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ABSTRACT
Background  Relative energy deficiency in sport (REDs) 
is a condition caused by chronic and/or severe low 
energy availability. Endurance athletes are at risk of REDs, 
which are characterised by negative effects on health 
and performance. Disturbed cholesterol metabolism is a 
suggested indicator of REDs and could affect the future 
cardiovascular health of athletes. We investigated the 
association between the REDs risk and cholesterol levels in 
endurance athletes.
Methods  Finnish endurance athletes (n=87; female 44, 
male 43) were recruited as part of the Athletic Performance 
and Nutrition study. The participants were examined at 
the beginning (T1) and end (T2) of the training season. 
The REDs risk was assessed using the REDs Clinical 
Assessment Tool version 2.
Results  At T1, 37 (77%) female and 31 (72%) male 
athletes were at medium-to-high REDs risk. The REDs 
risk was not associated with cholesterol levels in a cross-
sectional analysis, and no overall change in the REDs risk 
or the cholesterol levels was observed between T1 and T2. 
In female athletes, an increase in REDs risk status from 
low to medium-to-high between T1 and T2 was associated 
with a decrease in low-density lipoprotein (LDL) cholesterol 
(beta adjusted for age −0.62, 95% CI −0.94 to −0.30) and 
total cholesterol (beta adjusted for age −0.85, −1.42 to 
−0.28)).
Conclusions  REDs risk was not associated with 
cholesterol levels at T1 or T2. However, in female athletes, 
an increase in the REDs risk across time points was 
associated with a decrease in LDL and total cholesterol 
levels.

BACKGROUND
Problematic low energy availability (LEA) 
is a condition where an athlete’s energy 
consumption chronically and/or severely 
fails to meet energy demands of both exercise 
and basic physiological functions.1 Relative 
energy deficiency in sport (REDs) is a model 
to illustrate the wide-ranging negative effects 
problematic LEA can have on various physi-
ological systems, health and performance. 
REDs comprises the effects of LEA on 
hormonal regulation, bone health, immune 

function, reproductive system, cardiovascular 
health and cholesterol metabolism in both 
female and male athletes.1

LEA can suppress the hypothalamic–pitu-
itary–gonadal axis, leading to hormonal 
disturbances such as low oestrogen in 
females2 and low testosterone in males.3 
These two reproductive hormones have been 
associated with beneficial cardiovascular and 
lipid outcomes, although current evidence 
for testosterone is mixed. Oestrogen protects 
the cardiovascular system by preventing the 
formation of atherosclerotic lesions,4 in part 
by improving hepatic reverse cholesterol 
transport.5 Testosterone is also thought to 
protect against atherosclerotic heart disease 
even if males have a higher cardiovascular 
risk than premenopausal females.5 Androgen 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Disturbed cholesterol metabolism is one of the po-
tential clinical manifestations of relative energy de-
ficiency in sport (REDs) and could affect the future 
cardiovascular health of athletes.

WHAT THIS STUDY ADDS
	⇒ Cholesterol levels were not associated with REDs 
risk assessed with REDs Clinical Assessment Tool 
version 2, but an increase in the REDs risk across 
time points was associated with a decrease in low-
density lipoprotein (LDL) and total cholesterol levels 
in female athletes.

	⇒ The prevalence of elevated LDL cholesterol was 
similar in endurance athletes as in the general 
population.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our study suggests that the inclusion of elevated 
LDL and total cholesterol in the REDs screening tool 
may require further evaluation.

