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ABSTRACT

Purpose: The number of overweight or obese adults in the United States continues to increase. Many diseases are
linked to obesity; consequently, there is great need for research to improve prevention and treatment of this
condition. The purpose of this study was to compare OMNI ratings of perceived exertion (OMNI-RPE) among
normal weight versus obese individuals across stages of an incremental aerobic fitness test. Secondary purposes
included determining differences between groups for OMNI-muscle hurt (pain), heart rate (HR) and oxygen
consumption (VO,). Methods: Women 28.52(9.69) years of age of normal weight (BMI < 25 kg/m?; n = 17) and
obese status (BMI > 30 kg/m?; n = 12) completed two days of testing, including a modified Balke treadmill test. A 2
x 3 mixed model ANOVA (group X stage) was used to detect differences between normal weight and obese groups
across all variables. Results: The obese group reported higher OMNI-RPE (p =.002), higher HR (p = 0.003) and
significantly lower VO, (p =.027) than the normal weight group for all stages of the Modified Balke. No group x
stage interactions were found for any variables with the exception of muscle pain (p < .004), which was higher for
the obese group at higher test stages than the normal weight group. Conclusion: OMNI-RPE, pain, HR, and VO,
data suggest that obese women have different physiological and perceptual responses than normal weight women at
the same aerobic exercise intensity. Obese women perceive exercise as harder and more painful than normal weight
women during an incremental treadmill test, which suggests the need for modified exercise recommendations for
obese women. Further research is needed to determine if these differences explain reduced exercise participation for
this population.

KEY WORDS
Rating of perceived exertion, pain, obesity, exercise, women



78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

INRODUCTION

The prevalence of being overweight or obese has dramatically increased in the past two decades. Nearly all
segments of American society have demonstrated an increase in obesity, including children, adolescents and nearly
40% of adults from both sexes (Ogden et al., 2014). Obesity is recognized by the American Medical Association as
a disease characterized by excessive amounts of body fat. (De Lorenzo et al., 2020). With this in mind, being
overweight refers to those with increased amounts of body fat compared to standards based on height and weight - a
transition zone between being normal weight and obese (24). These definitions have some overlap, but distinct cut-
offs exist based on body mass index (BMI), which is calculated as body weight in kilograms divided by the square
of height in meters. BMI is not accurate for all body types because it does not take into account muscle mass and
body fat distribution varies considerably with race/ethnicity (Stults-Kolehmainen et al., 2012, 2013; Watson et al.,
2019). However, when categorizing the general population, it has been deemed accurate (ACSM, 2021). Under
current conventions, being overweight is 25.0-29.9, obesity is defined as having a BMI > 30 and < 40, while morbid
obesity is defined as BMI > 40.

Treatment for obesity particularly focuses on diet modification and exercise, but exercise prescription is
challenging for overweight and obese populations. Yu et al. (2021) discusses that individuals who are overweight or
obese have unmatched oxygen consumption and energy expenditure which are linked to insufficient exercise
intensity. While exercise prescription guidelines recommend at least 150 minutes per week of moderate intensity
cardiovascular activity, much more physical activity (PA) required in order to lose weight and maintain body mass
after substantial weight loss. Unsurprisingly, these guidelines may be a barrier to progress as many overweight
individuals find achieving them to be insurmountable, particularly when starting from a baseline of nearly no
activity. Those who are overweight or obese are also highly likely to be very low in cardiovascular fitness.
Furthermore, there is a plethora of data, starting with Wasseman and Whipp in 1975, indicating that the
workload/VO; relationship is shifted upwards in obese populations (de Souza e Silva et al., 2016; Heymsfield et al.,
2005; Yu et al., 2021). In other words, for any given level of work, metabolic strain is greater for obese individuals,
especially in moderate and vigorous exercise (Yu etal., 2021). Given these challenges, overweight and obese
populations likely need exercise prescriptions that start at low workloads, progress slowly and have a high degree of
personalization (ACSM, 2021). This indicates a need for a fresh look at how professionals prescribe exercise for
individuals who are overweight or have obesity.

Indeed, recent calls have been made to reform the approach for prescription and progression of exercise
(Barreto, 2015; Du et al., 2019; Khanfir et al., 2022; Sparling et al., 2015; Yu et al., 2021). The American College of
Sports Medicine (ACSM) has concluded that obese patients need a personalized exercise prescription, ideally from
an exercise professional who can also monitor their progress in order for successful weight loss (ACSM, 2021).
Guidance and monitoring will also enhance adherence to the exercise prescription, which is an important factor in
determining a person’s achievement of weight loss and the length of time lost weight is kept off.

