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ABSTRACT 

The Salivary Alpha-Amylase Response to Resistance Training 

by  

Asher L. Flynn 

 

Purposes of this dissertation were to investigate the response of salivary alpha-amylase to a 

single resistance training session and to a week-long resistance training over-reaching protocol. 

The major findings of this dissertation are as follows: 

 

Study 1 – A single resistance training session consisting of 5 sets of 10 repetitions of squat and 

bench press at 95 percent of repetition maximum creates a statistically significant increase in 

salivary alpha-amylase concentrations. 

 

Study 2 – Two resistance training sessions consisting of 5 sets of 10 repetitions of squat and 

bench press at 95 percent of repetition maximum within 5 days does not create a statistically 

significant change in resting baseline salivary alpha-amylase concentrations. These results are 

corroborated by not causing statistically significant change in perceived stress, as measured by 

Total Mood Disturbance, calculated from the Profile Of Mood States questionnaire, nor causing a 

change in perceived stress calculated from the Daily Analysis of Life Demands for Athletes 

survey. 
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CHAPTER 1 

INTRODUCTION  

  Fatigue management is an important component of sport performance, especially when 

competitive seasons can last for many months. There are many ways to measure fatigue (i.e.  

session rate of perceived exertion (sRPE), vertical jump (VJ), subjective data, and biological 

markers) (Foster et al., 2001; Gleeson, 2002; Halson, 2014; Impellizzeri, Rampinini, Coutts, 

Sassi, & Marcora, 2004; Taylor, Chapman, Cronin, Newton, & Gill, 2012) However, each of 

these common fatigue measuring systems have inherent negative aspects. Subjective measures, 

although easily administered, rely on the athlete to give honest answers (Foster et al., 2001; 

Impellizzeri et al., 2004).Athletes may intentionally report either higher or lower answers if they 

understand that training and/or practice intensity may be altered due to their responses. Athletes 

may also become uninterested in continually answering surveys and just ‘go through the 

motions,’ providing the sport scientist and coach inaccurate data. The complications of subjective 

measures make biomarkers (hormone and immune) more appealing, but these markers require 

bodily fluids (blood, saliva, urine) and a lab to analyze. (Papacosta & Nassis, 2011; Rohleder & 

Nater, 2009). Many of the biomarkers that are monitored take anywhere from a few minutes 

(cortisol), to possibly a few days (CRP/CK) before peaking, leading to more time commitment 

from the athlete (waiting for blood draw). This type of monitoring is also reactive, requiring 

feedback from a training session (up to a week) before modifying training instead of being 

proactive. Analyzing biomarkers is both time consuming and expensive, but many of these 

biomarkers show good correlation with performance measures (vertical jump, hand 

dynamometer), making performance measures attractive, as they can be tested and analyzed 

quickly and can be proactive instead of reactive. Similar to subjective measures, athletes can 
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either unintentionally lose interest in performing optimally if tested consistently, or intentionally 

underperform if the athlete understands training loads and/or practice may be altered due to the 

performance measure reporting a false fatigued state. Due to these aforementioned issues, the 

optimal athlete monitoring tool would be an objective measure that the athlete cannot 

intentionally/unintentionally affect, that is proactive, and is quickly and cheaply analyzed. 

  Salivary alpha-amylase (sAA) is a biomarker that has show promise as a possible remedy 

to the issues mentioned above. Salivary alpha-amylase is produced and released directly from the 

salivary glands and demonstrates high responsiveness to both psychological and physiological 

stress. (Backes, Horvath, & Kazial, 2015; Calvo et al., 1997; Gill et al., 2013, 2014; Granger, 

Kivlighan, El-Sheikh, Gordis, & Stroud, 2007; Ihalainen, Schumann, Häkkinen, & Mero, 2016; 

Li & Gleeson, 2004; Maruyama et al., 2012; Nater et al., 2005; Schaal et al., 2015; Takai et al., 

2007; van Stegeren, Wolf, & Kindt, 2008; Vigil, Geary, Granger, & Flinn, 2010; Walsh, 1999). 

Since sAA is released from the salivary glands, the response to stress is much faster than cortisol 

and other salivary immune markers (Beltzer et al., 2010; Chicharro, Lucía, Pérez, Vaquero, & 

Ureña, 1998). However, using saliva for athlete monitoring has its own difficulties, such as 

requiring athletes to collect saliva using a swab or to drool into a collection tube, (Beltzer et al., 

2010; Chicharro et al., 1998), which athletes may find uncomfortable to do in public. Recently a 

device has been invented that increases the viability of sAA for athlete monitoring (Shetty, 

Zigler, Robles, Elashoff, & Yamaguchi, 2011; Yamaguchi et al., 2006). A mobile analyzation 

device paired with under tongue saliva collectors that only requires 30 seconds of collection time, 

with another 30 seconds for analyzation. This device allows sport scientists to collect and analyze 

sAA in approximately one minute, meeting the demand for a quick, cheap, proactive way to 

measure a fatigue biomarker. 
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 Although sAA may be a promising biomarker for sport science, the literature is limited to mainly 

acute aerobic exercise (Backes et al., 2015; Calvo et al., 1997; Gill et al., 2013, 2014; Walsh, 

1999). and is nonexistent for resistance training (Gill et al., 2013; Ihalainen et al., 2016; Schaal et 

al., 2015). 
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Dissertation Purposes  

1. To investigate the acute response to a single session of resistance training. 

2. To investigate a handheld salivary a-amylase biosensor device as a tool for athlete monitoring 

during resistance training  

3. To investigate the salivary alpha-amylase response to an over-reaching week of resistance 

training. 

Operational Definitions  

1. Fatigue: an increase in stress as measured by changes in mood state, changes in symptoms of 

stress, and changes in salivary alpha amylase concentrations. 

2. Salivary Alpha-amylase: A protein produced and secreted by the salivary glands in response to 

norepinephrine. 
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ABSTRACT 

  A recent review by Koibuchi and Suzuki in 2014 provided detailed insight into the 

salivary alpha-amylase (sAA) response to exercise. Multiple research articles have been 

published since, investigating sAA response to different forms of exercise. The purpose of this 

review is to update and consolidate this research and examine the trends presented in the 

literature. Inclusion criteria were studies using healthy populations, a form of exercise, and 

athlete aged populations. The 31 studies included were then subcategorized based on V̇O2 

demands into “high intensity, and “moderate intensity,” another subcategory of “long term” was 

added for studies investigating sAA response to multiple days of training. The results of this 

review indicate that: 1) sAA concentrations increase in response to high intensity exercise, 2) 

Moderate intensity exercise results in a less consistent sAA response, with a threshold needing to 

be reached before sAA concentrations increase, and 3) During long term intense training, sAA 

baseline concentrations decline, which may be useful as a marker of training stress or an over-

stressed state. In conclusion, sAA may be a useful biomarker for athletes that can indicate the 

stress of a single session, and may be able to provide insight into training strain. 

INTRODUCTION 

Our understanding of human performance is a consistently evolving science. Our means to 

reach human potential have evolved in recent decades assisted by technological advancements. 

However, these advancements are ineffective without a firm knowledge of the training process. 

The training process is an organized method of satisfying specific training methods in a timely 

manner (12). The training process is carefully formed to create the desired physiological 

adaptations for peak performance within the training or competition schedule. From the training 

process, athletes attain a level of fitness, but also accumulate fatigue. Therefore, it is in the athlete 
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and coach’s best interest to monitor physical performance and psychological well-being to mitigate 

undesirable levels of stress and fatigue. 