	⇒ Athletes should not automatically be assumed to be 
at low cardiovascular risk, as a substantial propor-
tion of athletes had clinically elevated LDL and total 
cholesterol levels.
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receptor signalling appears to influence insulin sensitivity, 
glucose metabolism, obesity and muscle mass, potentially 
contributing to better cardiovascular health.5 6

Although the REDs model suggests a potential link 
between problematic LEA and disruptions in choles-
terol metabolism, previous findings on the association 
are conflicting. Some studies have reported elevated 
low-density lipoprotein cholesterol (LDL-C) or total 
cholesterol (TC) in athletes at risk of LEA,2 7–13 while 
others have not observed this.7 14–18 Disordered eating 
behaviour in female athletes and eating disorders in the 
general population have been linked to higher LDL-C 
and TC levels.7 19

Recognising the need for further research on the 
interplay between LEA and cardiovascular health, 
and to extend our previous work,7 we investigated the 
association between the REDs risk, assessed using the 
REDs Clinical Assessment Tool version 2 (REDs CAT2), 
currently recommended by the International Olympic 
Committee (IOC),1 and cholesterol levels in female 
and male endurance athletes. We focused on seasonal 
changes in cholesterol levels and the REDs risk, as well as 
their associations. Our hypothesis was that higher REDs 
risk would be associated with higher LDL-C and TC levels 
throughout the athletic year.

METHODS
Study design and recruitment of participants
We used data from the Athletic Performance and Nutri-
tion (NoREDS) study conducted at the University of 
Jyväskylä, Finland. NoREDS was a 3-year follow-up study 
that analysed the body composition, and energy and 
nutrient intake of athletes at the beginning (T1) and 
end (T2) of their training season. At T1, the athletes had 
recently finished their off-season and were at the begin-
ning of their general training phase. T2 took place at the 
end of the specific training phase before the start of the 
competition season. A total of 391 Finnish national (tier 
3) to world class (tier 5) level female and male athletes,20 
aged 16–35 years and without acute injuries or previous 
severe medical conditions at baseline, were included in 
the study and were followed up from 2021 to 2024. The 
use of hormonal contraception was not an exclusion crite-
rion, but a sensitivity analysis was conducted to account 
for the potential confounding effect. Female athletes 
using hormonal contraception were excluded from the 
sensitivity analysis regarding the menstrual status.

For the present study, we included adult (≥18 years) 
female and male athletes from endurance sports (long 
distance running, cross country skiing, Nordic combined, 
biathlon, triathlon, orienteering and race walking). For 
the first part of the study, we included the first measure-
ments of all athletes from T1 and T2 for two separate 
cross-sectional analyses. For the second part of this 
study, we included participants who had completed two 
consecutive measurements within one athletic season 
(T1+T2). Participants with missing data on key vari-
ables (cholesterol values, bone mineral density (BMD), 

triiodothyronine (T3), testosterone, eating disorder 
symptoms and body mass index) were excluded (n=7). 
Thus, the final sample comprised 87 (T1), 71 (T2) and 
58 (T1+T2) athletes (online supplemental figure S1). 
Athletes in the longitudinal analysis represented the 
same sports as the athletes in the cross-sectional analysis.

Measures
Blood measurements (cholesterol and hormone levels)
Fasting venous blood samples were drawn from the 
antecubital vein in a supine position between 7:00 
and 10:00 AM. For serum separation, whole blood was 
left to clot for 30 min at room temperature and centri-
fuged at 2200×g before aliquoting and storing the sera 
at −80°C until analysis. Serum triiodothyronine (T3) 
and testosterone concentrations were determined using 
chemiluminescent enzyme immunoassay IMMULITE 
2000 XPi (Siemens Healthcare Diagnostics, UK). Serum 
high-density lipoprotein (HDL-C), LDL-C and TC were 
measured using a KONELAB 20 XTi or Indico analyser 
(Thermo Fischer Scientific, Finland) according to the 
manufacturer’s instructions.

