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Salivary markers in basketball matches

INTRODUCTION
Saliva collection and analysis is considered as an established tool 
for assessment of the physiological responses in sports training and 
matches [1]. This method has been extensively used since it can 
provide a useful, non-invasive alternative to the collection of serum 
and plasma. Indeed, saliva can be collected rapidly and frequently, 
and it can be performed in the sports field without any medical 
training [1]. Additionally, the use of saliva samples for hormonal 
analysis was recommended since it reduces the risk of possible infec-
tions compared with blood analysis, and has lower overall cost and 
higher acceptability by athletes [2–4].

Salivary markers during official matches in team sports and spe-
cifically in basketball have been extensively studied since they can 
provide useful information about the physiological and psychological 
profile of the athletes before and after these events [5]. In basketball, 
official matches have been shown to be characterized by high phys-
ical [6] and physiological [6–8] demands, leading to increased 
physical and psychophysiological stress [6, 9, 10] and disturbing 
the balance between anabolic and catabolic processes [11]. There-
fore, the assessment of salivary markers evaluating these processes 
before or after official basketball matches has been considered fun-
damental [12]. Cortisol (C) is among the most studied markers to 
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assess the acute responses during official basketball matches [12–19]. 
Specifically, C is secreted from the adrenal cortex via the hypotha-
lamic–pituitary–adrenal (HPA) axis and is the main hormone respon-
sible for the catabolic process as it reduces protein synthesis, in-
creases protein degradation and inhibits the inflammatory process 
and immunity [1]. Therefore, C is the main marker identifying athletes’ 
stress responses in matches, which is one of the most stressful events 
in sport settings [20]. Testosterone (T) is the primary androgen ste-
roid hormone and its secretion is regulated by the hypothalamic-
pituitary-gonadal axis [1]. T is the main hormone responsible for the 
anabolic process, including muscle growth, since it increases protein 
synthesis and consequently muscle strength-related performance [21]. 
Therefore, T was mainly used in sport settings to monitor the ana-
bolic processes during resistance training [21, 22]. Alternatively, 
from a psychological standpoint, T has been shown to be linked to 
the concept of dominance, territory and aggression, and was measured 
during matches as a marker indicating athletes’ arousal and aggres-
sion levels when playing at home vs. away venues and when winning 
or losing official basketball matches [12, 23].

The current body of literature indicates that several markers have 
been studied to assess the psychological profile of basketball players 
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selection criteria by two authors (PK and DC). The full-text version 
screening process was then performed in the same structure for all 
included articles. Additionally, the reference list of all included articles 
was screened by two authors (PK and DC), to identify any relevant 
articles that were not found during the database search. The consid-
ered salivary markers in this systematic review were C, T, IgA, inter-
leukin-1ß (IL-1ß), interleukin-21 (IL-21), alpha-amylase (AA), brain-
derived neurotrophic factor (BDNF), and total protein (TP).

Assessment of methodological quality
The modified version of the Downs and Black checklist for assess-
ment of methodological quality of randomised and non-randomised 
healthcare interventions [29] was used. The Downs and Black 
checklist was proved as a valid method [29] and has been previ-
ously used in systematic reviews to assess methodological quali-
ty [30–32]. Following the recommendations that the number of 
items used for the assessment of methodological quality can be 
adjusted to the scope of the systematic review [30–32], the check-
list for this review was adapted for non-interventional and for in-
terventional study designs, consisting of the 12 and 13 most rel-
evant items, respectively (Table 2). During the assessment of 
methodological quality, each included article was independently 
evaluated by two authors (PK and DC) and each item was assessed 
as 1 = “Yes”, or 0 = “No/unable to determine”. The scores for 
each of the 12 or 13 items were summed to provide the total 
quality score.

Data extraction and analysis
To identify and extract representative data from all the included ar-
ticles, publications were analysed by the lead author (PK). Non-
numerically presented or unprovided data were identified as “not 
reported”. During the identification and extraction process, the fol-
lowing data were extracted (if presented):
–– Characteristics of participants: sample size, playing level, sex, 

age, stature and body mass;
–– Research methodology: salivary markers, use of saliva flow rate 

stimulation, use of mouth rinse before collection, dietary restric-
tions due to saliva collection, collection type (i.e. swabbing, spit-
ting), manufacturer of reagents used for analysis;

according to different match conditions such as different final out-
comes [15], match venues [12], phases of the season [14], difficul-
ties of the match [13, 24], comparing responses to simulated and 
official matches [18, 19] and effects of matches and exercise on 
levels of hormonal response [16]. However, to the best of our knowl-
edge, there has been no systematic review of changes in salivary 
markers according to different basketball match conditions, which 
could indicate a comprehensive understanding of the basketball 
match demands from a physiological and psychological standpoint. 
Therefore, the aim of this systematic review is to synthesize the 
findings about salivary markers’ responses to the different basketball 
match typologies.

MATERIALS AND METHODS 
Literature search strategy
An electronic database search for the articles published online or in 
print prior to October 2020 was performed in four electronic data-
bases: PubMed, SPORTDiscus, Scopus and Web of Science. The 
search strategy presented in Table 1 consisted of three search vari-
ables (Salivary markers AND Type of activity AND Basketball) used 
in all possible combinations for the identification of relevant publica-
tions. Identified original peer-reviewed articles published in English 
were considered as relevant search outcomes while literature reviews, 
conference proceedings and other types of publications were ex-
cluded.

Selection criteria
The selection criteria of this systematic review were created and used 
with no restrictions for study population, interventions, comparisons, 
outcomes and study designs (PICOS), following recommenda-
tions  [25] and search strategies used in other systematic re-
views [6, 26, 27]. During the screening process, publications inves-
tigating the effect of basketball matches (i.e. official, friendly, or 
simulated) on changes in salivary markers were included in the review. 
The article screening process was performed following the guidelines 
of Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) [28].

After exclusion of duplicate records, the abstracts of all identified 
articles were screened independently against the pre-defined 

TABLE 1. Search strategy used to locate relevant research articles.

