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Salivary protein as biomarker in elderly athletes

INTRODUCTION
Traditionally, respiratory gas exchange ratio, maximal oxygen up-
take (VO2max), maximum heart rate (HRmax) and blood lactate (BL) 
have been used to design training programmes for competitive  
athletes of all ages [1, 2]. However, evidence suggests that the  
ageing process can alter these variables, potentially leading to errors 
in assessing the performance of elderly people [3-5]. Thus, more 
studies are needed to delineate the mechanisms underlying  
age-related changes, as well as to find biomarkers that do not  
change with age, in order to design training programmes for elderly 
athletes.

Although the ageing process alters the morphology and secretory 
functions of salivary glands, causing a reduction of salivary flow 
rate [6] and content of several biomolecules [7], studies have shown 
that the concentration of salivary total protein does not change with 
age [8, 9]. Therefore, our hypothesis was that salivary total protein 
could be an alternative biomarker to evaluate training programmes 
in elderly athletes, since salivary total protein concentration can be 
easily quantified, and saliva offers clear advantages over blood anal-
ysis, as it is readily available and can be easily collected, handled 
and stored [10].

Salivary total protein as a biomarker of anaerobic threshold in elderly 
athletes subjected to an incremental physical test
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Recent studies have highlighted salivary molecules, such as alpha-
amylase, nitric oxide and chromogranin A, as biomarkers to assess 
physiological stress conditions [11-16]. In addition, salivary lac-
tate [17] and salivary total protein [STP) [18] were used to evaluate 
exercise intensity. It should be noted, however, that young athletes 
have been the target population of those studies. One of the few 
studies to have evaluated salivary biomarkers in physically active 
elderly men showed that alpha-amylase activity changed during 
a fitness programme comprising a 10 min warm-up, 30 min of ex-
ercise and a 10 min cool-down [19].

Due to the lack of literature evaluating salivary biomarkers in 
elderly athletes, we assessed STP in people over 59 years old during 
a ramp training protocol with increasing loads. Ramp protocols induce 
haemodynamic and uniform respiratory responses, which facilitates 
collecting intensity values at each stage of the test [20-23]. Thus, 
this study aimed to verify whether STP would reflect the anaerobic 
threshold in elderly participants subjected to a treadmill protocol 
with increasing speed and inclination, and to evaluate this salivary 
parameter as a non‑invasive biomarker of physical exercise intensity 
in older athletes.
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opted are summarized in Table I. Anthropometric characteristics of 
both EEA and PAE groups are shown in Table II.

All experimental procedures were approved by the Ethics Com-
mittee in Research of the Federal University of Mato Grosso  
n° 1.064.808/15, and followed the ethical standards of the Declara-
tion of Helsinki. The participants signed an informed consent form.

Experimental procedure
Prior to the physical exercise test (R0), age-predicted maximal heart 
rate (HRmax) was calculated for each individual. Participants’ height 
and mass were measured to the nearest 0.5 cm and 0.1 kg, respec-
tively, and body mass index (BMI) was calculated. The physical 
exercise test was performed according to the Bruce protocol [24] 
with the following modifications. The protocol was composed of six 
three-minute incremental stages on a motorized treadmill. After the 
sixth stage, the load remained constant until volitional exhaustion.

MATERIALS AND METHODS 
Participants
Seven athletes aged 63.1 ± 3.1 years, who had been running pro-
fessionally for at least ten years and were part of the Athletics Fed-
eration of Minas Gerais, Brazil, were considered for inclusion in the 
intervention group and were appointed as elderly elite athletes (EEA). 
The control group consisted of six physically active elderly (PAE) men 
aged 63.8 ± 1.4 years who had been participating in the Physical 
and Recreational Activities Program for the Elderly at the Federal 
University of Uberlândia (AFRID-FAEFI-UFU) for at least five years. 
The exclusion criteria were as follows: a) blood tests with biochem-
ical results above reference values; b) abnormal values of blood 
pressure at rest; c) changes in basal electrocardiogram (ECG);  
d) symptoms of xerostomia; e) use of medications such as antide-
pressants, antihistamines, diuretics, anti-hypertensives, and 
β-blockers; all participants were non‑smokers. All the criteria ad-

TABLE I. Exclusion and inclusion criteria to take part in the study.

