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Introduction 

Cardiorespiratory fitness (CRF) reflects the ability of the cardiorespiratory system to supply 

oxygen and nutrient demands of exercising skeletal muscles 
1
. High levels of CRF are associated with 

improved endurance performance 
2
, reduced risk of developing cardiovascular disease 

3
 and reduced 

rates of premature mortality from all causes 
4
. 

Endurance training (ET) or high-intensity interval training (HIIT) programs are among the 

main strategies used to improve CRF 
5,6

. However, there is wide variability in CRF responses 

(responsiveness) to standardized regular training programs, even for phenotypically similar individuals 

exposed to similar relative loads of exercise, which may vary from “low” to “high” responders, non-

responders or even negative responders 
7
. 

In this sense, for a better understanding of the determinant molecular changes of CRF 

responsiveness to training, the omics sciences have enabled the identification of biomarkers in 

different tissues and biological fluids 
8
. Among the omics sciences, the metabolomic approaches more 

for the individual’s phenotypic expression, because it enables the identification, quantification and 

characterization of numerous molecules of low molecular weight, called metabolites 
9
, which are the 

end product of chemical reactions in metabolic's pathways, bringing great attention the literature in 

studies of adaptive responses to exercise 
9,10

. 

It is known in the literature that saliva is responsive to exercise, yet it is little explored, even 

though it is easy to collect and minimally invasive 
11

. To the best of our knowledge, to date, no 

previous studies have investigated salivary biomarkers of CRF responsiveness through metabolomic 

approaches. To investigate associations between the baseline salivary metabolomic profile and CRF 

gains after standardized training programs can contribute to a better understanding of the determinant 

metabolic levels related to CRF responsiveness and identification of candidate biomarkers with 

practical applicability, enabling advances in personalized exercise medicine. 

 Therefore, the aim of this study was to investigate whether the pre-training saliva metabolic 

profile is associated with CRF responsiveness, in front of 8 weeks of ET and HIIT programs. 
 

Method  
The participants of this study were 80, young, sedentary and healthy men, free from obesity, 

dyslipidemia, hypertension, cardiovascular disease, and musculoskeletal disorders. Of these 80 

individuals only 70 completed the intervention and were considered for further analysis. All 

participants were informed of the risks and procedures related to the study, and signed an informed 

consent form approved by the Research Ethics Committee of the State University of Campinas 

(Number: 2,717,688; CAAE: 52997216.8.0000.5404; April 2016). This study is part of an “Umbrella” 

project started in 2016, funded by FAPESP (process 2016/05741-7). 
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Prior to the intervention, baseline saliva samples were obtained at rest in the 12 h fasting state. After 72 

h, body composition and mass were measured followed by a maximum effort test on a cycle ergometer 

designed to measure the maximum power output (MPO) that will be used as a measure of CRF. The 

MPO test will be repeated 48 hours after 
12

. 

All participants were randomized in a 3:1 ratio between the HIIT, ET and control (CO) 

groups, approximately one week later, participants began the eight-week intervention protocol in their 

respective experimental group. Maximum exercise tests were repeated after 4 weeks (to adjust training 

loads if necessary) and 5 days after the last exercise session. The control group did not perform any 

regular exercise and was subjected to the same assessments as the other participants. MPO test results 

and metabolite concentrations were used as our primary and secondary results, respectively. 

Saliva samples were collected between 7:00 am and 10:00 am, after a standardized meal 

followed by a 12-hour fast. Prior to saliva collection, participants rinsed their mouths with distilled 

water 3 times for 30 s and then remained at rest for 5 min. Afterwards, participants' saliva was 

collected sputtering in a 15 mL Sterile Falcon Type Tube until 2 mL was obtained. Then, these 

samples were centrifuged (1500 g) for 15 min and immediately stored in a -80 °C freezer. 

Initially, heart rate (HR) was collected during 5 min of rest. Then the incremental test started 

with a warm-up of 3 min at 50 W followed by 25 W.min
-1

 increments until voluntary exhaustion 
13

. 

The test was conducted on a cycle ergometer with electromagnetic braking. HR control was 

continuously performed using a heart rate monitor and subjective perception of exertion was recorded 

at the final 15s of each test stage using the Borg scale of 6-20 
14

. 

