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Abstract
Low circulating testosterone in physically stressed populations is frequently interpreted as evidence of hypogonadism or 
intrinsic gonadal dysfunction. However, convergent data from military field studies, endurance athletes, and competitive 
stress models demonstrate that testosterone suppression during sustained stress is commonly a centrally mediated, 
reversible adaptation rather than intrinsic testicular failure. Severe energy deficit, sleep disruption, and uncontrollable 
psychogenic stress suppress hypothalamic gonadotropin-releasing hormone and luteinizing hormone pulsatility, reduce 
testicular androgen production, and frequently increase sex hormone–binding globulin (SHBG), thereby disproportionately 
lowering free testosterone. Human chorionic gonadotropin stimulation studies confirm preserved Leydig cell responsiveness 
under these conditions, supporting hypothalamic–pituitary inhibition as the dominant mechanism. In contrast, high 
mechanical loading in resistance-trained men does not suppress basal testosterone when energy availability is maintained, 
underscoring energetic sufficiency, not exercise modality, as the principal determinant of androgen tone. Acute competitive 
stress produces rapid, appraisal-dependent modulation of testosterone independent of SHBG, further demonstrating central 
regulation. Across contexts, androgen suppression tracks energetic and psychological constraint and is reversible with 
restoration of energy balance and recovery. Recognition of this adaptive endocrine phenotype is essential to distinguish 
functional central suppression from pathological hypogonadism and guide appropriate clinical evaluation.
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Testosterone concentrations decline in a wide range of physio
logical stress states, including sustained military operations, en
durance training under energy deficit, sleep restriction, and 
severe psychological strain (1-5). These reductions are frequently 
interpreted as evidence of hypogonadism, impaired gonadal 
function, or diminished health (6, 7). Previous reviews have sum
marized clinical aspects of male hypogonadism in the context of 
systemic illness and aging. The present review extends this 
literature by integrating historical military field investigations, 
controlled multistressor experiments, and athletic models to 
demonstrate that testosterone suppression under sustained 
stress represents a coordinated hypothalamic adaptation rather 
than intrinsic gonadal dysfunction (2, 8, 9).

Reproductive function is energetically costly (10, 11). 
Androgen-dependent processes, including spermatogenesis, 
erythropoiesis, and maintenance of metabolically active lean tis
sue, require substantial substrate availability and neuroendocrine 
support (12-14). Under conditions of sustained energetic constraint 
or uncontrollable stress, central regulatory systems reprioritize 
physiological functions toward immediate survival, immune 

defense, and cognitive performance (15, 16). Suppression of 
gonadotropin-releasing hormone and luteinizing hormone pulsa
tility reduces testicular androgen production (8, 9), but increases 
in sex hormone–binding globulin may then further lower a free tes
tosterone component (3, 17). However, because free testosterone 
is typically calculated rather than directly measured, its interpret
ation depends on assumptions regarding binding equilibria and 
SHBG concentrations. Consequently, calculated values should be 
interpreted alongside total testosterone and SHBG rather than as 
independent analytical variables.

Acute stress exposure may transiently stimulate or leave lu
teinizing hormone (LH) secretion unchanged in short-duration 
contexts (18). In contrast, sustained energetic and psychological 
strain consistently suppresses LH pulse amplitude and 
frequency, establishing centrally mediated suppression of 
gonadotropin drive as the defining feature of prolonged 
stress-associated androgen reduction. Human stimulation stud
ies demonstrate preserved Leydig cell responsiveness during 
these states, indicating intact gonadal capacity despite reduced 
circulating concentrations (1, 9, 19).
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Distinguishing functional central suppression from intrinsic 
hypogonadal pathology has significant clinical implications. 
Failure to account for energy availability, sleep integrity, psycho
genic stress exposure, high physical workload, and body 
composition may lead to misclassification of reversible physio
logical adaptation as endocrine disease (3, 20-22). This review 
synthesizes evidence from military field investigations, con
trolled training studies, athletic models, and competitive stress 
paradigms to define the mechanisms governing testosterone 
regulation under sustained stress and to propose a framework 
for clinical interpretation grounded in hypothalamic–pituitary 
physiology rather than isolated serum measurements.

Methods
Literature cited in this narrative review was identified through 
searches of PubMed and Web of Science using combinations of 
the terms testosterone, stress, military training, energy deficiency, 
sleep restriction, HPG axis, and exercise. Priority was given to con
trolled human experiments, military field investigations, and 
mechanistic studies of hypothalamic–pituitary regulation.

In the present review, the term stress is used operationally to 
describe physiological states characterized by one or more of the 
following conditions: negative energy balance, sustained physic
al workload, sleep restriction, or uncontrollable psychological 
challenge. These stressors engage integrated hypothalamic 
regulatory pathways that simultaneously influence hypothalam
ic–pituitary–adrenal and hypothalamic–pituitary–gonadal sig
naling. Clarifying the specific biological context of “stress” is 
essential because testosterone responses differ markedly de
pending on energetic status, duration of exposure, and perceived 
controllability (23).

Early military evidence: Korea- and 
Vietnam-Era psychoendocrine field 
studies
Foundational military investigations conducted during the 
Korean and Vietnam wars established that severe operational 
stress does not produce uniform or global endocrine failure, 
but instead elicits selective, centrally mediated hormonal adap
tations (24, 25). Early front-line endocrine studies from the 
Korean War, based on complete 24-hour urine collections 
obtained under combat conditions, demonstrated a striking 
dissociation between stress axes. Twenty-four–hour urinary 
17-hydroxycorticosteroid (17-OHCS) excretion increased appro
priately during acute artillery threat but did not exhibit progres
sive decline with prolonged front-line exposure (24, 25). Because 
17-OHCS reflects total daily glucocorticoid secretion rather than 
transient serum peaks, these findings indicate preserved ACTH– 
adrenal responsiveness and regulated HPA activation rather 
than global endocrine failure.

Vietnam-era studies extended these observations by demon
strating that psychological stress responses were highly context- 
and role-dependent, rather than proportional to objective exposure 
to danger. Psychoendocrine field investigations of helicopter 
ambulance crews and Special Forces personnel showed that 

anxiety and perceived threat fluctuated with mission demands, 
appraisal, and perceived control, while endocrine responses var
ied accordingly (26-30). These findings reinforced the conclusion 
that stress physiology is governed by central appraisal mecha
nisms and that sustained exposure to danger may be accompanied 
by physiological stabilization rather than progressive endocrine 
breakdown (16, 31, 32). Importantly, these field observations pre
dated and anticipated later laboratory and training-based evi
dence showing that psychogenic stress can selectively modulate 
gonadal function.

