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Abstract: Adipose tissue is considered an endocrine organ, and its excess compromises the immune
response and metabolism of hormones and nutrients. Furthermore, the accumulation of visceral
fat helps to increase the synthesis of cortisol. The hypothalamus-pituitary-adrenal (HPA) axis is
a neuroendocrine system involved in maintaining homeostasis in humans under physiological
conditions and stress, and cortisol is the main hormone of the HPA axis. It is known that a stress-
induced diet and cortisol reactivity to acute stress factors may be related to dietary behavior. In
obesity, to reduce visceral adipose tissue, caloric restriction is a valid strategy. In light of this fact, the
aim of this study was to assess the effects of a commercial dietary ketosis program for weight loss on
the sympathetic nervous system and HPA axis, through evaluation of salivary cortisol and GSR levels.
Thirty obese subjects were recruited and assessed before and after 8 weeks of Very Low Calorie
Ketogenic Diet (VLCKD) intervention to evaluate body composition and biochemical parameters.
Salivary cortisol levels and GSR significantly decreased after dietary treatment; in addition, body
composition and biochemical features were ameliorated. The VLCKD had a short-term positive effect
on the SNS and HPA axes regulating salivary cortisol levels. Finally, the effects of the VLCKD on the
SNS and HPA axis may lead to more individualized treatment strategies that integrate obesity and
stress and support the usefulness of such therapeutic interventions in promoting the reduction of the
individual disease burden.

Keywords: cortisol; galvanic skin response (GSR); very low-calorie ketogenic diet (VLCKD); adipose
tissue; obesity; sympathetic nervous system; hypothalamus-pituitary-adrenal (HPA) axis

1. Introduction

The center of stress management consists of the sympathetic nervous system (SNS)
and the hypothalamic-pituitary-adrenal axis (HPA). These systems coordinate the response
of the various physiological systems, leading the body to equilibrium. There is robust
evidence from animal and a human study that stress causes coincidental activation of nerve
and system cells and also the unharnessing of many biologically active compounds, as well
as catecholamines and glucocorticoids [1,2]. Dysregulation of one of those stress systems
will result in an altered nervous response [3,4]. Activation of the SNS, thanks to stress, is
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measurable by numerous parameters, such as galvanic skin responses (GRS), a modifica-
tion in electrical physical phenomenon between two points on the respondent’s skin [5].
Additionally, the HPA axis may be a system concerned with maintaining equilibrium in
mammalian organisms under physiological conditions and stress, and hydrocortisone
is the main hormone of the HPA axis in humans [6–8]. The evaluation of secretion of
hydrocortisone can be a valid and easy parameter for HPA axis assessment.

Cortisol receptors, present in most cells in the body, receive and use the hormone
in different ways. For example, when the body is on alert, cortisol can alter or disrupt
the functions that stand in the way [9]. These can include the digestive or reproductive
systems, the immune system, or even growth processes. In addition, it is known that a
stress-induced diet and cortisol reactivity to acute stress factors may be related to dietary
behavior. In addition, in obesity there is a high level of cortisol, in fact there is a close
relationship between adiposity and increased levels of cortisol [10–12]. With hyperbolic
stress, internal secretion of corticoid adrenal cortical steroid plays a role in the development
of fat. However, it appears that not all people respond to stress with the same means. This
raises the question of whether there is an associated degree of interindividual variation
within the biological response to stress. Adrenal cortical steroid causes a distribution
of white animal tissue within the abdominal region and will increase appetite, with a
preference for high energy density foods (“comfort food”) [13]. Patients that the United
Nations Agency Area Unit inveterately exposed to high levels of glucocorticoids, such
as in Cushing syndrome or with exploitation of high doses of exogenous glucocorticoids,
develop abdominal fat, metabolic syndrome, and eventually disorder. Interestingly, in our
contemporary society, the fat pandemic coincided with a rise in factors that hyperbolize
the assembly of adrenal cortical steroids, such as chronic stress, the consumption of high
glycemic index foods, and a reduced quantity of sleep [14]. This implies a vicious circle,
within which the hyperbolic action of glucocorticoids, fat, and stress increase and amplify
one another. This hypothesis is supported by recent studies showing vital correlations
between fat and long-term adrenal cortical steroid levels, measured in scalp hair, both in
adults [15] and children [16,17]. Animal tissue is considered a type of endocrine organ and
its excess compromises immune reactions and the metabolism of hormones and nutrients.
In addition, the buildup of visceral fat helps to extend the synthesis of adrenal cortical
steroids [17]. Obesity and hunger have different effects on normal physiology and are
associated with adaptive changes in hormonal secretion. Many data in the literature also
report that a balanced diet induces a change in body composition and body weight of obese
subjects, as well as acting on the activity of cortisol [12–17]. In this scenario, it is known
that many obesity-related diseases can be countered with proper nutrition and/or calorie
restriction, by reducing or slowing down the onset of numerous inflammatory diseases and
having countless beneficial effects by reducing oxidative stress [18,19]. For these reasons,
nutritional interventions, such as calorie-restricted diets, can be an effective therapeutic
approach to promote weight loss in obese patients and decrease salivary cortisol and its
effects [20]. The very low carbohydrate ketogenic diet (VLCKD) induces rapid weight
loss and is also able to improve hyperlipidemia and certain cardiovascular risk factors;
therefore, the VLCKD has proven to be a valuable tool for combating obesity, in an average
time span of 3 to 6 months [21,22]. Considering this evidence, this study aimed to assess
the effects of a commercial dietary ketosis program for weight loss on the sympathetic
nervous system and hypothalamus-pituitary-adrenal axis (HPA) through evaluation of
salivary cortisol and GSR levels in obese subjects, to demonstrate the role of cortisol in the
establishment of obesity, and not only as a sympathetic nervous system expression but also
as a metabolic factor modifiable by diet.