Physical caracteristics 
(n=190)

Exclusion 
criteria

Biochemical variable 
(n=79)

Inclusion 
criteria

Echocardiographic 
variable (n=23)

Inclusion 
criteria

Age  
(years)

< 60 Albumin (g/L) 4.0 – 5.3 Aorta (mm) 2.27 – 3.4

Total physical activity  
(MJkg-1.week-1)

< 1.30 ALT (U/L) 41 Left atrium (mm) 2.5 – 4.0

VO2 max 
(ml kg-1.min-1)

< 20.0 ASP (U/L) 38 Right ventricle (mm) 1.4 – 2.6

Body Mass Index (kg.m-2) > 25.0 CK-MB (ng/mL) < 5
Intervertricular septum 
(mm)

0.5 – 1.0

Systolic Blood Pressure 
(mmHg)

> 110.0 Creatinine (umol/L) 44 – 106
Left ventricle in diastole 
(mm)

4.0 – 5.6

Diastolic Blodd Pressure 
(mmHg)

> 70.0 Fasting glucose (mmol/L) 3.88 – 5.49
Left ventricle in systole 
(mm)

2.3 – 3.6

Globulins (g/L) 1.0 – 3.0 Posterior wall (mm) 0.5 – 1.0

Hemoglobin (mmol/L) 2.09 – 2.55 Ejection fraction (%) 57.3 – 75.7

Lactate dehydrogenase 
(U/L)

240 – 480 Fractional shortening 30.0 – 45.0

Potassium (mmol/L) 3.5 – 5.0 Left ventricle mass (g) 74.9 – 193.1

Serum iron (mmol/L) 7.16 – 32.22
Left ventricle mass/BSA 
(g/m2)

47.8 – 96.9

Sodium (mmol/L) 135 – 145

Total CK (U/L) 55 – 177

Total iron binding capacity 
(mmol/L)

44.75 – 80.55

Total proteins (g/L) 6.4 – 8.1

Triglicerídeos (mmol/L) < 1.7

Urate (umol/L) 0.18 – 0.42

Urea (mmol/L) 1.67 – 7.5
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A 12-lead electrocardiogram using Ergo PC 13 software was used 
to measure heart rate. The systolic and diastolic pressures were 
measured using auscultation with a sphygmomanometer (Tycos, 
USA) and were recorded during the last minute of each incremental 
exercise stage until volitional exhaustion, at exhaustion (E), and at 
5 and 15 minutes after exercise (R5 and R15, respectively). During 
the test, the frequency, intensity, time and type (FITT) recommenda-
tions by Reed and Pipe [1] were adopted.

The anaerobic threshold (AT) for blood lactate and STP was de-
termined according to the Dmax method [25] in order to facilitate 
visual analysis of the data.

Blood and saliva collection
Each participant was given 400 mL of water prior to the test to 
ensure they were adequately hydrated [26-29]. Capillary blood 
samples were collected at R0, during the last minute of each incre-
mental stage, at E, R5 and R15. Capillary blood obtained from the 
earlobe of each volunteer was collected using heparinized and cali-
brated glass capillaries.

Samples of saliva were collected at the same time points of blood 
lactate collections. Before saliva collection, the individuals were in-
structed to empty their mouth of the “old” saliva, at which point 
participants were given distilled water to rinse their mouths. Un-
stimulated saliva was collected using the spit method [30] with 
pre‑cooled minitubes (4ºC) during one minute at each stage. The 
saliva samples were centrifuged at 12 000 x g, and the supernatant 
was stored at -20°C until the analyses.

Blood lactate concentration analysis
Blood lactate was analysed using an electroenzymatic method with 
the biochemical analyser YSI 2300 STAT plus (Yellow Springs, Ohio, 
USA). A volume of 25 µL of whole blood was used to determine  
BL values. The assay precision was ± 2% of the reading or  
0.1 mmol/L, with a resolution of 0.1 mmol/L. YSI 2747 Standard 
(0.45 g/L = 5.00 mmol/L L-lactate) was used as the lactate control 

for linearity, according to the manufacturer’s recommendations. The 
samples were analysed in duplicate. The mean, standard deviation 
and coefficient of variation (CV) for studying the imprecision were 
obtained. The intra-assay coefficient of variation for duplicate samples 
was approximately 6.9%.

Salivary total protein concentration
The concentration of salivary total protein was determined using the 
Bradford method, with bovine serum albumin (Sigma. St. Louis,  
MO, USA) used for the standard protein [31]. Absorbance was mea-
sured at 595 nm using a microplate reader (Molecular Devices, 
Menlo Park, CA, USA), and all samples were assayed in duplicate. 
The mean, standard deviation and coefficient of variation (CV) for 
studying the imprecision were obtained. The limit of detection of the 
Bradford method is 1 µg of protein. The intra-assay coefficient of 
variation for the duplicate samples was approximately 4.6%.