Continuation of exercise is also reinforced when it is associated with pleasurable affective responses. One
key affective response specific to exercise is perceived exertion (effort sense). Exercise perceived as less effortful is
usually rated as more pleasurable. For these and other reasons, rating of perceived exertion has been utilized as a
method of prescribing exercise intensity. Interestingly, perception of exertion during submaximal exercise is
positively associated with weight regain in formerly overweight individuals (Blair et al., 1985; Yu et al., 2021).
Unfortunately, there is contrasting literature in regard to the association of weight status and perceptual responses
during exercise with some data indicating that obesity has an influence on perceptual responses (Elsangedy et al.,
2013; Yu et al., 2021) with other data refuting the effect (Mercier et al., 2010). This may be important not only for
exercise prescription reasons, but also for aerobic capacity testing because RPE is one indicator of maximal
performance. Thus, standard termination criteria may be inappropriate for overweight or obese individuals (ACSM,
2021). Consequently, the aim of this investigation was to observe perceptual responses during aerobic exercise
testing and relate these to body weight classifications. We hypothesized that obese participants would have greater
OMNI-RPE scores compared to normal weight participants at each stage completed of a Modified Balke treadmill
test. Also, it was anticipated that obese participants would have different RER values, HR, oxygen consumption and
muscle pain than the normal weight participants at each stage completed of a Modified Balke treadmill test.

METHODS
PARTICIPANTS

Participants were recruited with flyers posted at a large Midwestern university in the United States. Thirty
sedentary women (average age = 28.52, SD = 9.29) volunteered to participate in the current study, who then
completed a medical history form before any testing began. Eligible participants: A) were female sex, B) had no
health risks (e.g., cardiovascular disease or cardiovascular abnormalities) and no musculo-skeletal problems, and C)



134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

had been sedentary for the last 12-months. Sedentary condition was defined as not participating in physical exercise
three or more days per week for the past 12 months (ACSM, 2021). All procedures were approved by the university
Institutional Review Board, and all participants gave written consent for study participation.

INSTRUMENTATION AND TESTS

BMI

BMI was calculated from height and weight measurements to determine weight classifications according to
the CDC (1). The baseline testing of height and weight used a standardized stadiometer: a Seca 220 telescope height
rod (Seca Corp, Hamburg, Germany). The participant was then asked to stand with her back facing the stadiometer,
back of heels touching the wall and feet together. Next, the participant was asked to step on a Detecto Platform
Balance Scale model T500E (A & A Scales, Prospect Park, NJ) for measurement of body mass. The scale was set to
zero, and then the participant was asked to stand on the scale until a measure of weight in kilograms was recorded.

Waist Circumference

The participant was asked to stand erect and breathe softly while holding her shirt high enough that the
umbilicus was exposed. A Gulick Il anthropometric tape (Lafayette Instrument Co., Lafayette, IN.) was placed
horizontally around the waist at the midpoint between her lower rib and iliac crest. The measurement was read and
recorded to the nearest centimeter.

Physical activity

A seven-day physical activity recall developed for epidemiologic and health education was used. The
physical activity recall has been shown to provide useful estimates of habitual physical activity for research in
epidemiologic and health education studies (Blair et al., 1985).

Exertion

OMNI Rating of Perceived Exertion (RPE) is a subjective way to monitor overall ratings of perceived
exertion, similar to the Borg RPE scale from 6-20. The OMNI scale was developed in attempt to have a more
accommodating or user-friendly scale for multiple age groups (Robertson et al., 2004). The scale ranges from 0-10
with descriptions of the intensity in words and pictures. The scale has been validated and is similar to the OMNI
scale range used for pain. The OMNI-RPE scale has been validated in obese and non-obese participants (Jakicic et
al., 1995; Utter et al., 2004).

