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ABSTRACT

The purpose of this study was to analyze the
effectiveness of measures aimed at correcting
obesity in women and including bright light ex-
posure during aerobic exercise combined with a
restrictive diet. A one-stage, randomized study
involved 80 obese women aged 20 to 58 years.
The inclusion criterion for selecting participants
for this research was the presence of primary ali-
mentary-constitutional obesity with body mass
index equal to or higher than 30 kg/m?. All the wo-
men were distributed into three groups accord-
ing to the set of applied treatments. In Group 1,
the women were on a restrictive diet; in Group 2,
the restrictive diet was accompanied with daily
aerobic exercise; in Group 3, women were expos-
ed to bright light during exercise. Before and af-
ter the treatment course (3 weeks), body weight,
waist and hip circumferences were measured;
fat amount was determined by the impedance-
metry method; and oxygen consumption was
determined by indirect calorimetry. Women in
Group 1 had reduced body weight, waist and hip
circumferences, fat mass and oxygen consum-
ption. Similar changes were identified in women
of Group 2, but weight loss was greater, and the
level of oxygen consumption increased as com-
pared to the baseline. In women of Group 3,
weight loss and increased oxygen consumption
were more pronounced than in those of Group 2.
The number of metabolic equivalents (MET) in
women of Group 3 increased to nearly 1, which
corresponded to the value of this index that re-
flected the resting metabolic rate in patients with
normal body weight. Thus, exposure to bright
full-spectrum light increases energy metabolism
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and enhances the effectiveness of exercises, de-
spite prolonged food restriction, which is one of
the mechanisms to improve the efficiency of
obesity correction.
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1. INTRODUCTION

Overweight and obesity represent a rapidly growing
threat to the health of populations in an increasing num-
ber of countries [1]. Obesity, especially central obesity,
is becoming recognized as one of the most important
non-communicable diseases’ risk factors. Obesity comor-
bidities include coronary heart disease, hypertension and
stroke, certain types of cancer, non-insulin-dependent
diabetes mellitus, gallbladder disease, nonalcoholic stea-
tosis, dispipidaemia, gastrointestinal diseases, osteoarth-
ritis and gout, asthma, pulmonary diseases, including
sleep apnoea, polycystic ovary syndrome, severe urinary
incontinence and others diseases [1-5]. In addition to its
substantial impact on physical health, obesity is also as-
sociated with increased risks of psychiatric or mental
disorders such as depression, anxiety, manias, panic at-
tacks and suicidal ideation [6-9].

In recent years, it has become clear that adipose tissue
accumulating in obesity is not only a passive receptacle
of lipids. Adipose tissue releases a large number of bio-
active mediators that influence not only body weight
homeostasis but also development of metabolic and car-
diovascular diseases [10]. With increasing fat mass, the
development of adipose tissue inflammation and dys-
function, secretion of adipose tissue derived adipokines,
is significantly altered towards a proinflammatory, di-
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abetogenic and atherogenic pattern [11,12]. This sug-
gests that obesity itself is also a chronic, complex, multi-
factorial disease, resulting from the interaction of genet-
ics, environment and lifestyle, which requires a long-
term multi-stage treatment.

The prevalence of obesity has been shown to increase
dramatically in step with the change of lifestyles and
increases in energy-dense foods intake. Epidemiologic
studies have begun to show links between adiposity and
behaviors such as television (TV) watching, alcohol in-
take and sleep deprivation. They are not merely corre-
lated with obesity but likely contribute to it by encour-
aging excessive eating [13]. Of the different sedentary
behavior types (TV viewing, computer time, reading,
music/radio listening and other relaxation), in particular,
TV viewing was most consistently related to higher body
mass index and waist circumference, both in men and
women [14]. Alcohol may contribute to positive energy
balance via its additive effects on total energy intake and
by short-term appetite stimulation [15,16]. Sleep curtail-
ment in humans alters multiple metabolic pathways,
leading to more insulin resistance, possibly decreased
energy expenditure, increased appetite and immunologi-
cal changes [17].

