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Recently, an expert panel under the leadership of the Female

and Male Athlete Triad Coalition (Coalition) convened and

determined that there was sufficient evidence to date to

warrant an official consensus statement and naming of a

Triad-like condition in exercising men which will be published in

2019. Our understanding of a Triad-like condition in men will be

developed using an evidence-based medicine approach to

ensure the accuracy of the component conditions and their

physiological relationships, and with the understanding that it is

clinically diagnosable and treatable. This review will present the

current evidence on low energy availability, reproductive

function, and bone health in exercising men to provide an

overview of an initial working model of a similar Triad-like

syndrome in male athletes. In male athletes, it appears that

both the hypothalamic gonadal axis and the skeletal system are

impacted by low energy availability and energy deficiency. The

impact of energy deficiency on bone in male athletes appears

to occur frequently with a relatively high incidence of bone

stress injuries presenting in the presence of low bone mineral

density, and the impact to the hypothalamic gonadal axis

seems to be translated to both spermatogenesis and

androgenic hormonogenesis with both oligospermia and low

testosterone concentrations observed. Lastly, men appear to

be robust and more resilient to the effects of low energy

availability compared to women, requiring more severe

energetic perturbations before alterations are observed and are

more quickly reversible in men than in women.
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Introduction
The Female Athlete Triad (Triad), first named and pre-

sented to the public in 1997 [1] and adopted as an official

position stand by the American College of Sports Medicine,

was updated in 2007 [2] and represents the scientific
www.sciencedirect.com 
foundation of the clinical conditions affecting the health

of exercising women. The Triad was established using a

scientifically rigorous evidence-based approach to develop

its model, building upon decades of research [2]. The

current model, as defined in the 2007 position stand, is

built on the premise that low energy availability (energy

deficiency) presenting with or without disordered eating

directly causes menstrual disorders and poor bone health,

and that menstrual disorders can also contribute to poor

bone health [2]. The Female Athlete Triad Coalition

(Coalition), an international organization of clinicians

and researchers, and the American College of Sports Medi-

cine have played primary roles in sheparding Triad research

and allowing for scientific translation by developing guide-

lines for prevention and return to play [3,4].

The Female Athlete Triad Coalition underwent an official

organizational name change in 2019 to become the Female

and Male AthleteTriadCoalition asa way toemphasizeand

recognize the emerging data which support a similar Triad-

like model in exercising men. Renaming the Coalition was

one of the actionable outcomes of a roundtable meeting

held in Denver, CO by Dr Aurelia Nattiv and Dr Michael

Fredericson, and under the leadership of the Coalition, to

bring together experts to assess and discuss the evidence

available to date in support of a Male Athlete Triad model.

The expert group concluded that sufficient evidence exists

to warrant an official consensus statement and naming of a

Male Athlete Triad. An official Consensus Statement will

be published under the leadership of the Female and Male

Athlete Triad Coalition in late 2019 to officially name and

describe the current state of knowledge of a Male Athlete

Triad. To date, several papers have addressed Triad-like

issues in male athletes [5,6��,7,8,9��,10��] but much

more research is needed to fill gaps in the literature and

to develop an evidence-based model with scientific rigor in

a manner similar to what has been done for the Female

Athlete Triad model [1–4,11].

Recently, much attention has been directed to the concept

of Relative Energy Deficiency in Sport (RED-S), largely

due to its application to men [12]. While the attention

around RED-S has been beneficial in garnering attention to

the concept of a Triad-like condition in men, concerns

regarding the accuracy and scientific validity of the RED-S

model [13] have been documented. An analysis of the

quality of supportingevidence ofRED-S andof theFemale

Athlete Triad models has been recently evaluated [14] and

we have highlighted the failure of the RED-S model to

withstand the test of scientific rigor as a working model due

to the lack of scientific evidence for many of the proposed

associations between relative energy deficiency and the
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physiological andperformanceoutcomesof themodel itself

[14]. As a Male Athlete Triad model is developed over the

next several years, scientific rigor and evidenced-based

medicine will be fundamental to its development. Impor-

tant considerations include the identification of each

component condition, the accuracy behind the evidence

supporting physiological relationships between conditions,

and the focus on clinical relevance to ensure the condition

is clinically diagnosable and treatable. We as a scientific

community and consumer of medicine must continue to

prioritize the importance of scientific rigor, quality of evi-

dence, and attention to clinical relevance as a model for a

Male Athlete Triad is developed.

This review will provide a report on the current knowledge

for an initial working model of a similar Triad-like syn-

drome in male athletes based on available evidence to date.

This review will present the evidence on low energy

availability, reproductive function and bone health in

exercising men. This paper will place an emphasis on

the scientific evidence available to inform us of the physi-

ology of each component of a Triad-like syndrome in men.

