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Abstract
Background  Running is a popular sport with high injury rates. Although risk factors have intensively been investigated, 
synthesized knowledge about the differences in injury rates of female and male runners is scarce.
Objective  To systematically investigate the differences in injury rates and characteristics between female and male runners.
Methods  Database searches (PubMed, Web of Science, PEDro, SPORTDiscus) were conducted according to PRISMA 
guidelines using the keywords “running AND injur*”. Prospective studies reporting running related injury rates for both 
sexes were included. A random-effects meta-analysis was used to pool the risk ratios (RR) for the occurrence of injuries in 
female vs. male runners. Potential moderators (effect modifiers) were analysed using meta-regression.
Results  After removal of duplicates, 12,215 articles were screened. Thirty-eight studies were included and the OR of 31 
could be pooled in the quantitative analysis. The overall injury rate was 20.8 (95% CI 19.9–21.7) injuries per 100 female 
runners and 20.4 (95% CI 19.7–21.1) injuries per 100 male runners. Meta-analysis revealed no differences between sexes for 
overall injuries reported per 100 runners (RR 0.99, 95% CI 0.90–1.10, n = 24) and per hours or athlete exposure (RR 0.94, 
95% CI 0.69–1.27, n = 6). Female sex was associated with a more frequent occurrence of bone stress injury (RR (for males) 
0.52, 95% CI 0.36–0.76, n = 5) while male runners had higher risk for Achilles tendinopathies (RR 1. 86, 95% CI 1.25–2.79, 
n = 2). Meta-regression showed an association between a higher injury risk and competition distances of 10 km and shorter 
in female runners (RR 1.08, 95% CI 1.00–1.69).
Conclusion  Differences between female and male runners in specific injury diagnoses should be considered in the develop-
ment of individualised and sex-specific prevention and rehabilitation strategies to manage running-related injuries.

Supplementary Information  The online version contains 
supplementary material available at https​://doi.org/10.1007/s4027​
9-020-01412​-7.
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Key Points 

There were no differences between female and male run-
ners in overall injury rates.

Female runners had more bone stress injuries.

Male runners had more Achilles tendon injuries.

Shorter competition distances increase the risk of injury 
for female runners.

1  Introduction

Running is a very popular sport practiced all over the world. 
While regular physical activity and sports such as running 
are beneficial for prevention and rehabilitation of many 
health complaints (“exercise is medicine”) [1, 2], running 
is frequently associated with high injury prevalence and 
incidence rates [3–5].

For injury prevention, risk factors need to be well 
understood [6]. Risk factors for running are manifold 
and consist of training load, biomechanical, anatomical 
and anthropometrical variables [7–12]. While some previ-
ous studies exclusively investigated either male [9, 13] or 
female [14–16] runners, sex has been suggested to be a 
risk factor for specific injury patterns in running, as well 
as for overall injury risk [7, 17, 18]. This is supported by 
a study investigating injury rates for female and male elite 
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running athletes [19]. Analysing data collected during 14 
international athletics championships, Edouard et al. [19] 
showed that male elite athletes had lower injury incidence 
rates for bone stress injuries (BSI) than female counter-
parts. However, injury risks differed between sexes for 
running disciplines (from middle distances upwards) 
although only with a small to trivial relative risk (1.5 
for middle distances, 0.9 for long distances and 1.3 for 
marathon running) [19].

Including and investigating both sexes in running injury 
research is in line with evidence for the different risks 
between female and male athletes for specific types of inju-
ries such as anterior cruciate ligament ruptures or concus-
sions in different team sports as well as ankle sprains in all 
sports [20–22]. However, considering the current literature, 
it is difficult to derive conclusive summaries about differ-
ences in overall or specific injury epidemiology for both 
sexes in specific sports [18]. To develop and optimize indi-
vidualized prevention and treatment options for running 
injuries, it is crucial to understand if and to what extent 
injury epidemiology differs between the sexes. Therefore, 
the aim of this systematic review was to evaluate the differ-
ences in injury rates and characteristics between male and 
female runners using meta-analytical techniques. First, dif-
ferences in overall injury rates were compared between both 
sexes. Secondly, depending on the availability of sufficient 
data, specific injury diagnoses were analysed regarding their 
occurrence in female and male runners.

