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Abstract

Exercise training is recommended to promote energy expenditure. Fat utilization occurs during
exercise and continues for an extended period of time after the exercise session. The environmental
temperatures can influence whole body substrate oxidation. The present study aimed to address the
impacts of environmental temperature on fat oxidation during post-exercise recovery in exercise-trained
obese women. Eleven sedentary obese women (age: 18 - 50 y, BMI: 27.5 - 40 kg/m?) with regular
menstruation participated in the study. All subjects underwent a 4-week moderate-intensity aerobic
exercise program. After training, each subject completed 2 occasions of post-exercise recovery testing in
hot (31 - 32 °C) and thermo-neutral (22 - 23 °C) conditions in a randomized crossover fashion with 3 - 4
days of washout period. Two exercise bouts preceding each recovery condition were identically
performed for 60 min at 60 % of heart rate reserve (HReserve) in the thermo-neutral condition. Both
experiments were conducted during the follicular phase of menstrual cycle. Substrate oxidations were
determined during 1 h of post-exercise recovery using indirect calorimetry. The results showed that the
fat oxidation during recovery in thermo-neutral environment (52.8 + 26.5 mg.kg"'.h™) was significantly
greater than recovery in hot environment (32.3 £+ 27.9 mgkg'.h™', p = 0.0002). Total energy from
substrate oxidation was not different between hot and thermo-neutral environments. Thus, in obese
women with 4-week exercise training, recovery in the thermo-neutral condition has a higher fat oxidation
than in the hot condition. This result may be implicated in weight management for temperature of choice
to recover after routine exercise training sessions.

Keywords: Post-exercise recovery, Fat oxidation, Indirect calorimetry, Obesity, Moderate-intensity
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Introduction

Obesity has become a global epidemic and a significant public health problem, leading to many
chronic diseases such as cardiovascular disease, stroke, diabetes, and hypertension [1]. The World Health
Organization (WHO) reported the worldwide death of these diseases to be about 2.8 million people per
year in overweight and obese people [2]. The leading causes of obesity are imbalanced energy (positive
energy balance) and having a sedentary lifestyle [3,4]. The American College of Sports Medicine
(ACSM) recommended moderate-intensity aerobic exercise, for 30 - 60 min/day, more than or equal to 5
days/week accumulated to 150 - 300 min/week in overweight and obese people [5].

Exercise increases energy expenditure not only during exercises but also during recovery after the
exercise session. The intensity and duration of exercise have been shown to influence fat oxidation
portion of energy expenditure during post-exercise recovery in healthy women [6]. The longer duration
of exercise had more effect on recovery fat oxidation than the shorter duration of exercise [6]. In addition,
the recovery fat oxidation was increased at a greater extent in high intensity compared to low to moderate
intensity exercise [7].

Research has shown that fat oxidation during rest and exercise is affected by environmental
temperature [8-11]. Moreover, a recent study showed that environmental temperature can influence fat
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oxidation during post-exercise recovery in sedentary obese women [12]. Contribution of fat oxidation to
the energy expended during recovery after a moderate-intensity exercise session was higher in thermo-
neutral environment (24 - 25 °C) than in hot temperature (31 - 32 °C) [12]. This information may be an
implication for weight management with exercise in obese women.

Exercise training has been shown to have an affect towards fat oxidation. Moderate-intensity
exercise training between 2 - 10 weeks increased rate of fat oxidation during exercise in obese men and
overweight women [13-15]. Additionally, exercise training for 6 - 8 weeks also increased fat oxidation
during rest time in overweight and obese subjects [16,17]. Taken together, exercise training and the
temperature can affect fat oxidation at rest and during exercise. Since environmental temperature affected
fat oxidation during post-exercise recovery in untrained obese women, it is unclear whether fat oxidation
during post-exercise recovery differently affected by environmental temperatures in exercise-trained
obese women. This is important particularly to the study in the obese subjects who live in hot and humid
countries such as Thailand. In addition, the information in obese women is limited despite the fact that the
high prevalence of obesity occurs in females [18-21], yet most research studies were in males. Therefore,
the present study aimed to investigate the effect of environmental temperatures on fat oxidation during
post-exercise recovery in obese women who had participated in an aerobic exercise training program.
Hence, the specific research question was asked. Does fat oxidation during post-exercise recovery differ
between thermo-neutral and hot environmental conditions in obese women after a short-term (4 weeks)
exercise training? The results would likely be useful for obese women to enhance fat utilization and body
weight management with exercise training.

Materials and methods

Research method

The present study involved an experimental research design in which a comparison of fat oxidation
during post-exercise recovery between 2 environmental conditions was determined in obese women after
an aerobic exercise training. The participants who passed all eligibility criteria underwent an exercise
training program for 4 weeks. After training, they performed 2 post-exercise training tests in different
occasions. Each test occasion included an acute bout of moderate-intensity exercise at 60 % of heart rate
reserve (HRegerve) for 60 min followed by a 60-min recovery phase. The recovery phase was performed in
2 environmental temperatures with randomized crossover sequence (thermo-neutral and then hot
temperatures or vice versa). Additionally, the participants would wear a mobile gas analyzer module for
expired gas analyses throughout the experiments. The study protocol was approved by the Institutional
Review Board, the Faculty of Medicine, Chulalongkorn University (IRB No.698/61). All subjects
provided informed consent prior to participating the study.

