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BACKGROUND: The Female Athlete Triad (FAT) is characterized by low energy availability (LEA), 
menstrual dysfunction, and decreased bone mineral density (BMD).  A major consequence of compromised 
BMD is bone stress injury (BSI).  The Triad Cumulative Risk Assessment (T-CRA) is a validated screening 
tool for FAT, yet its ability to predict BSI risk remains unclear.  This study aimed to determine the 
relationship between T-CRA scores and BSI risk by analyzing pooled per-point risk ratios (RRs) from the 
available literature.  We hypothesized that increasing T-CRA scores would correlate with higher BSI risk. 
METHODS: A systematic search of PubMed, OVID (Medline), and Embase was conducted.  Studies were 
included if they reported BSI incidence in female athletes and utilized T-CRA.  Data extraction focused on 
study characteristics, T-CRA scores, and BSI outcomes.  A forest plot and pooled per-point RR were derived 
using a random-effects model, and study quality was assessed via MINORS criteria.  Publication bias was 
examined using a funnel plot and Egger’s regression. 
RESULTS: Five studies met inclusion criteria, encompassing 1,097 female athletes across 31 sports; the 
weighted mean age of the overall SRMA cohort was 20.07 years (95% CI, 20.01–20.14).  The pooled per-
point RR for BSI was 1.35 (95% CI, 1.20-1.51; I² = 76.1%), indicating a 35% increased risk of BSI per unit 
increase in T-CRA score.  No significant publication bias was detected (Egger’s p = 0.747).  Most included 
athletes were over 18 years old.  Running-adjacent sports were well-represented (N = 340), whereas 
aesthetic sports (i.e., gymnastics and figure skating) had limited inclusion (N = 60, N = 3). 
CONCLUSION: A higher T-CRA score is associated with increased bone stress injury risk, reinforcing its 
potential as a clinical screening tool.  Future research should focus on younger athletes and expand 
representation across sports to improve risk assessment and injury prevention. 

INTRODUCTION
The Female Athlete Triad (FAT), also known as 

Relative Energy Deficiency in Sport (RED-S), is a 
complex reproductive and musculoskeletal 
condition mostly prevalent in endurance and 
aesthetic-based sports, such as running, 
swimming, gymnastics, or figure skating.1 FAT is 
associated with three main symptom categories: 
low energy availability (LEA) with or without an 
eating disorder (ED), menstrual disorder (MD), 
and altered bone mineral density (BMD).1 A feared 
complication of lowered BMD is bone stress injury 
(BSI).2

BSI is one of the most prevalent types of 
musculoskeletal overuse injuries and can occur in 
any anatomical body site3 and in both cortical-rich 
and trabecular-rich bone.3 BSIs are more likely to 
affect females than males4; incidence rates of up to 
20% are observed in female runners and military 

cadets.5 Being a young athlete is another risk factor 
for BSI, as athletes under 18 still experience crucial 
bone development stages and are more prone to the 
long-term effects of the triad.6

Risk factors for FAT and BSI share much in 
common: lack of weight-bearing exercise, intrinsic 
and extrinsic mechanical factors, amenorrhea, 
oligomenorrhea, inadequate calcium and caloric 
intake, and disordered eating5.  Two validated 
questionnaires address the three salient 
components of FAT: the Relative Energy Deficiency 
in Sports Clinical Assessment Tool (ReD-S CAT)7

and the Triad Cumulative Risk Assessment (T-
CRA).8 Both questionnaires comprehensively cover 
all three salient components of FAT.  However, the 
ReD-S CAT was designed for use by a medical 
professional to evaluate and manage athletes with 
relative energy deficiency, and it requires 
healthcare worker supervision to administer and 
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interpret.7 Alternatively, the T-CRA is a self-report 
questionnaire requiring no supervision from a 
behaviorist or sports medicine physician to 
administer and analyze, making it comprehensive 
and accessible to under-resourced communities or 
busy sports teams.8

Despite the T-CRA’s comprehensiveness and 
accessibility, little is known about how well it 
addresses the risk factors it claims to assess—
specifically, BSI risk.  While previous systematic 
reviews established prevalence rates of BSIs in 
female athletes using validated measures9, no 
systematic review or meta-analyses exist (to the 
authors’ knowledge) on how successfully the T-
CRA predicts the incidence of BSI.

This systematic review and meta-analysis 
aimed to produce a pooled per-point relative risk to 
estimate the increase in BSI risk per single point 
increase in the T-CRA risk score.  Understanding 
this relationship will elucidate a connection 
between the T-CRA risk score received and the 
probability of BSI incidence, thereby improving 
decision-making in sports medicine and increasing 
quality care.  In this research, we highlight the 
limited literature on the topic and elucidate a 
statistically supported relationship that can drive 
the development of informed guidelines to protect 

at-risk female athletes from BSI.

