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ABSTRACT
This study aimed to examine the response of lipid and lipoprotein levels following different intensities of exercise in obese
males. Fifteen obese (body mass index > 30 kg/m2), sedentary (less than 2 days per week of physical activity) males, aged
18–30 years, participated in this randomized, cross-over study. The participants performed a single bout of cycling
exercise (average energy expenditure: ~300 kcal) at two different intensities [lower-intensity: 50% of maximal heart rate
and higher-intensity: 80% of maximal heart rate] in a random order. Overnight fasting blood samples were collected at
baseline, immediately post-exercise (IPE), 1-hr PE, and 24-hr PE for each intensity of exercise to determine the profile of
blood lipids and lipoproteins [total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C)]. A 2(intensity) × 4(time) analysis of variance with repeated measures was
used to examine the main and interaction differences in intensity and time on the profile of blood lipids and lipoproteins.
The blood lipids and lipoproteins were not significantly altered following either lower or higher intensity exercise. There
was no significant interaction between intensity and time. The results suggest that regardless of exercise intensity, an acute
bout of aerobic exercise requiring 300 kcal energy expenditure may not be enough to significantly alter blood lipids and
lipoproteins in physically healthy obese males. Therefore, it is recommended that future research determine whether
different intensities of chronic exercise requiring the same or higher volume of energy expenditure can positively alter the
blood lipid profiles in obese males.
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INTRODUCTION
With the increasing prevalence of obesity in our society, a consistent correlation between obesity and the likelihood of metabolic or
cardiovascular disease has become evident (Hruby & Hu, 2015). Cardiovascular disease in particular can include high blood pressure,
heart attack, stroke, heart failure, or arrhythmia. These conditions can be a byproduct of atherosclerosis—a build-up of plaque in the
arteries—or blood clots in the heart or brain (Hansson, 2005; Libby, 2002). Meyers and Gokce (2007) state that increased level of body
fat, as compared to the healthy recommendation, can contribute to heart disease via atrial enlargement, ventricular enlargement, and
atherosclerosis (Meyers & Gokce, 2007). Given the dangers of heart diseases and other conditions in an increasing obese population,
combating obesity is crucial before it directly or indirectly leads to heart disease. A simple but extremely effective method to manage
increased fat mass is exercise, specifically cardiovascular and metabolic conditioning (Fiuza-Luces et al., 2018). From years of study and
abundant research to support this claim, it is known that physical exercise decreases blood pressure and body weight, while increasing
high-density lipoprotein cholesterol (HDL-C) activity (Fiuza-Luces et al., 2018). In addition to these benefits, aerobic exercise improves
circulation, while decreasing the lipid (Wang & Xu, 2017) and improving lipid profile (Nystoriak & Bhatnagar, 2018). The lipid profile
test can determine the risk of plaque buildup in arteries to effectively manage diseases such as coronary artery disease. These lipid profile
tests assess total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and
triglycerides (TG) (Goldberg et al., 2011).
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Previous studies on the effectiveness of high-, moderate-, and low-intensity exercise on lipid levels have reported significantly variable
results (Albarrati et al., 2018; Kraus et al., 2002; Yoshida et al., 2010). Kraus et al. found that high-intensity/high-volume aerobic training
seemed to elicit a statistically significant change in the LDL-C and HDL-C of the sedentary overweight participants (Kraus et al., 2002).
However, Yoshida et al. suggested that the moderate-intensity aerobic exercise has a significant effect on LDL levels in subjects with
dyslipidemia (Yoshida et al., 2010). Although moderate-intensity exercise may improve lipid profiles, recent evidence claims that the
effects of low- and moderate-intensity aerobic exercise training on LDL levels are controversial (Albarrati et al., 2018). A main limitation
of previous studies is that the previous studies (Kraus et al., 2002; Yoshida et al., 2010) did not address the diet record of the participants
during the study period. This is a major factor that can significantly skew the research findings if not accounted for.
Although previous studies primarily assessed the effects of exercise training on lipid profiles, these studies did not address the role
of exercise intensity in the altering of lipids and lipoproteins. In this study, we sought to better describe the influence of a single bout of
exercise at different intensities on blood lipids and lipoproteins. The purpose of this study was to examine the blood lipid and lipoprotein
profile changes following acute lower and higher intensity exercises in sedentary college-aged obese males.