Eating disorder symptoms
The Eating Disorder Examination Questionnaire Short 
(EDE-QS), a shorter version of the original Eating 
Disorder Examination Questionnaire (EDE-Q), was 
used to assess eating disorder symptoms.21 The EDE-QS 
assesses the severity, frequency and extent of eating 
disorder symptoms during the past 7 days using 12 items 
and a 4-point scale.22 This yields total scores ranging from 
0 to 36, with higher scores indicating more unhealthy 
attitudes towards eating and body image. The EDE-QS 
has demonstrated high internal consistency (Cronbach’s 
alpha=0.91) and convergent validity with the EDE-Q 
among those with (r=0.91) and without (r=0.82) an 
eating disorder.23 We used a cut-off of ≥15, which has 
been recommended for screening for a clinical eating 
disorder.22

Risk of REDs
We used the REDs CAT 224 to identify athletes at risk of 
REDs. Athletes were initially categorised by the REDs 
CAT 2 into a traffic light system from green to yellow, 
orange or red depending on the severity of the risk as 
presented in tables 1 and 2. As there was a low number 
of individuals categorised as orange or red, we analysed 
the athletes in two groups: low REDs risk, which included 
the athletes categorised as green, and medium-to-high 
REDs risk, which included athletes categorised as yellow, 
orange or red.

Due to the enrolment of our study prior to the publica-
tion of the REDs CAT 2, the indicators of the REDs risk in 
this study had some differences with the published tool.24 
Information about the duration of amenorrhoea was not 
collected and therefore, all forms of amenorrhoea were 
categorised as a severe primary indicator, which in the 
published tool included any primary amenorrhoea and 
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secondary amenorrhoea lasting for at least 12 months. 
We also lacked the data to assess anxiety and depression. 
We had a more concise version of EDE-Q, the EDE-QS, 
for the measure of disordered eating behaviour. As all our 
participants were ≥18 years old, we excluded the criteria 
for adolescents and children. Finally, we excluded choles-
terol levels from the risk assessment as our aim was to 
investigate the association between REDs risk and choles-
terol levels.

Maximal oxygen uptake
A treadmill test was performed using a standard incre-
mental protocol as previously described.25 Maximal 
oxygen uptake (VO

2
 max) was defined as the highest 

average 60 s VO
2
 value measured breath-by-breath using 

a portable gas analyser.

Anthropometrics and BMD
Anthropometric measurements were carried out between 
7:00 and 10:00 AM after a fasting period of 10 hours; only 
small amounts of water (maximum 2 dL) were allowed to 
be consumed in the morning. Participants were advised 
to refrain from strenuous physical activity the preceding 
day and the morning of the measurement and to go to 
the toilet before the measurement. Dual Energy X-ray 
Absorptiometry (DXA, LUNAR Prodigy, GE Health-
care, Madison, Wisconsin, USA) was used to assess body 
composition and bone properties. BMD was evaluated 
using Z-scores. Fat mass to lean mass ratio (FLMR) was 
calculated by dividing the total fat mass by the total lean 
mass. The device manufacturer’s standard procedures 
were followed, and the device was calibrated with a 
phantom each morning prior to the measurements for 
quality assurance. Participants were scanned in supine 
position in the centre of the table using the default-scan 
mode automatically selected by the Prodigy software 
(Lunar Prodigy Advance Encore V.14.10.022). Athletes 
underwent whole-body DXA scans at both T1 and T2. 
However, due to ethical considerations, site-specific BMD 
assessments of the lumbar spine and proximal femur 
were performed only once per athletic year. These values 
were extrapolated to represent both time points within 
the same annual cycle.

Season of the year
To account for potential variance in cholesterol levels 
due to the season of the year, we classified the time points 
of measurements into four categories using the ‘light 
season definition’ (winter: 6 November to 4 February; 
spring: 5 February to 6 May; summer: 7 May to 5 August; 
fall: 6 August to 5 November).26 27

Statistical analysis
Data analysis was conducted in R (V.2024. R 4.4.1 GUI 
1.80). All analyses were conducted separately for females 
and males. The normality of the parameters was assessed 
visually. Normally distributed variables were analysed 
using parametric tests and non-normally distributed vari-
ables using non-parametric tests. Results are reported 
as means±SD (normally distributed data), or median 
and IQR (non-normally distributed data). All CIs are 
reported at the 95% confidence level. The significance 
level (α) was set to 0.05. To assess the risk of type II error, 
we estimated the minimum detectable effect (MDE) for 
each analysis with 80% power at α=0.05, based on the 
actual sample sizes in each analysis.