Pain

The OMNI-Muscle Hurt for pain was used to match the 0-10 range of the OMNI-RPE scales. The
Children’s OMNI-Muscle Hurt Scale was developed and have displayed construct specific perceptual scales and
have progressed to be measure pain in adults (Haile et al., 2015). The term hurt was used rather than pain because it
is more commonly expressed to describe their nociceptive feelings (Haile et al., 2015); therefore, the OMNI-Muscle
Hurt Scale was developed based on the principles of the OMNI RPE Scales. The scale contains numerical categories
and construct specific verbal and pictorial descriptors just as the OMNI-RPE scale. Previous testing has indicated
children could differentially rate the intensity of both muscle hurt and perceived exertion when measured during
exercise (Haile et al., 2015).

6-MWT.

Each participant completed a 6-minute walk (6-MWT) test on a treadmill no more than two days before the
Modified Balke treadmill test was performed (ACSM, 2021). Participants were asked to give an OMNI-RPE and
OMNI-Muscle Hurt score while heart rate, VO, respiratory exchange ratio and blood pressure were recorded at
each stage of the 6-MWT test. The purpose of this test is to exclude any participants that exhibit any
musculoskeletal limitations or any signs and symptoms of cardiovascular disease. The total distance is recorded over
a 6-minute period. Participants walked on a treadmill at a zero-grade incline with a self-selected speed while
wearing an electronic heart rate monitor around their chest that transmits a signal to a wristwatch. OMNI-RPE and
Muscle Hurt scores are recorded for each minute of the test.

Modified Balk Treadmill Test



189
190
191
192
193
194
195
196
197
198

The Modified Balke treadmill test starts at a zero grade and 53.6 meters per minute for the first minute in
order for participants to begin at a comfortable walking pace on the treadmill. The speed is then increased to three
miles per hour with a grade of zero for two-minutes. The grade is then increased by 2.5% points at the beginning of
the following two-minute intervals. The speed is not increased during the rest of the test. This continues until each
participant reaches 80% of her maximal heart rate, calculated by 206.9 — (0.67 * age) (ACSM, 2021) or indications
of exercise termination arise as recommended from the ACSM (ACSM, 2021).
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PROCEDURES

First session

Participants were asked to eat no less than two hours prior to arriving for the first session and to dress in
comfortable exercise clothing. After a briefing of the procedure, participants filled out a seven-day recall to verify
physical activity exclusion criteria (Blair & Church, 2004). Participants were then measured for height, weight,
waist and hip circumference, heart rate, and aerobic fitness determined by a 6-MWT at a self-selected pace. The 6-
MWT familiarized the participants with treadmill walking, wearing a heart rate monitor, the OMNI-RPE scale and
the OMNI-Muscle Hurt scale which were recorded at every minute of the test. The first meeting lasted 30 minutes.
Participants then scheduled a date and time to return to the laboratory to complete a Modified Balke treadmill test no
less than 48 hours after their first visit.

Second Session

On arrival for the second visit, all participants were given the same HR monitor they wore on day one of
testing and were asked to partake in a Modified Balke Graded Exercise test, according to ACSM guidelines (ACSM,
2021). A standard treadmill (Quinton Q65 Series 90 from Quinton Instruments in Seattle, WA) was used for testing,
along with a Medical TrueOne Metabolic Measurement System (Consentius Tech, Sandy, UT). During the Modified
Balke Test, an OMNI- RPE scale for walking/running was placed in front and within arm’s reach for each
participant to point at when directed to during testing protocol. A ten-point OMNI-muscle hurt scale was also
administered following the OMNI-RPE scale. A BP cuff and sphygmomanometer (American Diagnostic Corp. 55
Commerce Drive, Hauppauge, NY 11788) were used to measure blood pressure the last 45 seconds of each stage of
testing. HR was recorded during the last five seconds of each minute within each stage of testing and an OMNI-RPE
and an OMNI-muscle hurt scale for aerobic exercise was used. During the Modified Balke test, RER and VO, were
continuously recorded during the entire test. HR, BP, OMNI-RPE and pain scale were recorded immediately after
walking stopped and every two minutes after for the following ten minutes after walking stopped. Each participant’s
second visit lasted approximately one hour.
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ANALYTICAL METHODS

Descriptive statistics (mean and standard deviation) are reported in the results section for age, height,
weight, waist circumference, BMI, VO, RER and 6-MWT distances. SPSS version 19.0 (IBM®) statistical software
package was used to compute all statistical analyses. The mean OMNI-RPE score, HR, VO,, OMNI-Muscle Hurt
scale and RER for the obese category of participants were compared separately to the means for the normal-weight
category of participants during the same stage of the Modified Balke test using a two-way mixed model analysis of
variance (ANOVA) (group by stage). When the spherecity assumption was not met the degrees of freedom were
adjusted according to the Huyhn-Feldt method. All participants completed the first three stages of treadmill test;
therefore, we compared participant groups on the first three stages. An alpha value of .05 was set to determine
significance. The effect size (ES) is reported as partial eta squared. Post hoc dependent t-tests were calculated when
stage main effect was significant. Correlation coefficients were calculated for RPE and BMI.

