoted as
[(1.695 x VO2) — (1.701 x VCO2)] [40] and is a widely recognized approach for determining fat
oxidation rates.

2.7. Procedures

After screening completed, all eligible participants were instructed to (i) avoid vigorous exercise
or activity of at least 24 hr and (b) refrain from beverages and meals within 8 hr prior to data collecting
day. On the data collecting day, participants were asked to record their general information (i.e., age,
sex, weight, height, and underlying disease) and physical activity. The participants were then
measured anthropometric parameters (i.e., BMI, WC, WHR, and WHR) by a well-trained assessor.
All participants were asked to perform moderate-intensity aerobic exercise for 30 minutes. Prior to
the moderate-intensity aerobic exercise testing, the participants were instructed to sit quietly on the
bicycle seat test for 5 minutes in order to ensure a resting status. During the exercise test, oxygen
uptake and fat oxidation were recorded. Vital sign (i.e., blood pressure, heart rate, and oxygen
saturation) and adverse clinical symptoms were monitored throughout the test.

2.8. Statistical analyses

Descriptive statistics were used to present baseline characteristics. The Shapiro-Wilk test was
used to assess the normal distribution of data. For the outcome analysis, an independent t-test was
carried out to compute the differences in VO2tot and fat oxidation between obese and non-obese
groups, classified by WC, WHR, and WHtR. One-way analysis of variance (ANOVA) was used to
compute the difference in VO2tot and fat oxidation among active obese (Ac-Ob), inactive obese (IAc-
Ob), active non-obese (Ac-nOb), and inactive non-obese (IAc-nOb) groups, classified by BMI, WC,
WHR, and WHtR. Subgroup analysis was performed by Bonferroni post-hoc adjustment.
Dichotomous data (i.e., sex and underlying diseases) were presented as number and percentage while
continuous data (i.e., age, weight, height, BMI, VO2tot, and fat oxidation) were expressed a mean *
95% confidence interval (CI). The data were analyzed by SPSS statistics software (version 22.0, IBM
Corp., Armonk, NY, USA) for windows. Significance level was set at p < 0.05.

3. Results

Baseline characteristics are presented in Table 1. Eligible participants, with a mean age of 28.94
years, were predominantly women (72.9%). Allergic diseases were identified as the most underlying
condition, accompanied by dyslipidemia and hypothyroidism.

Table 1. Baseline characteristics.

Variables N =48
Age (year) 28.94 (25.61-32.26)
Sex (male (n), %) 13 (27.1)
Weight (kg) 80.52 (76.61-84.43)
Height (cm) 163.10 (161.10-165.11)
Body mass index 30.03 + (28.40-31.65)
Underlying diseases (n, %) Allergic diseases 6 (12.50)
Dyslipidemia 3 (6.25)

Hypothyroidism 2(4.17)
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Others 5(10.42)

Continuous data are presented as mean and 95% confidence interval.

All participants in this study were classified as obese based on their BMI. Therefore, the
classification of obese and non-obese groups in this study was determined solely using WC, WHR,
and WHItR. Based on the factor of obesity, the total oxygen uptake (VO2tot) in the obese group, as
classified by WC, WHR, and WHtR, was 6%, 6.5%, and 7.8% lower than in non-obese groups,
respectively. However, no significant differences were observed (Table 2). The obese group, as
classified by WC, WHR, and WHIR had lower fat oxidation by 9.3%, 21.7%, and 9.3%, respectively,
but the differences were not statistically significant (Table 3).

Table 2. VO2tot among obese and non-obese groups classified by WC, WHR, and WHtR. (mean and

95%CI).
Obese Non-obese
we (n=36) (n=12) p-value
VOztor (mL.min- kg-1) 80.1 (75.2-84.9) 85.2 (77.9-92.4) 271
Obese Non-obese
WHR (n=14) (n=34)
VOztot (mL.min . kg 1) 77.5 (67.7-87.3) 82.9 (78.7-87.1) 215
Obese Non-obese
WHIR (n=35) (n=13)
VOztot (mL.min- kg-1) 79.5 (74.8-84.3) 86.2 (78.5-93.9) 135

Cl, confidence interval; mL.min-1.kg-1, milliliter per minute per kilogram; VO2tot, total oxygen uptake; WC,
waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

Table 3. Fat oxidation among obese and non-obese groups classified by WC, WHR, and WH{R (mean

and 95%CI).
Obese Non-obese
-val
WC (n=36) (n=12) p-value
Fat oxidation (g.min) 12.6 (10.9-14.3) 13.9 (10.3-17.4) .488
Obese Non-obese
WHR (n=14) (n=34)
Fat oxidation (g.min) 10.8 (8.5-13.0) 13.8 (12.0-15.7) .058
Obese Non-obese
WHIitR
(n=35) (n=13)
Fat oxidation (g.min) 12.6 (10.9-14.3) 13.9 (10.5-17.2) 462

