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Prospective Evaluation of Risk Factors for
Exercise-induced Hypogonadism in Male Runners

SHAYNE T. SKARDA, MD and MARK R. BURGE, MD, Albuquerque, New Mexico

Exercise-induced hypogonadotropic hypogonadism is well recognized among female endurance ath-
letes but is less commonly observed in male endurance athletes. We have reported a well-characterized
case of severe acquired hypogonadotropic hypogonadism in a male distance runner with osteopenia,
stress fracture, and sexual dysfunction. Using this case as an index, we hypothesized that the presence
of 1 or more specific risk factors would prospectively identify male endurance athletes with exercise-in-
duced hypogonadotropic hypogonadism. These include a history of stress fracture, sexual dysfunction,
or the initiation of endurance exercise before age 18 years. We studied 28 male endurance runners
younger than 50 years who ran more than 40 miles per week. Of these runners, 15 had 1 or more of
the above risk factors (group 1), and the remaining 13 had none of the putative risk factors (group 2).
A group of 10 sedentary control subjects was also studied (group 3). There was no difference between
groups 1 and 2 in weekly training mileage. Group 1 was younger than group 2 (32±10 years versus
39±6 years, P<.05) and had a lower body mass index (22.4±1.9 kg per m2 versus 23.9±2.2 kg per m2,
P<.05). By bioelectric impedance, preliminary data showed that group 1 had a reduced body fat con-
tent (group 1, 14.5%±2.8%; group 2, 16.9%±2.0%; and group 3, 17.5%±4.1%; P<.05). Fasting morn-
ing concentrations of free testosterone (group 1, 45.3 ± 26.4 pmol/l; group 2, 88.8 ± 24.3 pmol/l; and
group 3, 69.1 ±21.5 pmol/l) and luteinizing hormone (group 1, 1.7±0.7 IU per liter; group 2, 2.0±1.1 IU
per liter; and group 3, 1.9±0.6 IU per liter) did not differ among the groups (P>.05). One subject with
primary hypogonadism was identified in group 1. The presence of the aforementioned risk factors does
not predict the occurrence of exercise-induced hypogonadotropic hypogonadism among male en-
durance runners in this pilot study. A larger sample size or more discriminating risk factors (or both)
may be necessary to identify this uncommon but potentially debilitating condition.
(Skarda ST, Burge MR. Prospective evaluation of risk factors for exercise-induced hypogonadism in male runners. West J
Med 1998; 169:9-12)

Exercise-induced amenorrhea is a well-characterized
clinical disorder among female athletes.1'2 This con-

dition is typified by acquired hypogonadotropic hypog-
onadism and has been associated with osteopenia and
fractures."5 Studies of sex hormone regulation in male
athletes are less numerous, although evidence suggests
that male endurance athletes have decreased levels of
testosterone compared with sedentary controls.'ll
Although clinically important hypogonadism has been
reported rarely among male endurance athletes, most
reported cases show normal or slightly decreased con-

centrations of serum luteinizing hormone (LH) in con-

junction with low-normal concentrations of testos-
terone.6'11'2 There have been few reports of clinically

important hypogonadism in men due to exercise.6''3-15 In

addition, consideration must be given to the possibility
of anabolic steroid abuse in all male athletes presenting
with hypogonadotropic hypogonadism.16

Our group recently published a well-documented
case of exercise-associated hypogonadotropic hypogo-
nadism in a 29-year-old male marathon runner who pre-
sented with stress fractures of the hip and pelvis, severe

osteopenia, and hypogonadotropic hypogonadism. 13
Treatment with clomiphene citrate returned sex hor-
mone levels to the normal range, and the hypogonadal
symptoms resolved. Using this observation as an index
case for the current study, we hypothesized that exer-

cise-induced hypogonadism in male endurance athletes
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ABBREVIATIONS USED IN TEXT
FT = free testosterone
LH = luteinizing hormone

may be identified by the presence of one or more spe-
cific risk factors. Specifically, we proposed that male
runners with exercise-induced hypogonadism could be
prospectively identified by the presence of the following
characteristics seen in the index case:

* Intense exercise initiated before the attainment of
sexual maturity,

* A history of stress fracture, and either or both
* Sexual dysfunction and
* Decreased libido.

Subjects and Methods

Subjects
Healthy male subjects were recruited by distributing a
questionnaire at the 1995 Duke City Marathon, Albu-
querque, New Mexico and to a local runners' club and
through advertisements in the University Daily Lobo,
the University of New Mexico, Albuquerque, campus
newspaper. Inclusion criteria for runners stipulated that
participants run at least 40 miles per week and be
younger than 50 years. Of 85 questionnaires returned, 28
runners and 10 sedentary men met inclusion criteria and
agreed to participate in the study. The study was
approved by the University of New Mexico Human
Research Review Committee, and informed consent was
obtained from all study participants.

