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Objective: To provide background information on methodo-
logic factors that influence and add variance to endocrine
outcome measurements. Our intent is to aid and improve the
quality of exercise science and sports medicine research
endeavors of investigators inexperienced in endocrinology.

Background: Numerous methodologic factors influence hu-
man endocrine (hormonal) measurements and, consequently,
can dramatically compromise the accuracy and validity of
exercise and sports medicine research. These factors can be
categorized into those that are biologic and those that are
procedural-analytic in nature.

Recommendations: Researchers should design their stud-
ies to monitor, control, and adjust for the biologic and
procedural-analytic factors discussed within this paper. By
doing so, they will find less variance in their hormonal outcomes
and thereby will increase the validity of their physiologic data.
These actions can assist the researcher in the interpretation and
understanding of endocrine data and, in turn, make their
research more scientifically sound.

Key Words: hormones, biomedical sciences, sport research
design, study design

D
uring the last 25 years, an increasing number of
exercise science and sports medicine researchers
have begun to incorporate endocrinologic mea-

surements (eg, hormones, cytokines) into their designs.1,2

This approach has allowed for a heightened level of
research examining the physiologic mechanisms associated
with certain clinical and performance-related conditions
found in athletes.

Unfortunately, some exercise science investigators have
not always controlled certain factors (eg, time of day for
blood sampling) that can influence many of the hormones
within the human endocrine system. This lack of experi-
mental control has often resulted in the emerging research
being inconsistent, contradictory, and difficult to interpret.
The inadequate accounting for experimental controls may
be due to limited knowledge by exercise science and sports
medicine researchers in the area of endocrine methodology.
It is regrettable that this educational shortcoming occurs,
but in reality, few laboratories throughout the world
actively pursue exercise endocrinology as one of their
primary areas of study or research foci.

The factors that influence hormonal measurements and
contribute to variance in outcomes can be categorized as
coming from 2 potential sources: factors affecting biologic
variation (ie, affiliated with the physiologic function or
status of the participant) and factors affecting procedural-
analytic variation (ie, determined by the investigators
conducting the research).1 Regardless of whether the
source of variance is participant or investigator derived,
if it is not controlled or accounted for appropriately, then
hormonal measures can certainly be compromised. Such
compromises can call into question the validity and
scientific quality of a research study.

We developed this paper in order to serve as a primer for
exercise science and sports medicine researchers on the
methodologic factors involved in endocrine measurements,
so that they can improve the quality of their research

endeavors. This paper is by no means a complete and
exhaustive treatise on this topic, and readers desiring more
encompassing discussions are directed to more involved
texts.1,3

The field of endocrinology uses abbreviations for many
hormones. These abbreviations can sometimes be confus-
ing to novices in the field. To aid unfamiliar researchers,
the Table lists the most common hormones associated with
the area of exercise science and sports medicine and their
typical abbreviations.4

BIOLOGIC FACTORS

As noted in the opening text, factors that can influence
hormonal measurements can be categorized into 2 broad
areas: biologic and procedural-analytic. The biologic
factors are those that are determined to be connected in
some way to the physiologic function or status of the
participant at the time of specimen collection. These factors
can be viewed as endogenous in nature.

Sex. Until the onset of puberty, males and females
exhibit little difference in their resting hormonal profiles.
Once puberty is reached, however, males demonstrate
increased androgen steroid hormone production and
females show the characteristic menstrual cycle pulsatile
release of gonadotrophin and sex steroid hormones.5–7

Additionally, at puberty, resting levels of leptin (an
adipocyte cytokine, a low molecular-weight protein that
has endocrinelike actions on select physiologic processes
[eg, immune system]8) tend to become elevated in females
as compared with those in males.9 The differences that
manifest at puberty tend to persist through adulthood until
women become postmenopausal.8,9

