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INTRODUCTION
Exercise produces a stress response activating the sympathoadrenal 
medullary system (SAM) and the hypothalamic pituitary adrenal 
axis (HPA) [1-5]. The former has been traditionally measured via 
serum catecholamine levels and the latter was commonly measured 
via serum cortisol levels. Salivary biomarkers are becoming a more 
commonly used method in human physiological research [6, 7]. 
Salivary cortisol and salivary alpha amylase are such biomarkers 
used as tools in the examination of human physiological stress re-
sponse [7- 9]. The non-invasive nature of saliva collection and the 
ease of multiple sampling make it an ideal method of data collection 
that eliminates confounding stressors such as needles and blood 
collection [10].

Salivary cortisol has been shown to be highly correlated to unbound 
serum cortisol and therefore becomes a useful biomarker for HPA 
activity [6, 7, 11]. Salivary alpha amylase (sAA) has been proposed 
as a sensitive biomarker for physiological stress that results from 
increased sympathetic nervous activity [12, 13]. sAA has been shown 
to increase in response to acute stress and be correlated to serum 
norepinephrine [13]. Examination of HPA and SAM activity is becom-
ing more common in research examining human physiological stress 
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responses [1]. Commonality of structures between both HPA and 
SAM leads to expected symmetry in responses [8]. 

Researchers have examined the stress response of humans to 
exercise in various situations including pre-exercise (anticipatory), 
during exercise, and post-exercise. Salivary cortisol and sAA have 
been demonstrated to respond to an exercise condition. Presumably 
this response reflects activation of the HPA and SAM axes [6- 8, 13]. 
Steerenberg [14] reported an increase in salivary alpha amylase of 
triathletes comparing post-race values to pre-race. The increase was 
identified despite an overall decrease in total salivary protein. Numer-
ous studies have reported a salivary cortisol response to exercise [15, 
16]. Butki [17] found an increase in salivary cortisol in response to 
treadmill running in comparison with resting values in subjects. In 
a study by Hill [18], serum cortisol levels increased in response to 
exercise, however, this response differed with differing exercise in-
tensities. The Hill [18] study found a threshold of exercise intensity 
that led to significant increase on post-exercise salivary cortisol lev-
els compared to baseline values. 

The purpose of this study is to examine the salivary alpha amy-
lase and salivary cortisol response to fluid consumption in athletes 
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exercising at moderate and high intensity exercise (to voluntary ex-
haustion). The fluid amounts chosen for this study, 150 ml and 500 
ml of water are controlled representations of the volume of fluid 
ejected with the former representing two squeezes of a typical water 
bottle and the latter amount representing the volume of fluid found 
in a commercially available bottle of water. The expectation is that 
the two volumes of fluid would result in different degrees of esopha-
geal and/or gastric distention and may lead to a difference in physi-
ological effect. Given the established use of salivary biomarkers as 
a measure of stress response to exercise, it would be important to 
examine whether consuming fluid alters this response. 
 
MATERIALS AND METHODS 
Fifteen 18-25 year old (20.1 ± 1.4 years, 173.2 ± 7.4 cm, 69.0 
± 8.2 kg) State University of New York at Fredonia male and female 
college students (7 women, 8 men) were subjects for this study. 
Subjects were recruited via campus flyer and informational recruit-
ment email sent to campus athletic coaches. The protocol was ap-
proved for human subjects by the State University of New York at 
Fredonia Institutional Human Subject Review Board. The experiments 
were performed in accordance with the ethical standards of the 
Helsinki Declaration and participants signed an informed consent 
form. All subjects were screened by the principle investigator. Subjects 
were disqualified at the screening for not being on birth control and/
or inability to attend morning only laboratory visits. Ultimately 20 
subjects were screened in person and 5 were removed for noncom-
pliance. After the screening visit, participation in the study required 
three laboratory visits; all visits were completed between 10:00 am 
and 12:00 pm. The day before each laboratory visit, subjects were 
instructed to refrain from strenuous exercise, not drink alcoholic 
beverages, and not eat after midnight.    

