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A B S T R A C T   

Obesity and related metabolic diseases represent a worldwide health problem. The main factor 
predisposing to obesity is an unhealthy lifestyle including the lack of physical activity. A pivotal 
role in the etio-pathogenesis of obesity is carried out by adipose tissue, an endocrine organ 
secreting several adipokines involved in numerous metabolic and inflammatory processes. Among 
these, of particular importance is adiponectin, an adipokine involved in the regulation of insulin 
sensibility and in anti-inflammatory processes. The aim of the study was to determine the effects 
of 24 weeks of two different training programs polarized (POL) and threshold training (THR) on 
body composition, physical capacities and adiponectin expression. Thirteen male obese subjects 
(BMI: 32.0 ± 3.0 kg m-2) followed 24 weeks of two different training programs, POL and THR, 
consisting of walking or running (or a combination of the two methods) in their normal living 
conditions. Before (T0) and after the end of the program (T1), the assessment of body composition 
was assessed by bioelectrical impedance and the concentration of salivary and serum adiponectin 
was analyzed by enzyme-linked immunosorbent assay and western blotting. Although the results 
obtained did not show significant differences between the two training programs, body mass and 
body mass index decreased by a mean of − 4.46 ± 2.90 kg and 1.43 ± 0.92 kg m− 2 (P < 0.05). Fat 
mass decreased by − 4.47 ± 2.78 kg (P < 0.05). V′O2max increased by a mean of 0.20 ± 0.26 L 
min− 1 (P < 0.05) Also, we observed an increase in saliva and in serum of adiponectin concen-
trations at T1 compared to T0 by 4.72 ± 3.52 μg mL− 1 and 5.22 ± 4.74 ng mL− 1 (P < 0.05) 
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respectively. Finally, we found significant correlations between Δ serum adiponectin and Δ Hip 
(R = − 0.686, P = 0.001) and between Δ salivary adiponectin and ΔWaist (R = − 0.678, P =
0.011). Our results suggest that a 24 weeks training program, independently from intensity and 
volume, induces an amelioration of body composition and fitness performance. These improve-
ments are associated with an increase in total and HMW adiponectin expression in both saliva and 
in serum.   

1. Background 

The global prevalence of obesity is alarmingly increasing worldwide independently of gender, age and race ([1]). The development 
of a different but associated variety of adverse sequelae, including metabolic syndrome, type II diabetes (T2D), dyslipidemia, car-
diovascular disease, and different cancers, is making obesity more impactful in terms of morbidity, and mortality ([2,3]) worldwide. 
Among the main factors predisposing to obesity there are unhealthy lifestyle, including the lack of physical activity and a sedentary 
lifestyle ([4]). On the other hand, there is increasing evidence that physical activity and exercise are broadly as effective as phar-
macological interventions in preventing the adverse sequelae (including metabolic syndrome, T2D, cardiovascular diseases, and 
different cancers) associated with obesity ([3,5–7]). A recent meta-analysis evidenced that lifestyle modification, including physical 
activity, can lead to significant improvement in obesity and inflammation status among overweight/obese individuals ([8]). Indeed, 
both endurance and resistance training programs result a common treatment method for improving the health status of individual that 
are obese or overweight, and/or with metabolic issues ([7]). 

The molecular basis underlying physical activity in the control of weight gain are still not completely known and represent an open 
field of research. Previous studies showed a direct effect of physical activity on adipose tissue metabolism ([9]). Adipose tissue is an 
active endocrine tissue secreting adipokines involved in regulation of different processes such as energy metabolism, and inflammation 
([10]). The endocrine functions of adipose tissue are dysregulated in both overweight and obesity and are crucial in the prevention 
and/or in pathogenesis of the metabolic diseases ([10]). Physical activity is able to stimulate the production and secretion of adi-
pokines improving the endocrine functions of adipose tissue ([11]). One of the obesity-associated hormones is adiponectin, whose 
serum levels are inversely related to body mass index (BMI) and insulin resistance. Adiponectin accounts for up to 0.05% of the total 
serum proteins in circulation, where it can be found in three oligomeric forms, with different molecular weight: trimers of Low 
Molecular Weight (LMW), hexamers of Medium Molecular Weight (MMW), and oligomers of High Molecular Weight (HMW). These 
latter elicit the most relevant biological activity of adiponectin, consisting in the homeostatic regulation of glucose levels, lipid 
metabolism, and insulin sensitivity. Adiponectin levels are highly decreased in obesity and metabolic-related disorders while weight 
loss leads to increasing adiponectin levels ([12]). 