In this regard, the main approaches to obesity treat-
ment include the use of restrictive diets, which should be
supported by a suitable physical activity and possibly by
behavioral therapy (frequently referred to as lifestyle
modification) [18]. However, it is important to distin-
guish between active lifestyle and physical fitness [19]. It
has been shown that drug trials which include dietary
advice, plus exercise and behavior therapy are the most
effective method as compared to their separate use [20].
According to the US guidelines [21], in more complex
cases, pharmacological therapies can be used for periods
ranging from 6 months to 1 year. Otherwise, surgery is
the only recommended treatment in extreme cases for
those patients suffering from acute obesity (BMI > 35)
and other associated pathologies, that is, inpatients hav-
ing a high mortality risk or who do not respond to other
treatments.

Though a great number of schemes, methods and ap-
proaches used both separately and in a complex have
been developed for obesity treatment through lifestyle
modification, the effectiveness of obesity treatment still
remains rather low [22-24]. For instance, in [24], the
authors write that obesity treatment includes some of the
barriers to successful weight loss: 1) unrealistic expecta-
tions of success; 2) high attrition rates; 3) cultural norms
of self-acceptance in terms of weight and beliefs of fat
being healthy; 4) neighborhood attributes such as a lack
of well-stocked supermarkets rather than the presence of
convenience stores with low-quality foods; and 5) the
perception of the neighborhood as less safe and with low
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walkability.

The difficulties of obesity treatment also include the
unavailability of information on the principles of rational
nutrition and optimal physical activity as well as subjec-
tive difficulties in implementing the recommendations in
this area. The fight against these causes of low effec-
tiveness of obesity treatment is aimed at the establish-
ment of a continuous dynamic monitoring of the imple-
mentation of recommendations. This work is carried out
most effectively under extended programs of communi-
cation of health professionals with obese participants of
the programs [25,26].

Depression is a serious factor decreasing the effec-
tiveness of obesity treatment through lifestyle modifica-
tion. Accumulating evidence now suggests that lifestyle
factors such as diet quality contribute to a number of
mental diseases [27] and play an important role in the
risk and genesis of depression specifically [28]. Dietary
restrictions are combined with the development of the
so-called “diet-related depression”, and larger weight
losses are associated with the increased risk of depres-
sion [29]. Patients with emotional eating disorders are
most susceptible to the development of “the diet-related
depression” [29], and these are most typical for obese
people. Previously, we demonstrated that the incidence
of emotional eating disorders among obese women was
43% [30]. In some patients, “the diet-related depression”
develops even during simultaneously conducted psycho-
logical correction and is the reason of decreased effec-
tiveness and/or refusal to continue obesity treatment. In
addition, depression was found to be predictive of de-
veloping obesity [31]. At the same time, lifestyle mod-
ification programs, which incorporated exercise with die-
tary instruction and behavior therapy, were found to in-
duce reductions in symptoms of depression [32].

The development of “the diet-related depression” can
be associated with a decreased level of energy metabol-
ism, which occurs in obesity treatment using various
diets. Such relationship is clearly seen in patients with
seasonal affective disorders (SAD). In women with SAD,
we revealed a relationship between low level of energy
metabolism with depression and a number of atypical ve-
getative symptoms such as increased appetite and weight
gain, preference of carbohydrate-rich food, hypersomnia
and difficult morning awakening. The use of bright ar-
tificial light as a method of treatment resulted in the dis-
appearance of both depressive and atypical vegetative
symptoms, against the background of an elevated level of
energy metabolism [33].

The significance of light for the human organism and
especially for the mental health is well-established for a
long time. In the last years, several clinical trials could
demonstrate the therapeutic efficacy of bright light ther-
apy for different neurological and psychiatric disorders
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such as sleep disorders, non-seasonal affective disorders
or dementia [34,35].

