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A round 1.9 million people in Germany take painkill-
ers every day (1). According to estimates based on 
data from the Epidemiological Survey of Substance 

Abuse (Epidemiologischer Suchtsurvey), harmful con-
sumption of painkillers (7.6%) is significantly higher than 
that of alcohol (2.8%) (1–3). Dependence on painkillers 
(3.2%) is reported to be close to dependence on alcohol 
(3.1%). According to a survey carried out by the Robert 
Koch Institute (RKI) in 2013/2014, 30% to 40% of 
 respondents reported that physical pain was not a factor in 
their use of over-the-counter painkillers (4). According to 
findings of the 2021 Epidemiological Survey of Sub-
stance Abuse, the 30-day prevalence of nonopioid anal-
gesic use in the German population is 47.4% (e28). Given 
the prevalence of harmful use of painkillers and painkiller 
dependence in society in general, Heinz and Liu (2019) 
called for more studies and systematic reviews to be car-
ried out (5).

The use of analgesics is said to be widespread not 
only in the general population but also specifically in 
sport. Here, too, analgesics are apparently often con-
sumed in the absence of symptoms (6–8). For 
example, according to studies based on data from 
doping control forms (DCFs), between 16.7% and 
54.2% of professional football players take nonsteroi-
dal anti-inflammatory drugs (NSAIDs) (9,10). Since 
doping controls are mandatory and the forms are 
more or less standardized, DCFs are well suited as a 
basis for estimating consumption of analgesics in 
elite-level and professional sports.

Media reports by the ARD Doping Editorial Team 
on excessive use of analgesics in football (11) led to a 
public hearing (on 27 January 2021) of experts in the 
German Bundestag Sports Committee on “Painkiller 
consumption in sport and society” (12). This revealed 
a heterogeneous and incomplete picture of the use of 
analgesics in sports, especially amateur sports. The 
aim of the present study was to achieve a more accu-
rate assessment of the use of analgesics in sport.

Method
In accordance with the guidelines of the PRISMA 
(“preferred reporting items for systematic reviews and 
meta-analyses”) statement, a systematic, keyword-led 
search was carried out for publications dating from the 
year 2000 onwards on the use and abuse of analgesics 
in sport (13, 14). The literature search was conducted 
on 30 July 2021 on Medline and PubMed Central via 
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PubMed, and on SURF (Sport And Research in Focus), 
the sport information portal of the German Federal 
 Institute of Sport Science (Bundesinstitut für Sportwis-
senschaft, BISp) using the keywords listed in eTable 1. 
This was supplemented by a hand search. As a final 
step, the literature search was updated on 3 July 2022. 
The criteria for inclusion and exclusion of publications 
were determined according to a modified PICO(S) 
framework (eTable 2). The study protocol was regis-
tered as a “free registration” at the Open Science 
Framework (https://osf.io). Titles and abstracts in 
 English, French, and German were selected by two 
 independent review panels. The suitability of the full 
texts selected was checked by three authors indepen-
dently. If their initial evaluations were discordant, con-
sensus was reached through discussion.

The original and review articles selected were 
 categorized according to, among other things: 
● Target groups/sport groups in professional/elite 

sport, high-performance sport, and amateur sport;
● Data collection method (for example, doping con-

trol forms, surveys) ;
● Prevalence time periods for analgesic use;
● Whether they discussed adverse drug reactions and 

provided data on the analgesic group or substance 
class (eTable 3) .

The main distinguishing features between the three 
sport groups were:

●  Revenue (professional versus elite sport);
● Performance level (professional/elite sport versus 

high-performance sport);
● Time commitment and the performance concept 

(high-performance sport versus amateur sport).

Evaluation of publications and studies 
The studies selected were independently assessed by 
three authors in a standardized manner for the quality 
of their methodology and their risk of bias using the 
Cochrane risk-of-bias tool (15). Cross-sectional cohort 
and survey studies were assessed using the Newcastle 
Ottawa Scale (NOS) with regard to selection of study 
participants, data collection, comparability of study 
groups, and quality of ascertainment of exposure (16).

Reviews, which ranged from the narrative to the 
selective or systematic, were reviewed using 
 AMSTAR (“a measurement tool to assess systematic 
reviews”) (15). The criteria were: study design, study 
selection, data extraction, systematic literature search, 
study data/characteristics, consideration of the risk of 
bias in the primary studies, statistics, and potential 
conflicts of interest.