Whether physical exercise exerts its beneficial effects also through the regulation of adiponectin, regardless of modifications in 
body composition is still a matter of debate. In addition, it was well known that the type of physical exercise (aerobic/anaerobic) 
differently influences body composition, cardiometabolic health and hormone balance ([13]). Some studies, performed on patients 
with obesity and involving high intensity interval training (HIIT) and moderate intensity continuous training (MICT), showed positive 
changes in patient’s body composition, maximal oxygen uptake (V’O2max) and adiponectin levels ([14–16]), while others demon-
strated that adiponectin concentrations do not change after long-term exercise ([17]). However, to our knowledge, no studies 
examined the effects of a Polarized (POL) vs a Moderate (threshold training (THR) modified by Veronique Billat) ([18]), vol-
ume/intensity program on body composition, and cardiometabolic parameters in relation to adiponectin expression. The POL training 
program consists of high volume of training at moderate intensity (i.e., approximately 80% of the volume) and the remaining 20% 
conducted at severe intensity domain ([19]) while the THR training consisted by a higher prevalence of training between heavy and 
severe intensity domain (i.e., THR with ≥20% of overall volume conducted at intensity between the ventilatory thresholds) ([20]). 

Thus, the aim of the present study was to determine the effects of 24 weeks of POL and THR training programs on body compo-
sition, physical capacities and adiponectin values in saliva and in serum from male adult obese subjects at T0 (before starting the 
program) and at T1 (at the end of the program). In addition, the adiponectin oligomeric distribution was related to metabolic and 
fitness features. The two programs were selected in the light of some studies that emphasized how trainings combining the low volume 
activity of HIIT, and the high volume of MICT (POL) represent a useful strategy to improve body composition, more effective that HIIT 
or MICT modalities alone ([3,21,22]). We have analyzed saliva since it constitutes a clinically informative, biological fluid containing 
specific soluble biomarkers. As a biological fluid, saliva offers several advantages over blood: it is easily collected and stored and 
therefore stress-free for patients; we therefore analyzed and compared both biological fluids. 

2. Methods 

2.1. Participants and sample collection 

Thirteen male subjects with obesity, part of a previous larger study including twenty subjects (under review) were recruited for the 
present study from the School of Sport Sciences of the University of Udine (mean age 40.8 ± 6.2 years; mean BMI: 32.0 ± 3.0 kg m− 2). 
All subjects had a full medical history, physical and nutritional examination. Body mass (BM) was stable during the previous two 
months. The inclusion criteria were: 1) age between 18 and 50 years, 2) BMI ≥30 kg m− 2according to ESPEN guidelines (Obes Facts. 
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2015; 8(6):402-24. https://doi.org/10.1159/000442721), and 3) to be moderately physically active (i.e., perform continuous aerobic 
activity longer than 20 min at least twice a week) based on International Physical Activity Questionnaire Short Form (IPAQ-SF) ([23]). 
Conversely, exclusion criteria were the presence of cardiovascular, respiratory, neurologic, muscular-skeletal diseases. All participants 
were male and Caucasians. The study was approved by the Ethics Committee of the Friuli-Venezia-Giulia Region (Italy) (protocol 
number 1764) and conducted according to the ethical principles of the Declaration of Helsinki. Informed consent was obtained from all 
participants before the study began. 

