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ABSTRACT

Objectives Relative energy deficiency in sport (REDS)

is a syndrome resulting from problematic low energy
availability (LEA). Low areal bone mineral density

(aBMD) is a primary indicator of LEA, measured by dual
X-ray absorptiometry (DXA). High-resolution peripheral
quantitative CT (HR-pQCT) is an advanced imaging device
that provides measures of volumetric BMID (vBMD), bone
microarchitecture, geometry and strength. This study
aimed to assess the prevalence of REDs in elite winter
sport athletes and to observe the associations in bone
parameters using HR-pQCT in athletes identified as at-risk
or not at-risk of REDs.

Methods Participants included 101 elite athletes
(24.1+4.4SD years; 52% female). The REDs Clinical
Assessment Tool (CAT2) was used to determine REDs risk.
HR-pQCT scans of the non-dominant radius and left tibia
were analysed on REDs risk grouping.

Results 17 athletes (17%; 71% female) were at-risk
based on the REDs CAT2. After covarying for lean mass, OR
suggested a higher likelihood of REDs risk classification
for athletes with low cortical thickness, cortical area, total
vBMD and bone strength.

Conclusions Impaired total vBMD, bone strength and
cortical bone parameters were approximately twice as
likely (OR: 1.9-3.0) in athletes at-risk of REDs. Results
agree with the consensus statement that HR-pQCT may
identify impaired bone health in athletes at-risk of REDs.
Future directions should use HR-pQCT to explore REDs risk
longitudinally, using bone change over time, as this may
provide greater insight. Using advanced imaging to explore
REDs risk in a population of winter high-performance
athletes is novel.

INTRODUCTION

Effects of low energy availability (LEA) pose
risks to an athlete’s health, wellness and
sports performance.' > LEA occurs when one’s
energy expenditure outweighs their energy
intake® and can be especially detrimental to
bone health." Bone is a mechanosensitive
tissue that requires adequate levels of physical
stimulus and energy intake to induce posi-
tive adaptations’ ® to maintain bone quality,
including bone mineral density (BMD),
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Relative energy deficiency in sport (REDs) is a syn-
drome caused by low energy availability that nega-
tively impacts bone health and athlete performance,
with prevalence rates varying from 15-80% de-
pending on sex and sport type.

WHAT THIS STUDY ADDS

= This study highlights the utility of the REDs Clinical
Assessment Tool V.2 and high-resolution peripheral
quantitative CT (HR-pQCT) in assessing REDs risk,
showing links between cortical bone impairments
and REDs in elite winter sport athletes which is a
population rarely studied. Results suggest a benefit
of including both HR-pQCT and dual X-ray absorp-
tiometry (DXA) for bone assessment in research
and clinical settings to progress towards clinically
relevant associations between REDs risk and bone
health.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Findings suggest HR-pQCT’s potential for advanced
imaging indicators unique to REDs, paving the way
for objective screening. Early identification through
systematic screening could improve athlete health,
particularly bone health, and reduce removal from
sport due to severe REDs risk.

strength, geometry, microarchitecture and
tissue mineralisation. The relationship
between bone health and LEA is well known,7
leading to the development of models to
describe this relationship, including rela-
tive energy deficiency in sport (REDs).”? In
2023, REDs was redefined as ‘a syndrome of
impaired physiological and/or psychological
functioning experienced by female and male
athletes that is caused by exposure to prob-
lematic LEA’.” A primary indicator of REDs
risk is the emphasis on impaired bone health,
specifically low BMD, as defined in the REDs
Clinical Assessment Tool V.2 (CAT2)."