2. Materials and Methods
2.1. Subjects, and Anthropometric and Biochemical Measurements

Thirty male subjects, affected by obesity and aged between 50 and 60 years (±8 years),
were enrolled by the Laboratory of Physiology, Department of Clinical and Experimental
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Medicine, University of Foggia. The study was approved by the local Ethics Committee
22 May 2018, n◦440/DS, and conducted according to the ethical principles of the Declara-
tion of Helsinki. Written informed consent was obtained from all participants.

The sample chosen was completely male because, given the age range of our popula-
tion (50–60 years), we preferred to consider only a male population to minimize hormonal
interference due to menopause, which could have affected a group of women of the same
age. In our population, we evaluated body composition by measuring height, weight, body
mass index (BMI), and visceral adipose tissue (VAT) using dual-energy X-ray absorptiome-
try (DEXA). Serum samples were collected after a 12-h overnight fasting period. Serum
aliquots were stored at −80 ◦C. As previously reported, for all participants, glucose, total
cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides,
LDH, aspartate transaminase (AST), alanine transaminase (ALT), IL-10, TNF-a, adiponectin,
and Orexin-A were measured [21,22].

2.2. Study Protocol

All participants underwent a general medical examination [9]. To verify if the patients
followed the diet correctly, every day ketone was measured in capillary blood (GD40 Delta
test strips, TaiDoc Technology Co.; New Taipei City, Taiwan). The levels b-hydroxybutyrate
>0.5 mmol/L determined the nutritional ketosis. Fasting (12 h) blood samples were
collected at 8:00 a.m. [21,22].

2.3. Diet Protocol

Obese subjects followed a VLCKD, as per an advertised weight loss program (Lig-
naform, Therascience), consisting of <50 g/d sugar from vegetables, 43% fat, 43% protein,
14% carbohydrates, and 700–900 kcal. The amount of protein ranged between 1.0 and 1.2 g
per kilo of ideal weight. Although, the dietary intervention profile consisted of three totally
different stages, for the needs of this study, only active ketogenic phases of the primary
stage were considered. This stage had an 8-week length, to permit participants to realize
some of their weight loss target. In this period, vitamins, minerals, and polyunsaturated
fatty acid were provided in accordance with international recommendations.

2.4. Hormonal Secretion Assay

Salivary samples were collected between 09:00 and 11:00 before the VLCKD inter-
vention and after eight weeks of VLCKD intervention using of cotton swabs (Salivette,
Sarstedt, Rommelsdorf, Germany). Participants were asked to position the cotton swab
in their mouth for a minimum of two minutes and then insert it into a special plastic
tube. Samples were sent as soon as possible to the laboratory and kept at −20 ◦C until
the corticoid assay. The secretion samples were centrifuged at 1500× g for 15 min at 4 ◦C.
To gauge the absence of blood contamination, a secretion blood contamination kit was
used (Salimetrics LLC, State faculty, PA, USA). Corticoid concentrations were measured
using commercial kits (Salimetrics LLC, State faculty, La Place Court, Carlsbad, CA,
USA), as per the manufacturers’ directions. All samples were tested in triplicate and
analyzed in duplicate.

2.5. Galvanic Skin Response

Within five minutes following spittle collection, electrodermal response information
was recorded. The electrodermal response parameters were measured with a SenseWear
professional Armband™ (version 3.0, BodyMedia, Pittsburgh, PA, USA), which was worn
on the appropriate arm over the striated muscle at the center between the appendage and
olecranon process, as suggested by the manufacturer [5].

2.6. Applied Mathematics Analysis

We performed applied mathematical analyses using StatView software 5.0.1.0 (SAS
Institute, Cary, NC, USA). All information is given as means ± SE; a two-tailed paired
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t test was used to check for applied mathematical significance of the outcome variables.
A p-value ≤ 0.05 was used for statistical significance. Secretion of corticoid, adiponectin
humor concentrations, and total cholesterol were related to Pearson’s tests, as per the
information distribution. A p-value < 0.05 was considered statistically significant.

3. Results
3.1. Anthropometric and Biochemical Characteristics of VLCKD Obese Patients

In the VLCKD patients after diet intervention, there was a large change in anthro-
pometric and biochemical parameters. Many parameters such as weight and BMI were
statistically reduced in VLCKD obese subjects after the diet. Furthermore, t-test analysis
showed that glycemic, lipid profile, and inflammatory status were strongly ameliorated in
these subjects after the diet. In Table 1 we report the results, with a p-value < 0.05.

Table 1. Principal characteristics of the VLCKD obese population before and after the diet.