Direct evidence that psychological stress suppresses circulat
ing testosterone in humans emerged from controlled military 
training environments. Testosterone concentrations were signifi
cantly reduced during the early, highly stressful phases of Officer 
Candidate School training compared with later phases charac
terized by adaptation and predictability (31). These findings es
tablished that psychogenic stress alone, independent of overt 
physical exhaustion or caloric deprivation, can suppress testos
terone via central mechanisms, extending stress physiology be
yond the HPA axis to include functional inhibition of the 
hypothalamic–pituitary–gonadal (HPG) axis.

Energy deficiency is the dominant 
determinant of androgen suppression
Across military field studies spanning more than five decades, sus
tained energy deficiency, particularly when coupled with pro
longed physical work and sleep restriction, emerges as the most 
potent and reproducible determinant of testosterone suppression 
under operational stress. Across these field studies, reductions in 
testosterone are accompanied by reduced LH pulse amplitude 
and/or frequency, while Leydig cell responsiveness to exogenous 
human chorionic gonadotropin remains intact. This pattern con
firms diminished endogenous gonadotropin drive as the domin
ant mechanism rather than intrinsic testicular failure (22, 33-37).

The most compelling mechanistic evidence derives from the 
comprehensive field experiments conducted by Per Kristian 
Opstad and colleagues in Norwegian officer cadets undergoing 
multi-day endurance and survival courses (1, 8, 9, 38). These stud
ies combined extreme energetic deficit (daily energy expenditures 
averaging 26.6 MJ/d with caloric intakes between 0.2 and 2.2 MJ/day), 
with near-continuous physical activity, and profound sleep loss 
(typically ≤1-3 hours total sleep over 4-6 days) (1, 9, 39). Under 
these conditions, plasma concentrations of total testosterone, 
free testosterone, dihydrotestosterone, androstenedione, and de
hydroepiandrosterone declined rapidly and markedly, often by 
60-80% within 72-120 hours, in parallel with reductions in lutein
izing hormone (LH) and follicle-stimulating hormone (FSH) (9). 
This coordinated suppression implicates hypothalamic–pituitary 
inhibition as the primary regulatory mechanism.

Opstad’s work directly addressed whether this androgen sup
pression reflected intrinsic testicular dysfunction. In carefully 
executed human chorionic gonadotropin (hCG) stimulation tests, 
testosterone concentrations normalized promptly following 
stimulation, confirming preserved Leydig cell responsiveness 
and arguing against intrinsic gonadal failure (1, 19). These find
ings demonstrate centrally mediated suppression of gonado
tropin drive with preserved gonadal capacity. The failure of 
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testosterone to recover under unstimulated conditions was at
tributed to central suppression and circadian extinction, not im
paired steroidogenic capacity. These experiments provide rare 
field-based causal evidence that so-called “operational hypo
gonadism” is functional and centrally mediated, rather than 
pathological. This is analogous to elegant laboratory studies of 
energy expenditure and deficiency in women, where, independ
ently of energy expenditure, increasing energy deficit produces a 
decrease in LH pulse frequency (20). Not all operational stress 
paradigms suppress gonadotropin secretion. In a controlled 
84-hour military model combining sustained physical exertion, 
caloric restriction, and sleep deprivation, total testosterone de
clined by approximately 24% and free testosterone by approxi
mately 30%, despite a 46% increase in luteinizing hormone 
(LH) pulse amplitude and preserved pulse frequency (40). This di
vergence indicates maintained, and potentially compensatory, 
pituitary drive in the setting of reduced testicular steroidogenic 
output, consistent with acute peripheral resistance rather than 
primary hypothalamic inhibition. These findings suggest that 
early or severe metabolic stress may initially provoke compensa
tory LH amplification before transition to centrally mediated 

suppression during more prolonged or energy-deficient states. 
These findings suggest a stage-dependent response, with early 
compensatory LH amplification preceding central suppression 
during prolonged stress.

A further mechanistic insight concerns hormone binding and 
androgen bioavailability. Prolonged energy deficit and stress ex
posure were accompanied by significant increases in SHBG, 
amplifying reductions in bioavailable testosterone despite pre
served gonadal capacity (1, 8, 33). This dual mechanism of re
duced gonadotropin-driven secretion combined with increased 
binding amplifies the suppression of biologically active androgen 
signaling at the tissue level (1, 8, 33). This represents a highly ef
ficient means of down-regulating androgen-dependent anabolic 
processes during sustained energy scarcity, even when total tes
tosterone concentrations remain within low-normal clinical 
ranges (Fig. 1). Opstad also observed a reduction in androgen ac
tion based on a reduction in beard growth in the cadets by the 
second day of energy restriction (9).

Nutritional countermeasures alone were insufficient to fully 
restore androgen concentrations, while severe physical strain 
and sleep deprivation persisted (33). Provision of high-calorie 

Figure 1 Coordinated central and hepatic adaptations underlying stress-associated reductions in testosterone. Operational stressors, including energy 
deficit and psychological stress, reduce hypothalamic GnRH pulsatility and downstream LH/FSH secretion, leading to reduced testicular testosterone 
production and secretion. In parallel, hepatic metabolic signaling increases sex hormone-binding globulin (SHBG) expression through pathways 
involving hepatocyte nuclear factor-4a (HNF-4a), which further lowers circulating free testosterone. These coordinated central and hepatic responses 
produce reductions in both total and free testosterone during sustained stress, reflecting a centrally mediated reprioritization of endocrine function 
rather than primary testicular failure.
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diets partially attenuated cortisol elevations and modified 
growth hormone responses but did not normalize testosterone 
until the broader stress ecology, including workload and sleep 
debt, was resolved. In a similar but more protracted energy re
striction model, US Army Ranger students subjected to intermit
tent feeding averaging an energy deficit of 1000-1200 kcal/d for 8 
weeks demonstrated the same ∼50% decrease in testosterone, 
declines in LH, and rise in SHBG that were observed in the com
pressed 1-week food restriction timeline in the Norwegian train
ing (1, 2). During brief refeeding and recovery periods (eg, 
base-camp intervals and post-course recovery), testosterone 
concentrations recovered to baseline levels. Testosterone con
centration (average of three samples during the course) had mo
dest significant correlation (r = 0.3, n = 105 men) with 
preservation of fat-free mass; the greatest effect was initial 
body fat, where body energy stores delayed the consumption 
of muscle mass protein for energy needs (41).