Athlete monitoring provides an organized approach to attain necessary feedback for 

athletes and coaches, gathered from physical, physiological, and psychological measures. The 

information collected from athlete monitoring is vital to enhance our understanding of 

performance and fatigue. The improvement in the techniques to monitor athletes continue to 

develop as scientists discover additional biomarkers that are useful to understand an athlete’s 

physiological and psychological response to training. However, there are still many unknown 

variables contributing to both fitness and fatigue making it problematic to derive a specific 

physiological test sensitive to a wide range of athletes and sports. Thus, to improve our 

comprehension of physiological responses that accompany training, sports scientists have 

attempted to generate specific monitoring techniques that aid athletes in preparation. However, 

many of these tests, are impractically expensive, logistically unavailable, and take excessively long 

to analyze (35). Therefore, further exploration of specific biomarkers is needed to give quick and 

inexpensive feedback to athletes and coaches. 

One commonly known biomarker related to physical training and psychological stress is 

cortisol. In response to a stressor, the hypothalamic-pituitary-adrenal (HPA) axis signals cortisol 

production, however, the cortisol response is slow and transient (26). Cortisol responds to a variety 

of stressors, functioning to maintain homeostats through a number of metabolic processes, 

including maintaining adequate blood glucose levels, as well as participating in the anti-

inflammatory response. Due to cortisol’s response to mulitple stressors, it has been used to detect 

an athlete's readiness for training and competition with varying levels of success (10,22,26), but 
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due to the slow and transient response, cortisol has not been viewed as a viable biomarker outside 

of a research setting. 

Recently, salivary α-amylase (sAA) has captured noticeable attention from sports scientists 

as an effective biomarker for exercise(1,2,6,16,25). Benefits of testing salivary α-amylase are, it is 

noninvasive, relatively inexpensive, and easily analyzed (20). Salivary α-amylase is secreted by 

the parotid gland and functions to break down starch into maltose (29). It accounts for 

approximately one-half of all salivary proteins, and also functions to reduce the adherence of 

bacteria (46). Notably, sAA is secreted in response to adrenergic activity and is suppressed by 

beta-1 (β1) blockage, thus affirming its regulation by the sympathetic nervous system (25,29). 

Salivary α-amylase measurement has long been used in the psychological field to aid our 

comprehension of behavior, cognitive function, and cardiovascular psychophysiology (9). 

Salivary α- amylase has been studied alongside cortisol to interpret the response to stress. 

Surprisingly, early research did not present any direct correlation of sAA and cortisol in response 

to psychological stress (9,38), and studies associating cortisol and sAA in response to exercise are 

minimal (44). Salivary α-amylase and cortisol are not well correlated in response to exercise (44), 

but this does not indicate these biomarkers cannot improve our understanding of exercise-induced 

stress. Cortisol works by way of the HPA axis; whereas, sAA works through the sympathetic 

adrenomedullary (SAM) system, providing researchers alternate means to investigate stress-

induced responses (33). When subjects are exposed to different stressors, such as a Trier Social 

Stress Test (TSST), anticipation of competition, and exercise, salivary α-amylase increases 

substantially (20,29,33,38). These responses substantiate sAA as a likely biomarker for exercise-

induced stress. 
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Currently, the scientific literature for α-amylase response to aerobic exercise is relatively 

abundant. This review aims to update the current understanding of sAA’s response to aerobic 

exercise, shed light on the potential ways sAA could be used in athlete monitoring, expose areas 

lacking scientific research, and provide prospective practicality.  

METHODS 

  Authors searched the PubMed database and Google Scholar.  Inclusion criteria were studies 

using healthy populations, a form of exercise, and athlete aged populations (14 – 40 years old).  

Following the inclusion criteria, 31 articles were accepted and used in this review.  Once accepted 

to be used for review, articles were then separated into sub-categories based on the dominate 

energy system used during exercise.  Exercise protocols using 100% V̇O2max or higher were 

categorized as “high intensity”, exercise protocols prescribing a V̇O2 of under 100% V̇O2max were 

categorized as “moderate intensity,” and any exercise protocols that were not acute responses 

(longer than a typical training session) were categorized as “long term studies.” 

RESUTLS 

Alpha amylase collection 

  Using saliva as a monitoring tool, although convenient, is not without intricacies. Saliva is 

a complex fluid, made up of many substances that are released from separate glands that are 

stimulated by autonomic activity (5). A review of the literature indicates various methods of 

collecting saliva. Stimulated and unstimulated are two distinct methods of saliva collection.  

Stimulated saliva refers to promoting saliva flow by use of chewing while unstimulated denotes 

collecting saliva in a passive manner (5). These two methods of collection result in significant 

differences in sAA concentrations, stimulated methods resulting in 152% higher concentrations 

than unstimulated (2). Another consideration when collecting sAA is the circadian rhythm, with 
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levels falling dramatically within the first hour of waking and steadily increasing throughout the 

day, potentially making this a confounding variable (39).  

Instruments used in saliva collection are cotton and synthetic swabs, sugarless gum, and 

passive drool. Each method has pros and cons depending on the purpose of the investigation. 

Cotton and synthetic swabs are useful but may limit the amount of saliva available for analysis, 

while passive drool may be socially awkward in specific situations (5). For more information on 

saliva collection and analyzation methods, the authors suggest a review by Chicharro, Lucia, Pérez, 

Vaquero, & Ureña (1998). 

Sex differences 

  The first investigation to study sex differences in sAA responses to exercise are works by 

Kivlighan & Granger (2006). In this study participants were subjected to a 2000 m rowing test that 

qualified them to participate in an upcoming regional competition. Kivlighan & Granger (2006) 

noted that females exhibited a statistically significant lower concentration of sAA (data not 

reported, p < 0.001) compared to men at the start of the test. However, during a time-matched 

sampling on a non-training day, there was no significant difference between sexes. In response to 

the 2000m rowing time trial, both males and females had statistically significant increases in sAA 

concentration compared to pre-test (156% increase). Interestingly, no statistical differences 

between sexes were reported after the time trial. The authors of this study note the delayed 

sampling (20-minutes) may have altered the sAA activity (24). Other literature has reported sAA 

responses as decreasing within the first 5 minutes post-stressor (5,41). The delay in measurement 

makes it challenging to understand sex differences in sAA responses. Another study investigating 

sAA activity, using an aerobic exercise protocol, are the works by Li, Hsu, Suzuki, Ko, & Fang, 

(2015). In this study, participants were highly trained endurance athletes (nine males and nine 
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females). Participants were subjected to a 5000m running competition. Saliva samples were 

collected 10 minutes prior and 10 minutes post competition. Unlike the results reported from 

Kivlighan & Granger (2006), women exhibited statistically higher sAA concentration compared 

to men (66 U/mL vs. 32 U/ml, respectively; p < 0.05) at baseline. While basal and post-race values 

of sAA differed between sexes, males and females did not differ in the rate of increase (28). 

The current literature examining sex differences in sAA activity during exercise is scarce. 

Importantly, even though baseline levels are not well understood, the response to exercise is the 

same, making sAA a probable biomarker of exercise stress across sexes. 

Exercise 

  Salivary α-amylase has been investigated in many types of aerobic exercise, ranging from 

interval training to multi-day ultra-endurance marathons (18,49). Salivary α-amylase activity 

responds to exercise in an intensity-dependent manner, as intensity increases, sAA activity also 

increases, following blood lactate responses (8). The high correlation with blood lactate levels 

(r=0.95, p<0.05) (8), while not specifically understood, provides insight into the differing 

responses resulting from different levels of intensity during aerobic exercise. 

High intensity aerobic exercise 

  The high correlation of blood lactate and sAA provides a logical basis that sAA is a viable 

biomarker to consider for athlete monitoring during high-intensity exercise. Walsh (1999) 

provided the first study to examine sAA responses to high-intensity training. In this study, eight 

subjects performed 60 minutes of interval training consisting of 1 minute at 100% V̇O2max followed 

by 2 minutes of recovery at 30% V̇O2max. Immediately post-exercise, sAA activity had increased 

5 fold (188±62 U/mL – 1085 ±384 U/mL, p<0.01), and was still elevated 1 hour after cessation of 

exercise (428±118 U/mL, p<0.05), and returned to baseline levels by 2.5 hours post exercise (49). 
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  Furthering the work of Walsh (1999), four studies have investigated the response of sAA 

during graded exercise tests (3,7,17,41).  Bocanegra et al. (2012), had 12 professional swimmers 

perform eight 100m trials of increasing intensity based on predetermined time intervals. Salivary 

α-amylase concentrations increased from pre to post test (9,167±3194 – 17,949±3,138 pixel 

density from a western blot) and were highly correlated with blood lactate (r=0.81, p<0.05) (7). 