Variable Search terms

1. Salivary markers (“hormonal response*” OR “salivary cortisol” OR “salivary testosterone” OR 
“salivary immunoglobulin A” OR “salivary marker*” OR “endocrinology”)

2. Type of activity (“game*” OR “match*”)

3. Basketball (“basketball”)

Salivary markers AND type of activity AND basketball “1 AND 2 AND 3”
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TABLE 2. Questions of the modified Downs and Black checklist used for the assessment of methodological quality of the included 
articles.

Question
No. Reporting
1 Is the hypothesis/aim/objective of the study clearly described?
2 Are the main outcomes to be measured clearly described in the Introduction or Methods section?
3 Are the characteristics of the patients/subjects included in the study clearly described?
4 Are the main findings of the study clearly described?
5 Does the study provide estimates of the random variability in the data for the main outcomes?
6 Have actual probability values been reported (e.g. 0.035 rather than < 0.05) for the main outcomes except when the 

probability value is less than 0.001?
External validity

7 Were the subjects asked to participate in the study representative of the entire population from which they were recruited?
8 Were those subjects who were prepared to participate representative of the entire population from which they were recruited?

Internal validity
9 If any of the results of the study were based on “data dredging”, was this made clear?
10 In trials and cohort studies, do the analyses adjust for different lengths of follow-up of patients, or in case control studies, 

is the time period between the intervention and outcome the same for cases and controls?
11 Were the statistical tests used to assess the main outcomes appropriate?
12 Were the main outcome measures used accurate (valid and reliable)?
13 Was compliance with the intervention/s reliable? (Just for interventional studies)

TABLE 3. Types of methodology used to collect saliva samples in the included articles.

Study Salivary markers
Stimulated 
Yes / No

Mouth rinse 
Yes / No

Dietary 
restriction time 

Collection 
type 

Manufacturer 
of reagents

Arruda et al. 
2018 [14]

Cortisol
Testosterone

Alpha-amylase
IL-1b cytokine

No No 90 min Spitting Salimetrics

Arruda et al. 
2014 [12]

Cortisol
Testosterone

No No 90 min Spitting Salimetrics

Gonzalez-Bono et al. 
1999 [15]

Cortisol
Testosterone

Yes No n/a Spitting ICN (T) OD (C)

Moreira et al. 
2018 [16]

Cortisol
Brain-derived neurotrophic 

factor
No No 90 min Spitting

Salimetrics (C)
Abnova (BDNF)

Moreira et al. 
2013 [17]

Cortisol
Immunoglobulin A

Interleukin-21
Total protein

No No 120 min Spitting
Salimetrics (C; IgA) 

eBio (IL-21)
Pierce (TP)

Moreira et al. 
2012(a) [18]

Cortisol
Immunoglobulin A

No No 120 min Spitting ALPCO

Moreira et al. 
2012(b) [19]

Cortisol No No 120 min Spitting DSL

Arruda et al. 
2019 [24]

Testosterone No No 90 min Spitting Salimetrics

Arruda et al. 
2017 [13]

Cortisol
Testosterone

No No 90 min Spitting Salimetrics

Gonzalez-Bono et al.
2000 [33]

Testosterone Yes No n/a Spitting ICN

Note. n/a – not available, not provided in article; Salimetrics – Salimetrics LLC, Carlsbad, CA, USA; ICN – ICN Biomedicals, Costa 
Mesa, CA, USA; OD – Orion Diagnostica, Espoo, Finland; Abnova – Abnova Corporation, Taiwan; eBio – eBioscience, San Diego, CA, 
USA; Pierce – Pierce Biotechnology, Rockford, Illinois, USA; ALPCO – ALPCO diagnostics, Salem, MA, USA; DSL – Diagnostic Systems 
Laboratories, INC, Webster, TX, USA; C – cortisol; T – testosterone; IgA – immunoglobulin A; AA – alpha-amylase; IL-1b – IL-1b 
cytokine; BDNF – brain-derived neurotrophic factor; IL-21 – interleukin-21.
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RESULTS 
Search findings and study selection
A total of 696 articles were found across the electronic databases 
(PubMed = 152, SPORTDiscus = 88, Scopus = 167, Web of Sci-
ence = 289) and, after removing 505 duplicate records, 191 records 
were included for a further analysis of eligibility. After screening titles 
and abstracts, a further 181 articles were removed before the full-text 
screening procedure with the remaining ten (n = 10) articles pass-
ing the final full-text screening procedure matching all the selection 
and evaluation criteria. The full results of the search are presented 
in Figure 1.

–– Methodological outcome measures: phase of the season, duration 
of monitoring period, type of activities monitored, frequency of 
saliva sample collection, salivary markers analysed and variabil-
ity in results of analysis of salivary markers;

Study results: outcomes of saliva analysis (i.e. differences, statis-
tical significance, effect sizes and interpretation).

Where possible, participants’ characteristics are reported as 
mean ± standard deviation (SD) and the type of methodology used 
to collect saliva samples is presented in Table 3.

FIG. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram of search strategy.
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TABLE 4. Results of methodological quality assessment for included articles.

Study

Downs and Black checklist question number

TOTALReporting
External 
validity

Internal validity-bias

1 2 3 4 5 6 7 8 9 10 11 12 13
Arruda et al. 2018 [14] 1 1 1 0 0 1 0 1 1 0 1 1 T 8
Arruda et al. 2014 [12] 1 1 1 1 1 0 0 1 1 0 1 1 T 9
Gonzalez-Bono et al. 1999 [15] 1 1 1 0 0 1 0 0 1 1 1 1 1 9
Moreira et al. 2018 [16] 1 1 1 0 0 0 0 1 1 1 1 1 1 9
Moreira et al. 2013 [17] 1 1 1 0 0 0 0 1 1 0 1 1 T 7
Moreira et al. 2012(a) [18] 1 1 1 1 1 0 0 1 1 1 1 1 T 10
Moreira et al. 2012(b) [19] 1 1 1 0 0 1 0 1 1 1 1 1 T 9
Arruda et al. 2019 [24] 1 1 1 0 0 1 1 1 1 0 1 1 T 9
Arruda et al. 2017 [13] 1 1 1 0 0 0 0 1 1 0 1 1 T 7
Gonzalez-Bono et al. 2000 [33] 1 1 1 1 1 1 0 0 1 0 1 1 T 9

Note. 1 = Yes; 0 = No/Unable to determine; T – non-interventional study.

