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Effects of aerobic exercise training and cranial
electrotherapy stimulation on the stress-related

hormone, the neurotrophic factor, and mood
states in obese middle-aged women:

a pilot clinical trial
Su-Youn Cho,1 Wi-Young So,2 Hee-Tae Roh3

ABSTRACT

Introduction
Obesity, a global pandemic, has been reported as a potential cause 
of various diseases, including high blood pressure, type-2 diabetes, 
and cardiovascular disease.

Objective
The purpose of the present research was to investigate the effects of 
eight weeks of regular aerobic exercise and cranial electrotherapy 
stimulation (CES) on the stress-related hormone, the neurotrophic fac-
tor, and mood states in obese women.

Method
The subjects for this study were 36 obese middle-aged Korean women. 
Subjects were randomly divided into a control group (CON, n = 12), 
an aerobic exercise group (EX, n = 12), and an aerobic exercise and 
CES group (EX + CES, n = 12). CES was conducted with a micro 
current cranial electrotherapy stimulator for 20 minutes at 100 μA and 
0.5 Hz. Aerobic exercise consisted of treadmill running for 40 minutes 
at 70% of the subjects’ heart rate reserve (HRR). Mood state was mea-
sured by the profile of mood states (POMS) questionnaire, and blood 
collection was performed to examine levels of stress-related hormones 
(cortisol and adrenocorticotropic hormone [ACTH]) and neurotrophic 
factors (brain-derived neurotrophic factor [BDNF] and nerve growth 
factor [NGF]) before and after each intervention.

Results
Plasma cortisol levels, as well as scores for Tension-Anxiety, Depres-
sion-Dejection, and Fatigue-Inertia were significantly decreased after 
intervention when compared with pre-intervention measurements in 
the EX and EX+CES groups (p < .05). Serum BDNF levels, serum 
NGF levels, and Vigor-Activity scores were significantly increased af-
ter intervention when compared with pre-intervention measurements 
in the EX and EX+CES groups (p < .05). However, there was no 

significant difference in these findings between the EX and EX+CES 
groups (p > .05).

Discussion and conclusion
These results suggest that aerobic exercise training could improve the 
mood state of obese middle-aged women through a decrease in serum 
cortisol and an increase in serum BDNF and NGF.

Key words: Aerobic exercise, cranial electrotherapy stimulation, 
mood, obesity.

RESUMEN

Introducción
La obesidad, una pandemia mundial, se ha reportado como una posi-
ble causa de diversas enfermedades, incluyendo presión arterial alta, 
diabetes tipo 2 y enfermedades cardiovasculares.

Objetivo
El objetivo del presente trabajo fue investigar los efectos de ocho 
semanas de ejercicio aeróbico regular y la estimulación eléctrica 
craneal (CES) sobre la hormona relacionada con el estrés, el factor 
neurotrófico, y los estados de ánimo en mujeres obesas.

Método
Los sujetos de este estudio fueron 36 mujeres coreanas de mediana 
edad con obesidad. Los sujetos fueron divididos aleatoriamente en 
un grupo control (CON, n = 12), un grupo de ejercicio aeróbico 
(EX, n = 12) y un grupo de ejercicio y CES aeróbico grupo (EX + 
CES, n = 12). CES se llevó a cabo con una corriente estimulador de 
electroterapia craneal micro durante 20 minutos a 100 μA y 0,5 Hz. 
El ejercicio aeróbico consistía en carrera en cinta rodante durante 
40 minutos a 70% de reserva de frecuencia cardíaca de los sujetos 
(HRR). El estado de ánimo se midió por el perfil de los estados de 
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ánimo (POMS), y la extracción de sangre se realizó para examinar 
los niveles de las hormonas relacionadas con el estrés (cortisol y la 
hormona adrenocorticotrópica [ACTH]) y factores neurotróficos (fac-
tor neurotrófico derivado del cerebro [BDNF] y factor de crecimiento 
nervioso [NGF]) antes y después de cada intervención.