METHODS
Participants
The study recruitment yielded 15 sedentary obese males as participants (body mass index >30 kg/m2, body fat percentage >25%).
Participants were aged between 18 and 30 years and were physically inactive for at least 6 months prior to testing. Participants were
considered physically inactive if they exercised less than twice a week. None of the participants were above the low risk of cardiovascular
disease and no participant had any contraindication to exercise, as outlined by the American College of Sports Medicine exercise
preparticipation health screening guidelines (Riebe et al., 2015). The study was reviewed and approved by the University Institutional
Review Board for human subjects (IRB Reference No. 669721), and all subjects signed informed consent documents prior to testing. The
anthropometric and body composition data of the participants are shown in Table 1.
Table 1. Anthropometric and Body Composition Data at Baseline
Variable

M ± SE

Age (years)
Height (cm)
Body weight (kg)
Body fat (%)
Lean mass (kg)
Fat mass (kg)

21.73 ± .47
177.09 ± 2.27
107.88 ± 4.83
31.56 ± 1.17
64.62 ± 2.37
31.77 ± 2.50

Note: M = mean; SE = standard error; cm = centimeters; kg = kilograms; % = percent

Maximal Heart Rate Test Protocol
The maximal heart rate (HRmax) test was conducted using a Monark cycle ergometer (Medgraphics, Monark, Ergomedic, Model No. 828E,
St Paul, MN, USA) based on the protocol developed by Keytel et al. (Keytel et al., 2005) to estimate each participant’s HRmax. The HRmax
is defined as heart rate achieved at the point of maximal exhaustion (Keytel et al., 2005). To determine HRmax, participants warmed up
on bicycle with a workload of 2 W/kg for 2 minutes. After the warm-up session, participants maintained a speed of 70 revolutions per
minute (rpm) with an intensity of 3.33 W/kg for 150 seconds. These are the parameters of stage 1 of the HRmax test. After completion of
stage 1, workload was increased by an additional 50 W for another 150 seconds. After stage 2, the workload increased by 25 W every 150
seconds until the participants could not maintain 70 rpm or reached maximal exertion and stopped the test on their own. The heart rate of
each participant was tracked using a heart rate monitor placed around their chest (Polar Electro Inc., Lake Success, NY, USA). Heart rate
was measured and recorded once each minute throughout the test duration.

Study Design and Exercise Trials
This study followed a randomized, crossover design. Exercises of two separate intensities were used, randomly assigned, and performed
at least 1 week apart to ensure that the participants fully rested and returned to basal conditions. The lower-intensity (LI) trial was aimed
at 50% of HRmax, while the higher intensity (HI) trial was aimed at 80% of HRmax. The participants expended the same energy
expenditure (~300 kcal) on the cycle ergometer during each trial. The participants were asked to refrain from any exercise during the study
period other than that involved in the study. Energy expenditure was calculated using the following equation by Keytel et al (2005):
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Energy Expenditure = gender × (−55.0969 +0.6309 × heart rate + 0.1988 × body weight (kg) + 0.2017 × age) +
(1−gender) × (−20.4022 + 0.4472 × heart rate − 0.1263 × body weight (kg) + 0.074 × age).

Dietary Intake
All participants recorded their food intake over 3 consecutive days (from 2 days prior to exercise to the day of exercise) for each exercise
trial. Participants were instructed to maintain their usual caloric intake and diet composition.

Fasting Blood Sampling
Overnight fasting blood samples were collected at baseline (PRE), immediately post-exercise (IPE), 1-hour post-exercise (1-h PE), and
24-hour PE (24-h PE) for each exercise trial. Participants sat in a chair for 10 minutes before blood samples from the antecubital vein were
collected into a serum separator tube. Blood samples were kept at room temperature for 20 minutes to ensure clotting, and then centrifuged
for 20 minutes to separate the serum. Aliquots of serum samples were pipetted into 1.5-mL tubes and frozen at -80 °C for later analysis.

