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Summary

 Background: Exposure to a warm environment has been reported to be effective for recovery from mental fa-
tigue. However, there have been no reports examining the effects of a pellet stove on recovery from 
mental fatigue. The purpose of this study was to examine the effects of a pellet stove on recovery 
from mental fatigue.

 Material/Methods: In this placebo-controlled, crossover experiment, 16 healthy volunteers were randomized into the 
pellet stove and control groups. After a 30-min fatigue-inducing mental task session, participants 
moved to a recovery room with (pellet stove condition) or without (control condition) a pellet 
stove to see the image of a pellet stove for 30 min.

 Results: After the recovery session, the participants exposed to the pellet stove condition showed lower to-
tal error counts of a cognitive test, higher levels of subjective healing, comfort, and warmth, and 
sympathetic nerve activity and higher parasympathetic nerve activity as compared with the control 
condition.

 Conclusions: These results provide evidence that improved cognitive function, subjective mental states, and bal-
ance of the autonomic nervous activities result from using a pellet stove during the recovery ses-
sion. Hence, the pellet stove was effective for the recovery from mental fatigue.
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Background

Fatigue, best defined as difficulty in initiating or sustain-
ing voluntary activities [1], is a common symptom of vari-
ous illnesses and even occurs in healthy individuals [2–4]. 
In Japan, more than half of the general adult population 
complains of fatigue [5]. Acute fatigue is a normal phe-
nomenon that disappears after a period of rest. In contrast, 
long-term fatigue (chronic fatigue) is sometimes irrevers-
ible, and the compensation mechanisms that are useful in 
reducing acute fatigue are ineffective. Chronic fatigue is 
thought to be caused by prolonged accumulation of acute 
fatigue. Thus, to avoid chronic fatigue, it is important to 
develop effective strategies to recover from and avoid ac-
cumulation of acute fatigue.

Positive effects of hot-water bathing in micro-bubbles on 
recovery from mental fatigue have been reported [6]. In 
addition, a warm-water footbath can relieve fatigue, prob-
ably because the footbath promotes circulation and re-
moves metabolites such as radical oxygen species, result-
ing in relief of fatigue [7]. However, it is often difficult to 
spend a great deal of time under these warm conditions. 
Using heating apparatuses such as a stove, we can easily 
spend long periods exposed to a warm environment in the 
cold seasons, which may help in the recovery from men-
tal fatigue. In particular, a pellet stove, which burns com-
pressed wood or biomass pellets, is ecological and general-
ly believed to increase core temperature effectively though 
its “far infrared ray effect.” Hypothermia has been shown 
to decrease cerebral blood flow, and cold conditions lead 
to deterioration of autoregulation of cerebral blood flow. 
Thus, the pellet stove might increase core temperature re-
sulting in the promotion of the recovery of the inactivated 
cerebral blood flow caused by mental fatigue. Since men-
tal fatigue impairs our daily activities, it is of great value 
to develop effective methods to promote recovery from 
mental fatigue.

The aim of this study was to test the effects of a pellet stove 
on recovery from mental fatigue using recently established 
fatigue-inducing and evaluation methods [6,11]. After a 
mental fatigue-inducing task, participants moved to a room 
equipped with or without a pellet stove. We measured men-
tal task performance, various subjective sensations, and au-
tonomic nervous system activities immediately before and 
after a recovery session from mental fatigue to evaluate the 
fatigue-recovering effects of spending timing in a room 
equipped with a pellet stove.

Material and Methods

Participants

Sixteen healthy volunteers (28.4±7.2 years of age [mean 
±SD]); seven females and nine males] were enrolled in this 
randomized, placebo-controlled, crossover experiment (con-
trol and pellet stove conditions). Current smokers, individ-
uals having history of medical illness, taking chronic medi-
cation, or supplemental vitamins were excluded. The study 
protocol was approved by the Ethics Committee of Osaka 
City University, and all the participants provided written in-
formed consent for participation in the study.