Interpretation of testosterone concentrations in historical 
studies should also consider assay methodology. Earlier investi
gations frequently relied on immunoassays with limited analytic
al specificity at low concentrations, whereas modern studies 
increasingly employ liquid chromatography–tandem mass spec
trometry (LC–MS/MS), which provides improved accuracy and re
duced cross-reactivity (42). Some of the Ranger course studies 
have been repeated using modern techniques of LC-MS/MS 
and confirmed earlier findings (43).

The biological logic of this response is reinforced by parallel 
endocrine adaptations documented in these studies, including 
suppression of thyroid hormones, extinction of diurnal steroid 
rhythms, and coordinated shifts toward catabolic metabolism 
and energy mobilization (2, 39, 44). As noted by Opstad, several 
of these alterations may be advantageous or necessary during 
sustained military operations, becoming maladaptive only when 
prolonged beyond the operational context.

Closely analogous endocrine phenotypes are now well- 
documented in endurance athletes experiencing chronic low 
energy availability, formalized within the framework of relative 
energy deficiency in sport (12, 20, 22, 45). Across the spectrum 
of soldiers and athletes, energy deficiency, not physical workload, 
determines the depth and duration of testosterone suppression, 
whereas individuals exposed to high training volumes but main
taining adequate energy intake and sleep generally preserve nor
mal free testosterone concentrations.

Taken together, the military field studies establish sustained 
energy deficiency as the dominant determinant of androgen sup
pression during training and operations, operating through cen
trally mediated suppression of gonadotropin secretion and 
amplified by increased SHBG binding (1, 2, 35, 37, 46-48). 
Recognition of this adaptive endocrine pattern is essential for 
the correct interpretation of testosterone measurements in mili
tary and athletic settings and for avoiding misclassification of re
versible stress physiology as pathological hypogonadism.

Psychogenic stress, social control, and 
androgen regulation
Psychogenic stress modulates androgen signaling through cen
trally mediated mechanisms that depend more on appraisal, 
perceived control, and social status than on physical stress 

exposure alone. Early military psychoendocrine investigations 
during the Korean and Vietnam wars demonstrated that physio
logical responses to threat were heterogeneous within units and 
closely linked to role demands and perceived agency rather than 
objective danger (24-29). These field observations anticipated 
later experimental models of dominance, competition, and so
cial defeat and established a critical principle: activation of the 
hypothalamic–pituitary–gonadal (HPG) axis is contingent on 
context and control, not simply arousal.

The energetic costs of androgen signaling provide a biological 
basis for this context sensitivity. Testosterone has measurable 
metabolic costs, including elevation of basal metabolic rate 
and increased energetic investment in anabolic tissue and dom
inance signaling (10, 49). From an evolutionary perspective, re
productive and anabolic investment should be curtailed when 
environmental predictability, social status, or energetic security 
are threatened (11, 15). Experimental and cross-cultural human 
data demonstrate that testosterone-mediated functions are inte
grated within broader life-history trade-offs involving immunity, 
survival, and reproductive timing (14, 49).

Foundational evidence for this model emerged from socially 
housed male rhesus monkeys, in whom circulating testosterone 
concentrations were systematically related to dominance rank 
(50, 51). Dominant animals exhibited higher testosterone than 
subordinates despite comparable physical environments and ac
tivity levels. Importantly, testosterone tracked stability of rank 
and effective social control rather than frequency of aggressive 
behavior per se. Subordinate animals with high aggression, but 
low social control, often exhibited suppressed testosterone, indi
cating that agency and outcome predictability, not behavioral 
activation alone, determine androgen status. These findings in
formed subsequent biosocial models of status and dominance 
in humans (6, 52-54).

Parallel patterns were documented in military settings. In 
Vietnam-era Special Forces observations, leaders under threat 
sometimes exhibited psychophysiological responses distinct 
from those of the soldiers they commanded, despite identical 
exposure to danger (26, 27). Individuals embedded in decision- 
making roles frequently demonstrated stabilized endocrine 
patterns compared with subordinates whose roles involved 
vigilance and limited control. These findings reinforced the con
clusion that stress endocrinology reflects cognitive appraisal 
and role-based controllability rather than stimulus intensity 
alone (11).

Direct human evidence that psychological stress suppresses 
testosterone independent of energy deficit was provided in lon
gitudinal studies of Army Officer Candidate School trainees. 
During the early phase of training, characterized by continuous 
evaluation, rank ordering, and social-evaluative threat, plasma 
testosterone concentrations were significantly reduced com
pared with later phases marked by adaptation and increased 
predictability (31). More recent officer training studies similarly 
demonstrate divergence of testosterone and cortisol responses 
according to stress appraisal and chronicity (5). Contemporary 
dynamic testing in British Army Officer Cadets undergoing pro
longed military training showed progressive HPA amplification 
and modulation of gonadotropin responsiveness without evi
dence of intrinsic gonadal failure (55). These changes were not 
fully explained by energy balance, reinforcing that sustained op
erational and psychogenic stress modulate testosterone through 
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coordinated centrally mediated suppression of gonadotropin 
drive rather than intrinsic gonadal failure. Collectively, these 
findings extend psychoendocrine models beyond the HPA axis 
and confirm that psychological stress can centrally suppress go
nadotropin drive.

Theoretical integration of these observations was articulated 
within coping-based stress models emphasizing controllability 
and expectancy. In Norwegian paratrooper training, initial high- 
threat exposures elicited suppression of testosterone and eleva
tion of cortisol, whereas repeated successful exposures produced 
transient post-event elevations in testosterone with normalization 
of cortisol, consistent with active coping and mastery (16). Similar 
outcome-dependent responses are observed in athletic competi
tion. Victory or perceived dominance is associated with transient 
increases or preservation of testosterone, whereas defeat or 
loss of control produces suppression, even when physical exer
tion is equivalent (56-60). Cortisol responses frequently rise in 
both winners and losers, underscoring that HPA activation and 
HPG suppression are not obligatorily coupled (57, 58). These rap
id increases in testosterone during acute psychological challenge 
do not contradict the adaptive suppression model; rather, they 
illustrate the dynamic central regulation of the hypothalamic– 
pituitary–gonadal axis, which can transiently enhance or sup
press androgen output depending on energetic context, control
lability, and perceived challenge.

