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Abstract Lifestyles associated with diVerent types and
intensities of exercise result in improved health including
positive changes in chronic low-grade inXammatory bio-
markers. Alternatively, some forms of exercise adversely
aVect reproductive health of men, including changes in cir-
culating reproductive hormones. To explore the associa-
tions between exercise intensity and circulating levels of
reproductive hormones, and inXammatory analytes in seri-
ous leisure athletes (triathletes and cyclists) and recrea-
tional athletes. Male athletes 18–60 years old, 16 triathletes,
46 cyclists and 45 recreational athletes, were recruited to
provide plasma for the measurement of total testosterone,
estradiol, follicular stimulating hormone, luteinizing hormone
(LH), sex hormone-binding globulin (SHBG), cortisol,

interleukin-6 (IL-6), and interleukin-1� (IL-1�) levels, and
calculation of free androgen index (FAI) and the estradiol:
SHBG ratio (ESR). Plasma estradiol concentrations were
more than two times higher in cyclists than in triathletes
and recreational athletes (p < 0.01). Testosterone levels
were also higher in cyclists than recreational athletes
(p < 0.01), but not signiWcantly diVerent from triathletes.
SHBG levels were higher in triathletes and cyclists than in
recreational athletes (p < 0.01). LH levels were lower in
cyclists than in recreational athletes (p < 0.05). IL-6 and
IL-1� levels were each two times lower in triathletes than
in cyclists (p < 0.05) and IL-6 levels were lower in cyclists
than in recreational athletes (p < 0.01). IL-1� levels were
two times lower in triathletes than in cyclists (p < 0.05).
Circulating estradiol and testosterone levels were elevated
in serious leisure male cyclists. This eVect is discussed in
light in the absence of a substantial concomitant change in
gonadotropin levels and other variables.
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Introduction

A considerable literature documents the eVects of long-
term exercise on health (Jankord and Jemiolo 2004). Mod-
erate exercise is associated with enhanced cardiovascular
and metabolic function and reduced body fat (Jankord and
Jemiolo 2004). Lifestyles associated with high-intensity
and high-volume exercise result in positive changes in
chronic low-grade inXammatory markers (Lira et al. 2010).
Ultra-endurance levels of exercise can manifest beneWcial
physiological adaptations in the cardiovascular and hema-
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topoietic systems and body composition, but can also
adversely aVect the neuroendocrine system and reproduc-
tive health (Izquierdo et al. 2004; Maimoun et al. 2003).

Although most research studying the eVects of exercise
on reproductive health has focused on female athletes, a
growing number of recent studies have looked at male
endurance-trained athletes. For example, men exposed to
chronic ultra-endurance-training for competition by run-
ning or cycling 10–20 h a week have been shown to present
as hypogonadal with low basal-resting testosterone levels
(Hackney et al. 2005). Literature describing male endocrine
status across a range of exercise durations and intensities is
sparse, but would be important to better characterize the
point at which adverse eVects on the neuroendocrine sys-
tem and male reproductive health might occur.

In humans, studies show that strenuous exercise aVects
plasma cytokine levels for tumor necrosis factor (TNF)-
alpha, interleukin (IL)-1 beta, IL-10, and IL-8 in an inten-
sity and gender dependent manner (Dressendorfer et al.
2002; Edwards et al. 2006; Timmons et al. 2006a). The best
characterized cytokine related to exercise is interleukin-6
(IL-6). Physical activity is associated with circulating levels
of IL-6, but the relationship appears complex. Chronic
exercise is associated with reduced levels of IL-6 (Abram-
son and Vaccarino 2002), while acute exercise increases
circulating levels of IL-6 produced primarily by muscle tis-
sue and, to a much lesser extent, adipose tissue (Pedersen
and Febbraio 2005; Sacheck et al. 2006). Elevated plasma
levels of IL-6 are associated with body mass index (BMI),
percent body fat and increased morbidity (Di Carlo et al.
2004). Both gender (Timmons et al. 2006b) and exercise
intensity (Edwards et al. 2006) play roles in this associa-
tion. Both estrogens and androgens aVect the immune sys-
tem in relationship to exercise, with exercise representing a
physical stress challenging homeostasis (Chrousos 2010;
Mastorakos and Pavlatou 2005).