Resultados
Los niveles de cortisol en plasma, así como las puntuaciones de ten-
sión-ansiedad, depresión, abatimiento, y fatiga-inercia, se redujeron 
significativamente después de la intervención, en comparación con 
las mediciones previas a la intervención en los grupos EX y EX + CES 
(p < .05). Los niveles séricos de BDNF, los niveles de NGF en suero y 
las puntuaciones Vigor-Actividad aumentaron significativamente des-

pués de la intervención, en comparación con las mediciones previas 
a la intervención en los grupos EX y EX+CES (p < .05). Sin embargo, 
no hubo diferencia significativa en estos hallazgos entre la EX y los 
grupos EX + CES (p > .05).

Discusión y conclusión
Estos resultados sugieren que el entrenamiento con ejercicio aeróbico 
podría mejorar el estado de ánimo de las mujeres obesas de mediana 
edad por medio de una disminución en el cortisol sérico y un aumento 
en el suero BDNF y NGF.

Palabras clave: Ejercicio aeróbico, estimulación de electroterapia 
craneal, estado de ánimo, obesidad.

INTRODUCTION

Obesity, a global pandemic, has been reported as a potential 
cause of various diseases, including high blood pressure, 
type-2 diabetes, cardiovascular disease, cerebrovascular 
disease, and musculoskeletal disease.1 In addition, obesity 
is associated with the development of several mental dis-
orders.2

Among the mental disorders caused by obesity are 
depressive disorder and anxiety disorder. Obesity and 
depressive symptoms mutually affect each other in a bidi-
rectional manner. Depressive symptoms frequently cause 
increased appetite and weight,3 while raising the risk of 
obesity by reducing physical activity.4 Prolonged depres-
sive mood leads to overeating, increasing the risk of weight 
gain.5 Medicines for treating mood disorder and anxiety 
disorder can also cause weight gain.6,7 Conversely, obe-
sity can raise the risk of mental diseases,8 particularly in 
women who are vulnerable to depressive symptoms be-
cause of social prejudice against obese women.9 According 
to a large-scale epidemiology study, the prevalence of de-
pression was four times higher among obese women than 
among overweight or normalweight women.10 In the case 
of middle-aged women, reduced estrogen secretion caused 
by menopause leads to increased body fat, raising the risk 
of obesity and, subsequently, mental disorders as depres-
sion and anxiety.11

Noninvasive brain stimulation is the method to achieve 
neuromodulation without surgical treatment through the 
safe local stimulation of a specific area of the brain using 
magnetism or electricity. Repetitive transcranial magnetic 
stimulation (rTMS), transcranial direct current stimulation 
(tDCS), and cranial electrotherapy stimulation (CES) are 
used clinically for the improvement of brain functioning 
and mental health.12,13 Of these, CES has been approved by 
US Food and Drug Administration (FDA) as a noninvasive, 
prescriptive medical treatment for depression, anxiety, and 
insomnia.14 Kirsch and Nichols (2013) suggested that CES 
treatment could be very effective for improving the symp-

toms of depression, anxiety, and insomnia.13 However, it is 
not clear yet whether CES treatment can induce changes in 
the plasma indicators that reflect various mood states. Con-
flicting results have been reported in this regard. For exam-
ple, Liss and Liss (1996) reported significant increases of 
tryptophan and endorphins as well as a significant decrease 
in serum cortisol after CES treatment in both males and fe-
males aged between 22 and 70.15 However, in contrast, Lee 
et al. (2013) reported that CES treatment for preoperative 
patients resulted in a significant reduction in preoperative 
anxiety but no significant changes in serum concentrations 
of stress hormones cortisol and adrenocorticotropic hor-
mone (ACTH).16

In contrast, advanced studies have reported that obe-
sity can cause psychiatric disorders, such as depression, 
anxiety disorder, schizophrenia, and bipolar disorder. The 
main factors are hypothalamus–pituitary–adrenal (HPA) 
axis disturbances, neurotransmitter imbalances, and neuro-
progression, along with excessive fat accumulation.3 It has 
also been reported that a deficiency of brain-derived neuro-
trophic factor (BDNF), one of the main regulatory factors in 
neuronal development and synaptic function, is related to 
the increase in weight.17,18 Thus, the purpose of this study 
was to examine the effects of regular aerobic exercise and 
CES on stress hormone levels accompanying HPA axis ac-
tivation, serum BDNF levels, and changes in mood state 
among middle-aged obese women.