Energy availability associated with a Triad-like
syndrome in male athletes
The model

Considering the evidence available to date, an initial

working model of a Triad-like syndrome in men is likely
Figure 1
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to resemble the Female Athlete Triad model with three

similarly themed inter-related components, which are

likely to be described as a) low energy availability or

energy deficiency with or without a disordered eating

etiology, b) suppression of reproductive function that

will include low testosterone concentrations and poor

semen quality, and c) impaired bone health. With scien-

tific evidence, the characteristics of each of these similarly

themed inter-related components will need to be

definitively described by way of directional arrows that

inform the causal relationships among these components,

whether the most severe clinical sequelae can be

reversed, and if subclinical conditions are apparent in

men. Notably, such a model will be published late in

2019 by the Female and Male Athlete Triad Coalition to

formally describe and name the Male Athlete Triad.

Evidence of a Triad-like syndrome in male athletes

In male athletes, it appears that both the hypothalamic

pituitary gonadal (HPG) axis and the skeletal system are

impacted by low energy availability and energy defi-

ciency in a manner presented in Figure 1. In fact, the

preponderance of evidence to date demonstrates that the

impact of energy deficiency on bone in male athletes

appears to occur frequently with a relatively high inci-

dence of bone stress injures presenting in the presence of

low bone mineral density in particular subsets of male

athletes [6��,15]. The impact to the HPG axis of low
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energy availability in male athletes seems to be translated

to both spermatogenesis and androgenic hormonogenesis,

with poor morphology of sperm, to include immature

sperm and round cells, poor forward motility and poor

penetration of cervical mucous and low testosterone

concentrations observed in male athletes, particularly

in athletes engaged in leanness sports and after very

strenuous bouts of prolonged exercise [16–19]. The evi-

dence available to date for each component of a Triad-

like syndrome in male athletes will be discussed below.

The evidence for low energy availability in a Triad-like

syndrome in male athletes

To date, cross-sectional reports of hypogonadotropic

hypogonadism, including low testosterone [20–23] and

poor semen quality/oligospermia [17,24], and an

increased rate of bone stress injuries [6��,7,15] have been

reported in male athletes, particularly in those sports that

favor leanness. Leanness sports include: a) endurance/

anti-gravitational sports such as long distance running,

triathlons, road cycling, ski jumping, and high jumping

where a high body weight tends to restrict performance,

b) weight-class sports, such as wrestling, judo, boxing,

light weight rowing, and taekwondo where specific

weight requirements must be met prior to competition,

and c) aesthetic sports, such as gymnastics, figure skating,

and diving, where there is a subjective judging compo-

nent; all of which prioritize a lean body type to lend a

competitive advantage [48].

When examining energy availability and its impact on

reproductive and bone health, both acute and long-term,

chronic perturbations must be considered. Acute bouts of

strenuous exercise, that is, ultra-endurance events, are

associated with metabolic hormone alterations in exercis-

ing men including suppression of leptin and IGF-1 [19]

and increases in cortisol [16,18] and GH [16]. Only two

sets of investigators have manipulated short-term exer-

cise and energy intake over 4–5 days to induce low energy

availability in men in a manner similar to the studies

conducted by Loucks et al. [25–27] which helped develop

the Female Athlete Triad model and to underscore the

causal role of energy availability on other Triad compo-

nents. The first of these studies conducted in exercising

men, by Koehler et al. [9��], set energy availability at

either 45 or 15 kcal/kg FFM/day and observed reductions

in both leptin and insulin concentrations, with no effect

on TT3 or IGF-1 concentrations. Energy availability was

set through a combination of diet and exercise manipula-

tions, or by manipulating diet alone, and the changes

observed were independent of the manner in which low

energy availability was achieved (i.e. via energy restric-

tion or exercise energy expenditure). In a similar study

from Papageorgiou et al. [10��], restricted energy avail-

ability, set at 15 kcal/kg FFM/day, failed to suppress TT3,

insulin, leptin, or IGF-1 concentrations. These findings

are in stark contrast to the findings of Loucks et al. [26,27]
www.sciencedirect.com 
in women exposed to varying levels of energy availability.

Thus, further research is warranted to determine the

factors and conditions that do, in fact, cause perturbations

similar to that observed in the aforementioned acute

ultra-endurance events versus short-term and long-term

exposure to low energy availability in men and to compare

between men and women. These details will be neces-

sary to define the components of a Triad-like syndrome in

men and to provide the appropriate scientific evidence in

support of such a syndrome. Both the magnitude and the

duration of low energy availability or energy deficiency on

metabolic hormones and resting metabolic rate (RMR)

also needs to be defined in men.