The hypothalamic–pituitary–adrenal (HPA) axis, the key
limb of the stress system, interacts with the reproductive
system at multiple levels, and has potent actions on the
immune and inXammatory reaction (Chrousos 2010). Corti-
cotropin-releasing hormone (CRH) is the stimulatory force
driving the HPA. Estrogen attenuates inWltration of inXam-
matory cells into skeletal muscle of rats after exercise or
injury and stimulates muscle repair and regeneration (Enns
and Tiidus 2010). In mammals estradiol augments the
stress response by directly stimulating CRH neurons within
the hypothalamic paraventricular nucleus (Chrousos 2010).
In contrast, androgens may have mild suppressive eVects on
the HPA axis and the immune actions (Chrousos 2010).
Cortisol demonstrates a complex relationship with exercise
and it is an important aspect of the body’s immune, inXam-
matory, and endocrine responses to exercise (Fragala et al.
2011).

To investigate the dynamics of indicators of male repro-
ductive and immune health across a range of exercise, we
studied three groups of healthy exercising men. Two groups
were serious leisure athletes engaging in diVerent types of
exercise (triathletes and cyclists) whose level of exercise
was intense, but less than that of ultra-endurance athletes.
The third group consisted of recreational male athletes
exercising regularly, but at a less vigorous level than the
serious leisure athletes. The goal of this study was to assess
the eVects of diVerent types and intensities of exercise in
non-ultra-endurance athletes on circulating levels of repro-
ductive hormones and inXammatory analytes. The speciWc
aims were to: (1) determine if there are diVerences in repro-
ductive hormone levels among serious leisure cyclists, seri-
ous leisure triathletes and recreational athletes, and (2)
describe circulating inXammatory analyte levels among
exercise groups.

Methods

Study population

Participants were 107 healthy men (age 18–60 years) who
were part of a larger study examining the eVect of exercise
frequency and intensity on plasma IL-6 and bone health
(FitzGerald and Carpenter 2007). They included serious lei-
sure cyclists (cycled >8 h/week, n = 46), serious leisure tri-
athletes (trained >5 h/week, n = 16) and recreational
athletes (exercised ·30 min moderate intensity most days;
n = 45). To be eligible for the study, participants had to be
non-smokers, free from co-morbid conditions that would
impact inXammatory markers and any known cardiovascu-
lar, respiratory, endocrine, metabolic disorders, or condi-
tions that might alter reproductive hormones. All
participants reported that they had not taken medications on
a regular basis or used steroid and/or hormone supplemen-
tation in the past six months. Participants gave written
informed consent prior to the investigation. The research
protocol was approved by the University of California, Los
Angeles, Institutional Review Board for use of Human sub-
jects according to the Helsinki declaration.

Procedure

Age, marital status, race/ethnicity and education level were
self-reported (Ware et al. 1996). Alcohol and caVeine
intake was ascertained during a medical history interview.
Participants were asked the brand name, frequency and
duration of use of chamois cream applied to their perineum
area; chamois cream is often used by athletes to help pre-
vent chaWng and bacterial infections related to saddle sores
during cycling.
123



Eur J Appl Physiol (2012) 112:3765–3773 3767
Body composition

Height and body weight were measured to the nearest
0.25 cm and nearest 0.1 kg, respectively, using a Xoor
model physician’s scale/stadiometer. Body mass index
(BMI) was calculated (kg/m2). Blood pressure (BP) was
measured after the patient was seated for 10 min using a
9000BPM Vital Signs Monitor ADC Adview Modular
Diagnostic Station Base Unit (9000BPM) automatic, non-
invasive BP monitor. The arm being used was relaxed,
uncovered, and supported at the level of the heart (Pickering
et al. 2005). Body composition was measured by dual
energy X-ray absorptiometry (GE Lunar DXA/GE Lunar
Body Composition Software) and bioelectrical impedance
(Bioimpedance Analyzer BIA model 450, Biodynamics
Corporation, Seattle WA, USA).