Areal BMD (aBMD) is measured using
dual X-ray absorptiometry (DXA); however,
relying solely on DXA may be restrictive
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as the technology has limited ability to analyse bone
strength and microarchitecture. High-resolution periph-
eral quantitative CT (HR-pQCT) is an advanced imaging
technology that measures total, cortical and trabecular
BMD, bone microarchitecture, geometry and estimated
strength using finite element analysis (FEA). Cortical
bone microarchitecture and geometry may play a critical
role in the development of bone stress injuries (BSIs) in
athletes with menstrual dysfunction.''™ Compromised
bone strength and cortical bone have been observed
in amenorrhoeic athletes compared with both eumen-
orrhoeic athletes and non-athletes.'* Thus, associated
decrements in strength and microarchitecture could
suggest REDs risk. Additionally, estimated strength
derived by HR-pQCT and FEA has been shown to predict
fracture risk independent of aBMD" ' which is crucial in
preventative assessment for the longevity of an athlete’s
career. The growing utility and emerging potential of
HR-pQCT has led to the inclusion of this modality in the
possible assessment of REDs risk, though further research
is needed.'” 8

Bone quality measured by HR-pQCT in athletes at-risk
of REDs is poorly understood, especially among winter
sport athletes. However, limited work suggests that
bone health appears poorer in athletes atrisk of REDs
compared with not atrisk athletes.'” Research on REDs
risk primarily includes endurance athletes, who tend
to be more susceptible to REDs.*” *' The ability to use
HR-pQCT in addition to DXA in identifying REDs risk
is relatively unknown; however, assessing bone microar-
chitecture and strength'® may provide greater detail and
implications of impaired bone health.

This study aimed to determine the prevalence of winter
sport athletes atrisk of REDs using the REDs CAT2. In
addition, we explored the likelihood and association
of HR-pQCT derived bone density, microarchitecture,
geometry and estimated strength parameters observed
in athletes atrisk versus not at-risk of REDs, based on
the REDs CAT?2. It was hypothesised that athletes consid-
ered at-risk of REDs would have inferior bone quality via
HR-pQCT than those not atrisk of REDs.*

METHODS

Participants

Data collection for this cross-sectional study occurred
between November 2019 and January 2024. Participants
were recruited through collaborative efforts with the
Canadian Sport Institute Alberta based on the following
eligibility criteria: affiliation with the Canadian Sport
Institute, competing at either elite/international (Tier 4)
or world-class (Tier 5)* level in a winter sport recognised
as part of the Olympic Winter Games, at least 14 years
old, and have not experienced pregnancy/lactation in
the year before data collection. All participants provided
informed consent before participating in the study. Indi-
viduals under 18 were assessed and treated as mature
minors and signed their own consent forms.

Questionnaires

Participants completed electronic  questionnaires
capturing relevant information pertaining to REDs risk,
including the age at which athletes began training, frac-
ture and BSI prevalence and missed or modified training
due to injury/fracture. For females, age of menses, cycle
frequency/duration and use of contraception were
collected. The REDs CAT2 Step 2'” was used to assess an
athlete’s risk of REDs. Athletes within this cohort were
classified into two rather than four groups: at-risk of REDs
(yellow/‘mild’, orange/‘moderate’ or red/‘severe’) or
not atrisk of REDs (green/‘none’). The REDs CAT2
captures blood-based data (ie, testosterone, triiodothy-
ronine and cholesterol) and mental health screening (e,
disordered eating, anxiety and/or depression). These
variables were omitted as we did not have this data.

Dual X-ray absorptiometry

DXA (GE Lunar iDXA, GE Healthcare) was used to
measure aBMD (g/ cm?) of the left hip (femoral neck
(FN) and total hip (TH)) and lumbar spine (LS). In
addition to aBMD, sex-matched, age-matched and weight-
matched Z-scores were calculated (iDXA, enCORE V.18,
GE Lunar). Total body DXA scans were conducted to
obtain anthropometric measures, including lean mass (ie,
skeletal muscle, organs and connective tissue), fatfree
mass (ie, bone, skeletal muscle, organs and connective
tissue), fat mass and percent body fat. Precision errors of
aBMD for DXA sites ranged from 0.51% to 1.14%.**