2 � Methods

This study was conducted and presented according to 
the PRISMA guidelines for reporting systematic reviews 
and meta-analysis [23]. Prior to the start of the study, the 
review protocol was registered in the PROSPERO database 
(CRD4201911883).

2.1 � Search Strategy and Inclusion Criteria

Two independent investigators (K.H. and C.E.) conducted a 
systematic literature search including articles from inception 
till April 2020. Prospective cohort studies and randomized 
controlled trials investigating healthy runners from differ-
ent age groups were included. The search was restricted to 
articles from peer-reviewed journals published in English, 
German, or Spanish languages. Furthermore, studies had to 
report rates of running-related injuries for both sexes. Over-
all injury rates and injury rates for specific locations, diagno-
ses or injury mechanisms were considered. Included running 
disciplines were middle distance and long-distance track as 
well as cross-country, trail and road running. There was no 
restriction to a specific injury definition. Reviews, systematic 

reviews, commentaries, case studies, case series, cross-sec-
tional studies, retrospective studies and interventional arms 
of randomised controlled trials (RCT) were excluded. For 
RCTs, only untreated control groups were considered.

The search strategy using specific keywords (running 
AND injur*) was applied to four different databases (Pub-
Med, Web of Science, PEDro, SPORTDiscus). All databases 
were searched to identify relevant studies based on keywords, 
title and abstract. Two independent investigators (C.E. and 
K.H.) extracted relevant studies based on the inclusion cri-
teria first by reading the title, the abstract and the full text, if 
available. A third reviewer (A.Z.) was available for consensus 
decisions. The bibliographical information of included arti-
cles was examined for further relevant references (backward 
search). A forward search was done via citation tracking using 
Web of Science® (Thomson Reuters).

2.2 � Data Extraction

Study characteristics (design, running discipline, population, 
age and number of participants) as well as prevalence and inci-
dence rates for both sexes were extracted. For prevalence rates, 
number of injuries or number of injured runners were related to 
the number of runners investigated. For incidence rates, number 
of injuries and specific exposures (in hours, kilometres or ath-
lete exposure) were used. An athlete exposure (AE) is defined 
as one athlete participating in one practice or competition [24]. 
When it was not possible to extract the data from an article 
for specific running distances (e.g., pooling of overall injuries 
for track disciplines), corresponding authors were contacted 
by email to obtain the data. If specific data were not able to be 
obtained, the respective study was included in the systematic 
review but not in subsequent analyses.

2.3 � Study Quality Assessment

Due to insufficient study quality assessment tools in sports 
injury epidemiology, a new tool was developed by consensus 
of K.H., A.J., A.L.R., A.Z. and S.S. on the basis of previ-
ously used tools [20, 22, 25, 26]. The modification ensured 
that all relevant points regarding the quality of the study 
design and important content-related information would be 
considered—e.g., differences in methodological approaches 
such as competition or season, or the type of data collection.

This tool consisted of 15 items on recruitment, reporting, 
injury and exposure collection, injury definition and drop-
out (Table 1).

The identified quality score was used to determine a high 
(above the median) or low (below the median) study qual-
ity of the studies investigated (median score was 18). Two 
independent reviewers (K.H., A.J.) with a third reviewer 
(A.L.R.) for consensus assessed the study quality of the 
included studies.
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Publication bias was checked by visual inspection of fun-
nel plots (log risk ratio against standard errors) and regres-
sion test for funnel plot asymmetry.

2.4 � Data Synthesis and Statistics

To compare injury risk between male and female runners, 
risk ratios (RR) with 95% confidence intervals (CI) were 
computed for each study. Meta-analytic pooling was done 
using a random-effects model (DerSimonian and Laird 
method [27]). Between-study heterogeneity was estimated 
using Cochran’s Q and I2 statistics. To reveal potential publi-
cation biases, funnel plots were constructed if more than ten 
studies were available [28]. Besides visually checking their 
symmetry, Egger’s regression test was applied.