The significance of the changes from T1 to T2 was 
analysed either with Student’s paired t-test (normally 

Table 1  Primary and secondary indicators of REDs used in 
the present study

Severe primary 
indicators (count 
as two primary 
indicators)

	► Amenorrhoea for females (absence of 
menstrual cycle for >3 months).

	► Clinically low total testosterone 
(<10 nmol/L) for males.

Primary 
indicators

	► Subclinically low free or total 
testosterone (10–17 nmol/L) for males.

	► Subclinically or clinically low total T3 
(≤4.25 pmol/L).

	► History of ≥1 high-risk (femoral neck, 
total hip, sacrum, pelvis) or ≥2 low-risk 
(all other locations) bone stress injuries 
(BSI) within the previous 2 years.

	► Bone mineral density Z-score <−1 at 
the lumbar spine (L1−L4) or femoral 
neck.

	► Eating Disorder Examination 
Questionnaire Short score ≥15.

Secondary 
indicators

	► Oligomenorrhoea for females (<8 
menstrual cycles in the past 12 
months).

	► History of 1 low-risk BSI within the 
previous 2 years.

Indicators and reference levels are the same for female and male 
participants unless otherwise indicated.
REDs, relative energy deficiency in sport.

Table 2  Risk assessment of REDs used in the present 
study

Red/severe risk 3 primary and ≥2 secondary, or ≥4 
primary indicators.

Orange/high risk 1 primary and ≥3 secondary, or 2 primary 
and ≥2 secondary, or 3 primary and ≤1 
secondary indicators.

Yellow/mild risk 0 primary and ≥2 secondary, or 1 primary 
and ≤2 secondary, or 2 primary and ≤1 
secondary indicators.

Green/low risk 0 primary ≤1 secondary indicators.

The data were analysed as low risk (green) vs medium-to-high risk 
(yellow, orange or red) because very few athletes were categorised 
as orange or red.
REDs, relative energy deficiency in sport.
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distributed data), Wilcoxon signed rank test (non-
normally distributed data) or McNemar’s test (for 
categorical data). MDE was 0.56 SD for females and 0.52 
SD for males in the continuous variables. For the REDs 
risk, we were powered to detect a change of 45% for 
female athletes and 32% for male athletes between T1 
and T2. To further investigate changes over time points 
of the training season in the study parameters, we fit a 
separate linear mixed model for each parameter with 
fixed effects for the time point, as well as age for adjust-
ment.28 Random intercepts for each participant were 
also specified to account for individual variability. The 
model was estimated using restricted maximum like-
lihood.29 Cross-sectional relationships between REDs 
risk and each of HDL-C, LDL-C and TC were assessed 
using separate linear regressions adjusted for age. 
HDL-C, LDL-C and TC were the outcome variables and 
REDs risk was the explanatory variable in our analysis. 
MDE of unstandardised beta was 0.40–1.08 mmol/L 
for females and 0.39–1.08 mmol/L for males (online 
supplemental table S9).

To analyse the association of changes (Δ) seen from 
T1 to T2, we fit a linear regression model between the 
change observed in HDL-C, LDL-C or TC and REDs risk 
within the athletes who had participated in both measure-
ments in the training season. The change in cholesterol 
levels was calculated by subtracting the value measured 
in the beginning of the training season from the value 
measured at the end of the training season (Δ=T2–T1). 
The change in REDs risk was defined as a shift between 
risk categories (low ↔ medium-to-high) calculated indi-
vidually (Δ=T2–T1), with all directional changes included 
in the analysis. These models were also adjusted for 
age. Sensitivity analysis was further adjusted for change 
in body fat percentage, FLMR and season of the year. 
MDE of unstandardised beta was 0.35–0.88 mmol/L for 

females and 0.28–0.78 mmol/L for males (online supple-
mental table S10). The assumptions of all models were 
examined by visual inspection of residuals. The statistical 
analysis was reviewed to be consistent with the CHAMP 
statement.30 We used the Strengthening the Reporting 
of Observational Studies in Epidemiology cross-sectional 
checklist when writing our report.31