VLCKD Obese Subjects
T0 T1 p-Value

Age 57 ± 8 ns
Height (m) 1.65 ± 0.2 ns
Weight (kg) 90.73 ± 11 83.33 ± 12 <0.05

BMI (kg/m2) 33 ± 4.5 30.5 ± 3.22 <0.05
Total cholesterol (mg/dL) 220.13 ± 50.77 173.91 ± 32.93 <0.05

Triglycerides (mg/dL) 126.54 ± 11 90.25 ± 14 <0.05
AST-GOT (U/L) 22.17 ± 5.98 20.31 ± 4.7 <0.05
ALT-GPT (U/L) 26.01 ± 14.89 24.06 ± 16.27 <0.05

Gamma GT (U/L) 30 ± 8.8 15.31 ± 5.41 <0.05
Azotemia (mg/dL) 36.7 ± 8.43 35.01 ± 5.16 ns
Calcemia (mg/dL) 9.7 ± 0.33 9.52 ± 0.35 ns
Sodium (mmol/L) 139.19 ± 2.48 139.18 ± 2 ns

CRP (mg/mL) 0.89 ± 0.1 0.48 ± 0.07 <0.05
Adiponectin (µg/mL) 9.96 ± 0.7 23.56 ± 2.33 <0.001

T0 (time before Very Low Calorie Ketogenic Diet intervention); T1 (time before Very Low Calorie Ketogenic Diet
intervention; BMI (Body Mass Index); AST-GOT (Aspartate aminotransferase); ALT-GPT (Glutamate-pyruvate
transaminase); Gamma GT (Gamma glutamyl transferase); CRP (C-reactive protein); ns (not significant).

3.2. Physiological Responses to VLCKD

The VLCKD induced a significant decrease in both autonomic and hormonal vari-
ables. The analysis of variance showed significant differences between the experimental
conditions for GSR (4.2 µS vs. 2.11 µS, p < 0.05) and cortisol (1.31 µmol/L vs. 1.01 µmol/L
p < 0.01). Salivary cortisol levels in the VLCKD obese patients were strongly decreased
after the VLCKD intervention (Figure 1). In Figure 2 reports the GSR modulation. Interest-
ingly, using Pearson’s test correlation, we observed correlations between salivary cortisol,
biochemical, and anthropometric parameters in the VLCKD obese subjects. Salivary cor-
tisol negatively correlated with BMI and total cholesterol and positively correlated with
adiponectin serum levels, expressed as µ variation in Figure 3A–C.



J. Clin. Med. 2021, 10, 4230 5 of 9J. Clin. Med. 2021, 10, x FOR PEER REVIEW 5 of 10 
 

 

 

Figure 1. Salivary cortisol levels before and after the VLCKD in obese subjects. μmol/l (mi-

cromole/litro); (*) inidcates a significant difference (p < 0.05) with respect to the basal value. 

 

Figure 2. Changes in skin conductance level. μS (micro-Siemens); (*) indicates a significant differ-

ence (p < 0.05) with respect to the basal value. 

Figure 1. Salivary cortisol levels before and after the VLCKD in obese subjects. µmol/L (micro-
mole/litro); (*) inidcates a significant difference (p < 0.05) with respect to the basal value.

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 5 of 10 
 

 

 

Figure 1. Salivary cortisol levels before and after the VLCKD in obese subjects. μmol/l (mi-

cromole/litro); (*) inidcates a significant difference (p < 0.05) with respect to the basal value. 

 

Figure 2. Changes in skin conductance level. μS (micro-Siemens); (*) indicates a significant differ-

ence (p < 0.05) with respect to the basal value. 

Figure 2. Changes in skin conductance level. µS (micro-Siemens); (*) indicates a significant difference
(p < 0.05) with respect to the basal value.

J. Clin. Med. 2021, 10, x FOR PEER REVIEW 6 of 10 
 

 

 

Figure 3. Salivary cortisol concentrations correlated negatively with BMI and total cholesterol (A) 

and (B); and positively correlated with adiponectin (C). (Δ) indicates the variation between T1 and 

T0 in the VLCKD obese subjects for each parameter. 

4. Discussion  

In obesity, there are several aspects to contemplate such as secretion and metabolic 

processes, as well as aerophilous stress, inferior chronic inflammation, and hormone re-

sistance [23]. It is fascinating to note that secretion alterations play a vital role within the 

development of obesity. 

In addition, many studies on obesity have shown alterations in corticosteroid metab-

olism and in its secretion and action [24]. In our study, we investigated the consequences 

of a calorie restriction program for weight loss on the sympathetic system and hypothal-

amus–pituitary–adrenal axis (HPA) through the analysis of the secretion of corticosteroid 

and reaction levels. 