Statistical analyses
The data were tested for normality using the Shapiro-Wilk test prior 
to analysis. One-way analysis of variance (ANOVA) with repeated 
measures, followed by the Tukey test for multiple comparisons, was 
used to determine differences between BL and STP in samples col-
lected at R0, E, R5 and R15. Pearson’s correlation was used to 
examine linear relationships between BL and STP. For all of the 
analyses, significant results were defined at the level of p < 0.05. 
All results were expressed as means and standard deviations. 
G*Power: Statistical Power Analyses for Windows (version 3.1.9.2) 
was used to power calculation based on F-test Power and repeated 
measures ANOVA. The graphics and all statistical analysis were 
performed using GraphPad Prism version 6.0.

RESULTS 
The PAE group performed the exercise test with a duration of  
15 ± 3 minutes with > 80% HR (heart rate), while the EEA achieved 
> 90% HR during the Bruce protocol with a duration of 26 ± 4 min; 

TABLE II. Anthropometric characteristics of the elderly elite athletes (EEA) and physically active elderly (PAE) men.

Demographic characteristics EEA PAE

Age (yrs) 63.1 ± 6.2 63.8 ± 4.0

Weight (kg) 68.4 ± 8.1 70.4 ± 3.1

Height (cm) 170.1 ± 1.9 168.5 ± 2.8

Body Mass Index (kg/m2) < 20.5 ± 1.0 < 23.5 ± 1.5 

HRrest (bpm) 67.7 ± 7.0 76.4 ± 1.5

HRmáx (bpm) 154.7 ± 5.2 147.0 ± 10.2

VO2 max (ml/kg/min) 32.8 ± 5.5 24.4 ± 7.0
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Systolic blood pressure (a), diastolic blood pressure (b), heart rate (c) and rate pressure product (d) were recorded at rest and during 
the last one minute of each incremental stage until volitional exhaustion. *There is a statistically significant change in relation to basal 
level (p < 0.05).

FIG. 1. Physiological parameters of elite elderly athletes and physically active elderly men measured during the exercise test.

maximum HR, 145 ± 10 beats/min. No differences were noted in 
the physiological parameters of the heart between groups during the 
Bruce protocol (Fig. 1). However, Tukey’s test analysis showed dif-
ferences within the stages of the incremental test (Fig. 1). Mean 
systolic blood pressure increased faster in the PAE group than in the 
EEA group (Fig. 1a). On the other hand, diastolic blood pressure 
(DBP) oscillated in both groups (Fig. 1b). When compared to the 
initial stage of the treadmill protocol, DBP did not increase in the 
PAE group. However, EEA showed oscillatory behaviour of DBP in 
the first half of the exercise protocol, with significant increases in the 
seventh and eight stages (Fig. 1b). HR values increased earlier in 
the EEA group compared to the PAE group (Fig. 1c). The rate pres-
sure product increased at the same stage in both groups (Fig. 1d).

Saliva volumes decreased after exercise in both EEA and PAE 
groups, increasing 15 minutes after exercise (0.83 ± 0.11 mL at 
rest, 0.40 ± 0.06 mL at exhaustion, 0.59 ± 0.09 mL at five minutes 
after exercise and 0.78 ± 0.09 mL at 15 minutes after exercise). 
BL and STP results are presented in Fig. 2. In the EEA group, both 
BL and STP increased significantly during the exercise test  

(0.8 ± 0.2 to 5.1 ± 2.0 mmol/L and 42.5 ± 7.5 mg/dL to  
222.5 ± 63.8 mg/dL, respectively) and remained elevated at five 
minutes after exercise (5.0 ± 1.9 and 147.2 ± 50.0 mg/dL, respec-
tively). In the PAE group, BL had a significant increase only at R5 
(1.1 ± 0.3 to 4.5 ± 1.7 mmol/L) while STP doubled at  
E (35.3 ± 8.7 to 68.3 ± 12.0 mg/dL). STP returned to basal levels 
at R15 in both groups (54.2 ± 12.2 mg/dL for EEA and  
28.7 ± 7.8 mg/dL for PAE).

The relationship between HR, BL and STP during the exercise 
test is illustrated in Fig. 3. The EEA group showed a high correlation 
between HR and BL (r = 0.8688, p < 0.001), HR and STP 
(r = 0.8713, p < 0.001), and BL and STP (r = 0.9623, 
p < 0.001); the power calculation provided for this sample per effect 
size was approximately 0.8. However, in the PAE group there was 
no correlation between these parameters. The relationship between 
STP and BL during the exercise test, with the results from each 
participant in the EEA group, is shown in Fig. 4. Among the seven 
EEA, six showed a high correlation between STP and BL (r > 0.8, 
p < 0.005).
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BL results of elderly elite athletes (a) and physically active elderly men (b), and TPWS results of elderly elite athletes (c) and physically 
active elderly men (d). One-way analysis of variance (ANOVA) with repeated measures, followed by the Tukey test for multiple 
comparisons, was used to compare the time points R0, E, R5 and R15. Results expressed as mean ± SEM. *There is a statistically 
significant change (p < 0.05).