METHOD

Subjects

A minimum sample size of 21 participants was deemed nec-
essary for statistical significance, based on a repeated analy-
sis of variance measures, with a 3 × 2 design, an anticipated 
statistical power of 0.80, an alpha error probability of 0.05, 
and an effect size of 0.40 (G-power program 3.1.3, Germa-
ny). The subjects of this study were 36 middle-aged obese 
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women aged 50 to 59 years who visited the Physical Educa-
tion Department at Yonsei University in Seoul, Republic of 
Korea from March 3 to May 30, 2014.

All subjects had to meet the following criteria before 
enrollment in the research: 1. a BMI above 25kg/m2; 2. no 
participation in regular physical activity programs; 3. no 
chronic health problems or smoking; 4. no history of cardio-
vascular, metabolic, or respiratory disease; and 5. at least 6 
months since menopause.

All subjects voluntarily participated in this study and 
were sufficiently informed of the possible risk factors asso-
ciated with the experiment. The subjects gave their consent, 
which included the right to withdraw from the study at 
any time. The study was conducted in accordance with the 
principles outlined in the Declaration of Helsinki. Random-
ization was performed using a simple randomization tool 
through an Internet site (Random.org) that assigns random 
numbers by the flip of a coin. The characteristics of the sub-
jects are shown in Table 1.

Anthropometric measurements

Anthropometric measures, which were taken one week 
before the beginning of interventions, included the mea-
surement of height, body composition, and maximal oxy-
gen consumption (VO2max). Height and body composition 
were measured using a stadiometer (SECA213; SECA, Ham-
burg, Germany) and a bio-impedance analysis (BIA) device 
(Inbody720; Biospace, Seoul, Korea), respectively. VO2max 
was measured on a treadmill (Q65; Quinton, Seattle, WA, 
USA) according to the Bruce protocol based on the breath-
by-breath method with each subject wearing a gas analyzer 
(MetaMax 3B; Cortex, Leipzig, Germany). All anthropo-
metric measures were repeated in the same fashion after 8 
weeks of intervention to examine changes in the degree of 
obesity and cardiorespiratory fitness.

Study design

Subjects were randomly assigned to a 12-member control 
group (CON), an aerobic exercise group (EX), or an aerobic 
exercise and cranial electrotherapy stimulation (CES) group 
(EX + CES). Every group received eight weeks of interven-
tion, except for the CON group whose members maintained 
their own lifestyles with no intervention.

The EX group was subjected to three sessions of 
40-minute treadmill running a week; each session includ-
ed a 10-minutes of warm-up stretching before the exercise 
and 10-minutes of cool-down stretching after the exercise, 
according to exercise prescription guidelines for obese sub-
jects.19 Exercise intensity of treadmill running was set at 70% 
of heart rate reserve (HRR) determined using Karvonen’s 
formula with the resting heart rate (HRrest) and maximum 
heart rate (HRmax) calculated during the VO2max test. 
Heart rate was controlled within a ± 5% range of the tar-
get heart rate using a wireless heart rate analyzer (Polar a5; 
Polar, Finland). The EX group was given identical ear clip 
electrodes to the EX + CES group, but no electric current 
was given. The EX + CES group was subjected to the same 
treadmill running sessions as the EX group, in addition to 
CES treatment after each session. The CES treatment was 
administered three times a week using a micro current cra-
nial electrotherapy stimulator (Alpha-Stim 100; Electromed-
ical Products International, Mineral Wells, TX, USA). Based 
on the Alpha-Stim manual and the previous research of Lee 
et al. (2013), current and frequency were set at 100 μA and 
0.5 Hz, respectively. Clip electrodes were attached to both 
earlobes to deliver 20 minutes of treatment.16

Blood collection and analysis method

Eight milliliters of blood were collected from the antecubi-
tal vein of each subject before and after each intervention 

Table 1. Characteristics of the subjects

CON (n = 12) EX (n = 12) EX + CES (n = 12)