High-resolution peripheral quantitative CT

Participants completed unilateral HR-pQCT scans of the
distal non-dominant radius and left tibia at a nominal
isotropic resolution of 6lpm (XtremeCT II, Scanco
Medical, Brittisellen, Switzerland). The left tibia was
chosen to align with the left hip of the DXA scan, based
on standard imaging protocols. If either site could not be
scanned due to a previous fracture or metal artefact, the
contralateral limb was scanned. Scans captured a 10 mm
length totalling 168 slices and were located 9.5 mm and
22.5mm proximal to the reference line for the radius
and tibia, respectively.”> Technicians performed and
analysed all scans using the standard manufacturer’s
method® and subsequent fully automatic segmentation
was applied before quantitative analysis.® All scans were
graded 1-5 for motion artefacts: a scan scoring ‘1’ had
no motion and a scan scorin% ‘5’ was subject to severe
blurring and discontinuities.”” Any scan with a motion
score of ‘4’ or greater was excluded from analyses. Preci-
sion scores for HR-pQCT ranged from<2.4% for density
t0<3.3% for microarchitecture parameters, except for
cortical porosity (CtPo) (<13.7%).%

Bone parameters including total (TtBMD; mg hydroxy-
apatite (HA)/ cm?®) and trabecular volumetric BMD (mg
HA/cm?®), trabecular number (mm™"), trabecular thick-
ness (mm), trabecular separation (mm) and trabecular
area (mm®) were assessed using the standard morpho-
logical analysis.”” Cortical parameters, including cortical
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volumetric BMD (mg HA/ cm®), cortical thickness (CtTh;
mm), cortical area (CtAr; mm?) and CtPo (%), as well as
total cross-sectional area (mm?) were determined using
an automated segmentation method.* * Image analysis
was performed using Scanco Image Processing Language
(V.6.6).

Estimated bone strength was determined via simu-
lated failure load (FL) using FEA software (FAIM, V.9.0,
Numerics88 Solutions, Calgary, Canada).” An axial
compression test was simulated using a 1% compressive
strain, Young’s modulus of 8748 megapascals (MPa) and
a Poisson’s ratio of 0.3.” The primary estimate of bone
strength was FL (kilonewtons (kN)) based on 2% of the
elements exceeding 7000 microstrains.” Precision errors
are<2% (coefficient of variation (CV) <1%) for estimates
of stiffness and FL.**

Equity, diversity and inclusion

Recruitment of male and female athletes in similar
numbers was important to applying the REDs CAT?2, as
males are often neglected in REDs research. Our team
comprises academic researchers, exercise physiologists
and a dietitian from all career stages with kinesiology,
engineering and radiology backgrounds.

Patient and public involvement
Patients or the public were not involved in any aspect of
this research.

Statistical analysis

The sample size was based on large effect sizes (0.9)
previously observed between eumenorrhoeic and amen-
orrhoeic athletes and between athletic sporting groups
using HR-pQCT.” ** A minimum of 42 participants was
required to achieve 80% power with a confidence level
of 95% (0=0.05). Data were analysed using R Statistical
software (V.4.0.0). Continuous data were presented
using mean, SD and categorical data using numbers
and percentages. Data were checked for normality using
Shapiro-Wilk tests and visually checked with Q-Q plots
and histograms. Demographic information was displayed
for all athletes and split by sex, where two-sample t-tests
were used to explore differences between atrisk and not
atrisk groups. The primary outcome variables of this
study included TtBMD and FL at both the radius and the
tibia.