Our previous findings suggest the possibility of in-
creasing the effectiveness of obesity treatment by inclu-
ding the exposure of the study participants to the bright
full-spectrum artificial light in the correction program. In
this regard, the study sought to compare the effects of a
diet alone, a diet combined with exercise and a diet com-
bined with exercise performed under conditions of the
body exposure to bright artificial light on the intensity of
energy metabolism and body weight of obese women.
Exercise was used because, on the one hand, it increased
energy expenditures [19] and, on the other hand, showed
positive properties in treating depressive disorders [36].
In addition, diets are generally used together with exer-
cise in obesity treatment [18].

2. METODS
2.1. Subjects

The one-stage, randomized study involved 80 obese
european whites women aged 20 to 58 years (median age
37.1 + 7.4 years). The inclusion criterion for selecting
participants for this research was presence primary ali-
mentary-constitutional obesity with body mass index
equal to or higher than 30 kg/m® The exclusion criteria
were morbid and neuroendocrine obesity, diabetes mel-
litus 1 and 2 types, acute heart and pulmonary diseases,
malignancy, acute infections and inflammatory diseases.
The work was conducted at the Clinical Research and
Practical Center of Endocrine and Metabolic Disorders
Correction (Novosibirsk, Russia, N°55). All patients in-
volved in the study gave their informed consent to par-
ticipate in the investigation, which complied with the
ethical standards developed in accordance with the
World Medical Association Declaration of Helsinki on
Ethical Principles for Medical Research Involving Hu-
man Subjects, and a permit was obtained from the Local
Biomedical Ethics Committee.

2.2. Applied Treatments

Applied Treatments. The course of treatment lasted for
3 weeks and consisted of a restrictive diet, aerobic exer-
cise and exposure to bright full-spectrum light during
exercise.

As shown in Table 1, all of women were distributed
into three groups according to the set of applied treat-
ments.

In women of Group 1, BMI was 36.2 + 1.6 kg/m?, and
in women of Group 2 it was 35.9 + 1.6 kg/m? and in
Group 3 BMI was 37.7 + 2.2 kg/m?. Thus, women of all
three groups had comparable BMI values and, conse-
quently, degrees of obesity.

During the study, all of women additionally received
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Table 1. Women groups in depending on the type of applied
treatment.

Group 1 Group 2 Group 3

(n=26) (n=230) (n=24)
Restrictive diet + + +
Exercise - + +
Lighting Conditions - - +

daily aquatic physiotherapy (Charcot power shower) and
electromyo stimulation.

2.2.1. Restrictive Diet

A standard course of restrictive diet included a very
low calorie liquid diet (400 - 800 kcal per day) during the
first five days of the study followed by a transition to a
low calorie diet (1000 - 1200 kcal per day) to the end of
the study. As the study was comparatively short, a very
low calorie liquid diet was used during the first days of
the study to achieve a greater effect of the restrictive diet
on the energy balance. The transition from a very low
calorie liquid diet to a low calorie diet was caused by the
need to prevent cases of binge eating at the end of the
study, against the background of a developing “diet-re-
lated depression” [29], which are more typical of indi-
viduals on a very low calorie liquid diet [37].

2.2.2. Exercise

Daily aerobic exercise included treadmill walking for
40 minutes in the morning. Aerobic exercise was se-
lected individually based on heart rate (HR), which
should be between 55% and 65% of its maximal value
during walking. The maximal HR value was calculated
according to the formula: HR max = 220 — age in years.

2.2.3. Light Treatment

While walking on the treadmill, daily sessions of ex-
posure to full-spectrum light were conducted simulta-
neously. A switched on fluorescent lamp with light in-
tensity of 2000 - 2500 lux, the Innsol Mesa lamp (Inno-
jok Ltd., Finland) was at a distance of 120 - 140 cm from
the face at 40-minute light exposure.

2.3. Anthropometric Measurements

Anthropometric measurements including height, body
weight, waist and hip circumferences were obtained us-
ing standardized procedures. Body weight was measured
using medical balance to the nearest 100 gm, height with
the help of stadiometer to the nearest 5 mm. Waist cir-
cumference (cm) and hip circumference (cm) were de-
termined using measuring tape to the nearest 5 mm as
described in the WHO Guidance (2008) [38]. Body mass
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index (BMI) was calculated as weight divided on height
squared (kg/m?). The amount of fat in the body was de-
termined by hand-to-hand bioelectrical impedancemetry
using the Omron BF 302 set (OMRON Corporation, Ja-
pan). Anthropometric measurements were performed be-
fore and after a 3-week course of treatment.