Following the calculation of pooled RRs, we used a 
mixed-effects meta-regression model to identify variables 
potentially affecting the outcome of the meta-analysis 
[27]. The choice of tested moderators (effect modifiers) 
was based on three criteria: (1) a plausible impact on the 
tested variables, (2) reporting in the included studies, (3) 
sufficient variation of the moderators’ values [29]. The 
following moderators were submitted into the meta-regres-
sion model: performance/expertise level (recreational: no 
competitions, competitive: participating in local competi-
tions, elite: qualifying for national or international com-
petitions); age (youth: < 18, adult: ≥ 18) competition dis-
tance (≤ 10 km, > 10 km); study quality (low: study quality 
score < 18, high: study quality score ≥ 18), training dura-
tion (low: < 7.5 h or high: ≥ 7.5 h/week), training mileage 

(low: < 64 km/week, high: ≥ 64/week). Moderator analyses 
were performed if ten or more studies were available [28]. 
If a significant moderator was detected, a subgroup analy-
sis comparing the respective values of the moderator was 
performed using the meta-analytic procedures described 
above.

All calculations were performed using algorithms of 
the metaphor package embedded in R (R Foundations for 
Statistical Computing, Vienna, Austria) as well as the soft-
ware JAMOVI [30] and OpenMeta [Analyst] software (OS 
X version 10.12 obtained from http://www.cebm.brown​
.edu/openm​eta/).

3 � Results

3.1 � Search Results

The search returned 15,914 studies and 29 additional stud-
ies were identified through other sources. After removing 
3699 duplicates and applying inclusion criteria, a total 
of 38 studies were considered eligible [7, 19, 24, 31–65]. 
Thirty-one of them could be included in the quantitative 
analysis. Seven studies reported on the same data sets as 
other included studies and were excluded from the quan-
titative analysis [19, 31–33, 39, 40, 65]. The full literature 
search process is displayed in Fig. 1.

Table 1   Risk of bias assessment tool

Question Rating

Are the sources and methods of participant recruitment clearly 
described?

Yes (1), no (0)

Are the relevant characteristics (n, age, sex, sport, level of competition) 
of the study population reported?

Yes (1), no (0)

Does the study cover season and/or tournaments/championships? Season (2), tournaments (1), not reported (0)
Are exposure data recorded? Yes (1), no (0)
Is the frequency of data collection reported? Yes (1), no (0)
If yes:  ≥ Daily (3), ≥ weekly (2), ≥ monthly (1), not reported (0)
Is a clear injury definition provided? Yes (1), no (0)
If yes: Medical attention (3), time loss (2), other (1), no clear definition (0)
Is the method for assessing exposure described? Yes (1), no (0)
If yes: Individual data collection (2), exposure estimated (1), not reported (0)
Is the method for assessing injury reported? Yes (1), no (0)
If yes: Briefed medical personnel (3), medical personnel (2), coach, self-

report, media reports (1), not reported (0)
Are characteristics of injury reported (location, type, mechanism, sever-

ity, recurrent)?
Yes (1), no (0)

If yes: Complete (2), partly (1), no (0)
Is the drop out < 30% drop out? Yes (1), no (0)

http://www.cebm.brown.edu/openmeta/
http://www.cebm.brown.edu/openmeta/
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3.2 � Characteristics of Included Studies

Of the included studies, 36 reported injury data from 35,689 
participants (40.8% female). Two studies reporting on inju-
ries from the National Collegiate Athletic Association 
(NCAA) database did not state the number of athletes but 
did report the athlete exposure (242,244 athlete exposures 
with 46.7% females [24] and 276,207 athlete exposures with 
50.7% females [59]). Most studies were prospective cohort 
studies (n = 37), while the control group (not receiving any 
intervention) from one randomised controlled study met the 
inclusion criteria [42]. Twenty-three studies investigated 
road runners, 11 track runners (middle and long distance), 
10 cross-country runners and 3 studies reported on trail 

running/orienteering (Table 2). Studies from major competi-
tions (European or World Championships) reported concur-
rently on track and road running (half or full marathon) [19, 
31–33, 41]. Regarding competition level, 18 studies reported 
on novice and recreational runners, 11 on competitive and 9 
on elite runners. Study characteristics of all included studies 
are summarized in Table 2.