HR-pQCT and FEA results were compared with age-
matched and sex-matched controls using freely available
normative data (Normative, https://www.normative.ca)
developed and maintained by the Bone Imaging Labo-
ratory at the University of Calgary and Z-scores were
produced for each variable. Normative data was not sport-
specific. OR used Z-scores for each HR-pQCT parameter
and were used to determine the likelihood and associa-
tion between REDs risk and HR-pQCT parameters, where
higher ORs represent a greater likelihood of observing
a lower measure of each parameter (eg, OR>1: odds of
observing low values of a parameter are greater in the

atrisk group than in the not atrisk group). These models
were adjusted for lean mass a priori as studies have found
positive correlations between lean mass and aBMD.”
Due to sample size limitations, multiple variable logistic
regression was performed but restricted to a maximum
of two variables, including the independent variable (eg,
TtBMD) and one covariate (ie, lean mass).

Research checklist

This study was reported in accordance with the Strength-
ening the Reporting of Observational Studies in
Epidemiology checklist to ensure rigorous and trans-
parent reporting of observational research methods and
findings.

RESULTS

Demographics

101 elite winter sport athletes (52% female) participated
in this study. They were associated with the following
winter sports: biathlon, cross-country skiing, long-track
speed skating, figure skating and ski cross. Demographic
and sport affiliation information are presented in table 1.
This cohort was 24.1+4.4SD years old with an average
training age of 13.2+6.3 SD years.

Athletes had DXA scans of the TH, FN and LS and
HR-pQCT scans of the radius and tibia; however, two
athletes were without scans at the radius due to reported
bilateral fractures. No scans were removed due to motion
artefacts.

REDs prevalence

Within this cohort, 17% of athletes (71% female) were
considered atrisk of REDs and 83% (49% female) were
not atrisk by use of the REDs CAT?2 risk. Of the 17% at-risk
athletes, 88% (67% female) were considered a yellow
risk, 12% (100% female) were considered an orange
risk and zero were considered a red risk. Due to sample
size restrictions, yellow, orange and red risk were consid-
ered ‘atrisk’ in our study. The prevalence of REDs risk
by sport type is displayed in online supplemental table
1 and the prevalence of each REDs CATZ2 indicator for
this cohort is displayed in table 2. Most athletes at-risk of
REDs were from biathlon (29%) and cross-country skiing
(26%). Information for athletes in each risk group, split
by sex, is displayed in table 3.

Bone quality parameters

Adjusted ORs revealed that athletes with lower CtTh (OR
radius: 2.1, p=0.021; tibia: 1.9, p=0.037) and CtAr (OR
radius: 3.0, p=0.007; tibia: 2.7, p=0.006) were approx-
imately two to three times more likely to be atrisk of
REDs. Similarly, at the tibia, it was observed that athletes
with lower TtBMD (OR tibia: 2.1, p=0.030) and FL (OR
tibia: 2.2, p=0.033) were approximately twice as likely
to be observed in the atrisk group. The OR results are
displayed in figure 1 and online supplemental table 2.

DISCUSSION
In our cohort, 17% of athletes were considered at-risk
of REDs despite not being initially screened for risk.'’
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Table 1 Demographic information for all athletes and proportion of athletes by sport
Demographics

All Male Female

(n=101) (n=48) (n=53)

Mean (SD) Mean (SD) Mean (SD)
Age (years) 241 (4.4 24.0 (4.3) 24.2 (4.6)
Height (cm) 175.1 (8.6) 180.8 (6.0) 170.0 (7.3)
Weight (kg) 72.0 (10.2) 78.4 (7.9) 66.2 (8.4)
Body mass index (kg/m?) 23.4 (2.2 24.0 (2.3) 22.8 (1.9)
Lean mass (kg) 56.4 (9.3) 64.3 (5.6) 49.3 (5.3)
Fat mass (kg) 12.7 (4.1) 11.0 (3.0) 14.2 (4.3)
Per cent fat (%) 17.7 (5.2) 13.9 (2.8) 21.1 (4.5)
Fat-free mass (kg) 59.4 (9.7) 67.6 (5.9) 52.0 (5.6)
Age of menarche (years) NA NA 13.4 (1.4)
Training age (years) 13.2 (6.3) 12.8 (5.6) 13.5(6.9)
Participants by sport Number (%) Number (%) Number (%)
Biathlon 14 (13.9) 5(10.4) 9(17.0)
Cross-country skiing 23 (22.8) 12 (25.0) 11 (20.8)
Figure skating 10 (9.9) 4 (8.3) 6(11.3)
Long-track speed skating 33 (32.7) 17 (35.4) 16 (30.2)
Luge 6 (5.9 2(4.2) 4 (7.5)
Ski cross 15 (14.9) 8 (16.7) 7(13.2)