Some sex-specific differences in the hormonal responses
to exercise also exist. These include an earlier and greater
rise in testosterone in males and a greater pre-exercise
growth hormone response in females. Additionally, the
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magnitude of the sex steroid hormonal response to exercise
in females is influenced by the status and phase of the
menstrual cycle.10,11 Interestingly, the menstrual cycle
hormones can influence other hormones and their response
to exercise (eg, increased estradiol-b-17 leads to increased
growth hormone levels).10–12 The menstrual cycle is
discussed further in a later section of this paper. It is also
important to recognize that some hormones show little or
no differences between the sexes in response to exercise (eg,
water-balance hormones such as aldosterone and vaso-
pressin).5,10,11

For the above reasons, researchers should be cautious
when testing mixed-sex participant populations in their
studies, depending upon desired outcomes. To avoid
confounding results, the investigator needs to be certain
that the hormonal outcomes being measured are not
influenced by sex.

Age. In hormonal research, participants not matched for
age and maturation level may demonstrate increased
outcome variance. Prepubertal and postpubertal children
of the same sex do not typically display the exact same
hormonal responses or relationships.13,14 This is illustrated
by the well-documented increase in insulin resistance
observed as an adolescent goes through puberty.15

Such concerns also should be extended to the other end
of the age spectrum. A postmenopausal woman or
andropausal man could have drastically different hormon-
al responses than her or his prepausal counterparts. For
example, growth hormone and testosterone typically
decrease with age, whereas cortisol and insulin resistance
increase.16–18

These types of age-related differences can exist at rest, in
response to exercise, and even after an exercise training
program. For this reason, in designing studies (and unless
the researcher is studying age-related changes among
populations3), it may be important to match participants
by chronologic age or maturation level (or both) in order
to increase the homogeneity of the responses and decrease
interindividual variability.

Race. Many humoral constituents are known to vary
among people of different races.1,3 Only a few hormonal
differences, however, have been identified to exist. For
example, resting parathyroid hormone levels tend to be
higher in blacks than whites.19 White females tend to have
higher levels of estrogens than Asian females.1,20 Repro-
ductive hormone levels during gestational periods also may
vary across races (whites, blacks, Hispanics, Asians, and
Indians).20–23 Greater resting insulin levels and insulin
resistance have been noted in certain Native American
tribes (eg, Prima Indians); however, these differences may
be related more to obesity issues than to race.24

Hormonal responses to exercise and exercise training
related to race have not been well studied, and the limited
data available do not suggest drastically different response
outcomes. However, further research in this area is
necessary.1,23,24

Body Composition. Varying levels of adiposity can
greatly influence the cytokines released by adipose tis-
sue.3,8,9 These cytokine substances in turn have autocrine-
like, parcrinelike, and endocrinelike actions in the body
and influence metabolic, reproductive, and inflammatory
status.2,3,8,9 In addition, several cytokines have been linked
directly to increased hormonal levels (eg, increased
interleukin 6 is associated with increased cortisol).8 This
situation is compounded as adiposity reaches the level of
obesity and subsequently affects many hormones, poten-
tially to a far greater extent (eg, insulin and leptin levels
tend to be elevated at rest in many obese people).25–29

If a person’s level of adiposity increases (toward obesity),
the hormonal response to exercise and exercise training can
change drastically from that of a normal-weight person.
For example, in obese people, the catecholamine and
growth hormone response to exercise is reduced.29 Cortisol
responses to exercise have been elevated in some over-
weight-obese individuals, although reductions also have
been reported.28,29 Exercise training often results in a loss
of body mass, which helps to bring the responses of these
hormones more in line with that observed in normal-weight
people.29–33

To ensure that participants’ various levels of body
composition will not confound some hormonal outcomes,
investigators need to match their volunteers for adiposity
as closely as possible rather than simply matching body
weights. Exactly how close a match is needed is not known,
but grouping normal-weight, overweight (body mass index
$ 25.0 # 30.0 kg?m22), and obese (body mass index
.30.0 kg?m22) individuals in the same participant pool
can certainly complicate and add variance to some
hormonal outcomes.1,29