Physical activity assessment

Participants completed the International Physical
Assessment Questionnaire (IPAQ) short form to obtain
an objective estimate of time spent in diVerent dimen-
sions of physical activity and inactivity during the previ-
ous 7 days (http://www.ipaq.ki.se). The form was
administered using an interview probe-type format
(Zanovec et al. 2009). IPAQ estimates the time spent per
week on physical activities of moderate and strong
intensity, in diVerent contexts of the daily life: work,
transportation, housework, yard work, and leisure. It
also estimates time spent in passive activities performed
in the seated position. It consists of seven open questions
and its information allows for an estimation of the time
spent per week in diVerent types and intensities of phys-
ical activity and inactivity. IPAQ has good measurement
properties for monitoring population levels of physical
activity among 18–65-year-old adults in diverse settings
(Craig et al. 2003).

Physical activity was measured in metabolic equiva-
lents (MET), the energy expended during rest. One MET
equals 3.5 ml O2/kg/min in adults. Each subject’s total
physical activity level was calculated and recorded in
units of MET-minutes per week (MET-min/week) accord-
ing to the IPAQ scoring protocol (http://www.ipaq.ki.se)
based on each study subject’s response. MET-min/wk was
computed as: MET level £ minutes of activity/day £ day/
week. These values were converted to MET-hours per
week by dividing MET min/week by 60 min/h. Participants
were categorized into “low,” “moderate,” or “vigorous”
activity levels based on the standard IPAQ scoring cutoVs
and guidelines (Craig et al. 2003). Normative data sug-
gests that MET min/week of 3.3, 4.0 and 8.0 correspond
to walking activities, moderate-intensity, and vigorous-
intensity.

Biochemical analysis

Participants were fasting (except for water) for 8 h and free
of vigorous exercise for a minimum of 24 h prior to sam-
pling. They sat quietly for 10 min prior to blood draw. Sin-
gle 20 ml blood samples were collected between 10 am and
2 pm. Blood samples to measure total testosterone, estra-
diol, follicle stimulating hormone (FSH), luteinizing hormone
(LH), sex hormone binding globulin (SHBG), cortisol, IL-6,
and IL-1� were collected in tubes containing ethylenedi-
aminetetraacetic acid. Within 1 h of collection, blood samples
were centrifuged at 4°C at 3,000g for 20 min, and the
plasma was harvested, and stored in polypropylene tubes at
¡80°C until analyses.

Hormone assays

Frozen plasma samples were allowed to thaw at room tem-
perature. Total testosterone, estradiol, FSH, LH and SHBG
were determined using chemiluminescent immunometric
assays performed by an Immulite 1000® automatic analyzer
(Vankrieken 2000). Hormone controls and standards (Sie-
mens Medical Solutions Diagnostics, USA) and plasma
pools generated in our laboratory were analyzed for quality
control. The intra-assay coeYcients of variation were 6.8–
13.0% for total testosterone, 6.3–15% for estradiol, 2.3–
3.7% for FSH, 4.8–6.5% for LH, and 4.1–7.7% for SHBG.
The inter-assay coeYcients of variation were 7.7–16.4%
for total testosterone, 6.4–16% for estradiol, 5.4–6.7% for
FSH, 7.2–26% for LH, and 5.8–13% for SHBG. Duplicate
samples with >10% coeYcient of variation were re-ana-
lyzed. The sensitivity of the assays reported by the manu-
facturer were 0.52 nmol/L for testosterone, 55 pmol/L for
estradiol, 0.1 mIU/mL for FSH, 0.1 mIU/L for LH, and
0.2 nmol/L for SHBG. The estradiol/SHBG ratio (ESR)
was calculated as estradiol levels (pmol/L) divided by
SHBG levels (nmol/L) (Knochenhauer et al. 1998). Free
androgen index (FAI) was calculated as 100£ total testos-
terone levels (nmol/L) divided by SHBG levels (nmol/L)
(Vankrieken 2000). The derived values were calculated to
evaluate diVerential binding of estradiol and testosterone to
SHBG, respectively. Serum cortisol was analyzed by
immunometric assay (Nichols Advantage, San Juan Cap-
istrano, CA, USA) using an established procedure. Validity
was determined using inter- and intra-assay with three
known control concentrations. The inter-assay coeYcients
of variation were 5–9% for cortisol. The sensitivity of the
assay reported by the manufacturer was 0.5 ug/dL.