2.4. Oxygen Consumption Measurements

Resting energy expenditure was assessed by an indi-
rect calorimetry system that measured resting oxygen
uptake (using the Metabolic Analyzer-Deltatrac, Sensor
Medica Corp.). During oxygen consumption measuring,
the women were in a comfortable and thermo regulated
(22°C - 24°C) room where only the investigator and the
patient were present. The measurements were performed
in the morning before breakfast; the necessary require-
ment was a 30-minute rest before the start of the study.
Oxygen consumption was determined as ml/min fol-
lowed by the calculation per 1 kg of body weight. The
number of metabolic equivalents of tasks (MET) was

calculated as a characteristic of the resting metabolic rate
[39] and expressed as kcal/kg of body weight per hour.
Oxygen consumption was measured before and after a
3-week course of treatment.

2.5. Statistical Analysis

Statistical data processing was performed using the
Statistica 6.0 program (StatSoft, USA). In the text,
Tables 2 and 3 the results are presented as mean indica-
tor values and the standard deviation (Mean + SD); the
comparative analysis was performed using the Kruskal-
Wallis test for multiple comparisons and the Mann-Whit-
ney test for paired comparisons. The changes in all the
measured parameters were calculated as the difference
between the individual values of parameters before and
after the procedures followed by the calculation of the
Mean + SD for all parameters in each group. The Wil-
coxon signed-rank test was used for comparative analysis
of repeated measurements. The minimum probability of
the null hypothesis validity was accepted at the 5% sig-

Table 2. Women anthropometric parameters before and after the course of treatment.

Treatment Group 1 (n = 26) Group 2 (n =30) Group 3 (n=24) P-value

Mean + SD Mean + SD Mean + SD 1-2 1-3 2-3
Age (years) 40.4+6.1 41.1+58 39.3+6.7 0.662 0.546 0.295
Weight (kg) before 91.5+147 95.5+13.6 90.5+10.3 0.107 0.749 0.128
After 88.0 +£14.0 91.2+13.1 85.6 +10.1 0.212 0.676 0.060

P value <0.001 <0.001 <0.001
Change in weight (kg) 3111 4312 -49+11 <0.001 <0.001  <0.001
Waist circumference (cm) before 100.3+ 115 97.9+9.9 97.8+7.4 0.599 0.793 0.841
after 948+11.2 91.3+8.7 91.7+6.7 0.371 0.724 0.694

P value <0.001 <0.001 <0.001

Change in waist

Circumference (cm) -54+23 53+23 53+23 0.939 0.875 0.821
Hip circumference (cm) before 119.4+£15.1 119.0+8.3 1143+7.0 0.450 0.236 0.033
after 1145+114 1151 +51 109.7 £ 6.5 0.190 0.200 0.005

P value <0.001 <0.001 <0.001

Change in hip

Circumference (cm) -39+17 -36+14 -41+17 0.489 0.714 0.523
Fat mass (kg) before 375+85 40.1+83 36.1+7.0 0.092 0.658 0.060
after 34.8+8.0 337.7+8.2 335+6.5 0.125 0.427 0.035

P value <0.001 <0.001 <0.001
Change in fat mass (kg) 2311 -26+11 -28+1.0 0.149 0.033 0.363
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Table 3. The level of oxygen consumption before and after the course of treatment.