Equity, diversity and inclusion statement
The authors are all based in Nordic countries and 
comprise both women and men and include both junior 
and senior researchers. The authors have backgrounds as 
medical doctors, exercise physiologists, biostatisticians or 
sport dietitians. Our study population included athletes 
of different ages and both sexes.

RESULTS
Participant characteristics
Our analytical sample comprised 44 female and 43 male 
athletes at the beginning (T1), and 36 female and 35 
male athletes at the end (T2) of the training season. In 
total, 27 female and 31 male athletes had completed 
measurements in both time points (T1+T2) and were 
included in the longitudinal analysis with a mean 4.4 
months (SD 1.3) time difference between T1 and T2. 
VO

2
 max increased among females (p=0.002) and body 

fat percentage (p=0.013) and FLMR (p=0.019) increased 
among males from T1 to T2 (online supplemental 
table S1). Further characteristics of the participants are 
described in table 3, online supplemental table S1.

REDs risk
Both at the beginning (T1) and at the end (T2) of 
the training season, over 70% of both female and 
male athletes were at medium-to-high REDs risk 
(figure  1). The prevalences in the longitudinal 

Table 3  Characteristics of study participants

Female athletes Male athletes

n T1 n T2 n T1 n T2

Age 44 23.9±3.9 36 24.4±4.2 43 24.7±3.5 35 25.5±3.6

BMI 44 20.6±1.4 36 20.7±1.6 43 22.3±1.8 35 22.3±1.5

Fat % 44 16.4 (12.7–19.3) 36 15.7 (12.8–19.5) 43 7.4 (5.8–10.0) 35 8.2 (6.9–10.7)

FLMR 43 0.19±0.06 35 0.20±0.08 43 0.087±0.03 43 0.10±0.04

Medium-to-high REDs risk 44 34 (77%) 36 26 (72%) 43 31 (72%) 35 30 (86%)

Amenorrhoea/ oligomenorrhoea 33 12 (36%) 27 <5 (<19%) – – – –

HDL-C 44 1.8 (1.6–2.1) 36 1.8 (1.6–2.1) 43 1.5 (1.3–1.9) 35 1.5 (1.3–1.8)

LDL-C 44 2.4±0.7 36 2.6±0.9 43 2.3±0.6 35 2.5±0.6

TC 44 4.4±0.9 36 4.7±1.1 43 4.1±0.8 35 4.3±0.8

VO
2
 max 35 59.8±5.0 25 61.5±5.3 40 70.7±5.8 31 70.9±6.0

Data are mean ±SD, median (IQR) or n (%).
BMI, body mass index (kg/m2); FLMR, fat mass to lean mass ratio; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; REDs, relative energy deficiency in sport; T1, beginning of the training season; T2, end of the training season; TC, 
total cholesterol ; VO

2
max, maximal oxygen uptake .
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analysis are presented in online supplemental figure 
S2. No significant change in REDs risks was observed 
between T1 and T2 (p=0.75 for females and p=0.18 
for males, online supplemental table S1.

Clinically elevated cholesterol levels
At T1, 7 (16%) of the 44 female athletes and 5 (12%) 
of the 43 male athletes had a clinically elevated LDL-C 
(≥3 mmol/L). At T2, 11 (31%) of the 36 female athletes 
and 7 (20%) of the 35 male athletes had a clinically 
elevated LDL-C. At T1, 13 (30%) of the 44 female 
athletes and 5 (12%) of the 43 male athletes had a clin-
ically elevated TC (≥5 mmol/L). At T2, 13 (36%) of the 
36 female athletes and 7 (20%) of the male athletes had 
TC≥5 mmol/L.