Screening Laboratory Visit
All female subjects were required to undergo a pregnancy screening 
(hCG ACON laboratories Inc., San Diego, CA) to assure that only 
non-pregnant women participated. After ACSM low CVD risk was 
assessed [19], maximal oxygen consumption was determined.  
A Modified Bruce Protocol was performed on a Pacer Treadmill.  
A bonnet style headpiece and mask was used. The mask was at-
tached to the turbine of the Vacumed CPX Mini system (Ventura, 
California). The Vacumed CPX mini uses a breath by breath analysis 
and gas volume measurement. Heart rate and RPE was recorded 
throughout the test. Blood pressure was also recorded until speed 
became a limiting factor. Heart rate was monitored with a Polar heart 
rate monitor (Woodbury, NY). Borg Scale RPE was recorded at the 
end of each stage.

Fluid Ingestion 
Subjects arrived at the laboratory between 10:00am and 12:00pm 
on testing days. This was done to eliminate any potential confound-
ing fluctuations related to circadian rhythm [20, 21]. Fluid conditions 

were assigned prior to the subjects’ arrival and subjects were blind-
ed to the condition. The bottle preparation was done without the 
principal investigator in the room and the principal investigator left 
the room while the subjects drank their bottle of water. Before con-
suming any fluids a urine sample was collected, naked dry weight 
was measured as well as the first saliva collection taken. After sa-
liva and urine collection and body mass recording, each subject was 
instructed to stand on the treadmill and drink from an opaque water 
bottle. The urine sample was used to determine specific gravity. If 
the subject’s urine specific gravity was 1.020 or higher they were 
excluded from continuing the study protocol for that day. After meet-
ing the specific gravity requirement, subjects were weighed naked. 

Exercise Protocol
The exercise protocol was identical for both fluid conditions and split 
into two sessions based on absolute intensity. The moderate treadmill 
session consisted of three 6min stages for a total duration of 18 min 
in length. The intensities (all at 2% grade) of the stages were: stage 
1 at 4.83 km · h-1; stage 2 at 8.05 km · h-1; stage 3 at 9.66 km · h-1. 
Heart rates and RPE (Borg Scale 6-20) were recorded at two minutes 
elapsed and at the end of each stage. Immediately after the last stage 
the subject left the treadmill and saliva was collected (described 
later). The subject then started the high intensity to voluntary exhaus-
tion treadmill session. This session consisted of a two minute stage 
followed by progressively higher intensity 30 s stages. The intensities 
were 12.07 km · h-1 for 2 min followed by a 0.8 km · h-1 increase for 
every successive 30 s interval. The intensities of this portion were 
absolute; however the subject was instructed to complete as many 
stages as possible, therefore, ending speeds and durations varied. 
Heart rates and RPE were recorded twice for the initial two minute 
stage and once for each 30 s stage. Elapsed time and ending speed 
were recorded for this exercise portion. Subjects were verbally encour-
aged, additionally, they were encouraged to complete a 30 s stage 
once it was started. Immediately upon reaching voluntary exhaustion 
the subject was instructed to leave the treadmill and saliva was col-
lected. It should be noted that under either condition if a subject 
asked for water during the test they were denied it. This study was 
conducted as part of a larger study that included 3 cognitive test 
batteries. The cognitive tests were administered before starting ex-
ercise and after both moderate and high intensity time points.

Saliva Collection and Analysis
All subjects arrived at the laboratory between 10:00 am and 12:00 pm 
EST for their first visit and within 30 min of their first visit time for 
subsequent visits in order to control for circadian rhythm influences 
on salivary measures. Saliva samples were collected at pre, inter-
mediate and post exercise. The saliva was ultimately collected into 
5 mL polypropylene cryovial. The subjects were instructed to let 
saliva collect in their mouth and gently push the saliva into a short 
section of common drinking straw into the cryovial. The saliva col-
lection was timed for two minutes. The saliva was immediately 
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weighed (on a scale tared for weight of an empty cryovial). Salivary 
samples were then aliquoted into 2 mL polypropylene cryovials, with 
color coded lids. The samples were stored at -80 degrees Celsius. 
Each collection would yield four to five aliquots. The aliquots were 
not equally distributed; the first three aliquots were intended to be 
sent out for biochemical analysis.