Experimental design

This study was performed between March 16, 2010, and 
March 24, 2010. After enrollment, participants were ran-
domly assigned to two groups in a single-blinded, cross-
over fashion to perform fatigue-inducing and recovery ses-
sions. As a fatigue-inducing mental task, they performed a 
2-back test [12] for 30 min [13], and as fatigue-evaluating 
mental tasks, they performed advanced trail making tests 
(ATMTs) [14] for 20 min just before and after the fatigue-
inducing session. They were asked to rate their levels of fa-
tigue, healing, comfort, and warmth on a visual analogue 
scale (VAS) from 0 (minimum) to 100 (maximum) to eval-
uate their subjective mental state [15] before and after the 
fatigue-inducing task. Participants also underwent acceler-
ated plethysmography (APG) before and after the fatigue-
inducing task. Then they moved to a recovery room. During 
the recovery session, they sat on a floor quietly for 30 min 
in a room equipped with either a pellet stove (MODANRO; 
Kondo Tekko Co., Ltd., Nagano, Japan) (pellet stove condi-
tion) or a monitor on which a pellet stove was displayed (con-
trol condition). After the recovery session, they were again 
subjected to the evaluation of ATMTs, VAS, and APG. The 
study was conducted in a quiet temperature- and humidity-
controlled environment, and the temperature and humidi-
ty were similar between the pellet and control stove condi-
tions. For 1 day before each visit, participants refrained from 
intense mental and physical activity, consumed a normal 
diet and beverages, and maintained normal sleeping hours. 
The time interval between each experiment was 3–5 days.

Fatigue-inducing task

As a fatigue-inducing task, participants performed a 2-back 
test for 30 min. Either of four types of letters was continually 
presented on a display of a personal computer every 3 sec. 
Participants had to judge whether the target letter present-
ed at the center of the screen was the same as the one that 
had appeared two presentations before. If it was, they were 
to click the right mouse button with their right middle fin-
ger; if it was not, they were to click the left mouse button. 
They were instructed to perform the task trials as quickly 
and as correctly as possible. The result of the 2-back trial – 
correct response or error – was continually presented on 
the display of the personal computer.

Fatigue-evaluating tasks

As fatigue-evaluation tasks, participants performed ATMTs 
for 20 min. During these tests, circles numbered from 1 to 25 
were randomly located on the display of a personal comput-
er, and participants were required to click these circles in se-
quence using a computer mouse, starting with circle number 
1. When they clicked the 25th target, the ATMT was consid-
ered completed. In ATMT task A, when they clicked a target 
circle, it remained at the same position, but the color of the 
circle changed from black to yellow. The positions of other 
circles remained the same. In ATMT task B, when they clicked 
the first target circle, it disappeared, and circle number 26 ap-
peared in a different position on the screen. The positions of 
other circles remained the same. Subsequently, clicking, for 
example, circles 2, 3, and 4 resulted in these particular circles 
disappearing and the addition of circles 27, 28, and 29 on the 
screen, so that the number of circles seen on the screen was 
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always 25. In ATMT task C, when participants clicked the first 
target circle, it disappeared and circle number 26 appeared 
in a different position on the screen, and the positions of all 
other circles were changed at random. Subsequently, click-
ing, for example, circles 2, 3, and 4 resulted in these partic-
ular circles disappearing and the addition of circles 27, 28, 
and 29 on the screen, so that the number of circles seen on 
the screen was always 25. They performed tasks A, B, and C 
consecutively in this order. They were instructed to perform 
these task trials as quickly and as correctly as possible.

APG

APG has been used for the evaluation of autonomic activities 
[6,11,16,17]. In the present study, APG was performed using 
a pulsimeter (Artett, U-Medica, Osaka, Japan) with the sensor 
positioned on the tip of the ventral side of the index finger. 
Photoplethysmography was used to measure changes in the 
absorption of light by hemoglobin, which is related to blood 
flow volume. The pulsimeter performed automatic analyses 
of the second derivative of the photoplethysmographic wave-
form, which is known as the APG waveform. Participants un-
derwent APG sitting quietly with their eyes closed for 1 min. 
The APG waveform consists of four waves in systole (a–d) and 
one in diastole (e). Sensor output of the pulsimeter was pre-
processed by a second-order analog low-pass filter with 23 Hz 
of cut off frequency. Data were recorded (3.3 volts to 10 bits) 
using an analog-to-digital converter and real-time at a sampling 
rate of 1,000 samples per second. These digital data were pro-
cessed with the 67th order, finite impulse-response filter using 
the Hanning window. Detected peak times were interpolated 

to sub-millisecond order. Frequency analyses for pulse-inter-
val variation were analyzed with fast Fourier transformation. 
The resolution ability for the power spectrum was 0.001 Hz. 
For the frequency analyses, the total power was calculated as 
the power within a frequency range of 0–0.4 Hz, the low-fre-
quency component power (LF) was calculated as the power 
within a frequency range of 0.04–0.15 Hz, and the high-fre-
quency component power (HF) was calculated as that within 
a frequency range of 0.15–0.4 Hz. LF and HF were assessed in 
normalized units; normalization was performed by dividing 
the absolute power of each component by the total variance 
and then multiplying by 100. The %HF is vagally mediated 
[18–20], whereas %LF originates from a variety of sympathet-
ic and vagal mechanisms [18,21]. LF/HF ratio is considered 
to represent sympathetic activity [21].