FIG. 2. Blood lactate (BL) and total protein of whole saliva (TPWS) concentrations evaluated before exercise (R), at exhaustion (E) 
and 5 and 15 minutes after exercise (R5 and R15, respectively).

FIG. 3. Correlation analysis between blood lactate (BL) and total protein of whole saliva (TPWS); heart rate (HR) and TPWS; HR and 
BL evaluated for elderly elite athletes (a) and physically active elderly men (b) during the exercise test.
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For physical exercise testing, the reference values of SBP and DBP 
are 200 and 77 mmHg, respectively, at the peak of exercise [36, 37]. 
Our findings showed a linear increase of SBP during the physical test 
in both EEA and PAE groups (Fig 1a). These results may be explained 
by cardiac chronotropic and inotropic effects. According to Rao and 
Kumar [38], the contribution of the inotropic response is predomi-
nantly neurogenic, being a result of decreased vagal outflow and 
later increased sympathetic activity. In relation to DBP, EEA showed 
lower values than PAE, with increases in the later stages caused by 
exercise stress. This may have occurred due to a greater degree of 
vasodilatation in exercised muscles, corresponding to a decline in 
peripheral resistance. It is likely that, under states of reduced psy-
chological stress perception, the muscle blood flow, as well as the 
resistance to exercise, can be improved.

DISCUSSION 
Our results showed a constant and continuous increase of systolic 
and diastolic blood pressure, heart rate and rate pressure product, 
which were independent of the degree of physical performance of 
the volunteers (Fig. 1). Exercise protocols using ramps induce hae-
modynamic and uniform respiratory responses, which facilitate col-
lecting information about exercise intensity at each stage of the 
test [20-23]. The volitional exhaustion was monitored by increases 
in slope and speed required by Bruce’s protocol, as well as in heart 
rate (HR), systolic blood pressure (SBP) and diastolic blood pressure 
(DBP). In addition, increases in BL and STP in both groups were 
observed (Fig. 2a). Previously, it has been demonstrated that there 
is a clear association between lactate production and muscle fa-
tigue, [32, 33] and our data corroborate other studies monitoring 
aging athletes [32, 34, 35].

The blood lactate anaerobic threshold (AT) and the salivary total protein anaerobic threshold (PAT) were determined using the Dmax 
method during the incremental exercise test. AT and PAT are indicated by circles; distances related to TPWS are set on the right 
y-axis; distances related to BL are set on the left y-axis; time in minutes is set on the x-axis.

FIG. 4. Analysis of Pearson’s correlation coefficient between blood lactate (BL) and total protein of whole saliva (TPWS), and BL 
anaerobic threshold (AT) and TPWS anaerobic threshold (PAT) of six elderly elite athletes during the incremental exercise test.
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This is the first study to describe increases in the salivary total 
protein concentration (Fig. 2b) in a population of athletes over 
59 years old. Our results showed that in this group, BL and STP 
changes, as a response to incremental physical exercise to volitional 
exhaustion, are similar to those observed in young athletes [18]. 
Increases in the concentrations of these parameters are related to 
the sympathetic action induced by intense physical exercise, as 
evidenced by a return to baseline values within 30 minutes [39-41]. 
An important highlight of the present study was that the BL and STP 
concentrations returned to base levels after 15 minutes.

Pearson’s correlation analysis showed a relationship between BL 
and STP concentrations only in the EEA group (Fig. 3a). A correlation 
between these parameters in the PAE group was not observed due 
to the few stages reached in the treadmill protocol, which opens up 
possibilities for further research using different exercise tests to 
evaluate STP in this population. Previous studies have used salivary 
compounds as biomarkers for monitoring exercise intensity, such as 
total protein, alpha-amylase and chromogranin A [13, 15, 16, 42, 43]. 
A study by Bortolini, De Agostini [18] reinforces the use of saliva to 
monitor the physical intensity of exercise by finding the STP thresh-
old in young athletes. Thus, the STP may also provide a useful and 
non‑invasive method to determine the anaerobic threshold during an 
incremental exercise test in aged professional athletes. Furthermore, 
we were able to detect the salivary total protein anaerobic threshold 
(PAT) in six of the seven elderly athletes, and three of them showed 
the PAT and BL threshold (AT) at the same point (Fig. 4). It is note-
worthy that the individual from Fig. 4b presented possible interference 
in STP caused by psychological stress in the early stages of the 
protocol [44], which does not correspond to the anaerobic threshold 
(observed only in the sixth stage for BL and STP). These results 
support the findings of Bortolini, De Agostini [18], which showed 
that AT and PAT appeared together in young athletes.

