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Background: Aerobic exercise can greatly assist in reducing collateral effects of metabolic

syndrome (MetS). Moreover, aerobic exercise is associated with sympathetic activation and

adaptive responses to sustain muscle engagement, changes in the release of Orexin A,

a pleiotropic neuropeptide.

Aim: The aim of this study was to analyze the beneficial effects of aerobic exercise without

dietary changes, in a cohort of MetS subjects, focusing on the role of sympathetic and

orexinergic activity. Several blood parameters linked to MetS ROS production, heart rate,

galvanic skin response, d-ROM test, and Orexin A serum levels were evaluated in ten males

with MetS (BMI 30–34.9) before and after a period of 6 months of aerobic exercise

compared to ten healthy subjects.

Methods: Ten male subjects (aged 54 ± 4.16) with MetS (MetS group) and ten healthy

males (aged 49.7 ± 2.79, Healthy group) were told about the study protocol and possible

risks, signed the informed consent, and voluntarily participated in the study. Several blood

parameters were evaluated in the two tested groups and were re-evaluated in the MetS group

after 6 months of training (MetS6M group). The training protocol consisted of more than 30

min/day of walking (average speed of 4.5 km/h) and 3 days/week of aerobic activities

(jogging under heart rate control – 120–140 bpm for 45 min).

Results: The results showed that exercise induced a significant increase in GSR and plasma

Orexin A but no significant increase in d-ROM values. Significant decreases in the serum

ALT enzyme, triglycerides, and total cholesterol were found, while the HDL levels were

significantly higher. Finally, a significant reduction of BMI and resting HR were reported.

Conclusion: The results of this study confirm that physical activity is associated with

sympathetic activation, having a pivotal role against adverse effects linked to MetS.

Moreover, this study demonstrates that, in patients with MetS, Orexin A is involved in

hormonal adaptations to exercise.

Keywords: metabolic syndrome, MetS, Orexin A, body mass index, BMI, heart rate, HR,

cholesterol, physical activity

Introduction
Metabolic syndrome (MetS) is a well-defined cluster of various metabolic abnorm-

alities that come together in a single individual. Following the criteria of the

International Diabetes Federation (2005), the clinical diagnosis of MetS is made

when the increase of waist circumference (WC) is combined with any 2 of the

following factors: lipid alteration (triglyceride levels ≥150 mg/dL; high-density

lipoprotein cholesterol <40 mg/dL in men or <50 mg/dL in women), blood pressure

modification (≥130 mmHg systolic or ≥85 mm Hg diastolic or on hypertension

treatment) or high glucose level (≥100 mg/dL, including diabetes) (International
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Diabetes Federation). Affected individuals are most often