Testosterone regulation under psychogenic stress must be in
terpreted within broader energetic and immunologic trade-offs 
(14, 49). When stress is appraised as uncontrollable or defeat- 
like, suppression of androgen signaling may conserve energy 
and preserve host defense capacity (11, 14). This interpretation 
aligns with evidence from military multi-stressor environments 
in which androgen suppression co-occurs with immune pertur
bations and negative energy balance (2, 47, 61-63).

Athlete studies: HPG regulation under 
exercise, energy constraint, and 
competitive appraisal
Athlete populations provide a controlled physiological model for 
examining the HPG axis regulation under conditions in which 
physical workload, energy availability, sleep, and psychogenic 
stress can be partially dissociated. Across endurance and resist
ance training paradigms, basal testosterone concentrations are 
not determined by exercise modality per se, but by the energetic 
and neuroendocrine context in which training occurs (2, 13, 64).

In endurance-trained men, particularly those exposed to sus
tained high training volumes with marginal energy availability, 
resting total testosterone concentrations frequently reside in the 
low–normal range; SHBG elevation is common in endurance co
horts, resulting in disproportionate reductions in calculated free 
testosterone (3, 8, 17, 65). This phenotype, termed the “exercise 
hypogonadal male condition,” has been documented in distance 
runners and other high-volume aerobic athletes and is character
ized by reduced luteinizing hormone pulsatility and preserved tes
ticular responsiveness, implicating central suppression rather than 
intrinsic gonadal failure (3). The magnitude of suppression corre
lates more strongly with indices of energy availability than with 
aerobic workload itself, and restoration of caloric sufficiency and 

sleep regularity normalizes testosterone and SHBG concentrations, 
supporting a reversible, centrally mediated mechanism (4, 65).

Comparable endocrine patterns are observed in prolonged 
military field exercises characterized by negative energy balance 
and sleep restriction, where reductions in testosterone are ac
companied by alterations in cortisol dynamics and immune indi
ces (2, 4, 48). These convergent findings reinforce that sustained 
energy constraint, rather than mechanical loading or cardio
respiratory stress alone, is the dominant regulator of basal an
drogen output.

In contrast, resistance-trained men who maintain adequate 
long-term energy availability and recovery do not exhibit sus
tained suppression of basal testosterone despite repeated expos
ure to high mechanical and metabolic stress (12, 13, 66). Acute 
resistance exercise induces transient elevations in circulating tes
tosterone, particularly when large muscle mass is engaged, re
flecting short-term hypothalamic and pituitary activation (66- 
68). However, high-volume resistance exercise can also produce 
short-lived reductions in overnight total and free testosterone, ac
companied by a blunted LH production rate, consistent with cen
trally mediated suppression of gonadotropin drive rather than 
intrinsic testicular dysfunction (18). These effects appear to reflect 
transient energetic and neuroendocrine strain rather than a sus
tained downregulation of the HPG axis. Over time, chronic resist
ance training in eugonadal men does not reliably elevate basal 
testosterone nor does it produce persistent suppression when en
ergy balance and recovery are maintained (2, 13, 64, 67). 
Together, these findings suggest that tissue loading alone is insuf
ficient to chronically downregulate the HPG axis and that energet
ic sufficiency and cumulative stress exposure modulate basal 
androgen tone more strongly than exercise modality 
itself. Acute competitive stress provides a useful contrast to sus
tained stress models. In short-duration, controllable, appraisal- 
dependent contexts, central neural input to the HPG axis can tran
siently augment testosterone secretion without altering SHBG, 
consistent with preserved or stimulated LH drive (56-59). These in
creases are typically brief, resolving within hours. When stress be
comes prolonged, energetically constraining, or perceived as 
uncontrollable, LH pulsatility declines and testosterone suppres
sion emerges. Early activation and later suppression therefore re
present temporally distinct manifestations of central regulation.

Across combat sports and other competitive settings, testos
terone responses diverge according to outcome appraisal: vic
tory and perceived dominance are associated with transient 
increases or preservation of testosterone, whereas defeat and 
loss of control produce acute suppression (56-59). These re
sponses occur rapidly, are centrally mediated, and typically oc
cur without meaningful changes in SHBG, distinguishing acute 
psychogenic modulation from the binding-mediated reductions 
observed during prolonged energy deficiency (56-59). Cortisol 
frequently rises in both winners and losers, underscoring that 
hypothalamic–pituitary–adrenal activation and HPG suppres
sion are not obligatorily coupled (57, 58).

Across athletic and military contexts, chronic reductions in tes
tosterone are most consistently explained by negative energy 
balance and sleep disruption, whereas exercise modality alone 
exerts modest and often transient effects. Acute fluctuations in 
testosterone track appraisal and central drive more closely 
than peripheral tissue damage. These data reinforce the central 
thesis of this manuscript: testosterone regulation reflects 
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coordinated hypothalamic reprioritization in response to ener
getic and psychological context rather than intrinsic gonadal 
failure.

Clinical and readiness implications
Most field-related suppression of testosterone in athletes and 
soldiers is functional and reversible. This normal physiological 
regulation is self-correcting with sleep, energy intake, and 
reduction or removal of the stress load. In these conditions, 
testosterone is a barometer, not a treatment target, and failure 
to recognize adaptive testosterone suppression risks unneces
sary diagnostic labeling and inappropriate intervention. 
Intervention may even be harmful, such as forcing anabolism 
during energy deficiency at the cost of other functions, such as 
immune defenses. Accordingly, clinical interpretation of low 

testosterone in physically active or operational populations re
quires systematic evaluation of energy availability, sleep integ
rity, psychogenic stress exposure, and body composition 
before considering intrinsic hypogonadism, an approach formal
ized in the decision framework presented in Fig. 2.