REDs risk and cholesterol levels
We observed no association between REDs risk and 
HDL-C, LDL-C, or TC at either T1 or T2 (table 4). As 
for individual REDs indicators, HDL-C was negatively 
associated with T3 in males in both T1 and T2 (online 
supplemental table S2). No association was found 
between LDL-C or TC and individual REDs indicators 
(online supplemental tables S3 and S4).

Change in cholesterol levels between T1 and T2
No significant change was observed in HDL-C, LDL-C, or 
TC between T1 and T2 (online supplemental tables S1 
and S5). The associations between changes (Δ) in REDs 
risk and cholesterol levels between T1 and T2 are shown 
in table  5. In female athletes, we observed a negative 
association between the Δ REDs risk with the Δ LDL-C 
(adjusted beta –0.62, 95% CI –0.94 to –0.30) and the Δ 
TC (–0.85, 95% CI –1.42 to –0.28).

Sensitivity analysis
11 female athletes (25%) reported the use of hormonal 
contraception in T1 and 8 (22%) in T2. 19 female athletes 
not using hormonal contraception were included in the 
longitudinal sensitivity analysis (T1+T2). The results 
were similar with the main analysis. We observed no 

Figure 1  REDs risk in female and male athletes at the beginning (T1) and end (T2) of the training season. REDs, relative 
energy deficiency in sport.

Table 4  Association of HDL-C, LDL-C and TC with REDs 
risk in female and male athletes in a cross-sectional analysis 
at the beginning (T1) and end (T2) of the training season

n beta adjusted for age 95% CI P value

Females T1

 � HDL-C 44 0.19 −0.097 to 0.47 0.19

 � LDL-C 44 −0.027 −0.53 to 0.48 0.92

 � TC 44 0.045 −0.65 to 0.096 0.90

Females T2

 � HDL-C 36 0.074 −0.28 to 0.43 0.68

 � LDL-C 36 −0.28 −0.90 to 0.35 0.38

 � TC 36 −0.32 −1.13 to 0.50 0.43

Males T1

 � HDL-C 43 0.064 −0.22 to 0.35 0.66

 � LDL-C 43 −0.049 −0.48 to 0.38 0.82

 � TC 43 −0.15 −0.70 to 0.40 0.58

Males T2

 � HDL-C 35 0.091 −0.21 to 0.39 0.54

 � LDL-C 35 0.14 −0.41 to 0.69 0.60

 � TC 35 0.20 −0.53 to 0.94 0.57

HDL-C, high-density lipoprotein cholesterol (mmol/l); LDL-C, 
low-density lipoprotein cholesterol (mmol/l); REDs, relative 
energy deficiency in sport; TC, total cholesterol (mmol/l).
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association between the REDs risk and HDL-C, LDL-C or 
TC at either T1 or T2 (online supplemental table S6), 
nor between the menstrual status and HDL-C, LDL-C or 
TC at either T1 or T2 (online supplemental tables S2–
S4). Δ REDs risk had a negative association with Δ LDL-C 
and Δ TC (online supplemental table S7).

We also conducted sensitivity analyses to account for 
the potential effects of body composition or season of 
the year (winter, spring, fall, summer). The main find-
ings reported in table 5 remained similar after additional 
adjustment for changes in body fat percentage or FLMR 
(online supplemental table S8). Also, the associations 
of change in REDs risk with change in LDL-C and TC 
were significant among females both in the main models 
(table 5) and after further adjustment for the season of 
the year (ΔLDL-C beta −0.55, 95% CI −0.88 to −0.22), 
p=0.0020; ΔTC beta −0.79, 95% CI −1.39 to −0.19, 
p=0.012).