CI, confidence interval; g.min-1, gram per minute; mL.min-1.kg-1, milliliter per minute per kilogram; VO2tot,
total oxygen uptake; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

Based on the physical activity factor in obese group as classified by BMI, there were two groups:
active obesity (Ac-Ob) and inactive obesity (IAc-Ob). Based on two factors of obesity and physical
activity, there were four groups categorized by WC, WHR, and WHtR: active obesity (Ac-Ob),
inactive obesity (IAc-Ob), active non-obesity (Ac-nOb), and inactive non-obesity (IAc-nOb).
Participants who met inactive category were described in the inactive group whereas those who met
minimally active and highly active categories were classified in the active group. Of BMI
classification, the result found that VO2tot in IAc-Ob group was 7.9% lower than Ac-Ob group, but
not statistically different between groups (Table 4).

Among the other three different anthropometric indicators of obesity, there were no differences
in VO2tot among four different groups classified by WC and WHIR, except WHR. The result showed
that VO2tot was significantly different among four different groups classified by WHR (p = .032).
After the main analysis, post-hoc analysis was performed and found that IAc-Ob group had a 28.1%
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significantly lower VO2tot compared to Ac-Ob group (p =.050). IAc-Ob also had a 29.2% significantly
lower VO2tot than Ac-nOb group (p =.021). (Table 4).

Table 4. VO2tot among groups classified by anthropometric indicators (BMI, WC, WHR, and WHitR)
and physical activity (active and inactive) (mean and 95%CI).

Ac-Ob IAc-Ob
BMI (n=34) (n=14) p-value
VOztot (mL.min.kg1) 83.3 (78.5-88.1) 76.7 (69.3-84.1) 134
WC Ac-Ob TIAc-Ob Ac-nOb IAc-nOb
(n=28) (n=8) (n=6) (n=6)
VOztot (mL.min kg1) 82.1(76.8-87.5) 72.9 (60.8-85.0) 88.5(74.6-102.4) 81.8 (72.3-91.4) .189
Ac-Ob TAc-Ob Ac-nOb IAc-nOb
WHR
(n=11) (n=3) (n=23) (n=11)
VOztot (mL.min kg1) 82.5(72.3-92.6) 59.3 (31.4-87.3)»> 83.7 (77.8-89.5) 81.5 (75.6-87.3) .032
Ac-Ob IAc-Ob Ac-nOb IAc-nOb
WHIitR
(n=26) (n=9) (n=8) (n=5)

VOztot (mL.min? kg1) 81.0 (75.7-86.4) 75.2(63.5-86.9) 90.5(78.9-102.1) 79.4 (69.8-89.0) 139
Ac-nOb, active non-obesity; Ac-Ob, active obesity; BMI, body mass index; CI, confidence interval; IAc-nOb,

inactive non-obesity; IAc-Ob, inactive obesity; mL.min-1.kg-1, milliliter per minute per kilogram; VO2tot, total
oxygen uptake; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio. a significant

difference from Ac-Ob; b significant difference from Ac-nOb

There were no differences of fat oxidation among groups, as classified by all anthropometric
indicators (i.e., BMI, WC, WHR, and WHtR). Considering the percentage difference of fat oxidation
between the worst-case participant (IAc-Ob) and best-case participant (Ac-nOb), the data could only
be analysed based on WC, WHR, and WHtR. The result showed that the worst-case had a 3.8%, 27.4%,
and 4.3% lower fat oxidation than the best-case participants, classified by WC (IAc-Ob vs Ac-nOb:
12.6 (7.3 - 17.9) vs 13.1 (5.4 - 20.7) g.min-1), WHR (IAc-Ob vs Ac-nOb: 9.8 (2.8 - 16.8) vs 13.5 (11.2 -
15.9) g.min-1), and WHtR (IAc-Ob vs Ac-nOb: 13.2 (8.4 - 18.0) vs 13.8 (8.2 - 19.4) g.min-1), respectively
(Figure 1).

30

25

20

15

10

% Fat oxidation difference

COWC EWHR HWHTR

Figure 1. Difference of fat oxidation between inactive obese and active non-obese groups, classified
by WC, WHR, and WHtR. WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height
ratio.

4. Discussion

This study aimed to examine the impact of obesity as measured by various anthropometric
indicators and physical activity level on oxygen uptake and fat oxidation during moderate intensity
aerobic exercise in adults. Main findings showed that inactive obese adults as classified by WHR had
poorer oxygen uptake than active obese adults and active non-obese adults. We further found the
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promising impact of WHR on fat oxidation as indicated by the greatest difference of the percentage
of fat oxidation between the best case (active non-obese adults) than the worst case (inactive obese
adults).