De Oliveira et al. (2010), investigated the sAA response to a maximal cycling test. In this study, 

12 elite cyclists performed an incremental cycle test to voluntary exhaustion. During the first few 

stages, sAA activity remained unchanged, but increased statistically during the last three stages 

prior to exhaustion, and returned to baseline levels within 5 minutes post exercise (41). Gallina et 

al. (2011), had 21 active men perform a maximal treadmill test to exhaustion. Salivary α-amylase 

activity increased statistically from 45.9 ± 13.7 U/mL at baseline to 279±26.7 U/mL at the 

cessation of exercise (17). In another investigation of sAA response to a maximal treadmill test, 

Backes et al. (2015) had 15 college students perform 18-minutes of moderate intensity exercise 

followed immediately by an incremental test to exhaustion. Salivary α-amylase activity was 

statistically different between baseline, post moderate intensity, and cessation of high intensity, 

with sAA increasing from 85±10 U/mL to 204±32 U/mL and 284±30 U/mL, after moderate 

intensity and high-intensity treadmill running, respectively (3).  

In a similar study to Walsh (1999), Kilian (2016) investigated the sAA response of 12 

adolescent cyclists (14±1 years old) performing four 4-minute intervals at 90-95% peak power 

output (derived from a graded exercise test) with 3 minutes of active recovery between high-

intensity segments. In contrast to Walsh (1999), sAA levels were not statistically different post- 

exercise compared to pre-exercise levels even though blood lactate and heart rate both increased 

statistically (23). Ligtenberg, Brand, Van Den Keijbus, and Veerman (2015) reported similar sAA 
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responses as Kilian (2016) with twenty-nine subjects (21.6±1.5 years) participating in a moderate 

and high-intensity exercise protocol. Subjects ran on a track for 10 minutes at approximately 

130bpm (moderate intensity) followed by 10 minutes of “all-out” running. Salivary α-amylase 

activity did not change statistically from baseline (58±28 U/mL) after either the moderate intensity 

(59±23 U/mL) or high intensity (55±29 U/mL) running, although heart rate increased statistically 

at each level of intensity (30). These results are inconsistent with the previously mentioned 

literature. Ligtenberg et al. (2015) did not define the population in greater detail than as collegiate 

students and faculty with a mean age of 21.6±1.5 years.  

Unlike the previously mentioned studies, Kivlighan and Granger (2006), De Pero et al. 

(2016), and Lin et al. (2014) investigated the sAA response to sport situations.  These studies are 

particularly important, providing ecologically valid results for athlete monitoring. Kivlighan and 

Granger (2006) investigated the sAA response to a rowing time trial for a collegiate crew team. 

Forty-two team members competed in a 2000m rowing time trial (6-8 min). Following the time 

trial, sAA increased 156% from pre-trial to 20 minutes post-trial. Opposed to methods used in 

most studies, no immediate post-exercise samples were taken (24). De Pero et al. (2016) 

investigated the sAA response of 11 gymnasts performing at an international caliber gymnastics 

competition. Gymnasts performed in 3 events (tumbling, trampette, and floor), each event lasted 

approximately 3 minutes. Salivary α-amylase activity increased from pre-competition levels after 

each event and returned to baseline levels by 30 minutes post competition (43). To study the stress 

response to a combat sport, Lin et al. (2014) investigated the effect of a 2-hour taekwondo training 

session on sAA activity. The athletes (13 male 20.5±1.2 years, 9 female 19.9±1.5 years) performed 

1-hour of technique practice and simulated matches, followed by 1-hour of physical training. 
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Salivary α-amylase activity statistically increased for both males (26.2±15.7 pre, 41.76±22.3 post, 

p<0.05) and females (22.2±11.7 pre, 39.8±21.8 post, p<0.05) after exercise (31). 

The sAA response to high intensity aerobic exercise has been well studied, with the majority of 

research agreeing on a meaningful increase. This evidence indicates that, during high-

intensity exercise, at least for certain sports, sAA is an effective biomarker and could be used 

to monitor athletes stress responses. 

Moderate intensity aerobic exercise 

With reference to high-intensity aerobic exercise, sAA activity appears to show a 

distinctive increase in concentration following exercise. However, as intensity decreases, the 

response of sAA to exercise is less consistent. Seven studies have investigated sAA response to 

moderate intensity running (11,19,28,32,34,40,45). Li et al., (2015) investigated sAA activity in a 

5000m race using 18 (9 males and 9 females) highly trained endurance runners. Salivary α-amylase 

activity showed a statistically significant increase from pre-race (32.3±5.5 males; 66.2±16.3 

females) to post-race (59.2±9.5 males; 88.6±18.0 females) (28). During a cross country race (2 

hours), 25 participants with a minimum of 5 years cross country experience statistically increased 

sAA concentrations from pre to post-race (24-502 kU/L – 155-5030 kU/L) (40). The first study to 

explore sAA activity responses to a competitive marathon was performed by Ljungberg, Ericson, 

Ekblom, & Birkhed (1997). Their investigation examined the response of sAA in 20 well-trained 

endurance runners (24-62 years), sAA values were sampled pre-race, immediately post-race, and 

1h post-race. Consistent with previous research, sAA values were statistically higher immediately 

post-race (1113±217 U/mL) and 1 hour post marathon (765±129 U/mL) compared to pre-race 

values (496±66 U/mL) (32). In the longest acute exercise study, sAA responses to 24 h of 

continuous running were investigated by Gill et al. (2014). The distance covered by the subjects 
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during the 24hrs race ranged from 122 to 208 km. Consistent with previous findings, sAA activity 

post-exercise increased by 85% compared to pre-exercise concentrations (19). In a study 

investigating downhill running, 11 active males performed two 60-minute downhill running 

sessions at 75% vV̇O2max with two weeks separating testing sessions. Immediately post run, sAA 

activity had statistically increased above baseline and remained elevated for two hours post 

exercise (34). In contrast to the reported increases in sAA, Costa, Fortes, Richardson, Bilzon, & 

Walsh (2012) reported no change in 11 male runners (27 years ± 7) who ran for 2 hours at 75% 

V̇O2max (14 ± 10 U/min pre, 14 ± 14 U/min post). Rosa et al. (2014) also reported no statistical 

increase in sAA activity following 60 min of running at 70% V̇O2max for trained male runners 

(not reported pre, 422.93 ± 17.58 U/μg post), unfortunately, no resting sAA concentrations were 

reported.  

In addition to investigations on running, three studies have investigated the sAA response 

to cycling. Kunz et al. (2015) had 17 subjects cycle for 30 min at 3 different workloads (-5%, +5%, 

+15% of lactate threshold). Subjects were sub-grouped as high fit (9) and low fit (8) individuals. 

Salivary α-amylase activity increased from pre-to post at all 3 workloads regardless of fitness sub-

group (-5% 44.9±41.9 to 105±62U/mL, +5% 49.3±39.3 to 141±123U/mL, +15% 47.7±40.9 to 

191±146U/mL). A statistical difference in sAA levels was discovered between the -5% trial and 

the +15% trial, regardless of fitness sub-group, indicating an intensity dependent sAA response. 

Interestingly, a fitness dependent response was reported, with high fit subjects having lower resting 

sAA levels and a more pronounced exercise response (27).   