Some evidence for metabolic adaptations to energy defi-

ciency in men is provided by the multi-stressor Army

Ranger studies; that is the effects of chronic energy

restriction on the induction of metabolic adaptations in

men during an 8-week Army Ranger training course

where energy deficiency was combined with additional

stressors, including sleep deprivation and psychosocial

stress [28�]. The 8-week Army Ranger training course

resulted in significant energetic perturbations, including

declines in total body mass, fat mass, and fat free mass,

reductions in the concentrations of TT3, IGF-1 and

insulin, and increases in the concentrations of cortisol

and GH [28�]. Notably, after 4–5 weeks of recovery, most

metabolic perturbations returned to pre-exposure values.

These findings provide scientific evidence in support of

the suppressive effects of severe energy restriction and

exercise during various stressful environments with

respect to suppression of the metabolic hormonal profile

in men.

The evidence for suppressed reproductive function in a

Triad-like syndrome in male athletes

In the aforementioned short-term study which manipu-

lated energy availability to 15 kcal/kg FFM/day [9��], no

difference in testosterone concentration was observed

compared to exposure to an energy availability of

45 kcal/kg FFM/day. This finding is somewhat surprising

since perturbations as low as an EA of 15 kcal/kg FFM/

day can be considered severely low energy availability

[29]. However, when we consider observations in the

Loucks et al. [26] experimental paradigms, estradiol

was not suppressed until energy availability was severely

low and set at 10 kcal/kg FFM/day. Thus, these data

suggest that, in men, perturbations to reproductive func-

tion require reductions that are more aggressive (i.e.

lower) in energy availability than 15 kcal/kg FFM/day,

or must include chronic or repeated exposure for pro-

longed periods of time. Further testing is warranted to

clarify this point in the literature.

Acute bouts of prolonged, strenuous, outdoor exercise,

such as running and cycling races of �160–1200 km and

the multi-stressor Army Ranger studies do provide
Current Opinion in Physiology 2019, 10:27–34
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evidence for the effects of low energy availability or energy

deficiency on reproductive function in men (Table 1). For

example, acute bouts of ultra-endurance exercise in

trained men were, in fact, successful at the induction of

a hypogonadal state characterized by reduced testosterone

[16,18,19] and LH [18] concentrations. In the Army Ranger

multi-stressor 8-week study, concentrations of testoster-

one were reduced, falling below the normative range of

values, and mean LH concentration was reduced in a

subgroup of soldiers who were not provided supplemental

calories and thus exposed to more severe energy restriction

[28�]. When examining the pulsatile secretion of LH, there

is also evidence of reproductive suppression in endurance

athletes, but only in cases of extremely high training loads.

Runners averaging >125 km/wk displayed reduced LH

pulse frequency [22], whereas runners with a training load

of only �80 km/wk demonstrated no changes in LH

pulse frequency compared to controls [20,30]. In endur-

ance trained men averaging >450 min/wk of training, there

were no differences in LH pulse frequency or amplitude

compared to sedentary controls [23]. Experimental models

of energy restriction alone, however, demonstrate reduced

LH pulse frequency in both men and male monkeys

[31,32], suggesting that men participating in high training

volumes are likely energy deficient and not supplementing

their energy intake sufficiently to meet the energetic

demands of training.

As a caveat, although testosterone concentrations in men

participating in high volume training may have lower

testosterone concentrations compared to what is observed
Table 1

Testosterone concentrations in a subset of studies of exercising men

Study Pre Post 

Short term restricted EA

Koehler et al.

(caloric restriction)

18.72 � 1.42 17.44 � 2.95 

Koehler et al.

(caloric restriction + exercise)

18.27 � 1.59 15.46 � 3.33 

Acute exercise bouts

Kraemer et al.

(Runners)

12.32 � 1.41 6.96 � 1.01 

Kraemer et al.

(Cyclists)

13.81 � 1.30 5.59 � 1.53 

Kupchak et al.a 14.9 10.9 

Multi-stressor environment
Friedl et al.b 16.3 � 1.6 2.2 � 0.9 

Cross-sectional

McColl et al.a 13.8 � 1.0 

Wheeler et al.a 24.0 

Hackney et al. 17.3 � 1.6 

Conversion factor: ng/mL = nmol/L � 0.288.

NS: not significant.
a Approximations of concentrations based on available data and figures.
b Subset of completers who had a follow-up visit during recovery.
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in untrained men, oftentimes, the values are still within

the normal physiological range [20,21,23]. Specifically,

runners averaging 64–80 km/wk were at the lower end of

normal testosterone concentrations, but still within range

[20,21]. And, a group of endurance trained men, although

not necessarily runners but averaging >450 min of exer-

cise per week, had lower concentrations of total and free

testosterone compared to sedentary controls, but were

again within the normal range [23]. Data published from

Hackney’s group also support the findings of low resting

testosterone concentrations in endurance trained ath-

letes, but also emphasizes that while the testosterone

concentrations observed are low (within 50–75% of nor-

mal), they are still within the low-normal range [33,34].