Data are presented as mean (SD) for continuous variables and number (%) for discrete variables.

Previous research reports REDs prevalence between
15-80% depending on the sport,” *® where leanness
(or aesthetic) based sports and endurance sports tend
to have higher prevalence due to the associated energy
demands.”” * * This study included both endurance
(ie, cross-country skiing, biathlon and long-track speed
skating) and impact (ie, figure skating, luge, ski cross)
sports, and there was a higher percentage of athletes in
the endurance-based sports considered atrisk. However,
the small sample size was underpowered to evaluate
sport-type differences. Including endurance and impact
sports may have contributed to the lower prevalence
we report; however, we chose to include all sport types
because studies involving winter sports are lacking.
Notably, athletes within this cohort were supported by
a multidisciplinary team at the Canadian Sport Institute
Alberta, including performance dieticians and exercise
physiologists, who are educated in REDs prevention strat-
egies, possibly helping mitigate overall REDs risk.
Primary indicators for REDs include an aBMD
Z-score<—1.0SD at the LS, TH or FN and a recent (ie,
within two years) history of high-risk and/or multiple
low-risk BSL.'’ This cohort had a relatively small preva-
lence (8%) of athletes with low aBMD via DXA, zero with
a recent high-risk BSI and only 3% with a low-risk BSI.
This differs from other studies which report 11-39% of
athletes with low aBMD** *! and up to 20% sustained
at least one BSI per season.” These disparities may be

partially due to unique energy demands and loading
patterns associated with winter sports compared with
those usually studied (ie, runners) and may also be
partially attributed to the support this cohort received.
Primary amenorrhoea and prolonged secondary
amenorrhoea are defined in the REDs CAT2 as severe
indicators of REDs for females.'” Previous studies report
HR-pQCT differences in bone quality between athletes
with and without menstrual dysfunction'® '* % % and
between athletes with and without BSIs.* The develop-
ment of BSIs in athletes with menstrual dysfunction has
been linked to compromised cortical bone microarchi-
tecture, geometry and estimated strength,'™" suggesting
justification for HR-pQCT monitoring in athletes atrisk
of REDs. These results are consistent with our findings
whereby differences in HR-pQCT derived bone density
(TtBMD), microarchitecture (CtTh), geometry (CtAr)
and estimated bone strength (FL) were observed in
athletes atrisk versus not atrisk of REDs. In our study,
athletes with lower parameters were approximately twice
as likely to be atrisk of REDs, supporting our hypothesis.
The current study did not observe differences between
atrisk groups for trabecular bone; however, some studies
have shown poorer quality of trabecular bone (ie, higher
separation, lower density, number and thickness) are
observed in athletes with amenorrhoea and/or LEA.'*%
The metabolic activity of trabecular bone makes it highly
adaptive to mechanical loading, resulting in a high
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Table 2 Prevalence of REDs CAT2 indicators used in severity classification among athletes considered at-risk of REDs

All Male Female
(n=101) (n=48) (n=53)
Risk factors* Number (%) Number (%) Number (%)
All athletes risk factors
Primary indicators
History of high-risk and/or multiple low-risk BSls 0(0) 0 (0) 0(0)
Absence of>6 months from training due to BSls 0(0) 0 (0) 0(0)
BMD Z-score<—1.0SD at the LS, TH or FN 8 (8) 5(10) 3(7)
Secondary indicators
History of 1 low-risk BSI within the previous 2 years 3 () 3 (6) 0(0)
Absence of<6 months from training due to BSls 33 3 (6) 0(0)
Female risk factors
Severe primary indicators
Primary amenorrhoea/prolonged secondary amenorrhoea  NA NA 0(19)
Primary indicators
Secondary amenorrhoea NA NA 1)
Secondary indicators
Oligomenorrhoea caused by FHA NA NA 2(4)

Data are presented as numbers (percentages).