TABLE 5. Characteristics of the participants in included articles.

Study
Sample size (N) 

Final [Initial]
Level Sex

Age (years)
(mean ± SD)

Stature (cm)
(mean ± SD)

Body mass (kg)
(mean ± SD)

Arruda et al. 
2018 [14]

14 [18] 
U16 (N = 7)
U17 (N = 7)

Elite Male
U16: 15.1 ± 0.3
U17: 16.5 ± 0.5

U16: 190.3 ± 9.1
U17: 191.5 ± 7.2

U16: 90.4 ± 15.5
U17: 89.7 ± 18.9

Arruda et al. 
2014 [12]

18 [24] Elite Male 17.8 ± 0.4* 190 ± 10* 87 ± 8.5*

Gonzalez-Bono et al. 
1999 [15]

16 [21]
Winners (W) 

(N = 8) Losers 
(L) (N = 8)

Elite Male

W: 
23.63 ± 1.22 #

L: 
22.86 ± 1.82 #

W: 
195.78 ± 1.95 #

L: 
195.41 ± 2.6 #

W: 
93.04 ± 3.84 #

L: 
94.59 ± 3.49 #

Moreira et al. 
2018 [16]

24 [33]
Sedentary adults 

(S) (N = 12)
Basketball players 

(B) (N = 12)

Sedentary 
adults
Elite 

basketball 
players

Male
S: 23.0 ± 4.2*
B: 18.6 ± 0.5*

S: n/a
B: 192.7 ± 7*

S: n/a B: 
88.9 ± 14.5*

Moreira et al. 
2013 [17]

20 Elite Male 18.8 ± 0.4 192 ± 10 87 ± 8

Moreira et al. 
2012(a) [18]

10 Elite Male 19 ± 0.6 193 ± 6 87 ± 7

Moreira et al. 
2012(b) [19]

10 Elite Male 26.4 ± 3.8 196 ± 10 100 ± 14

Arruda et al. 
2019 [24]

25 [33]
U15 (N = 8)
U16 (N = 8) 
U17 (N = 9)

Elite Male
U15: 14.1 ± 0.3
U16: 15.2 ± 0.4
U17: 16.5 ± 0.5

U15: 186.6 ± 6.9
U16: 191.0 ± 8.1
U17: 191.5 ± 7.2

U15: 78.3 ± 12.2
U16: 88.9 ± 13.8
U17: 89.7 ± 18.9

Arruda et al. 
2017 [13]

12 Elite Male 18.6 ± 0.5 192 ± 7 88.9 ± 14.5

Gonzalez-Bono et al.
2000 [33]

17
Team 1 (T1) 

(N = 9) Team 
2 (T2) (N = 8)

Elite Male

T1: 
21.56 ± 1.16 #

T2: 
22.0 ± 1.70 #

T1: 
194.84 ± 2.10 #

T2: 
193.83 ± 2.76 #

T1: 
92.99 ± 3.85 #

T2: 
92.50 ± 3.67 #

Note. n/a – not provided; * – average data reported for initial sample size; SD – standard deviation. # – data reported as mean ± SEM 
(standard error of the mean).
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Outcome measures
Outcome measures of the included articles are presented in Table 6. 
Different markers were used, with C and T being the most studied 
markers: C (n = 8), T (n = 6), IgA (n = 2), AA (n = 1), BDNF 
(n = 1) IL-1ß (n = 1), IL-21 (n = 1), TP (n = 1). In all included 
articles, saliva samples were collected from before and after inves-
tigated matches and in some cases comparing basketball match 
results with specifically designed exercises, training or laboratory 
sessions, depending on the purpose of each study. In the identified 
studies, we also considered whether the coefficient of variation (CV) 
values were reported for intra- and inter-assay, which are typical 
analyses used to verify the reliability of measurements (Table 6). The 
results revealed that CVs were reported in: i) 8 (intra-assay; range: 
3.4%–7.0%) and 1 (inter-assay; value: < 5.0%) articles out of 8 as-
sessing C levels; ii) 6 (intra-assay; range: 3.2%–5.0%) and 2 (inter-
assay; value: < 5.0%) articles out of 6 assessing T levels; and 
iii) 2 (intra-assay; range: 6.0%–7.0%) and 0 (inter-assay) articles 

Methodological quality
The results of methodological quality evaluation for each included 
article are presented in Table 4. The total scores for non-intervention-
al studies (maximum possible score = 12) ranged from 7 to 10, while 
the two intervention studies both recorded a score of 9 (maximum 
possible score = 13). Similarly to other systematic reviews that used 
the Downs and Black checklist [26, 30–32], no articles were ex-
cluded based on the results of methodological quality evaluation.

Participant characteristics
Participants’ characteristics are presented in Table 5. Included stud-
ies investigated samples with different sizes, ranging from 10 to 
25 participants included for the final analysis. Salivary markers across 
basketball matches were studied only in male players across all the 
included articles. Participants from included articles were competing 
at the elite basketball level in youth (n = 7) and senior (n = 3) age 
categories.

TABLE 6. Methodological outcome measures of included articles

Study Duration Type of activity
Frequency of saliva 

collection
Salivary 
markers

Coefficient of 
variation for the 

assays (%)

Arruda et al. 
2018 [14]

4 matches
Two winning playoff final matches and two 
winning regular season matches.

Pre- to post-match.

C
T

AA
IL-1b

C = 4.4 intra 
T = 4.6 intra 

AA = 2.6 intra
IL-1b = 6.7 intra

Arruda et al. 
2014 [12]

2 matches
Two teams played against each other twice, 
playing at home and away facilities.