DISCUSSION
We investigated the association between REDs risk and 
cholesterol levels in endurance athletes. Contrary to our 
hypothesis, we found no association between the REDs 
risk and LDL-C or TC in either female or male athletes 
in a cross-sectional analysis. Furthermore, we found no 
overall difference between REDs risk or cholesterol levels 
between the different phases of the training season. 
Surprisingly, an increase in the REDs risk from the begin-
ning to the end of the training season was associated with 
a decrease in LDL-C and TC levels in female athletes.

Our findings are in contrast to the current REDs model, 
in which elevated LDL-C and TC levels are listed as indi-
cators of problematic LEA.1 32 Previous evidence on the 
topic is mixed, with some studies reporting an association 
between markers of problematic LEA and elevated LDL-C 
or TC,2 7–13 19 33 while others found no associations.7 14–18 
This inconsistency may be partly due to differences in the 
severity and duration of LEA across studies. Extreme and 
prolonged LEA might disturb cholesterol metabolism in 

a way that less severe LEA does not. Our study represents 
the spectrum of severity of LEA in a real-world athlete 
population and, to our knowledge, is the first to examine 
the association between cholesterol levels and REDs risk 
using the IOC REDs CAT 2. However, due to the small 
number of individuals in the highest risk groups, we 
had to assess REDs risk dichotomously. Therefore, the 
medium-to-high REDs risk group includes athletes at 
mild to severe risk, which may have diluted our results 
so that effects specific to those at severe risk may have 
been missed. To account for this heterogeneity, we also 
looked at the individual REDs indicators and no associa-
tions were found with LDL-C or TC.

We found that an increase in REDs risk from the begin-
ning to the end of the training season was associated with 
a reduction in both LDL-C and TC in female athletes, 
even after adjustments for change in body fat percentage, 
FLMR or season of the year. This finding could be due to 
the acute effects of mild energy restriction on cholesterol 
levels. Moderate energy restriction lowers LDL-C and TC 
in the general population independent of obesity,34 35 
but continued and more severe energy restriction has 
been associated with elevated LDL-C and TC in military 
personnel undergoing heavy physical exertion10 and in 
patients with anorexia nervosa.19 Physique athletes volun-
tarily undergoing extreme LEA and weight loss have 
experienced beneficial but transient changes in HDL-C 
and very-low density lipoprotein (VLDL), but no changes 
in LDL-C.15 36 In addition, athletes with oligomenorrhoea 
(irregular menstrual bleeding) have been reported with 
the most favourable lipid profile compared with athletes 
with amenorrhoea (no menstrual bleeding) or eumenor-
rhoea (normal menstrual bleeding), suggesting that mild 
LEA could have a beneficial effect on cholesterol levels.2 
These results highlight the complexity of lipid metabo-
lism and the impact of LEA and weight loss on it.

Endurance athletes are susceptible to problematic LEA 
and REDs due to their high training volume, increased 
risk of disordered eating and the weight-sensitive 

Table 5  Association of the change in REDs risk from the beginning (T1) to the end (T2) of the training season with the change 
in cholesterol values