We found a distinct reduction in corticosteroid concentrations within the saliva of 

the obese subjects with VLCKD intervention. Several pieces of information within the lit-

erature suggest that the deregulation of the neural structure of the adrenal–pituitary axis 

contributes to its disorder, increasing the secretion of corticosteroid, which may be a risk 

factor for numerous metabolic disorders [25]. Corticosteroid is a vital regulator of endo-

crine operation, metabolism, and differentiation of adipocytes, as well as a contributor to 

adipogenesis and increased visceral fat reserves [26]. In addition, this hormone plays a 

major role within the hormone signaling pathways, because it alters the hormone sensi-

tivity in several tissues, thereby reducing aldohexose uptake and contributing to hormone 

resistance [27]. Corticosteroid metabolism is regulated by two groups of enzymes, 11βde-

hydrogenase [9]. Increased expression of the protein is related to the pathological process 

of central obesity, metabolic syndrome, and the dysregulation of aldohexose and lipoid 

metabolism [9]. Studies have shown an association between increased expression and ac-

tivity of this protein in visceral white animal tissue and reduced plasma concentrations of 

adiponectin, which might indirectly contribute to increased production and release of pro-

inflammatory cytokines (as in [3,28–32]), supporting of the correlation of statistics that we 

tend to find between corticosteroid and adiponectin. The role of glucocorticoids in the 

regulation of animal tissue operation is very advanced. These substances result in the dif-

ferentiation of preadipocytes into mature adipocytes, similarly to fat tissue lipolysis under 

certain conditions [33–35]. Chronic exposure to glucocorticoids favors the enlargement of 

Figure 3. Salivary cortisol concentrations correlated negatively with BMI and total cholesterol (A) and (B); and positively
correlated with adiponectin (C). (∆) indicates the variation between T1 and T0 in the VLCKD obese subjects for each parameter.



J. Clin. Med. 2021, 10, 4230 6 of 9

4. Discussion

In obesity, there are several aspects to contemplate such as secretion and metabolic
processes, as well as aerophilous stress, inferior chronic inflammation, and hormone
resistance [23]. It is fascinating to note that secretion alterations play a vital role within the
development of obesity.

In addition, many studies on obesity have shown alterations in corticosteroid
metabolism and in its secretion and action [24]. In our study, we investigated the
consequences of a calorie restriction program for weight loss on the sympathetic system
and hypothalamus-pituitary-adrenal axis (HPA) through the analysis of the secretion of
corticosteroid and reaction levels.

We found a distinct reduction in corticosteroid concentrations within the saliva of
the obese subjects with VLCKD intervention. Several pieces of information within the
literature suggest that the deregulation of the neural structure of the adrenal–pituitary
axis contributes to its disorder, increasing the secretion of corticosteroid, which may be
a risk factor for numerous metabolic disorders [25]. Corticosteroid is a vital regulator of
endocrine operation, metabolism, and differentiation of adipocytes, as well as a contrib-
utor to adipogenesis and increased visceral fat reserves [26]. In addition, this hormone
plays a major role within the hormone signaling pathways, because it alters the hormone
sensitivity in several tissues, thereby reducing aldohexose uptake and contributing to
hormone resistance [27]. Corticosteroid metabolism is regulated by two groups of enzymes,
11βdehydrogenase [9]. Increased expression of the protein is related to the pathological
process of central obesity, metabolic syndrome, and the dysregulation of aldohexose and
lipoid metabolism [9]. Studies have shown an association between increased expression
and activity of this protein in visceral white animal tissue and reduced plasma concentra-
tions of adiponectin, which might indirectly contribute to increased production and release
of pro-inflammatory cytokines (as in [3,28–32]), supporting of the correlation of statistics
that we tend to find between corticosteroid and adiponectin. The role of glucocorticoids
in the regulation of animal tissue operation is very advanced. These substances result in
the differentiation of preadipocytes into mature adipocytes, similarly to fat tissue lipolysis
under certain conditions [33–35]. Chronic exposure to glucocorticoids favors the enlarge-
ment of animal tissue, which compromises the action of the hormone, leading to symptoms
and dyslipidemia.

In a lean state, the corticosteroid is lower, and its production will increase in response
to stress, as well as diet interventions. In an obese condition this is totally different. In fact,
the consequences of stress on weight gain manifest in several ways because of the various
properties of glucocorticoids. High levels of a corticosteroid will, for example, increase
appetite, with a preference for “comforting food”, and cause the distribution of white
animal tissue within the abdominal region, which might eventually result in abdominal
weight gain [14]. Curiously, it has been determined that glucocorticoids will scale back the
sensitivity of the adrenergic stimulation of brown fat [14]. Additionally, the administration
of exogenous glucocorticoids will increase the intrahepatic conversion of ketosteroids
to corticosteroids; therefore, undoubtedly contributing to the vicious circle [15,36]. This
relationship between chronic stress-associated weight mediate by an increased action of
glucocorticoids could also be bigger in some folks because of exposure to factors that
improve stress response. Biological factors, like the transport of glucocorticoid-sensitive
GR factor variants, or a diurnal cortico-steroid rhythm interrupted by shrunken sleep
and/or shift work, will doubtless result in bigger effects of glucocorticoids and therefore
build some folks a lot of liable to weight gain and obesity [36,37]. On the opposite hand,
obesity itself also can result in a rise in chronic stress a variable degree, depending on certain
individual characteristics. People that experience, for example, weight stigma are identified
not only as experiencing a lot of stress, but additionally to have higher semi-permanent
corticosteroid levels [14,36,37]. Additionally, obese patients are a lot more likely to suffer
from mental and physical disorders that successively will result in chronic stress and/or
higher corticosteroid levels [23,38]. This might even be ex-aggregated by using certain
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medications indicated for comorbidities associated with obesity, such as corticosteroids for
arthritis or respiratory illness. Additionally, the same applies to alternative environmental
and activity factors, such as the intake of foods with a high glycemic index, excessive use
of alcohol, and chronic pain, which might itself result in a rise in corticosteroid levels and a
rise in weight [14].