Training programs were performed on cycle ergometers, 40 min per session, for 8 weeks. Training 

intensity was customized for each individual based on heart rate reserve (HRr) calculated as the 

difference between resting and maximum HR values achieved in incremental test 
15

. For the ET group, 

participants trained at 70% HRr for 40 min three times a week for the first four weeks and at 75% HRr 

for 40 min four times a week for the last four weeks. For the HIIT training group, participants trained 

at 50% HRr for 5 min, followed by 5 intervals of 4 min at 90% HRr (work phase) interspersed with 3 

min at 50% HRr (recovery phase), three days a week, in the first 4 weeks of training, and at 60% HRr 

for 5 min, followed by 5 intervals of 4 min at 90% HRr interspersed by 3 min at 60% HRr, 4 days a 

week for the last four training weeks. Both training programs were designed to present the same total 

volume of exercise. For the CO group, they were asked to remain sedentary for 8 weeks, being 

reminded after 4 weeks. All training sessions were supervised and carried out in a controlled 

environment, to ensure that the target HR was achieved and to avoid alterations due to environmental 

changes. 

Saliva samples were analyzed by metabolomics. Each spectrum was acquired using an Inova 

Agilent protons nuclear magnetic resonance (¹H NMR) spectrometer (Agilent Technologies Inc., Santa 

Clara, USA) equipped with a triple cold resonance probe operating at a resonance frequency of 599.89 

MHz for hydrogen and a constant temperature of 298 K (25°C). A total of 256 free induction decays 

will be collected with 32-k data points over a spectrum width of 8000Hz. An acquisition time of 4 s 

and relaxation delay intervals of 1.5 s will be implemented between scans 
9
. After the spectra were 

acquired, phase adjustment, baseline correction, water signal removal (4.6–5.1 ppm), spectral 

calibration and quantification were conducted following the parameters for profiling as defined in the 

Chenomx NMR Suite 8.31 software (Chenomx Inc., Edmonton, Canada) 
16

. All spectra were 

processed with a line broadening (lb) of 0.5 Hz. 

The associations between baseline metabolomic profile and CRF responsiveness were 

explored via three levels of evidence: (1) correlation between baseline metabolomic profile with MPO 

gains of at least with (r) ≥ │0.2; (2) metabolite contribution to significant pathways associated with 

MPO, identified by pathway enrichment analysis; and (3) metabolite retention in a multiple linear 

regression model using the stepwise method. The significance level adopted was 5% or a false 

discovery rate of 0.5. 
 

Results and discussion 

No significant correlations were observed between CRF gains and phenotype characteristics 

(age, body mass, body fat percentage, and body mass index (BMI)) for the ET and HIIT training 
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programs (P > 0.05 for all). 1H-NMR analysis resulted in 43 metabolites, which 15 metabolites were 

correlated with (r) ≥ │0.2│ in both programs (Figure 1). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1: Heatmap of the overall correlations between baseline metabolic levels with MPO gains for metabolites that 

presented r ≥ 0.2│in ET and HIIT programs. 

 

 Thus, 6 pathways were most enriched by these metabolites with p adjusted by false discovery 

rate of 0.1 and Impact value calculated from pathway topology analysis > 0 (Figure 2). 

 

 

 

 

 

 

 

 

 

 

Figure 2: Pathway enrichment analysis of ET and HIIT group metabolites; 1 phenylalanine and tyrosine metabolism; 2 

valine, leucine and isoleucine degradation; 3 beta oxidation of very long chain fatty acids; 4 catecholamine biosynthesis; 5 

carnitine synthesis; 6 phosphatidylcholine biosynthesis; 7 oxidation of branched chain fatty acids; 8 mitochondrial beta-

oxidation of long chain saturated fatty acids; 9 phospholipid biosynthesis; 10 sphingolipid metabolism; 11 fatty acid 

metabolism; 12 arginine and proline metabolism; 13 glycine and serine metabolism; 14 tyrosine metabolism; 15 bile acid 

biosynthesis; 16 phosphatidylethanolamine biosynthesis; 17 pterine biosynthesis; 18 androstenedione metabolism; 19 folate 

metabolism; 20 androgen and estrogen metabolism; 21 steroid biosynthesis; 22 tryptophan metabolism. 
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 Finally, the metabolites retained by the multiple linear regression model using the stepwise 

method were glutamine and acetone (Table 1). 