Before (T0) and after the end (T1) the training period, blood samples were collected after a 12-h overnight fasting period and 
centrifuged to collect serum. Serum aliquots were immediately frozen in liquid nitrogen and stored at − 80 ◦C. For saliva samples, 
participants were asked not to consume food and drinks for at least 2.5 h before 10:30 a.m. Drinking water was allowed before saliva 
collection began. Subsequently, participants were asked to brush their teeth (new toothbrushes and toothpaste were provided and they 
were the same for all donors) and finally to rinse their mouth several times with tap water to avoid any contamination from food 
residues or toothpaste flavourings. After 1 h from tooth brushing, saliva samples were collected, centrifuged at 13.200 rpm and stored 
at − 80 ◦C for the subsequent analysis. Assessment of anthropometric characteristics together with blood and saliva sample’s collection 
were conducted at T0 and T1 under medical supervision. 

During the 24 weeks of the weight management program, each participant received the same nutritional advices to avoid con-
founding nutritional variables on the outcomes. All participants completed a 4-days dietary record (4-dDR), collecting the food and 
beverage consumption of 2-week days and 2 weekend days, at T0 and T1. 

2.2. Training program 

Participants involved in the present study (n: 7 POL and n: 6 THR) performed 3 sessions per week, for 24 consecutive weeks, by 
walking or running (or a combination of the two methods) in their normal living conditions. The 2 training programs were divided in 
three 8-week macrocycles, structured as 3 + 1 mesocycles. In both groups, during the first two 8-week macrocycles, training load (TL) 
increased by ~30% in the first three weeks of each mesocycles. Between the second and the third 8-week macrocycle, TL increased by 
~10%. The last week of each mesocycle was a recovery week. Every 8-weeks, the three zones model was used for the calculation of the 
training intensity distribution (TID) using the speed reached at gas exchange threshold (GET), respiratory compensation point (RCP) 
and V’O2max ([24]): zone 1 (Z1), for intensities below GET; zone 2 (Z2), for intensities between GET and RCP; and zone 3 (Z3), for 
intensities above RCP. To check the POL TID we used the polarization index (i.e. polarized: Z1 > Z3 > Z2) (25). POL and THR TID 
programs were matched for the same TL obtained by the training impulse (TRIMP), where each zone has a weighting factor that is 
multiplied by the duration in this zone ([14]). During the 24 weeks of training, all participants recorded their workouts using an online 
training diary Polar Flow (Polar Electro Oy, Finland) or Gamin Connect (Garmin, Olathe, USA). The training was checked online 
registering the training sessions: duration, time spent in each endurance training zone, and rate of perceived exertion (RPE) using the 
Borg 6–20 Scale ([25]). For maintaining the intensity prescribed, the speed in each zone was increased when the mean HR decreased 
by 5 bpm for two consecutive training sessions. 

2.3. Anthropometric and adiponectin measurements 

The anthropometric and biochemical parameters of the study participants are shown in Table 1. Body mass (BM) was measured 
with a manual weighing scale (approximation 0.1 kg) (Seca 709, Hamburg, 165 Germany). Measurement of stature was performed 
using a wall-mounted height board. BMI was calculated as BM (kg) × stature (m− 2). Measurement of waist circumference (WC) and 
Hip circumference (HC) was performed using the method of Kagawa ([26]). Body composition assessment was performed using the 
bioelectrical impedance (BIA, Human IM Plus; DS 171 Dietosystem, Milan, Italy). The values of fat mass (FM) and fat free mass (FFM) 

Table 1 
Anthropometric characteristics and adiponectin values before (T0), and after 24 weeks (T1) of a training program in both groups.   