Statistical analysis

The paired t-test was used to evaluate the significance of dif-
ferences between the control and pellet stove conditions. To 
control for intraindividual variability of baseline values be-
fore the recovery session, changes from values before the re-
covery session to those after the recovery session, were calcu-
lated. All P values were 2-tailed, and those less than 0.05 were 
considered statistically significant. Statistical analyses were 
performed using SPSS 17.0J (SPSS Inc, Chicago, IL, USA).

results

Subjective parameters before and after the fatigue-inducing 
sessions and after the recovery session are shown in Table 1. 

Control Pellet stove p value

Fatigue

Before fatigue  26.2±26.0  16.1±17.2 0.166

After fatigue  47.1±30.8  39.3±26.4 0.215

After recovery  25.3±14.7  15.9±13.9 0.047

Healing

Before fatigue  27.4±20.5  32.0±25.0 0.131

After fatigue  14.9±16.7  15.3±16.6 0.980

After recovery  39.9±20.0  50.5±23.0 0.068

Comfort

Before fatigue  36.7±17.6  29.1±21.7 0.174

After fatigue  19.1±18.9  18.1±18.6 0.576

After recovery  35.7±20.7  47.0±28.5 0.043

Warmth

Before fatigue  31.1±23.3  32.7±17.2 0.587

After fatigue  23.5±20.3  23.4±16.9 0.731

After recovery  35.6±22.9  56.5±20.7 0.006

Table 1.  Subjective parameters before and after fatigue-inducing sessions and after recovery session as assessed using a visual analogue scale from 
0 (minimum) to 100 (maximum).

Data are presented as mean ±SD.
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VAS scores for fatigue, healing, comfort, and warmth before 
and after the fatigue-inducing sessions did not differ sig-
nificantly between the control and pellet stove conditions. 
After the recovery session, subjective scores for fatigue were 
significantly lower in the pellet stove condition compared 
with the control condition, and values for comfort and 
warmth were significantly higher than those in the control 
condition. Values for healing trended toward significance 
between groups. Changes of subjective scores for comfort 
and warmth in the pellet stove condition were significant-
ly higher than those in the control condition and changes 
in values for healing trended toward significance (Table 2).

Cognitive task parameters before and after the fatigue-in-
ducing sessions and after the recovery session are shown 
in Table 3, and changes of the performances of the cogni-
tive tasks after the recovery session are shown in Figure 1. 
Although changes in total trial counts after the recovery 
session did not differ between the control and pellet stove 

conditions, changes in total error counts in the pellet stove 
condition were significantly lower than that in the control 
condition.

APG parameters before and after the fatigue-inducing ses-
sions and after the recovery session are shown in Table 3, 
and changes of the APG parameters after the recovery ses-
sion are shown in Figure 2. Changes in the sympathetic 
nerve activity after the recovery session in the pellet stove 
condition were significantly lower than those in the con-
trol condition; and changes of parasympathetic nerve ac-
tivity in the pellet stove condition were significantly higher 
than that in the control condition.

discussion

We found that mental task performance after the recov-
ery session in the pellet stove condition was better than 
that in the control condition. In addition, higher levels of 

Control Pellet stove p value

Fatigue  –21.9±19.7  –23.4±26.8 0.310

Healing  25.1±20.9  35.2±29.1 0.082

Comfort  16.5±22.4  28.9±30.9 0.024

Warmth  12.1±23.4  33.1±29.5 0.001

Table 2. Changes in subjective parameters after the recovery session.

Data are presented as mean ±SD.