*Definitions for the risk factors are available in the REDs CAT2.™°
BMD, bone mineral density; BSI, bone stress injury; CAT2, Clinical Assessment Tool V.2; FHA, functional hypothalamic amenorrhoea; FN,
femoral neck; LS, lumbar spine; REDs, relative energy deficiency in sport; TH, total hip.

potential for bone remodelling.*® The predominant
gliding motion of these sports, in addition to the impact
loading of some, may have masked or mitigated some of

the negative effects of LEA on trabecular bone. It is also
possible that changes in trabecular bone may be more
affected by hormonal changes related to oestrogen, as

Table 3 Demographics by REDs risk comparison for all athletes and by sex for at-risk and not at-risk groups

All athletes Male Female
At-risk

Not at-risk At-risk Not at-risk (n=5) Not at-risk  At-risk

(n=84) (n=17) (n=43) Mean (n=41) (n=12)

Mean (SD) Mean (SD) P value Mean (SD) (SD) P value Mean (SD) Mean (SD) P value
Age (years) 23.9 (4.2) 25.3(56.8) 0.346 24.1 (4.4 22.8(3.00 0.339 23.6(3.9) 26.4 (6.4) 0.195
Height (cm) 175.6 (8.4) 172.7(9.1) 0.248 180.8(6.1) 180.3(5.4) 0.358 170.1(6.8) 169.6 (8.6) 0.896
Weight (kg) 73.3(10.00 65.5(7.5) <0.001 79.2(7.9) 71.7 (2.6) <0.001 67.2 (8.4) 62.9 (7.3) 0.092
BMI (kg/m?) 23.7 (2.2) 21.9 (1.5) <0.001 24.2(2.3) 22.1(1.8) 0.002 23.2(2.0) 21.8 (1.4) 0.009
Lean mass (kg) 57.3 (9.5) 51.7 (6.6) 0.006 64.9 (5.6) 59.0 (1.9) <0.001 49.4 (5.1) 48.7 (5.3) 0.712
Fat mass (kg) 13.0 (4.2) 11.1(2.7) 0.027 11.1(3.1) 10.0(1.7) 0.810 14.9 (4.4) 11.6 (2.9) 0.005
Percent fat (%) 17.8 (5.5) 17.0(3.5) 0.460 13.9(2.9) 13.8(2.1) 0.232 21.9 (4.5 18.3 (3.2) 0.005
FFM (kg) 60.4 (9.9) 54.4 (6.8) 0.005 68.2(5.9) 61.8 (1.9) <0.001 52.2 (5.3) 51.3 (5.6) 0.681
Menarche NA NA NA NA NA NA 129 (1.1) 15.1 (1.3) <0.001
(years)
Training age 12.2 (5.3) 176 (8.7) 0.017 11.2(4.4) 11.8(5.4) 0.784 13.4(6.0) 20.0 (8.7) 0.022

(years)

Data are presented as mean (SD). P values represent the difference between at-risk and not at-risk groups for all athletes, males and

females.

*Bold values indicate statistical significance (p<0.05).