All (n: 13) p value 

T0 T1 

Body mass (kg) 99.0 ± 10.8 94.6 ± 11.5 0.001 
BMI (kg m− [2]) 32.0 ± 3.0 30.6 ± 3.0 0.001 
Waist (cm) 103.0 ± 6.7 102.0 ± 7.8 0.301 
Hip (cm) 109.0 ± 4.7 108.2 ± 5.7 0.480 
Waist-to-hip ratio 0.95 ± 0.05 0.94 ± 0.04 0.781 
Fat-free mass (kg) 64.1 ± 4.8 64.5 ± 4.8 0.857 
Fat Mass (kg) 34.6 ± 7.2 30.1 ± 7.6 0.001 
Fat-free mass (%) 65.2 ± 3.9 68.6 ± 4.2 0.001 
Fat Mass (%) 35.0 ± 3.9 31.5 ± 4.2 0.001 
Serum adiponectin (μg ml− 1) 22.3 ± 4.5 27.0 ± 2.6 0.001 
Salivary adiponectin (ng ml− 1) 17.6 ± 7.5 22.8 ± 10.0 0.005 

All values are presented as mean ± standard deviation. 
BMI: body mass index. 
p value obtained with student’s test for paired data. 
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were obtained with equations of Gray et al. ([27]). 
The concentration of total adiponectin in serum and in saliva was measured two times in each individual in triplicate by an enzyme- 

linked immunosorbent assay (ELISA) using a polyclonal antibody produced in-house versus a human adiponectin amino acid fragment 
(H2N-ETTTQGPGVLLPLPKG-COOH) as previously described ([28]). 

2.4. Graded exercise test (GRAD) 

A graded exercise test on a 400 m track was carried out to determine physical capacities of each subject: V’O2max, heart rate max 
(HRmax), and ventilatory thresholds. During the test, participants followed a researcher on a bike that gave the pace. The duration of 
each step was 1 min, and the speed increased by 0.5 km/h every minute until the volitional exhaustion. Wearable metabolic unit (K5; 
Cosmed, Roma, Italy) and a chest strap (Garmin HRMrun, Olathe, USA) were used to measure oxygen uptake (V’O2), carbon dioxide 
production (V’CO2) and heart rate (HR). We calibrated the volume and gas analyzers before every test using a 3-L calibration syringe 
and calibration gas (16.00% O2 and 5.00% C’O2), respectively. GET and RCP were determined with the V-slope method. V’O2max was 
calculated as the average 30-s V’O2 according to the following criteria ([29]): (i) plateau in V’O2 (i.e., increase <150 ml min− 1), (ii) 
Respiratory Exchange Ratio (RER) > 1.1, and (iii) ≥ 90% of theoretical maximal heart rate. 

2.5. Western blotting analysis 

Serum and saliva samples from all participants were quantified for total proteins by Bradford’s method (Bio-Rad, Hercules, CA, 
USA) and 10 μg of total proteins were treated with 1× Laemmli buffer, heated at 95 ◦C for 10 min and loaded on 10% SDS-PAGE gel as 
previously described [30]. The blots were developed by ECL (Amersham Biosciences, Piscataway, NJ, USA) using Kodak BioMax Light 
film, digitalized with a scanner (1.200 dpi) and analyzed by densitometry with the ImageJ software (http://rsbweb.nih.gov.ij/). All 
experiments were performed in triplicate. 

2.6. Statistical analysis 

The data were analyzed using GraphPad Prism (version 9.4.0), with significance set at p < 0.05. The results obtained were 
expressed as means and standard deviations (SDs). Shapiro–Wilk test was used for evaluation of the normal distribution of the data. 
Sphericity was verified by Mauchly’s test. Greenhouse–Geisser correction was used in cases of sphericity assumption violations. 
Anthropometric characteristics, body composition, V′O2max, ventilatory thresholds, training characteristics and blood analysis pa-
rameters were analyzed with a student’s test for paired data. Bivariate associations were determined by Pearson’s or Spearman’s 
correlation coefficients (non-normally distributed data). 

Table 2 
Cardiometabolic Parameters before (T0) and after 24 weeks (T1) of a training program in both groups.   