Table 1. Results of the linear regression model with stepwise selection for changes at the MPO in response to training. 

Model β  B (95% CL) t-value p r
2
 Change r

2
 model VIF 

Control Ref --------- --------- --------- --------- --------- --------- --------- --------- 

ET 0.997 56.418 (42.890 ; 69.947) 8.354 <0.001 0.096 0.080 2.341 

HIIT 0.955 53.005 (39.749 ; 66.261) 8.010 <0.001 0.491 0.572 2.339 

Glutamine -0.195 -5.446 (-9.886 ; -1.005) 0.017 0.017 0.037 0.604 1.039 

Acetone 0.192 5.365 (0.916 ; 9.814) 0.019 0.019 0.035 0.635 1.043 

MPO: Maximum power output; ET: Endurance training; HIIT: High-intensity interval training; β: standardized coefficient; 

B: unstandardized coefficient; VIF: Variation inflation factor. 

 

This study investigated whether the salivary metabolomic profile pre-training is associated 

with CRF responsiveness to ET and HIIT programs. The main findings show that CRF gains are 

associated with positive correlation of the fatty acids beta oxidation, Krebs cycle, oxidative 

phosphorylation and phospholipids biosynthesis processes in both programs. 

The metabolites retained by the three levels of evidence were glutamine and acetone with a 

negative and positive association with the gains in CRF respectively. glutamine is a non-essential 

amino acid, which can be resynthesized in the body into glutamic acid, what is associated with the 

release of an ammonia molecule, which supplies the synthesis of 4-aminobutanoate (GABA), which 

gives rise to succinate semialdehyde and finally through the enzyme SLC25A10 form succinate inside 

the mitochondria 
17

. Therefore, lower baseline glutamine levels in the salivary metabolomic profile can 

indicate a positive regulation of glutamine influx and degradation into the mitochondria, with greater 

production of this intermediary of the citric acid cycle and oxidative phosphorylation, two 

fundamental processes for the improvement of CRF. Additionally, the metabolism of phenylalanine 

and tyrosine has associations with the endogenous production of thyroid hormones which can lead to 

mitochondrial biogenesis and density 
18

. Furthermore, the metabolism of arginine and proline has 

association with the production of nitric oxide and creatine, a vasodilator and one of the energy 

suppliers of the cellular respiration processes and the proline is a osmoprotectant who responses a 

stress stimulus like the exercise and as well has the endogenous production by glutamic acid which 

can lead to a processes associated with the cellular respiration and oxidative phosphorylation processes 

in the mitochondria 
19

. 

Also, acetone is a product of lipid degradation, and it is well established that the use of lipids 

as an energy substrate occurs in a predominance of aerobic metabolism and in moments with lower 

glycemic levels like in fasting 
20

. Consequently, higher baseline acetone levels in the salivary 

metabolomic profile, may indicate an individual with greater capacity to efficiently use the 

degradation of lipids as an energy source, what can be supported for the most enrichment metabolics 

pathways (beta oxidation of very long chain fatty acids, phosphatidylcholine biosynthesis, 

phospholipid biosynthesis, pterine biosynthesis) and for the metabolites who enrich that pathways 

(carnitine, ethanolamine and phosphorylcholine), with negative correlation, what can indicate the 

influx and degradation of this molecules to supply energetics demands, which can predict the capacity 

of the individual to maintain the exercise in a predominance of aerobic metabolism, even with greater 

demands of effort, increasing the possible duration of the exercise with less oxidative and general 

metabolic stress, characteristics that is observed in aerobically trained individuals 
21

. 
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Conclusions  

These results suggest that for young and sedentary men, CRF responsiveness to ET and HIIT 

programs is linked to the positive correlation of the fatty acids beta oxidation, Krebs cycle, oxidative 

phosphorylation and phospholipids biosynthesis processes in both training programs. 
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