Variable Before After Before After Before After p

Age (years) 54.67 ± 3.03 54.83 ± 2.79 54.75 ± 2.45 0.99
Height (cm) 158.21 ± 6.60 159.32 ± 3.98 156.27 ± 4.07 0.34
Weight (kg) 	 65.83	±	6.42 	 66.43	±	6.90 	 68.26	±	6.76 	 61.87	±	5.07# 	 65.77	±	8.28 	 60.48	±	7.13# 0.63
BMI (kg/m2) 	 26.28	±	1.67 	 26.51	±	1.82 	 26.87	±	2.15 	 24.38	±	1.81# 	 26.90	±	2.82 	 24.73	±	2.38# 0.75
Fat mass (kg) 	 23.53	±	2.64 	 23.70	±	3.03 	 23.88	±	3.35 	 19.51	±	3.26# 	 25.10	±	5.49 	 20.89	±	4.26# 0.46
Body fat (%) 	 38.74	±	3.56 	 38.66	±	3.71 	 36.82	±	3.33 	 33.15	±	4.67# 	 37.92	±	4.29 	 32.98	±	4.05# 0.61
VO2max (ml/kg/min) 	 27.89	±	3.74 	 27.29	±	3.15 	 27.73	±	3.29 	 33.25	±	4.18∫ 	 27.63	±	2.94 	 32.88	±	3.72∫ 0.98

Data are presented as mean ± standard deviation.
CON, control group.
EX, aerobic exercise group.
EX + CES, aerobic exercise and cranial electrotherapy stimulation group.
BMI, body mass index.
VO2max, maximal oxygen consumption.
#significantly lower than before within group (p < .05).
∫significantly higher than before within group (p < .05).
p as determined using the one-way ANOVA for each of the three groups at baseline.
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using a 22-gauge needle, a serum separator tube (Becton 
Dickinson, Franklin Lakes, NJ, USA), and an ethylenedi-
amine tetra-acetic acid tube (Becton Dickinson, Franklin 
Lakes, NJ, USA). Collected blood samples were centrifuged 
for 15 minutes at 3000 rpm and then stored at -80 °C until 
analysis.

Plasma stress-related hormone analysis 
method

The analyses of plasma cortisol were determined by the 
radioimmunoassay (RIA) using a commercially available 
Cortisol Coat-A-Count® kit (Cat. no. TKCO1; Siemens, Los 
Angeles, CA, USA). Similarly, ACTH concentrations were 
determined by the immunoradiometric assay (IRMA) using 
a commercially available ACTH IRMA (CT) kit (Cat. no. 
RE11081; IBL-International, Hamburg, Germany).

Blood neurotrophic factor analysis method

The analyses of serum brain-derived neurotrophic factor 
(BDNF) were carried out using a human BDNF ELISA Kit 
(Cat. no. DBD00; R&D Systems, Minneapolis, MN, USA), 
while nerve growth factor (NGF) analyses used an NGF 
sandwich ELISA Kit (Cat. no. CYT304; Chemicon, Temecu-
la, CA, USA). A microplate reader (EMax; Molecular device, 
Sunnyvale, CA, USA) was used to measure absorbance at 
450 nm for quantification.

Measurement of mood state

Change in mood state was measured using the Korean edi-
tion of the profile of mood states (K-POMS); K-POMS is an 
adaptation by Kim et al. (2003) of the profile of mood states 
(POMS) developed by McNair et al. (1992) whose reliabili-
ty and validity has been verified.20,21 Based on a five-point 
Likert scale, this questionnaire was composed of a total of 
65 questions dealing with six subcategories: Tension-Anxi-
ety, Depression-Dejection, Anger-Hostility, Vigor-Activity, 
Fatigue-Inertia, and Confusion-Bewilderment.

Statistical analysis

Statistical analyses were performed with the SPSS version 
21.0 for Windows (SPSS Inc., Chicago, IL, USA). Data are 
presented as the mean ± standard deviation (SD), unless 
otherwise stated. A three group (CON, EX, and EX + CES) 
by time point (before and after intervention) repeated mea-
sures ANOVA was used to examine the effect of CES and 
exercise training on plasma cortisol and ACTH, serum 
BDNF and NGF, and POMS response. When significant 
group X time interactions occurred, simple main effects 
were assessed using one-way ANOVA and paired t-tests. 
Levels of significance were set at 0.05.