In 2004, Li & Gleeson investigated the sAA response to multiple workouts per day in a 

fasted state.  Eight recreationally active males performed two different cycling protocols.  After 

fasting since 23:00 the night before, participants cycled at 60% V̇O2max for 2 hours starting at 
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14:00.  Following this protocol, sAA concentrations increased statistically. Following the same 

fasting protocol, participants cycled for 2 hours at 60% V̇O2max starting at 0900, resting for 3 

hours, and then cycling to exhaustion at 14:00. In this study, sAA activity increased from pre to 

post exercise and returned to baseline levels within 1 hour after exercise, indicating that sAA 

activity is not confounded by prior exercise (29).  In contrast to the other studies, Kilian et al. 

(2016) reported no increase in sAA activity in 12 male cyclists (14 ± 1 years) performing a 90 

minute cycle at 60% peak power output (23).  This contrasting result may have been because 60% 

PPO did not reach the intensity threshold needed to elicit a sAA response in a non-fasted state. 

  To elucidate the effects of sAA response to different exercise equipment (cycle ergometer, 

elliptical, and treadmill), Fatolahi, Rasaee, & Peeri (2011) had ten subjects perform two protocols 

using each piece of equipment. One protocol required subjects to exercise at 70% of max heart 

rate (MHR), and the second protocol was at 85% MHR. Surprisingly, sAA decreased at 85% using 

the elliptical and treadmill. All other sessions resulted in nonsignificant changes in sAA activity 

(14). While this is at odds with other research, and 85% MHR should have reached the probable 

intensity threshold, the authors handling of the saliva was poorly executed. Typically, Saliva is 

stored at -80 C until analyzed (2,3,24,27,29–34,37,38,4,39,41–43,49,7,8,15,17–19,23). However, 

in this study saliva was held at 4 C (39 F), which could have altered sAA even though saliva was 

reported to have been sent to the lab within two hours. 

The current evidence is reasonably conclusive that sAA concentration increases with 

moderate-intensity exercise. The results from the works by Azarbayjani et al., (2011) and Kilian 

et al., (2016) indicates that 60% V̇O2max (in a fed state) is the threshold of sAA’s intensity 

response.  Sport scientists can use this information for athlete monitoring to ensure adequate 

intensity levels during training. 
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Long-term studies 

Long-term studies can provide us with additional evidence of the efficacy of sAA as a 

potential biomarker. Unfortunately, long-term studies for sAA are practically nonexistent, with 

only four studies lasting longer than one week (13,18,21,47) with only two of those studies lasting 

12 weeks or longer (13,21). Schaal et al. (2015) investigated the effects of two 14-day intensified 

overreaching periods in 10 elite synchronized swimmers separated by 9 days of light swimming, 

using a cross over design. These findings indicate that during intensified training (overreaching), 

compared to normal swim training, sAA concentration changes due to training decreased 

statistically (p = 0.031), which also corresponded with decreased performance,  and increased RPE 

during a 400m swimming time trial. The results from this study, combined with results from Le 

Meur et al. (2013), who reported that a decrease in HR with an increase in RPE can differentiate 

between over-reached athletes, suggest these athletes may be reaching a fatigued state (36,47) and 

that sAA may be able to be used to determine over-reaching state of an athlete. 

Investigating the sAA response to a multi-day event, 23 ultra-endurance runners completed 

a 230km 5-day race that averaged about 28-hours in total running time among the participants 

(18). Post-exercise sAA concentrations were measured after each day of the race and compared to 

pre-exercise concentrations and the prior day’s concentration. Unsurprisingly, sAA response was 

statistically higher than pre-exercise levels during every stage of the race (p< 0.001). Notably, 

resting concentrations of sAA trended upward from day 2 to day 5 (22±27 – 75±89 U/ml) and the 

post-exercise response continually decreased after the second day (148±126 – 96±82). This 

suggests resting sAA activity may increase and the sAA response to exercise may decrease as 

athletes conduct multiple intense days of training, such as during an overreaching phase.  
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  To elucidate the effect of chronic training on sAA concentrations, Diaz, Bocanegra, 

Teixeira, Soares, and Espindola (2013) investigated alpha amylase concentrations during 21 weeks 

of training in 11 elite male swimmers (13). Salivary alpha-amylase concentrations were recorded 

every four weeks. Strong negative correlations were observed between resting sAA concentrations 

and training intensity (r=-0.78 p<0.05), with statistically significant decreases from baseline 

(30.9% week 6, 38.6% week 11, 54.2% week 16, 37.6% week 21) as the intensity increased (13). 

Interestingly, intensity, volume, and training load all decreased for the week 11 measurement, but 

sAA activity increased, and intensity was the highest during week 21 with training load and volume 

decrease along with a concomitant increase (returning toward baseline) in sAA activity. These 

findings indicate that resting sAA levels may be more sensitive to the accumulated training fatigue 

and not the acute training load. 

  Another study investigating sAA response to long-term training was performed by 

Ihalainen, Schumann, Häkkinen, & Mero (2016). This study examined salivary proteins in 

recreational endurance runners over the course of 12 weeks. The subjects were divided into groups 

based on having experienced upper respiratory symptoms (URS) or having no signs of URS 

(healthy) during the 12 weeks. Participants engaged in endurance running 4 to 6 times per week in 

a polarized model (continuous training with interval training). Before the 12-week endurance 

training, all participants were subjected to an incremental treadmill run to exhaustion to measure 

initial sAA values. The results from pre-training values indicate that both groups increased in sAA 

concentration, but only the healthy group was statistically significant (69±15 – 210±54 U/mL 

healthy p < 0.05; 79±28 – 200±100 U/mL URS). After the 12 weeks of endurance training, subjects 

completed the same treadmill test, and as expected sAA increased in both groups; however, only 

the healthy group was statistically significant (71±15 – 198±46 U/mL healthy; 61±27 – 130±36 
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U/mL URS p < 0.05). Interestingly, in the URS group, resting sAA concentrations were 23% lower 

post-training than during pre-training; however, these finding did not reach statistical significance, 

but had a medium effect size (Cohens d = 0.65) (21). 

  The results from Gill et al. (2013), Diaz et al. (2013), and Ihalainen (2016) indicate that a 

chronic increase in training stress or accumulation of training fatigue can decrease resting sAA 

concentrations. Monitoring resting sAA concentrations may give coaches and athletes useful 

insight to detect overreaching and prevent nonfunctional overreaching or overtraining. 

DISCUSSION 

The evidence supports an increase in sAA activity from many types of aerobic exercise.  This 

response gives the sport scientist an alternate method of monitoring sympathetic responses to 

programmed exercises. Since chronic stress alters sAA baseline concentrations and responses to 

additional stress, there is some evidence that sAA may be useful to help monitor and diagnose 

overreaching/overtraining (13,21,47,48). Although most of these studies involve aerobic exercise, 

De Pero et al. (2016) and Lin et al. (2014) both give insight into what might occur in a 

strength/power sport (31,43). Future areas of research should entail measuring sAA responses to 

chronic aerobic training, how sAA activity adapts as fitness is obtained, and measure sAA 

responses to both acute and chronic resistance training. 

CONFLIC OF INTEREST 

  The results of this study are presented clearly, honestly, and without fabrication, 

falsification, or inappropriate data manipulation. The results of this study do not constitute 

endorsement by ACSM..  
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ABSTRACT  

  The ability to understand the physiological stress created by a training session is essential 

to athlete monitoring. There are a plethora of monitoring tools, a new monitoring tool that may 

be of use is salivary alpha-amylase (sAA). Salivary alpha-amylase concentrations have been 

proven to increase in response to both psychological and aerobic training stress, but no research 

has been conducted on resistance training. Eight subjects were recruited to participate in two 

resistance training days, consisting of 5 sets of 10 repetitions of squat and bench press. Saliva 

samples were obtained pre- and post-training. A t-test used to determine if there was a change in 

sAA concentrations from pre- to post-training indicated a statistically significant increase on 

training day one(p= 0.045, d= -0.954, 95% CI= -1.838 – -0.019) and training day two  (p= 0.020, 

d= -1.184, 95% CI= -2.146 – -0.170). There results indicate that sAA has similar responses as 

reported from psychological and aerobic training stress. Salivary alpha-amylase can be used as a 

biomarker to measure physiological stress from resistance training. 