3.3 � Study Quality

The two independent reviewers evaluating study quality 
agreed on 441 of 570 evaluated items (agreement = 77.4%). 
The scores for study quality ranged between 9 and 23 out of 
24 points with a median of 18 and a mean ± SD of 16.8 ± 4.1. 

Fig. 1   Flow diagram displaying the literature search
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Most studies (> 90%) reported recruitment procedures, 
injury assessment and documented injury characteristics. 
Fewer studies achieved maximal points due to not record-
ing individual exposure data (50.0% of maximal points) or 
exposure data at all (57.9% of maximal points) as well as 
not using a medical attention definition (56.1% of maximal 
points). The results of the study quality assessment are pre-
sented in Electronic Supplementary Material Table S1.

Except for one outlier [47], visual inspection of the funnel 
plot (Fig. 2) showed a symmetrical distribution of the log 
risk ratios and the regression test for funnel plot asymmetry 
(− 0.150; p= 0.881) suggested no indication of publication 
bias.

3.4 � Overall Injury Rates

The overall injury rate was 20.4 (95% CI 19.7–21.1) injuries 
per 100 male runners and 20.8 (95% CI 19.9–21.7) injuries 
per 100 female runners. Meta-analytic pooling did not reveal 
differences between female and male runners’ injury rates 
per runner (n = 21; RR 0.99, 95% CI 0.90–1.10; p = 0.84; 
I2 = 72.31) or per specific exposures (n = 6; RR 0.94, 95% 
CI 0.69–1.27;  p = 0.669; I2 = 85.93) (Figs. 3 and 4). Due to 
the small number (n = 6) of studies reporting injuries per 
exposure (athlete exposures (n = 2) or hours (n = 4)), no 
aggregation of overall injury rates per specific exposures 
was performed. 

3.5 � Meta‑Regression

Moderator analyses of injury RR rates per runner revealed 
an association of a higher injury risk in men and compe-
tition distances exceeding distances of 10 km (p = 0.002) 
(Table 3). Specifically, the subgroup meta-analysis of com-
petition distance showed a significantly higher RR of 1.08 
(95% CI: 1.04–1.39) for female runners with competition Ta
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distances ≤ 10 km. For competition distances > 10 km, the 
comparison approached but failed to reach significance 
although the RR of 0.77 (95% CI: 0.58–1.02) was sugges-
tive of a lower probability of injury in male runners (Fig. 5). 
No meta-regression was performed for specific injuries and 
moderators training duration or training mileage due to 
absence of more than ten studies reporting these variables 
[28]. 

3.6 � Specific Injury Rates

Data for two specific running-related injuries were available 
for synthesis.

3.6.1 � Bone Stress Injuries

Four studies reported on bone stress injuries with a pooled 
decreased probability for male runners (estimated RR 
0.52, 95% CI 0.36–0.76,  p < 0.001;  I2 = 0) (Fig. 6).

3.6.2 � Achilles Tendinopathy

Furthermore, data pooling for two studies reporting injury 
rates for Achilles tendinopathy revealed an increased 
chance for male runners to have an Achilles tendon injury 
(estimated RR 1.86, 95% CI 1.25–2.79, p = 0.022;  I2 = 0%) 
(Fig. 7).