RESULTS

Changes in plasma stress-related hormone 
levels

The plasma cortisol and ACTH levels for the three groups 
before and after intervention are shown in Table 2. Follow-
ing intervention, repeated ANOVA measures demonstrat-
ed a significant difference across group by time interaction 
for plasma cortisol (F [2, 33] = 12.33, p < .01) levels. Plasma 
cortisol levels were significantly decreased after interven-
tion when compared with those before intervention in the 
EX (t = 3.98) and EX + CES (t = 4.86) groups (p < .05). In 
addition, plasma cortisol levels after intervention were sig-
nificantly lower in EX and EX + CES groups than in CON 
group (F [2, 33] = 4.44, p < .05). In contrast, plasma ACTH 
levels were not significantly different among groups and 
time points (F [2, 33] = 0.26, p = .77).

Changes in serum neurotrophic factor levels

The serum BDNF and NGF levels for the three groups be-
fore and after intervention are shown in Table 2. Following 
intervention, repeated ANOVA measures demonstrated a 
significant difference across groups by time interaction for 
serum BDNF (F [2, 33] = 6.60, p < .01) and NGF (F [2, 33] 
= 5.90, p = .01) levels. Serum BDNF and NGF levels were 
significantly increased after intervention when compared 
with those before intervention in EX (t = -3.84 and t = -4.42, 
respectively) and EX + CES (t = -4.20 and t = -4.17, respec-
tively) groups (p < .05). In addition, serum BDNF levels after 
intervention were significantly higher in the EX and EX + 
CES groups than in the CON group (F [2, 33] = 4.52, p < .05).

Changes in POMS scores

The POMS scores for the three groups before and after inter-
vention are shown in Table 2. Following intervention, repeat-
ed ANOVA measures demonstrated a significant difference 
across groups by time interaction for Tension-Anxiety (F [2, 33] 
= 5.90, p = .01), Depression-Dejection (F [2, 33] = 3.58, p = .04), 
Vigor-Activity (F [2, 33] = 13.26, p < .01), and Fatigue-Inertia 
(F [2, 33] = 3.81, p = .03) scores. Vigor-Activity scores were sig-
nificantly increased, while Tension-Anxiety, Depression-De-
jection, and Fatigue-Inertia scores were significantly decreased 
after intervention when compared with those before interven-
tion in the EX (t = -6.63, t = 6.66, t = 5.82, and t = 6.43, respective-
ly) and EX + CES (t = -4.57, t = 3.08, t = 5.46, and t = 4.14, respec-
tively) groups (p < .05). In addition, Vigor-Activity scores after 
intervention were significantly higher in EX and EX + CES 
groups than in CON group (F [2, 33] = 4.49, p < .05). In contrast, 
Anger-Hostility and Confusion-Bewilderment scores were not 
significantly different among all groups and time points (F [2, 
33] = .02, p = .98, and F [2, 33] = .04, p = .96, respectively).
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DISCUSSION AND CONCLUSION

Hypothalamic-pituitary-adrenal (HPA) axis hyperactiva-
tion is a characteristic stress response in mammals22 reflect-
ed by high plasma cortisol and ACTH levels.23 HPA axis 
abnormalities are the most common neuroendocrinological 
disorders found in patients with depression,24 and with 
other mood disorders.25 It has been reported that 30-50% of 
the patients with major depressive disorder have evidence 
of HPA axis dysfunction.24,26 Excessive cortisol secretion in 
patients with depression was first reported by Board et al. 
(1956),27 while there have also been reports of significant-
ly higher levels of ACTH secretion in such patients when 
compared to those in a healthy population.28 The present 
research analyzed plasma cortisol and ACTH levels to in-
vestigate changes in stress-related hormones in obese mid-
dle-aged women according to the combined intervention of 
aerobic exercise and CES. The results show that there was 
a significant decrease in the plasma cortisol levels after in-
tervention in the EX and EX + CES groups; these decreases 
were statistically significant when compared to those in the 
CON group. Such a result is likely due to the alleviation 
of the HPA axis response by exercise training. This inter-
pretation is supported by the suggestion of Wittert et al. 
(1996) that although the HPA axis hyperactivation by stress 
leads to elevated secretion of cortisol, repeated exposure 
to a particular stress as endurance training could make the 
HPA axis less responsive to the initial stress.29 Similarly, 
Fry et al. (1991) reported that exercise training could de-
crease plasma stress hormone concentrations by gradual-
ly improving the stability of the pituitary system.30 Unlike 
plasma cortisol levels, plasma ACTH levels in the present 
research did not show significant change following inter-
vention. This result agrees with the findings of Traustadót-
tir et al. (2005) who investigated the effects of aging and 
fitness level on HPA axis response in women in their 20’s 
and 60’s. After exposing them to stress using matt stress 
reactivity protocol (MSRP),31 he observed no significant dif-
ference in ACTH level according to fitness level, although 
cortisol concentrations were significantly lower in patients 
with higher than average fitness levels.31 This research led 
to a similar suggestion that exercise training could alleviate 
HPA axis response to psychological stress. Similarly, in the 
present study, based on the significant increase of VO2max 
after treatment in the EX and EX + CES groups, we believe 
that the main cause of the changes in plasma cortisol and 
ACTH levels is the increase in cardiorespiratory fitness due 
to exercise training.