METHODS
Search Strategy

A systematic search of PubMed, OVID 
(Medline), and Embase was performed from 
database inception through April 29th, 2026.  Given 
a relatively narrow body of research on the subject, 
search terms broadly included “female athlete 
triad.” No exclusion of search terms was initiated.  
For the purposes of study inclusion, “female 
athlete” was defined as any participant identified 
in the original study as female and engaged in 
organized sport, exercise, or physical training at 
any competitive or recreational level.

Study Screening 
Study screening was performed by two 

medical student authors (J.P. and L.N.) following 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines.10 After 
duplicates were removed, each author 
independently completed the screening, retrieval, 
and eligibility.  Disagreements were arbitrated at 
each stage of review by a third author (S.W.).  The 
references for the included papers were also 
screened.  To assess inter-rater reliability, the kappa 

Figure 1.  Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)10 flow diagram of article 
information, exclusions and article screenings, and final inclusions for this systematic review
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statistic (κ) was calculated for the screening, 
retrieval, and eligibility screens.  Case reports 
(n=1), commentaries, reviews, and papers with 
non-human subjects were excluded.  Studies must 
have reported the incidence of BSI in female 
athletes to be included.

Data Collection
Data was extracted by two authors (J.P. and 

L.N.) using Microsoft Excel (Redmond, 
Washington) version 16.82.  Extracted data 
included citation information, study population 
demographics, T-CRA scores, and BSI injury data. 

Missing Data
When data were incompletely reported, values 

were extracted or calculated from available tables 
and figures whenever possible.  If the information 
required to compute the per-point risk ratio could 
not be obtained, the study was excluded from the 
pooled analysis and included only in narrative 
synthesis.

Statistical Analysis
Statistical analysis was performed in R11

(version 4.4.3) with the meta12 and metafor13

packages.  Using a random-effects model, a pooled 
per-point risk ratio was generated for all data.  To 
estimate τ², the DerSimonian-Laird method was 
used.  A funnel plot was generated to assess 
publication bias, and Egger’s regression was 
performed.  The methodological quality of the 
included studies was evaluated using MINORS14

criteria (non-randomized studies).  Statistical 
heterogeneity was assessed using Cochran’s Q and 
quantified using I² and τ².  Given anticipated 
clinical and methodological variability across 
studies, a random-effects model was prespecified.  
To explore sources of heterogeneity, we performed 
sensitivity analyses using leave-one-out influence 
diagnostics and compared pooled estimates after 
excluding studies at higher risk of bias (MINORS).

RESULTS
Search Strategy

Our initial search of PubMed, OVID (Medline), 
and Embase yielded 2,043 results, and 980 
duplicates were subsequently removed.  Five 
articles remained after screening; no papers were 
identified in the reference screen (Figure 1).  The 
kappa statistic (κ)15 was calculated for each stage of 
review as follows: 0.98 for screening (“almost 
perfect” agreement), 1.00 for retrieval (“almost 
perfect” agreement), and 0.88 for eligibility 
(“strong” agreement).

Study Quality 
The final five studies8,16–19 included in the 

research were all retrospective cohort or 
observational studies.  All five papers exhibited a 
level of evidence of 3.  No Randomized Controlled 
Trials (RCTs) were included in the study; therefore, 
a MINORS risk of bias assessment was performed 
(Table 1). 

To assess publication bias, the funnel plot was 
examined, and data appeared to be symmetrically 

Figure 2.  Funnel plot depicting the publication bias of all five articles included in this systematic review
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distributed about the pooled risk ratio (Figure 2).  
This analysis was quantified with Egger’s 
regression (p = 0.747), and no significant risk of 
publication bias was found. 

Study Characteristics
All five studies reported mean ages for 

athletes.  The lowest mean age reported was 
19.0±1.117, and the highest mean age reported was 
20.9±4.0.18 A weighted mean for the entire SRMA 
cohort was calculated, yielding 20.07 (95% CI, 
20.01-20.14).  Therefore, the majority of athletes 
included in this meta-analysis were over 18 years 
old.  Three out of five articles included only one 
explicitly named sport16,17,19; the other two were 
mixed cohorts featuring 13 and 27 different sport 
types, respectively.8,18

In terms of which salient components of FAT 
were addressed, all five papers8,16,17,18,19 assessed low 
energy availability, eating disorder history, and 
menstrual dysfunction in addition to bone mineral 
density and BSI data (Table 1).  Additionally, three 

out of five papers8,16,17 explicitly reported the 
number of athletes in their cohorts taking 
hormonal contraception (Table 1).  One study 
provided no information on hormonal 
contraception27, and one study excluded athletes on 
hormonal contraception19.

