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Abstract

Background: A sexually active lifestyle is generally associated with positive effects on
physical condition and health. However, engaging in sexual activity prior to a sports
competition could affect athletic performance. This systematic review examines the cur-
rent literature on the impact of pre-exercise sexual activity on sports performance, with
particular attention paid to its effects on physiological, hormonal, cognitive, and percep-
tual markers. Method: Based on the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines, we systematically reviewed original studies
published within the last 25 years. Eligible studies were randomized or non-randomized
controlled design and indexed on PubMed, Scopus, Dialnet, and Cochrane. Additional
sources were consulted including a network diagram with Connected Papers®. Two
methodological quality scales, McMaster University Occupational Therapy Evidence-Based
Practice Research Group and Physiotherapy Evidence Database (PEDro), were used. The study
was registered in PROSPERO (#CRD42023426555). Results: A total of 244 records were
identified through the search process, of which 7 studies met the inclusion criteria. The
studies involved 117 (115 men) physically and sexually active subjects including 29 elite top
athletes. When comparing the sexual activity condition/group (SexG) to abstinence (AbsG),
significant (p < 0.05) decreases were observed in average speed and maximum strength. In
contrast, non-significant trends towards improvement (p > 0.05) were observed in exercise
capacity, reaction time, and muscular endurance. No significant changes (p > 0.05) were
found in physiological and hormonal biomarkers and fatigue perception. However, per-
ceived exertion was significantly higher (p < 0.05) in SexG compared to AbsG. Conclusions:
Current evidence does not conclusively support the influence of pre-exercise sexual activity
on sports performance, or physiological and hormonal biomarkers. However, it could
contribute to increased perception of exercise intensity.
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1. Introduction

Sex is a natural human behavior that assists a range of social, psychological, and
physiological functions. Sexual activity has been recognized as an key component of
optimal Health-Related Quality of Life (HRQOL) [1]. A sexually active lifestyle positively
influences physical fitness, immune function, cardiovascular health, circadian rhythms,
blood pressure (BP), and stress [2,3]. In addition, regular physical activity contributes to
optimal sexual health [4]. However, the potentially beneficial dynamics of sexual behavior
(i.e., sexual intercourse, masturbation, and orgasm) seem to be altered in the context
of pre-competition situations [5]. Sexual activity before competition may exert either
positive or negative effects on sports performance, potentially impacting the central nervous
system, sympathetic activation, and cardiovascular function [6]. Psychological states
such as aggressiveness, motivation, alertness, and/or competitive attitude may be also
influenced [1], along with hormonal fluctuations [7], sleep patterns [8], muscle performance
and inflammatory responses [5]. Therefore, managing the athlete’s environment and
activities, including sexual behavior, is increasingly viewed as essential. Sexual activity
can interfere with conventional training programs and affects performance outcomes [9].
This consideration is particularly relevant in highly competitive sports, where athletic
performance is closely tied to commercial and economic interests.

Ancient Greek and Roman cultures considered sexual abstinence to be the optimal con-
dition to maximize sports performance. These cultures considered semen as “a cerebrospinal
substance imbued with divine energy”. Consequently, “losing or spilling it” was believed to
result in negative consequences such as loss of vital force or a decline in brain function,
which could lead to physical and mental health issues, including increased susceptibility to
disease [10]. The rational supporting pre-competitive sexual abstinence [11] included the
following: increased aggressiveness and mental focus [10,12], preservation of testosterone
(T) levels [13], and prevention of energy depletion, and conservation of muscular strength
(STR) [14]. Furthermore, sexual activity has been associated with behaviors considered
unhealthy and/or detrimental for sports performance, such as insufficient sleep [15], smok-
ing, and alcohol consumption, which may contribute to greater energy loss and reduced
sports performance [14,16].

Considering that athletes are often more sexually active than the general population [17],
the topic of sexual activity before competitions has generated considerable debate. It has at-
tracted attention from athletes, coaches, and the public alike, as people try to understand its
potential impact on sporting outcomes, whether it contributes to victory or defeat. Despite
the abundance of conflicting theories regarding the extent to which sexual activity can affect
sport performance, this remains a largely under-researched and unresolved issue within
the scientific community. Previous review studies [5,14,17] have consistently reported that
sexual activity before exercise does not negatively affect sports performance parameters.
However, these studies did not include assessment of biological biomarkers. Sexual activ-
ity can influence physiological and psychological factors relevant to sports performance.
Nonetheless, its specific effects on physiological, hormonal, and psychological biomarkers
have yet to be clearly elucidated. To date, no systematic review has examined the potential
benefits or harms of sexual activity on health or sports performance in healthy adults. To
address this gap, we conducted a systematic review of the current evidence to evaluate how
pre-exercise sexual activity affects healthy, physically and sexually active adults. There-
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fore, the aim was to determine whether sexual activity enhances or impairs physiological,
perceptual and cognitive parameters, hormonal profiles, and sports performance.

2. Methods
2.1. Protocol and Registration

The present systematic review was conducted and reported following the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18] (Appendix A).
The review protocol can be accessed on the International Prospective Register of Systematic
Reviews (PROSPERO) (registration number: CRD42023426555).

2.2. Eligibility Criteria

For the study selection, the following inclusion criteria were used: (a) healthy adult
men and healthy adult women, without any chronic disease, practicing physical activity
and sexually active; (b) clinical trials (randomized controlled trials and other studies) that
evaluated the effect of sexual activity compared with a control group; (c) trials that reported
effects on variables related to physical performance, physiological biomarkers, hormonal
responses, and perceptual and cognitive parameters; (d) studies with a methodological
quality > 10 points on the McMaster University Occupational Therapy Evidence-Based Practice
Research Group (McMaster) [19] and >6 points on the Physiotherapy Evidence Database (PEDro)
scale [20]; (e) articles that have been published since 2000.

Studies that did not meet these criteria were excluded. Thus, studies that did not
correspond to original research (e.g., editorials, notes, reviews, dissertations, etc.) or did
not include adults (e.g., children, elderly, etc.) were also excluded.