Pre- to post-match.
C
T

C = 3.7 intra 
T = 3.2 intra

Gonzalez-Bono 
et al. 1999 [15]

9 months
Experimental laboratory session in August, 
December and April and experimental match 
in December for two teams.

Pre- to post-match and 
during 3 laboratory 

sessions.

C
T

 < 5.0 intra & 
inter

Moreira et al. 
2018 [16]

6 weeks

Basketball players participated in 3 official 
matches. Sedentary group visited the 
laboratory 4 times to complete an experimental 
protocol at 120% of HRVTH for 30 minutes.

Pre- to post-match and 
experimental exercise.

C
BDNF

C = 3.6 intra
BDNF = 8.0 intra

Moreira et al. 
2013 [17]

1 match
Two teams, 1st and 2nd place in the Brazilian 
State Basketball Championship played regular 
season matches against each other.

Pre- to post-match.

C
IgA

IL-21
TP

C = 4.8 intra
IgA = 6.0 intra

IL-21 = 3.2 intra
TP = n/a

Moreira et al. 
2012(a) [18]

15 weeks
5 investigated basketball matches: 2 official 
and 3 training matches.

Pre- to post-match.
C

IgA
 < 7.0 intra

Moreira et al. 
2012(b) [19]

4 weeks
4 investigated basketball matches: 2 official 
and 2 simulated matches.

Pre- to post-match. C 4.8 intra

Arruda et al. 
2019 [24]

6 winning 
matches

3 winning semi-final and 3 winning final 
matches for U15, U16 and U17 teams.

Pre- to post-match. T 4.6 intra

Arruda et al. 
2017 [13]

9 weeks
Experimental training session and 3 official 
matches against different level of opponents.

Pre- to post-match and 
training session

C
T

C = 3.4 intra
T = 4.2 intra

Gonzalez-Bono 
et al. 2000 [33]

2 matches Two matches against different level opponents. Pre- to post-match. T
 < 5.0 intra & 

inter 

Note. n/a – not available and not provided in article; HRVTH – heart rate variability threshold; C  – cortisol; T  – testosterone; 
IgA – immunoglobulin A; AA – alpha-amylase; IL-1b – IL-1b cytokine; BDNF – brain-derived neurotrophic factor; IL-21 – interleukin-21.
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TABLE 7. Effect of basketball matches on salivary marker levels

Study Marker Measures Concentration (mean ± SD) Changes

Arruda et al. 
2018 [14]

C
Regular vs. final matches

Not provided
p = 0.36

Pre- to post-match measures p < 0.001
Effect of interaction p = 0.09

T
Regular vs. final matches

Not provided
p = 0.28

Pre- to post-match measures p < 0.001
Effect of interaction p = 0.35

AA
Pre- to post-regular and final matches

Not provided
(Increased)

p < 0.001

Effect of interaction
Not provided

p = 0.58
Effect of condition p = 0.67

IL-1ß
Pre- to post-regular and final matches

Not provided
p = 0.95

Effect of interaction p = 0.75
Effect of condition p = 0.57

Arruda et al. 
2014 [12]

C

Home vs. away matches Pre-home Pre: 
19.5 ± 5.2 nmol/l

Post-home: 31.4 ± 7.6 nmol/l
Pre-away Pre: 

19.1 ± 5.7 nmol/l
Post-away: 28.5 ± 9.5 nmol/l

p > 0.05 

Pre- to post-matches (home and away) p < 0.005

T

Home vs. away matches Pre-home: 701 ± 146 nmol/l
Pre-away: 531 ± 153 nmol/l
Post-home: 944 ± 243 nmol/l
Post-away: 770 ± 257 nmol/l

p > 0.05
Pre-match: home vs. away p < 0.001
Post-match: home vs. away p > 0.05

Changes from pre- to post-match values p < 0.005

Gonzalez-Bono et al. 
1999 [15]

C
Winners vs. losers (effect of match 

outcome)
Winners: 3.07 ± 1.31 nmol/l
Losers: 1.59 ± 1.15 nmol/l

p > 0.05

Pre- to post-match Not provided p < 0.02

T
Winners (W)
Losers (L)

Winners vs. losers (effect of result) Not provided p > 0.05

Pre- to post-match

W increase: 
0.013 ± 0.04 nmol/l

L decrease: 
-0.031 ± 1.31 nmol/l

p > 0.05

Moreira et al. 
2018 [16]

C

Group effect (Basketball players vs. 
Sedentary people)

Not provided

p < 0.001

Time effect (Basketball players vs. 
Sedentary people)

p < 0.001

Interaction (Time x Group) p < 0.001

BDNF

Group effect (Basketball players vs. 
Sedentary people)

Not provided
(Higher in basketball players)

p < 0.001

Time effect (Basketball players vs. 
Sedentary people)

p > 0.05

Interaction (Time x Group) p > 0.05

 Moreira et al. 
2013 [17]

C

Pre- to post-official basketball match

Not provided
(Increased during the match)

p < 0.05

IgA Not provided p > 0.05
Secretion 

rate
IgA

Not provided p > 0.05

IL-21
Not provided
(Decreased)

p < 0.05

TP
Pre: 1.7 ± 0.8 mg/ml
Post: 1.9 ± 0.9 mg/ml

p = 0.7
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Study Marker Measures Concentration (mean ± SD) Changes

Moreira et al. 
2012(a) [18]