Combining these five articles, 31 different 
sports were mentioned (Figure 3).  Adding athletes 
from all five included articles yielded 1,097 female 
athletes in the entire SRMA cohort (Figure 3).  All 
five studies included athletes participating in 
running-adjacent sports (i.e., cross country, track 
and field, etc.), and 340 female athletes (30.99%) 
participated in running-adjacent sports (Figure 3).  
After running-adjacent sports, the sports with the 
most athletes were soccer (N = 89), gymnastics (N 
= 60), and swimming (N = 50) (Figure 3). 

Four out of five articles differentiated athletes 
by sporting type.8,16–18 One study did not 
differentiate athletes based on sport but rather 
based on non-lean sports, other endurance sports, 
and other lean advantage sports.19 Conveniently, 

*Menstrual dysfunction assessed among non-contraception users (contraception users excluded from menstrual 
scoring and/or total Triad score analyses)

Key: Yes = explicitly assessed; Proxy = inferred/operationalized via DE/ED history; NR = not reported; LEA = low 
energy availability; ED = eating disorder; MD = menstrual dysfunction; Low BMD = Low bone mineral density; OCP 
= oral contraceptive pill; HC = hormonal contraception

Note: Contraception terminology varies by study (OCP-specific vs any hormonal contraception/therapy)

Study LEA ED MD Low 
BMD Contraception variable

On con-
traception 

(N)

Not on 
contra-
ception

(N)

Total 
N

Tenforde et 
al., 2016 Proxy Yes Yes Yes

Hormonal therapy (in-
cludes OCPs and other 
female hormones; PPE 
asked about birth con-
trol pills/hormones)

84 239 323

Tenforde et 
al., 2022 Proxy Yes Yes* Yes

Hormonal contracept-
ive use (not OCP-spe-

cific)
86 235 321

Roche et al., 
2023 Yes Yes Yes Yes Oral contraceptives 

(OCP-specific) 37 59 96

Nose-Ogura 
et al., 2019 Yes Yes Yes Yes Not reported NR NR 390

Miller 
Olson et al., 

2024
Proxy Yes Yes* Yes

Analysis restricted to 
non–hormonal contra-
ception users; # on HC 

not reported

NR 239 239

Table 1. Table depicting salient components of FAT addressed by each study in our cohort alongside data 
on hormonal contraception use
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this study did include distance running as a 
category. 

Bone Stress Injury (BSI) Data 
When assessing the reporting of BSI in our 

included papers, the most reported statistic was a 
per-point risk ratio (RR).  Tenforde et al. (2016)8 and 
Nose-Ogura (2019)18 provided raw injury numbers; 
therefore, a per-point RR was calculated utilizing 
the low-risk (0-1 points) and high-risk populations 
(greater than or equal to 6 points), assuming a 
conservative point differential of 6.  Tenforde et al. 
(2022)16 reported odds ratios for cortical-rich BSI vs. 
no BSI and trabecular-rich BSI vs. no BSI; the odds 
ratios were converted to risk ratios assuming a 
baseline risk of 0.2.  These were included as 
individual data points.  Notably, Roche et al. 
(2023)17 also reported individual RRs for cortical-
rich and trabecular-rich BSIs, but the total BSI RR 
was also reported; therefore, that was the included 
metric.  Lastly, Miller Olson et al. (2024)19 reported 
an adjusted (accounting for age and sport) and 
unadjusted RR.  As other included data points did 
not adjust RRs, we used the unadjusted RR. 

Regarding how studies reported BSIs, three 
articles provided the anatomical distributions of 
where BSIs occurred in athletes.8,17,18 Three articles 
also explicitly distinguished cortical-rich BSIs and 
trabecular-rich BSIs.16,17,19 Only one article out of 

five provided an anatomical distribution of BSI 
location and whether the BSIs were cortical or 
trabecular rich in nature17.  Eighteen distinct 
anatomical locations for BSIs were mentioned 
across five articles, including the calcaneus, cuboid, 
femoral neck, femoral shaft, femur (general), fibula, 
humerus, ilium, lumbar spine, malleolus (medial), 
metatarsal, patella, radius, sacrum, talus, tarsal 
navicular, tibia, and ulna.8,16–19

Regarding the statistical analyses completed 
for this meta-analysis, the pooled per-point RR for 
all data was 1.35 (95% CI, 1.20-1.51; τ²=0.0147; I2= 
76.1%).  This suggests that for each one-point 
increase in the T-CRA score, an athlete’s risk of 
sustaining BSI increases by 35% (Figure 4). 

DISCUSSION
BSI Data

Our data indicates a pooled per-point risk ratio 
(RR) of 1.35.  This implies that for each one-point 
increase in an athlete’s T-CRA score, their risk of 
sustaining a BSI increased by 35% (Figure 4).  This 
statistical relationship may be crucial for clinical 
and athletic decision-making for athletes at risk of 
the triad, particularly in the prevention and 
intervention of BSIs.  Similar to tools like the SCAT-
5 for predicting concussions in athletes20 or strength 
ratios in hamstrings and quadriceps muscles in 
predicting lower limb injury21, the T-CRA could 

Figure 3.  All 31 sports and the number of participating athletes per sport included in this review
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improving screening and prevention techniques in 
this demographic. 