All (n:13) p value 

PRE POST 

Maximal oxygen uptake 
V’O2 (L min− 1) 3.89 ± 0.39 4.07 ± 0.44 0.025 
V’O2 (ml kg − 1min− 1) 39.6 ± 4.4 43.3 ± 6.4 0.015 
HRmax (bpm) 180.2 ± 7.7 175.4 ± 9.6 0.040 
RER max 1.10 ± 0.06 1.09 ± 0.04 0.567 
Respiratory compensation point 
V’O2 (L min− 1) 3.50 ± 0.35 3.62 ± 0.44 0.186 
V’O2 (ml/kg/min) 35.6 ± 4.3 38.7 ± 6.0 0.008 
V’O2, %max 89.9 ± 3.3 89.3 ± 5.4 0.743 
HR (bpm) 167.2 ± 8.6 165.0 ± 10.2 0.287 
HR, %max 93.0 ± 3.6 93.8 ± 2.6 0.405 
RER 1.00 ± 0.04 0.99 ± 0.04 0.820 
Gas exchange threshold 
V’O2 (L min− 1) 2.74 ± 0.46 3.02 ± 0.42 0.008 
V’O2 (ml/kg/min) 28.2 ± 6.4 32.4 ± 6.0 0.001 
V’O2, %max 70.5 ± 10.4 75.0 ± 8.6 0.107 
HR (bpm) 146.5 ± 14.0 147,4 ± 11.6 0.822 
HR, %max 81.2 ± 6.1 84.1 ± 6.4 0.201 
RER 0.91 ± 0.06 0.91 ± 0.04 0.175 

All values are presented as mean ± standard deviationV’O2: oxygen consumption, HR: heart rate, RER: respiratory exchange ratio, V’O2 %max: 
percentage of maxima oxygen uptake, HR %max: percentage of heart rate max. 
p value obtained with student’s test for paired data. 
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3. Results 

3.1. Anthropometric characteristics and cardiometabolic parameters of obese subjects 

The anthropometric and biochemical parameters of the study participants are shown in Table 1. All participants were considered 
together in the pre-post analysis independently from the training because the 2-way ANOVA analysis between subjects performing the 
two programs (POL and THR groups) showed no significant differences in all considered variables. 

At T1, BM and BMI statistically decreased by 4.46 ± 2.90 kg (p < 0.001) and 1.43 ± 0.92 kg m− 2 (p < 0.001) (Table 1). As well, FFM 
(%) statistically increased by 3.32 ± 2.12% (p < 0.001) (Table 1). Then, FM (kg) and FM (%) statistically decreased by 4.47 ± 2.78 kg 
(p < 0.001) and by 3.32 ± 2.12% (p < 0.001) (Table 1). FFM (kg), WC, HC and waist-to-hip ratio did not change significantly (Table 1). 

Regarding cardiometabolic parameters, at T1, V’O2max (L min− 1) and V’O2max (L kg− 1 min− 1) statistically increased by 0.20 ±
0.26 L min− 1 (p = 0.025) and 3.96 ± 3.48 ml kg− 1 min− 1 (p = 0.015) (Table 2). HRmax decreased by 4.80 ± 7.37 bpm (p = 0.040). 
Maximal respiratory exchange ratio (RERmax) did not change significantly (Table 2). V’O2 (ml kg− 1 min− 1) at RCP statistically 
increased by mean 3.10 ± 3.54 ml kg− 1 min− 1 (p = 0.008) (Table 2). 

No statistical difference was found for V’O2 (L min− 1), HR, Respiratory exchange ratio (RER), % of V’O2max and HRmax under RCP 
(Table 2). V’O2 (L min− 1) and V’O2 (ml kg− 1 min− 1) at GET statistically increased by 0.28 ± 0.32 L min− 1 (p = 0.008) and by 4.22 ±
2.96 ml kg− 1min− 1 (p < 0.001) (Table 2). In addition, no difference was found for HR, RER, % of V’O2max or HRmax at GET in 
(Table 2). 