2.3. Search Strategy

A research question was structured using the PICO framework, which stands for
Patient/Population, Intervention, Comparison, and Outcome, in accordance with the
Evidence-Based Medicine (EBM) guidelines [21] as follows: P (population): physically and
sexually active healthy adults. I (intervention): “practice of sexual activity before exercise’.
C (comparison): “maintaining an abstinence condition before exercise”. O (outcomes):
sports performance (musculoskeletal status—strength [STR], power [Pw], endurance; car-
diorespiratory physical work capacity, reaction time and speed); physiological biomarkers
(heart rate [HR], blood pressure [BP], blood glucose, maximum oxygen volume [VO,max]);
hormonal patterns (testosterone [T], cortisol [C]); cognitive assessment (focus); perceptual
parameters (ratio of perceived exertion [RPE], fatigue); S (study design): “randomized or
non-randomized clinical trials”. These markers were included as outcomes, as they are
commonly investigated in biomarker studies on sport and health research.

A structured search was performed between April and June 2025, using 4 databases:
Medline/PubMed, Scopus, Dialnet, and Cochrane. In each database, the search strategy
used a mixture of Medical Subject Headings (MSHs) and free words for key concepts
related to sex, exercise, and the outcomes of the review, which are as follows: (“Coitus” OR
“sexual intercourse” OR “sexual activity” OR “sexual relations” OR “masturbation) AND
(“physiological” OR “biological” OR “hormonal” OR “physical” OR “sports performance”
OR “athletic performance” “heart rate” OR “ power” OR “speed” OR “strength” OR
“testosterone” OR “focus” OR “perceived exertion”) AND (“markers” OR “effects” OR
“analysis” OR “biomarkers” OR “indicators” OR “activity” OR “behavior”).

The identification of potential studies was enriched thanks to performing a manual
search by checking the reference lists of publications eligible for full-text review and using
ResearchGate (www.researchgate.net, accessed 23 June 2025) to identify potential articles
not included in the four databases mentioned above and used in the study. In addition, a
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network graph was generated with Connected Papers (http://www.connectedpapers.com,
accessed 23 June 2025) to ensure the inclusion of recent publications and to visually find
relevant publications.

The study selection took place during April and June 2025, although an updated
search was conducted in August 2025 prior to manuscript submission.

2.4. Methodological Quality Assessment Tools

The McMaster University Occupational Therapy Evidence-Based Practice Research
Group (McMaster) critical review form [19] and the Physiotherapy Evidence Database
(PEDro) (https:/ /pedro.org.au/spanish/ accessed on 19 August 2025) [20] were used as
tools to assess the methodological quality of the studies included in this review.

2.5. Data Extraction and Synthesis

Using a spreadsheet (Microsoft Inc., Seattle, WA, USA), two authors independently
performed the search for published studies and their inclusion. Disagreements on them
were resolved by a third author, to comply with the Consolidated Standards of Reporting Trials
(CONSORT) 2025 guidelines [22]. The following data were reported for each study: first
author’s name, year of publication, country of study, type of study, sample size, anthropo-
metric measurements of participants, control intervention (sex abstinence), experimental
intervention (sexual intercourse), and markers assessed in the studies and the results of
these measurements.

3. Results
3.1. Study Selection

The systematic literature search resulted in 249 records. Among these, 244 were initially
retrieved from Medline/PubMed, Scopus, Dialnet, and Cochrane, while 5 additional
records were identified from additional sources, including ResearchGate and the reference
lists of relevant studies. After removing 13 duplicates, a total of 231 records were screened.
Of these, 153 studies were excluded for not meeting the eligibility criteria. Seventy-eight
records were considered as potential registrations for title and abstract screening. Following
full-text review and evaluation, seven studies [23-29] from databases and complementary
sources were included in the final systematic review. Figure 1 presents a flowchart of the
literature selection process.

[ Study identification through databases and records. } [ Study identification through other methods ]
Records identified from Records removed before the
.E Databases (n = 244) screening Records identified from:
Fl PUBMED (n = 46) ResearchGate (n=2)
| SCOPUS (n=179) Duplicated records removed (n Quote search (n=3)
g COCHRANE (n = 1) =13)
2 DIALNET (n = 18)
l Records excluded (n = 153)
Record lized - Studies not related to the topic (n = 119)
(ne:ozr?ns)ana e — | - Reviews, letters, editorials, systematic reviews
(n=6)
l - Incorrect design (n=28)
£ || studies selectedto read, it and
udies selected to read, ti R d t retrieved t d th N _ ) -
i abstract (n=78) — (ei%?r:hsjlln& :r%g)eve 0 read the Reports asked for retrieval (n = 5) Reports notretrieved (n = 0)
. ! l
Reports assessed for eligibilty, Records excluded after analyzing the R o Excluded reports (n = 4
2 0 X eports assessed for eligibility (n xcluded reports (n = 4)
lexl in full text in full (n=10) . = P giblity - Results with no interest (n = 3)
(n=16) - Incorrect study design (n = 2) - Intervention with no interest (n = 1)
- Wrong location (n = 3)
- Incorrect intervention (n = 2)
- Wrong results (n = 3)
—
°
<
% || Studies included in the system-
= || atic review (n=T7)
-

Figure 1. Flow diagram representing the processes of identification and selection of relevant studies
according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
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In addition, the verification of key studies on the effects of sexual intercourse is
illustrated in Figure 2, which presents a node graph displaying each study. This node graph
is adapted from the original proposed by Stefani et al. [14].
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Figure 2. Network diagram of trials on the influence of sexual relationships on sports performance.
Node size is proportional to the number of citations, and the color is the publishing year This graph
was developed using www.connectedpapers.com, on 23 June 2025.

3.2. Quality Assessment

Based on the McMaster form criteria [19], four studies [23-25,27] were rated as "very
good quality’, while three studies [26,28,29] achieved the ‘good quality” status. All studies
met the minimum quality criteria, although the main deficiencies were identified in items 3,
9 and 11 (Table 1).

Table 1. Results of the evaluation of the methodological quality of the included studies—McMaster
Critical Review Form for Quantitative Studies [19].