Fig. 3   Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding injuries per 100 runners

Fig. 4   Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding injuries per exposure (hours 
or athlete exposures)
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4 � Discussion

The aim of this analysis was to systematically ana-
lyse the literature to reveal sex-related differences in 

running-related injury rates and characteristics. While no 
differences between sexes were found for overall running-
related injuries, female runners were more likely to sustain 
bone stress injuries while male runner were more prone to 
Achilles tendinopathies. Meta-regression showed that for 

Table 3   Results of the 
moderator analysis for injury 
risk ratio rates per 100 female 
or male runners

95% CI 95% confidence interval

Moderator No of com-
parisons (k)

Z p Risk ratio estimate (95% CI) Tau2/Q

Risk of bias 22 0.0299/68.1
Intercept − 0.88 0.378 − 0.051 (− 0.167 to 0.063)
Moderator 1.42 0.156 0.151 (− 0.058 to 0.359)
Level 20 0.0385/63.1
Intercept 0.68 0.495 0.044 (− 0.083 to 0.171)
Moderator 1.05 0.293 0.110 (− 0.095 to 0.316)
Age 15 0.0224/27.3
Intercept 0.87 0.387 0.116 (− 0.146 to 0.378)
Moderator − 0.81 0.419 − 0.119 (− 0.407 to 0.170)
Competition distance 14 0.0311/44.7
Intercept 1.71 0.088 0.144 (− 0.021 to 0.309)
Moderator − 3.05 0.002 − 0.387 (− 0.636 to − 0.138)

Fig. 5   Forest plot depicting the meta-analytical results for sub-anal-
ysis (competition distance) of risk ratios for male and female runners 
regarding injuries per 100 runners. Subgroup 1 (a) represents studies 

investigating runners competing in distances below or equal to 10 km 
and subgroup 2 (b) in distances above 10 km
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competition distances of 10 km and shorter, female runners 
had higher risk for injuries than male runners.

4.1 � No Differences in Overall Injury Rates 
between Female and Male Runners

Despite pooling data from all available epidemiological stud-
ies, no differences in overall injury rates between female and 
male runners were found in this systematic review. This was 
the case for both studies reporting injuries per runner and inju-
ries per specific exposures. The injury rates of 20.4 (male) and 
20.8 (female) per 100 runners are in accordance with summa-
ries of injury rates from the last three decades [4]. Nonethe-
less, these rates are at the lower spectrum of published injury 
rates that were reported to be up to 79.3% [66].

4.2 � Shorter Competition Distances Increase the Risk 
of Injury for Female Runners

Injury rates depend on several factors that need to be taken 
into consideration, such as systematic factors (age, BMI), 
running-/training-related factors (training frequency, train-
ing and racing distance, experience, level of running, foot-
wear, biomechanics), health factors (injury history) and 
lifestyle factors (drinking, smoking) [66–70].

Not all of these factors were reported in each study and 
may vary between investigated populations. Therefore, the 
moderator analysis was incorporated into this study. Only 
competition distance was a statistically significant modera-
tor for an increased risk of female runners compared to male 
runners when running competition distances of 10 km and 

shorter. Furthermore, the subanalysis revealed a tendency of 
increased injury risk for male runners for longer distances 
than 10 km. This is in accordance with the finding that male 
runners had a higher risk of sustaining injuries compared to 
female runners when running high mileages (> 64 km/week) 
[18]. While running higher mileages are associated with 
longer competition distances, this can only be used as an 
estimate for this discussion. Unfortunately, there was insuf-
ficient reporting of training load (time or mileage) in the 
included studies. For future studies reporting data on injury 
epidemiology or risk factors, it is strongly recommended to 
report the training load [71, 72].

4.3 � Bone Stress Injuries Occur Twice as Often 
in Female than in Male Runners

Female runners had twofold higher risk of having a bone 
stress injury compared to male runners in this review. A 
bone stress injury is an injury pattern with known sex dif-
ferences for epidemiology and risk factors [73]. Bone stress 
injuries are common running-related overuse injuries due 
to cumulative microtrauma to the bone [74]. Especially in 
younger ages, females seem to have a higher risk for bone 
stress injuries compared to male runners. For example, 
Changstrom et al. [24] reported a twofold risk and Plisky 
et al. [56] a 2.5-fold risk for female high school runners 
of sustaining a bone stress injury compared to male high 
school runners  in cross-country. In older collegiate ath-
letes, female cross-country runners were found to have 
28.6 injuries per 100,000 athlete exposures (AE) compared 
to 16.4 injuries per 100,000 AE in males, representing a 