Total Adiponectin levels increase in saliva and in serum of obese subjects undergone training programs. 
To investigate whether the circulating adiponectin levels are related to the lifestyle modifications, total salivary and serum adi-

ponectin levels were analyzed adiponectin at T0 and at the end of the training period (T1) (Table 1); interestingly, salivary adiponectin 
were significantly higher in obese subjects at T1 compared to the baseline by +5.22 ± 4.74 ng mL− 1 (p < 0.001). 

In line with salivary findings, total serum adiponectin levels, as shown in Table 1, are significantly increased by +4.72 ± 3.52 μg 
mL− 1 (p < 0.001) in obese subjects at T1 compared to T0. 

Furthermore, we investigated the potential relationships between the changes in salivary and serum adiponectin and the observed 
modifications in BM, BMI, FFM, FM, waist, hip, V’O2max (L min− 1), and V’O2max (ml kg− 1 min− 1) (see Table 3). There were sig-
nificant correlations between Δ serum adiponectin and Δ Hip (Fig. 1, panel A) and between Δ salivary adiponectin and ΔWaist (Fig. 1, 
panel B). 

3.2. HMW adiponectin oligomers increase in salivary and serum rom obese subjects 

Western blotting analysis performed on saliva samples from all subjects involved in the study confirmed that the adiponectin levels 
are statistically increased in obese subjects (Fig. 2, panel B). 

The analysis performed on serum shows three bands corresponding to HMW (≥250 kDa), MMW (≥180 kDa), and LMW (≥70 kDa) 
oligomers (Fig. 3, A). Also in serum, data confirmed that the adiponectin levels are statistically increased in obese subjects with a specif 
regard to HMW oligomers (Fig. 3, A) as indicated by the densitometric analysis (Fig. 3, B, p < 0.01). 

4. Discussion 

In the present paper we have determined the effects of two different 24-weeks training programs, a high (POL) vs an intermediate 
(THR modified by Veronique Billat) volume/intensity program to verify the potential beneficial effects on salivary adiponectin 
expression, cardiometabolic capacities and body composition in male adult obese subjects. Our data shows that a 24-week of POL and 
THR training program determines in adults with obesity: i. an increase in serum and salivary adiponectin concentrations at T1 
compared to T0; ii. an improvement in anthropometric (Fat Free Mass, Fat Mass, BMI, BM) and cardiometabolic parameters (VO2max, 
HRmax). However, the two different training programs did not determine any difference in terms of improvement of body composition 
and cardiovascular parameters suggesting that even at lower volume, 24 weeks of training is effective in obese subjects. Indeed, at the 
end of the six months training programs, the anthropometric parameters (BMI, FFM, FM, FM) and the cardiometabolic values 

Table 3 
Correlations between the change (Δ) in serum adiponectin and salivary adiponectin with the change in the measured variables.   

ΔBM (kg) ΔBMI (kg 
m− 2) 

ΔFFM (kg) ΔFM (kg) ΔWaist (cm) ΔHip (cm) ΔV’O2max (L 
min− 1) 

ΔV’O2max (ml 
kg-1 min− 1) 

ΔSerum 
adiponectin 
(μg ml− 1) 

R = − 0.200 
P = 0.514 

R = − 0.220 
P = 0.472 

R = 0.262 P 
= 0.387 

R = − 0.384 
P = 0.195 

R = − 0.394 
P = 0.183 

R ¼ -0.686 
P ¼ 0.001 

R = − 0.490 P 
= 0.088 

R = − 0.204 P =
0.505 

ΔSalivary 
adiponectin 
(ng ml− 1) 