Following Granger et al. [7], alpha amylase assay was completed 
using a commercially available assay (Salimetrics LLC, State College 
PA).  The enzymatic action of alpha amylase can be spectrophoto-
metrically measured at 405 nm using a micro plate reader. The 
amount of alpha amylase activity present in the sample is directly 
proportional to the increase in absorbance at 405 nm.  

Duplicate salivary cortisol assays were performed using an enzyme 
immunoassay (Salimetrics, PA). The test uses 25 ul of saliva per 
determination, has a lower limit of sensitivity of 0.003 ug · dL-1, 
standard curve range from 0.012 to 3.0 ug · dL-1, and average intra-
and inter-assay coefficients of variation 3.5 % and 5.1 % respec-
tively.  Method accuracy, determine by spike and recovery, and lin-
earity, determined by serial dilution are 100.8 % and 91.7 %.  
Values from matched serum and saliva samples show the expected 
strong linear relationship, r (63) = 0.89, p < 0.0001.

Statistics
Repeated measures general linear model ANOVAs were performed 
on mean alpha-amylase (U · ml-1) and mean cortisol (ug · dL-1). The 
within-subject factors were exercise (pre, moderate intensity and 
high intensity) and fluid condition (150 ml and 500 ml) and the 
between-subject factor was gender. All interaction effects were eval-
uated by the models. If significant in the repeated measures general 
linear model, post-hoc tests were completed for exercise and condi-
tion overall and within genders and adjusted for multiple testing. 
Values are expressed as means ± SE, except for subject character-
istics which are mean ± SD. Significance of tests was compared 
with a significance level of 0.05 except for correction for multiple 
testing.

RESULTS 
Subjects. For the alpha-amylase and cortisol test subjects the over-
all averages were 20.2 ± 1.5 years old, 172.5 ± 7.4 cm tall, 69.6 
± 7.5 kilograms, 13.1 ± 4.9 percent body fat, and an average 
VO2max of 57.2 ± 7.8 ml · kg-1 · min-1 (Table 1). The averages for 
the female subjects were 20.3 ± 1.0 years old, 168.9 ± 4.1 cm 

tall, 65.0 ± 5.3 kilograms, 15.3 ± 3.7 percent body fat, and an 
average VO2max of 53.7 ± 5.2 ml · kg-1 · min-1 (Table 1). The aver-
ages for the male subjects were 20.0 ± 2.0 years old, 176.8 ± 
8.6 cm tall, 75.2 ± 6.0 kilograms, 10.4 ± 5.1 percent body fat, 
and an average VO2max of 61.4 ± 8.7 ml · kg-1 · min-1 (Table 1).

Alpha amylase
The exercise factor (P = 0.001) was significant for alpha amylase 
(Table 2, Fig. 1). A post-hoc examination of the exercise factor 
revealed pre-exercise and high intensity exercise as well as moder-
ate intensity and high intensity exercise to be significantly different 
in alpha amylase (Table 2, Fig. 1). The alpha amylase mean value 
for pre-exercise was 85 ± 10 U · ml-1, for moderate intensity exer-
cise was 204 ± 32 U · ml-1, and for high intensity exercise was 
284 ± 30 U · ml-1 (Fig. 1). There was a significant interaction effect 
between gender and fluid condition for alpha amylase (P = 0.001, 
Table 2). For males, the 500 ml fluid condition mean was greater 
than the 150 ml condition mean (235 ± 48 U · ml-1 and 198 ± 
42 U · ml-1respectively). For females, the 500 ml condition mean 
was less than the 150 ml condition mean (145 ± 22 U · ml-1 and 
177 ± 24 U · ml-1 respectively). 