If the initial evaluations were discordant, consen-
sus was reached through discussion. The study quality 
or the risk of bias in the study findings was not used 
as an exclusion criterion.

Results
Publication selection and study evaluation 
Out of 6191 publications, after removal of duplicates 
6083 studies remained for title screening (Figure). Of 
these, 128 studies were identified for abstract analysis 
and 96 were selected for full text analysis. Of these 
publications, 41 full texts were excluded, and 55 publi-
cations remained for content analysis (6–10, 12, 17–40, 
e1–e25).

For the selected publications on the use of anal-
gesics in sport, the NOS and AMSTAR assessment 
tools revealed varying degrees of representativeness, 
quality limitations, and risk of bias. eTable 4 lists 
studies based on doping control forms, all of which 
were rated using the NOS instrument at 7–8 stars out 
of a possible maximum of 9. In contrast to this, the 
risks of limited representativeness and bias are much 
higher in survey studies (eTable 5); here the study rat-
ings ranged from 2 to 7 stars. According to AMSTAR, 
review articles primarily exhibit weak systematic 
methodology, lower quality, high risks of bias, and 
thus are more narrative in character (eTable 6). 

Use of analgesics in professional and elite sport
The 12 studies selected included 48 977 DCFs collected 
at World Championships, Olympic Games, competitive 
events, or during training (Table 1, eTable 3). The 
DCFs asked questions about the consumption of anal-
gesics and dietary supplements during the 72 hours or 7 
days before the dope test or competition. In elite sports, 
NSAID use varies greatly from sport to sport, ranging 
in the selected studies from 2.8% in professional tennis 

FIGURE 

PRISMA flow chart of the literature review: PRISMA, Preferred Reporting Items for 
 Systematic Reviews and Meta-Analyses; SURF, sport information portal of the German 
 Federal Institute of Sport Science 
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to 54.2% in professional football (10, e21). In the 2014 
Football World Cup, per match 30.6% of players took 
NSAIDs (10). Trinks et al. (2021) determined a 33% 
level of analgesic use in the top German football 
leagues (Men’s Bundesliga, 2nd Men’s Bundesliga, 
Men’s 3rd League, Women’s Bundesliga, Junior 
 Bundesliga) (e14). Olympic athletes in other sports 
 reported average rates of NSAID use of 11.1% to 
25.6% (26, e20). A Belgian–Dutch study reported rates 
of NSAID use ranging from 2.8% (tennis) to 31.1% 
(volleyball) (e21).

Use of analgesics in high-performance sport
The 25 survey studies and 18 reviews evaluated mostly 
focus on endurance athletes (for example, 
 half- marathon, marathon, ultramarathon) in the non-
professional setting (Table 1, eTable 6). Compared to 
professional and elite sports, these studies suggest a 
lower level of analgesic consumption in high-
 performance sports. Nevertheless, among survey 
studies, which have a lower risk of bias than reviews, 
there are clear differences between individual studies: 
while a 60.3% rate of NSAID use was reported in par-
ticipants in a 112-km ultramarathon event (e1), and a 

60.5% rate on race day in a 161-km run (32), Rotunno 
et al. (e9) found rates of race-related painkiller use 
ranging from 3.1% (half-marathon) to 9.2% (56-km 
run) among over 75 000 endurance-trained participants.

Apart from running, individual studies are avail-
able for football (e8, e13), basketball (e11), diving 
(29), mountain biking (24), and triathlon (7, 28, 30), 
among others. Here, NSAID consumption on race day 
ranges from 10% of participants in an ultra mountain 
bike race (24) to 47.4% in a triathlon competition 
(30).

Use of analgesics in amateur sport
In contrast to the study and data situation for profes-
sional and elite sports, in the heterogeneous amateur 
sports sector there is a lack of original studies and 
 reviews giving a comprehensive and valid picture of 
the prevalence of painkiller use (Table 1, eTables 5–6). 