InXammatory analytes

Levels of IL-6 and IL-1� were determined using high-sensi-
tivity enzyme-linked immunosorbent assays (Quantikine HS;
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R & D Systems, Minneapolis, MN) with mean minimum
detectable dose ranges of 0.011–0.016 pg/ml for IL-6 and
0.023–0.14 pg/ml for IL-1�. IL-1� levels were not measured
in recreational athletes. Intra- and interassay coeYcients of
variations for these assays were less than 10%.

Statistical analysis

All data are expressed as means § SD for continuous vari-
ables and as percentages for categorical/binary variables.
Exercise groups were compared with regard to blood pres-
sure, demographic, and lifestyle factors using ANOVA
for normally distributed continuous variables. If the dis-
tribution was non-normal, variables were log transformed
to approximate a normal distribution. Chi-square was
used to test for group diVerences in categorical variables.
ANCOVA was used to assess hormone levels and circulat-
ing levels of IL-6 among serious leisure cyclists, serious
leisure triathletes and recreational athletes with covariates.
Student t test was used to compare IL-1� between serious
leisure cyclists and triathletes. Correlation analysis was
used to assess relationships between hormones and inXam-
matory markers.

To assess potential confounding, the following covariates
were considered in the modeling of hormone level and exer-
cise group: age, BMI, percent body fat, blood pressure, alco-
hol intake, paraben use, caVeine were modeled as continuous
variables; education and race were modeled as categorical
variables, four categories each. Total alcohol intake was cal-
culated in grams by adding the intake from each alcoholic-
beverage unit: 13.2 g for beer; 10.8 g for wine; and 15.1 g for
liquor. CaVeine intake was calculated in mg/day on the basis
of weekly consumption of coVee, tea, cola, caVeinated
energy drinks, and chocolate (Hernandez-Avila et al. 1991)
and reported as the equivalent of 8 oz unit/day and converted
to mg/day. Use of paraben-containing creams was calculated
as a binary yes/no variable and as years of use. Pearson cor-
relation coeYcients were computed for continuous variables.
For all test statistics, signiWcance was deWned as p · 0.05.

Results

Participant characteristics

The study participants were 107 healthy men, 18–60 years
of age, including serious leisure athletes (16 triathletes, 46
cyclists) and 45 recreational athletes. IPAQ ratings of activ-
ity were signiWcantly diVerent between the three groups
(p < 0.01). All cyclists and triathletes rated their activity as
“high”, while 91% of the recreational athletes rated their
activity as “low” or “moderate” (Table 1). DiVerences
among the groups were seen in socio-demographic vari-

ables and body composition (Table 1). Cyclists were older
than triathletes and recreational athletes (p < 0.01), and
consumed more caVeine than recreational athletes (p < 0.05).
Recreational athletes were more racially diverse (p < 0.01)
and less educated (p < 0.05) than the intensely exercising
groups. Triathletes were leaner than recreational athletes
based on BMI (p < 0.01) and percent body fat (p < 0.05).
Recreational athletes had more lean body mass than either
cyclists or triathletes (p < 0.01). Intensely exercising ath-
letes had higher systolic and diastolic blood pressure
(p < 0.01) compared to recreational athletes. Two triath-
letes (12.5%) and 11 cyclists (23.9%) reported periodic use
of anti-inXammatory medication; these rates were not
diVerent from each other, but were greater than for recrea-
tional athletes who reported no use of anti-inXammatory
medications within the past 6 months (p < 0.01). Paraben-
containing chamois cream was used by more cyclists than
triathletes (p = 0.02) and not by any recreational athletes.
Alcohol use was similar among the three groups.

Reproductive hormones

Plasma estradiol concentrations were more than two times
higher (p < 0.01) in cyclists than in triathlete and recrea-
tional athletes (Table 2). Total testosterone levels were
about 50% higher in cyclists than in recreational athletes
(p < 0.01); triathlete levels were intermediate and not sig-
niWcantly diVerent from either group. LH levels were lower
in cyclists than in recreational athletes (p < 0.05), while
SHBG was signiWcantly higher in both groups of serious
leisure athletes (p < 0.01) compared to recreational athletes.
There were no signiWcant diVerences among groups for
FSH levels, the estradiol:SHBG ratio, the free androgen
index and cortisol (Table 2).