Cortisol
The exercise (P < 0.0005) and fluid condition factor (P = 0.043) 
were each significant for cortisol (Table 2, Fig. 2). A post-hoc ex-
amination of the exercise factor revealed pre-exercise and high in-
tensity exercise as well as moderate intensity and high intensity 
exercise to be significantly different in cortisol. The cortisol mean 

Age  
(years)

Height  
(cm)

Weight  
(kg)

Body Fat
(%)

VO2max 
(ml/kg/min)

Combined 20.2 ± 1.5 172.5 ± 7.4 69.6 ± 7.5 13.1 ± 4.9 57.2 ± 7.8

Female (n=7) 20.3 ± 1.0 168.9 ± 4.1 65.0 ± 5.3 15.3 ± 3.7 53.7 ± 5.2

Male (n=8) 20.0 ± 2.0 176.8 ± 8.6 75.2 ± 6.0 10.4 ± 5.1 61.4 ± 8.7

Salivary Variable F Df Sig

Alpha-amylase

Exercise 15.45 1.519* P = 0.001

Fluid Condition*Gender 27.34 1 P = 0.001

Cortisol

Exercise 19.87 2 P < 0.0005

Fluid Condition 5.57 1 P = 0.043

TABLE 2. Significant results from repeated measures general linear 
models for salivary alpha-amylase and salivary cortisol. 

Note: Within-subject factors were exercise (pre, moderate intensity and high 
intensity exercise) and condition (fluid intervention). Between-subject factor 
was gender. All interaction effects were evaluated by the models. The post-
hoc tests are compared with a corrected α level of 0.016 to account for 
multiple testing. *df is based on Huynh-Feldt correction for lack of sphericity

TABLE 1. Subject demographic data for alpha-amylase and cortisol tests. Values expressed as means ± SD.
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value for pre-exercise was 0.30 ± 0.03 ug · dL-1, for moderate inten-
sity exercise was 0.33 ± 0.04 ug · dL-1, and for high intensity exercise 
was 0.45 ± 0.05 ug · dL-1 (Fig. 2). Moderate intensity exercise revealed 
a significant difference in fluid condition. (Table 2, Fig. 2). The cortisol 
mean value for the 500 ml fluid condition was 0.33 ± 0.03 ug · dL-1, 
and for the 150 ml condition was 0.38 ± 0.03 ug · dL-1. 

DISCUSSION 
Salivary alpha amylase and salivary cortisol have been investigated 
and identified as biomarkers of physiological stress [1]. Increased 
activity of, or stress on, the sympathetic adrenomedullary sys-
tem (SAM) has been demonstrated by increased levels of salivary 
alpha-amylase [9]. The glucocorticoid hormone cortisol appears in 
saliva and indicates stress on, or increased activity of, the hypotha-
lamus pituitary adrenocortical axis [20].

Physiological stressors are correlated well with increased salivary 
alpha amylase appearance [1, 7]. There was a significant difference 
in salivary alpha amylase between pre-exercise and high intensity 
exercise (mean difference of 119 U · ml-1). There was also a signifi-
cant difference in salivary alpha amylase at moderate intensity ex-
ercise and high intensity exercise (mean difference of 199 U · ml-1). 
This significant rise was irrespective of fluid amount. This supports 
previous work that demonstrated an increase in salivary alpha amy-
lase with increased physiological stress [7, 22, 23]; furthermore, 
exercise (moderate and high intensity) elicited heart rates over 100 
bpm. This increase in heart rate is largely due to increased sympa-
thetic drive which could account for the increased production and 
appearance of alpha amylase in saliva [24, 25]. 

A previous study by Longhurst [26] found that gastric distension 
in cats elicited a sympathoadrenal hemodynamic response. The lack 
of difference of a salivary alpha amylase response between fluid 
amounts and the clear effect of exercise on salivary alpha amylase 
may be accounted for by several different reasons. The two fluid 
amounts may not have been different enough to elicit a different sAA 
response. Or the absolute fluid volume may not have been enough 
to produce a stimulatory amount of gastric distention. It is also pos-
sible that the SAM axis response to the exercise is greater in magni-
tude therefore would mask any response caused by esophageal and/
or gastric distention. There may be a gender difference in salivary 
alpha amylase response to fluid (as indicated by our significant fluid 
and gender interaction) which could influence an overall fluid re-
sponse. 