Study ftem Total % Quality Score
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Kirecdi et al., 2021 [23] 1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 14 87.5 VG
Peleg-Sagy etal.,2023[24] 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 1 14 87.5 VG

Sztajzel et al. 2000, [25] 1 1 0 1 1 1 1 1 1 1 0 1 1 1 1 1 14 87.5 VG

Valenti et al., 2018 [26] 1 1 0 1 1 0 1 1 0 1 0 1 0 1 1 1 11 68.75 G

Vouyoukas E. 2011 [27] 1 1 0 1 1 1 1 1 0 1 0 1 1 1 1 1 13 81.25 VG
Zavorsky et al., 2018 [28] 1 1 0 1 1 0 1 1 0 1 0 1 0 1 1 1 11 68.75 G
Zavorsky et al., 2019 [29] 1 1 0 1 1 0 1 1 0 1 0 1 0 1 1 1 11 68.75 G

Criterion met (1); criterion not met (0); good (G): 11-12 points; very good (VG): 13-14 points. Items: 1: purpose;
2: literature review; 3: design; 4: assessor blinding; 5: sample description; 6: sample size; 7: ethics and consent;
8: reliability of the results; 9: validity of the results; 10: description of the intervention; 11: statistical significance;
12 statistical analysis; 13: clinical importance; 14: conclusions; 15: clinical implications; 16: limitations.

Table 2 shows the results of the PEDro [20] scale, the main deficiencies found were
in items 5 and 6 of the scale. Three studies [26-28] achieved ‘very good quality’, and four
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studies [23-25,29] obtained ‘good quality’. None of the studies were discarded for not
reaching the minimum quality.

Table 2. Results of the evaluation of the methodological quality of the included studies—Physiotherapy
Evidence Database (PEDro) [20].

Item
Study Total % Quality Score
1 2 3 4 5 6 7 8 9 10
Kirecci et al., 2021 [23] 1 0 0 1 0 0 0 1 1 1 1 6 55 G
Peleg-Sagy et al., 2023 [24] 1 0 0 1 0 0 1 1 1 1 1 7 64 G
Sztajzel et al., 2000 [25] 1 0 1 1 0 0 1 1 1 1 1 8 73 G
Valenti et al., 2018 [26] 1 1 1 1 0 0 1 1 1 1 1 9 82 VG
Vouyoukas E. 2011 [27] 1 1 1 1 0 0 1 1 1 1 1 9 82 VG
Zavorsky et al., 2018 [28] 1 1 1 1 0 0 1 1 1 1 1 9 82 VG
Zavorsky et al., 2019 [29] 1 0 1 1 0 0 1 1 1 1 1 8 73 G
Criterion met (1); criterion not met (0); good (G): 6-8 points; very good (VG): 9-10 points. Items: 1: choice criteria;
2: random assignment; 3: concealed assignment; 4: similarity between groups at baseline; 5: participants blinding;
6: therapist blinding; 7: assessor blinding; 8: minimum 85% follow-up; 9: intention-to-treat data analysis; 10:
statistical comparison between groups; and 11: point measures of variability.
3.3. Characteristics of the Participants and Interventions
We included seven controlled [23-29] studies, either randomized [25-29] or non-
randomized [23,24], using repeated-measures [23,27,29], crossover [24,25,28], or Latin
square [26] designs. A total of 117 participants were enrolled: 115 men (") [23-29] and
2 women () [27,29]. These included 14 professional soccer players [24], 15 elite athletes [25]
(1 soccer player, 7 hockey players, 3 cyclists, 2 runners, and 2 weightlifters), 50 semiprofes-
sional athletes [23], and 38 (36 ¢") physically active subjects [26-29]. Sexual activity culmi-
nating in orgasm was completed either the night before [27-29], 12 h [26], or 24 h [23-25,28]
before the tests. Periods of abstinence ranged from the previous night [27,29] to 12 h [26],
24 h [23-25], or up to 5 days [28] before data collection and biomarker or parameter
assessment (Table 3).
Table 3. Studies included in the systematic review of the effect of sexual activity on sports per-
formance, physiological biomarkers, and hormonal response in sexually and physically active
healthy adults.
First Author, Year of Participants (Size and Results
Publication and Study Type Characteristics of the Intervention Analyzed Parameters IG vs. CG
Country Initial Sample) :
50 &'semi-professional
athletes. CG: abstinence 24 h
(basketball, soccer, before
squash, tennis) IG: active sexual
sessions < 3 days per activity /missionary 24 h
week before 3-20 min reaching J*STRLE
Kirecci et al.. 2021 Non-randomized steady partner 2-3 per orgasm STR LE Squat Sexual activity vs
lr%iﬁ(i a[ﬁq] repeated measures week sexual relationship ~ PhA: Squat Weightlifting Sexual activity vs. Weightlifti _ Y 0 i31.
Yol controlled Age (mean + SD) Test Weightlifting eghtil irbg3r6g B
29.3 £ 1.14 years Instrument: Olympic p=0.
BMI (mean =+ SD) power rack (Technogym
22.86 + 0.76 kg /m? S.P.A., Via Calcinaro,
Duration of sexual 286147 521
activity (mean + SD) Cesena-Italy).

13.8 £ 3.61 min
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Table 3. Cont.