overweight or obese.1–3 One of the most severe complica-

tions related to MetS is non-alcoholic fatty liver disease

(NAFLD).4

Physical activity is an effective, practical and inexpensive

way to improve health, to balance the internal homeostatic

process, to control body weight and to reduce age-related

cognitive decline.5–8 Particularly, aerobic exercise can

greatly assist in reducing collateral effects of MetS, mainly

by improving weight loss, reducing body fat, and increasing

lean body mass.9–12 The data from randomized controlled

trials have highlighted favorable changes in MetS criteria

after aerobic training.13

During the natural physiological process of all living

beings, free radicals are generated. Oxidative stress is linked

to the onset of several diseases, playing a central role in the

promotion of chronic and degenerative disorders as well as

aging.14,15 The terms “Reactive Oxygen Species (ROS)” and

“Reactive Nitrogen Species (RNS)” have been frequently

used to describe free radicals and other non-radical reactive

derivatives. High levels of ROS can be lethal to cells, gen-

erating modifications in cellular lipids, DNA and proteins.16

Regular physical activity helps to ease stress by decreasing

pro-inflammatory mediators, even if a moderate increase in

plasma ROS is considered healthy and fundamental in cel-

lular adaptation to training. One of the unanswered questions

is related to the paradox the extended muscle disuse can

increase ROS production in skeletal muscle fibers as well

as strenuous physical activity (contractile activity). In skele-

tal muscle fibers, ROS is a signaling molecule that can

promote both anabolic responses (during particular condi-

tions such as exercise training) and in other states of catabolic

signaling.17–19

Moreover, the adaptive responses to sustain muscle

engagement and sympathetic activation is associated with

aerobic exercise. Furthermore, physical activity is related

to changes in the release of Orexin A (hypocretin-1),

a pleiotropic neuropeptide synthesized by neurons located

in the perifornical region of the lateral hypothalamus area

(LHA). Orexin A plays several roles in the regulation of

various body systems. It has been found to be involved in

several physiological processes, such as the regulation of

food intake,20,21 arousal, metabolism, and cardiovascular

and respiratory function.22–25 Moreover, it has been linked

to an increase in blood pressure (BP), heart rate (HR) and

metabolic rate.26,27

This study aimed to analyze the effects of physical activ-

ity, which could be considered a “natural drug”, against

different health problems concerning metabolism. This

study aimed to analyze the effects of aerobic physical activ-

ity, which could be considered a “natural drug”, against

different health problems concerning metabolism.

Particularly, this experimental model aimed to evaluate the

beneficial effects of aerobic exercise in a cohort of MetS

subjects, focusing on the role of sympathetic and orexinergic

activity; the study was carried out maintaining the same diet

regimen for all the study period. For this purpose, the anthro-

pometric and biochemical parameters were analyzed to

define the MetS group; moreover, to analyze the sympathetic

and orexinergic system galvanic skin response, Orexin-A

serum levels and heart rate measurements were tested in the

same group. Indeed, as previously described, obesity, MetS,

and also physical activity represent different stress conditions

to active mechanisms of adaptation or re-adaptation, restor-

ing altered homeostasis.28–30

As previously described, these parameters can be tested

to evaluate the homeostasis alteration, allowing continuous

measurements over a long period of time with minimal

disturbance to the subject under examination. Moreover,

skin conductance and heart rate variability could be used

to measure the activity of the sympathetic nervous system.31

Stressful events or emergency situations may cause dynamic

changes in the autonomic nervous system, in particular the

activity of the sympathetic nervous system increases.

Materials and Methods
Subjects
Ten male subjects (aged 54 ± 4.16) with MetS (MetS group)

and ten healthy males (aged 49.7 ± 2.79, Healthy group)

were told about the study protocol and possible risks, signed

the informed consent, and voluntarily participated in the

study. They were free to withdraw their participation at

any time during the course of the study. The participants

were enrolled in both groups if they were older than 40

years of age and had no familiarity for several conditions

such as diabetes, cancer, heart disease or pathologies such as

anemia, renal or liver disorders. Moreover, smokers, sub-

jects who habitually consumed alcohol, and pregnant or

lactating women were excluded. Following the scientific

criteria of metabolic syndrome,1,2,32 at the start of the

experimental study, all participants included in the MetS

group had the coexistence of at least three factors character-

izing metabolic syndrome, in particular, they were obese

(BMI > 30 Kg/m2) with waist circumference >102 cm

(112.5 ± 1.2), triglyceride levels >150 mg/dl, blood pressure
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>130/85 mmHg,33 and/or fasting glucose >100 mg/dL.

Participants of both groups were all Caucasians, and were

recruited in the same urban area and with similar social and

economic status.

All procedures were performed in accordance with the

Declaration of Helsinki and were approved by the Scientific

Committee of the University of Foggia (Italy–FG_MetS_28/

11/2018). Blood samples were collected from the antecubital

vein into blood collection tubes containing sodium heparin

for the measurement of reactive oxygen metabolites. The

blood samples were centrifuged at 4°C immediately after

collection, and the plasma was separated and stored at −80°

C until analysis could be performed.

Experimental Model
Several blood parameters were evaluated in the MetS group

and Healthy group, and are summarized in Table 1.