C

Pre- to post-official basketball matches
Pre: 6.1 ± 0.8 nmol/l

Post: 12.7 ± 2.2 nmol/l
p < 0.05

Pre- to post-training basketball matches
Pre: 4.2 ± 0.7 nmol/l
Post: 4.4 ± 1.0 nmol/l

p > 0.05

Pre-match levels for official (OM) and 
training (TM) matches

OM: Pre: 6.1 ± 0.8 nmol/l
TM: 4.2 ± 0.7 nmol/l

p > 0.05

Post-match levels for official (OM) and 
training (TM) matches

OM: 12.7 ± 2.2 nmol/l
TM: 4.4 ± 1.0 nmol/L

p < 0.05

IgA
Pre- to post-official (OM) and training (TM) 

matches

Pre-OM: 457 ± 68 μg/ml
Post-OM: 552 ± 59 μg/ml
Pre-TM: 494 ± 99 μg/ml

Post-TM: 635 ± 137 μg/ml

p > 0.05

Secretion 
rate
IgA

Pre- to post-official (OM) and training (TM) 
matches

Pre-OM: 132 ± 30 μg/min
Post-OM: 156 ± 26 μg/min
Pre-TM: 118 ± 22 μg/min
Post-TM: 145 ± 31 μg/min

p > 0.05

Moreira et al. 
2012(b) [19]

C

Pre- to post-simulated matches (SM)

Not provided

p > 0.05
Pre- to post-official matches (OM) p < 0.01
Comparison of pre-OM and pre-SM p < 0.03

Comparison of post-OM and post-SM p < 0.01

Arruda et al. 
2019 [24]

T
Pre- to post-semi-final and final matches

Not provided
(Increased)

p < 0.001

Semi-final vs. final match
Not provided

p = 0.20
Interaction between conditions p = 0.93

Arruda et al. 
2017 [13]

C

Time effect (pre- to post-matches) 
Not provided
(Increased)

p < 0.0001

Condition effect (TS, EM, MM, HM)
Not provided
(Increased)

p < 0.0001

Pre- to post- all conditions (TS, EM, MM, 
HM)

Not provided
(Increased)

p < 0.05

Comparison of pre-match concentrations 
(TS vs. EM vs. MM. vs. HM)

Not provided
(Higher in HM than in TS, EM 

and MM)
p < 0.05

Comparison of post-match concentrations 
(TS vs. EM vs. MM. vs. HM)

Not provided
(Higher in HM than in TS and 

EM)
p < 0.05

T
Pre-match (EM, MM, HM) vs. pre-control 

(TS) concentrations

Not provided
(Higher before all matches 
than before control session)

p = 0.008

Comparison of pre-match concentrations Not provided p > 0.05

Gonzalez-Bono et al. 
2000 [33]

T

Pre-match: T1 vs. T2 T1 pre-match: 
0.078 ± 0.017 nmol/l *

T1 post-match: 
0.116 ± 0.025 nmol/l *

T2 pre-match: 
0.087 ± 0.009 nmol/l *

T2 post-match: 
0.087 ± 0.016 nmol/l *

p > 0.05
Pre- to post-match for T1 p < 0.058

Pre- to post-match for T2 p < 0.97

Note. * – data are reported as mean ± SEM (standard error of the mean); C – cortisol; T – testosterone; AA – alpha-amylase; 
IL-1ß – interleukin-1ß; BDNF – brain-derived-neurotrophic factor; IgA – immunoglobulin A; IL-21 – interleukin-21; OM – official 
match; TM – training match; SM – simulated match; TS – training session; EM – easy match; MM – medium match; HM – hard 
match; T1 – team 1; T2 – team 2.

TABLE 7. Continue
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matches [18, 19]. Additionally, the C concentration significantly 
increased following official matches (p < 0.05), while no differ-
ences were found in simulated matches, with these results indicating 
a significantly higher C concentration after official compared to after 
simulated matches [18, 19]. However, playing in an official or sim-
ulated match did not affect the IgA values in elite youth basketball 
players, with IgA concentration remaining similar before and after 
matches in both conditions [18].

Finally, in a unique study the differences in C and BDNF concen-
trations in young adult male sedentary people involved in 30 minutes 
of constant load exercise at 120% of their heart-rate variability thresh-
old in comparison with elite under-19 male basketball players involved 
in two official basketball matches were investigated [16]. Increased 
(p < 0.05) C levels from pre- to post-match values were observed 
in basketball players, while no changes were found for the sedentary 
group [16]. Moreover, post-activity and post-match C levels were 
higher in basketball players compared to sedentary people [16]. 
A higher (p < 0.05) resting and post-exercise BDNF concentration 
was found in basketball players compared to the sedentary group, 
with no changes found for both groups from pre- to post-exercise 
values [16].

DISCUSSION 
The aim of this systematic review was to synthesize findings on 
salivary marker responses to the different basketball match typologies. 
The main salivary markers included in the reviewed articles were C, 
T and IgA and are discussed in separate sections.

Reliability of results
Higher reliability of results indicates high precision of measurements 
with CV as one of the most useful calculations adopted for this 
analysis [34]. Specifically, for the assessment of salivary markers, 
acceptable reliability is considered when CV for intra- and inter-assays 
is lower than 10% [35]. The results of this systematic review indicate 
that the reliability values were reported in all included articles with 
coefficient of variation values < 10% (Table 6).

Cortisol
Regardless of match typology (i.e. regular, semi-final, final), outcome 
(i.e. winning, losing), location (i.e. home, away), and level of op-
ponent (i.e. easy, medium, hard), all eight reviewed articles reported 
an increase in C levels following an official match [12–19]. Further-
more, higher C levels were observed following official matches com-
pared to simulated matches in elite [19] and youth [18] male bas-
ketball players. An increase in C  levels indicates that official 
matches possess a less controlled environment compared to simu-
lated matches, generating higher stress levels, and leading to great-
er psychophysiological demands [20]. The reasons for higher stress 
might relate to the interactions with other players, changes in match 
circumstances, pressure from the coach or fans, self-efficacy, anxiety 
and psychological pressure to win [17, 36–38].

out of 2 assessing IgA levels. For other salivary markers, CVs were 
reported only for intra-assay with values of 2.6% for AA, 6.7% for 
IL-1ß, 8.0% for BDNF and 3.2% for IL-21, while for TP CVs were 
not reported.

Salivary marker responses to basketball matches
Two studies examined changes of salivary markers following basketball 
matches [17, 33] with eight additional studies considering different 
match outcomes (winning vs. losing) [15], match locations (home vs. 
away) [12], part of the season (regular vs. final) [14], difficulty of the 
match (final vs. semi-final and different level of opponents) [13, 24], 
and in comparison with simulated matches [18, 19] and with sed-
entary individuals performing exercise [16] (Table 7).