In this scenario, a diet reducing carbohydrates, such as the VLCKD can reduce cortisol
levels and have many beneficial effects, not only on weight loss but also for re-modulating
metabolic, hormonal, and psychological aspects [21,22,24].

In addition, the treatment of obesity with very-low-calorie diets causes a decrease
in serum cortisol, explained by the decrease in cortisol-binding proteins. The increased
cortisol secretion observed in patients with abdominal obesity can contribute to metabolic
syndrome (insulin resistance, glucose intolerance, dyslipidemia, and hypertension) [24]. In
addition, the role of stress in obesity is also reported in this study. Several studies have
shown that the high responsiveness of cortisol to stress is related to increased food intake
in healthy-weight individuals [38].

Our data provide further support for a possible effect of cortisol reactivity on food in-
take in people with obesity, but not in healthy weight controls. Therefore, the physiological
mechanism of stress-induced nutrition is a complex interaction between many different
hormones, whose secretion and activity are affected by glucocorticoids [3,38–41].

In addition, we also found a reduction in GSR, which confirms the role of stress and
the reactivity of cortisol in food intake, confirming the association between the SNS and
the HPA axis [3,38,39].

5. Conclusions

A VLCKD has a short-term positive effect on the SNS and HPA axes. In addition, there
is a strong relation between obesity and stress, and cortisol has a key role. For these reasons,
VLCKD has an important role reducing stress and regulating salivary cortisol levels. Finally,
the effects of VLCKD on the SNS and HPA axis may lead to more individualized treatment
strategies that integrate obesity and stress in support of the reduction of the individual
disease burden.

Limitation of the study: this is one of the first studies investigating VLCKD effects
on the SNS and HPA axis; however, a limitation to this study is the small number of male
patients considered. For this reason, it is our intention to expand the series to include the
female population in further studies on this subject.

Author Contributions: Conceptualization, G.M. and R.P.; methodology, R.P.; A.V.; A.S. and A.M.;
software, C.P. and V.M.; validation, G.M. and V.M.; formal analysis, D.P.; investigation, R.P. and
V.M.; resources, G.M. and G.C.; data curation, I.V.; writing—original draft preparation, R.P. and V.M.;
writing—review and editing, G.M. and A.M.; visualization, G.C. and M.M.; supervision, M.M. and
G.M. All authors have read and agreed to the published version of the manuscript.

Funding: The funding for the study, as well as the high biological value protein preparations,
were provided by Therascience, (Monaco) free of charge to the patients. The funding source was
not involved in the study design, recruitment of patients, study interventions, data collection, or
interpretation of the results.

Institutional Review Board Statement: The study was approved by local Ethics Committee 22 May
2018, n◦440/DS and conducted according to ethical principles of the Declaration of Helsinki.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is contained within the article. Authors can use this data for
research purposes only by citing our research article.

Conflicts of Interest: The authors declare no conflict of interest.



J. Clin. Med. 2021, 10, 4230 8 of 9

References
1. Kiessl, G.R.R.; Laessle, R.G. Stress inhibits PYY secretion in obese and normal weight women. Eat. Weight. Disord.-Stud. Anorexia

Bulim. Obes. 2016, 21, 245–249. [CrossRef]
2. Orban, G.; Bombardi, C.; Marino Gammazza, A.; Colangeli, R.; Pierucci, M.; Pomara, C.; Pessia, M.; Bucchieri, F.; Arcangelo, B.;

Smolders, I.; et al. Role(s) of the 5-HT2C Receptor in the Development of Maximal Dentate Activation in the Hippocampus of
Anesthetized Rats. CNS Neurosci. Ther. 2014, 20, 651–661. [CrossRef] [PubMed]

3. Petrowski, K.; Wintermann, G.B.; Joraschky, P.; Päßler, S. Chewing after stress: Psychosocial stress influences chewing fre-quency,
chewing efficacy, and appetite. Psychoneuroendocrinology 2014, 48, 64–76. [CrossRef] [PubMed]

4. Schiavone, S.; Neri, M.; Trabace, L.; Turillazzi, E. The NADPH oxidase NOX2 mediates loss of parvalbumin interneurons in
traumatic brain injury: Human autoptic immunohistochemical evidence. Sci. Rep. 2017, 7, 8752. [CrossRef] [PubMed]

5. Messina, G.; Chieffi, S.; Viggiano, A.; Tafuri, D.; Cibelli, G.; Valenzano, A.; Triggiani, A.I.; Messina, A.; De Luca, V.; Monda, M.
Parachute jumping induces more sympathetic activation than cortisol secretion in first-time parachutists. Asian J. Sports Med.
2016, 7, 26841. [CrossRef] [PubMed]

6. Herhaus, B.; Päßler, S.; Petrowski, K. Stress-related laboratory eating behavior in adults with obesity and healthy weight. Physiol.
Behav. 2018, 196, 150–157. [CrossRef] [PubMed]