RESULTS

Thirty female participants completed both testing sessions, although one subject was excluded from the
statistical analysis due to her inability to anchor/use the OMNI-RPE scale properly. All participants completed
through stage three of the sub-maximal Modified Balke treadmill test. Two normal weight participants completed
only through stage three, eight participants completed through stage four, five participants completed through stage
five and two participants completed through stage six. Six obese participants only completed the sub-maximal
Modified Balke treadmill test through stage three, and six completed through stage four. Descriptive statistics
(means (M) and standard deviations (SD)) for age, BMI, height, weight, waist to hip ratio, 6-MWT distance and age-
predicted maximum HR for the participants are reported in Table 1.

Table 1. Participant Characteristics for Normal BMI (n=17) vs. Obese BMI (n=12)

Measure Group M SD
Age(years) Normal 30.41 10.28
Obese 25.83 8.47
Height(cm) Normal 168.20 5.16
Obese 165.67 7.19
Weight(kg) Normal 66.70 6.55
Obese 92.30 7.57
W-H ratio Normal 0.75 0.11
Obese 0.76 0.22
Waist(cm) Normal 77.10 5.80
Obese 100.00 10.00
BMI(kg/m?) Normal 23.01 1.49
Obese 33.73 3.71
6-MWT(m) Normal 498.90 96.56
Obese 466.71 80.47
Max HR(bpm) Normal 185.88 7.06
Obese 188.83 5.56

Group means for normal weight participants (n = 17) and obese (n = 12) participants were compared for the
Modified Balke treadmill test for OMNI-RPE, RER, HR, VO, and OMNI-Muscle Hurt, and are reported in Table 2.
The means (M), standard deviations (SD) and 95% confidence intervals (Cl) are reported in Table 2. The VO2zmax
calculated for the normal weight group was significantly higher 15.46 + 1.66 ml/kg/min than the obese group 14.00
+ 1.66 ml/kg/min (p=<0.05). There was significantly lower RPE and HR response reported for the normal group
compared to the obese group, p=<0.05.
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Table 2. Modified Balke Test Results for Group Differences Between Normal BMI (n=17) vs. Obese BMI (n=12)

Measure Group M SD Cl
RPE Normal 2.51" 1.11 1.96 - 3.06
Obese 3.92 1.11 3.26 - 4.58
RER Normal 0.86 0.05 0.84-0.89
Obese 0.89 0.05 0.86 - 0.92
Muscle-Hurt Normal 0.20 0.50 -0.05-0.45
Obese 0.53 0.50 0.23-0.83
HR(bpm) Normal 120.67" 10.14 115.62 -125.71
Obese 133.17 10.14 127.16 - 139.17
VO, (ml/kg/min) Normal 15.46" 1.66 14.63 -16.29
Obese 14.00 1.66 13.01-14.99

Note. Cl= 95% confidence interval; * groups differ, p < .05

Group means for normal weight participants and obese participants were compared over the first three
stages completed of the Modified Balke treadmill test for OMNI-RPE, RER, HR, VO, and OMNI-Muscle Hurt, and
are reported in Table 3, and 4. The means (M), standard deviations (SD) and 95% confidence intervals (CI) are
reported in Tables 2, 3 and 4 for the variables OMNI-RPE, RER, HR, VO, and OMNI-muscle hurt. A 2 x 3 (Group
x Stage) mixed model ANOVA was performed for these variables.