Previous one-match studies evaluating pre- to post-match dif-
ferences revealed no statistically significant differences (p > 0.05) 
in T levels in professional basketball players [33] and no differ-
ences in TP and IgA in under-19 youth male basketball players [17]. 
However, significantly different (p < 0.05) C and IL-21 levels were 
observed comparing pre- to post-match values with an increase 
of C levels and a decrease in IL-21 [17] in under-19 youth male 
players. The analysis of the effect of match outcome showed no 
significant differences between winning and losing teams in C and 
T levels with C levels significantly increasing from pre- to post-
match values for both teams and T showing no significant differ-
ence [15].

Considering match location, a previous investigation [12] revealed 
higher (p < 0.05) pre-match T values in home compared to away 
venues, while no significant difference was found for C concentra-
tions. Moreover, both salivary markers increased (p = 0.005) from 
pre- to post-match values for both home and away matches [12]. 
The analysis of different salivary markers (C, T, AA, IL-1ß) showed 
no differences (p > 0.05) for matches played in different phases of 
the season (regular vs. final phase), with a statistically significant 
increase (p < 0.001) of C, T and AA levels from pre- to post-match 
values in both regular and final phase matches [14].

The analysis of the effect of matches with different difficulty lev-
els showed no statistically significant differences (p > 0.05) for T con-
centrations in pre-match values when comparing final and semi-final 
matches [24] and easy, medium and hard matches [13]. Addition-
ally, T values similarly increased (p < 0.001) from pre- to post-match 
values when playing both semi-final and final matches [24]. In con-
trast, C levels were found to be affected by different levels of opponents 
(easy, medium and hard matches) and time (pre- to post-match-
es) [13]. Indeed, higher (p < 0.05) C values were reported before 
hard matches compared to easy matches, and when considering 
post-match values, higher C concentrations were observed in hard 
matches compared to easy and medium matches [13].

When assessing differences in salivary marker concentrations 
between official and simulated matches in elite male senior and 
youth players, a higher (p < 0.05) pre-match C concentration was 
observed for official matches compared to simulated 
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The level of opponents has also been indicated as a variable able 
to increase the C levels in elite male basketball players [13]. Indeed, 
higher pre-match C concentrations were found before hard matches 
compared to training sessions, easy matches and medium match-
es [13]. Moreover, C concentrations following hard matches were 
higher than following easy matches and training sessions [13]. These 
outcomes can be explained by greater perceived threat of failure and 
individual stress due to playing against a highly ranked team, result-
ing in higher activity of the hypothalamic-pituitary-adrenal axis, which 
increases the release of stress hormones [13, 14]. Additionally, play-
ing in an official match has been demonstrated as a highly stressful 
condition regardless of season phase (i.e. regular vs. semi-final vs. 
final matches) [14, 24], match outcome (i.e. winning vs. losing) [15] 
and location [12], since no differences were found when comparing 
these variables in elite male senior and youth players.

Testosterone
When considering changes in levels of T, previous research focused 
on the assessment of pre-match T levels according to contextual 
factors such as match location [12] and level of the opponents [13] 
in elite youth male basketball players. Higher T concentrations were 
found before home compared to away matches [12], while no dif-
ferences were found when comparing pre-match values of matches 
against differently ranked opponents [13]. These findings suggest 
that players perceived higher self-confidence when playing at 
home [12, 23], while the level of opponents did not induce any 
changes in pre-match T levels, probably because social status prov-
ocation would be an essential characteristic in any match [13].

Conversely to C outcomes, an inconsistent response of T was found 
from pre- to post-match values for official matches [12, 14, 15, 24, 33]. 
Basketball matches elicited an increase in T with a similar trend found 
when comparing matches played in different phases of the season 
(i.e. regular, semi-final, final) [14, 24] and matches played in different 
locations (home vs. away) [12]. The increase of T levels following 
matches can be explained by psychological responses to challenging 
conditions, such as maintaining a high social status and overcoming 
threats of failure [13, 39]. However, dissimilar results were obtained 
in previous studies assessing the changes in T levels from pre- to 
post-match values when winning matches [33] or comparing concen-
trations of winning and losing teams [15], with no changes docu-
mented. However, it is worth mentioning that when considering ab-
solute values, an increase in T levels was reported for winners and 
a decrease for losers [15]. This inconsistency in the results across the 
reviewed manuscripts calls for further research to determine a more 
precise response of T levels to basketball matches according to differ-
ent contextual variables and in different age categories.

Immunoglobulin A
An increase in training stress and C levels was previously suggested 
as associated with neuroendocrine control and elevation of IgA lev-
els [40]. However, an increase in C concentration from before to 

after official matches in youth and senior elite male basketball play-
ers [17, 18] did not have an impact on IgA concentrations, with no 
changes observed. The unresponsiveness of IgA concentration during 
official basketball matches shows that an acute increase in C levels 
has no effect on regulation of IgA levels [17, 18]. Possibly, IgA con-
centrations might be considered a less useful salivary markers to 
assess players’ short-term responses since it has been suggested that 
immunological responses occur with a certain delay [41].

Other salivary markers
Besides the analysis of C, T and IgA, three included articles investi-
gated the responses of AA, IL-1ß, IL-21, TP and BDNF following 
basketball matches [14, 16, 17]. Salivary AA and IL-1ß were previ-
ously indicated as markers of stress and immune responses, respec-
tively [42, 43]. A previous study assessing the changes in AA and 
IL-1ß following regular and final matches in elite youth players indi-
cated different responses [14]. Indeed, an increase in AA concentra-
tion was found concurrently with an increase in C levels [14], sug-
gesting the combination of these two markers as providing a more 
detailed interpretation about the activity of the sympathetic nervous 
system (SNS) [42], which strongly depends on the level of psycho-
logical stress [14, 44]. On the other hand, no changes for IL-1ß were 
found following regular and final matches [14]. Possibly, this outcome 
was due to the raised level of inflammatory cytokines to elicit great-
er stimulation of the hypothalamic-pituitary-adrenal axis to release C, 
which resulted in inhibition of inflammatory cytokine production, 
responsible for the release of IL-1ß [45]. This negative feedback loop 
between the immune system and the CNS has been indicated as 
critical in regulating inflammatory responses and maintaining players’ 
health status [14, 45, 46].