InXammatory markers: IL-6 and IL-1�

Plasma IL-6 levels were four times lower in triathletes and
two times lower in cyclists than in recreational athletes
(p < 0.01), even after controlling for percent body fat
(p < 0.01), and lower in triathletes than in cyclists
(p < 0.01) (Table 2). IL-1� levels were two times lower in
triathletes than in cyclists (p < 0.05). Plasma IL-1� was not
measured in recreational athletes. No signiWcant correla-
tions existed between the endocrine measurements and the
inXammatory markers (data not shown).

Discussion

The diVerences found in IPAQ activity ratings among the
three groups were expected. However, an unexpected
Wnding was the markedly elevated estradiol levels in the
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serious leisure cyclists, to our knowledge, the Wrst demon-
stration of elevated estradiol levels in any type of male ath-
lete. The mean estradiol level in cyclists (mean age

40 years) exceeded that typically reported for this aged
population of healthy men (50–200 pmol/L) and was two
times higher than the triathletes and recreational athletes

Table 1 Demographics, physi-
ological parameters and physical 
activity

Cyclists 
(n = 46)

Triathletes 
(n = 16)

Recreational athletes 
(n = 45)

p value

Mean (SD)

Age (years) 40.7 (11.9)A 31.6 (10.8)B 32.6 (10.1)B <0.01

BMI (kg/m2) 24.6 (2.6) 23.2 (1.6)A 26.1 (4.8)B <0.01

Body fat (%) 17.8 (7.4) 14.1 (4.9)A 19.3 (7.2)B <0.05

Lean body mass (km) 60.40 (5.63)A 59.75 (5.65)A 64.46 (9.19)B <0.01

Systolic BP (mmHg) 125.5 (9.5)A 128.8 (7.4)A 118.5 (13.5)B <0.01

Diastolic BP (mmHg) 77.1 (6.4)A 77.1 (5.3)A 68.8 (9.1)B <0.01

Alcohol (g/week) 32.4 (39.7) 33.2 (31.4) 27.1 (54.9) NS

CaVeine (mg/day) 317.3 (276)A 227.8 (238) 182.8 (221)B <0.05

N (%)

Paraben chamois 22 (47.8) 1 (6.5) 0 (0) <0.05

Cream use

Race/ethnicity <0.01

Black 2 (4.3) 0 (0) 12 (26.7)

White 33 (71.7) 10 (62.5) 19 (42.2)

Asian PaciWc Islander 7 (15.2) 4 (25) 5 (11.1)

Hispanic 4 (8.7) 1 (6.3) 9 (20.0)

Unknown 0 (0) 1 (6.3) 0 (0)

Highest education <0.05

High school 0 (0) 0 (0) 8 (17.8)

Any college 8 (17.4) 5 (31.3) 11 (24.4)

College graduate 21 (45.7) 5 (31.3) 18 (40.0)

Any post-graduate 17 (37.0) 6 (37.5) 8 (17.8)

IPAQ activity grouping <0.01

Low 0 (0) 0 (0) 17 (37.8)

Moderate 0 (0) 0 (0) 24 (53.3)

High 46 (100) 16 (100) 4 (8.9)

Superscript letters denote sig-
niWcant group diVerences using, 
Bonferroni’s Post Hoc 
comparisons, p < 0.05

Table 2 Plasma endocrine and inXammatory analyte measurements of male serious leisure and recreational athletes

ANOVA was used to compare the three athlete groups, with superscript letters denoting signiWcant group diVerences by Bonferroni’s Post hoc
comparisons, p < 0.05. For Interleukin-1�, Student t test was used to compare triathlete and cyclist groups