7. Masih, T.; Dimmock, J.A.; Epel, E.S.; Guelfi, K.J. Stress-induced eating and the relaxation response as a potential antidote: A
review and hypothesis. Appetite 2017, 118, 136–143. [CrossRef]

8. Turillazzi, E.; Baroldi, G.; Silver, M.D.; Parolini, M.; Pomara, C.; Fineschi, V. A systematic study of a myocardial lesion: Colliquative
myocytolysis. Int. J. Cardiol. 2005, 104, 152–157. [CrossRef]

9. Appelhans, B.M.; Pagoto, S.L.; Peters, E.N.; Spring, B.J. HPA axis response to stress predicts short-term snack intake in obese
women. Appetite 2010, 54, 217–220. [CrossRef]

10. Buren, J.; Bergstrom, S.A.; Loh, E.; Soderstrom, I.; Olsson, T.; Mattsson, C. Hippocampal 11beta-hydroxysteroid dehydrogenase
type 1 messenger ribonucleic acid expression has a diurnal variability that is lost in the obese Zucker rat. Endocrinology 2007, 148,
2716–2722. [CrossRef] [PubMed]

11. Steptoe, A.; Kunz-Ebrecht, S.R.; Brydon, L.; Wardle, J. Central adiposity and cortisol responses to waking in middle-aged men
and women. Int. J. Obes. 2004, 28, 1168–1173. [CrossRef] [PubMed]

12. Abraham, S.B.; Rubino, D.; Sinaii, N.; Ramsey, S.; Nieman, L.K. Cortisol, obesity, and the metabolic syndrome: A cross-sectional
study of obese subjects and review of the literature. Obesity 2013, 21, E105–E117. [CrossRef] [PubMed]

13. van der Valk, E.S.; Savas, M.; van Rossum, E.F.C. Stress and obesity: Are there more susceptible individuals? Curr. Obes. Rep.
2018, 7, 193–203. [CrossRef] [PubMed]

14. Fardet, L.; Fève, B. Systemic Glucocorticoid Therapy: A Review of its Metabolic and Cardiovascular Adverse Events. Drugs 2014,
74, 1731–1745. [CrossRef]

15. Stalder, T.; Steudte-Schmiedgen, S.; Alexander, N.; Klucken, T.; Vater, A.; Wichmann, S.; Kirschbaum, C.; Miller, R. Stress-related
and basic de-terminants of hair cortisol in humans: A meta-analysis. Psychoneuroendocrinology 2017, 77, 261–274. [CrossRef]
[PubMed]

16. Noppe, G.; Van Den Akker, E.L.T.; De Rijke, Y.B.; Koper, J.W.; Jaddoe, V.W.; Van Rossum, E.F.C. Long-term glucocorticoid
concentrations as a risk factor for childhood obesity and adverse body-fat distribution. Int. J. Obes. 2016, 40, 1503–1509. [CrossRef]

17. Chu, L.; Sheng, K.; Liu, P.; Ye, K.; Wang, Y.; Li, C.; Kang, X.; Song, Y. Increased Cortisol and Cortisone Levels in Overweight
Children. Med. Sci. Monit. Basic Res. 2017, 23, 25–30. [CrossRef] [PubMed]

18. Boison, D. New insights into the mechanisms of the ketogenic diet. Curr. Opin. Neurol. 2017, 30, 187–192. [CrossRef]
19. Adam-Perrot, A.; Clifton, P.; Brouns, F. Low-carbohydrate diets: Nutritional and physiological aspects. Obes. Rev. 2006, 7, 49–58.

[CrossRef] [PubMed]
20. Salminen, A.; Kaarniranta, K.; Kauppinen, A. Crosstalk between Oxidative Stress and SIRT1: Impact on the Aging Process. Int. J.

Mol. Sci. 2013, 14, 3834. [CrossRef]
21. Valenzano, A.; Polito, R.; Trimigno, V.; Di Palma, A.; Moscatelli, F.; Corso, G.; Sessa, F.; Salerno, M.; Montana, A.; Di Nunno,

N.; et al. Effects of very low calorie ketogenic diet on the orexinergic system, visceral adipose tissue, and ROS production.
Antioxidants 2019, 8, 643. [CrossRef]

22. Monda, V.; Polito, R.; Lovino, A.; Finaldi, A.; Valenzano, A.; Nigro, E.; Corso, G.; Sessa, F.; Asmundo, A.; Di Nunno, N.; et al.
Short-term physiological effects of a very low-calorie ketogenic diet: Effects on adiponectin levels and inflammatory states. Int. J.
Mol. Sci. 2020, 21, 3228. [CrossRef] [PubMed]

23. Rask, E.; Olsson, T.; Soderberg, S.; Andrew, R.; Livingstone, D.E.; Johnson, O.; Walker, B.R. Tissue-specific dysregulation of
cortisol metabolism in human obesity. J. Clin. Endocrinol. Metab. 2001, 86, 1418–1421. [CrossRef]

24. Pasquali, R.; Vicennati, V.; Cacciari, M.; Pagotto, U. The Hypothalamic-Pituitary-Adrenal Axis Activity in Obesity and the
Metabolic Syndrome. Ann.-N. Y. Acad. Sci. 2006, 1083, 111–128. [CrossRef] [PubMed]