Table 3. Modified Balke Test Results for Differences Between Stages (n=29)

Measure RPE" RER" MH" HR"(bpm) VO,"

(ml/kg/min)
Stage

M 2.14 0.82 0.10 115.31 12.04

1 SD 1.01 0.08 0.32 9.82 2.78
Cl 1.76-2.52 0.79-0.85 0.02-0.22 111.57-119.05 10.98-13.10

M 2.99 0.88 0.33 125.46 14.53

2 SD 1.29 0.07 0.55 10.32 1.64
Cl 2.50-3.48 0.85-0.85 0.12-0.54 121.52-129.39 13.91-15.15

M 4.52 0.92 0.66 139.99 17.61

3 SD 1.37 0.06 0.87 11.82 1.81
Cl 3.99-5.03 0.90-0.95 0.33-0.99 135.48-144.49 16.92-18.30

Note. C1=95% confidence interval, “p < .03; each pairwise comparison between the stages was significant
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Table 4. Modified Balke Results for Group by Stage Interaction: Normal BMI (n=17) and Obese BMI (n-12)

Stage 1 Stage 2 Stage 3

Measure M (SD) Cl M (SD) Cl M (SD) Cl
RPE

Normal 1.53(0.99) 1.04-2.02 2.24 (1.27) 1.61-2.87 3.77 (1.35) 3.09-4.44

Obese 2.75 (0.99) 2.16-3.34 3.75 (1.27) 3.00-450  5.25(1.35) 4.45-6.10
RER

Normal 0.82 (0.08) 0.78-0.86 0.85 (0.06) 0.82-0.88 0.91 (0.06) 0.88-0.94

Obese 0.82 (0.08) 0.78-0.87 0.90 (0.06) 0.86-0.94 0.93 (0.06) 0.90-0.98
Muscle-hurt*

Normal 0.12 (0.33) 0.04-2.76 0.24 (0.54) 0.04-0.51 0.24 (0.86) 0.19-0.66

Obese 0.08 (0.32) 0.10-0.27 0.42 (0.54) 0.10-0.74 1.08 (0.86) 0.57-1.59
HR(bpm)

Normal 110.12 (9.67) 105.31- 119.41 (10.17) 114.35 132.47(11.64) 126.68-

114.93 124.47 138.26
Obese 120.50 (9.67) 114.77- 131.50 (10.17) 125.48 147.50(11.64) 140.61-
126.23 137.52 154.39

VO,
(ml/kg/min)

Normal 13.12 (2.74) 11.75-14.48  15.06 (1.62) 14.26- 18.20 (1.79) 17.31-19.09

15.86
Obese 10.97 (2.74) 9.35-12.59  14.00 (1.61) 13.04- 17.02 (1.87) 15.96-18.07
14.96

Note. C1=95% confidence interval, * Significant group by stage interaction, p<0.5.

RPE

No group by stage interaction existed for RPE [F(2, 54)=0.53, p=0.59, ES=0.02, power=0.13] (Table 4).
The obese group had a greater RPE than the normal weight group for all three stages [F(1,27)=11.26, p=0.002,
ES=0.29, power= 0.90] (Table 2). The stage main effect for RPE was significant, [F(2,54)=115.35, p<0.0005, ES=
0.81, power=1.0] (Table 3). Post hoc tests indicated RPE increased significantly from one stage to the next
(p=<.0005). Refer to Figure 1 for differences between BMI means and OMNI-RPE means for each completed stage.
Correlations for BMI with RPE at stages 1, 2, and 3 represented a small to moderate positive relationship (r=0.49,
p=0.007; r=0.46, p=0.012; r=0.40, p=0.034, respectively).
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Figure 1- OMNI-RPE mean scores for the normal weight and obese participants during each stage of the Modified
Balke Treadmill Test.

MUSCLE-HURT

There was a group by stage interaction for muscle hurt (pain) [F(1.40,37.78)=7.81, p=0.004, ES=0.30,
power= 0.96] (Table 4). Refer to Figure 2 for differences between the normal weight group and obese group for
muscle hurt for each stage completed.

There was no significant difference between groups for muscle hurt [F(1,27)=3.08, p=0.091, ES=0.22,
power= 0.86] (Table 2). The stage main effect was significant for muscle hurt [F(1.40,37.78)=11.67, p<0.0005,
ES=0.30, power= 0.96] (Table 3). Post Hoc tests indicate muscle hurt increased from one stage to the next
(p=<.031).

10
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Figure 2- Mean Values of OMNI-muscle hurt measures during the Modified Balke Treadmill Test for the normal
weight and obese group.

HEART RATE

No group by stage interaction existed for heart rate [F(1.71, 46,23)=3.26, p=0.06, ES=0.11, power= 0.55]
(Table 4). The obese group had greater values for heart rate than the normal group [F(1,27)=10.60, p=0.003,
ES=0.28, power= 0.88] (Table 2). The stage main effect was significant for heart rate [F(1.71,46.23)=363.89,
p<0.0005, ES=0.93] (Table 3). Post Hoc tests indicate that heart rate increased from one stage to the next
(p=<.0005).