Serum Lipid Profiles Analysis
Serum samples in duplicate were assayed for TC (Kit# R85464, Cliniqa, San Marcos, CA) and TG (Kit#R84098, Cliniqa, San Marcos, CA)
by an enzymatic colorimetric method. Serum lipoproteins, including LDL-C and HDL-C were analyzed by electrophoresis (Cat. # 3438
SPIFE Vis Cholesterol, Helena Laboratory, Beaumont, TX) using the SPIFE 3000 electrophoresis system (Helena Laboratory, Beaumont,
TX). The lipoprotein-cholesterol analysis was performed using a commercially available kit (Cat. #3218, Helena Laboratory, Beaumont,
TX) as per the manufacturer’s instructions. In brief, 80 μL of serum samples, in duplicate, were loaded on an agarose gel, followed by 20
minutes of electrophoresis at 16 °C with 400 volts. After applying a staining reagent (Cat. #3438, Helena Laboratory, Beaumont, TX),
additional electrophoresis was performed at 30 °C for 15 minutes. The gel was washed and then dried at 70 °C for 20 minutes, and the
density of the stained lipoprotein-cholesterol bands were measured using a scanning densitometer (Epson Perfection V 700, Long beach,
CA) using Quick Scan 2000 software (Helena Laboratory, Beaumont, TX). The coefficient of variation for each assay was: TC, 5.74%; TG,
1.04%; LDL-C, 1.86%; HDL-C 3.86%.

Statistical Analysis
All statistical analyses were performed using the IBM Statistical Package for the Social Sciences 20.0 (IBM SPSS, Armonk, USA) and
reported as mean ± standard error (SE) unless stated otherwise. A 2 × 4 (intensity x time) factorial ANOVA with repeated measures was
used to test the effects of the lower and higher intensity of exercise on blood lipid and lipoprotein profiles (TC, TG, HDL-C, LDL-C) at
baseline, IPE, 1-hr PE, and 24-hr PE. A p-value was set at < .05 for a statistical significance.

RESULTS
Dietary Intake
Total calories and macronutrient contents (fat, carbohydrate, and protein) between the two exercise trials were not significantly different
(p > .05). Data for total calories, fat, carbohydrate, and protein content for each exercise trial are presented in Table 2.
Table 2. 3-Days of Dietary Intake
Intensity

Lower-Intensity (LI)

Higher-Intensity (HI)

Variables

-48 Hour PRE

-24 Hour PRE

PRE

Total calories (kcals/day)
Fat (kcals/day)
Carbohydrate (g/day)
Protein (g/day)

1,811.89
637.19
257.70
86.43

± 178.72
± 126.70
± 32.89
± 13.69

2,134.68
864.04
233.25
165.48

±
±
±
±

133.58
440.23
44.01
59.43

1,690.99
749.71
166.35
73.38

±
±
±
±

196.62
122.21
37.66
12.48

Total calories (kcals/day)
Fat (kcals/day)
Carbohydrate (g/day)
Protein (g/day)

1,820.48
1,073.56
217.03
109.71

± 184.99
± 126.70
± 32.89
± 13.69

1,833.27
1,402.44
266.85
95.69

±
±
±
±

138.27
440.23
44.01
59.43

1,739.02
700.32
228.56
82.81

±
±
±
±

203.52
122.21
37.66
12.48

Note: All data are presented as mean ± standard error; g = grams; kcals = kilocalories; PRE = prior to exercise.
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Workload, Heart Rate, and Time
Each exercise trial was performed at the similar exercise volume (total energy expenditure of 300 kcal). Significant differences were found
between LI and HI in workload (p = .001), heart rate (p = .001), and time (p = .001). Data for workload, heart rate, and time for each
exercise trial are presented in Table 3.
Table 3. Workload, Heart Rate, and Time for Each Exercise Trial
Variable

LI (Lower-Intensity)

Workload (kp)
Heart rate (bpm)
Time (min)

HI (Higher-Intensity)

1.51 ± 0.05
98.80 ± 1.82
42.00 ± 1.77

P-value

2.42 ± 0.09
154.20 ± 2.76
19.00 ± 0.53

.001
.001
.001

Note: All data are presented as mean ± standard error. kp = kilopond; min = minutes; bpm = beats per minute.