Moreover, the same parameters were evaluated in the MetS

group after 6 months of training (MetS6M group). The train-

ing protocol consists of more than 30 min/day of walking

(each participant was free to choose their own walking speed)

and 3 days/week of aerobic activities (jogging under hart rate

control – 120–140 bpm for 45 min), following the criteria of

Physical Activity Guidelines.34 The training protocol was

monitored evaluating the heart rate values with the Activio

Sport System (Activio AB, Stockholm, Sweden). Moreover,

heart rate, galvanic skin response, d-ROMs test, and Orexin

A, were measured in the MetS6M group before and after 45

min of training in the last week of the training program.

Blood Analysis
Blood was sampled after 12 h of fasting.

As previously reported, the following biochemical para-

meters were measured on a Hitachi 911 analyzer (Roche

Diagnostics, Indianapolis, USA) using Roche reagents:

aspartate aminotransaminase (AST), alanine aminotransfer-

ase (ALT), gamma-glutamyl transpeptidase (GGT), choles-

terol (total, HDL and LDL) and triglycerides (non-fasting).35

Serology tests (including analyses for hepatitis B and

C viruses, and HIV virus) were negative for all patients.

Blood Pressure Measurements
Systolic blood pressure (SBP) and diastolic blood pressure

(DBP)weremeasured to the nearest one-millimeter ofmercury

while the participant was seated using a sphygmomanometer

and stethoscope.

Resting Heart Rate (HR) Measurement
The HR measurement was carried out with a chest strap

wired to a digital R-R recorder (BTL08 SD ECG); the

QRS-signal wave-form R-R signal was sampled at the

resolution of 1 ms. The HR (beats min-1) was calculated

using the formula: HR = 60 R-R interval-1; the

R-R interval was converted into seconds.

Galvanic Skin Response (GRS)
The GSR parameters were measured simultaneously using

the SenseWear Pro Armband™ (version 3.0, BodyMedia,

Inc. PA, USA), which was worn on the right arm over the

Table 1 Tested Parameters in Both Groups

Parameters MetS Group (Mean

Values)

MetS6M Group (Mean

Values)

Healthy

Group

p values MetS

vs HG

p values MetS vs

MetS6M

Triglycerides (mg/dl) 199.4 ± 16.8 184.4 ± 12.94 151.5 ± 8.51 <0.0001* 0.038*

Fasting Glucose (mg/dL) 119.7 ± 4.98 114.7 ± 5.31 83 ± 6.3 <0.0001* 0.043*

ALT (U/L) 50.5 ± 11.08 41.5 ± 5.89 23.1 ± 8.65 <0.0001* 0.035*

AST (U/L) 40.3 ± 11.9 37.8 ± 10.28 27.8 ± 7.37 0,011* 0.62

GGT (U/L) 41.9 ± 11.69 38.8 ± 10.09 22.4 ± 8.23 0.0004* 0.53

CHOLESTEROL (mg/dL) 215.1 ± 14.6 203.2 ± 9.67 156.9 ± 8.9 <0.0001* 0.045*

HDL (mg/dL) 44.1 ± 4.55 53 ± 6.18 46.8 ± 6.95 0.04* 0.001*

LDL (mg/dL) 143.2 ± 17.63 136.8 ± 16.1 93.1 ± 14.09 <0.0001* 0.4

BMI 31.7 ± 1.33 29.94 ± 1.58 24.8 ± 1.81 <0.0001* 0.015*

WC (cm) 112.5 ± 1.2 105 ± 1.2 90 ± 1.2 <0.0001* 0.05

Rest HR (bpm) 82.4 ± 3.13 73.7 ± 2.9 71.1 ± 2.18 <0.0001* <0.0001*

SBP (mm Hg) 139.7 ± 4.9 136.7 ± 4.69 124.3 ± 5.31 <0.0001* 0.18

DBP (mm Hg) 90 ± 4.1 86.6 ± 4.35 77.2 ± 3.4 <0.0001* 0.08

Note: *The last columns report the results of the p-value of the t-test. A p-value less ≤ 0.05 (in bold) was considered statistically significant.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transferase; HDL, high-density lipoprotein; LDL, low-density

lipoprotein; BMI, body mass index; WC, Waist circumference; Rest HR, rest heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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triceps muscle at the midpoint between the acromion and

olecranon processes, as recommended by the manufac-

turer. The SenseWear Pro Armband is a portable sensing

device, 4.0 cm diameter and 1.9 cm high and 34 g in

weight that has 4 sensors: • Accelerometer (3 axes); •

Heat flow; • Skin temperature; • GSR. All physiological

data were then processed by advanced algorithms to cal-

culate and report total energy expenditure, metabolic phy-

sical activity, and sleep. However, in this study, the data

about GSR parameters were collected at basal level (time

0, at rest before physical activity), after 45 min (at the end

of training), and after 60 min. (15 min after training).