In the 1990s our lab proposed that a ‘volume-threshold

effect’ was apparent in high mileage runners and effects

to the reproductive axis were translated when exercise

volumes were excessive. We reported (Figure 2) that high

mileage runners (108.0 � 4.5 km/wk) had lower testoster-

one levels, decreased sperm motility, an increased

number of immature sperm, and decreased sperm pene-

tration of bovine cervical mucus compared to moderate

distance runners (54.2 � 3.7 km/wk) and controls [17]. We

concluded that in high mileage runners, decreased tes-

tosterone concentrations and abnormal semen profiles

underscore the importance of meeting energy needs

during periods of high exercise energy expenditure asso-

ciated with high volumes of exercise training [17,24]. It is

also notable that in our study, moderate mileage running

(40–60 km/wk) was not associated with alterations to
. Data presented as mean � SE (nmol/L)

Recovery Control Significance

NS

NS

Pre versus Post

Pre versus Post

13.5 Pre versus Post

Post versus Recovery

19.3 � 3.2 Pre versus Post

Post versus Recovery

29.4 � 1.0 NS

28.0 Runners versus Controls

25.1 � 2.3 Trained versus Untrained

www.sciencedirect.com
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Figure 2

High Mileage Runners
(n = 11)

Moderate Mileage Runners
(n = 9)

Controls
(n = 10)

Totals

Volume (ml) 4.1 ± 0.5

352.0 ± 69.6
58.5 ± 10.8°

8.0 ± 1.6°
16.8 ± 2.2°
34.5 ± 2.3
3.9 ± 0.7
2.5 ± 0.8

40.9 ± 2.0 46.4 ± 4.4
1.7 ± 0.6
2.5 ± 1.1

37.2 ± 2.2
10.1 ± 2.0

2.5 ± 1.1

37.5 ± 7.2

3.5 ± 0.6 2.5 ± 0.5 0.116

p

0.006

0.341
0.760
0.350
0.653
0.031
0.004

0.024

0.023
0.014

0.045
0.858
0.052
0.037

127.2 ± 32.2 175.5 ± 24.9

224.7 ± 39.1

58.7 ± 2.4
2.0 ± 1.0

2.3 ± 1.0
2.3 ± 0.5

2.5 ± 0.9

43.2 ± 7.026.8 ± 6.3*

39.3 ± 1.9

47.0 ± 3.3

37.4 ± 2.8
10.9 ± 1.2

106.7 ± 22.3
375.9 ± 58.9317.8 ± 83.3

118.8 ± 20.3
240.1 ± 45.3

88.5 ± 14.8*

134.5 ± 23.9*

40.3 ± 4.3*

53.6 ± 4.4*

6.1 ± 1.4** 7.3 ± 1.1**

48.8 ± 4.5∞

43.9 ± 3.8

Sperm Count (× 106)
Normal Motile Count (× 106)
Motile Count (× 106)

Sperm Density (× 106/ ml)

Motility

Morphology

Sperm Penetration of Cervical Mucus

Forward Progressive (%)
Non-Progressive (%)
Non-Motile (%)

Normal (%)
Large (%)
Small (%)
Amorphous (%)
Immature(%)
Round Cells (million)

Penetrak (mm)
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Semen characteristics of high mileage runners, moderate mileage runners, and sedentary controls. Reprinted with permission from De Souza et al.

[17] ã Georg Thieme Verlag KG.
testosterone or sperm quality and that the reproductive

profile in these runners was indeed similar to that

observed in the non-running sedentary control group.

Taken together, our data suggest that high volumes of

exercise training likely result in an energy deficient

environment predisposing these athletes to reproductive

suppression secondary to undernutrition [17,24] and the

failure to fuel adequately to meet energetic needs.