Similar to salivary alpha amylase, there was an effect of exercise 
intensity on the appearance of cortisol in saliva when comparing high 
intensity exercise point to the pre-exercise values (mean difference of 
0.15 ug · dL-1). This difference was irrespective of fluid condition. This 
result is supported by previous work that reported an increase in 
salivary cortisol levels to physiological stress [16, 27]. Our data sug-
gest agreement with Hill’s threshold effect [18] as evidenced by the 
increased rate of change of salivary cortisol between the moderate and 
high exercise intensity time points (mean difference of 0.12 ug · dL-1). 

Fluid amount had an effect on salivary cortisol at the moderate 
exercise time point. The 150 ml fluid amount elicited a significantly 
higher salivary cortisol response than the 500 ml fluid amount (mean 
difference of 0.05 ug · dL-1). This difference in cortisol between fluid 
conditions was no longer seen at the high exercise intensity time 

FIG. 1. Alpha-amylase mean values (U · ml-1) at pre-exercise, 
moderate intensity exercise, and high intensity exercise between 
fluid condition. 
Exercise intensity not sharing a common letter are different (P< 
0.05). Fluid condition not sharing a common symbol is different 
(P< 0.05). Significance is based on P < 0.05 unless corrected for 
multiple testing.

FIG. 2. Cortisol mean values (ug · dL-1) at pre-exercise, moderate 
intensity exercise, and high intensity exercise between fluid condition. 
Exercise intensity not sharing a common letter are different (P< 0.05)
Fluid condition not sharing a common symbol are different (P< 0.05)
Significance is based on P < 0.05 unless corrected for multiple testing
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point. Since at the termination of exercise there was no longer a 
difference we concluded that the higher intensity exercise had a 
greater effect on cortisol than the fluid condition effect. Our data 
suggests a greater rate of change in salivary cortisol between the 
moderate and high exercise intensity time points within the 500 ml 
fluid condition. 

It is meaningful to examine the lack of cortisol response in the 
500 ml fluid condition at the moderate exercise intensity time point. 
The exact mechanism the fluid amount may have played is unclear. 
It is possible that the difference between fluid amounts (350 ml) 
was enough to blunt the salivary cortisol response to the moderate 
intensity exercise. Alternatively, the 500 ml of fluid consumed (es-
pecially a hypotonic fluid such as water) disrupted fluid and electro-
lyte homeostasis. Noakes et al. [28] reported hyponatremia in healthy 
subjects who consumed volumes of hypotonic fluid in excess of urine 
production rates (approximately 900ml · hr-1). Our fluid amount of 
500 ml given prior to exercise may have been large enough to disrupt 
fluid homeostasis. It is also possible that esophageal or gastric dis-
tention caused by the volume stimulated a mechanism in anticipation 
of a fluid and/or electrolyte disruption. 

Our study employed a computer based cognitive test (data not 
shown) that was administered immediately prior to starting exercise 
and immediately after each exercise time point. It has been demon-
strated, as seen with the Kirschbaum [20] study, that the anticipation 
of cognitive test batteries can present a psychological stress that 
could result in salivary cortisol response. In our study however, both 
of our fluid conditions included the same cognitive test batteries 
administered in an identical fashion. Therefore, any difference in 
salivary measures could not be attributed to the cognitive tests thus 
removing it as a confounding factor.

The impact of gender on salivary alpha amylase should be further 
examined with larger sample sizes than our study. Future research 
should examine the role of enteric nervous system monitoring me-
chanical, osmotic, and thermal changes of the gastrointestinal system 
in exercising humans and humans anticipating exercise. In our study 
there was a significant impairment to exercise performance (unpub-
lished data) in the 500 ml condition. Seemingly it would be impor-
tant to investigate how the consumption of a small amount of fluid 
may impact the stress response. This work would also call into ques-
tion adherence to following pre-exercise hydration guidelines.

CONCLUSIONS 
In conclusion we demonstrated a stress response in salivary alpha 
amylase and salivary cortisol to exercise. This salivary cortisol re-
sponse was influenced by the consumption of 500 ml of fluid. The 
altered salivary cortisol response could indicate the impact of fluid 
consumption on physiological responses to exercise and presumably 
influence sport performance. Additionally given our results, future 
studies should control for fluid consumption in their subjects. This 
study is novel in revealing the differing impact of fluid consumption 
prior to exercise on the human stress biomarker of salivary cortisol.
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