Plasma Orexin A Detection
Blood samples were withdrawn from a forearm vein, at

8:00 a.m. after an overnight fast, into Vacutainer tubes

(BD, Franklin Lakes, NJ, USA) containing EDTA and

0.45 TIU/mL of aprotinin. After centrifugation at

3000 rpm for 12 min at 4°C, the plasma was separated

and stored at −80°C until analysis. Enzyme-linked

immunoassay kits (ELISA) were used to measure plasma

Orexin A levels. Hypocretin Orexin A1 ELISA kits were

purchased from Phoenix Pharmaceuticals. Before mea-

surement, plasma Orexin A was extracted using Sep-Pak

C18 columns (Waters, Milford, MA, USA), 10 mL of

methanol and 20 mL of H2O were used to activate the

columns. The following step consisted of adding 1–2 mL

of the sample to the column and washing with 20 mL of

water. Samples were eluted slowly with 80% acetonitrile

and the resulting volume was reduced to 400 μL under

nitrogen flow. An aliquot was used for exsiccation using

the Speedvac (Savant Instruments, Holbrook, NY, USA).

The dry residue was dissolved in water and used for the

ELISA test. No cross-reactivity for hypocretin-1, hypo-

cretin-2, and agouti-related protein amide had been pre-

viously reported. The kit used for the quantification has

an intra-assay error <5% and an inter-assay error <14%.

The detection concentration limit was 0.37 ng/mL.

The d-ROMs Test
The d-ROMs test was performed using the FRAS4 system

according to the manufacturer’s instructions (Wismerll

Co., Tokyo, Japan). For each participant, 20 µL plasma

was tested, and tests were run in duplicate. The results

obtained from the d-ROMs test were expressed in arbitrary

units called “Carratelli units” (U.CARR). The results were

presented and analyzed as mean values.

Statistical Analysis
Data are presented as mean ± standard deviation (SD).

Statistical analysis of all parameters is summarized in

Table 1 and was performed using GraphPad Prism 5 soft-

ware (GraphPad software, Inc, La Jolla, CA, USA) and by

a researcher trained in biostatistics. Two-tailed Student’s

t-test was used. A p-value of <0.05 was considered statis-

tically significant. GSR, plasma Orexin A and d-ROMs

values were subjected to a one-way analysis of variance

ANOVA with Tukey HSD post hoc comparisons. The

analysis was performed using SPSS software version 24

(IBM Japan, Tokyo, Japan), and the statistical level of

significance was set at 0.05.

Results
The mean values of the blood parameters tested are sum-

marized in Table 1, as well as the mean values of resting

HR, BMI, and blood pressure.

The statistical analysis performed with Student’s

t-test demonstrated significant differences between

MetS and Healthy groups for all parameters: all values

were statistically different. The results of Student’s t-test

comparing the data of the MetS and Mets6M groups are

interesting; after 6 months of training, all parameters

were improved in the MetS6M group, even if 7 para-

meters had statistical differences. The blood values of

triglycerides, fasting glucose, ALT, total cholesterol and

HDL levels were statistically improved; moreover, the

parameters of BMI and resting HR were significantly

decreased.

As shown in Figure 1, resting HR improved after 6

months of aerobic training; the positive effects of physical

activity are shown in the BMI values: the mean values of

the MetS group are located in the obesity category (Class 1

obesity), while after a period of aerobic training the MetS

group improved this parameter including the participants

in the overweight category (Figure 2).

In the last week of the training program, GSR, plasma

Orexin A and d-ROMs were tested in the MetS6M group.