The evidence for poor bone health in a Triad-like syndrome in

male athletes

There are subsets of male athletes reported to have low

bone mineral density (BMD) scores, such as male dis-

tance runners, and thus at high risk for poor bone health

and bone stress injury in a manner similar to that reported

in female athletes [35,36]. Specific risk factors for low

BMD in exercising men include low body weight (<85%

expected), average weekly running mileage >30, and

previous stress fracture [7]. When the issue of categoriz-

ing low bone mineral density in male athletes is consid-

ered, the International Society for Clinical Densitometry

recommends the use of a Z-score in men aged 20–50 of

�2.0 or worse with the presence of risk factors, or in boys

and young men aged up to age 19 a Z-score of �2.0 or

worse with the presence of a fracture [37]. However,
www.sciencedirect.com 
given that exercising men in weight bearing sports are

exposed to mechanical loading some argue that it is more

appropriate to draw concern when the Z-score is �1.0 or

worse [2]. Certainly in non-weight bearing sports, such as

cyclists and jockeys, low BMD scores have been reported

in men [38,39]. However, leanness-sports that include a

high-impact loading component may mitigate the effects

of energy restriction on bone health. For example, com-

parisons between jockeys and boxers, both weight-class

sports, found that jockeys had lower BMD at the total

body, lumbar spine, and femoral neck compared to both

boxers and non-athlete controls, and boxers actually had

higher BMD at the lumbar spine compared to controls; a

consistent pattern was also observed among groups with

jockeys having the lowest value for each measurement,

followed by controls, and then boxers with the highest

values [40].

Interestingly, reports on bone quality and structure in

exercising men with low bone mineral density and bone

stress injuries is not yet available. In exercising women

with amenorrhea, decreased volumetric trabecular

density and number, increased trabecular spacing, and

cortical thinning in amenorrheic athletes is observed

compared to menstruating athletes and non-athlete
Current Opinion in Physiology 2019, 10:27–34
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controls [41]. Changes in microarchitecture, such as

the aforementioned findings, presumably place these

women at increased risk for fractures. Studies that

define microarchitecture of bone in at-risk male athletes

are essential to further understand the effects of low

energy availability and energy deficiency in men. We

do know that in healthy men, participation in high-

impact, bone-loading sports is protective and improves

bone quality as a 20% higher trabecular bone mineral

density, 22% higher trabecular number at the distal tibia,

and 28–38% higher failure load, as assessed by HRpQCT,

was observed in skiers and soccer players compared to

low-impact swimmers [42].

We also know that a high incidence of bone stress injuries

has been reported and is of great concern in male athletes.

Among 80 collegiate runners followed prospectively for

2 years, 27% sustained at least one bone stress injury, and

these injuries were predicted by a modified version of the

Female Athlete Triad Cumulative Risk Assessment score

for male athletes that included low energy availability,

low BMI, prior bone stress injury and low BMD values

[6��]. And, in adolescent male runners, previous fracture

and participation in a greater number of competitive

seasons were associated with an increased rate of stress

fractures [43]. Importantly, a graded relationship was

observed in adolescent male athletes suggesting a cumu-

lative effect for risk factors on impaired bone health [7],

similar to what has been observed in exercising women

[35,36]. These studies highlight the importance of risk

identification to screen athletes at high risk for poor

health outcomes related to bone.

Lastly, there is evidence that bone turnover markers are

influenced by periods of energy restriction [10��,44].
Short-term energy restriction, �50% deficit over three

days, did result in a decrease in bone formation in trained

male runners [44]. However, when compared to women,

similar to what was observed in the metabolic and repro-

ductive systems, men appear to be more robust against

the effects of low energy availability on bone turnover.

Five days of restricted energy availability (15 kcal/kg

FFM/day) was sufficient to reduce bone formation by

13% and increase bone resorption by 19% in women, as

assessed by concentrations of P1NP and CTX, respec-

tively but there was no significant effect in men [10��].

Reversibility of conditions

The Female Athlete Triad model of 2007 includes bi-

directional arrows from the ‘healthy’ to ‘unhealthy’

extreme ends of the model, based on the evidence that

women can progress or recover from each condition, and

which can occur at varying rates. With respect to a Triad-

like syndrome in men, the metabolic and reproductive

perturbations observed appear to be quickly reversible

upon refeeding, or cessation of exercise. For example,

metabolic and reproductive hormones returned to normal,
Current Opinion in Physiology 2019, 10:27–34 
pre-training, values within a month of completing

Ranger training, and most were reversed within one

week. [28�]. Similarly, with respect to the acute endur-

ance events, testosterone concentrations quickly

rebounded towards baseline levels, and were significantly

elevated from post-race values at 12 hours of recovery [19]

and returned to pre-race values within 48 hours [18]. In

one well controlled study of a single bout of exhaustive

endurance exercise in endurance trained runners, testos-

terone concentrations were suppressed following the

exhaustive exercise bout, but returned to baseline within

72 hours [45].