Variable Cyclists Triathletes Recreational athletes p value

n Mean § SD n Mean § SD n Mean § SD

Estradiol (pmol/L) 44 253.9 (175.9) A 16 89.4 (29.3)B 43 109 (49.7)B <0.01

Testosterone (nmol/L) 43 33.0 (12.0)A 16 28.7 (8.5) 38 22.3 (9.6)B <0.01

SHBG (nmol/L) 45 32.6 (12.1)A 16 32.2 (11.3)A 43 22.9 (12.1)B <0.01

LH (mIU/mL) 45 2.3 (1.3)A 16 2.9 (1.3) 40 4.0 (1.9)B <0.05

FSH (mIU/mL) 45 3.4 (1.9) 16 2.9 (1.3) 41 3.8 (1.3) NS

Estradiol SHBG ratio 44 8.2 (6.8) 16 3.3 (2.1) 43 8.3 (14.9) NS

Free androgen index 46 94.1 (73) 16 161 (439) 43 218 (485) NS

Interleukin-6 (pg/ml) 45 0.64 (0.46)A 16 0.31 (0.24)B 36 1.2 (1.1)C <0.01

Interleukin-1� (pg/ml) 45 0.38 (0.4) 16 0.16 (0.13) 0 – <0.05

Cortisol (�g/dL) 45 309 (127) 16 292 (97) 42 376 (179) NS
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(Khosla et al. 2002). Testosterone level was also elevated
in cyclists compared to recreational athletes, but not statis-
tically higher than in triathletes and fell within the range
expected (»10–33 nmol/L) (Bjerner et al. 2009) for healthy
men of the age in this study. The testosterone levels in our
recreational athletes were consistent with a report of no
eVect on plasma testosterone in sedentary young men fol-
lowing a 12 week moderate-intensity and low frequency
training (Hiruntrakul et al. 2010). While SHBG levels were
higher in the endurance athletes than in the recreational ath-
letes, the diVerence was modest and the values were similar
for triathletes and cyclists, even as sex hormone levels were
higher in the cyclists. Furthermore, the estradiol:SHBG and
free androgen index did not diVer signiWcantly among any
of the groups.

It seems unlikely that demographic or age diVerences
among the study groups would account for the elevated sex
hormones in the cyclists. Estradiol and testosterone gener-
ally decline with age in males. Yet cyclists, who had the
highest average age in our study, had the highest levels of
estradiol and testosterone. Further, diVerences between the
groups in estradiol, total testosterone, and LH remained
after controlling for age. The recreational athletes consisted
of a larger proportion of black and Hispanic men and a
smaller proportion of white men than in either of the
intense exercise groups. While racial diVerences for circu-
lating levels of estradiol and testosterone have been
reported in men, it does not appear that the directions of
those diVerences could account for the endocrine eVects
seen in the current study (Darbre et al. 2004; Dolomie-
Fagour et al. 2008; Rohrmann et al. 2007; Stephen et al.
2001).

Lower IL-6 levels in both amateur endurance groups
than in recreational athletes are consistent with previous
Wndings of intense physical activity (Sousa e Silva et al.
2010). That IL-6 levels were signiWcantly diVerent between
the two serious endurance groups conforms to the notion
that both intensity and duration of exercise may aVect
changes in a range of inXammatory markers (Pedersen and
HoVman-Goetz 2000).

Neuroendocrine response to exercise stress involves
activation of nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-�B), a transcriptional regulatory pro-
tein, leading to an increased transcription of proinXammatory
genes responsible for the expression of proinXammatory
cytokines including tumor necrosis factor-alpha (TNF-�),
IL-1� and IL-6, activating cortisol, and in turn inhibiting
NF-�B activation through INF-�B, to eventually shut down
this cycle (Mastorakos et al. 2005). Moderate exercise has
been associated with lower baseline cortisol levels whereas
mild hypercortisolism has been observed in highly trained
athletes suggesting an adaptive change to chronic exercise
(Wittert et al. 2012).

Circulating estrogens in the male are derived from testic-
ular secretions and peripheral conversion of androgens,
mainly in fat tissue (Vanderschueren et al. 2004). InXam-
matory cytokines, including IL-6, enhance conversion of
androgens to estrogens by stimulating aromatase activity
and conversion of estrone to estradiol by stimulating reduc-
tive 17�-hydroxyseriod dehydrogenase activity (Park et al.
2005). So, while up-regulation of these enzyme pathways
by increased inXammatory cytokine production could par-
tially explain why cyclists have higher estradiol levels than
triathletes, it does not explain why their levels are higher
than the recreational athletes with the highest IL-6 levels
across the exercising groups.