Apart from some single studies, the literature pre-
dominantly reports figures from running or endurance 
sports (eTable 3). These sometimes originate from 
 individual events and differ significantly as to the fig-
ures cited for painkiller consumption. According to 
Brune et al. (2009), for example, 61% of respondents 

TABLE 1

Summary of detailed literature analysis* 

*See also eTables 3–6; NSAIDs, nonsteroidal anti-inflammatory drugs

Study design/ data col-
lection method

  Doping control forms

Surveys

Study design/ data col-
lection method

Reviews

Target groups

Professional/elite ath -
letes

Professional/elite 
 athletes 
High-performance 
 athletes
Amateur athletes

Target groups

Professional/elite 
 athletes 
High-performance 
 athletes
Amateur athletes 

Number 
of 
studies

12

25

Number 
of 
studies

18

Prevalence intervals and  range of 
findings on analgesic use

Competition runup 3 days 2.8% 
 (tennis) to 54.2% (football) NSAIDs 
Up to 17.5% (football) other anal-
gesics 
2 studies reported 7-day prevalence

Competition day 3.1% (half-mara-
thon) to 70% (ultra-marathon) 
NSAIDs 
0.5% (half-marathon) to 17.4% 
(ultra-run) other analgesics

Weekly prevalence 6.3% (half-mara-
thon) to 50.4% (5-km run) NSAIDs  
Only one study reported other anal-
gesics: 3.2% (half-marathon) and 
5.4% (56-km run)

1-year prevalence 35.8% (ultra-
marathon) to 92.6% (football) 
NSAIDs 
7.8% (Olympics) to 64% (football) 
other  analgesics
Object

Narrative and selective literature 
 reviews

Systematic literature reviews

Main findings

In elite sports, the use of 
 analgesics is mostly wide-
spread, variable, and often 
prophylactic.

Data for analgesic use in rec-
reational/high-performance 
sports are dominated by run-
ning. Prevalences range 
from low to very high con-
sumption. Some of the use is 
prophylactic. Not every study 
records the use of other 
 analgesics apart from 
NSAIDs.

Main findings

Frequency of analgesic use, 
analgesic abuse, prophylac-
tic use of analgesics, 
 adverse drug reactions, 
 hazards and risks of anal-
gesic use.

Sources

9, 10, 26, 36, e4, e6, 
e 14– e16, e19– e21

6, 7, 17, 18, 20, 24, 
27–30, 32, 34, 35, 
38–40, e1, e5, 
e7–e11, e13, e24 

Sources

8, 19, 21–23, 25, e2, 
e3, e12, e17, e18, 
e22, e23

12, 31, 33, 37, e25
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took analgesics before the start of the Bonn half-
marathon/marathon (6), whereas in the study by 
Mahn et al. (2018), which analyzed data from runners 
in the Hannover marathon, only 17% stated that they 
had ever taken painkillers before a marathon race (40).

In contrast, the results of Rüther et al. (2018) (e10) 
and of Leyk and Rüther (2021) (12) are based on data 
collected at more than 100 running events in the peri-
od from 2016 to 2020. More than 96% of the over 
50 000 respondents selected the response options 
“never” or “rarely” when asked about the frequency 
of their use of pain medication in connection with 
sports (Table 2). 2.1% of the athletes reported taking 
painkillers at least once a month, mainly for muscu-
loskeletal complaints.

To summarize, the systematic literature review 
concluded that there is no scientifically robust evi-
dence for widespread use of analgesics in amateur 
sport (12, e10). 

Discussion
Important limitations of this systematic literature 
 review arise from the different forms of data collection 
used in the studies, the study types, and the heteroge -
neous study populations. The risks of limited represen-
tativeness and of bias are evaluated in eTables 4–6. In 
addition, significantly fewer studies are available for 
the wide and highly diverse field of amateur sport than 
for professional/elite and high-performance sport. It is 
virtually impossible to assess any changes over time in 
painkiller consumption.

The results of the systematic literature review show 
that the use of analgesics is widespread in profes-
sional/elite sport and, to some extent, also in 
 ambitious high-performance sport. Both studies based 
on DCFs and survey studies show that in top-level 
national and international football, for example, about 
one in two and one in three players, respectively, 
regularly take painkillers (10, 11, e14, e26). Analgesic 
consumption varies obviously from sport to sport 
 (eTable 3).

However, using analgesics does not necessarily 
mean misusing them, nor does it necessarily mean 

that they are being used in connection with the sport 
being practiced. DCFs give no information about any 
disease-related, sport-related, or prophylactic reasons 
for use. Even some survey studies did not ask whether 
the painkiller use was related to the sporting activity 
(eTable 3) (17, 18, 20, 28, 32, 34, e8, e13). On the 
other hand, studies that specifically asked about why 
painkillers were taken show that they were being used 
prophylactically (6–8). This is well seen in endurance 
sports: The longer and more grueling a competition, 
the more frequently painkillers are taken in the runup 
to it. In ultra-endurance sport, this may be the case in 
60.3% to 70% of all competitors (32, 35, e1). Even in 
the match-playing sports, analgesic use in the absence 
of symptoms cannot be ruled out (e11, e25). Accord-
ing to Schneider et al. (2019), 5% of high-
 performance players take analgesics in order to pre-
vent pain. Apart from prophylactic use, up to 84% of 
young high-performance basketballers still report 
 occasionally using analgesics (e11).

