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INTRODUCTION

Physical exercise, which represents the most variable fraction of ener-

gy expenditure, is the best way to treat obesity without side effects. Many 

animal [1-4] and human [5-7] studies have been conducted to investigate 

the effects of exercise and endurance training on leptin. For example, in 

rats, a single bout of swimming decreased plasma leptin by 30% and im-

proved hypothalamic leptin signaling [2,3]. Abbenhardt et al. [6] report-

ed that, in humans, chronic endurance exercise consisting of 45 minutes 

of moderate-to-vigorous intensity exercise 5 days per week for 12 months 

decreased leptin concentrations by 30% with a reduction in body weight. 

These results suggest that acute and chronic exercise may improve hypo-

thalamic leptin sensitivity in obesity.

Detraining refers to the partial or complete loss of training adaptation 

due to a reduction or cessation of regular or vigorous fitness training [8]. 

The main factor associated with detraining is the reduction of physical 

fitness. Several studies have shown that detraining causes a decrease in 

exercise performance in untrained [8,9] and trained individuals [10,11]. 

From a metabolic viewpoint, detraining can cause an increase in adipos-

ity, insulin resistance, and adipokines secretion, which may result in the 

development of chronic metabolic diseases [12,13]. 

Most studies examining metabolic hormones in response to physical 

training have only included a few weeks of training and detraining (~8 

weeks) [14-16]. It is unclear whether a training-induced change in meta-

bolic hormones occurs after a prolonged period of detraining. To our 

knowledge, few studies have investigated metabolic hormones in re-

sponse to a prolonged period of detraining (~12 weeks) after low-intensi-

ty and high-intensity exercise training in rats. It is possible that a more 
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PURPOSE: We conclude that exercise training-induced effects in metabolic hormones continue for a prolonged period of detraining, but 
they are not associated with exercise intensity or detraining-induced increases in body weight.The purpose of this study was to exam-
ine the effect of diverse exercise training intensities, training periods and detraining periods on metabolic hormones.

METHODS: Eighty-four male Sprague-Dawley rats (aged 6 weeks, 173-200 g) were divided into 12 different groups by training, 
detraining, and control conditions. Exercise training consisted of low-intensity training and high-intensity training programs performed 
in the laboratory on a motor-driven rodent treadmill once per day, 5 days per week for 12 weeks.

RESULTS: Body weight significantly increased in all the conditions after the 12-week training period, with significant interaction 
among the conditions (p<.01). Body weights in the low-intensity trained detrained (LTD) and high-intensity trained detrained (HTD) 
groups were similar to those in the control groups after 6 weeks and 12 weeks of detraining (p<.05). There were significant differences 
in the hormones (leptin, insulin, and cortisol) between the control and trained detrained condition after 12 weeks of training, and 6 
weeks and 12 weeks of detraining (p<.01), with no significant interaction between the trained detrained conditions (p<.05).

CONCLUSIONS: We conclude that exercise training-induced effects in metabolic hormones continue for a prolonged period of detrain-
ing, but they are not associated with exercise intensity or detraining-induced increases in body weight. 
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controlled methodological approach using 12 groups (3 conditions con-

trol, low-intensity, and high-intensity) ×4 time points [pre-training, post-

training, and 6-weeks and 12-weeks post-detraining] can accurately ex-

amine the effect of the exercise training response to different exercise in-

tensities, i.e., a short and prolonged period of detraining on metabolic 

hormones. The aim of this study, therefore, was to determine the effect 

of different exercise training intensities and detraining periods on meta-

bolic hormones.

MATERIALS AND METHODS

1. Animals

Eighty-four male Sprague-Dawley rats aged 6 weeks (173-200 g) were 

obtained from Orient Bio (Seongnam, Korea) and housed in cages under 

automatically controlled environmental conditions of temperature (22 ±

1̊ C), humidity (55 ± 5%), and lighting (12:12-hour light-dark cycle) with 

standard rodent chow (5.8% fat, Orient Bio) and water ad libitum at the 

Physiology Department Animal Facility, Kangwon National University. 

Rats were cared for per the university established Guidelines for Animal 

Experiments.

Rats were randomly assigned to 1 of 12 groups: sedentary controls 

(n =7), low-intensity trained controls (n =7), high-intensity trained con-

trols (n =7), sedentary controls for 12 weeks (n =7), low-intensity trained 

for 12 weeks (n =7), high-intensity trained for 12 weeks (n =7), sedentary 

controls for 18 weeks (n =7), low-intensity trained detrained for 6 weeks 

(n =7), high-intensity trained detrained for 6 weeks (n =7), sedentary 

controls for 24 weeks (n =7), low-intensity trained detrained for 12 weeks 

(n =7), and high-intensity trained detrained for 12 weeks (n =7).