R = − 0.442 
P = 0.130 

R = − 0.432 
P = 0.140 

R = − 0.111 
P = 0.718 

R = − 0.497 
P = 0.084 

R ¼ -0.678 
P ¼ 0.011 

R = − 0.215 
P = 0.481 

R = 0.363 P =
0.223 

R = 0.451 P =
0.122 

BM: body mass, BMI: body mass index, FFM: fat free mass, FM: fat mass, V’O2max: maximal oxygen uptake. 
R value obtained with Pearson’s or Spearman’s correlation coefficients (non-normally distributed data). 
Bold text indicates a statistically significant correlation. 
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(V’O2max both in absolute values or relative to BM, V’O2 at RCP and GET) improved in both groups. Previously, contrary to our 
findings, it was found that a POL training induced equal or superior effects on improving V’O2max and body composition in endurance 
athletes ([3,21]), as well in obese sedentary subjects ([5,22]), compared to MICT and HIIT modalities alone. Although a more recent 
study confirmed that a high-intensity physical exercise exerts more vigorous effects in the regulation of body composition compared to 
a moderate exercise ([5]), the high volume in Z1 performed in both groups (i.e., ~90% for POL vs.~70% for THR), despite the dif-
ference between the two groups, may have led to positive adaptations, such as increased of mitochondrial content and respiratory 
function, as a marker of an enhanced oxidative metabolism ([31,32]), closely linked to the values of V’O2max ([33]) and V’O2 at the 
two ventilatory thresholds ([17,22]). Thus, over a long period of time (i.e., ≥24 weeks), may be required a minimum dose of training 
performing at low intensity for improving body composition and physical capacities in subjects with obesity, in line with studies on 
endurance athletes ([34]). 

However, it is also to notice that the lack of different effects between the two training programs might also be traced to: a) the 
limited number of participants; b) difference in the volume between the two programs was too low; c) timing of the two programs 
needs to be longer. In addition, as adiponectin concentrations are related to the adiposity changes, being lower in obese subjects and 
increasing after weight loss, the extent of weight loss following a training program might represent a confounding factor for the direct 
effects of physical exercise on adiponectin. 

A growing body of research indicates that physical activity exerts beneficial effects also through the regulation of the endocrine 
functions of the adipose tissue. Indeed, it seems that adiponectin secretion is regulated by physical activity and that such event gives a 
contribution toward a health status of overfat individuals ([35]). However, whether the involvement of adiponectin is dependent on 
the type and intensity of exercise is still a matter of debate. 

In our population, salivary and serum adiponectin levels are significantly increased in obese subjects at the end of both training 

Fig. 1. Correlation between changes in Adiponectin (ΔSerum adiponectin) and Hip (ΔHip) (panel A), and correlation between changes in salivary 
adiponectin (ΔSalivary adiponectin) and Waist (ΔWaist) (panel B). 

Fig. 2. Western blotting analysis of adiponectin oligomers in saliva samples from obese subjects at baseline (T0) and post physical intervention (T1). 
(A) One representative image of Western blot oligomeric distribution [HMW (≥250 kDa), MMW (180 kDa), and LMW (70 kDa)] of three subjects at 
baseline (T0) and post physical intervention (T1). (B) Graphical representation of pixel quantization of all analyzed subjects included in the study. 
Pixel quantization was performed by densitometric analysis with the ImageLab software; p. < 0.01. The uncropped versions of figures [2A] is 
reported in Supplementary Fig. 1. 
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programs (POL and THR) without significant differences. Contrary to our data, a study on 148 obese adolescents, reported that only an 
aerobic plus resistance training is effective in increasing adiponectin concentration compared to a resistance training only ([36]). More 
recently, Moghadam et al., in accordance with our data, reported that either a 12-week high-intensity interval training (HIIT) or a 
moderate-intensity continuous training (MICT) increased adiponectin ([30]). 

The duration of the training program might also affect adiponectin regulation; Swisher et al. reported an insignificant increase in 
serum adiponectin following 12 weeks of moderate-intensity aerobic exercise in women ([37]). On the contrary, Cobos-Palacios et al. 
and Guzel et al. found that adiponectin did not change after a 24-months Mediterranean Diet (MedDiet) program and physical activity 
training in a pre-pubertal population with obesity ([4,38]). On the other hand, in accordance with our data, previously it has been 
reported that a combined exercise program (resistance and aerobic physical exercise training) of 12 weeks determines an increase in 
adiponectin levels, with positive correlations with the percent of lean body and negative correlations with percent body fat ([39]). 