Another salivary marker which was suggested as an important 
cytokine for the acute response to infections is IL-21, which is re-
sponsible for rapid production of IgA [17]. Moreover, IL-21 was 
described as a cytokine having both pro-inflammatory and anti-in-
flammatory effects on IgA [47]. However, a decrease in IL-21 follow-
ing a match in youth basketball players did not cause any changes 
in IgA levels, although an acute increase in stress levels was 
found [17]. Contrary to the suggestions of rapid IgA production, 
findings confirm a delayed immunological response and usefulness 
of IgA for assessment of short-term changes, since a decrease in 
IL-21 did not induce an acute occurrence in IgA levels [41].

When considering the other investigated salivary markers, Moreira 
et al. [17] assessed the pre- to post-match TP levels in youth male 
basketball players, finding no statistically significant changes. TP has 
been suggested as a marker representing the whole body hydration 
status, with its increase showing a loss of body fluids [48]. This 
mechanism can be explained by the increase in SNS activity in re-
sponse to the heat stress during exercise, leading to the acute reduc-
tion of hydration and lower saliva flow rate, resulting in higher saliva 
osmolality and an increase in TP levels [48, 49]. Therefore, a constant 
level of TP reveals that youth players were able to maintain a similar 
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concomitantly assessed with C levels, demonstrating an increase in 
C secretion corresponding to no changes in BDNF following a bas-
ketball match [16]. These results might be due to the protective role 
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and amygdala, which are responsible for control of motivation, emo-
tions, learning and memory [50]. In fact, the only difference found 
was higher BDNF levels in basketball players than in sedentary in-
dividuals [16]. This difference shows that, similarly to C levels, re-
gardless of the level of fitness or adaptation to experiencing a phys-
ical load, an official match is a more demanding condition than 
high‑intensity exercise [16]. The lack of changes in BDNF is possibly 
related to the type of analysis as salivary BDNF level might not reveal 
the actual changes of BDNF in brain and muscle, since plasma BDNF 
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Overall, we would suggest to basketball practitioners and sport 
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file of basketball players. Future research directions should involve 
the analysis of several basketball populations and particularly in 
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es. Moreover, we suggest the design of studies also including 



808

Paulius Kamarauskas et al.

15.	Gonzalez-Bono E, Salvador A, Serrano MA, 
Ricarte J. Testosterone, cortisol, and mood 
in a sports team competition. Horm Behav. 
1999; 35(1):55–62.

16.	Moreira A, Aoki MS, Arruda AFS, Da Silva 
Machado DG, Elsangedy HM, Okano AH. 
Salivary BDNF and cortisol responses 
during high-intensity exercise and official 
basketball matches in sedentary 
individuals and elite players. J Hum 
Kinet. 2018; 65(1):139–49.

17.	Moreira A, Bacurau RFP, Napimoga MH, 
Arruda AFS, Freitas CG, Drago G, Aoki MS. 
Salivary IL-21 and IGA responses to 
a competitive match in elite basketball 
players. Biol Sport. 2013; 30(4):243–7.

18.	Moreira A, Crewther BT, Gobo De 
Freitas C, Felipe A, Arruda AFS. Session 
RPE and salivary immune-endocrine 
responses to simulated and official 
basketball matches in elite young male 
athletes. J Sports Med Phys Fitness. 
2012; 52(6):682–7.

19.	Moreira A, McGuigan MR, Arruda AFS, 
Freitas CG, Aoki MS. Monitoring internal 
load parameters during simulated and 
official basketball matches. J Strength 
Cond Res. 2012; 26(3):861–6.

20.	Crewther B, Cronin J, Keogh J, Cook C. 
The salivary testosterone and cortisol 
response to three loading schemes. 
J Strength Cond Res. 2008; 22(1):250–5.

21.	Nunes JA, Crewther BT, Ugrinowitsch C, 
Tricoli V, Viveiros LL, De Rose D, Aoki MS, 
Lui´ L. Salivary hormone and immune 
responses to three resistance exercise 
schemes in elite female athletes. J Strength 
Cond Res. 2011; 25(8):2322–7.

22.	Nunes JA, Crewther BT, Viveiros L, 
De Rose D, Aoki MS. Effects of resistance 
training periodization on performance and 
salivary immune-endocrine responses of 
elite female basketball players. J Sports 
Med Phys Fitness. 2011; 51(4):676–82.

23.	Mazur A, Booth A. Testosterone and 
dominance in men. Behav Brain Sci. 
1998; 21(3):353–97.

24.	Arruda AFS, Aoki MS, Drago G, 
Moreira A. Salivary testosterone 
concentration, anxiety, perceived 
performance and ratings of perceived 
exertion in basketball players during 
semi-final and final matches. Physiol 
Behav. 2019; 198:102–7.

25.	Amir-Behghadami M, Janati A. 
Population, Intervention, Comparison, 
Outcomes and Study (PICOS) design as 
a framework to formulate eligibility 
criteria in systematic reviews. Emerg 
Med J. 2020; 37(6):387–387.

26.	Fox JL, Stanton R, Sargent C, 
Wintour SA, Scanlan AT. The Association 
Between Training Load and Performance 
in Team Sports: A Systematic Review. 
Sport Med. 2018; 48(12):2743–74.

27.	Drew MK, Finch CF. The relationship 
between training load and injury, illness 
and soreness: A Systematic and 

Literature Review. Sport Med. 2016; 
46(6):861–83.