2. Exercise training and detraining

Low-intensity training (20 m/min; 60% VO2max) and high-intensity 

training (28 m/min; 75-80% VO2max) groups performed a 1,000-m run 

on a motor-driven rodent treadmill once per day, 5 days per week for 12 

weeks [17]. Rats were adapted to the exercise protocol for 1 week before 

beginning the exercise training protocol. Detrained rats underwent train-

ing as described previously, and then they remained sedentary for 6 or 12 

weeks. Rats were allowed to roam their cages freely during detraining.

3. Plasma analysis

All rats were fasted for 12 hours after 40 hours from the final bout of 

exercise. They were anesthetized with diethyl ether (Wako Pure Chemi-

cal Industries, Ltd., Osaka, Japan), and a blood sample was taken from 

the abdominal artery (10 mL) for analysis. Samples were centrifuged 

(3,000 rpm for 15 minutes at 4˚C) to obtain serum, which was stored at 

-80˚C for post-exercise analysis of leptin, insulin, and cortisol levels. 

Leptin and insulin levels were measured with a specific radioimmunoas-

say kit (Linco Research, St. Charles, MO, USA). The cortisol level was 

analyzed enzymatically using an autoanalyzer (Hitachi 747, Hitachi, To-

kyo, Japan).

4. Statistical analysis

All data are presented as a mean ± standard deviation. Two-way repeat-

ed-measures analysis of variance was used to determine the main effect 

of time and/or detraining on study outcomes (body weight, leptin, insu-

lin, and cortisol levels). Tukey post-hoc tests were performed when a sig-

nificant main effect or interaction was obtained to determine differences 

between means. Statistical significance was set at p< .05 (two-tailed).

RESULTS

1. Body weight

Changes in body weight are presented in Fig. 1. The exercise-trained 

groups had a lower body weight after 12 weeks of training than the con-

trol groups (p< .01). Body weight increased after 6 weeks and 12 weeks of 

detraining in all conditions. Body weights in the trained and detrained 

Fig. 1. Body weight before exercise training (Pre), after 12 W exercise train-
ing (Post), 6 W and 12 W of training cessation (6 W Post, 12 W Post). Cont, 
control; LTD, low intensity training; HTD, high intensity training. **Signifi-
cant difference (p<.01) between Cont and exercise training groups (LTD 
[upper] and HTD [lower]), +p<.05; ++p<.01 Significant difference from Post 
in the control, LTD and HTD.
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groups were similar to those in the control groups (p>.05).

2. Plasma leptin level

The plasma leptin level increased significantly after 6 weeks of de-

training in all conditions with significant differences between the con-

trol and trained detrained groups (p< .01; Fig. 2). After 12 weeks of de-

training, the trained detrained groups exhibited a decrease in leptin lev-

els (p>.05).

3. Plasma insulin level

The plasma insulin level increased gradually during the 24-week ex-

perimental period in the control groups, with significant differences in 

the trained detrained groups (p< .01; Fig. 3). There were no significant 

differences between the LTD and HTD groups during the experimental 

period (p>.05).

4. Plasma cortisol level

Compared with the control groups, both detraining treatments result-

ed in a higher concentration of cortisol at all points during the test 

(p< .01; Fig. 4). The change in cortisol between the LTD and HTD 

groups was similar during the experimental period; however, differences 

between the groups were not significant (p>.05).

DISCUSSION

The purpose of this study was to examine the effect of various train-

ing intensities, training periods, and detraining periods on metabolic 

hormones. We found that 1) endurance training resulted in lower leptin 

and insulin levels compared to no training; 2) training-induced lower 

leptin and insulin levels were significantly different compared to the no 

training condition after 6 and 12 weeks of detraining; and 3) changes in 

leptin and insulin levels due to endurance training are intensity-inde-

pendent.

Fig. 2. Leptin concentration before exercise training (Pre), after 12 W exer-
cise training (Post), 6 W and 12 W of training cessation (6 W Post, 12 W 
Post). Cont, control; LTD, low intensity training; HTD, high intensity training. 
**Significant difference (p<.01) between Cont and exercise training groups 
(LTD [upper] and HTD [lower]), ++Significant difference (p<.01) from Pre in 
the control, LTD and HTD.
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Fig. 3. Insulin concentration before exercise training (Pre), after 12 W exer-
cise training (Post), 6 W and 12 W of training cessation (6 W Post, 12 W 
Post). Cont, control; LTD, low intensity training; HTD, high intensity training. 
**Significant difference (p<.01) between Cont and exercise training groups 
(LTD [upper] and HTD [lower]), Significant difference (+p<.05, ++p<.01) from 
Pre in the control, LTD and HTD.
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Fig. 4. Cortisol concentration before exercise training (Pre), after 12 W exer-
cise training (Post), 6 W and 12 W of training cessation (6 W Post, 12 W 
Post). Cont, control; LTD, low intensity training; HTD, high intensity training. 
**Significant difference (p<.01) between Cont and exercise training groups 
(LTD [lower] and HTD [upper]), ++Significant difference (p<.01) from Pre in 
the control, LTD and HTD.
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Leptin plays an essential role in the regulation of food intake and en-