Questionnaire

Subjects completed a one-page questionnaire that quan-
titated the form, volume, and intensity of exercise. The
presence or absence of the following "risk factors" was
also ascertained: the initiation of endurance exercise
before age 18 years (a surrogate for the attainment of
sexual maturity); a previous history of stress fracture;
and difficulty attaining erections, diminished sex drive
since the initiation of exercise, or both. Fifteen runners
in the study reported the presence of at least one of the
putative risk factors and were included in group 1. Thir-
teen runners denied the presence of risk factors and were
assigned to group 2. All study subjects denied past or
present anabolic steroid abuse.

Ten sedentary control subjects were also studied.
Sedentary levels of activity were determined on the
basis of self-report using the Physical Activity Assess-
ment Questionnaire.'7 Subjects with activity ratings of B
or C (encompassing no regular physical activity or
recreational physical activity only) were designated to
be sedentary, and these subjects made up group 3.

Study Protocol

All participants reported to the University of New Mexi-
co General Clinical Research Center in the morning fol-

lowing an overnight fast and abstinence from exercise for
at least 24 hours for the determination of serum levels of
LH, free testosterone (FT), and body composition.

Hormone Analysis
Luteinizing hormone levels were determined using the
Coat-A-Count immunoradiometric assay kit (Diagnostic
Products Corp, Los Angeles, California), which has a
reference range of 1.4 to 11.1 IU per liter, an intra-assay
coefficient of variation of 1.6%, and an interassay coef-
ficient of variation of 7.1%. The sensitivity of the LH
assay was approximately 0.15 IU per liter. Free testos-
terone levels were measured using the Coat-A-Count
radioimmunoassay kit (Diagnostic Products Corp),
which has a reference range of 62.5 pmol/l to
142.3pmol/l, an intra-assay coefficient of variation of
4.3%, an interassay coefficient of variation of 5.5%, and
a sensitivity of 0.45 pmol/l.

Body Composition Analysis
Height and weight of subjects were obtained on the day
a blood specimen was drawn. Body composition was
determined with bioelectric impedance analysis (RJL
Systems, Clinton Township, Michigan).'8

Sample Size

An estimate of the power necessary to demonstrate a dif-
ference between groups 1 and 2 in the prevalence of
exercise-induced hypogonadism was obtained using the
equation for computing sample sizes for comparing two
proportions.'9 Assuming a prevalence of exercise-
induced hypogonadism of 30% in group 1 and 2% in
group 2, 13 subjects were required in each group to
demonstrate a significant difference between the groups
with a 90% power and an a of .05.

Statistical Analysis
The two-tailed unpaired Student's t test was used to
compare continuous variables, such as hormone concen-
trations. Proportional data, such as the presence or
absence of hypogonadotropic hypogonadism, were com-
pared using Fisher's exact test. Data are reported as the
mean ± standard deviation, and figures depict the mean
± standard error.

Results

Subject Characteristics
Demographic and physical characteristics of the study
subjects are summarized in Table 1. The subjects in
group 1 were younger than those in group 2 and had a
reduced body mass index compared with those in group
2. In addition, subjects in group 1 had a lower body fat
content than those in groups 2 and 3.

Hormone Concentrations
One subject in group 1 exhibited sex hormone concen-
trations consistent with primary gonadal failure (LH,
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15.9 IU per liter; and FT, 62.1 pmol/l [17.9 pg per ml])
and was excluded from analysis. As shown in Figure 1-
A, LH values did not differ significantly among groups

1, 2, and 3. Similarly, there was no statistically signifi-
cant difference in FT concentrations among the three
groups (Figure 1-B).

To further assess the utility of our selected risk fac-
tors for predicting hypogonadotropic hypogonadism, we
analyzed sex hormone concentrations of the affected
runners (group 1) according to the risk factors they pos-
sessed: sexual dysfunction only, pubertal initiation of
endurance exercise only, or having more than one risk
factor. As shown in Figure 2-A and -B, there were no

statistically significant differences in LH and FT con-
centrations among these three risk factor categories.