First Author, Year of Participants (Size and Results
Publication and Study Type Characteristics of the Intervention Analyzed Parameters IG vs. CG
Country Initial Sample) .
14 g'professional soccer
players Premier League Sports performance Sports performance
Israel) and Europe - —
( ﬂmgue 4 CG: Abstinence 24 h Speed Speed
Age (mean + SD) before home matches; average *average
29.3 + 3.8 years Abstinence 48 h before maximum + maximum
BSI-18 Score, median visiting matches Time played | Time played
(IQR) IG:tMasturbaino? a_r’:d Total distance traveled | Total distance traveled
I?];Z% (0.11-0.72) ;i LVE sfexua ac ;‘Yl y Distance at speed Distance at speed
Peleg-Sagy etal., 2023 Prospective (mg;ﬁri gg;’ n eo?;;’s iiac ng low-medium | low-medium
fsrael, [24] crossover 150.5+5.0 PhA: Official soccer ga >t<1mum lerati T maximum )
Professional soccer match istance acceleration Distance Acceleration
experience, (mean & SD) Instrument: Global medium speed | medium speed
12.6 += 4.0 years Positioning Satellite slow speed | slow speed
Sexual intercourse per (GPS) receiver (GPSports fast speed | fast speed
week, mean (IQR) EVO) operated Israel iolooi Lo
3.0(2.5-3.5) Socc)erg\ssociation. Physiological markers Physiological markers
Masturbation per week, Average HR <> Average HR
median (IQR) Variation in HR ¢+ Variation in HR
0.5(0.0-1.0)
155 Elite athletes MxET
1 so}fcelr( playler, 7 field MxET Sports performance
ockey players, X Maximum Physical work
3 cyclists, 2 long-distance Sports performance T ax1m1g;ad)tf;1ca wor
athletes and Maximum Physical work Physiological markers
2 weightlifters . capacit e
g CG: Abstinence 24 h e VO
Age (mean + SD) s Abstinence Physiological markers 2max
29.4 + 6 years before 1 absolute
’ Y IG: Active sexual activity VOzmax -
Age (range) with - absolute IT_IrIg_lahve
. 20-40 years steady partner included - relative
Weight (mean + SD) -aculati _ T MxET
ejaculation, 24 h before, HR *oarl
81_.9 +53kg reaching orgasm . MxET T* early recovery
. . Weight (range) PhA: - recovery 1*late recovery
Sztajzel et al., 2000 Randomized 75-92 kg . - BP
Switzerland, [25] crossover Height (mean + SD) - MxET on cycloer- . MxET - TMxET
181.8 £5.2cm gometer - recovery - tearly recovery
Height (range) - Stih Hormonal behavior - < laterecovery
175-191 cm Instrument: Testosterone
Body surface area Cycloergometer Bosch ST-1h Hormonal response
(mean + SD) Erg 550 with record on Physiological markers 1 Testosterone
2.0240.09 Siemens card —e ST-1h
(range) 1.92-2.18 Minogocard ® HR Physiological markers
Training day 23 Perception — tHR
(mean £ SD) RPE Perception
28+08h Cognitive T*RipPE
Weekly training Mental focus * Cognitive
+SD —
5(3“3?3.7 day)s | Mental focus !
12 ' physically and
sexually active CG: Abstinence 12h
> PhA STR 2 days per before
week > 1year | IG: Activesoxualactivity | SPolspeormance Sports perormance
Sexual relationship 12 h before, Kr?:é?;lerrl'lsion 1 K?'txeléneixtl;nsion
Valenti et al., 2018 Randomized Age (mean + SD) reaching orgasm : b
" & Lo Knee flexion J Knee flexion
USA, [26] of Latin squares 25.6 + 3.8 years PhA: Isokinetic muscle ; .
Weish y oD strength (Torque) Perception Perception
eight (mean Ty e
E;OZL 9(i 1.5kg ) Instrument: Isokinetic Physical fapgue <« Physical fa‘Flgue
Time of sextial activit dynamometer (Biodex Mental fatigue < Mental fatigue
43> 30min Y System 3, Shirley, NY)
8 < 30 min
7 &'; 1 ¢physically and
sexually active. Sports performance W .
>PhA 4 days per week . . Physical work capacity T Physical work capacity
average Intensity. CG: Abstinence the night Vertical jump (Pw LE) 1 Vertical ]ump‘(Pw LE)
Usual sexual activity before +15 min yoga STR grip { STR grip
Age (mean). IG: Active sexual activity Push-ups (Endurance UE) 1 Push-ups (Endurance UE)
Vouyoukas E., 2011 Randomized 26.8 years & the night before, Flexibility | Flexibility
Canada, [27] repeated measures 36 years @ reaching orgasm Reaction time J Response time
Weight (mean). PhA: (i) Stress test at 170 Physiological markers Physiological markers
8lkga beats on cycloergometer; Blood glucose 1 Blood glucose
72kge (ii) Full push-ups 1 min Hormonal behavior Hormonal response
gy fon SR .

1.8m¢Q

1 Testosterone
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Table 3. Cont.

First Author, Year of Participants (Size and Results
Publication and Study Type Characteristics of the Intervention Analyzed Parameters IG vs. CG
Country Initial Sample) .
10 physically active CG: Abstinence 5 days
Percentile 71-99 aerobic before Sports performance
fitness ACSM IG: Active sexual activity %WW %
. Age (mean + SD) 24 h before N grip R grip
Random1z_ed 28 + 7 years reaching or a/s m Reaction time J Rection time
Zavorsky etal., 2018 crossover, single Weight (mean + SD) PhA: (i) P gwe%test b PwLE | PWLE
USA [28] blind and 864 4 1107 k () oy Bf'ilance platf'o.rm 1 Balance platf.o.rm
counterbalanced v -/ Kg Margaria-Kalamen; (ii) Side-step agility | Side-step agility
Height (mean + SD) Balke test modified on Physiological markers Physiological markers
1.77 £0.05m treadmill. _— —_—
BMI (mean =+ SD) Instrument: Treadmill VO;max TVO;max
255 +2.7kg/m? Quinton (model 24-72)
CG: Abstinence the night
before + 15 min yoga
7 &; 1 ephysically and IG: Active sexual activity Sports performance
sexually active. the night before, Sports performance 1 Physical work capacity
Rgndomiged, Age (mean + SD) reaching orgasm Physical work capacity } Vertical jump (Pw LE)
Zavorsky et al., 2019 single-blind, 28 & 5 years PhA: (i) Stress test at 170 Vertical jump (Pw LE) 1 STR grip
USA, [29] repeated- Height (mean + SD) beats on cycloergometer; STR grip < Push-ups (Endurance
measurement control 1.77 £0.05m (ii) Full push-ups 1 min Push-ups (Endurance UE) UE)
BMI (mean =+ SD) Instrument: (i) Reaction time | Reaction time
25.9 £3.9kg/m2 cycloergometer (894
Monark Exercise,
Sweden)

Symbols and abbreviations used: &': men; @: women; 1: non-significant increase (p > 0.05); 1*: significant increase
(p < 0.05); |: non-significant decrease (p > 0. 05); |*: significant decrease (p < 0.05); <+: no change; BMI: body
mass index; BP: blood pressure; BSI-18: Brief Symptoms Inventory questionnaire 18 items; CG: control group
(abstinence); cm: centimeters; h: hours; HR: heart rate; IG: intervention group (having had sex); IIEF: International
Index of Erectile Function Questionnaire; IQR: interquartile range; kg: kilograms; LE: lower extremity; m: meters;
min: minutes; MXET: Maximum Exercise Test; n: sample size; PhA: physical activity; Pw: power; r: correlation
coefficient; RPE: ratio of perceived exertion; SD: standard deviation; ST-1 h: 1-h exercise stress test; STR: strength;
UE: upper extremity; VO;max: maximum oxygen consumption. ! Mental Focus assessment using the test
described in Sztajzel et al. [25]; ACSM: American College of Sports Medicine.

3.4. Outcomes

Table 3 summarizes the key information and main findings from the seven studies [23-29]
included in the present systematic review. All outcomes were reported by comparing the
sexually active condition/group (SexG) with the abstinence study condition/group (AbsG).