Research suggests that NF-�B may be the mediator of
the repression of cytokine expression by testosterone (Li
and Verma 2002). Others have shown that androgen recep-
tor activation suppresses NF-�B activity (Libby 2002).
Animal studies report short-term exposure to estradiol in
vitro decreased the production of proinXammatory cyto-
kines in lipopolysaccharide (LPS)-activated macrophages
(Ghisletti et al. 2005). In contrast, others reported that long-
term exposure to estradiol in vivo enhanced proinXamma-
tory cytokine production from LPS-activated macrophages
(Calippe et al. 2008; Soucy et al. 2005). It is possible that
up-regulation of these pathways in relation to long-term
exposure to elevated estradiol could partially explain why
cyclists have higher IL-1� levels than triathletes; however
no causal inference can be made.

Lifestyle, environmental exposure and altered set point 
of hypothalamus-pituitary gonadal (HPG) axis

It is puzzling that estradiol and testosterone levels were ele-
vated in cyclists without a reduction in FSH levels relative
to the other groups, and without a signiWcant change in LH
or SHBG relative to triathletes, and only a modest reduc-
tion of LH and increase of SHBG compared to the recrea-
tional athletes. To explore this Wnding, we assessed lifestyle
and environmental exposures, and altered set point of HPG
centers as possible explanations that might interfere with
the HPG axis. Some cyclists apply chamois cream to their
perineum area to help prevent chaWng and bacterial infec-
tions related to bicycle saddle sores. The various commer-
cial creams contain a variety of ingredients including
lubricants, polymers, oils (jojoba, lanolin, mineral, olive,
peppermint, rosewood, soybean, tea tree, St John’s wort),
vitamins (A, C, D, E), and alcohols. Additionally, some of
these creams contain parabens which are anti-microbial
preservatives, but also weak estrogen agonists (Frederiksen
et al. 2011). In vitro studies demonstrate that parabens bind
to estrogen receptors and initiate estrogenic cellular path-
ways (Darbre et al. 2004). Among the amateur endurance
study athletes, of all participants responding to a follow up
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questionnaire, 48.5% of cyclists compared to 10% of triath-
letes reported using paraben-containing chamois cream
(p = 0.03; Table 1). Among the cyclists, there was a signiW-
cant dose-dependent increase in estradiol levels with
increasing years of chamois cream use for men using the
cream for more than 4 years (p = 0.03) with notable eVect
size (partial �2 = 0.12).

While it might be tempting to suggest that elevated ste-
roid hormone levels are due to use of performance-enhanc-
ing drugs, self-medicating with estrogens are not the sex
hormones of choice for this purpose (Brown et al. 2000).
Although not on the World Anti-Doping Agency’s list of
banned substances, caVeine is the most commonly used
drug by athletes, consumed for its ergogenic beneWts and
potential to enhance performance through endurance in
cycling and running (Ballard et al. 2010). Surveys reveal
that 24–56% of adolescent and middle aged persons use
energy drinks, most of which contain caVeine, to enhance
athletic performance and weight loss (Ballard et al. 2010).
Chronic cola intake has been shown to increase estradiol
and testosterone levels in animal studies (Celec and Behu-
liak 2010). CaVeine increases testosterone levels in animals
and humans in response to acute exercise (Kraemer et al.
1990, 2006). Habitually low to moderate caVeine consump-
tion is described as 300 mg per day and high dose is
reported as 500 mg per day (Heckman et al. 2011). In the
present study, 23.9% of cyclists reported habitually con-
suming 540–1080 mg caVeine per day which was signiW-
cantly higher than the 4.8% of recreational athletes who
reported habitually consuming 540–1080 mg of caVeine per
day, (p < 0.05) (Table 1). SigniWcant correlations between
caVeine dose and speciWc hormone levels were not detected
in this small data set, but suggest an area for further study.