Findings on analgesic consumption in professional/
elite sport cannot be simply extrapolated to the field 
of amateur sport. However, in regard to ambitious 
amateur sport there is a gray area, such as in endur-
ance or ultra-endurance sports, where participants 
take analgesics more often. The extent of training and 
the energy expenditure of these amateurs are quite 
comparable to those of professional/elite athletes in 
ball sports or athletics (for example, in sprinting/
throwing disciplines).

The results of the literature review show that there 
is no reliable evidence of widespread analgesic 
abuse in amateur sport. There is a lack of solid data 
from original studies and reviews on this question. 
Only two selective studies, whose data were col-
lected as part of a large running event and which 
show meth odological ambiguities, conclude that an-
algesics are widely used in endurance sports (up to 
61%) (6, 38). This is in contrast to the findings of a 
South African study of over 70 000 runners, where 
the use of analgesics ranged from 3.6% of partici-
pants in a half-marathon to 16.4% in a 56-km race 
(e9).

TABLE 2 

Frequency of analgesic use by athletes (n = 54 184)

*Any deviations from 100% are due to rounding effects; CI, confidence interval

Men

Women

Total

Number n (%) [95% CI]

Never

26 261 (81.3)
[80.9; 81.7]

16 663 (76.1)
[75.6; 76.1]

42 924 (79.2)
[78.9; 79.6]

Rarely

4931 (15.3)  
[14.9; 15.7]

4370 (20.0)
[19.4; 20.5]

9301 (17.2)
[16.8; 17.5]

Once or more
per month

448 (1.4) 
[1.3; 1.5]

477 (2.2)
[2.0; 2.4]

925 (1.7)
[1.6; 1.8]

Once or more 
per week

86 (0.3)
[0.2; 0.3]

69 (0.3)
[0.2; 0.4]

155 (0.3)
[0.2; 0.3]

Daily

36 (0.1) 
[0.1; 0.2]

20 (0.1)
[0.1; 0.2]

56 (0.1) 
[0.1; 0.1]

No data

534 (1.7)
[1.5; 1.8]

289 (1.3)
[1.2; 1.5])

823 (1.5) 
[1.4; 1.6 ]

Total
n (%)*

32 296
(100)

21 888
(100)

54 184
(100)

158 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2023; 120: 155–61



M E D I C I N E

The results of our own survey do not suggest that 
analgesics are widely used in amateur sport at present 
(12, e10): only 1.7% of participants took painkillers 
“one to several times per month” and 0.4% “weekly” 
or “daily” in connection with their sporting activities. 
Further analysis showed that health reasons predomi-
nated for the use of painkillers.

This brings the discussion to another aspect of the 
use of analgesics in sport, and that is the question of 
whether and to what extent analgesic use is indicated 

to enable exercise and training. For example, anal-
gesics can certainly be beneficial in patients under-
going medical exercise therapy. However, adverse 
 effects of analgesics can be made worse by physical 
activity, not only in patients under medical exercise 
therapy, but also in healthy athletes. For example, 
higher levels of exercise lead to a reduction in glo-
merular filtration rate in the kidney. Taking anti-
 inflammatory drugs increases the risk of chronic kid-
ney disease and acute kidney failure. 

TABLE 3a

Symptoms and diseases associated with analgesic use in sport (excluding musculoskeletal system)

ASA, acetylsalicylic acid; GI, gastrointestinal; NSAIDs, nonsteroidal anti-inflammatory drugs