Treatment Group 1 (n = 26) Group 2 (n = 30) Group 3 (n=24) P-value
Mean + SD Mean = SD Mean + SD 1-2 1-3 2-3

Oxygen consumption before 249.4 +32.9 242.3 £ 24.0 25214284 0549 0.528 0.132
(ml/min) after 232.8+27.4 279.7 +33.1 2544+332 0007 0.001 0.003

P value <0.001 <0.001 <0.001
Coﬁ:ﬂ‘n%‘ii;”no(ﬁ?;?n) -16.6+ 11.4 12.2+18.9 286+131 <0001  <0.001  <0.001
Metabolic equivalent before 0.79+0.14 0.74 £0.11 0.80£0.12 0139 0.496 0.044
(keal/kg/hour) after 0.77+0.13 0.81+0.13 094+014 0308 <0001  <0.001

P value <0.011 <0.001 <0.001
Change in metabolic equivalent 0.03+0.03 0.07 £ 0.06 014005 <0001 <0001  <0.001

(kcal/kg/hour)

nificance level (p < 0.05).
3. RESULTS

After a 3-week the diet course, a significant reduction
of body weight, waist and hip circumstances as well as
adipose tissue mass was observed in women of Group 1
(Table 2). However, in this group of women, along with
positive effects as changed values of the above anthro-
pometric parameters, negative dynamics were observed
in the level of oxygen consumption (Table 3).

In women of Group 2, for whom dietary effects were
accompanied by exercise (treadmill walking), the values
of the participants’ body weight, circumference parame-
ters and adipose tissue mass also decreased, and body
weight reduction was greater than that in women of
Group 1 (Table 2). The level of oxygen consumption by
women of Group 2 increased as compared to the baseling,
increased number of metabolic equivalents per 1 kg of
body weight was also observed (Table 3). Thus, the use
of exercise in a complex scheme of body weight correc-
tion resulted in more expressed dynamics of body weight
reduction, which is consistent with literature data [19].

In women of Group 3, for whom, besides the diet and
exercise, sessions of exposures to bright full-spectrum
light during treadmill walking were additionally included
in the general scheme of treatment. Body weight reduc-
tion was more expressed after a 3-week course of treat-
ment in these women. The value of such an index as the
change of body weight significantly differed from the
corresponding values for Groups 1 and 2 (Table 2). The
value of the loss of the fat component in women of
Group 3 significantly differed from the value of the cor-
responding index in women of Group 1. The above
changes in anthropometric indices in women of Group 3
were consistent with an increased level of oxygen con-
sumption as compared to the values of the corresponding
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index in women of Groups 1 and 2. MET number in-
creased practically to 1, which corresponds to the value
of this index that reflects the resting metabolic rate in
individuals with normal body weight [40].

The women of the three groups did not differ from
each other in the dynamics of the values of circumfe-
rence indices; it can be seen that irrespective of the sche-
me of treatment, the women’s waist circumference re-
duced to a greater extent than the hip circumference. This
can be caused by the fact that abdominal adipose tissue is
more metabolically active than the subcutaneous depot of
the gluteofemoral area [41,42].

4. DISCUSSION

The results of the carried out research show that inclu-
sion of bright light in a complex scheme of obesity cor-
rection in women increases the effectiveness of standard
measures such as a low calorie diet in combination with
aerobic exercise aimed at body weight reduction.

What can be the reason of such effect of light? In
women of Group 1, whose scheme of obesity correction
included only a diet restriction, in 3 weeks reduced oxy-
gen consumption was revealed (Table 3), which indi-
cates a slower metabolism at rest and suggests slowing of
the basal metabolism [39]. Reduced energy metabolism
can be considered as an adaptive reaction of the body
onto the calorie restriction diet. In [43] it has been shown
that suppression of resting metabolic rate out of propor-
tion to the loss of body weight and fat-free mass may
occur through a phenomenon known as adaptive ther-
mogenesis or metabolic adaptation.

In women of Group 2, in whose scheme of obesity
correction the calorie restriction was accompanied by
exercise, the level of oxygen consumption increased as
compared to the baseline (Table 3). It is known that
physical activity is the main determinant of total energy
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expenditure and has been suggested to play a key role in
body weight regulation. It was shown that a weight loss
program consisting of a diet restriction and vigorous ex-
ercise helped to preserve fat-free mass and maintain
resting metabolic rate [44]. Our results are consistent
with the presented findings.