ergy balance [5]. Most previous studies have examined the effects of ex-

ercise training on serum leptin concentrations [5,18,19], but few studies 

have investigated the effect of prolonged periods of detraining on leptin 

levels. For example, leptin levels decreased significantly following a 20-

week period of endurance training [5] and a 6-month resistance training 

program [20]. In line with previous observations, we found that 12 

weeks of endurance training resulted in significant differences in leptin 

levels between training and control conditions, and leptin levels re-

mained lower in training conditions compared to controls at 6 and 12 

weeks of detraining. However, leptin levels were not different between 

exercise intensity conditions for the 24-week experimental period. This 

is inconsistent with previous findings, which indicated that absolute 

leptin levels and the percent decrease from baseline were higher in high-

intensity training compared with other groups (control, low-intensity 

training, and moderate-intensity training) after 6 months of training 

and 6 months of detraining [20]. The reason for the discrepancy between 

our findings and those of Fatouros et al. [20] is unclear, but it may be 

due to the exercise modality (continuous exercise on a treadmill vs. resis-

tance exercise). Our findings suggest that the exercise duration should be 

considered rather than the exercise intensity for obesity treatment to me-

diate energy balance and body weight through leptin responses to con-

tinuous aerobic exercise.

In the present study, the insulin concentration was significantly in-

creased in the control groups. This response can be directly associated 

with the degree of weight gain [13]. However, insulin decreased after 12 

weeks of high-intensity and low-intensity training in the current study. 

This is in line with previous studies showing that low-volume/moderate 

intensity (~12 miles walking/wk at 40-55% VO2 peak) and high-volume/

high intensity (~20 miles jogging/wk at 65-80% VO2 peak) exercises for 6 

months significantly decreased the insulin level, with significant de-

crease in body weight [21]. Interestingly, in the current study, the insulin 

level was significantly lower in both training conditions after 6 and 12 

weeks of detraining, even though body weight matched the controls si-

multaneously. The concentration of serum insulin, therefore, may not 

depend on large changes in body weight after a prolonged period de-

training. Our findings thus align with other observations that training-

induced increases in insulin action continued for 6 and 15 days of de-

training in overweight subjects [22,23], and the training-induced im-

provement in insulin sensitivity was not associated with changes in body 

weight, body fat, and adiponectin [24]. Nassis et al. [24] suggested that 

enhanced insulin sensitivity may be due to an increase in the glucose 

transporter-4 concentration in skeletal muscle and training-induced in-

crease in skeletal muscle mass, which is the primary target tissue for in-

sulin action. Together, these observations suggest that adaptations, such 

as changes in the ability of muscles to metabolize glucose [25], associated 

with moderate-intensity exercise and high-intensity exercise training for 

12 weeks, may improve insulin action that remains for prolonged peri-

ods of detraining.

There were significant differences in the cortisol level between the 

control and exercise training groups throughout the testing periods in 

the present study. The cortisol level was higher in both training groups 

than in the controls. These increases are likely the result of enhanced 

stimulus to the hypothalamic-pituitary-adrenocortical axis [26]. Howev-

er, for reasons that are unclear, cortisol levels were not significantly dif-

ferent between training groups throughout the experimental period. 

Differences in exercise duration can explain the lack of differences be-

tween the training groups. Indeed, Hill et al. [27] reported that the circu-

lating cortisol level was greater in a high-intensity exercise group (80% 

VO2max) than in a low-intensity exercise group (60% VO2max) for du-

rations of 30 minutes. Therefore, the training-induced increase in the 

cortisol level may improve cortisol-dependent metabolism (e.g., stimulat-

ing gluconeogenesis in the liver), which persists over a prolonged time of 

detraining.

There were several limitations to the current study, including the 

analysis of body tissues, such as the brain, muscle, and fat. Unfortunately, 

we could not analyze tissues to determine cellular and molecular re-

sponses to exercise training and a prolonged period of detraining. Exer-

cise training and detraining may differently affect changes in cell signal-

ing, which affects the release of metabolic hormones and the expression 

of hormones’ receptors. Further research is needed to investigate the ef-

fects of exercise training and detraining on cell signaling.

In conclusion, our findings indicate that training-induced changes in 

leptin, insulin, and cortisol concentrations persist for at least 12 weeks of 

detraining. In contrast, exercise intensity is not important for mediating 

changes in circulating hormone concentrations after training and de-

training. These findings suggest that low-intensity exercise (60% VO2max) 

training is sufficient enough to affect the endocrine system.
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