INTRODUCTION 

Quantifying training related stress is an essential component of an athlete monitoring 

program (5,7,8). A number of measures may be used to quantify training and non-training related 

stress including, but not limited to, physical performance tests (e.g., vertical jump, sprint, change 

of direction) (22) self-report questionnaires (e.g., Daily Analysis of Life Demands for Athletes, 

Short Recovery Stress Survey) (12,18,22), and biomarkers (e.g., cortisol, testosterone, CRP, CK) 

(12). While these measures have been shown to be valid and reliable indicators of stress in 

athletic populations, there are a variety of limitations associated with these monitoring tools. For 

instance, when completing self-report questionnaires, athletes may not provide true responses or 

they may over-report stressful symptoms in hopes of less intense practices (12). There is also the 

chance that athletes underperform on physical performance tests, intentionally or unintentionally, 
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that may be misinterpreted as being indicative of high fatigue. Biomarkers, while not prone to the 

same shortcomings of the aforementioned tests, may require time, resources and expertise that 

most athletes, teams, and coaches do not have access to. 

In light of the limitations of the previously mentioned athlete monitoring tools, 

researchers are interested in identifying biomarkers that are not only valid and reliable markers of 

stress, but also low cost and require little technical expertise. A new biomarker testing procedure 

has become available in recent history that may alleviate many of the previously mentioned 

issues. Salivary alpha-amylase (sAA) is a protein, released from the parotid saliva glands, that is 

highly responsive to stress and has been used extensively in psychological research (3,13,21,23). 

Recently sAA has been investigated as a marker of training stress, and has shown consistent 

increases in concentration as a result of aerobic exercise (2,6,24) 

The ‘gold standard’ of saliva testing is through passive drool (67), which obviates some 

of the limitations of other biomarkers (e.g. non-invasive), these tests still require time and 

technical expertise to analyze. In an attempt to make sAA testing more practical, obviating the 

complications previously mentioned with testing biomarkers, a handheld ‘point of care’ 

biosensor (NIPRO Corporation) has been developed (19). The biosensor consists of a handheld 

device with a digital display along with under-the-tongue disposable test strips. The test strip is 

placed under the tongue to collects saliva on a cotton pad on the end of the test strip for 

approximately 30 seconds, then the test strip is inserted into the biosensor and a digital read-out 

is displayed in approximately 30 more seconds. The entire process is completed about one 

minute. This biosensor has shown good validity and reliability (R2 0.989, CV 9%) with non-

athletic populations when compared with laboratory measures (19), but this device has not been 

used in an investigation with an athletic population. 
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While there is a preponderance of evidence of the sAA response to psychological stress, 

and there is beginning to be an understanding of the sAA response to aerobic exercise, there has 

yet to be an investigation of the sAA response to resistance training. Therefore, the purposes of 

this investigation were to determine the sAA response to an acute (single session) resistance 

training protocol and secondarily, to investigate the biosensors accuracy in an athletic population. 

METHODS  

Participants  

Eight participants with a minimum of 12 months of consistent resistance training were 

recruited to be a part of this study (91.25 ± 8.46 kg, 24.00 ± 3.30 years old). Participants had a 

mean squat 1RM of 145.17 ± 41.86 kg (range = 72 – 204 kg), relative squat strength of 1.59 ± 

0.47 x BW (0.89 – 2.16 x BW) and a bench press 1RM of 99.72 kg ± 23.91 (54 – 127 kg), 1.09 ± 

0.27 x BW (0.67 – 1.47 x BW). Prior to participation, each participant answered the NSCA 

Medical History questionnaire (CITE) to provide estimated one repetition max for the squat and 

bench press exercises and to ensure they were free from any exclusion conditions before 

performing high volume resistance training. Participants provided written informed consent as 

approved by the East Tennessee State University IRB. 

Procedures  

This investigation was part of a much larger research study. Participants were instructed 

to arrive in the lab each day of the study in a fasted (8 hour) and hydrated state. Verbal 

confirmation was obtained to ensure each participant had fasted for at least 8 hours and urine 

specific gravity was measured to assess hydration status(4,20). After arrival to the lab, 

participants filled out two psychological questionnaires, profile of mood states (POMS) and daily 

analysis of life demands for athletes (DALDA). After filling out the questionnaires, participants 

provided saliva samples, then performed a general standardized warmup consisting of 25 
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jumping jacks, 1 set of 5 repetitions (1x5) of the mid-thigh pull exercise with 20kg and a 3x5 

mid-thigh pull with 60kg. After the general standardized warm-up, participants performed 

several performance tests including static and counter-movement jumps (VJ), isometric-mid 

thigh pull, and the Bosco repeated jumps test (30s). On day two, participants provided saliva 

samples (passive drool (D2) and biosensor (BSD2)), filled out the DALDA questionnaire, and 

then performed the same general standardized warm-up. After the general warm-up, participants 

performed a specific warm up that included 1x10 back squat at 20kg, 1x5 back squat with 70% of 

their prescribed weight and 1x3 back squat with 85% of prescribed weight. After the specific 

warm-up, participants performed 5x10 back squats with 67% of their self-reported 1RM. After 

squats, participants performed the same specific warm-up protocol for bench press. All sets were 

separated by 2-3 minutes of rest. 

Within two minutes of finishing the last set of bench press, participants provided another 

saliva sample (D2Post, BSD2Post) in order to determine if there was a difference in sAA 

concentration due to the resistance training protocol. Participants provided their rating of 

perceived exertion (RPE) 15 minutes after finishing the last set of bench (BORG CR-10) (16). 

On day three and four, participants performed the same performance testing as on day one, with 

at least 24 hours between testing sessions. On day five, participants repeated the same protocol as 

day two, providing saliva samples before (D5, BSD5) and after training (D5Post, BSD5Post). On 

day six, participants provided a saliva sample and then performed the same performance testing 

as on day one. Figure 1 provides a flow chart of the study. 
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FIGURE 1:

 
SALIVA 

Participants arrived after an 8 hour fast to eliminate the sAA response to caffeine, eating, 

and drinking (except water) prior to providing saliva samples, and were only allowed to drink 

water while training, except during the last set of bench press, until after providing the post-

session saliva sample (17). All saliva samples were collected within 5 minutes after the last set of 

bench press (1,14). After collection, saliva was frozen at -80° C until analyzed. 

Saliva alpha-amylase samples were assayed at the Salimetrics’ SalivaLab (Carlsbad, CA) using 

the Salimetrics Salivary Alpha-Amylase Assay Kit (Cat. No. 1-1902), without modifications to 

the manufacturers’ protocol. Samples were thawed to room temperature, vortexed, and then 

centrifuged for 15 minutes at approximately 3,000 RPM (1,500 x g) immediately before 

performing the assay. Samples were tested for salivary alpha-amylase using a kinetic enzyme 

immunoassay (Cat. No. 1-1902). Sample test volume was 8 µl of 200x diluted saliva per 

determination. The assay has a lower limit of sensitivity of 0.4 U/mL, samples exceeding 400 

U/mL needed further dilution, an average intra-assay coefficient of variation of 5.47% and an 

average inter-assay coefficient of variation of 4.7%, which meets the manufactures’ criteria for 

accuracy and repeatability in Salivary Bioscience, and exceed the applicable NIH guidelines for 

Enhancing Reproducibility through Rigor and Transparency. 