3.4.1. Sports Performance

To assess musculoskeletal performance, STR [23,26-29], Pw [27-29] and endurance [27,29]
were evaluated. A significant (p < 0.05) [23] decrease in lower extremity (LE) STR was
observed in SexG compared to AbsG. Non-significant [26] decreases (p > 0.05) in LE and
upper extremity (UE) STR were also reported [27] comparing SexG vs. AbsG. In addition,
non-significant (p > 0.05) reductions in UE Pw [28,29] were observed in SexG compared
with AbsG. Conversely, marginal improvements in LE STR [28,29], UE Pw [27], and UE
muscle endurance [27] were observed in SexG compared to AbsG.

Total cardiorespiratory exercise capacity increased non-significantly (p > 0.05) follow-
ing sexual activity vs. AbsG in three of the included studies [24,27,28]. However, among
professional soccer players [24], non-significant (p > 0.05) reductions were observed in
time played and distance covered, along with a significant (p < 0.05) decrease in average
speed in the SexG compared to the AbsG. Regarding maximum speed [24] and response
time [27-29], slight improvements (p > 0.05) were observed in SexG compared to AbsG.

3.4.2. Physiological Biomarkers

The effect of sexual activity on physiological biomarkers was examined in four clinical
trials [24,25,27,28]. No significant (p > 0.05) changes were observed for HR [24,25], BP [25],
mental focus [25], blood glucose [27], and VO,max [25,28], when comparing SexG vs. AbsG
during maximal exertion. However, one study [27] reported a significant increase (p < 0.05)
in HR during the early recovery period, followed by a significant decrease (p < 0.05) in
a later recovery phase after sexual activity, compared to the day without sexual activity,
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using a maximal exertion test in elite athletes [25]. In addition, slight non-significant
improvements (p > 0.05) in VO;max were observed in elite athletes [25] and individuals
with an aerobic fitness percentile between 77 and 99 [28] in SexG vs. AbsG.

3.4.3. Hormonal Pattern

T [25,27] and C [27] hormones showed slight non-significant (p > 0.05) increases in the
SexG compared to the abstinence condition.

3.4.4. Perception Parameters

Among elite athletes, Sztajzel et al. [25] reported a significant increase (p < 0.05) in RPE
in SexG compared to AbsG during a 1 h exertion test. In contrast, Valentf et al. (2018) [26]
found no differences in physical or mental fatigue between participants engaged in sexual
activity compared to those who had not.

3.4.5. Cognitive Assessment

Cognitive assessment of mental focus performed during the 1 h physical exertion
test [25] decreased non-significantly (p > 0.05) in SexG.

4. Discussion

This systematic review aimed to determine whether engaging in sexual activity cul-
minating in orgasm before physical exercise would be disadvantageous or beneficial for
athletic performance. To the best of the authors’ knowledge, this is the first system-
atic review analysis that critically assesses the impact of sexual activity on physiological
biomarkers, hormonal responses, cognitive assessment, and perceptual parameters. Seven
studies [23-29], including one PhD thesis [27], met the inclusion/exclusion criteria spec-
ified above. Only the study conducted by Peleg-Sagy et al. [24] investigated the effects
of sexual activity during an official competition (a professional soccer match), while the
remaining six clinical trials [23,25-29] used different fitness tests. Across parameters such
as Pw and muscular endurance, exercise capacity, response time, VO;max, T and C levels,
blood glucose, BP, fatigue perception and mental focus, no evidence was found to support a
casual influence of sexual activity performed the night before or up to 24 h prior evaluation.
However, significant decreases (p < 0.05) were observed in LE STR [23] and the speed
measured during the soccer match [24]. In addition, significant increases (p < 0.05) were
reported in RPE during long-duration tests and HR during the recovery phase following
maximum exertion in SexG compared to AbsG.

Previous research described how sexual activity prior exercise does not alter physio-
logical test outcomes, suggesting it may not impair an athlete’s ability to perform at their
peak [4,17,30]. However, this effect appears to depend on the duration and intensity of
sexual intercourse, as well as individual variability in sexual response. In this context,
highly trained athletes are advised to avoid spending additional hours in bed the night
before a competition, not primarily due to the modest energy expenditure (approximately
25-50 Kcal including both pre-orgasmic and orgasmic phases [4]), but more importantly,
because of the potential loss of sleep [8], which can negatively affect recovery and performance.

Sztajzel et al. [25] reported markedly elevated HR and BP values during a maximal
exertion test, as well as significantly increased HR values (p < 0.05) during the early
post-exercise recovery phase, conducted 2 h after sexual activity. These elevations in HR
and BP suggest reduced parasympathetic activation and enhanced sympathetic system
activity [31]. Elevated HR values may exert a decisive influence on sports performance,
particularly when recovery cycles are not optimal [32]. Therefore, athletes participating
in sporting events characterized by short recovery periods (multi-stage cycling tours,
tennis tournaments, triangular or quadrangular team competitions, or final matches of
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national or continental cups such as the Country Cup or the European Basketball Cup)
require optimal recovery conditions. In such contexts, pre-competition sexual activity could
interfere with optimal recovery, potentially compromising performance. Conversely, the
same researchers [25] reported significant (p < 0.05) HR reductions during the later phase
of recovery following sexual intercourse, compared to the day without sexual activity. This
finding suggests enhanced parasympathetic modulation during the late recovery phase [31].
Altogether, these results, using HR as predictive marker, underscore the importance of
maintaining an appropriate interval between sexual activity and competitive sports events
to avoid disruptions in post-exercise recovery.

However, increases in HR may contribute to significant improvements in over-
all exercise cardiorespiratory capacity by enhancing cardiac efficiency and pulmonary
oxygenation [25,27,28]. Maintaining an elevated HR within a target zone (50-85% of maxi-
mum HR) for a sustained period is therefore considered a key mechanism for improving
cardiorespiratory fitness. This can enhance VO,max [25,28], considered a key physiological
marker for predicting performance and increases in muscular endurance [27], particularly
in SexG vs. AbsG. In this sense, sexual arousal and/or response to sexual stimuli involves
the release of neurotransmitters such as noradrenaline (NA), which triggers an adrenergic
response responsible for elevated HR, BP, and ventilation rates [33]. This sympathetic
activation, driven by the adrenergic stimulation during sexual activity, closely resembles
the initial physiological response observed at the onset of exercise [27]. Such activation may
facilitate demanding physical efforts by promoting intense cardiac output, vasodilation,
elevated BP and bronchodilation, thereby improving oxygen delivery and utilization in
muscle tissue. In addition, glycogen mobilization and consumption occur, increasing the
energy stores available for muscular activity [32].