Interestingly, recovery of the HPG axis is likely due to an

increase in central drive to the hypothalamus since

refeeding after a single day of fasting successfully

increased both LH pulsatility and testosterone in male

monkeys, and, recovery occurred in a manner such that

LH and testosterone progressively increased as the size of

the refeed meal increased [46]. Additionally, a recent case

study of an adolescent athlete provides further evidence

that hypogonadotropic hypogonadism associated with

excessive exercise and malnutrition is readily reversible

with lifestyle modifications. Upon reducing the frequency

and intensity of exercise, as well as increasing caloric

intake, testosterone concentration was normalized within

the one year follow-up period [47�].

Summary, conclusion, and future directions
According to the evidence to date, we propose the current

thinking of the effects of energy availability on reproduc-

tive function and bone health in both female and male

athletes. From the data reviewed, it appears that low

energy availability in men can influence metabolism,

reproduction, and bone. These systems in men, however,

are robust and more resilient to the effects of low energy

availability compared to those of women, requiring more

severe energetic perturbations before alterations similar

to that observed in women are present and which are

more quickly reversible in men than in women. Although

initial evidence supports a Triad-like syndrome in

exercising men, the evidence available at this time is

limited both in quantity and quality of design, that is,

prospective versus observational, regarding the role of low

energy availability and energy deficiency on reproduction

and bone health in exercising men. As such, we encourage

researchers to systematically conduct scientifically rigor-

ous studies in men that will a) elucidate the magnitude of

low energy availability, independent of additional stress-

ors, required to induce metabolic and reproductive per-

turbations, b) demonstrate the direct causal effects of low

energy availability on the HPG axis and bone health as

well as the indirect effect of low energy availability on

bone health through HPG axis suppression, and c) iden-

tify the ‘intermediate’ subclinical outcomes that may be

present. Currently, the idea of a working model of a

Triad-like syndrome in male athletes remains in the early
www.sciencedirect.com
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stages of development consistent with the limited evi-

dence available. A full model for a Male Athlete Triad,

based on available data to date, will be proposed later in

2019 by the Female and Male Athlete Triad Coalition.

Conflict of interest statement
Nothing declared.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

� of special interest
�� of outstanding interest

1. Otis CL et al.: American college of sports medicine position
stand. The female athlete triad. Med Sci Sports Exerc 1997, 29:
i-ix.

2. Nattiv A et al.: American College of Sports Medicine position
stand. The female athlete triad. Med Sci Sports Exerc 2007,
39:1867-1882.

3. De Souza MJ et al.: 2014 female athlete triad coalition
consensus statement on treatment and return to play of
the female athlete triad: 1st international conference held in
San Francisco, CA, May 2012, and 2nd international
conference held in Indianapolis, IN, May 2013. Clin J Sport Med
2014, 24:96-119.

4. De Souza MJ et al.: 2014 female athlete triad coalition
consensus statement on treatment and return to play of the
female athlete triad: 1st international conference held in San
Francisco, California, May 2012 and 2nd international
conference held in Indianapolis, Indiana, May 2013. Br J Sports
Med 2014, 48:289.

5. Tenforde AS et al.: Parallels with the female athlete triad in male
athletes. Sport Med 2016, 46:171-182.

6.
��

Kraus E et al.: Bone stress injuries in male distance runners:
higher modified female athlete triad cumulative risk
assessment scores predict increased rates of injury. Br J
Sports Med 2019, 53:237-242.

A prospective study examining risk factors for bone stress injuries in
exercising men and found a modified Female Athlete Triad Cumulative
Risk Assessment tool is predictive of bone stress injuries.

7. Barrack MT et al.: Evidence of a cumulative effect for risk
factors predicting low bone mass among male adolescent
athletes. Br J Sports Med 2017, 51:200-205.

8. De Souza MJ, Koltun KJ, Williams NI: Extending the female
athlete triad to men: an initial working model of a similar
syndrome in male athletes with a focus on low energy
availability and its role in reproductive function. 2019 in
preparation.

9.
��

Koehler K et al.: Low energy availability in exercising men is
associated with reduced leptin and insulin but not with
changes in other metabolic hormones. J Sports Sci 2016,
34:1921-1929.

Restricting energy availability to 15 kcal/kg FFM/day in men reduced
concentrations of leptin and insulin but did not affect TT3, IGF-1, or
testosterone.

10.
��

Papageorgiou M et al.: Effects of reduced energy availability on
bone metabolism in women and men. Bone 2017, 105:191-199.

This investigation compared the effects of low energy availability in men
and women and found that the metabolic and skeletal systems of men are
more robust against restricted energy availability than those of women.

11. Joy E et al.: 2014 female athlete triad coalition consensus
statement on treatment and return to play of the female athlete
triad. Curr Sports Med Rep 2014, 13:219-232.