BMI, body mass index; FFM, fat-free mass; REDs, relative energy deficiency in sport.
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Figure 1 ORs for REDs risk at the radius (A) and tibia (B). OR values>1 are associated with lower observed parameters (eg,

lower TtBMD, CtTh, CtAr, FL) in the REDs at-risk group. CtAr, cortical area; CtBMD, cortical bone mineral density; CtPo, cortical
porosity; CtTh, cortical thickness; FL, failure load; HR-pQCT, high-resolution peripheral quantitative CT; REDs, relative energy
deficiency in sport; TbAr, trabeculararea; ToBMD, trabecularbone mineral density; TbN, trabecular number; TbSp, trabecular

spacing; TbTh, trabecular thickness; TtAr, totalarea; TtBMD, totalbone mineral density.

seen in amenorrhoeic athletes.*® *° %0 In contrast, in our
cohort, only one atrisk athlete was classified based on
secondary amenorrhoea which might be most associated
with an athlete’s current menstrual function.”® Notably,
70% (n=37) of the female athletes within this cohort were
using contraceptives. Thus, the observance of secondary
amenorrhoea or oligomenorrhoea in a natural cycle was
not possible.

Future studies would benefit by exploring the use of
HR-pQCT in longitudinal analyses to observe REDs risk
and associated changes in bone microarchitecture that
may not otherwise be observed by DXA,'”*” as a negative
change in aBMD Z-scores is also considered indicative of
REDs risk.” '’ Additionally, further work should be done
to include more impact or non-endurance sports for
REDs CAT2 development.*®

Clinical implications

The release of the REDs CAT2 has provided clinicians
with a means to assess athletes for REDs risk despite
REDs remaining a diagnosis by exclusion. This study
contributes to the application required for such a tool by
applying it to a diverse group of athletes and sports. Based
on these data, even with incomplete data for all indica-
tors, the REDs CAT2 was used to identify athletes as being
atrisk of REDs in a cohort that was not recruited for their
REDs risk nor was initial screening completed as per the
REDs CAT2 Step 1."° These results suggest that even mild
REDs risk may lead to impairments in bone quality which
may result in increased fracture risk. These data suggest
an added benefit for the inclusion of HR-pQCT, in addi-
tion to DXA, for bone assessment in both research and
clinical settings, to progress towards clinically relevant
associations between REDs risk and bone health.

Strengths/limitations

This is the first study to apply the REDs CAT2 to winter
sport athletes. This work contributes to the potential
usage of HR-pQCT for studying various health outcomes,
especially bone health, associated with REDs.” However,
the small number of athletes in the atrisk group and
the incomplete panel of REDs CAT2 indicators limit the
applicability and generalisability of these findings. Even
with this tool, diagnosis is limited as all other potential
clinical conditions must be systematically ruled out before
confirming the presence of REDs.” ' Without a single
universal identifier, risk classification is inherently chal-
lenging. Additionally, this study compared bone quality
by measure of HR-pQCT in a cohort where many had
already been stratified as having low aBMD via DXA based
on the REDs CAT2. While aBMD and HR-pQCT-derived
parameters are not linearly related in athletes,” the reli-
ance on aBMD to classify REDs risk may have confounded
the results. However, not all athletes with low aBMD
values had low HR-pQCT values. Future studies should
examine the relationship between DXA and HR-pQCT
skeletal outcomes and consider first stratifying athletes
based on HR-pQCT parameters and subsequently evalu-
ated for REDs risk. Finally, the cross-sectional nature of
this study is limiting as bone metabolism may fluctuate
throughout a competitive season* and longitudinal data
may be more representative of athlete bone health.

CONCLUSION

Athletes with lower cortical geometry and microarchitec-
ture at both the radius and tibia and lower total density
and estimated strength at the tibia were more likely to
be identified as atrisk of REDs. Results from this study
agree with the IOC consensus statement that HR-pQCT
may identify impaired bone health in athletes atrisk of
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REDs. By using HR-pQCT prospectively and screening
all athletes for REDs risk, the incidence of removal from
sport due to extreme REDs risk classification may be
reduced, increasing the athlete’s longevity.
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