In a study included in our review, Peleg-Sagy et al. [24] assessed HR and HR variability
(reflecting the parasympathetic activity and total training load) in professional soccer
players during the first 24 h post-match. Results were similar between both study groups
(GSex and AbsG), yet athletic performance declined. Among these athletes [24], playing
time, total and acceleration distance, and average match speed decreased significantly.
This reduction in performance could suggest that the physiological state following sexual
activity does not elicit a sufficiently strong sympathetic response when required, or that
the body fails to transition effectively into a strong sympathetic response during exercise.
Sympathetic activation involves the secretion of catecholamines such as epinephrine and
norepinephrine from the sympathetic nerve endings. These hormones enhance alertness
and trigger the “fight-or-flight” response, increasing HR, blood pressure, and glucose
availability, while redirecting blood flow to skeletal muscles, preparing the body for intense
physical exercise [33]. Therefore, other factors, such as elevated parasympathetic activity,
could limit sport performance. Elevated parasympathetic activity can impair the body’s
capacity to respond to sympathetic stimulation during exercise [24]. In addition, athletic
performance may not improve due to other factors derived from sexual activity, such as
sleep and psychological indicators. Lack of rest and psychological factors may also be a
factor if the athlete believes it is detrimental or disrupts their usual routine [34]. Additional
limiting factors may include insufficient energy intake, muscle fatigue, or the intensity
of previous sexual activity [5,14,17]. These mechanisms may help explain the slower
response times [26,28,29] observed in SexG vs. AbsG. Altogether, these findings suggest
that sexual nervous system activity may influence physical performance by affecting the
sequential modulation (activation or inhibition) of sympathetic and/or parasympathetic
activity within the autonomous nervous system.

The results reported in the studies included in this systematic review highlight the
ongoing controversy regarding the influence of sexual activity on neuromuscular perfor-
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mance, specifically STR [23,24,27-29] and Pw [27-29], when comparing both conditions
(SexG and AbsG). On the one hand, significant (p < 0.05) [23] and substantial [26] decreases
in LE STR were observed along with reductions in UE [27]. However, UE STR markedly
increased in two studies [27,28]. Pw in the LE showed either an increasing [27,29] or
decreasing [28] trend. In addition, musculoskeletal endurance either increased [27] or
remained unchanged [28]. Sexual activity culminating in orgasm induces specific neural
stimuli that may enhance muscle contractions [33]. These stimuli are repetitive eccentric
contractions, such as those occurring during exercises in which muscles lengthen under
gravitational load. Similar contractions also occur during the erection process, and the
associated movements before and after ejaculation [33]. These stimuli may approximate
the phenomenon of post-activation potentiation (PAP), where muscle contractions can tem-
porarily increase the production of STR and/or Pw, as shown in a subsequent exercise [35].
PAP affects the nervous system by increasing motor unit recruitment [36], and influences
skeletal muscle by promoting myosin light chain phosphorylation and increasing intracel-
lular calcium (Ca*?) levels, thereby increasing myocyte sensitivity [37]. Altogether, these
mechanisms may contribute to improvements in neuromuscular performance. However,
the effectiveness of PAP on muscle STR and Pw depends on the balance between potenti-
ation and fatigue, as well as the intensity, volume, and nature of the activating stimulus.
This dynamic may result in increases, maintenance, or decreases in neuromuscular per-
formance [36], potentially explaining the divergent findings reported. Stimuli induced by
sexual activity prior to an exercise could transmit to the organism the message that it is
entering into a physically demanding stage. This can temporarily prime body systems
and the central nervous system to initiate adaptive mechanisms required for the upcoming
physical effort [35].

Exon et al. [38] reported that prolonged sexual abstinence, particularly over 3 weeks
in men, may lead to elevated T levels, a pattern that can be reversed by ejaculation. The
average difference in T levels between abstinence and sexual activity is approximately
0.5 ng/mL [38]. Conversely, sexual intercourse and orgasm may also result in transient
increases in T levels, peaking around the time of ejaculation and returning to baseline
shortly thereafter. These increases are temporary and do not persist chronically [39,40].
Moreover, a lack of sexual activity has been associated with reduced serum T levels [4],
further underscoring the relationship between T and orgasm. Sympathetic nervous system
activation during sexual activity may contribute to the observed increase in T levels [25].
Another theory that could be challenged is the notion that sexual activity prior to com-
petition negatively affects T levels [8]. T activates satellite cells, promoting myonuclear
accretion and replenishment of the satellite cell pool. This also influences pluripotent stem
cells, favoring their differentiation to increased muscle mass, enhancing protein synthesis
and overall STR [41]. This suggests a positive relationship between total T and muscle STR,
particularly in men. However, two studies [25,28] included in this review reported slight
increases in T levels, with no corresponding improvements in STR [28]. These findings
agree with previous research indicating that post-orgasmic increases in plasma T levels
may be insufficient to elicit meaningful changes in STR [42], with the effect being likely too
small to produce significant outcomes [6]. Moreover, the duration of sympathetic activation
following orgasm varies, but the subsequent calming phase typically lasts from several
minutes to a few hours, with the full recovery period potentially extending up to 24 h or
more. Following orgasm, this recovery phase is characterized by decreased sympathetic re-
sponse and increased parasympathetic activity [43], leading to relaxation, temporal fatigue,
and a possible decline in STR as the body rebalances. Orgasm also triggers a significant
spike in prolactin levels (approximately 10 to 15 ng/mL) peaking within 10-20 min and
gradually declining thereafter [44]. Elevated prolactin levels have been associated with
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lower athletic performance in judokas [45], and post-orgasmic prolactin secretion suppress
T levels [46]. Furthermore, recent evidence suggests that although increased serum T levels
are associated with greater muscle mass, they do not necessarily correlate with enhanced
muscle STR in adult men [47]. Conversely, the substantial improvements in UE STR in
the two studies by Zavorsky et al. [28,29] included in this review may be attributed to
alternative mechanisms, such as enhanced phosphocreatine availability, increased muscle
fiber recruitment [37], or optimized neuromuscular function [36]. These effects may be
mediated by sympathetic activation [31] or PAP [35], as previously described.