BIOSENSOR 

Day 1

• Saliva
• POMS, DALDA
• Testing

• SJ, CMJ,         
ISO-MTP,  
BOSCO

• RPE

Day 2

• Saliva
• DALDA
• Training

• 5x10 Squat  
(67%)

• 5x10 Bench 
(67%)

• Saliva
• RPE

Day 3

• DALDA
• Testing

• SJ, CMJ, 
BOSCO

• RPE

Day 4

• DALDA
• Testing

• SJ, CMJ,     
ISO-MTP, 
BOSCO

• RPE

Day 5

• Saliva
• DALDA
• Training

• 5x10 Squat 
(67%)

• 5x10 Bench 
(67%)

• Saliva
• RPE

Day 6

• Saliva
• POMS, DALDA
• Testing

• SJ, CMJ,         
ISO-MTP, 
BOSCO

• RPE
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 The biosensor consists of a handheld device with a digital display along with 

under-the-tongue disposable test strips. A test-strip is placed under the tongue to allow the test 

strip collect saliva for 30 seconds. The test-strip is has a collector pad which collects a fixed 

amount of saliva (25uL), which is then analyzed by the handheld device (19). The entire process 

is completed in less than one minute. This hand-held device has shown good validity and 

reliability (R2 0.989, CV 9%) with non-athletic populations when compared with laboratory 

measures (19). 

STATISTICAL ANALYSES  

In order to determine the change in sAA concentration from baseline to post resistance 

training, two paired t-tests were used to compare pre- and post-training passive drool sAA 

concentrations (D2 – D2Post, D5 – D5Post). Holms sequential adjustment post hoc tests were 

used as required. Pearson’s correlations were used to compare laboratory sAA results with the 

biosensor. All statistical analyses were performed using JASP (0.9.1.0). Effect size is reported as 

trivial <0.2, small 0.2-0.6, moderate 0.6-1.2, large 1.2-2.0, and very large 2.0-4.0 (9).  

RESULTS 

All data were screened for normality and outliers, with one participant being removed 

from analysis due to baseline sAA levels being outside of normal ranges (300% higher). Both t-

tests were statistically significant (D2 – D2Post, p= 0.045, d= -0.954, 95% CI= -1.838 – -0.019; 

D5 – D5Post, p= 0.020, d= -1.184, 95% CI= -2.146 – -0.170). All correlations were statistically 

insignificant, ranging from r= 0.06 – 0.49 (Table 2). Descriptive statistics from the laboratory 

analysis are provided in Table 1. Individual responses are provided in Table 3 and Figures 1 & 2. 

TABLE 1: Descriptive Statistics 
 N MEAN SD RANGE 
D2 7 34.23 ±23.20 1.50 – 64.60 
D2Post 7 63.79* ±24.24 30.30 – 98.60 
D5 7 34.11 ±18.26 12.00 – 59.00 
D5Post 7 75.89* ±42.51 13.90 – 128.90 
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NOTE: Salivary Alpha-Amylase concentrations pre- and post-resistance training (U/ml).  
D2: Resting sAA concentrations day two 
D2Post: Post-training sAA concentrations on day two 
D5: Resting sAA concentrations day five 
D5Post: Post-training sAA concentrations on day five. 
* p<0.05 D2-D2P, D5-D5P 

TABLE 2: Correlations Between Laboratory and Biosensor sAA Analysis 
D2 – MD2 D2P – MD2P ∆D2 – ∆MD2 D5 – MD5 D5P – MD5P ∆D5 – ∆MD5 
r= 0.27 r= 0.54 r= 0.54 r= 0.06 r= 0.13 r= 0.44 
p= 0.57 p= 0.21 p= 0.24 p= 0.90 p= 0.78 p= 0.33 

Note: Correlations between laboratory and biosensor salivary alpha-amylase analysis. 
D2: Pre-training sAA concentrations, MD2: Biosensor pre-training sAA concentrations, D2P: 
Post-training sAA concentrations, MD2P: Biosensor post-training sAA concentrations, ∆D2: 
Percent change in pre- and post-training sAA concentrations, ∆MD2: Biosensor percent change 
in pre-and post-training concentrations. D5: Pre-training sAA concentrations, MD5: Biosensor 
pre-training sAA concentrations, D5P: Post-training sAA concentrations, MD5P: Biosensor post-
training sAA concentrations, ∆D5: Percent change in pre- and post-training sAA concentrations, 
∆MD5: Biosensor percent change in pre- and post-training concentrations. 
 
FIGURE 2: Individual sAA responses 

 
Note: Salivary alpha-amylase response to a single training day. 
D2: Pre-training on sAA concentrations, first training day 
D2P: Post-training sAA concentrations, first training day 
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FIGURE 3: Individual sAA responses 

 
Note: Salivary alpha-amylase response to the second training day. 
D5: Pre-training sAA concentrations, second training day 
D5P: Post-training sAA concentrations, second training day 
 
TABLE 3: Salivary Alpha-Amylase Concentrations 
 D2 D2P ∆D2 D5 D5P ∆D5 
Participant 1 19.0 30.3 59% 12.0 21.0 75% 
Participant 2 61.2 74.9 22% 35.4 102.7 190% 
Participant 3 64.6 74.1 15% 54.8 73.8 35% 
Participant 4 30.5 57.1 87% 59.0 128.9 118% 
Participant 5 1.5 98.6 6473% 17.1 54.4 258% 
Participant 6 42.5 75.6 78% 38.7 92.3 139% 
Participant 7 20.3 35.9 77% 21.8 13.9 -36% 

NOTE: Individual responses of salivary alpha-amylase concentrations (U/mL) of all participants 
on both training days. 
D2: Pre-training sAA concentrations, first training day 
D2Post: Post-training sAA concentrations, first training day 
∆D2: Percent change from pre- to post-training sAA concentrations on the first training day 
D5: Pre-training sAA concentrations, second training day 
D5Post: Post-training sAA concentrations, second training day 
∆D5: Percent change from pre- to post-training sAA concentrations on the second training day 
 
DISCUSSION 

  Research examining the sAA response to acute aerobic exercise has indicated there is an 

increased concentration following high intensity (above lactate threshold) exercise (2). This study 
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indicates that there is a similar response due to high volume, high intensity resistance training. 

There was a moderate to large effect size between pre- and post-sAA concentrations from both 

training days, and individual differences were qualitatively similar, indicating that sAA 

concentrations can be used to monitor the stress response from this resistance training protocol. 

The increased standard deviation noted on the second training day indicates that there may be an 

individual response associated with the accumulated fatigue. This may be due to training age, or 

the training the participants were performing prior to participating in this study. Due to this study 

being a part of a larger study there is a possibility that participants may have been anxious of that 

blood draw on day two. Koh (2014) reported an increase in sAA concentrations in anticipation of 

venous blood draw, which may have been partially responsible for the decreased response due to 

training observed from the first training day (11). 

There may be a different response if the participant was performing high volume resistance 

training prior to participating in this study, prior training was not controlled. Similar to Gill 

(2013), where well-trained ultra-endurance runners exhibited an decreased sAA change as fatigue 

from running a multi-day 120k race, the three participants that had different sAA concentrations 

post training on day 5 may have started to become over-reached, possibly due to a substantial 

increase in training volume. 

  The insignificant and poor correlations between laboratory and biosensor sAA 

concentrations indicate that the biosensor is unable to be used in this population. This result is 

corroborated by the lack of good correlations between the biosensor and assay methods reported 

during field exercises in the military (r= 0.113) (15). 

PRACTICAL APPLICATIONS 

The data indicates there is an increase in sAA concentrations following a single high 

volume, high intensity resistance training session. There may also be a decreased response 
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observed if there is not a significant change in training volume, or as reported by Gill (2013) and 

Ihalainen (10), a decreased response could indicated a fatigued state. Salivary alpha-amylase 

concentration changes may indicate whether the change in volume between training blocks was 

too severe. This research provides a basis to continue to investigate the sAA response to 

resistance training and elucidate how this information can best be used as an athlete monitoring 

tool. 