Participants

All participants were recruited from the research center surrounding areas by posters and flyers.
Eleven obese women (BMI 27.5 - 40 kg/m?), aged 18 - 50 years old, who had no high blood pressure,
diabetes, cardiac disease, or dyslipidemia were recruited for the study. The subjects had to have regular
menstrual cycles in the past 3 months [22]. The use of contraceptive hormones or any diet pills was
excluded. Furthermore, the subjects were eligible if they did not have the body weight changes of more
than 3 kg in the past 6 months [23,24].

This study was a preliminary report of a larger study designed to determine the effect of exercise
training on substrate oxidation in obese subjects. The study protocol was approved by the Institutional
Review Board, the Faculty of Medicine, Chulalongkorn University (IRB No.698/61). All subjects
provided informed consent prior to participating the study.

Diet stabilization

The subjects underwent the diet stabilization for a period of 4 weeks prior to participating in the
moderate-intensity exercise training program. This would minimize the influence of dietary variation on
the study results. Diet stabilization involved a healthy diet education by a nutritionist. After that, the
subjects provided 3 days of diet record each week. The food log was handed to the nutritionist every week
for 4 weeks for nutritional evaluation and the feedback of their food calories and nutrition was given to
the subjects individually. This diet practice was maintained throughout the exercise training period.
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Exercise training program

The exercise training program involved a moderate-intensity walking exercise on a treadmill. The
intensity and duration started from 50 %HR eserve for 30 min and progressed to 60 %HR ;eerve for 60 min.
The participants would exercise 4 sessions each week in the ambient temperature of 22 - 23 °C. All
training sessions were supervised. All subjects completed the 4-week training program (Figure 1).

Week 1 Wesk 2 Wesk 3 Wesk 4
1 2 3 4 5 8 7|8 8 10 11 12 13 1415 18 17 18 1% 20 21|22 23 24 25 28 27 28
Ex=rciss seesion (3) 51 52 53 54 55 58 57 58 58 510 511 512 513 514 513 516
Intenzty (%HRR) M0 50 0 50 35 55 55 55 &) &0 &0 8l ] &0 B
Time {min} 0 W 35 40 40 45 0 50 0 35 &0 8l ] &0 B

Figure 1 Progressive moderate-intensity exercise training program.

Substrate oxidation

After the exercise training program, substrate (fat and carbohydrate) oxidations were determined in
in the morning of 2different occasions. The tests were performed in the follicular phase (1¥-7" days) of
the menstruation period to control for the potential effect of ovarian hormones on substrate metabolism.
The substrate oxidations were tested during 1 h of post-exercise recovery period on 2 different ambient
temperatures (thermo-neutral or hot temperatures) in a randomized crossover fashion. Each session of the
post-exercise recoveries followed a 60-min moderate-intensity exercise (60 %HR ¢serve) in thermo-neutral
temperature. The substrate oxidation rates were determined using a portable gas analyzer (Jaeger, Oxycon
mobile, Germany) and calculated by Peronnet and Massicotte formula [25]. For the period of 24 h prior to
each testing day all subjects consumed the same food items with identical amount of calories provided by
the investigators.

Statistical analysis

The data were analyzed using the statistical package for the social science (SPSS), version 22.0 for
windows. All data are reported as mean + SD. The linear mixed model for a crossover trial was used to
test the differences between the substrate oxidations during recovery in hot and in thermo-neutral
environments. Statistical significance was accepted for all tests at p < 0.05.

Results and discussion

A total of 11 subjects completed the study. The characteristics of 11 subjects are shown in Tablel.

Table 1 Characteristics of 11 subjects (Mean + SD).

Characteristics Mean + SD Range
Age (y) 33.9+7.0 23- 43
Weight (kg) 86.4+13.0 71.4-107.4
Height (m) 1.6 £0.1 1.5-1.6
BMI (kg/m?) 33.8+3.7 29.7-39.7
Body fat (%) 46.0+3.8 40.2-51.3
Fasting blood glucose (mg/dL) 913+54 82-98
HDL-C (mg/dL) 47.7+6.0 40 - 60
LDL-C (mg/dL) 1159+12.7 89-131.6
Triglycerides (mg/dL) 103.9+24.9 48 - 139

BMI = Body mass index, HDL-C = High density lipoprotein cholesterol, LDL-C = Low density
lipoprotein cholesterol
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The average volume of training was 12.8 £ 1.2 sessions. The mean temperature and humidity during
the exercise were 22.7 + 0.4 °C and 69.2 + 3.1 %. The mean temperature and humidity during recovery in
thermo-neutral and hot conditions are shown in Table 2.

Table 2 The environmental temperature and relative humidity during recovery.