25. Messina, A.; Bitetti, I.; Precenzano, F.; Iacono, D.; Messina, G.; Roccella, M.; Parisi, L.; Salerno, M.; Valenzano, A.; Maltese, A.;
et al. Non-rapid eye movement sleep parasomnias and migraine: A role of orexinergic projections. Front. Neurol. 2018, 9, 95.
[CrossRef] [PubMed]

26. Precenzano, F.; Ruberto, M.; Parisi, L.; Salerno, M.; Maltese, A.; Vagliano, C.; Messina, G.; Di Folco, A.; Di Filippo, T.; Roccella, M.
Executive functioning in preschool children affected by autismspectrum dis-order: A pilot study. Acta Med. 2017, 33, 35.

http://doi.org/10.1007/s40519-015-0231-y
http://doi.org/10.1111/cns.12285
http://www.ncbi.nlm.nih.gov/pubmed/24935789
http://doi.org/10.1016/j.psyneuen.2014.06.008
http://www.ncbi.nlm.nih.gov/pubmed/24997349
http://doi.org/10.1038/s41598-017-09202-4
http://www.ncbi.nlm.nih.gov/pubmed/28821783
http://doi.org/10.5812/asjsm.26841
http://www.ncbi.nlm.nih.gov/pubmed/27217924
http://doi.org/10.1016/j.physbeh.2018.08.018
http://www.ncbi.nlm.nih.gov/pubmed/30170169
http://doi.org/10.1016/j.appet.2017.08.005
http://doi.org/10.1016/j.ijcard.2004.10.051
http://doi.org/10.1016/j.appet.2009.11.005
http://doi.org/10.1210/en.2006-0897
http://www.ncbi.nlm.nih.gov/pubmed/17332068
http://doi.org/10.1038/sj.ijo.0802715
http://www.ncbi.nlm.nih.gov/pubmed/15211363
http://doi.org/10.1002/oby.20083
http://www.ncbi.nlm.nih.gov/pubmed/23505190
http://doi.org/10.1007/s13679-018-0306-y
http://www.ncbi.nlm.nih.gov/pubmed/29663153
http://doi.org/10.1007/s40265-014-0282-9
http://doi.org/10.1016/j.psyneuen.2016.12.017
http://www.ncbi.nlm.nih.gov/pubmed/28135674
http://doi.org/10.1038/ijo.2016.113
http://doi.org/10.12659/MSMBR.902707
http://www.ncbi.nlm.nih.gov/pubmed/28179618
http://doi.org/10.1097/WCO.0000000000000432
http://doi.org/10.1111/j.1467-789X.2006.00222.x
http://www.ncbi.nlm.nih.gov/pubmed/16436102
http://doi.org/10.3390/ijms14023834
http://doi.org/10.3390/antiox8120643
http://doi.org/10.3390/ijms21093228
http://www.ncbi.nlm.nih.gov/pubmed/32370212
http://doi.org/10.1210/jcem.86.3.7453
http://doi.org/10.1196/annals.1367.009
http://www.ncbi.nlm.nih.gov/pubmed/17148736
http://doi.org/10.3389/fneur.2018.00095
http://www.ncbi.nlm.nih.gov/pubmed/29541053


J. Clin. Med. 2021, 10, 4230 9 of 9

27. Viggiano, E.; Monda, V.; Messina, A.; Moscatelli, F.; Valenzano, A.; Tafuri, D.; Cibelli, G.; De Luca, B.; Messina, G.; Monda, M.
Cortical spreading depression produces a neuroprotective effect activating mitochondrial uncoupling protein-5. Neuropsychiatr.
Dis. Treat. 2016, 12, 1705–1710. [CrossRef] [PubMed]

28. Monda, M.; Viggiano, A.; Mondola, R.; Viggiano, E.; Messina, G.; Tafuri, D.; De Luca, V. Olanzapine blocks the sympathetic and
hyperthermic reactions due to cerebral injection of orexin A. Peptides 2008, 29, 120–126. [CrossRef] [PubMed]

29. Viggiano, A.; Nicodemo, U.; Viggiano, E.; Messina, G.; Viggiano, A.; Monda, M.; De Luca, B. Mastication overload causes an
increase in O2- production into the subnucleus oralis of the spinal trigeminal nucleus. Neuroscience 2010, 166, 416–421. [CrossRef]

30. Viggiano, A.; Vicidomini, C.; Monda, M.; Carleo, D.; Carleo, R.; Messina, G.; Viggiano, A.; Viggiano, E.; De Luca, B. Fast
and low-cost analysis of heart rate variability reveals vegetative alterations in noncomplicated diabetic patients. J. Diabetes Its
Complicat. 2009, 23, 119–123. [CrossRef]

31. Esposito, M.; Serpe, F.P.; Diletti, G.; Messina, G.; Scortichini, G.; La Rocca, C.; Baldi, L.; Amorena, M.; Monda, M. Serum levels of
polychlorinated dibenzo-p-dioxins, polychlorinated dibenzofurans and polychlorinated biphenyls in a population living in the
Naples area, southern Italy. Chemosphere 2014, 94, 62–69. [CrossRef] [PubMed]