VO,

No group by stage interaction existed for VO, [F(1.88,50.73)=1.0, p=0.37, ES=0.04, power=0.55] (Table
4). The normal group had greater values for VO than the obese group [F(1,27)=5.56, p=0.03, ES=0.27,
power=0.88] (Table 2). The stage main effect was significant for VO, [F(2, 54)=87.25, p<0.0005, ES=0.76,
power=1.0] (Table 3). Post Hoc tests indicate VO increased from one stage to the next (p=<.0005).

RESPIRATORY EXCHANGE RATIO (RER)

There was no group by stage interaction for RER [F(1.83,49.43)=1.42, p=0.25, ES=0.05, power=0.28]
(Table 4). No significant difference between obese and normal group for RER [F(1,27)=1.86, p=0.18, ES=0.06,
power=0.26] (Table 2). The stage main effect was significant for RER [F(1.83, 49.43)=26.53, p<0.0005, ES=0.50,
power=1.0] (Table 3). Post Hoc tests indicated RER increased significantly from one stage to the next (p=<.004).

11
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DISCUSSION

The purpose of this study was to investigate the differences in OMNI-RPE scores among normal-weight
and obese women during exercise. A secondary purpose was to determine differences between groups for OMNI-
Muscle Hurt (pain), RER, heart rate (HR) and oxygen consumption (VO,) during exercise. Based on the work of
past researchers examining obesity and subjective ratings of exertion (Ekkekakis et al., 2010; Utter et al., 2004; Yu
etal., 2021), it was hypothesized that RPE would be greater during exercise in those women with a greater BMI.
This prediction was supported by the current data. Those participants that had BMIs of 30 kg/m? or greater
perceived their exertion to be greater than the normal weight group during stages 1-3 of the Modified Balke
treadmill test. After the first stage, those with higher BMI also had greater pain ratings. Finally, there was a
significant effect of BMI category on heart rate and submaximal VO, but no difference in respiratory exchange ratio
(RER).

These data seem to agree with results from several previous studies. Hulens and colleagues (2002) reported
that RPE was significantly higher and VO significantly lower in sedentary obese women. Huebschmann, et al.
(2009) reported significantly higher RPE in those participants who were obese with Type 2 diabetes than a normal
weight control group. Finally, Tompkins and colleagues tested obese individuals in a repeated measures design with
Borg-RPE during a 6-MWT before they received gastric bypass surgery, three months post-surgery and again at six
months post-surgery (Tompkins et al., 2008). After losing a substantial amount of weight these individuals reported
lower RPE despite walking at a faster rate at three- and six-months post-surgery (Tompkins et al., 2008).
Collectively, these datasets indicate that excess weight results in greater levels of exertion or effort sense during
exercise.

Not only do obese individuals have higher RPEs during exercise, it has been reported to be associated with
higher dropout rates in exercise programs (Khanfir et al., 2022). To promote adherence, the ACSM recommends
RPE used for prescribing exercise intensity and duration, that should be manipulated so that the intensity is low
enough to allow a suitable duration to expend the recommended caloric energy (Khanfir et al., 2022). The ACSM
also recommends a training frequency of five to seven weekly sessions of 45 to 60 min of moderate intensity
(ACSM, 2021). The volume of exercise needed for weight loss is greater than that which is necessary to improve
fitness (ACSM, 2021) and in this regard, 255 min of physical activity per week has been suggested for long-term
weight loss and prevention of weight regaining (Jakicic et al., 2015). Significant weight loss is possible with aerobic
exercise training without caloric restriction, requires a high volume, which may not be practical or sustainable
(Jakicic et al., 2015; Khanfir et al., 2022). Therefore, exercise intensity is a crucial component of exercise
prescription that may affect exercise adherence and may be related to how tolerable participants perceive the
exercise. Again, higher exercise intensities have been shown to be associated with reduced exercise adherence in
obese individuals (Khanfir et al., 2022). Jakicic et al., (2015) also reported maintenance of a sufficient dose of
physical activity is challenging, and adherence is typically below the optimal level, which could impact weight loss
outcomes.