Poor cardiorespiratory fitness, indicated by a low level of oxygen uptake has been well-
established as a strong independent predictor of cardiovascular diseases [5-7,41], particularly obese
individuals [8]. Evidence suggests that reduced movement in obesity can lead to poor exercise
efficiency, resulting in decreased oxygen uptake and reduced fat oxidation in this population [15-
17]. Our study fails to confirm lower oxygen uptake and reduced fat oxidation in obese individuals
compared to non-obese individuals. While the evidence is not entirely supportive, fat oxidation in
obese individuals, as classified by WHR, tended to be lower than in non-obese individuals. Various
anthropometric indicators (i.e., WC, WHR, and WHtR) have been debated as suitable determinants
of health status related to obesity [18,21]. The finding of our study is likely to support the use of WHR
as an obesity indicator. WC has been proposed as an indicator closely to central fat accumulation and
intra-abdominal adipose tissue which is greatly associated with the risk of cardiometabolic diseases
[42]. In addition, several studies have shown that lower oxygen consumption was associated with the
increased WC [43-45]. Notably, our study did not find poor oxygen uptake and fat oxidation in obese
individuals based on WC but rather on WHR. The finding of the current study may have been
predominantly influenced by women, as they comprised nearly three-fourths of our study
participants (72.9%). Women tend to store fat not only in the abdominal region but also in the hip
and buttock areas [46]. Furthermore, WHR has also been reported as a good predictor of intra-
abdominal adipose tissue [47], which correlates with cardiorespiratory fitness and strongly predicts
CVD [48]. Thus, using WHR as a surrogate marker of body fat is likely more appropriate than using
WC and other indicators, especially in women.

Physical activity is inversely associated with cardiovascular disease [23]. Particularly, obese
individuals are at risk of cardiovascular disease, as scientific literature has shown a positive
association between inadequate physical activity and the accumulation of excess body fat [27]. Our
finding showed a significantly higher oxygen uptake during moderate-intensity aerobic exercise in
active obese individuals, as measured by WHR, than inactive obese individuals. This finding suggests
that, even in the presence of obesity, oxygen availability can be preserved in obese individuals with
high fitness. Active obese individuals are likely to be described as metabolically healthy obesity,
which has low burden of metabolic abnormality.

A previous study has demonstrated that a higher level of physical activity is linked with
metabolically healthy obesity [49]. Considering the compelling evidence, adipose tissue dysfunction
generates low-grade inflammation, which, in turn, leads to impaired mitochondrial function [15].
This phenomenon results in lower ATP synthesis, an important substance involved in oxygen
consumption during exercise. It is possible that active obese individuals may have the potential to
partly maintain a normal metabolic function, as expressed by higher oxygen uptake while performing
the exercise than that of inactive obese individuals. This finding is also supported by a previous work,
suggesting the implementing of a physical activity program to improve cardiorespiratory fitness in
obesity [50]. Thus, physical activity is necessary to be considered as an important characteristic to
prevent a transition to unhealthy obesity. Obesity and physical inactivity independently affect poor
oxygen uptake and decreased fat oxidation [8-10,15-17].

Coexistence between obesity and physical inactivity possibly reinforces greater negative impact
on such outcomes. Finding of the current study confirms poor oxygen uptake, indicating by 29.1%
lower oxygen uptake in inactive obese individuals than active non-obese individuals. Our study did
not reveal a significant difference in fat oxidation between the inactive obese and active non-obese
groups. Although the difference was not statistically significant, the descriptive data illustrated the
most substantial difference in fat oxidation between inactive obese and active non-obese individuals,
with obesity classified by WHR.

This study has some limitations that should be considered. First, small sample size may not
provide sufficient statistical power to detect differences in fat oxidation among the groups, as the
sample size of this study was determined based on the sample size of the primary research project
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[30]. Second, the finding of this study may be limited in their generalizability as the study primarily
consisted of women. Third, a comparative analysis between obese and non-obese individuals based
on BMI is limited. The participants of this study were obtained from our primary project which had
a specific target population in obesity regarding BMI [30]. Thus, the current study could not evaluate
the impact of obesity on the outcomes of interest (i.e., oxygen uptake and fat oxidation), as classified
by BMI. Further studies with more appropriate sample size, including men, and considering both
obese and non-obese individuals using BMI are warranted to confirm the findings of this study.

5. Conclusions

In summary, we conclude that active obese individuals, as measured by WHR, exhibited higher
oxygen uptake compared to inactive obese individuals. Moreover, inactive obese individuals showed
poorer oxygen uptake than active non-obese individuals. This study suggests that measuring obesity
using WHR and assessing physical activity level may provide valuable information in clinical
practice for identifying health risks in adults.
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