Severe multistressor conditions characterized by sustained en
ergy deficit, sleep deprivation, and prolonged physical strain have 
important implications for host defense. Controlled military field 
studies demonstrate that such conditions can impair immune func
tion, including reductions in lymphocyte proliferation and altered 
cytokine signaling (61, 62) and increase susceptibility to infection 
during prolonged training exercises in field environments where 
pathogen exposure is common (47, 63, 69). These immune changes 
occur in parallel with the endocrine adaptations described above 
and reflect coordinated physiological prioritization under condi
tions of energetic constraint. While experimental models of extreme 
stress conducted in controlled laboratory environments provide 

Figure 2 Physiological suppression of testosterone during systemic stress, distinguishing adaptive endocrine responses from hypogonadism. Clinical 
decision framework for interpreting low morning testosterone measured during metabolic or operational stress. Low values should first be confirmed 
with repeat morning fasting testosterone and assessment of sex hormone-binding globulin (SHBG). Elevated SHBG and transient suppression during 
energy deficit, sleep restriction, or psychological stress suggest adaptive hypothalamic-pituitary-gonadal axis downregulation. Restoration of energy 
balance and sleep with reassessment is recommended before considering testosterone therapy. Persistent biochemical hypogonadism warrants 
evaluation with LH and FSH according to endocrine clinical practice guidelines.
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valuable mechanistic insight, the same exposures in operational 
training environments, where pathogen exposure is unavoidable, 
may carry greater medical risk (70). Accordingly, while controlled 
studies of severe stress physiology are academically informative, ex
trapolation to operational training environments must be under
taken cautiously to avoid compromising health or readiness. 
Concerns are further heightened by sporadic reports of severe ill
ness during extreme military training environments when individu
als simultaneously employ performance-enhancing substances, 
including androgenic-anabolic steroids. Although causal relation
ships are difficult to establish, the combination of immunologic 
strain, sleep deprivation, and pharmacologic androgen exposure 
may increase medical risk under extreme operational conditions.

Accurate interpretation of testosterone in healthy active men 
requires attention to binding, bioavailability, and stress context 
rather than reliance on total testosterone alone. Many research 
studies report only a single morning testosterone concentration, 
and this needs to be interpreted considering the context. For ex
ample, acute shifts in the vascular fluid volume (eg, following in
tense exercise) will produce hemoconcentration of the bound 
testosterone and the appearance of an elevated testosterone 
(71).

Modern research investigations are increasingly using LC-MS/MS, 
which provides improved analytical accuracy and reduced cross- 
reactivity (72). Methodological concerns still apply to salivary 
testosterone measurements commonly used in behavioral stud
ies, where micro-contamination with blood may introduce sub
stantial analytical variability. Consequently, studies relying 
on salivary immunoassay measurements should be interpreted 
cautiously when drawing conclusions about physiological testos
terone regulation. Standardization of testosterone laboratory 
protocols (eg, CDC Hormones Standardization Programs) im
prove accuracy and reduce variability, with a goal to reduce pre
cision to < 5.3% and bias to less than ± 6.4% for a total error of  
< 16.7% (73). However, day-to-day biological variability is still 
high, and the difference between two samples collected on sep
arate days from the same individual could be as high as 50% for 
some of the men (71). Batch assays are an important consider
ation in longitudinal studies to avoid intra-assay error or assay 
drift errors. Calculated free testosterone is widely used in clinical 
interpretation but depends on assumptions regarding binding 
equilibria and SHBG concentrations, and its physiological inter
pretation remains debated (74). Sleep disruption or restriction 
may abolish circadian rhythms, producing apparently low morn
ing testosterone concentrations, as demonstrated by Opstad 
within the first day of training in the Norwegian cadet studies 
(44). In studies with young men, supraphysiological supplemen
tation with an anabolic-androgenic steroid such as nandrolone 
or an alkylated testosterone such as methyl testosterone produ
ces a pseudo-hypogonadism with suppressed endogenous tes
tosterone secretion and abolished diurnal rhythms (75, 76).

Many healthy young men are under the common misconception 
that they need higher testosterone, based on rampant misinforma
tion on the internet. Without question, there is widespread over
prescription of testosterone therapy (77). For individuals who are 
persistently in the hypogonadal range of testosterone, an initial 
consideration should be the factors discussed in this paper, fol
lowed by assessment of fitness and obesity. Excess adiposity rep
resents a chronic energetic state with androgen metabolism 
altered through increased aromatization and inflammatory 

signaling, and specific metabolic disruption associated with high 
visceral adipose tissue (78). Although visceral fat is androgen- 
sensitive, testosterone treatment has only modest effects on 
adiposity and visceral fat (79). In this context, reduced circulating 
testosterone reflects both metabolic regulation and altered 
hormone binding rather than intrinsic gonadal failure. Weight 
reduction frequently restores testosterone concentrations, reinfor
cing the importance of metabolic context when interpreting low 
testosterone (7).

Summary and conclusions
Testosterone suppression during sustained stress states is neither 
uniform nor inherently pathological. Convergent evidence from 
prolonged military operations, controlled energy-deficit studies, 
athletic models, and competitive stress paradigms demonstrates 
that reduced circulating testosterone commonly reflects centrally 
mediated suppression of gonadotropin drive rather than intrinsic 
testicular failure. Under conditions of negative energy balance, 
sleep restriction, and uncontrollable psychogenic stress, hypothal
amic reprioritization suppresses luteinizing hormone pulsatility, re
duces testicular androgen output, and frequently increases sex 
hormone–binding globulin, thereby lowering free testosterone. 
Human stimulation studies confirm preserved Leydig cell respon
siveness, establishing that reduced circulating concentrations arise 
primarily from diminished endogenous gonadotropin stimulation.

Testosterone regulation during stress is temporally dynamic. 
Short-duration, controllable challenges may transiently increase 
androgen output through central activation. In contrast, sustained 
energetic deficit, sleep disruption, and uncontrollable stress sup
press LH pulsatility, reduce endogenous testicular stimulation, 
and lower circulating testosterone despite intact gonadal capacity. 
Recognition of this trajectory distinguishes adaptive central regula
tion from pathological hypogonadism and frames androgen sup
pression within the logic of energy allocation. Primate studies of 
pulsatile GnRH signaling established that suppression of testoster
one during sustained stress is best understood as centrally medi
ated alteration of hypothalamic pulse generation and LH drive 
rather than evidence of intrinsic gonadal dysfunction.

This adaptive endocrine phenotype is reversible with restoration 
of energy availability, recovery, and reduction of sustained stres
sors. Persistent suppression in the absence of energetic or psycho
genic constraint, however, warrants evaluation for intrinsic 
hypogonadal pathology. Distinguishing functional central suppres
sion from intrinsic hypogonadism aligns clinical evaluation with the 
adaptive logic of human stress physiology. Randomized trials of tes
tosterone therapy have demonstrated modest improvements in 
mood and depressive symptoms in men with low testosterone con
centrations. However, these studies largely involve aging popula
tions or men with chronic depressive disorders rather than 
individuals experiencing reversible stress-associated suppression. 
Thus, while testosterone therapy may improve mood in selected 
clinical contexts, it does not address the underlying physiological 
drivers of stress-related androgen suppression, such as energy def
icit, sleep deprivation, or psychological strain. Testosterone re
placement therapy is not a substitute for adequate nutrition, 
recovery, or psychological stability, and attempts to pharmaco
logically override adaptive endocrine suppression during sustained 
stress may carry physiological risks without correcting the under
lying drivers of suppression.