Fig. 6   Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding bone stress injuries

Fig. 7   Forest plot depicting the meta-analytical results comparing risk ratios for male and female runners regarding Achilles tendinopathy
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statistically significant rate ratio of 1.8 [59]. In outdoor 
track (100 m–1500 m), this difference was even higher (22.3 
injuries/100,000AE for females and 7.2 injuries/100,000AE 
for males, risk ratio of 3.1) [59]. One possible explanation 
that has been discussed was the association of bone stress 
injuries with the female athlete triad (low energy availabil-
ity, menstrual disturbance and low bone mineral density) 
to explain the higher risk for bone stress injuries in female 
runners [35, 75, 76]. However, while the term female athlete 
triad is used only for female athletes, the more current and 
more detailed concept of relative energy deficiency of sports 
(RED-S) has also been described for male athletes [77–79]. 
Despite using the same initial treatment (activity modifica-
tion, protected or non-weight bearing) of bone stress injuries 
for both sexes, the further treatment differs between female 
and male runners, depending on specific risk factors, such as 
elevated RED-S risk, biomechanics (load rates, hip adduc-
tion, rearfoot eversion), altered hormonal status or calcium 
and vitamin D intake [14, 15, 73, 80]. In summary, bone 
stress injuries are more prevalent in female runners and 
treatment/rehabilitation strategies should incorporate sex 
as an important variable. Nonetheless, in the prevention of 
bone stress injuries consideration of the sex would probably 
benefit from awareness of RED-S, including screening for 
low energy availability and low mineral bone density.

4.4 � Achilles Tendinopathies Occur Twice as Often 
in Male Compared to Female Runners

Data from two studies showed that male runners had almost 
twice the risk of having an Achilles tendinopathy as female 
runners [49, 51]. This is in accordance with a systematic 
review on the pathogenesis of Achilles tendinopathy [81]. 
The Achilles tendon transmits the generated forces from 
the gastrocnemius-soleus muscle complex and, thus, is an 
important tendon for  propulsion during running. However, 
the Achilles tendon has a poor blood supply and, therefore, 
is prone to overuse injuries, such as a tendinopathy [81]. The 
lifetime prevalence has been reported as high as 40–50% 
in runners [13, 82] and a recent 1-year prospective study 
determined the incidence rate in a cohort of recreational 
runners to be 5.2% [51]. While the amount of loading is the 
key factor in the etiology of Achilles tendinopathy, there 
are several intrinsic (age, stress, genes, biomechanics, body 
composition) and extrinsic factors (footwear) modulating the 
risk for this injury [83]. Recent studies found biomechanical 
(footstrike pattern, ankle dorsiflexion moments) and train-
ing-related parameters (changes in training, cold weather, 
footwear, use of compression socks, mileage) as possible 
risk factors [10, 51, 84–86]. This summary of (possible) risk 
factors does not directly explain the increased probability 
for male runners to have an Achilles tendinopathy. There-
fore, we can only speculate about the possible mechanisms. 

One recently published study discusses the mechanism of 
the lifetime cumulated load (together with running years) 
which might be higher in male runners than in female run-
ners [87]. Chronic loading needs to be taken into account 
when evaluating the risk for Achilles tendinopathies.

Another explanation might be found in the hormonal dif-
ferences between women and men. For example, estrogen is 
associated with collagen synthesis and could therefore influ-
ence tendon healing capacity [88, 89]. Furthermore, estro-
gen deficiency has been reported to negatively affect tendon 
metabolism and healing [90]. Hormonal fluctuations that are 
typical for the menstrual cycle have not been associated with 
modifications of tendon function [90, 91]. A review summa-
rizes that high or low levels of sexual hormones (estrogen, 
progesterone and testosterone) are not directly causing ten-
dinopathies but may play a role in tendon pathologies [92]. 
Therefore, individual hormonal status should be taken into 
account for injury risk of female and male runners as well 
as for their therapies and prevention [92].