Finally, we considered the possibility that the set point
for HPG centers may have been altered by this serious exer-
cise. The shift in basal body temperature at ovulation is a
clear example of the endocrine milieu altering hypotha-
lamic set points. There are examples of exercise also aVect-
ing hypothalamic set points, in some cases, with apparent
involvement with the endocrine axis. In the human, the
hypothalamus controls sympathetic nervous system-medi-
ated thermogenesis with the supra-chiasmatic nucleus
(SCN) driving homeothermic temperature re-setting and
compensation (Buhr et al. 2010). Trained athletes have
lower pituitary sensitivity to glucocorticoids than untrained
athletes (Wright et al. 2010), have lower basal core body
temperatures, and are more tolerant of high temperatures at
exhaustion (McLellan 2001). These traits in amateur endur-
ance trained athletes could represent compensable
responses by the hypothalamus to chronic exercise-induced
heat stress. Premarin and follicular phase of the estrous
cycle can protect rats and mice from heat stress (Chen et al.
2006; Lin et al. 2010; Shen et al. 2008; Uchida et al. 2010;

Wright et al. 2010). Additionally, women athletes are more
resistant to heat stress during the follicular phase compared
to the luteal phase of the menstrual cycle (Cheung et al.
2000). Perhaps, the elevated plasma estradiol levels in the
amateur endurance cyclists in the present study reXect a
compensatory shift in set point for the HPG axis. Lack of
this shift in triathletes may reXect time spent swimming in
water (cooling) compared to cyclists who remain in a ther-
mal state compounded by restrictive cycling clothing worn
for long periods of time.

Our results of elevated serum testosterone and estradiol
levels in cyclists may seem at odds with those who have
shown that ultra-endurance athletes are hypogonadal with
low circulating levels of testosterone (Hackney et al. 2005;
Hackney 2008). However, the training intensity of the men in
our study was less than that for the ultra-endurance athletes
in those referenced above, yet more intense than for the rec-
reational athletes in our study. We are unable to explain these
Wndings other than to suppose that the mechanism(s) for
these endocrine eVects might follow a nonlinear dose–
response; where high levels of exercise intensity stimulate
sex hormone secretion, but then at extremely high ‘doses,’
the same or diVerent mechanism(s) inhibit secretion of these
hormones, perhaps by throttling down the hypothalamic
drive. Clearly, more research is needed to conWrm and clarify
these relationships.

Another unexpected Wnding in the present study was that
systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were higher in the cyclists and triathletes than the
recreational athletes. SBP signiWcantly correlated with
daily caVeine consumption in cyclists (r = 0.24, p = 0.05),
but not in triathletes or recreational athletes. Large epidemi-
ological studies have demonstrated that regular training
decreases the BP in normotensive persons and prevents the
development of hypertensive disease (Varga-Pinter et al.
2011). A study examining the inXuence of sport on BP in
young men and women reported lower BP readings in
dynamic activities (endurance sports, ball games, speed)
compared to ball games, however, they do not report ele-
vated BP readings at rest in cyclists (Varga-Pinter et al.
2011).

Strengths of the present study include use of validated
measures of physical activity assessment using calculated
metabolic equivalents and the use of both medical exam
format and self-report to gather information on lifestyle
exposure such as caVeine intake and use of chamois
creams. In addition, looking at IL-6 in relation to reproduc-
tive hormone outcomes in serious leisure male athletes and
exercise intensity adds to the literature. A limitation of the
research could be the single endocrine measurements.
However, single measurements of testosterone provide a
good estimate of long-term levels (Vermeulen et al. 1999).
A potential problem with a retrospective study design is
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that participants have subjected themselves to the rigors of
training for years and we are observing the end result. This
can potentially add to observed variance in the hormonal
responses of these subjects as a result of variations in inter-
individual response to exercise training. Further research
using a longitudinal study design could address issues of
relationships and change over time. The current Wndings are
focused on diVerences between exercise groups with rela-
tively simple comparative statistics. Further analyses with
these data could address more complex issues relating to
multivariate diVerences between groups, the identiWcation
of constellations of factors that distinguish these exercise
groups, and interrelationships among predictors.

Conclusion

Plasma estradiol and testosterone levels were signiWcantly
elevated in serious leisure male cyclists, a Wnding not previ-
ously reported for male athletes. These eVects were accom-
panied by little or no compensatory shift in circulating
gonadotropin levels. Although preliminary, these Wndings
warrant further investigation and replication, but suggest
that despite well-known positive eVects associated with
exercise, speciWc types of exercise may be associated with
altered sex hormone levels in men that could aVect general
health and reproductive wellbeing.
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