We were able to relate HR to STP in the EEA group. Our results 
are similar to those of Capranica, Lupo [45], who demonstrated 
a correlation between HR and salivary alpha-amylase in young indi-
viduals. This phenomenon occurs due to saliva production being 
modulated by the sympathetic nervous system. Since physical exer-
cise stimulates sympathetic activity, a stimulus occurs in the synthe-
sis and secretion of proteins in saliva, such as alpha-amylase – the 
most abundant protein in saliva [46], which justifies the use of 
salivary total protein to evaluate anaerobic threshold. Thus, the 
salivary threshold exhibited by the aged athletes may reflect the 
contribution of salivary alpha-amylase.

Another interesting point that should be taken into consideration 
is the way in which saliva secretion could also be modulated by the 
circadian cycle [47]. Exercise sessions performed in the morning 
require the athlete to perform a longer warm-up, which may affect 
the ventilatory responses, thus interfering with the salivary biomark-
er concentrations [48]. Therefore, our exercise protocol was performed 
in the evening (after 4:00 pm) to ensure consistency with the usual 
training schedule of our volunteers [46]. Furthermore, environmental 

conditions were controlled. Walsh, Blannin [40] showed that an 
exercise protocol designed for 30ºC and 70% relative humidity 
achieves progressive acute dehydration. This study ensured adequate 
hydration of the volunteers and was designed to preserve the optimal 
environmental (well-ventilated room and temperature near 25ºC) 
and physiological conditions to allow participants to achieve 90% 
HR during the incremental exercise.

Little is known about salivary biomarkers in elderly athletes. Only 
one study, by Koibuchi and Suzuki [19], has previously described 
salivary biomarkers in physically active elderly men and non-elderly 
elite athletes, which encouraged us to evaluate athletes over 59 years 
of age. Our data are distinct from other studies that evaluated salivary 
biomarkers in normal elderly people, in that our population comprised 
professional athletes. Because of this, the parameters observed in 
this study are comparable to those of studies performed with young 
athletes.

One limitation of this study is the sample size (n = 7), and, from 
a statistical point of view, describing larger samples could provide 
more power. Nevertheless, we did find significant differences with 
a smaller sample and the power calculation provided for this sample 
per effect size was approximately 0.8. It should be noted that previ-
ous studies using master athletes of similar age suffered a similar 
limitation, such as Koibuchi and Suzuki [19] (n = 7), Mattern, 
Gutilla [5] (n = 9), Masse-Biron, Mercier [34] (n = 7) and Wollein, 
Bachl [49] (n = 7). Also worth noting here, it is not easy to identify 
athletes of this age who are still training intensely and who meet the 
rigorous exclusion and inclusion criteria and who are capable of 
completing the Bruce protocol.

In this study, correlations between salivary total protein and heart 
rate, as well as between salivary total protein and blood lactate, were 
observed in the elderly athletes subjected to a treadmill protocol. 
Salivary total protein analysis shows some advantage in convenience, 
cost and safety. Therefore, these results suggest that salivary total 
protein could be a useful, non‑invasive and attractive biomarker for 
determining the anaerobic threshold during incremental exercise tests 
in elderly athletes, with practical applications in the health and sports 
areas. Thus, to relate salivary biomarkers with stress conditions in 
elderly athletes may help to monitor training intensity and indicate 
a better training programme for older people, as well as to strength-
en the use of saliva as a diagnostic fluid.

CONCLUSIONS 
The elderly athletes showed a high correlation between heart rate, 
blood lactate and salivary total protein, which was not observed in 
the elderly control group. The results of this study suggest that 
changes in salivary total protein could potentially be used as an al-
ternative non‑invasive method for determining anaerobic threshold 
in elderly athletes. Furthermore, saliva offers clear advantages over 
blood for monitoring exercise, since it is readily available and can be 
easily collected, handled and stored. The possibility of determining 
the anaerobic threshold through analysis of salivary composition is 
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interesting and justifies further research using different physical ex-
ercises to substantiate the value and utility of salivary total protein 
as a biomarker of physical exercise intensity in elderly athletes.
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