Figure 3 shows GSR changes. Physical activity caused

an increase in GSR with the maximum level at 45 min.

GSR (μS) increased from a basal value of 1.28±0.09 to

1.69±0.07 at 45 min, and it decreased to 1.6 ± 0.04 at 60

min. The ANOVA test showed significant effects [F(2, 27)

=3.35, p <0.05, 1.8x10−12]. The post hoc test showed

a difference between pre-exercise and post-exercise values

at 0 min., 45 min., and 60 min.
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Figure 4 shows Orexin A changes. Physical activity

caused an increase in Orexin A, from a basal level of 2700

± 72.26 pg/mL to a maximum level (3626 ± 95.93 pg/mL)

at 45 min. Orexin A decreased to a value of 3196 ± 60.22

at 60 min. The ANOVA test showed significant differences

[F(2, 27) = 3.35, p <0.05, 3.83x10−20]. The post hoc test

Figure 1 Resting HR is statistically higher in the MetS Group with respect to the Healthy Group. Moreover, this parameter is significantly improved after 6 months aerobic

training.

Figure 2 BMI is statistically higher in the MetS Group related to the Healthy Group. Moreover, this parameter is significantly improved after 6 months aerobic training.
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Figure 3 Box plot analysis summarizing GSR variations among pre-exercise status, at the end of the exercise status.

Figure 4 Box plot analysis summarizing Orexin A variations among pre-exercise status, at the end of the exercise status and in the recovery periods.
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showed a difference between pre-exercise and post-

exercise values at 0 min., 45 min., and 60 min.

Figure 5 shows d-ROMs changes. Physical activity did

not cause an increase in d-ROMs from a basal value of

284 ± 12.97 μCarr to a maximum level (292.4 ± 6.51

μCarr) at 45 min. d-ROMs decreased to a value of 285.7

± 13.03 at 60 min. The ANOVA test did not show sig-

nificant differences [F(2, 27) = 3.35, p =0.24].

Discussion and Conclusion
Characteristics of subjects with and without MetS have

been extensively described: MetS is defined as the con-

temporary presence of several interconnected human dis-

eases; physiological, biochemical, clinical, and metabolic

factors can be combined, increasing the risk of athero-

sclerotic cardiovascular disease and diabetes; in particular

cases, all these factors can cause the “exitus” of the

subject.36–39 As shown in Table 1, the participants

included in our study group had several parameters that

confirmed the diagnoses of MetS: compared to the healthy

group the values were significantly higher.

The guidelines on physical activity recommend a daily

minimum of 30 min of moderate-intensity physical activ-

ity, in order to prevent organ damage and cardiovascular

diseases. However, several experimental studies have

demonstrated that 60 min of moderate-intense brisk walk-

ing could be very useful to improve several clinical para-

meters, especially in people living in developed

countries.40–43 In our experimental model, we tested sev-

eral blood parameters after 6 months of regular physical

activity without dietary changes. It was very interesting

that all blood parameters tested were improved with

respect to the levels of the same parameters tested at

time 0. The results of the present study show the positive

effects of physical activities as “natural drugs” against

metabolic syndrome. The results of this study confirm

that physical activity is associated with sympathetic acti-

vation, as demonstrated by HR and GSR increases during

exercise. The association between Orexin A plasma levels

and sympathetic discharge is also described in this study.

Physical activity induces an increase in plasmatic Orexin

A,22 as underlined by the results of the present experiment.

Moreover, an adaptation of HR to physical activities is

described in the results section. The present study suggests

a correlation between plasmatic Orexin A and HR adapta-

tion, as an expression of sympathetic activity.