Neurotrophic factors, such as BDNF and NGF, play 
crucial roles in regulating the proliferation, migration, 
survival, and synaptic plasticity of neurons.32 BDNF and 
NGF are not only involved in the regulation of the neu-
roendocrine system but can also pass through the blood-
brain barrier into the systemic circulation. For this reason, 

peripheral BDNF and NGF levels have been suggested as 
biomarkers for diagnosis and disease monitoring in mood 
disorders such as depression.33,34 For example, based on the 
meta-analyses of 11 studies, Sen et al. (2008) showed sig-
nificantly lower BDNF levels in patients with depression 
than in the healthy control group; this finding suggests that 
serum BDNF levels could serve as a biomarker for diagnos-
ing psychiatric disorders.33 Similarly, Wiener et al. (2015) 
reported significantly lower serum NGF levels in patients 
with major depressive disorder than in a healthy control 
group.34 The present research analyzed serum BDNF and 
NGF levels in order to assess changes in neurotrophic fac-
tors in obese middle-aged women following aerobic exer-
cise or a combination of aerobic exercise and CES. There 
were significant increases of serum BDNF and NGF levels 
after intervention in the EX and EX + CES groups; par-
ticularly, serum BDNF levels after intervention were sig-
nificantly higher in these groups compared to those in the 
CON group. This result is in agreement with previous stud-
ies that concluded that regular aerobic exercise training 
caused a significant increase of serum BDNF level in obese 
subjects.35,36 Our findings also support the result of a previ-
ous study that found that dietary changes and aerobic ex-
ercise training induced significantly higher levels of BDNF 
and NGF expression in the hippocampus of obese rats.37 In 
addition, a previous report indicated that dysfunction of 
BDNF and NGF, as well as of their respective receptors tro-
pomyosin receptor kinase B (TrkB) and tropomyosin recep-
tor kinase A (TrkA), could contribute to the pathogenesis of 
both depression and obesity.38 Accordingly, the significant 
increases of serum BDNF and NGF levels in the present re-
search are potentially due to the improvement of obesity 
by aerobic exercise training. Indeed, after treatment, the 
EX and EX + CES groups showed significant reductions in 
body weight, BMI, fat mass, and body fat. This finding is 
supported by the work of Schulte-Herbrüggen et al. (2009) 
who reported a negative correlation (r = -0.69, p < .0001) 
between body weight and serum BDNF levels.38 Similarly, 
Danaalamdari et al. (2014) reported a negative correlation 
(r = -0.43, p = .032) between BMI and serum NGF levels.39

Obesity is one of the factors that threatens mental 
health by causing such abnormal conditions as depres-
sion, anxiety, and panic disorders; positive relationships 
between obesity and such psychiatric disorders have been 
mainly observed in women.40 The present research utilized 
the profile of mood states (POMS) to verify the effect of 
aerobic exercise and the combined intervention of aerobic 
exercise and CES on the mood state of obese middle-aged 
women. Following intervention, the EX and EX + CES 
groups showed significant decreases in Tension-Anxiety, 
Depression-Dejection, and Fatigue-Inertia scores, as well as 
a significant increase in the Vigor-Activity score. This result 
supports prior studies that utilized POMS to demonstrate 
significant improvement of mood state following aerobic 