.  
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ABSTRACT  

  Monitoring accumulated fatigue in athletes is necessary in order to ensure proper 

adaptation and stress application at appropriate times in the training cycle (such as when to over-

reach). There are many monitoring tools that provide insight into the accumulated fatigue of 

athletes (POMS, DALDA, T:C). Salivary alpha-amylase (sAA) is a biomarker that is receiving 

interest to monitor accumulated psychological and aerobic training fatigue. There has been no 

research conducted on the usefulness of sAA as a tool to monitor accumulated fatigue from 

resistance training. Eight subjects were recruited to participate in two resistance training days, 

consisting of 5 sets of 10 repetitions of squat and bench press. Resting sAA concentrations along 

with POMS and DALDA surveys were obtained in the morning before and the day after the 

training week. T-tests used to determine if there was a change in any of the variables. No 

statistically significant changes were observed (p>0.05). The results from this study indicate that 

resting sAA levels did not change as a result of two days of resistance training. 

INTRODUCTION 

The necessity to monitor the athlete training process has been well established (1,10,16). 

The use of monitoring data can help the sport science and coaching staff make informed 

decisions about training and practice plans to ensure the appropriate adaptation to training is 

occurring and decrease the possibility of non-functional over-reaching and over-training (16,27). 

There are a plethora of techniques used to monitoring for over-training, such as physical 

performance (vertical jump, sprint, change of direction) (5,27,28), self-report questionnaires 

(Profile of Mood States, REST-Q) (1,27), and biomarkers (Testosterone, Cortisol, CRP, CK) 

(10,15). 

While each of these monitoring tools are useful, there are inherent problems with each of 

them. Self-report questionnaires have the inherent issue of the athlete consistently taking the 
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questionnaire seriously (loss of interest) and answering honestly (27). There is the also possibility 

of an athlete thinking there could be negative repercussions due to certain responses and 

therefore not providing true responses. Physical performance tests reduce the possibility of 

reported false recovered states, but there is the possibility of underperforming, either 

intentionally (to reduce training load) or unintentionally (loss of interest) that could be 

interpreted as an under-recovered athlete. 

Biomarkers can obviate some of the limitations of the aforementioned tests, since athletes 

cannot easily intentionally nor unintentionally alter test results. Biomarkers are not without 

limitations though, taking at least 30 minutes (salivary cortisol) up to 72 hours (CRP, CK) to 

peak (10,15).  

A new biomarker has received increased interest recently that may alleviate many of the 

previously mentioned issues. Salivary alpha-amylase (sAA) is a protein released directly from 

the parotid saliva glands and is highly responsive to stress and has been used extensively in 

psychological research (3,22,26,29). Due to sAA being stored in the saliva glands, there is an 

almost immediate response to stress, obviating the delay observed in other salivary measures 

(18). 

Recently sAA has been investigated as a fatigue monitoring tool during aerobic exercise 

(8,13,30).  Over-reaching protocols have consistently resulted in increased resting baseline sAA 

concentrations for both running and swimming (7,12,24). While there is beginning to be an 

understanding of the sAA response to over-reaching aerobic exercise protocols, the sAA 

response to a resistance training over-reaching protocol has yet to be investigated. Therefore, the 

purpose of this study was to investigate the sAA response associated with a one week high-

volume resistance training protocol. 
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METHODS  

Subjects  

Eight participants, with a minimum of 12 months of consistent resistance training, were 

recruited to be a part of this study (91.25±8.46 Kg, 24.00±3.30 years old). Participants had a 

squat 1RM of 145.17 Kg ±41.86 (range: 72 – 204 Kg), relative squat strength of 1.59±0.47xBW 

(range: 0.89 – 2.16xBW) and a bench press 1RM of 99.72 Kg±23.91 (range: 54 – 127 Kg), 

1.09±0.27xBW (range: 0.67 – 1.47xBW). Each participant completed the NSCA medical history 

questionnaire (CITE) several days prior to study initiation, to ensure participants were free from 

any exclusion conditions before performing high volume resistance training. Participants 

provided written informed consent as approved by the East Tennessee State University IRB. 

Procedures  

This investigation was part of a much larger research study. Participants were instructed 

to arrive in the lab each day of the study in a fasted (8 hour) and hydrated state (4,25). Verbal 

confirmation was obtained to ensure each participant had fasted for at least 8 hours and urine 

specific gravity was measured to assess hydration status. After arrival to the lab, participants  

completed two psychological questionnaires, the Short Form Profile of Mood States (SF - 

POMS) (9) and the Daily Analysis of Life Demands for Athletes (DALDA) (23). After 

completing the questionnaires, participants provided a saliva sample, then performed a general 

standardized warmup consisting of 25 jumping jacks, 1 set of 5 repetitions (1x5) of the mid-thigh 

pull exercise with 20kg and a 3x5 mid-thigh pull with 60kg. After the general standardized 

warm-up, participants performed several performance tests including static and counter-

movement jumps (VJ), isometric-mid thigh pull, and the Bosco repeated jumps test (30s). On day 

two, participants provided saliva samples (passive drool (D2), filled out the DALDA 

questionnaire, and then performed the same general standardized warm-up. After the general 
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warm-up, participants performed a specific warm up that included 1x10 back squat at 20kg, 1x5 

back squat with 70% of their prescribed weight and 1x3 back squat with 85% of prescribed 

weight. After the specific warm-up, participants performed 5x10 back squats with 67% of their 

self-reported 1RM. After squats, participants performed the same specific warm-up protocol for 

bench press. All sets were separated by 2-3 minutes of rest. Participants provided their rating of 

perceived exertion (RPE) 15 minutes after finishing the last set of bench (BORG CR-10) (20). 

On day three and four, participants performed the same performance testing as on day one, with 

at least 24 hours between testing sessions. On day five, participants repeated the same protocol as 

day two. On day six, participants provided a saliva sample (D6) and then performed the same 

performance testing as on day one. Figure 1 provides a flow chart of the study. 

On day six, participants provided a saliva sample (D6), completed second DALDA and SF-

POMS questionnaire, and then performed the same performance testing as on day one. Figure 1 

provides a flow chart of the study. 

FIGURE 1:

 
QUESTIONNAIRES 

The POMS-SF questionnaire is a 40 item survey that can be used to measure five 

negative (Anger, Confusion, Depression, Fatigue, Tension) and one positive (Vigor), affect 

scales. Participants answer how they are feeling “right now” on adjectives such as “Tense”, 

“Unhappy”, and “Active”, ranking that adjective on a Likert-scale from a 0 “not at all” to 4 

Day 1

• Saliva
• POMS, DALDA
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BOSCO

• RPE
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(67%)

• 5x10 Bench 
(67%)

• Saliva
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Day 3
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“extremely” (9,17). The participants answers can then be used to calculate total mood 

disturbance (TMD) by adding all negative sub-scales and subtracting the positive from that 

(TMD = 100 + (Anger + Confusion + Depression + Fatigue +Tension) – Vigor) (9). 

The DALDA survey is a 34 item, two part questionnaire. Part A consists of 9 items that 

examine sources of stress (Diet, Training), while Pat B consists of 25 items examining symptoms 

of stress (Muscle pains, Congestion) (23). Participants respond to each item by selecting if that 

item is either A – worse than normal, B – normal, or C – better than normal. “A” scores from 

Part B are summed to calculate changes in stress symptoms (17,23). 

SALIVA 

Participants were instructed to avoid caffeine, eating, and drinking (except water) for an 

hour prior to providing saliva samples, and were only allowed to drink water while training, 

except during and immediately (up to 6 minutes) after the last set of bench press (21). All saliva  

samples were collected immediately (within 5 minutes) after the last set of bench press (2,19). 

After collection, saliva was frozen at -80 C until analyzed, as suggested by the Salimetrics 

protocol. 