Changes in Blood Lipid Profiles
Changes in blood lipids and lipoproteins for each exercise intensity are presented in Table 4. There were no significant differences in any
of blood lipids and lipoproteins between the exercise intensity or time.
Table 4. Changes in Blood Lipids and Lipoproteins
Intensity

Lower-Intensity (LI)

Higher-Intensity
(HI)

Variable

Baseline
(M ± SE)

IPE
(M ± SE)

1-Hour PE
(M ± SE)

24-Hour PE
(M ± SE)

TG (mg/dl)
TC (mg/dl)
LDL-C (mg/dl)
HDL-C (mg/dl)

163.08 ± 28.84
211.70 ± 9.02
146.22 ± 9.06
53.51 ± 2.95

147.35 ± 23.52
210.48 ± 7.85
144.79 ± 8.50
53.46 ± 2.56

133.04 ± 18.00
210.67 ± 8.35
145.53 ± 8.07
52.68 ± 2.45

139.83 ± 21.90
208.80 ± 7.89
143.27 ± 8.22
54.12 ± 2.00

TG (mg/dl)
TC (mg/dl)
LDL-C (mg/dl)
HDL-C (mg/dl)

128.85 ± 28.84
216.51 ± 9.02
151.09 ± 9.06
55.73 ± 2.95

126.73 ± 23.52
217.80 ± 7.85
150.35 ± 8.50
54.87 ± 2.56

129.77 ± 18.00
213.30 ± 8.35
152.25 ± 8.07
53.14 ± 2.45

135.54 ± 21.90
209.31 ± 7.89
147.21 ± 8.23
54.38 ± 2.00

Note: TG, Triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
IPE, immediate post-exercise; PE = post-exercise; mg/dl = milligrams per deciliter; M, mean; SE, standard error.

DISCUSSION
The overall objective of this study was to examine the effectiveness of a different exercise intensity (lower vs. higher) requiring the same
energy expenditure in changes in the lipid and lipoprotein profiles in physically healthy obese males. Given the ever-increasing rates of
obesity and cardiovascular disease in America (Capewell et al., 2010), it is important to have the most applicable knowledge and to utilize
the best tools to combat this epidemic. It is unanimously agreed upon in the healthcare community that exercise can help improve body
composition (Warburton et al., 2006). Exercises can also mitigate and reverse/reduce high levels of atherosclerosis, high levels of
cholesterol and triglycerides, and balance the lipid profile (Warburton et al., 2006). However, it is unclear which intensity of exercise
yields the most effective results. In this study, both lower and higher intensity exercises resulted in similar changes in LDL, HDL, TC, and
TG, which were not statistically significant. One of the possible explanations for the lack of significant differences between the lower and
higher exercise intensities in blood lipids and lipoproteins was due to the equal energy expenditure required for each exercise intensity.
The participants expended 300 kcal during lower and higher intensity exercises in this study. This would support the claim of many other
studies, which have reported that changes in blood lipids and lipoproteins are based on total calories burned, not the intensity of exercise
(Crouse et al, 1995; Kraus et al., 2002; Tall, 2002). Thus, it would be better to focus on increasing and accumulating caloric expenditure
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daily, which will also lead to a decrease in body weight and improve body composition. It appears that weekly caloric expenditure from
exercise that meets or exceeds the range for a healthy lifestyle is more important than the intensity of exercise. An adequate volume of
physical activity is more sustainable for most individuals and should be encouraged (Kannan et al., 2014).
Although many precautions were taken to ensure that the study was successful, some limitations still remained. This study was limited
to the sample size that was available. In addition, there was no control session. Future studies should include a more diverse sample size,
involving more variations in age, sex, and ethnicities with control setting. Also, it is recommended that future research determine whether
different intensities of chronic exercise requiring the same or higher volume of energy expenditure can positively alter the blood lipid
profiles in obese males.

CONCLUSION
This study suggests that regardless of exercise intensity, an acute bout of aerobic exercise requiring 300 kcal energy expenditure may not
be enough to significantly alter blood lipids and lipoproteins in physically healthy obese males. Therefore, we suggest that exercise volume,
instead of exercise intensity, should be considered as a key factor for positively changing the lipids and lipid profiles in obese males.
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