Control Pellet stove p value

Total trial counts

Before fatigue  587.5±121.3  587.9±80.3 0.591

After fatigue  584.2±119.3  599.5±87.8 0.525

After recovery  588.3±111.6  608.7±93.6 0.419

Total error counts

Before fatigue  31.5±27.0  37.4±45.6 0.270

After fatigue  36.9±25.9  43.7±42.4 0.238

After recovery  49.5±38.6  44.9±43.6 0.535

LF/HF ratio

Before fatigue  1.8±1.9  3.7±5.8 0.097

After fatigue  1.7±1.2  3.3±4.6 0.115

After recovery  2.5±2.1  1.0±0.5 0.016

%HF

Before fatigue  47.7±19.7  38.6±21.4 0.083

After fatigue  47.0±21.7  39.5±21.6 0.039

After recovery  40.4±21.6  52.6±12.8 0.069

Table 3. Cognitive task and autonomic nervous parameters before and after fatigue-inducing sessions and after recovery session.

LF – low-frequency component; HF – high-frequency component. Data are presented as mean ±SD.
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subjective healing, comfort, and warmth, and lower sympa-
thetic nerve activity and higherpara sympathetic nerve ac-
tivity were seen in the pellet stove condition compared with 
the control condition. These results provide evidence that 
improved cognitive function, subjective mental states, and 
balance of the autonomic nervous system activities resulted 
from using a pellet stove during a period of recovery from 
mental fatigue. Our results are consistent with the results 
of a previous report of hot-water bathing in micro-bubbles; 
although temperature of the water was similar between the 
bathing in micro-bubbles and the normal bathing, subjec-
tive level of warmth was higher in the micro-bubble-bath-
ing condition, and simultaneously this bathing condition 
showed positive effects on recovery from mental fatigue [6].

Previously, we showed that participants were fatigued by per-
forming 30-min 2-back test trials through the evaluations of 
the task performance of ATMTs just before and after the 
mental fatigue-inducing session; after the mental fatigue-in-
ducing session, the total error counts of the cognitive tests 
increased [23]. Because the performance of the cognitive 
tasks is thought to require selective attention [13], the de-
creased total error counts after the recovery session in the 
pellet stove condition might be caused by an increase in the 
ability to maintain selective attention.

The brain network, including the prefrontal cortex (PFC) 
and anterior cingulate cortex (ACC), has been shown to 
play an important role in the regulation of autonomic ner-
vous system activities [24]. Decreased parasympathetic ac-
tivity and increased sympathetic activity are interpreted as 

a state of autonomic hypervigilance [25,26], and sympatho-
excitatory subcortical circuits are normally under the inhib-
itory control of the PFC [25–27]. In addition, the ACC is re-
lated to the regulation of parasympathetic activity [28,29]. 
Because impaired selective attention assessed by increased 
error counts of the ATMTs [13] was observed after the fa-
tigue-inducing task, and the selective attention process ac-
tivates the PFC and ACC [30–33], acute mental load might 
introduce temporary dysfunctions in the PFC and ACC to 
cause decreased parasympathetic and increased sympa-
thetic activities as well as inability to use selective attention. 
Considering that the pellet stove condition showed an in-
creased ability in participants to use selective attention and 
increased parasympathetic and decreased sympathetic ac-
tivities, the pellet stove may be effective for recovery from 
mental fatigue through the activation of the PFC and ACC.

The mechanism by which the pellet stove was effective for the 
recovery from mental fatigue is not clear. However, subjec-
tive level of warmth was higher in the pellet stove condition 
although temperature of the rooms was similar between the 
pellet stove and the control condition. Hypothermia has been 
shown to decrease cerebral blood flow [8,9], and cold condi-
tions lead to deterioration of autoregulation of cerebral blood 
flow [10]. Thus, one possible mechanism for the effects seen 
in this study is that the pellet stove increased core tempera-
ture resulting in the promotion of the recovery of the inacti-
vated cerebral blood flow and function in the PFC and ACC.

There are two potential limitations in this study. First, we 
conducted this study with a limited number of participants. 

Figure 1.  Changes of total trial counts (A) and total error counts (B) 
of advanced trail making tests after the recovery session. 
Data are presented as mean and SD. * p<0.05, significant 
difference between control and pellet stove conditions 
(paired t-test).
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session. Data are presented as mean ±SD. ** p<0.01, 
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To generalize our results, studies involving a larger num-
ber of participants are essential. Second, we did not mea-
sure core temperature of participants. Further studies are 
necessary to clarify the mechanisms of the pellet stove to 
accelerate the recovery from mental fatigue.

conclusions

In conclusion, we demonstrated that the pellet stove was 
effective for recovery from mental fatigue. To avoid chron-
ic fatigue, it is important to develop effective strategies to 
attenuate and recover from acute mental fatigue. Use of a 
pellet stove might prevent unfavorable situations as a result 
of accumulated acute mental fatigue.
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