12. Mountjoy M et al.: The IOC consensus statement: beyond the
female athlete triad—relative energy deficiency in sport
(RED-S). Br J Sports Med 2014, 48:491-497.
www.sciencedirect.com 
13. De Souza MJ et al.: Misunderstanding the female athlete
triad: refuting the IOC consensus statement on relative
energy deficiency in sport (RED-S). Br J Sports Med 2014,
48:1461-1465.

14. Williams NI et al.: The female athlete triad and relative energy
deficiency in sport (RED-S): a focus on scientific rigor and
quality of evidence. 2019 in preparation.

15. Tenforde AS et al.: Low bone mineral density in male athletes is
associated with bone stress injuries at anatomic sites with
greater trabecular composition. Am J Sports Med 2018, 46:30-36.

16. Kraemer WJ et al.: Hormonal responses to a 160-km race
across frozen Alaska. Br J Sports Med 2008, 42:116-120
discussion 120.

17. De Souza MJ et al.: Gonadal hormones and semen quality in
male runners. A volume threshold effect of endurance training.
Int J Sports Med 1994, 15:383-391.

18. Kupchak BR et al.: The impact of an ultramarathon on hormonal
and biochemical parameters in men. Wilderness Environ Med
2014, 25:278-288.

19. Geesmann B et al.: Association between energy balance and
metabolic hormone suppression during ultraendurance
exercise. Int J Sports Physiol Perform 2017, 12:984-989.

20. McColl EM et al.: The effects of acute exercise on pulsatile LH
release in high-mileage male runners. Clin Endocrinol (Oxf)
1989, 31:617-621.

21. Wheeler GD et al.: Reduced serum testosterone and prolactin
levels in male distance runners. JAMA 1984, 252:514-516.

22. MacConnie SE et al.: Decreased hypothalamic gonadotropin-
releasing hormone secretion in male marathon runners. N Engl
J Med 1986, 315:411-417.

23. Hackney AC, Sinning WE, Bruot BC: Reproductive hormonal
profiles of endurance-trained and untrained males. Med Sci
Sports Exerc 1988, 20:60-65.

24. De Souza MJ, Miller BE: The effect of endurance training on
reproductive function in male runners. A’ volume threshold’
hypothesis. Sports Med 1997, 23:357-374.

25. Ihle R, Loucks AB: Dose-response relationships between
energy availability and bone turnover in young exercising
women. J Bone Miner Res 2004, 19:1231-1240.

26. Loucks AB, Thuma JR: Luteinizing hormone pulsatility is
disrupted at a threshold of energy availability in regularly
menstruating women. J Clin Endocrinol Metab 2003, 88:297-311.

27. Loucks AB, Heath EM: Induction of low-T3 syndrome in
exercising women occurs at a threshold of energy availability.
Am J Physiol 1994, 266:R817-R823.

28.
�

Friedl KE et al.: Endocrine markers of semistarvation in healthy
lean men in a multistressor environment. J Appl Physiol (1985)
2000, 88:1820-1830.

A longitudinal investigation demonstrating metabolic and reproductive
hormone suppression across the 8-week multi-stressor Army Ranger
training course.

29. Reed JL et al.: Energy availability discriminates clinical
menstrual status in exercising women. J Int Soc Sports Nutr
2015, 12:11.

30. Rogol AD et al.: Pulsatile secretion of gonadotropins and
prolactin in male marathon runners. Relation to the
endogenous opiate system. J Androl 1984, 5:21-27.

31. Cameron JL et al.: Slowing of pulsatile luteinizing hormone
secretion in men after forty-eight hours of fasting. J Clin
Endocrinol Metab 1991, 73:35-41.

32. Cameron JL, Nosbisch C: Suppression of pulsatile luteinizing
hormone and testosterone secretion during short term food
restriction in the adult male rhesus monkey (Macaca mulatta).
Endocrinology 1991, 128:1532-1540.

33. Hackney AC: Effects of endurance exercise on the
reproductive system of men: the "exercise-hypogonadal male
condition". J Endocrinol Invest 2008, 31:932-938.
Current Opinion in Physiology 2019, 10:27–34

http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0005
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0005
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0005
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0010
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0010
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0010
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0015
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0015
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0015
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0015
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0015
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0015
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0020
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0020
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0020
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0020
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0020
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0020
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0025
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0025
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0030
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0030
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0030
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0030
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0035
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0035
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0035
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0045
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0045
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0045
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0045
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0050
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0050
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0055
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0055
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0055
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0060
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0060
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0060
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0065
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0065
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0065
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0065
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0075
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0075
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0075
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0080
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0080
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0080
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0085
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0085
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0085
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0090
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0090
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0090
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0095
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0095
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0095
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0100
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0100
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0100
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0105
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0105
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0110
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0110
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0110
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0115
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0115
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0115
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0120
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0120
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0120
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0125
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0125
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0125
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0130
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0130
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0130
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0135
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0135
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0135
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0140
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0140
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0140
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0145
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0145
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0145
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0150
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0150
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0150
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0155
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0155
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0155
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0160
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0160
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0160
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0160
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0165
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0165
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0165


34 Exercise physiology
34. Hackney AC, Anderson T, Dobridge J: Exercise and male
hypogonadism: testosterone, the hypothalamic-pituitary-
testicular axis and exercise training. Male Hypogonadism:
Basic, Clinical, and Therapeutic Principles. New York, USA:
Springer Humana Press; 2017.