28.	Moher D, Shamseer L, Clarke M, Ghersi D, 
Liberati A, Petticrew M, Shekelle P, 
Stewart LA, Estarli M, Barrera ESA, 
Martinez-Rodriguez R, Baladia E, 
Aguero SD, Camacho S, Buhring K, 
Herrero-Lopez A, Gil-Gonzalez DM, 
Altman DG, Booth A, Chan AW, Chang S, 
Clifford T, Dickersin K, Egger M, 
Gotzsche PC, Grimshaw JM, Groves T, 
Helfand M, Higgins J, Lasserson T, Lau J, 
Lohr K, McGowan J, Mulrow C, Norton M, 
Page M, Sampson M, Schunemann H, 
Simera I, Summerskill W, Tetzlaff J, 
Trikalinos TA, Tovey D, Turner L, 
Whitlock E. Preferred reporting items for 
systematic review and meta-analysis 
protocols (PRISMA-P) 2015 statement. 
Rev Esp Nutr Humana y Diet. 2016; 
20(2):148–60.

29.	Downs SH, Black N. The feasibility of 
creating a checklist for the assessment of 
the methodological quality both of 
randomised and non-randomised studies 
of health care interventions. J Epidemiol 
Community Health. 1998; 
52(6):377–84.

30.	Fox AS, Bonacci J, McLean SG, Spittle M, 
Saunders N. What is normal? Female lower 
limb kinematic profiles during athletic tasks 
used to examine anterior cruciate ligament 
injury risk: A systematic review. Sport Med. 
2014; 44(6):815–32.

31.	Heydenreich J, Kayser B, Schutz Y, 
Melzer K. Total Energy Expenditure, 
Energy Intake, and Body Composition in 
Endurance Athletes Across the Training 
Season: A Systematic Review. Sport Med 
- Open. 2017; 3(1):8.

32.	Prince SA, Adamo KB, Hamel ME, 
Hardt J, Connor Gorber S, Tremblay M. 
A comparison of direct versus self-report 
measures for assessing physical activity 
in adults: A systematic review. Int 
J Behav Nutr Phys Act. 2008; 5:56.

33.	Gonzalez-Bono E, Salvador A, Ricarte J, 
Serrano MA, Arnedo M. Testosterone and 
attribution of successful competition. 
Aggress Behav. 2000; 26(3):235–40.

34.	Hopkins WG. Measures of reliability in 
sports medicine and science. Sport Med. 
2000; 30(1):1–15.

35.	Schultheiss OCO, Stanton SSJ. 
Assessment of salivary hormones. In: 
Methods in Social Neuroscience. New 
York; 2009. p. 17–44.

36.	Scott BR, Lockie RG, Knight TJ, Clark AC, 
De Jonge XAKJ. A comparison of methods 
to quantify the in-season training load of 
professional soccer players. Int J Sports 
Physiol Perform. 2013; 8(2):195–202.

37.	Mann TN, Lamberts RP, Lambert MI. 
High responders and low responders: 
Factors associated with individual 
variation in response to standardized 
training. Sport Med. 2014; 
44(8):1113–24.

38.	Sansone P, Tessitore A, Paulauskas H, 
Lukonaitiene I, Tschan H, Pliauga V, 
Conte D. Physical and physiological 
demands and hormonal responses in 
basketball small-sided games with different 
tactical tasks and training regimes. J Sci 
Med Sport. 2019; 22(5):602–6.

39.	Mehta PH, Josephs RA. Testosterone 
change after losing predicts the decision 
to compete again. Horm Behav. 2006 
Dec 1; 50(5):684–92.

40.	Teeuw W, Bosch JA, Veerman ECI,  
Nieuw Amerongen A V. Neuroendocrine 
regulation of salivary IgA synthesis and 
secretion: Implication for oral health. Biol 
Chem. 2004; 385(12):1137–46.

41.	Moraes H, Aoki MS, Freitas CG, 
Arruda AFS, Drago G, Moreira A. SIgA 
response and incidence of upper 
respiratory tract infections during 
intensified training in youth basketball 
players. Biol Sport. 2017; 34(1):49–55.

42.	Rohleder N, Nater UM. Determinants of 
salivary α-amylase in humans and 
methodological considerations. 
Psychoneuroendocrinology. 2009; 
34(4):469–85.

43.	Cooper DM, Radom-Aizik S, Schwindt C, 
Zaldivar F. Dangerous exercise: Lessons 
learned from dysregulated inflammatory 
responses to physical activity. J Appl 
Physiol. 2007; 103(2):700–9.

44.	Rohleder N, Nater UM, Wolf JM, 
Ehlert U, Kirschbaum C. Psychosocial 
stress-induced activation of salivary 
alpha-amylase: An indicator of 
sympathetic activity? Ann N Y Acad Sci. 
2004; 1032(1):258–63.

45.	Irwin MR, Cole SW. Reciprocal regulation 
of the neural and innate immune 
systems. Nat Rev Immunol. 2011; 
11(9):625–32.

46.	Bilbo SD, Schwarz JM. The immune 
system and developmental programming 
of brain and behavior. Front 
Neuroendocrinol. 2012; 33(3):267–86.

47.	Spolski R, Leonard WJ. IL-21 Is an 
immune activator that also mediates 
suppression via IL-10. Crit Rev Immunol. 
2010; 30(6):559–70.

48.	Walsh NP, Laing SJ, Oliver SJ, 
Montague JC, Walters R, Bilzon JLJ. 
Saliva parameters as potential indices of 
hydration status during acute 
dehydration. Med Sci Sports Exerc. 
2004; 36(9):1535–42.

49.	Walsh NP, Montague JC, Callow N, 
Rowlands A V. Saliva flow rate, total 
protein concentration and osmolality as 
potential markers of whole body 
hydration status during progressive acute 
dehydration in humans. Arch Oral Biol. 
2004; 49(2):149–54.

50.	Lakshminarasimhan H, Chattarji S. Stress 
leads to contrasting effects on the levels 
of brain derived neurotrophic factor in the 
hippocampus and amygdala. PLoS One. 
2012; 7(1):e30481.