Discussion
It has been established that athletic amenorrhea is attrib-
utable to hypothalamic-pituitary dysfunction. 1,3,4,20
Given the central cause of this disorder, it is rational to
expect that a similar disorder occurs in overzealous male
athletes. The clinical manifestation of exercise-induced
hypogonadism, however, is more readily apparent in
women because of the intricate hormonal milieu neces-

sary for normal cyclic menstruation. Men, on the other
hand, may tolerate minor disturbances in sex hormone
regulation without clinically apparent effects. Accord-
ingly, numerous studies demonstrate that endurance
exercise causes slight reductions in testosterone concen-

trations in men, but reports of clinically important
hypogonadism attributable to exercise are uncom-

mon.610'21 Given, however, that this disorder may be
associated with sexual dysfunction,14'16'21 semen abnor-
malities,6'8'14 muscle injury,'4 or osteopenia16'22'23 (or any
combination of all of these), identifying and preventing
debilitating exercise-induced hypogonadism is desir-
able. Moreover, the prospective identification of a

cohort of affected male athletes would allow the perfor-
mance of controlled studies to clarify the natural history
of the condition and to evaluate possible treatment
options. Because exercise-induced hypogonadotropic
hypogonadism appears to be rare in men, it is impracti-
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Figure 1.-Serum luteinizing hormone (LH) (A) and free testos-
terone (FT) (B) concentrations are shown for male endurance
athletes with (group 1: LH, 2.8±4.0 lU/liter, and FT, 26.2±7.7
pg/mi) and without (group 2: LH, 2.0±1.1 lU/liter, and FT,
25.6±7.0 pg/mI) prospectively identified risk factors for exercise-
induced hypogonadotropic hypogonadism, as well as sedentary
control subjects (group 3: LH, 1.9±0.6 lU/liter, and FT,
19.9±16.2 pg/ml).

cal to screen all male endurance athletes for this condi-
tion. Therefore, investigative attempts to identify sensi-
tive indicators of the disease are appropriate.

Previous studies of sex hormone regulation in male
athletes have not attempted to identify specific patient
attributes that might predict the presence of acquired
hypogonadotropic hypogonadism. This study evaluated
the utility of specific, prospectively determined risk fac-
tors in identifying a subset of male endurance athletes
who may be at high risk for the development of exercise-
induced hypogonadism. No difference in sex hormone
concentrations was observed among runners possessing at
least one of the proposed risk factors and those who
denied having them. This may reflect that the presence of
risk factors alone is insufficient to identify cases of
hypogonadotropic hypogonadism or that our assumptions
of disease prevalence are incorrect, and a larger study
population is necessary to demonstrate a difference.
A limitation of this study is the single-point measure-

ment of hormone levels. Other studies have detected
abnormal LH pulse frequency and amplitude in both
men and women with normal mean LH, FT, and estradi-
ol levels.20'24 In addition, our exclusion of the person
with evidence of primary gonadal failure by an elevated
LH level may be inappropriate. Although exercise-

TABLE .-Demographic and Baseline Characteristics of Study
Participants'

Body Mass
Participanlts Age, yr WVeekly Mileage Indexs, kg/rn Body Fat, .°f

Group 1
(n=14) ...32±10t 66.9±29.5 22.4+1.9t 14.4 3.1 t
Group 2
(n=l 3) .... 39+6 52.7 ± 21.7 23.9 ± 2.2 16.8 ± 2.0
Group 3
(n=10) ... .39 ± 10 NA 23.2 4.8 17.5 ± 4.1

NA= no, availaDie

'Oata are reported as the mean ± standard deviation.
TP<OS versus grouP 2.
P<.05 versus group 3.
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Figure 2.-Serum luteinizing hormone (LH)

terone (FT) (B) concentrations are shown according

tor among male endurance athletes having .1

tors for exercise-induced hypogonadotropic

(group 1). The shaded bars denote sexual

1.9±0.7 lU/liter, and FT, 31.1±2.6 pg/mI), cross-hatched

bars denote the start of endurance exercise before

(LH, 1.8±0.2 lU/liter, and FT, 25.7±9.0 pg/mI),

denote the presence of >1 risk factor, as described

(LH, 1.6±0.9 lU/liter, and FT, 23.3±8.4 pg/mI).

induced hypogonadotropic hypogonadism appears

a centrally mediated condition, there are rare

elevated LH levels associated with decreased

terone levels in male athletes.24'25 The mechanism

occurrence remains unclear, however.

The differences in LH and FT levels in the

group of runners reporting only sexual dysfunction

pared with other risk factors approach statistical

cance (Figure 2). This implies that sexual

may be a less sensitive predictor of low testosterone

els in male runners than the other risk factors.

difference was not shown may represent

that could possibly be remedied with a larger

Further study of the pathogenesis and prevalence

exercise-induced hypogonadotropic hypogonadism

among male endurance athletes is clearly

Research designed to sensitively identify

letes is a logical approach that may eventually

our understanding of the condition. Considerations

future study design include a larger study population,

increased training mileage requirement, and the

exclusion of sexual dysfunction alone as a risk

Finally, the utility of semen quality should be

ed as an additional factor for the possible identification

of men debilitated by endurance exercise.
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