32. Wake, D.J.; Rask, E.; Livingstone, D.E.; Soderberg, S.; Olsson, T.; Walker, B.R. Local and systemic impact of transcriptional
up-regulation of 11beta-hydroxy-steroid dehydrogenase type 1 in adipose tissue in human obesity. J. Clin. Endocrinol. Metab.
2003, 88, 3983–3988. [CrossRef]

33. Yu, T.; Zhou, W.; Wu, S.; Liu, Q.; Li, X. Evidence for disruption of diurnal salivary cortisol rhythm in childhood obesity:
Relationships with anthropometry, puberty and physical activity. BMC Pediatr. 2020, 20, 381. [CrossRef]

34. Sessa, F.; Messina, G.; Russo, R.; Salerno, M.; Castruccio Castracani, C.; Distefano, A.; Li Volti, G.; Calogero, A.E.; Cannarella, R.;
Mongioi’, L.M.; et al. Consequences on aging process and human wellness of generation of nitrogen and oxygen species during
strenuous exercise. Aging Male 2020, 23, 14–22. [CrossRef] [PubMed]

35. Tirabassi, G.; Boscaro, M.; Arnaldi, G. Harmful effects of functional hypercortisolism: A working hypothesis. Endocrine 2014, 46,
370–386. [CrossRef] [PubMed]

36. Dube, S.; Slama, M.Q.; Basu, A.; Rizza, R.A.; Basu, R. Glucocorticoid excess increases hepatic 11β-HSD-1 activity in humans:
Implications in steroid-induced diabetes. J. Clin. Endocrinol. Metab. 2015, 100, 4155–4162. [CrossRef] [PubMed]

37. Stimson, R.H.; Johnstone, A.M.; Homer, N.Z.M.; Wake, D.J.; Morton, N.M.; Andrew, R.; Lobley, G.E.; Walker, B.R. Dietary
regulation of 11-HSD1 in humans. J. Clin. Endocrinol. Metab. 2007, 92, 4480–4484. [CrossRef] [PubMed]

38. Herhaus, B.; Ullmann, E.; Chrousos, G.; Petrowski, K. High/low cortisol reactivity and food intake in people with obesity and
healthy weight. Transl. Psychiatry 2020, 10, 40. [CrossRef] [PubMed]

39. Bertozzi, G.; Salerno, M.; Pomara, C.; Sessa, F. Neuropsychiatric and Behavioral Involvement in AAS Abusers. A Literature
Review. Medicina 2019, 55, 396. [CrossRef] [PubMed]

40. Monda, V.; Salerno, M.; Fiorenzo, M.; Villano, I.; Viggiano, A.; Sessa, F.; Triggiani, A.I.; Cibelli, G.; Valenzano, A.; Marsala, G.; et al.
Role of Sex Hormones in the Control of Vegetative and Metabolic Functions of Middle-Aged Women. Front. Physiol. 2017, 8, 773.
[CrossRef]

41. Monda, V.; Salerno, M.; Sessa, F.; Bernardini, R.; Valenzano, A.; Marsala, G.; Zammit, C.; Avola, R.; Carotenuto, M.; Messina, G.;
et al. Functional Changes of Orexinergic Reaction to Psychoactive Substances. Mol. Neurobiol. 2018, 55, 6362–6368. [CrossRef]
[PubMed]

http://doi.org/10.2147/ndt.s107074
http://www.ncbi.nlm.nih.gov/pubmed/27468234
http://doi.org/10.1016/j.peptides.2007.10.016
http://www.ncbi.nlm.nih.gov/pubmed/18053616
http://doi.org/10.1016/j.neuroscience.2009.12.071
http://doi.org/10.1016/j.jdiacomp.2007.11.009
http://doi.org/10.1016/j.chemosphere.2013.09.013
http://www.ncbi.nlm.nih.gov/pubmed/24112656
http://doi.org/10.1210/jc.2003-030286
http://doi.org/10.1186/s12887-020-02274-8
http://doi.org/10.1080/13685538.2018.1482866
http://www.ncbi.nlm.nih.gov/pubmed/29950140
http://doi.org/10.1007/s12020-013-0112-y
http://www.ncbi.nlm.nih.gov/pubmed/24282037
http://doi.org/10.1210/jc.2015-2673
http://www.ncbi.nlm.nih.gov/pubmed/26308294
http://doi.org/10.1210/jc.2007-0692
http://www.ncbi.nlm.nih.gov/pubmed/17785367
http://doi.org/10.1038/s41398-020-0729-6
http://www.ncbi.nlm.nih.gov/pubmed/32066711
http://doi.org/10.3390/medicina55070396
http://www.ncbi.nlm.nih.gov/pubmed/31336641
http://doi.org/10.3389/fphys.2017.00773
http://doi.org/10.1007/s12035-017-0865-z
http://www.ncbi.nlm.nih.gov/pubmed/29307079

	Introduction 
	Materials and Methods 
	Subjects, and Anthropometric and Biochemical Measurements 
	Study Protocol 
	Diet Protocol 
	Hormonal Secretion Assay 
	Galvanic Skin Response 
	Applied Mathematics Analysis 

	Results 
	Anthropometric and Biochemical Characteristics of VLCKD Obese Patients 
	Physiological Responses to VLCKD 

	Discussion 
	Conclusions 
	References