Our data outline a correlation between adiponectin expression and both body composition and cardio-metabolic parameters 
suggesting that the effectiveness of physical exercise in regulating the endocrine functions of adipose tissue are related to these 
accessory parameters. 

Finally, we have evaluated serum and salivary adiponectin in relation to metabolic and fitness parameters. We showed that serum 
adiponectin did not correlates with VO2%max and inversely correlate with hips circumference; similarly, salivary adiponectin did not 
directly correlate with VO2%max and inversely correlate with waist circumference. Both models suggest that adiponectin regulation is 
related to the improvement of body composition in terms of adipose tissue reduction and to the beneficial effects of physical exercise on 
fitness variables. In line to our data, a very recent paper analyzed adiponectin mRNA expression in gluteal and abdominal adipose 
tissue of overweight and obese subjects in relation to a 6-months physical exercise program; the authors did not find significantly 
changes in adiponectin or any correlation to the maximal oxygen consumption ([21]). It is to notice that there are only few papers 
analysing specifically the effects of a physical exercise program in obese patients, while most of the studies considered a combination of 
physical activity program together with a diet protocol ([35,40]). On the contrary, Miyatake et al. found that circulating adiponectin 
levels were associated with peak oxygen uptake although the authors examined normal weight subjects ([41]). The applicability of this 
study is also limited due to the lack of a detailed nutritional protocol and by unchecked compliance of the patients. However, our data 
suggest the usefulness of saliva as a non-invasive and easy to collect biological sample to evaluate cardiometabolic status and body 
composition status of obese subjects undergone a training program. 

In conclusion, our results suggest that a 24-weeks physical training is not only an effective tool in the management of weight but 
also in the physical fitness in relation to the endocrine activity of adipose tissue as suggested by the enhanced adiponectin levels at the 
end of the training period. In addition, saliva resulted a valid alternative tool to sera for the evaluation of adiponectin secretion by 
adipose tissue, allowing a less invasive sample collection. Further studies are needed on a larger cohort of patients and for a longer 
period of time. 

Ethics approval and consent to participate 

The study was approved by the Ethics Committee of the Friuli-Venezia-Giulia Region (Italy) (protocol number 1764) and conducted 
according to the ethical principles of the Declaration of Helsinki. Informed consent was obtained from all participants. 

Fig. 3. Western blotting analysis of adiponectin oligomers in sera from obese subjects at baseline (T0) and post physical intervention (T1). (A) One 
representative image of Western blot oligomeric distribution [HMW (≥250 kDa), MMW (180 kDa), and LMW (70 kDa)] of three subjects at baseline 
(T0) and post physical intervention (T1). (B) Graphical representation of pixel quantization of all analyzed subjects included in the study. Pixel 
quantization was performed by densitometric analysis with the ImageLab software; p. < 0.01. The uncropped versions of figures [3A] is reported in 
Supplementary Fig. 1. 
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HIIT high intensity interval training 
MICT moderate intensity continuous training 
V’O2max maximal oxygen uptake 
POL: polarized training 
THR threshold training 
BM body mass 
IPAQ-SF international physical activity questionnaire short form 
4-dDR 4-days dietary record 
TL: training load 
TID training intensity distribution 
GET gas exchange threshold 
RCP respiratory compensation point 
TRIMP training impulse 
RPE rate of perceived exertion 
WC waist circumference 
HC hip circumference 
BIA biolectrical impedance 
FM fat mass 
FFM free fat mass 
ELISA enzyme-linked immunosorbent assay 
HRmax heart rate max 
V’O2 oxygen uptake 
HR heart rate 
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MedDiet: Mediterranean diet 
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