Organ system

Blood

Electrolytes

Skin

Cardiovascular

Liver

Lungs

Gastrointestinal

Kidneys

Central nerv-
ouse system

Symptoms/ diseases

Anemia

Bleeding diathesis

Thrombembolism

E.g. hyponatremia

Urticaria, angioedema

Cardiovascular prob-
lems

Hyper-/hypotension

Arrhythmias

Heart failure

Myocardial infarction

Liver damage

Asthma/ broncho -
spasm

GI symptoms

Nausea, vomiting

Diarrhea

Stomach ache, gastritis

GI bleeding

Ulcer

Altered renal function

Hematuria

Chronic kidney failure

Acute kidney failure

Fatigue

Dizziness

Sources

9, 22, 23, 40

6, 7, 20, 22, 33, e3, e11

37, 40

6, 7, 24, 30, 32, 33, 35, 38, e1, e3, e5–e7, e9, e11, e23

18, 26

10, 24, 28, 33, 34, 38, 39, 40, e7, e9, e23

9, 20, 24, 34, e1, e11

6, 22, e18

37, e17

7, 37, 38, e23

25, 33, 39, 40, e11, e14

18, 24, 26, 33, 40, e3, e8, e11, e20

10, 18–20, 23, 26, 28, 30, 32, 34, 37, 38, e1, e4, e6, e7, 
e9, e11, e12, e20, e22, e23

33, 39, 40, e7

19, 33, 40, e7

9, 19, 30, 33, 38–40, e7, e17, e18, e23, e24

6, 8, 10, 22, 23, 33, 38–40, e2, e5, e7, e9, e17, e18, e23

25, 33, 39, 40

9, 10, 18–21, 26, 28, 30, 34, 35, 38, 39, e9, e11, e12, e24

6, 22, 23, 38, 40, e2, e18

18, 23, 25, 33, e1, e4, e14

6, 20, 22, 24, 26, 32, 33, 35, 37, 40, e3, e5, e7, e9

18, 19

18, 19, 39, 40

Remarks

Especially with ASA use: „sports anemia“  common in 
 endurance athletes; anemia increased by hematuria and 
hematochezia;  bone marrow suppression described

Especially with ASA use: increased bleeding on injury, 
increased risk of compartment syndrome, delays in 
necessary surgery

Mechanical stress on platelets;  increased elimination 
in spleen might lead to formation of larger platelets

Risk of electrolyte imbalance, local muscle cramping, 
seizures, and cardiac arrhythmias

No further details of symptoms in the literature cited

Pathogenesis via the kidneys is discussed

More common in the presence of electrolyte imbal-
ance (among other things)

 

Because of its limited duration and strength of action, 
paracetamol is often overdosed

Bronchospasm and asthma attacks often triggered by 
ASA in particular, especially in athletes due of the 
 increased prevalence of asthma

No further details of symptoms in the literature cited

Reduced perfusion due to redistribution during sport

Prostaglandins reduced by analgesics

Mechanical stress and NSAIDs lead to reduced barrier 
function and increased permeability (toxic bacterial 
products, loss of fluids/electrolytes/blood)

Reduced kidney perfusion due to redistribution during 
physical activity and prostaglandins reduced by 
NSAIDs

Kidneys stressed by increased accumulation of 
 metabolites with frequent fluid deficit (sweating, 
losses via GI tract, reduced fluid intake) 
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Especially when it comes to preventive use of anal-
gesics, it should be remembered that these substances 
suppress important warning signs (pain, infection-
 related raised temperature, etc.), thereby increasing 
the risk of serious illness (6, 8, 19, e12, e22, e23). 
Table 3 lists observed symptoms and diseases that 
have been reported in the literature to be connected 
with analgesic use in sport.

Given the widespread use of analgesics in society 
and in different parts of the world of sport, it is also 
worth noting at this point how omnipresent painkiller 
advertising is on television, in the print media, and, 
increasingly, in internet forums and through 
 influencers. People are promised, among other things, 
appropriate and rapidly effective solutions for various 
types of pain. This can help to lead to a state of affairs 
where many people are careless about their use of 
painkillers, which in the form of nonprescription 
(over-the-counter) analgesics are easily accessible 
(e27). The freedom to self-medicate has been created 
by the law, which has obliged pharmaceutical manu-
facturers to provide comprehensive information in the 
form of package inserts. However, survey results 
show that important information about adverse drug 
effects and recommendations for use are still not well 
known (4). In addition to more targeted information, 
advertising restrictions could help to reduce the harm-
ful use of painkillers in sport and in society at large (5).
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eTABLE 1 

Search strategy for the literature review

Step

1

2

3

4

Operator

AND

AND

NOT

Search terms

(„Painkiller abuse“ OR „pain medication“ OR analgesic* 
OR „anti-inflammatory drugs“ OR paracetamol OR 
 ibuprofen OR NSAR OR NSAID*)

(Physical activity OR sport OR physical training OR 
 exercise OR physical performance)

(Use OR abuse OR misuse)

Therapy

eTABLE 2 

Inclusion/exclusion criteria: modified PICOS framework

COS, cyclooxygenase; NSAIDs, nonsteroidal anti-inflammatory drugs; OTC, over-the-counter; WADA, World 
Anti-Doping Agency

P – Population

I – Intervention

C – Comparison

O – Outcome

S – Study design

Athletes in professional, high-performance, and 
amateur sports 

Use and (prophylactic) consumption of analgesics 
 (especially freely available and widely used OTC prod-
ucts such as ibuprofen and paracetamol, COX in-
hibitors, and other NSAIDs) in connection with sports 
activity. The use of prescription drugs, opiates, and 
opioids was not a search criterion. The focus was on 
nondoping substances that according to WADA criteria 
are assessed as performance-enhancing and are pro-
hibited in sport.