Exercise and cranial electrotherapy stimulation in obesity

255Vol. 39, No. 5, septiembre-octubre 2016

exercise.41-43 Specifically, Sakuragi and Sugiyama (2006) re-
ported that four weeks of walking exercise resulted in a sig-
nificant decrease in the scores in the Tension-Anxiety and 
Depression-Dejection subscales of POMS.41 According to 
the report of Petajan et al. (1996), 10 weeks of aerobic train-
ing resulted in a significant increase of the Fatigue-Inertia 
score.42 In addition, Brown et al. (1992) reported that partic-
ipation in a 9-week aerobic exercise program could bring 
about significant increase of the Vigor-Activity score.43 The 
changes in POMS scores in the present research also sug-
gest the positive impact of aerobic exercise training in im-
proving the mood state, and the major contributors to this 
improvement are thought to be the decrease in cortisol and 
increases of BDNF and NGF. Such an interpretation is sup-
ported by previous reports which point out that regular ex-
ercise could be effective for the maintenance and improve-
ment of mental health by reducing distress and negative 
affect while promoting positive benefits for the cognitive, 
emotional, and motor domains.44,45 These reports have also 
suggested that such beneficial effects of exercise could be 
explained by the maintenance of HPA axis homeostasis, as 
well as by the elevation of the expression levels of neuro-
trophic factors such as BDNF and NGF.44,46

On the other hand, there was no significant differ-
ence in any variable between the EX and EX + CES groups. 
Therefore, it is judged that CES treatment did not induce 
changes in stress-related hormone response, neurotrophic 
factor activation, and mood state. There have been conflict-
ing results as to whether CES treatment can alleviate and 
treat such mental diseases as depression and anxiety and 
induce changes in related biomarkers. For example, Barclay 
and Barclay (2014) reported that CES treatment was effec-
tive for alleviating the symptoms of anxiety and depres-
sion,47 but the systematic review of Kavirajan et al. (2014) 
revealed no positive effect of CES treatment on acute de-
pression.48 In addition, Liss and Liss (1996) suggested that 
an 18% decrease in plasma cortisol levels after CES treat-
ment was due to the reduced stress response,15 but Lee et al. 
(2013) reported that CES treatment showed an alleviating 
effect on preoperative anxiety involving no change in plas-
ma cortisol and ACTH levels.16 There are also conflicting 
results from a limited amount of research concerning the 
effect of such noninvasive brain stimulation as repetitive 
transcranial magnetic stimulation (rTMS) and transcranial 
direct current stimulation (tDCS) on neurotrophic factor 
expression. Zanardini et al. (2006) reported significant in-
creases of serum BDNF after rTMS treatment in drug resis-
tant depressed patients,49 but Brunoni et al. (2014) report-
ed no significant change in BDNF after tDCS treatment.50 
Thus, while noninvasive brain stimulation, including CES, 
can directly regulate the plasticity of the cranial nerves and 
provide some alleviation and treatment of the symptoms of 
mental diseases, such as depression and anxiety, patients’ 
responses to noninvasive brain stimulation could differ ac-

cording to their individual characteristics (such as the se-
verity of disease, age and gender). There is also a recent 
report indicating that the efficacies of noninvasive brain 
stimulation could differ according to the genetic character-
istics of patients.51 Moreover, effective timing for applying 
noninvasive brain stimulation, as well as proper cranial 
stimulation parameters, still need to be clearly verified.52 
Accordingly, follow-up studies would need to verify these 
parameters using various research techniques (such as fac-
torial, randomized, sham-controlled trial) in consideration 
of the patients’ diverse characteristics (such as age, gender, 
and the type and severity of the disease).

In conclusion, our overall results suggest that aerobic 
exercise training can exert positive effects on the mood 
state of obese middle-aged women through a decrease in 
the cortisol levels and increases in BDNF and NGF. Howev-
er, CES treatment did not have a significant positive effect 
on mental health status in middle-aged obese women, as 
the results of CES treatment combined with exercise were 
not significantly different from those of treatment with ex-
ercise alone.

Nevertheless, the present research has some limita-
tions. This was a pilot study conducted at a single orga-
nization and therefore had a small number of subjects. In 
addition, it was previously reported that improvements in 
mental health status using noninvasive brain stimulation 
treatment, including CES, can vary according to age, sex, 
and the type and degree of disease.51 Thus, future studies 
should recruit a greater number of subjects in order to com-
prehensively investigate the effects of CES treatment.
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