In women of Group 3, the scheme of obesity correc-
tion was accompanied by light exposure during exercise.
The main elements of different schemes of obesity cor-
rection are diet restrictions aimed at limiting the supply
of nutrients to the body and increasing motor activity
contributing to increased consumption of excessive
amounts of energy substrates in the body. Reduced body
weight in groups of patients who used the combination of
a diet restriction and exercise was greater than in indi-
viduals using only a diet restriction [14]. We have al-
ready discussed the question of the need for exercise for
the preservation of fat-free mass [44]. In this regard, to
verify the possibility of increasing the effectiveness of
exercise due to light exposure, groups of women were
formed for the comparative study of a diet restriction
alone, a diet in combination with exercise and a diet in
combination with exercise and light exposure.

The combination of exercise with sessions of bright
light exposure caused a significantly greater increase of
oxygen consumption in women of Group 3 than in
women of Group 2. It could be suggested that exposures
to bright full-spectrum light stimulate basal metabolism
and, correspondingly, stimulate oxygen consumption. In
women of Group 3, a greater reduction of body weight
was observed as compared to the value of this index in
women of Groups 1 and 2, and that of fat mass as com-
pared to the value of this index in women of Group 1.
Samples were limited in number, but the identified ef-
fects are confirmed by the results of our studies [33] and
the works of other authors [45,46].

In the work of Canadian researchers [45] based on
evidence of the link between bright light, serotonin,
mood, and food intake, it has been suggested that bright
light therapy can improve weight loss. Overweight and
obese subjects were assigned to 6 weeks of moderate
exercise with or without bright light treatment. Is the first
to show that bright light treatment during exercise im-
pacted body composition by significantly reducing body
fat after only a 6-week period. There was also a trend
toward a greater reduction in body weight in the bright
light treatment group, but this did not reach significance.
The authors suggest that serotonergic pathways may play
a role in fat intake, and this may provide one explanation
for the findings of this study. Changes in energy expend-
iture may also have accounted for the findings in this
study. All subjects were required to exercise at the same
level (i.e., at a 65% heart rate reserve) and all subjects
used identical stationary bicycles, but those in the bright

Copyright © 2014 SciRes.

light group may have been more active outside. In the
cited work [45], the authors write that it is not known
whether changes in amounts consumed or eating pattern
among those treated with the bright light accounted for
the change in body fat mass.

In our study, a significant reduction of not only fat
mass but also that of body weight was observed in
women of Group 3 much earlier, already 3 weeks after
the start of the course of obesity correction including a
diet and exercise and accompanied by light exposure.
Consequently, bright light exposure stimulates a reduc-
tion of not only fat mass but also that of body weight,
though against the background of a diet restriction.

In [46], like in our study, the authors used a shorter 3
week in-home session of morning bright light treatment
to verify the possibility of obesity correction using bright
light. In this study, like in [45], with light, compared to
the placebo session, weight did not reduce significantly,
but percentage fat, fat mass, and appetite were signifi-
cantly lower (average fat reduction 0.35 kg). A reduction
in fat mass and percentage body fat following light in-
tervention was independent of seasonality trait and pho-
toperiod. The results allowed the authors to conclude that
bright light was the primary cause of fat reduction. Light
is the strongest synchronizing agent for the circadian
system, and therefore keeps most biological and psycho-
logical rhythms internally synchronized, which is impor-
tant for optimum function. Circadian sleep-wake disrup-
tions and chronic circadian misalignment, as often ob-
served in psychiatric and neurodegenerative diseases, can
be treated with light therapy [47].

One possible mechanism of the influence of light on
physiological processes in the body is its effects on the
neurchormonal system. For instance, light is known to
inhibit the secretion of melatonin by the pineal gland
[48]. In the study [49], the present results extend those in
the literature by showing that light exposure in the
morning can increase leptin and decrease ghrelin con-
centrations in sleep-restricted individuals although, again,
the impact of morning light on leptin concentrations was
more robust than on ghrelin concentrations. As leptin can
suppress appetite, the authors suggest that light can be
used as a nonpharmacological tool to clinically impact
obesity [49]. Since in our study women were on a diet
with a limited supply of energy substrates to the body
during the whole course of exercise in combination with
light exposure, this mechanism can hardly explain our
findings.