Saliva alpha-amylase samples were assayed at the Salimetrics’ SalivaLab (Carlsbad, CA) 

using the Salimetrics Salivary Alpha-Amylase Assay Kit (Cat. No. 1-1902), without 

modifications to the manufacturers’ protocol. Samples were thawed to room temperature, 

vortexed, and then centrifuged for 15 minutes at approximately 3,000 RPM (1,500 x g) 

immediately before performing the assay. Samples were tested for salivary alpha-amylase using a 

kinetic enzyme immunoassay (Cat. No. 1-1902). Sample test volume was 8 µl of 200x diluted 

saliva per determination. The assay has a lower limit of sensitivity of 0.4 U/mL, samples 

exceeding 400 U/mL needed further dilution, an average intra-assay coefficient of variation of 

5.47% and an average inter-assay coefficient of variation of 4.7%, which meets the 
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manufactures’ criteria for accuracy and repeatability in Salivary Bioscience, and exceed the 

applicable NIH guidelines for Enhancing Reproducibility through Rigor and Transparency. 

STATISTICAL ANALYSIS 

A t-test was used to compare resting sAA concentrations on the first day of training (D2) 

and the last day of the study (D6) to determine if there was a change in resting sAA 

concentrations following a week of high-volume resistance training. Two more t-tests were used 

to compare TMD scores (as calculated from the SF-POMS questionnaire) on day one of the study 

(TMD1) and on the last day (TMD2), and DALDA scores on day one (DALDA1) and on the last 

day (DALDA2), to determine if there was an increase in perceived stress. The DALDA scores 

were calculated by adding the “A” (worse than normal) responses in Part B (6,12). Holms 

sequential adjustment post hoc tests were used as required. All statistical analyses were 

performed using JASP (0.9.1.0). Effect size (Cohen’s d) is reported as trivial <0.2, small 0.2-0.6, 

moderate 0.6-1.2, large 1.2-2.0, and very large 2.0-4.0 (11).  

RESULTS 

Data was screen for normality and outliers with one participant being removed due to 

baseline sAA concentrations on day two being outside normal physiological ranges. Another 

participant had scheduling conflicts on day 6 of the study, therefore all results are based on six 

participants (23.18±2.86 years, 89.82±7.06 Kg, bench press 1RM – 99.24±27.52 Kg, 

1.10±0.28xBW, squat 1RM 141.67±47.38 Kg, 1.57±0.50xBW).  

The change in resting sAA concentrations after one week of high-volume training was 

statistically insignificant with a moderate effect size (p=0.357, d= -0.414, 95% CI= -1.234 – 

0.443). The change in perceived stress, from both the POMS and DALDA questionnaires, were 

also statistically insignificant (POMS: p= 0.085, d= -0.876, 95% CI= -1.806 – 0.111; DALDA: 
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p=0.765, d= 0.129, 95%CI = -0.681 – 0.927). Descriptive statistics are provided in Table 1, and 

individual responses are provided in Figures 2 & 3.  

TABLE 1: Descriptive Statistics 
 N MEAN SD RANGE 
D2 6 36.77 ±24.33 1.50 – 64.60 
D6 6 50.33 ±39.59 5.10 – 94.00 
TMD1 6 88.33 ±5.65 81.00 – 97.00 
TMD2 6 93.67 ±5.35 87.00 – 101.00 
DALDA2 6 2.50 ±2.67 0.00 – 7.00 
DALDA6 6 2.17 ±1.94 0.00 – 5.00 

NOTE: Salivary Alpha-Amylase concentrations (U/ml).  
D2 –Resting sAA concentrations day 2, D6 – Resting sAA concentrations day 6 
TMD1 – Total mood disturbance score day 1, TMD2 – Total mood disturbance score day 6 
DALDA2 – Daily analysis of life demands for athlete’s score day 2 
DALDA6 – Daily analysis of life demands for athlete’s score day 6 
 
FIGURE 2: Individual sAA Responses 

 
Note: Resting sAA concentration changes on day 2 (D2) too day 6 (D6) 
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FIGURE 3: Individual Changes in TMD Scores 

 
Note: Individual changes in Total Mood Disturbance from day 1 (TMD1) too day 6 (TMD2). 
 
FIGURE 4: Individual Changes in DALDA scores 

 
Note: Changes in perceived stress calculated from the DALDA questionnaire 
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DISCUSSION 

The statistically insignificant changes in both perceived stress (TMD, DALDA) and sAA 

concentrations suggests that this training protocol was not extensive enough to create an over-

reached stated in this population. The data from this study does provide evidence that sAA as a 

biomarker for physiological stress may follow the same trends as psychological stress, as 

measured by the POMS survey, but longer over-reaching protocols need to be implemented in 

order to better determine this relationship. 

Individual responses to the training produced some interesting results. Four participants 

who had elevated sAA baselines, also had increased TMD scores, leading to the possibility that 

these participants may have been in an over-reached state but with the small sample size and the 

two participants who did not follow the same pattern altered the group means to statistical 

insignificance. Due to this study being a part of a larger study that required blood draws, baseline 

sAA concentrations may have been artificially elevated prior to the first training day. A study by 

Koh (2014) reported an increased sAA concentration in anticipation of venous blood draw and 

may have caused an increase in baseline sAA concentrations on day two (14). The group trend 

observed in these two time points does tend to follow the same trends observed from aerobic 

over-reaching training as reported by Walsh (2013) (7,24). 

These results also may provide evidence of a delayed physiological response (increased 

sAA concentrations) compared with perceived stress (TMD scores). Rushall (2003) argues that 

the psychological perceived state is the first factor to be altered in an athlete’s capacity to adapt 

to stress (22), which can be observed by the large effect size of increased TMD scores along with 

moderate effect size of increased sAA concentrations. 
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PRACTICAL APPLICATION 

Salivary alpha-amylase is a potentially useful athlete monitoring tool, increasing 

practicality in many situations by obviating many of the limitations of other monitoring tools. 

Monitoring resting sAA concentrations may provide unique insight into the fatigue state of 

athletes, but more research needs to be performed, with longer over-reaching cycles and with 

larger sample sizes in order to better elucidate the sAA responses to chronic resistance training 
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CHAPTER 5 

SUMMARY AND FUTURE INVESTIGATIONS 

The purposes of this dissertation were to investigate the salivary alpha-amylase response 

to both acute (single training session) and a week-long over-reaching cycle of resistance training. 

In order to investigate these responses, the following research projects were conducted: 1) an 

investigation of the change in salivary alpha-amylase concentration from pre- to post-training 

following 5 sets of 10 repetitions of squat and bench press, 2) an examination of the change in 

resting salivary alpha-amylase concentrations between pre and post following two training days 

of 5 sets of 10 repetitions of squat and bench press. 

The results of study one indicated that there is a statistically significant increase in 

salivary alpha-amylase following a single training day consisting of 5 sets of 10 repetitions of 

squat and bench press. This study provides evidence that high-volume high-intensity resistance 

training evokes similar salivary alpha-amylase responses as aerobic training.  

The results of study two indicated that there was not a statistically significant change in 

resting salivary alpha-amylase following an over-reaching training week consisting of two days 

of 5 sets of 10 repetitions of squat and bench press. The lack of change in resting salivary alpha-

amylase coincided with two surveys (POMS, DALDA) to measure perceived stress that also 

showed no change from the over-reaching training week. This study provides evidence that there 

is an individualized response to an over-reaching week of high-volume high-intensity resistance 

training. These results can be interpreted as a need to monitor both the psychological perceived 

stress and the physiological stress of athletes as well as more evidence that individual fatigue 

monitoring is of more importance than group mean. 

While this dissertation provided the first evidence for the salivary alpha-amylase 

response to resistance training, further research is needed. Future research should include the 
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salivary alpha-amylase response to different set x repetition protocols, such as high volume low 

intensity training (3x10 at 70% intensity) or high intensity low volume training (1RM testing). 

Future research should also include longer over-reaching cycles such as two or three weeks and 

monitor the resting salivary alpha-amylase along with changes in how salivary alpha-amylase 

responds to the individual training session in that over-reaching cycle, such as was done by 

Ihalainen (2016) and Gill (2013), while also monitoring performance and psychological 

measures. 
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