The Journal of Clinical Endocrinology & Metabolism, 2026, Volume 111, Issue 8                                                                                                                                                      e1957

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/111/8/e1951/8663166 by guest on 20 July 2026



Acknowledgments
We are indebted to John C. Wingfield, John Wayne Mason, and 
Per Kristian Opstad, who inspired and mentored a generation 
of stress endocrinologists.

Disclosures
The authors have no conflicts of interest.

Disclaimer
The opinions and assertions in this manuscript are solely those of 
the authors and do not necessarily represent the official views or 
policies of the Department of the Army.

Data availability
Data sharing is not applicable to this article as no datasets were 
generated or analyzed during the current study.

References
1. Opstad PK. The hypothalamo-pituitary regulation of andro

gen secretion in young men after prolonged physical stress 
combined with energy and sleep deprivation. Acta 
Endocrinol (Copenh). 1992;127(3):231-236.

2. Friedl KE, Moore RJ, Hoyt RW, Marchitelli LJ, Martinez-Lopez 
LE, Askew EW. Endocrine markers of semistarvation in 
healthy lean men in a multistressor environment. J Appl 
Physiol. 2000;88(5):1820-1830.

3. Hackney AC. Effects of endurance exercise on the reproduct
ive system of men: the “exercise-hypogonadal male condi
tion.”. J Endocrinol Invest. 2008;31(10):932-938.

4. Kyröläinen H, Karinkanta J, Santtila M, Koski H, Mäntysaari 
M, Pullinen T. Hormonal responses during a prolonged mili
tary field exercise with variable exercise intensity. Eur J Appl 
Physiol. 2008;102(5):539-546.

5. Zueger R, Annen H, Ehlert U. Testosterone and cortisol re
sponses to acute and prolonged stress during officer training 
school. Stress. 2023;26(1):2199886.

6. Zitzmann M, Nieschlag E. Testosterone levels in healthy men 
and the relation to behavioural and physical characteristics: 
facts and constructs. Eur J Endocrinol. 2001;144(3):183-197.

7. Bhasin S, Brito JP, Cunningham GR, et al. Testosterone ther
apy in men with hypogonadism: an endocrine society clinical 
practice guideline. J Clin Endocrinol Metab. 2018;103(5): 
1715-1744.

8. Opstad PK, Aakvaag A. Decreased testosterone and luteiniz
ing hormone in young men during prolonged physical stress 
and energy deficiency. Acta Endocrinol. 1984;105(2):191-197.

9. Opstad PK. Androgenic hormones during prolonged physical 
stress, sleep, and energy deficiency. J Clin Endocrinol Metab. 
1992;74(5):1176-1183.

10. Trumble BC, Pontzer H, Stieglitz J, et al. Energetic costs of 
testosterone in two subsistence populations. Am J Hum 
Biol. 2023;35(11):e23949.

11. Wingfield JC, Sapolsky RM. Reproduction and resistance to 
stress: when and how. J Neuroendocrinol. 2003;15(8): 
711-724.

12. Friedl KE. Effects of testosterone and related androgens on 
athletic performance in men (Chapter 35). In: Kraemer W, 
Rogol A, eds. The Endocrine System in Sports and Exercise. 
Olympic Encyclopaedia of Sports Medicine, Volume XI. 
International Olympic Committee, Blackwell Publishing; 
2005:525-543.

13. Vingren JL, Kraemer WJ, Ratamess NA, Anderson JM, Volek 
JS, Maresh CM. Testosterone physiology in resistance exer
cise and training: the up-stream regulatory elements. 
Sports Med. 2010;40(12):1037-1053.

14. Muehlenbein MP, Bribiescas RG. Testosterone-mediated im
mune functions and male life histories. Am J Human Biol. 
2005;17(5):527-558.

15. Wingfield JC, Maney DL, Breuner CW, et al. Ecological bases 
of hormone—behavior interactions: the “emergency life his
tory stage”. Am Zoologist. 1998;38(1):191-206.

16. Ursin H, Baade A, Levine S. Psychobiology of Stress: A Study of 
Coping men. Academic Press; 1978.

17. Wheeler GD, Wall SR, Belcastro AN, Cumming DC. Reduced 
serum testosterone and prolactin levels in male distance 
runners. J Am Med Assoc. 1984;252(4):514-516.

18. Nindl BC, Kraemer WJ, Deaver DR, et al. LH secretion and tes
tosterone concentrations are blunted after resistance exer
cise in men. J Appl Physiol. 2001;91(3):1251-1258.

19. Opstad PK. Medical Consequences in Young men of Prolonged 
Physical Stress with Sleep and Energy Deficiency. NDRE/ 
Publication-85/05586, Norwegian Defence Research 
Establishment; 1995.

20. Loucks AB, Thuma JR. Luteinizing hormone pulsatility is dis
rupted at a threshold of energy availability in regularly men
struating women. J Clin Endocrinol Metab. 2003;88(1): 
297-311.

21. Nindl BC, Barnes BR, Alemany JA, Frykman PN, Shippee RL, 
Friedl KE. Physiological consequences of US army ranger 
training. Med Sci Sports Exerc. 2007;39(8):1380-1387.

22. Mountjoy M, Sundgot-Borgen J, Burke L, et al. IOC consensus 
statement on relative energy deficiency in sport (RED-S): 
2018 update. Br J Sports Med. 2018;52(11):687-697.

23. Mason JW. A review of psychoendocrine research on the 
pituitary-adrenal cortical system. Biopsychosoc Sci Med. 
1968;30(5):576-607.

24. Davis SW, Elmadjian F, Henson LF, et al. A Study of Combat 
Stress, Korea, 1952. Technical Report ORO-T-41. Operations 
Research Office, Johns Hopkins University, Department of 
the Army, and Office of Naval Research, Far East 
Command; 1952. 217 pp. AD16398 (declassified). Accessed 
April 27, 2026. https://achh.army.mil/history/book-korea- 
recad1-ch1-3

25. Elmadjian F, Davis SW. A study of combat stress in Korea, 
1952: physiologic and biochemical. In: Recent Advances in 
Medicine and Surgery Based on Professional Medical 
Experiences in Japan and Korea, 1950-1953. Medical Science 
Publication No. 4. Army Medical Service Graduate School, 
Walter Reed Army Medical Center; 1954:28-45.