4.5 � Results of the Current Review in Contrast 
with and in Addition to Other Systematic 
Reviews

This was the first systematic review on sex-specific differ-
ences in running injuries incorporating a meta-regression 
analysis to determine moderating variables and shall be 
discussed in light of other systematic reviews on this topic.

This systematic review contrasts the findings of the 
systematic review by van der Worp et al. [18], who found 
female runners at a lower overall risk of sustaining an injury 
than male runners. This finding was particularly found in 
men under 40 years. However, when assessing the evidence 
level the authors called for caution in the interpretation of 
their findings since these were based on only five high-
quality and one low-quality studies. In contrast, our review 
included epidemiological studies reporting injury rates 
separately for both sexes. With this approach, 26 studies 
were included and meta-analyses showed no sex differences 
for overall running injuries when calculated per runner or 
per exposure (hours or AE). Furthermore, we were able to 
conduct a meta-regression analysis showing a higher injury 
risk for female runners in competition distances of 10 km 
and shorter as well as a tendency for a higher injury risk for 
male runners in competition distances longer than 10 km. 
This is a new finding and in line with the increased risk for 
male runners with a high weekly mileage (> 64 km), which 
is typically needed for longer competition distances [18].

The systematic review by Wright et al. [93] found female 
sex to be a primary risk factor for lower extremity bone 
stress injuries despite conflicting evidence using an explora-
tory meta-analysis incorporating three etiological studies [6, 
94, 95]. The meta-analysis found a similar 2.3-fold increased 
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probability for female runners. Our meta-analysis supports 
these findings and underlines the evidence for female run-
ners to be more prone to bone stress injuries based on five 
included prospective studies [24, 35, 49, 56, 59]. Female 
sex as a risk factor for medial tibial stress syndrome has also 
been described by a meta-analysis in active individuals (not 
exclusively runners [96]).

4.6 � Limitations and Methodological Considerations 
of Current Research

This systematic review summarised data from 38 prospec-
tive studies representing more than 35,689 participants 
(from 36 studies) and 518,000 athlete exposures (from 2 
studies). While the distribution between female and male 
runners (40.8–50.7% females) was similar and no overall 
differences were found, breakdown of injury data regarding 
sex and according to location or diagnosis was only possible 
in six studies. Consequently, the available literature included 
in this systematic review did not allow conclusions on the 
sex-dependent epidemiology of pathologies other than bone 
stress injuries and Achilles tendinopathies.

The meta-regression approach of this study included 
several potential moderators. However, considering the 
multifactorial aetiology of running-related injuries, other 
confounding bias such as biomechanical or psychologi-
cal variables may have influenced the injury risk. Another 
limitation was the moderate to high heterogeneity of studies 
included in the overall injury meta-analyses, emphasizing 
the need for further studies with a clear injury definition and 
uniform data collection methods [71, 97].

Regarding quality, future studies would benefit from doc-
umenting exposure data and using medical attention injury 
definitions. Furthermore, moderator analysis was only pos-
sible for 1 outcome (overall injuries per 100 runners) due to 
missing descriptive information on study populations (such 
as mileage, training duration, competition distances). As 
seen in Table 2, there are several different data collection 
methods applied and injury definitions used to determine a 
running injury. In accordance with recent consensus state-
ments in injury epidemiology [71] and a Delphi consensus 
on running injuries [98], we encourage future running injury 
research to follow these guidelines to improve the homo-
geneity of studies. From this, future meta-analyses would 
benefit from comparing rates of injuries between studies 
[97, 99].

5 � Conclusion

Sex does not seem to represent a specific risk factor when 
considering the overall occurrence of injuries in running. 
However, female runners more frequently sustain bone stress 

injuries, while male runners have higher risk of developing 
Achilles tendinopathies. Preventive measures targeting these 
diagnoses may therefore be more effective when account-
ing for sex-specific aspects such as hormonal changes or 
biomechanical characteristics. Regarding moderators, there 
is a paucity of evidence although meta-regression identi-
fied running competition distance (cut-off 10 km) as a factor 
associated with higher injury rates in male runners.
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