Regarding the sports in our study, running had 
the most significant representation, with 340 female 
runners (Figure 3).  This extensive representation 
benefits this demographic because runners and 
endurance athletes are at higher risk for developing 
the triad1.  Soccer (n = 89), gymnastics (n = 60), and 
swimming (n = 50), which are other endurance 
sports at significant risk for the triad, were also 
highly represented (Figure 3).  That said, this study 
did not have an abundance of aesthetic sports.  
Figure skating and cheer/dance observed three 
and one athlete, respectively (Figure 3).  
Considering aesthetic athletes are at similar risk 
levels for the triad as endurance sports like running 
or swimming, future studies should include more 
athletes from aesthetic or qualitatively judged 
sporting types. 

Study Quality
Though no significant risk of publication bias 

was established, only five studies were included in 
this meta-analysis, which may have resulted in 
inaccurate estimates of the effect size or difficulty in 
detecting heterogeneity in the data, as indicated by 
our I2 of 76.1%.22 However, I2 may not be reliable for 
reviews involving less than 10 studies; therefore, 
given the results of the funnel plot and Egger’s 
regression, we decided to pursue this analysis to 
provide a quantitative representation of our 
aggregated data. 

Since all five studies were case-control or 
retrospective cohort studies, all had a level of 
evidence of 38,16–19; as a result, the quality of this 
meta-analysis is limited by the quality of available 
literature.  Future meta-analyses on this subject 
should expand search criteria or inclusion criteria 
to maximize randomized controlled trials, thereby 
increasing the quality of the study.  This indicates a 

potentially be a useful tool in predicting BSI risk in 
women with FAT.  However, due to the small 
number of papers included in the study, the way in 
which BSIs were reported was heterogeneous.  
Therefore, what remains unclear is whether this 
35% increase applies to both cortical and 
trabecular-rich BSIs in the same manner.  As stated 
previously, only three of five included articles 
explicitly distinguished cortical-rich BSIs and 
trabecular-rich BSIs16,17,19, and only one article 
provided both an anatomical distribution and the 
nature of the BSI.17 The authors recommend future 
studies emphasize dividing BSIs by both 
anatomical location and injury subtype, thereby 
clarifying how higher T-CRA scores influence BSI 
risk.  This knowledge could expand the field’s 
understanding of the location and type of BSI that 
is more likely to occur in various sporting groups 
or even age demographics.  Despite this limitation, 
the small sample size in this study, and the 
heterogeneity involved, we believe that our meta-
analysis was necessary given our power 
calculations and its valuable understanding for 
readers, with future validation studies being 
imperative.

Study Characteristics
The weighted mean age of the athletes of 20.07 

years indicates that most of the athletes included in 
this meta-analysis were over 18 years old.  
Considering that younger athletes are more 
vulnerable to the long-term effects of the triad6, the 
scarcity of studies on BSIs in young female athletes 
is concerning.  Future studies are recommended to 
increase the representation of athletes below 18 to 
improve data on BSI risk for this demographic.  
Expanding knowledge on how T-CRA scores 
impact BSI incidence in younger populations could 
elucidate potential differences in pooled risk ratios 
between adult and minor athletes, thereby 

Figure 4.  Risk ratios for BSIs with 95% CI for all five included studies (Left) with forest plot of risk ratios (Right) 
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need for future research on the topic, specifically 
the need for more randomized controlled trials.

Regarding publication bias, the funnel plot 
indicated a symmetrical distribution (Figure 2) 
with an Egger’s regression (p = 0.746).  This 
nonsignificant p-value suggests a low likelihood of 
bias and implies smaller studies with non-
significant results are likely published alongside 
larger, more significant ones.  Given the lack of 
RCTs, the authors conclude that the study quality is 
acceptable.

CONCLUSION
This systematic review and meta-analysis 

demonstrates that increasing T-CRA scores are 
significantly associated with elevated BSI risk in 
female athletes, with a pooled per-point RR of 1.35.  
Given the moderate quality of the included studies, 
future research should expand representation 
across different sports, particularly aesthetic-based 
disciplines.  Studies focusing on younger athletes 
are also necessary to better understand BSI risk in a 
population still undergoing skeletal development.  
Despite these limitations, our findings underscore 
the importance of T-CRA as a useful screening tool 
for clinicians and sports medicine professionals.  
Enhanced implementation of T-CRA in at-risk 
populations may improve early detection and 
intervention strategies, ultimately mitigating BSI 
risk and safeguarding female athlete health.
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