26. Bourne PG, Coli WM, Datel WE. Anxiety levels of six helicopter 
ambulance medics in a combat zone. Psychol Reports. 
1966;19(3):821-822.

e1958                                                                                                                                                      The Journal of Clinical Endocrinology & Metabolism, 2026, Volume 111, Issue 8

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/111/8/e1951/8663166 by guest on 20 July 2026

https://achh.army.mil/history/book-korea-recad1-ch1-3
https://achh.army.mil/history/book-korea-recad1-ch1-3


27. Bourne PG, Coli WM, Datel WE. Affect levels of ten special 
forces soldiers under threat of attack. Psychol Reports. 
1968;22(2):363-366.

28. Bourne PG, Rose RM, Mason JW. Urinary 17-OHCS levels: data 
on seven helicopter ambulance medics in combat. Arch Gen 
Psychiatry. 1967;17(1):104-110.

29. Bourne PG, Rose RM, Mason JW. 17-OHCS levels in combat: 
special forces a team under threat of attack. Arch Gen 
Psychiatry. 1968;19(2):135-140.

30. Rose RM, Bourne PG, Poe RO, Mougey EH, Collins DR, Mason 
JW. Androgen responses to stress: II. Excretion of testoster
one, epitestosterone, androsterone and etiocholanolone 
during basic combat training and under threat of attack. 
Biopsychosoc Sci Med. 1969;31(5):418-436.

31. Kreuz ML, Rose RM, Jennings CJ. Suppression of plasma tes
tosterone levels and psychological stress: a longitudinal 
study of young men in officer candidate school. Arch Gen 
Psychiatry. 1972;26(5):479-482.

32. Mason JW. A historical view of the stress field. J Human 
Stress. 1975;1(2):22-36.

33. Opstad PK, Aakvaag A. Decreased serum levels of oestradiol, 
testosterone and prolactin during prolonged physical strain 
and sleep deprivation, and the influence of a high calory 
diet. Eur J Appl Physiol Occup Physiol. 1982;49(3):343-348.

34. Schürmeyer T, Jung K, Nieschlag E. The effect of an 1100 km 
run on testicular, adrenal and thyroid hormones. Int J Androl. 
1984;7(4):276-282.

35. Guezennec CY, Satabin P, Legrand H, Bigard AX. Physical per
formance and metabolic changes induced by combined pro
longed exercise and different energy intakes in humans. Eur J 
Appl Physiol Occup Physiol. 1994;68(6):525-530.

36. Friedl KE, Mays MZ, Kramer TR, Shippee RL. Acute recovery of 
physiological and cognitive function in U.S. Army Ranger 
students in a multistressor field environment. In: The Effect 
of Prolonged Military Activities in Man—Physiological and 
Biochemical Changes—Possible Means of Rapid 
Recuperation. Technical Report RTO-MP-042 (AC/ 
323(HFM)TP/23). Research and Technological Organization, 
North Atlantic Treaty Organization. Pp. 6.1-6.10. Accessed 
April 27, 2026. https://www.sto.nato.int/document/mp-042- 
all-pdf/

37. Gan LS, Fan PW, Zhang J, et al. Changes in energy balance, 
body composition, metabolic profile and physical perform
ance in a 62-day army ranger training in a hot-humid envir
onment. J Sci Med Sport. 2022;25(1):89-94.

38. Opstad PK. Endocrine changes in prolonged stress situa
tions. Acta Endocrinol. 1992;127(Suppl 1):25-30.

39. Hoyt RW, Opstad PK, Haugen AH, DeLany JP, Cymerman A, 
Friedl KE. Negative energy balance in male and female 
rangers: effects of 7 days of sustained exercise and food de
privation. Am J Clin Nutr. 2006;83(5):1068-1075.

40. Nindl BC, Rarick KR, Castellani JW, et al. Altered secretion of 
growth hormone and luteinizing hormone after 84 hours of 
sustained physical exertion superimposed on caloric and 
sleep restriction. J Appl Physiol. 2006;100(1):120-128.

41. Friedl KE. Variability of fat and lean tissue loss during physical 
exertion with energy deficit. In: Kinney JM, Tucker HN, eds. 
Physiology, Stress, and Malnutrition: Functional Correlates, 
Nutritional Intervention. Lippincott-Raven Publishers; 
1997:431-450.

42. Handelsman DJ. Mass spectrometry, immunoassay and valid 
steroid measurements in reproductive medicine and science. 
Hum Reprod. 2017;32(6):1147-1150.

43. Henning PC, Scofield DE, Spiering BA, et al. Recovery of endo
crine and inflammatory mediators following an extended en
ergy deficit. J Clin Endocrinol Metab. 2014;99(3):956-964.

44. Opstad PK. Circadian rhythm of hormones is extinguished 
during prolonged physical stress, sleep and energy defi
ciency in young men. Eur J Endocrinol. 1994;131(1):56-66.

45. Hackney AC, Lane AR. Low testosterone in male endurance- 
trained distance runners: impact of years in training. 
Hormones. 2018;17(1):137-139.

46. Gomez-Merino D, Chennaoui M, Burnat P, Drogou C, 
Guezennec CY. Immune and hormonal changes following in
tense military training. Mil Med. 2003;168(12):1034-1038.

47. Gomez-Merino D, Drogou C, Chennaoui M, Tiollier E, Mathieu 
J, Guezennec CY. Effects of combined stress during intense 
training on cellular immunity, hormones and respiratory in
fections. Neuroimmunomodulation. 2005;12(3):164-172.

48. Ojanen T, Kyröläinen H, Igendia M, Häkkinen K. Effect of pro
longed military field training on neuromuscular and hormo
nal responses and shooting performance in warfighters. Mil 
Med. 2018;183(11-12):e705-e712.

49. Buchanan KL, Evans MR, Goldsmith AR, Bryant DM, Rowe LV. 
Testosterone influences basal metabolic rate in male house 
sparrows: a new cost of dominance signaling? Proc Roy Soc 
Lond Ser B: Biol Sci. 2001;268(1474):1337-1344.

50. Rose RM, Gordon TP, Bernstein IS. Plasma testosterone, 
dominance rank, and aggressive behavior in male rhesus 
monkeys. Nature. 1971;231(5302):366-368.