In the study [50], the authors investigated the effect of
short-wavelength light on cortisol content in saliva of
sleep-restricted adolescents. Levels of cortisol, a hor-
mone produced by the adrenal gland, follow a daily,
24-hour rhythm with concentrations reaching a minimum
in the evening and a peak near rising time. In addition,
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cortisol levels exhibit a sharp peak in concentration
within the first hour after waking: this is known as the
cortisol awakening response (CAR). The authors demon-
strated that the exposure to short-wavelength light in the
morning significantly enhanced CAR compared to dim
light. As a high CAR has been hypothesized to reflect the
anticipation of stress, the authors suggest that morning
exposure to short-wavelength light may be a simple, yet
practical way to better prepare adolescents for an active
day.

Other researchers previously also reported the stimu-
lating effect of morning light exposure on cortisol level
[51,52]. In [53], a cross-sectional association of the di-
urnal cortisol profile with markers of overall and abdo-
minal obesity was found. These findings were indepen-
dent of demographics, socioeconomic status, medications,
and smoking. The authors noted a significant negative
association of body-mass-index and waist circumference
with awakening cortisol [53]. In [54], it has been shown
that chronic feeding and sleep schedule disturbances are
stressors that exert damaging effects on the organism,
and are associated with evening hypercortisolism and in-
creased insulin resistance. Consequently, changes in the
circadian rhythm of cortisol and, probably other hor-
mones and mediators can promote the development of
disorders of hormonal regulation of energy metabolism
and, correspondingly, pathology including obesity.

It can be supposed that light exposure in the morning,
will also enhance the effectiveness of obesity correction
by normalizing and/or increasing the amplitude of the
circadian rhythm of cortisol. However, further research is
needed in this area.

The advantage of using light exposure in the schemes
of obesity correction is that this approach can be used in
patients with concomitant diseases that contraindicate
intense exercise. Exposure to bright artificial light can be
used in various schemes of body weight correction and is
especially important in winter when the period of insola-
tion is short. The previously revealed antidepressant ac-
tion of bright light [33] suggests the possibility of reduc-
ing the symptoms of “the diet-related depression” and
other affective disorders caused by a low calorie diet.

Light exposures can be included in different programs
of obesity correction through lifestyle modification,
which will allow us to increase their effectiveness, espe-
cially in treatment of concomitant diseases at obesity
[55]. Lifestyle modification aimed at reducing energy
intake and increasing physical activity is the principal
therapy for overweight and obese patients with type 2
diabetes. Even moderate weight loss in combination with
increased activity can improve insulin sensitivity and
glycemic control in patients with type 2 diabetes and
prevent the development of type 2 diabetes in high-risk
persons [56]. It is known that intensive, individualized
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programs have been successful, but are limited by time
and resources. Sustainable lifestyle modification strate-
gies are needed to address obesity and cardiovascular
risk factors [57]. Inclusion of light exposures in such
programs can be a very promising trend. Effect of bright
light explore predominantly in women, because the pro-
blem of obesity in them has a great social importance.
The effectiveness of bright light in the treatment of obes-
ity in men needs further investigation. Gender diffe-
rences probably would be determined not so much the
severity of obesity, but the specialty of the fat depots to-
pography, which have significant differences in men and
women [58].

5. CONCLUSION

The use of complex method of obesity correction in-
cluding the combination of exercise and bright light ex-
posure, against the background of a low calorie diet,
provides a greater reduction of body weight and adipose
tissue mass than the use of a diet alone or a diet in com-
bination with physical exercises. Inclusion of light ex-
posures in a complex scheme of obesity correction in-
creases the level of energy metabolism in the body, de-
spite a long-term food restriction. We discuss the as-
sumption that light exposure in the morning normalizes
and/or increases the amplitude of the circadian rhythm of
cortisol, which is one of the mechanisms of enhancing
the effectiveness of obesity correction.
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