Many possible different factors could account for the exacerbated sensations of exertion in overweight
individuals we observed, such as the decreased oxygen-carrying capacity, increased heart rate values and possibly
psychological aversions from feeling inordinate physical stress, which agrees with previous researchers (Hills et al.,
2006; Wang et al., 2013). We measured many of these to shed light on the effect. For instance, while there was no
significant main effect of obesity status on muscle hurt (pain), there was also a significant interaction between
exercise stage and group for muscle hurt. The results indicate that as intensity increased BMI groups did differ in
muscle pain ratings. During stage one the normal and obese groups reported similar muscle hurt scores, but during
stage two and stage three of the Modified Balke test the obese group reported higher muscular pain sensations (refer
to Table 2 for stage and group means, Figure 2). The mean for stage two and stage three for the normal weight group
did not increase or decrease, whereas the obese group’s ratings between those stages doubled. It is interesting that
the obese group rated RPE higher at all stages, but only in the second and third stage for muscle hurt, but it’s
important to consider that exertion and pain are distinct constructs with different physiological and psychological
mechanisms (Hutchinson, 2021). Many individuals that are over-weight or obese have a negative feeling about their
own exercise capacity (Sperandio et al., 2015), and the participants with obesity could have been compensating for
their own negative feelings about exercise by initially rating their muscle hurt as higher. Normal weight participants
could have appraised the exercise intensity in an opposite way; they could have been trying harder because they may
have positive feelings about their exercise performance. It may be reasonable to expect then that at rest and low
intensity work there may be no difference in affective responses between weight groups, but once intensity increases
discomfort may be magnified.
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It’s also possible that obese individuals had increased RPE due to perceptions of increased cardiovascular
strain. The obese subject group had higher HR values at each stage of the Modified Balke treadmill test. The resting
HR between participant groups was significantly different as well. In fact, people with larger amounts of fat have to
work harder to move this additional mass (Heymsfield et al., 2005). Additionally, women with normal BMI values
achieved significantly higher levels of relative oxygen consumption (i.e., expressed as ml of oxygen consumed per
kilogram of body mass), meaning they had greater aerobic fitness. All of the participants of the current study were
considered sedentary according to the criteria of the ACSM, not exercising at a moderate intensity more than three
times a week for the past twelve months (ACSM, 2021). We can infer participants’ fitness level from their 6-MWT
test distance (Sperandio et al., 2015). The normal weight group did not appear to be any more fit than the obese
group, as there was no significant difference in there 6-MWT, as shown in Table 1.0. This suggest that although we
controlled for physical activity level, we did not control for fitness level, and while the two are largely overlapping
constructs, they are somewhat independent. VO, has been found to be significantly higher in active obese women
than sedentary obese women (Hulens et al., 2002; Jin et al., 2022), but was also significantly lower than in sedentary
lean women. It is possible that aerobic fitness may have a stronger effect on RPE than Body Mass Index, or the two
may interact (e.g., lean and fit individuals may have the lowest RPE for a given stage of work). In recent years, this
has been a question of central focus, especially considering the fitness that some people have “metabolically healthy
obesity” (MHO); in other words, are obese but don’t have additional symptoms of cardiovascular and metabolic
disease. For instance, Sui et al. (2007) reported that all-cause mortality was directly related to low-fitness levels
regardless of fat-mass, and a lower risk of all-cause mortality was reported for fit obese individuals than unfit
normal weight individuals (Barreto, 2015; Coquart et al., 2012; Khanfir et al., 2022).

Even with the differences in RPE, heart rate and relative VO,, there was no significant difference between
the two different groups of subjects for respiratory exchange ratio. RER indicates what substrate a person is most
utilizing at rest or during physical activity. As exercise training increases a person’s substrate utilization will reach
the carbohydrate use (RER=1.0) period faster than an unfit person, as fatty acid oxidation is impaired in skeletal
muscle of those who are obese (Khanfir et al., 2022). The results suggest that obese and normal weight women
follow the same pattern of substrate use during an incremental treadmill exercise. Therefore, these data suggest that
a difference in substrate utilization does not affect the subjective measure of perceived exertion. This is supported by
a study conducted by Hulens and colleagues (2001) that reported no difference in substrate utilization during a
submaximal incremental exercise test, although the researchers reported a significant difference in substrate
utilization during a maximal exercise protocol. It’s possible that one may not be able to see certain physiological
differences between obese women and normal weight women until they reach higher levels of exercise intensity.