51. Rose RM, Berstein IS, Gordon TP. Consequences of social 
conflict on plasma testosterone levels in rhesus monkeys. 
Biopsychosoc Sci Med. 1975;37(1):50-61.

52. Mazur A, Booth A. Testosterone and dominance in men. 
Behav Brain Sci. 1998;21(3):353-363.

53. Mazur A. A biosocial model of status in face-to-face primate 
groups. Social Forces. 1985;64(2):377-402.

54. Archer J. The influence of testosterone on human aggression. 
Brit J Psychol. 1991;82(1):1-28.

55. Gifford RM, O’Leary TJ, Knight RL, et al. Sex-related 
hypothalamic-pituitary-gonadal and hypothalamic-pituitary- 
adrenal axis adaptation during military training. J Appl 
Physiol. 2025;138(1):13-21.

56. Brisson GR, Brisson MF. Testosterone and cortisol responses 
to athletic competition. Br J Sports Med. 1981;15(2):111-115.

57. Suay F, Salvador A, González-Bono E, et al. Effects of compe
tition and its outcome on serum testosterone, cortisol and 
prolactin. Psychoneuroendocrinol. 1999;24(5):551-566.

58. Salvador A, Suay F, Gonzalez-Bono E, Serrano MA. Anticipatory 
cortisol, testosterone and psychological responses to judo 
competition in young men. Psychoneuroendocrinol. 2003; 
28(3):364-375.

59. Jiménez M, Aguilar R, Alvero-Cruz JR. Effects of victory and 
defeat on testosterone and cortisol response to competition: 
evidence for same response patterns in men and women. 
Psychoneuroendocrinol. 2012;37(9):1577-1581.

60. Dessypris A, Adlercreutz H. Serum testosterone, cortisol, and 
performance in competitive athletes. Int J Sports Med. 
1985;6:80-85.

The Journal of Clinical Endocrinology & Metabolism, 2026, Volume 111, Issue 8                                                                                                                                                      e1959

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/111/8/e1951/8663166 by guest on 20 July 2026

https://www.sto.nato.int/document/mp-042-all-pdf/
https://www.sto.nato.int/document/mp-042-all-pdf/


61. Kramer TR, Moore RJ, Shippee RL, et al. Effects of food re
striction in military training on T-lymphocyte responses. Int 
J Sports Med. 1997;18(S1):S84-S90.

62. Bøyum A, Wiik P, Gustavsson E, et al. The effect of strenuous 
exercise, calorie deficiency and sleep deprivation on white 
blood cells, plasma immunoglobulins and cytokines. Scand 
J Immunol. 1996;43(2):228-235.

63. Martinez-Lopez LE, Friedl KE, Moore RJ, Kramer TR. A longi
tudinal study of infections and injuries of ranger students. 
Mil Med. 1993;158(7):433-437.

64. Kraemer WJ, Ratamess NA. Hormonal responses and adapta
tions to resistance exercise and training. Sports Med. 
2005;35(4):339-361.

65. Brownlee KK, Moore AW, Hackney AC. Relationship between 
circulating cortisol and testosterone: influence of physical 
exercise. J Sports Sci Med. 2005;4(1):76-83.

66. Kraemer WJ, Gordon SE, Fleck SJ, et al. Endogenous anabolic 
hormonal and growth factor responses to heavy resistance 
exercise in males and females. Int J Sports Med. 1991;12(2): 
228-235.

67. Häkkinen K, Pakarinen A, Alen M, Kauhanen H, Komi PV. 
Relationships between training volume, physical perform
ance capacity, and serum hormone concentrations during 
prolonged training in elite weight lifters. Int J Sports Med. 
1987;8(Suppl 1):S61-S65.

68. Kraemer WJ, Häkkinen K, Newton RU, et al. Effects of 
heavy-resistance training on hormonal response patterns 
in younger vs. older men. J Appl Physiol. 1999;87(3):982-992.

69. Friedl KE. Does host energy metabolism moderate disease 
resistance? Infection. 2018;76(2):211-212.

70. Pasiakos SM, Berryman CE, Karl JP, et al. Effects of 
testosterone supplementation on body composition and 
lower-body muscle function during severe exercise-and 
diet-induced energy deficit: a proof-of-concept, single 

centre, randomised, double-blind, controlled trial. 
EBioMed. 2019;46:411-422.

71. Brambilla DJ, O'Donnell AB, Matsumoto AM, McKinlay JB. 
Intraindividual variation in levels of serum testosterone 
and other reproductive and adrenal hormones in men. Clin 
Endocrinol. 2007;67(6):853-862.

72. Handelsman DJ, Wartofsky L. Requirement for mass spec
trometry sex steroid assays in the Journal of Endocrinology 
and Metabolism. J Clin Endocrinol Metab. 2013;98(10): 
3971-3973.

73. Yun YM, Botelho JC, Chandler DW, et al. Performance criteria 
for testosterone measurement based on biological variation 
in adult males: recommendations from PATH. Clin Chem. 
2012;58(12):1703-1710.

74. Handelsman DJ. Free testosterone: pumping the tires or end
ing the free ride? Endocr Rev. 2017;38(4):297-301.

75. Friedl KE, Hannan  Jr CJ, Jones RE, Plymate SR. HDL- 
cholesterol is not decreased if an aromatizable androgen is 
administered. Metab. 1990;39(1):69-74.

76. Friedl KE, Dettori JR, Hannan  Jr CJ, Patience TH, Plymate SR. 
Comparison of the effects of high dose testosterone 
and 19-nortestosterone to a replacement dose of testoster
one on strength and body composition in normal men. 
J Steroid Biochem Molecular Biol. 1991;40(4-6):607-612.

77. Handelsman DJ. Global trends in testosterone prescribing, 
2000-2011: expanding the spectrum of prescription drug mis
use. Med J Aust. 2013;199(8):548-551.

78. Potter AW, Friedl KE. Adiposity, not chronological aging, is 
the dominant determinant of circulating testosterone in 
U.S. adult men. (in review).

79. Mårin P, Lönn L, Andersson B, et al. Assimilation of triglycer
ides in subcutaneous and intraabdominal adipose tissues in 
vivo in men: effects of testosterone. J Clin Endocrinol Metab. 
1996;81(3):1018-1022.

e1960                                                                                                                                                      The Journal of Clinical Endocrinology & Metabolism, 2026, Volume 111, Issue 8

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/111/8/e1951/8663166 by guest on 20 July 2026