C hormone was evaluated in the study by Vouyoukas et al. [27], showing a slight
tendency to increase in the SexG vs. AbsG. C is released by the adrenal gland in response to
sexual activity, particularly in arousal and ejaculation, which constitutes a form of “positive”
stress or “eustress” [48]. In this context, both C and T are increased due to sympathetic
nervous system activation immediately following orgasm [25], and subsequently returned
to baseline levels [33]. These increases in C would facilitate energy metabolism in response
to stressors, such as exercise, by enhancing glucose availability and inhibiting glycogen
synthesis and insulin secretion [49]. Elevated pre-exercise blood glucose levels allow for
greater availability of circulating glucose, a key energy source for working muscles and
the central nervous system during exercise [50]. This increase in glucose availability could
contribute to improvements in aerobic efficiency during total exercise capacity tests, as
well as enhanced musculoskeletal performance in Pw and endurance [27]. In addition, the
marked decrease in blood glucose observed in the SexG condition following the exertion
test, compared to the AbsG, suggests greater glucose consumption. While the modest
increases in T [25,27] appear insufficient to significantly influence athletic performance,
the modest increases in C [27] may support energy metabolism under stress by regulating
glucose utilization [51]. Another misconception that could be dispelled among athletes and
coaches is the belief that sexual activity before competition depletes glycogen stores [8]. A
balanced perspective acknowledges C’s dual role: it prepares the body for athletic effort by
increasing the availability of energy substrates; however, chronic or excessive C levels may
impair recovery and hinder adaptation to exercise stimuli.

Orgasmic sexual activity triggers the immediate release of brain opiates, endocannabi-
noids (ECBs), and serotonin, which induce feelings of satiety, relaxation, and sedation [47].
Following this, the organism enters a resolution phase or refractory period (RP), returning
to its baseline physiological state [33]. This RP, accompanied by the release of serotonin and
ECBs, could contribute to reduced mental focus [25] and an increased rating of RPE [25]
during exercise, potentially impairing performance. However, total exercise capacity or
VO2max do not decrease; in fact, they may increase [25]. The post-orgasmic state does not
appear to affect perception of physical or mental fatigue [26] when comparing SexG vs.
AbsG. Supporting these findings, a study conducted by Alonso-Aubin et al. [9] reported
that the main part of the 616 Spanish amateur athletes (70.9%) who engaged in sexual
intercourse the night before a competition indicated that the interval between their sexual
activity and the sporting event allowed for full recovery, with no negative impact on per-
formance. Similarly, in sedentary individuals, sexual activity performed 10 h before testing
did not affect mental concentration, maximal aerobic power, or oxygen pulse [52]. These
results suggest that the influence of ECBs or serotonins released during sexual activity
on fatigue perception may be limited, both in terms of physical exertion and concurrent
mental load. Altogether, the release of these chemical mediators following sexual activity
(serotonin and ECBs) does not appear to significantly alter levels of mental or physical
fatigue [26]. However, a decrease in mental focus [25] has been observed, as measured by
a test developed by Rey et al. [48]. Additionally, a significant increase in the subjective
RPE test has been reported in related studies [25]. Accordingly, 21.4% of athletes reported
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experiencing fatigue due to sexual activity, with 17.2% perceiving a negative impact on
performance [9]. Similar findings have been described in endurance athletes, where 40%
of athletes reported decreased sports performance [53]. These findings highlight the im-
portance of self-perception, psychological readiness, and individual confidence in shaping
athletic outcomes.

4.1. Limitations

The authors of this review acknowledge some limitations that may have influenced the
findings and should be considered when interpreting the results. First, a limited number of
manuscripts met the inclusion criteria. Second, the seven studies included predominantly
male participants (n = 115), with only one female, which may not be representative of the
broader athlete population. Third, the considerable heterogeneity across studies, regarding
sports disciplines, physiological outcomes and intervention protocols (e.g., duration of
sexual activity, time between orgasm and subsequent physical exertion), precluded the
possibility of conducting a meta-analysis. This variability in protocols observed in this
systematic review highlights the need for future research employing standardized and
controlled trial designs to better determine the effects of sexual activity on biomarkers
and sports performance, and to assess its potential health benefits or detriments. Results
from more homogeneous studies could be integrated into future meta-analyses, thereby
strengthening the evidence in this field. Furthermore, the limited number of studies
conducted specifically in athletic populations underscores the need for further research to
corroborate and expand upon these findings.

4.2. Strengths

Despite the limitations, the systematic review presents several strengths. It was
conducted in accordance with PRISMA guidelines and included a comprehensive search
strategy across the four major databases, supported by gray literature (ResearchGate)
and a search node diagram generated with Connected Papers. Methodological quality was
assessed using the modified McMaster Assessment Tool and PEDro scale, ensuring that all
selected records met minimum quality standards. In addition, this review was registered
in PROSPERO (#CRD42023426555), reinforcing the originality and transparency. Notably,
this is the first systematic review to evaluate the influence of sexual activity on biological
biomarkers and athletic performance parameters, assessing potential benefits or detriments
to sports performance in physically active healthy adults.

4.3. Future Directions

Although modest changes in the evaluated biomarkers were observed following or-
gasm, these effects did not translate into measurable differences in athletic performance,
suggesting that sexual activity does not negatively affect athletic ability. Therefore, based
on the current body of scientific evidence, sexual activity involving orgasm, from the
night before up to 24 h prior to a competitive event, cannot be definitively discouraged or
recommended. Further investigation would be necessary to evaluate the effects of sexual
activity across different sport modalities, including endurance vs. resistance disciplines,
and team vs. individual sports. Additional research is also needed to clarify the impact of
sexual activity on biological biomarkers and athletic performance parameters in physically
active healthy adults. Prospective studies should aim to more thoroughly explore gender-
related differences and sport-specific responses within heterogeneous athlete populations.
These clinical trials should account for variations in hormonal profiles and other biological
factors, and use more robust methodologies to overcome the limitations of existing re-
search. In addition, future studies on sexual activity and sport performance should address
methodological constraints, such as small sample sizes and inconsistent study designs, and



Physiologia 2025, 5, 45

14 of 19

explore the psychological aspects of this topic, including self-perception, motivation, and
mental readiness.