35. Gibbs JC et al.: Low bone density risk is higher in exercising
women with multiple triad risk factors. Med Sci Sports Exerc
2014, 46:167-176.

36. Barrack MT et al.: Higher incidence of bone stress injuries with
increasing female athlete triad-related risk factors: a
prospective multisite study of exercising girls and women. Am
J Sports Med 2014, 42:949-958.

37. Lewiecki EM et al.: International Society for Clinical
Densitometry 2007 adult and pediatric official positions. Bone
2008, 43:1115-1121.

38. Wilson G et al.: Elite male Flat jockeys display lower bone
density and lower resting metabolic rate than their female
counterparts: implications for athlete welfare. Appl Physiol Nutr
Metab 2015, 40:1318-1320.

39. Nichols JF, Rauh MJ: Longitudinal changes in bone mineral
density in male master cyclists and nonathletes. J Strength
Cond Res 2011, 25:727-734.

40. Dolan E et al.: Weight regulation and bone mass: a comparison
between professional jockeys, elite amateur boxers, and age,
gender and BMI matched controls. J Bone Miner Metab 2012,
30:164-170.

41. Ackerman KE et al.: Bone microarchitecture is impaired in
adolescent amenorrheic athletes compared with
Current Opinion in Physiology 2019, 10:27–34 
eumenorrheic athletes and nonathletic controls. J Clin
Endocrinol Metab 2011, 96:3123-3133.

42. Schipilow JD et al.: Bone micro-architecture, estimated bone
strength, and the muscle-bone interaction in elite athletes: an
HR-pQCT study. Bone 2013, 56:281-289.

43. Tenforde AS et al.: Identifying sex-specific risk factors for
stress fractures in adolescent runners. Med Sci Sports Exerc
2013, 45:1843-1851.

44. Zanker CL, Swaine IL: Responses of bone turnover markers to
repeated endurance running in humans under conditions of
energy balance or energy restriction. Eur J Appl Physiol 2000,
83:434-440.

45. Anderson T, Lane AR, Hackney AC: Cortisol and testosterone
dynamics following exhaustive endurance exercise. Eur J Appl
Physiol 2016, 116:1503-1509.

46. Parfitt DB, Church KR, Cameron JL: Restoration of pulsatile
luteinizing hormone secretion after fasting in rhesus monkeys
(Macaca mulatta): dependence on size of the refeed meal.
Endocrinology 1991, 129:749-756.

47.
�

Zekarias K, Shrestha RT: Role of relative malnutrition in
exercise hypogonadal male condition. Med Sci Sports Exerc
2019, 51:234-236.

A case study demonstrating that hypogonadotropic hypogonadism in an
adolescent male is reversible with lifestyle modifications including
decreased training load and increased caloric intake.

48. Torstveit M, Sundgot-Borgen J: The Female Athlete Triad: are
elite athletes at increased risk? Med Sci Sports Exerc 2005,
37:184-193.
www.sciencedirect.com

http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0170
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0170
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0170
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0170
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0170
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0175
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0175
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0175
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0180
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0180
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0180
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0180
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0185
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0185
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0185
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0190
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0190
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0190
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0190
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0195
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0195
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0195
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0200
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0200
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0200
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0200
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0205
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0205
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0205
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0205
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0210
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0210
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0210
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0215
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0215
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0215
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0220
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0220
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0220
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0220
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0225
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0225
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0225
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0230
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0230
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0230
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0230
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0235
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0235
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0235
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0240
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0240
http://refhub.elsevier.com/S2468-8673(19)30046-X/sbref0240

	What is the evidence for a Triad-like syndrome in exercising men?
	Introduction
	Energy availability associated with a Triad-like syndrome in male athletes
	The model
	Evidence of a Triad-like syndrome in male athletes
	The evidence for low energy availability in a Triad-like syndrome in male athletes
	The evidence for suppressed reproductive function in a Triad-like syndrome in male athletes
	The evidence for poor bone health in a Triad-like syndrome in male athletes

	Reversibility of conditions

	Summary, conclusion, and future directions
	Conflict of interest statement
	References and recommended reading