Δ REDs risk n
beta 
unadjusted 95% CI P value

beta adjusted for 
age 95% CI P value

Females

 � Δ HDL-C 27 −0.13 −0.38 to 0.12 0.30 −0.15 −0.029 to 0.061 0.25

 � Δ LDL-C 27 −0.60 −0.91 to −0.28 0.00056 −0.62 −0.94 to −0.30 0.00049

 � Δ TC 27 −0.79 −1.35 to −0.22 0.0082 −0.85 −1.42 to −0.28 0.0050

Males

 � Δ HDL-C 31 −0.10 −0.31 to 0.10 0.31 −0.11 −0.34 to 0.12 0.35

 � Δ LDL-C 31 0.22 −0.19 to 0.62 0.28 0.21 −0.25 to 0.66 0.36

 � Δ TC 31 0.031 −0.55 to 0.61 0.92 0.063 −0.59 to 0.11 0.85

Bolded p values are below the set statistical significance level of 0.05.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; REDs, relative energy deficiency in sport; TC, total 
cholesterol.
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nature of their sport.37 38 In our study, the prevalence of 
medium-to-high REDs risk ranged from 72% to 78% in 
female athletes, depending on the phase of the training 
season. This is consistent with previous reports, in which 
18%–80% of female endurance athletes have been at risk 
of REDs.39–47 However, in male athletes, our prevalence 
rates ranging from 72% to 86% were even higher than 
the previously reported range from 42% to 70%.43 46–49 
The methods used to classify the risk of REDs have varied 
considerably from study to study.50 We used the IOC-
recommended REDs CAT 2.

Clinical implications
The lack of association between the REDs risk and choles-
terol levels in the present study suggests that the inclusion 
of elevated LDL-C and TC in the REDs screening tool 
may require further evaluation. However, we found that 
regardless of the REDs risk status, up to 31% of female 
and 20% of male athletes had clinically elevated LDL-C 
(≥3 mmol/L). These prevalences correspond to those in 
the general population of young adults,51 52 suggesting 
that athletes are not protected from dyslipidaemia, but 
rather have a similar risk to age-matched peers.

Strengths and limitations
Our study has some important strengths. The partici-
pants were national-level to international-level endurance 
athletes, enabling us to assess REDs risk and cholesterol 
levels in a highly trained athlete population. We used 
standard protocols in the measurement of body compo-
sition, BMD and blood samples. For assessing the REDs 
risk, we used the IOC-recommended REDs CAT2 which 
has been validated by a process of expert validation.1 24

We had some limitations in our assessment of REDs 
risk. First, because data collection began prior to the 
publication of the REDs CAT2, we did not have all the 
required information, such as psychiatric assessment for 
anxiety and depression, or the duration of amenorrhoea. 
We used the short version of the EDE-Q (EDE-QS) and 
a common 15-point cut-off for both female and male 
athletes, as there are no specific cut-offs for males.22 The 
common cut-off might underestimate disordered eating 
behaviour among men. DXA for BMD assessment was 
conducted only once during the athletic year and the 
result was extrapolated to represent both time points 
within the same annual cycle. However, because changes 
in BMD usually occur slowly, we believe that significant 
changes in BMD between the two time points are rare.53 
Finally, the accuracy of the REDs CAT 2 in screening 
athletes with REDs requires further study,54 and the 
model remains to be investigated and further devel-
oped.24 54 Taken together, these limitations may have led 
to an overestimation or underestimation of the risk of 
REDs.

We cannot exclude the possibility of unknown 
confounding factors affecting our findings. Overall, 
we were powered to detect medium effect sizes. Small 
but potentially meaningful differences may have gone 

undetected. We were unable to collect specific training 
information in T1 and T2, which limits the interpreta-
tion of the potential effect of training on cholesterol 
levels. Future studies could also assess whether there are 
systematic differences in athletes’ diet within the training 
season. Genetic factors, potentially influencing choles-
terol metabolism, could not be assessed, but no extremely 
high LDL-C levels (≥4.9 mmol/L) were observed, which 
would raise concern of familial hypercholesterolaemia.55 
Although mean cholesterol levels in Finland are typical 
when compared with other European countries,56 further 
studies are needed to assess the generalisability of our 
findings to athletes from other sport, cultural and ethnic 
backgrounds.

CONCLUSIONS
We found no association between REDs risk and elevated 
levels of LDL-C or TC, suggesting limited value of these 
lipid parameters in identifying REDs among athletes. The 
prevalence of elevated LDL-C and TC among athletes 
was similar to that in the general population. These 
results suggest that the existing REDs screening tools 
may need to be re-evaluated and serve as a reminder that 
even otherwise healthy athletes may be at risk for future 
cardiovascular disease.
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