5. Conclusions

The evidence presented in this systematic review indicates that sexual activity involv-
ing orgasm, performed from the night before up to 24 h prior to testing, does not produce
consistently detrimental or beneficial effects on performance evaluation tests, physiological
and hormonal biomarkers, concentration, RPE, or fatigue. Nonetheless, improvements
in athletic parameters, such as exercise capacity, reaction time, and muscular endurance,
suggest potential benefits for physically active healthy individuals. However, some studies
included in this systematic review reported significant decreases in maximal STR and
average speed, along with significant increases in RPE, which would negatively impact
athletic performance. No significant changes were observed in physiological biomarkers
or hormonal responses, further underscoring the complexity and variability of individual
reactions to sexual activity prior to exercise.
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Q Women

d Men

AbsG Abstinence group

BP Blood pressure

Ca*? Calcium

CG Control group

ECBs Endocannabinoids

HR Heart rate

HRQOL Health-Related Quality of Life
IG Intervention group (IG)

LE Lower extremities
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NA Noradrenaline

PAP Post-activation potentiation
Pw Power

RP Refractory period

RPE Ratio of perceived exertion
SexG Sex group

STR Strength

UE Upper extremities

Appendix A. Checklist PRISMA 2020 [18]

Section and
Topic

Item #

Checklist Item

Location Where Item Is
Reported

TITLE

Title

Identify the report as a systematic review.

ABSTRACT

Abstract

See the PRISMA 2020 for Abstract checklist.

INTRODUCTION

Rationale

Describe the rationale for the review in the context of existing knowledge.

Objectives

Provide an explicit statement of the objective(s) or question(s) the
review addresses.

METHODS

Eligibility criteria

Specify the inclusion and exclusion criteria for the review and how studies were
grouped for the syntheses.

4-5

Information
sources

Specify all databases, registers, websites, organisations, reference lists and other
sources searched or consulted to identify studies. Specify the date when each
source was last searched or consulted.

Search strategy

Present the full search strategies for all databases, registers and websites,
including any filters and limits used.

Selection process

Specify the methods used to decide whether a study met the inclusion criteria of
the review, including how many reviewers screened each record and each report
retrieved, whether they worked independently, and if applicable, details of
automation tools used in the process.

Data collection
process

Specify the methods used to collect data from reports, including how many
reviewers collected data from each report, whether they worked independently,
any processes for obtaining or confirming data from study investigators, and if

applicable, details of automation tools used in
the process.

4-6

Data items

10a

List and define all outcomes for which data were sought. Specify whether all

results that were compatible with each outcome domain in each study were

sought (e.g., for all measures, time points, analyses), and if not, the methods
used to decide which results to collect.

10b

List and define all other variables for which data were sought (e.g., participant
and intervention characteristics, funding sources). Describe any assumptions
made about any missing or unclear information.

Study risk of bias
assessment

11

Specify the methods used to assess risk of bias in the included studies, including
details of the tool(s) used, how many reviewers assessed each study and
whether they worked independently, and if applicable, details of automation
tools used in the process.

Effect measures

12

Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference)
used in the synthesis or presentation of results.

13a

Describe the processes used to decide which studies were eligible for each
synthesis (e.g., tabulating the study intervention characteristics and comparing
against the planned groups for each synthesis (item #5)).

Synthesis
methods

13b

Describe any methods required to prepare the data for presentation or synthesis,
such as handling of missing summary statistics, or
data conversions.

Describe any methods used to tabulate or visually display results of individual
studies and syntheses.
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Section and

Location Where Item Is

Topic Item # Checklist Item Reported
Describe any methods used to synthesize results and provide a rationale for the
choice(s). If meta-analysis was performed, describe the model(s), method(s) to
13d . : L . 4
identify the presence and extent of statistical heterogeneity, and software
ackage(s) used.
Synthesis P ge(s)
methods 13e Describe any methods used to explore possible causes of heterogeneity among 4
study results (e.g., subgroup analysis, meta-regression).
Describe any sensitivity analyses conducted to assess robustness of the
13f . 5
synthesized results.
Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a )
assessment synthesis (arising from reporting biases).
Certainty 15 Describe any methods used to assess certainty (or confidence) in the body of )
assessment evidence for an outcome.
RESULTS
Describe the results of the search and selection process, from the number of
16a records identified in the search to the number of studies included in the review, 6
Study selection ideally using a flow diagram.
Cite studies that might appear to meet the inclusion criteria, but which were
16b . 67
excluded, and explain why they were excluded.
Study . . . .
- 17 Cite each included study and present its characteristics. 9
characteristics
Risk of k?1as m 18 Present assessments of risk of bias for each included study. -
studies
Results of For all outcomes, present, for each study: (a) summary statistics for each group
individual 19 (where appropriate) and (b) an effect estimate and its precision (e.g., 11-15
studies confidence/credible interval), ideally using structured tables or plots.
For each synthesis, briefly summarise the characteristics and risk of bias among
20a o . 11-15
contributing studies.
Present results of all statistical syntheses conducted. If meta-analysis was done,
20b present for each the summary estimate and its precision (e.g., 11-15
Results of confidence/credible interval) and measures of statistical heterogeneity. If
syntheses comparing groups, describe the direction of the effect.
Present results of all investigations of possible causes of heterogeneity among
20c 11-15
study results.
Present results of all sensitivity analyses conducted to assess the robustness of
20d . 11-15
the synthesized results.
Reporting biases o1 Present assessments of I:lSk of bias due to missing results (arising from reporting )
biases) for each synthesis assessed.
Certainty of 29 Present assessments of certainty (or confidence) in the body of evidence for each )
evidence outcome assessed.
DISCUSSION
23a Provide a general interpretation of the results in the context of other evidence. 16-21
23b Discuss any limitations of the evidence included in the review. 16
Discussion
23c Discuss any limitations of the review processes used. 16
23d Discuss implications of the results for practice, policy, and future research. 1416-1417
OTHER INFORMATION
Provide registration information for the review, including register name and
24a - . ! . 4
registration number, or state that the review was not registered.
Registration and 24b Indicate where the review protocol can be accessed, or state that a protocol was 4
protocol not prepared.
24c Describe and explain any amendments to information provided at registration 4
or in the protocol.
S Describe sources of financial or non-financial support for the review, and the
upport 25 . . 24
role of the funders or sponsors in the review.
Cf)mpetmg 26 Declare any competing interests of review authors. 24
interests
Availability of Report which of the following are publicly available and where they can be
data, code and 27 found: template data collection forms; data extracted from included studies; -

other materials

data used for all analyses; analytic code; any other materials used in the review.
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