As previously described, Orexin A affects both peripheral

energy balance and the central nervous system, particularly

Figure 5 Box plot analysis summarizing d-ROMs variations among pre-exercise status, at the end of the exercise status and in the recovery periods.
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when the subject is under stress; moreover, motivated beha-

viors (for example, food intake) and sleep-wakefulness can

be coordinated by this neuropeptide.7,44 Orexin 1 receptor

(OX1R) has been reported in various tissues such as the

reproductive system, intestine, adrenal glands, pancreas,

and kidney: binding its receptor, Orexin A has several pleio-

tropic functions.15 Several vital body functions such as sleep/

wake states, eating behavior, reward systems, energy home-

ostasis, cognition, and mood could be influenced by Orexin

A levels. Likewise, it plays an important role in energy

balance and obesity.45–47 Considering the important func-

tions of the orexinergic system, it is well known that dys-

function in this systemmay be related to various pathological

conditions.7,48 Moreover, to the best of our knowledge, this

study is the first to demonstrate that, in patients with MetS,

Orexin A is involved in hormonal adaptations to exercise,

indicating that this peptide controls several adaptations (such

as cardiovascular changes) to physical activity also in MetS.

In addition, significant decreases in the serum ALT

enzyme, triglycerides, fasting glucose, and total cholesterol

were found, while the HDL levels were significantly higher.

It is well described that aerobic activity induces positive

effects on HDL plasma levels, depending on the entry

level.49 Moreover, the low plasma levels of HDL were asso-

ciated with high levels of triglycerides. In agreement with

Couillard et al, the results of the present study confirmed that

aerobic activity may be related to the reduction of triglycer-

ide levels combined with improved HDL levels.50

Physical activity is not considered the only way to fight

MetS: the best approach to produce lifestyle modification

treatment involves a multidisciplinary team composed of

physicians and non-physician health professionals. To

date, professionals with a master degree in exercise phy-

siology should be collaborating with other specialists such

as biologists, dieticians, and behavioral psychologists.

Moreover, lifestyle modification is a complex route that

should lead subjects to modify their habits both related to

diet and physical activities. In this way, an ambitious goal

could be achieved, reducing all risk factors linked with

metabolic syndrome.43,51-53

Finally, the results of the present study show that physical

activity did not cause an increase in d-ROMs values in the

study group. Previous studies have demonstrated that physi-

cal exercise increases the metabolic demands of skeletal

muscles leading to greater oxygen uptake and blood flow to

the muscles and other organs54,55 thus leading to a higher

ROS generation.35,47,48 According to the “mitochondrial

hypothesis of aging”, mitochondria are the main source of

ROS generation, especially during exercise, and their gener-

ating rate is related to mitochondrial oxygen consumption.56

Nevertheless, the presented results highlight that these mod-

ifications described in athlete groups are not presented in our

study group, suggesting that the status of MetS negatively

influenced the beneficial effects of physical activity. In agree-

ment with our results, several studies demonstrate that exer-

cise leads to oxidative stress only when it is exhaustive due to

an increase in lipid peroxidation products and, consequently,

oxidative stress and damage of muscle mitochondrial

membranes.57–62

The main limitation of the present study is linked to the

small number (10 for both groups) of participants.

Moreover, the choice of comparing the positive effects of

physical activity in the same group at different times

(MetS vs MetS6M), on the one hand, represents an advan-

tage allowing comparison in a homogeneous group; on the

other hand, it undoubtedly removed the MetS group from

the final evaluation. Furthermore, the exercise effects on

the control group were not evaluated. Finally, the results

concerning oxidative stress and sympathetic activity

should be confirmed increasing the number of tested mar-

kers. Moreover, an added limitation of the present study is

that there is not a pre-post 6 months’ exercise comparison

in the healthy group.

For these reasons, further experiments will have to

be performed to verify these hypotheses; moreover, it

could be interesting to explore the role of Orexin A on

the peripheral adaptations to physical activity and oxi-

dative stress levels: these studies could confirm the

multitasking role of this neuropeptide. Indeed, physical

activity is associated with sympathetic activation, hav-

ing a pivotal role against adverse effects linked to

MetS. Moreover, this study demonstrates that, in

patients with MetS, Orexin A is involved in hormonal

adaptations to exercise. In addition, the exercise

induced a significant increase in GSR, and plasma

Orexin A, but no significant increase of d-ROM values,

and an amelioration in anthropometric and biochemical

parameters such as glycemic and lipid profile. For

these reasons, physical activity, in particular aerobic

exercise, may be considered a valid strategy to improve

health status without changes in diet in metabolic

syndrome.
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