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HR, RER, and RPE = 194±6 bpm, 1.09±0.04, and 
19±1, respectively. The duration of the tests was 
15.6±2.0 minutes.

Testosterone Response

Control Session

The hormonal responses for serum and saliva 
are reported in Table 2. In the Control session, the 
testosterone for both serum and saliva were found to 
not change significantly (p>0.05) over the measure-
ment times (Pre, Post, 30 Min Post). 

Additionally, the respective serum and saliva 
testosterone values at Control Pre were compared to 
Pre-session values in the Low, Moderate, and High 
exercise sessions. These Control, Low, Moderate, and 
High Pre-session hormonal values for both serum 
and saliva were not significantly different between 
the sessions (p>0.05). Therefore, in examining the 

Saliva

Subjects were instructed to rinse their mouths with 
water, spit, and allow saliva to accumulate in their 
mouth, and then spit directly into a propylene cup. 
If stimulation was necessary for secretion, subjects 
were asked to chew on paraffin film. The procedure 
was repeated until a minimum of 0.5 mL of saliva 
had been collected. Saliva was collected within five 
minutes, and no more, of the desired collection time. 
Collected samples were then stored for later analysis 
in cryo-freeze tubes at -80° C.

Testosterone Analysis

Total serum testosterone concentrations were ana-
lyzed using an enzyme-linked competitive monoclonal 
antibody immunoassay technique (Abnova, Taiwan; 
10 uL specimen required; sensitivity = 0.5 ng/dL). 
Salivary free testosterone levels were measured us-
ing an enzyme-linked immunoassay kit (Salimetrics, 
State College, PA, USA; 25 uL specimen required; 
sensitivity = 1.0 pg/uL). All serum and saliva subject 
samples were assayed in duplicates (all standards in 
triplicate) and all coefficients of variation within and 
between assays were 10% or less.19

Data Analysis

Mean and standard deviations (±SD) for all meas-
ures were calculated (STATISTICA, Statsoft, Inc., 
Tulsa, OK, USA). Separate, 4x3 (session x time), 
factorial repeated measures ANOVA tests (General 
Linear Model) were utilized to determine if signifi-
cant changes were found within serum and salivary 
testosterone levels. Bonferroni tests were used in the 
case of significant findings to identify which means 
were significantly different. The strength of associa-
tion between serum and saliva values within each 
of the experiment sessions was determined using 
Spearman correlation (rs). The significance level for 
all analyses was set a priori at α ≤0.05.

Results

VO2max Responses

The physical characteristics for all subjects are 
displayed in Table 1. Subject responses to the VO2max 
test were as follows: absolute and relative VO2max = 
3.84±0.43 L/min and 58.2±6.4 mL/kg/min, and peak 

Table 1. Physical characteristics of the subjects

Characteristic Mean ±SD

Age (years) 22 ± 5

Height (cm) 174.9 ± 7.1

Body Mass (kg) 66.5 ± 9.5

BMI (kg/m2) 21.6 ± 1.9

Body Fat (%) 8.4 ± 2.1

Mean CHO intake (%) 58 ± 4

Table 2. Serum (ng/dL) and saliva (pg/mL) testosterone concentra-
tions at 3 time points during 4 different sessions

Testosterone Concentrations (Mean±SD)

Sample Pre-Session Post-Session 30 Min Post

Control
Serum 615.3±91.5 601.0±97.0 584.2±105.3

Saliva 120.2±22.8 118.2±20.3 119.9±24.3

Low  
Intensity

Serum 632.4±83.4 684.7±97.0* 627.9±110.6†

Saliva 117.9±24.0 122.1±23.8 134.4±23.7

Moderate  
Intensity

Serum 599.4±118.0 705.2±140.1* 649.4±129.0*†

Saliva 111.6±23.8 148.7±30.5* 118.5±29.6†

High  
Intensity

Serum 639.0±84.2 789.4±111.8* 742.6±93.8*†

Saliva 117.2±26.8 153.1±20.8* 150.8±24.3*

*: significantly different from respective Pre-Session, †: signifi-
cantly different from respective Post-Session; ANOVA statistical 
analysis.