APPLICATION

There are two main applications of this research: A) exercise prescription and B) enhancing affective
responses to exercise to support exercise prescription compliance. The Office of the Surgeon General and the
American College of Sports Medicine recommends that adults participate in at least 30 minutes of moderate
physical activity on most days of the week, but recently basing prescriptions on these guidelines have come into
question for obese participants due to the increased feelings of exertion and decreased adherence to moderate
exercise. (Barreto, 2015; Coquart et al., 2012; Khanfir et al., 2022; Sparling et al., 2015), and individuals with low
fitness have a difficult time achieving these recommendations, especially if starting from no exercise, which
suggests a modified and more progressive approach is needed. Most relevantly to this study, it has been suggested
that intensity standards could be quantified with RPE, which would be an effort of 5 to 6 on a 0 to 10 exertion scale,
where 0 is sitting (rest) and 10 is the greatest effort possible, or 12-13 on a 6-20 RPE scale (Garber et al., 2011).
Those with obesity feel like they are working harder, giving more effort and have more muscular pain during
exercise, especially in later stages of work, than normal weight individuals, which means they will be working at a
workload that may be less than optimal.

Those experiencing aversive sensations to exercise likely also experience less pleasure and reward, thus
one might assume that they would be less likely to exercise. This might explain why many obese or overweight
individuals have a hard time complying with these physical activity recommendations. The predominant data
indicates, however, that affect experienced during exercise is less important than after exercise. Specifically, the
experience of aversions and pleasure after exercise predicts being active 6- and 12-months later (Williams et al.,
2008), and we did not measure these exact sensations during recovery. Regardless, obese sedentary women, with
similar characteristics to the current subjects, had a reduction in compliance to exercise programs and only a 10%
increase in their exercise intensity over a several week study (Ekkekakis et al., 2010). The results of the current
study suggest that women with obesity may need a differentiated exercise plan to boost exercise compliance and
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thus effective weight management. For instance, work by Williams et al. (2008) and Ekkekakis et al. (2006), report
that self-selected intensity may be important for exercise adherence in overweight women (Ekkekakis et al., 2006).

LIMITATIONS

There were several limitations in the current research, necessitating additional research. First, we did not
control for luteal phase of the menstrual cycle, where psychological responses may be impaired in the luteal phase
(Prado et al., 2021), nor did we adjust for age, and these factors may have been limitations in the current research.
Furthermore, we did not have equal group sizes. The data analysis was not sophisticated enough to incorporate all of
the data from all stages, and future work should use linear-mixed modelling (LMM) analysis to do so. There is a
need for future research to determine differences in exercise perceptions between non-obese and obese women at
matched fitness levels (e.g., normal weight fit vs non-fit, obese but fit, non-fit). Session RPE is another topic of
considerable concern that should be addressed (Haile et al., 2015) and “Peak versus end” RPE, which has
implications for exercise participation (Hargreaves & Stych, 2013). Also, we did not look at mental health and self-
perception factors. Hulens et al. (2002) reported that 22.6% of obese Australian adults felt “too fat” to exercise —
that they weren’t fit enough to get fit. According to these researchers (Hulens et al., 2002) poor psychological
functioning and depression are more evident in obese individuals, and the experience of stress and depression
weakens physical activity behavior (Stults-Kolehmainen & Sinha, 2014). Future studies should investigate whether
higher ratings of exertion and pain actually impact future exercise behavior later in the day (a compensation effect
reducing caloric expenditure (King et al., 2007), which falls in line with predictions of the WANT model (Stults-
Kolehmainen et al., 2020). Finally, there should be more expansive familiarization techniques to ensure that all
participants have a greater understanding of the exertion and muscle pain scales.

CONCLUSION

The current data indicate that there are differences in physiological (HR, and VO,) and subjective (OMNI-
RPE, OMNI-Muscle Hurt for pain) responses between sedentary obese and normal weight women. Obese women
perceive exercise as harder than normal weight women at all stages of an incremental treadmill test. They also
experience exercise as more painful at later stages. These data suggest that exercise recommendations for obese
women may need to be modified, particularly to avoid exercise compensation effects which could limit energy
expenditure at later periods. Additionally, research is needed to determine if differences in affective responses
during and after exercise in people with obesity predict exercise participation and adherence to weight management
programming, particularly in line with the WANT model (Stults-Kolehmainen et al., 2020).
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