Individuals who were active in sports without using 
 analgesics.

Information on the consumption of analgesics and the 
pattern of their use by athletes, with or without 
 information on any connection with the sports activity.

Cross-sectional and longitudinal data collection and 
survey studies as well as review articles in English, 
French, and German published from 2000 onward 
were included. Telephone interviews were excluded.
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eTABLE 4 

Quality assessment of studies on analgesic use in professional and elite sport (data collection based on doping control 
forms) 

Newcastle Ottawa Scale (NOS) for evaluating cohort studies:
The individual studies are scored for selection (representativeness of the exposed cohort and selection of the non-exposed cohort; ascertainment  of exposure; dem-
onstration that outcome of interest was not present at start of study), comparability, and recording of exposure/endpoint (validity of the data provided [outcome], end-
point within a sufficient observation period, consideration of and control for missing data).
Where the risk of bias is low, one star is given; the maximum possible number of stars is nine (16).

Study (reference)

Corrigan and Kazlauskaz (2003) (26)

Kavukcu and Burgazli (2013) (36)

Oester et al. (2019) (e4)

Pedrinelli et al. (2015) (e6)

Trinks et al. (2021) (e14)

Tscholl et al. (2008) (e15)

Tscholl et al. (2009) (9)

Tscholl et al. (2010) (e16)

Tscholl and Dvorak (2012) (e19)

Tsitsimpikou et al. (2009) (e20)

van Thuyne et al. (2008) (e21)

Vaso et al. (2015) (10)

Selection

****

****

****

****

****

****

****

****

****

****

****

****

Comparability

*

*

*

*

**

*

**

**

*

*

*

**

Outcome

**

**

**

**

**

**

**

**

**

**

**

**

Total (max. 9)

7

7

7

7

8

7

8

8

7

7

7

8
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eTABLE 5

Quality assessment of survey studies on analgesic use in high-performance and amateur sport

Newcastle Ottawa Scale (NOS) for evaluating cohort studies:
The individual studies are scored for selection (representativeness of the exposed cohort and selection of the non-exposed cohort; ascertainment  of exposure; dem-
onstration that outcome of interest was not present at start of study), comparability, and recording of exposure/endpoint (validity of the data provided [outcome], end-
point within a sufficient observation period, consideration of and control for missing data).
Where the risk of bias is low, one star is given; the maximum possible number of stars is nine (16).

Study (reference)

Aavikko et al. (2013) (17)

Alaranta et al. (2006) (18)

Broman et al. (2017) (20)

Brune et al. (2009) (22)

Chlíbková et al. (2018) (24)

Didier et al. (2017) (27)

Dietz et al. (2016) (28)

Dowse et al. (2011) (29)

Gorski et al. (2011) (30)

Hoffmann and Fogard (2011) (32)

Holmes et al. (2013) (34)

Joslin et al. (2013) (35)

Küster at al. (2013) (38)

Lai-Cheung-Kit et al. (2019) (39)

Mahn et al. (2018) (40)

Martínez et al. (2017) (e1)

Pardet et al. (2017) (e5)

Rosenbloom et al. (2020) (e7)

Rossi et al. (2021) (e8)

Rotunno et al. (2018) (e9)

Rüther et al. (2018) (e10)

Schneider et al. (2019) (e11)

Seifarth et al. (2019) (7)

Taioli (2007) (e13)

Whatmough et al. (2017) (e24)

Selection

****

****

****

**

**

****

****

****

**

****

*

**

****

****

****

****

****

****

****

****

****

****

****

****

**

Comparability

**

**

*

*

**

*

*

**

*

**

*

*

*

**

**

*

**

*

*

Outcome

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

Total (max. 9)

7

7

6

3

3

6

7

6

3

6

2

3

7

6

7

6

6

6

7

7

6

7

6

6

3
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