Environment during recovery  Temperature (°C) Relative humidity (%)
Thermo-neutral 22.6+0.1 713+1.7
Hot 31.6+0.4 68.4+2.7

Substrate oxidations during post post-exercise recovery in both environments were demonstrated in
Table 3. The fat oxidation during 1 h recovery in a thermo-neutral environment was significantly higher
than in a hot environment (p = 0.0002). The carbohydrate oxidation during recovery was lower in thermo-
neutral than in hot environments (p = 0.002). The difference of energy expenditure during the recovery
period in both environments was not statistically significant (p > 0.05).

Table 3 Substrate oxidations and energy expenditure during recovery in thermo-neutral and hot
environments (n = 11).

Thermo-neutral environment Hot environment p-value
Recovery Fat oxidation 52.8+26.5 3234279 0.0002
(mg.kg " .h™)
Recovery CHO oxidation 71.8+41.7 108.5 + 40.6 0.002
(mg.kg .h )
Energy Expenditure 642+ 11.8 60.4+15.1 0.438
(kcal.Lh™)

Values as mean =+ standard deviation.

A Total energy expenditure B Total energy expenditure
Thermo-neutral environment Hot environment
OFat oxidation OFat oxidation
ECHO oxidation @ CHO oxidation
Thermo-neutral Hot

Figure 2 Total energy expenditure in A) thermo-neutral environment and B) hot environment.

The present study showed an important finding that in obese women, the recovery fat oxidation
after 60 min of moderate-intensity (60 %HR cserve) €Xercise was greater in the thermo-neutral environment
than in the hot environment. This was similar to the result of the previous study on recovery fat oxidation
after a single bout of moderate-intensity exercise (45 - 50 %HR cserve, 30 min) in untrained obese women
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[12]. The result of the present study added a significant piece of knowledge to the previous study as it
demonstrated that the greater fat oxidation during recovery in thermo-neutral condition continued to occur
after a period of 4-week training. Thus, the implication is that obese people appear to oxidize more fat
during their recovery period after each exercise bout by doing the recovery in the thermo-neutral
environment. This benefit likely sustains throughout the course of exercise training for at least 4 weeks.

It has been suggested that fat oxidation which occurred during the recovery after finishing exercise
was related to glycogen re-synthesis in the muscle [26-29]. In hot environment, glycogen re-synthesis
during the recovery period was impaired due to low glucose transport [30]. Furthermore, Pi-mediated
activation of glycogen phosphorylase led to inhibition of the glycogen accumulation in hot temperature
[30,31]. Thus, the glycogen re-synthesis in the hot environment appeared to be less effectively restored
[30,31]. In the present study, we reported the influence of temperature on fat oxidation during the
recovery phase in exercise-trained obese women. The recovery fat oxidation in cold temperature tended to
increase after the exhaustive exercise [11]. Glycogen re-synthesis, which uses the free fatty acids from fat
oxidation to be the substrate in the process, possibly occurs to a greater extent during recovery in the cold
environment than in the hot environment.

In the recovery phase, it is well accepted that there is an excess post-exercise oxygen consumption
(EPOC). This causes enhanced energy expenditure above resting level compatible with the findings in the
present study. The oxygen consumption increased in the first 2 h since more oxygen was brought into the
body to clear the lactic acid from the bloodstream, to recover the oxygen reserve, and to restore the
ATP/creatine phosphate, thermoregulation and homeostasis [32-35]. In the present study, the total energy
expenditure during recovery in the thermo-neutral environment tended to increase more than recovery in
the hot environment; however, the difference was not significantly different. It is probable that the
temperatures employed in the present study were not too extreme and the duration was not too extensive.
When the human body exposed to the cold temperature for an extended period of time, triglycerides are
broken down into free fatty acids and glycerol to provide energy for shivering [36-39]. The environment
in the present study was similar to the fitness center (22 - 23 °C), which was the temperature generally
exposed by people within the office building or department store; therefore, the total energy expenditure
was obviously unchanged.

The novel finding in obese women in the present study was that fat oxidation was greater during
recovery in the thermo-neutral environment. It should be noted that exercise trained subjects are likely to
increase more recovery fat oxidation after exercising than untrained individuals [40]. In addition, highly
trained individuals showed more fat oxidation than moderately trained individuals [41]. The present study
demonstrated that enhanced fat oxidation continued in the post-exercise period in the obese women who
engaged in exercise training for 4 weeks. This suggests that the recovery in a thermo-neutral environment
would yield more benefits to the obese population who employ exercise training as their weight
management program. It is possible that when obese individuals progressively continue their training
program, fat oxidation during post-exercise recovery would be further increased. However, this
hypothesis is left to be proven in future research.

Limitation should be pointed out as follows. The present study employs a moderate-intensity
exercise for the training program. It is not known whether other exercise training programs would yield a
similar result. Moreover, when the exercise training program is maintained for a more extended period, it
is unknown that fat oxidation would still be elevated with recovery in the thermoneutral environment.

Conclusions

The recovery fat oxidation after 4-week progressive moderate-intensity exercise training was higher
in the thermo-neutral environment than in the hot environment. This finding was likely beneficial for
obese women, whose habitats are in hot and humid countries, to select the appropriate environment to
enhance fat oxidation with exercise.
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