Mental Health. Certain mental health conditions are
associated with high anxiety levels (eg, posttraumatic stress
disorder), which can lead to enhanced sympathetic nervous
system and hypothalamic-pituitary-adrenal axis activity.34–36

Subsequently, resting levels of circulating catecholamines,

Table. Hormone Abbreviations Commonly Used in Exercise Sci-
ence and Sport Medicine Endocrinologic Research4

Name Abbreviation

Adrenocorticotropic hormone ACTH

Aldosterone ALD

Antidiuretic hormone ADH

Atrial natriuretic peptide ANP

Arginine vasopressin AVP

b-endorphin b-END

Catecholamines Cats

Corticotropin-releasing hormone CRH

Cortisol CORT

Epinephrine EPI

Estradiol-b-17 E2

Follicle-stimulating hormone FSH

Glucagon GLU

Gonadotrophin-releasing hormone GnRH

Growth hormone GH

Growth hormone-releasing hormone GHRH

Insulin IN

Insulinlike growth factor 1 IGF1

Leptin LP

Luteinizing hormone LH

Norepinephrine NOR

Progesterone P

Prolactin PRL

Reverse triiodothyronine rT3

Testosterone TEST

Thyrotropin-releasing hormone TRH

Thyroid-stimulating hormone TSH

Thyroxine T4

Triiodothyronine T3
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adrenocorticotropic hormone, b-endorphin, and cortisol also
may be elevated in these conditions. In contrast, persons who
are depressed may have low arousal levels and suppressed
levels of the aforementioned hormones. Furthermore,
depression is sometimes accompanied by low activity levels
in the hypothalamic-pituitary-thyroid axis (ie, low levels of
thyrotropin-releasing hormone, thyroid-stimulating hor-
mone, thyroxine, and triiodothyronine).34–36

These alterations in resting hormonal levels can, in turn,
result in altered hormonal responses to exercise and
exercise training in individuals who have high levels of
anxiety or frustration.37–39 Responses may be heightened in
some cases and diminished in others.37–39

Asking a participant to complete a mental health
screening questionnaire can serve as an excellent tool to
determine if a potential emotional or psychological
problem exists that could confound hormonal measures.
A variety of such screening tools are available, and the
reader is directed to several references for discussions of the
topic.40,41 However, any such screening should be per-
formed by a trained, qualified individual.

Menstrual Cycle. The menstrual status (eumenorrheic
versus amenorrheic) and cycle phase (follicular, ovulation, or
luteal) in females can produce basal changes in key
reproductive hormones such as estradiol-b-17, progesterone,
luteinizing hormone, and follicle-stimulating hormone.
These changes can be large and dramatic within select
individuals. For example, the ovulatory and luteal phases
result in increases in all of the aforementioned hormones
above levels seen in the follicular phase (eg, 2-fold to 10-fold
greater in eumenorrheic females).42 Furthermore, as noted
earlier, certain reproductive hormones can, in turn, influence
other nonreproductive hormones at rest.11,43,44

Menstrual status and cycle-phase hormonal influences
can affect exercise and exercise training responses, too.

Therefore, researchers may need to conduct exercise testing
with females of similar menstrual status or in similar
phases of their cycle (or both). This precaution also is
applicable to females who are using oral contraceptives,
which can mimic some hormonal fluctuations similar to
cycle-phase changes.44,45

Circadian Rhythms. Many hormonal levels fluctuate and
display circadian variations. In some cases, these variances
are due to pulse generator aspects (ie, the spontaneous
release of select hypothalamic hormone-releasing factors
[hormones]46) within the endocrine regulatory axis. In
other cases, variances are related to humoral stimuli
changes brought on by participant behavior or environ-
mental factors.47,48 Circadian hormones can display
dramatic changes in levels due to their rhythm patterns,
cortisol being a prime example. Morning cortisol levels are
typically twice those found later in the day.49–51 The
magnitude of this effect is illustrated in the Figure, which
has been redrawn from the results of Hackney and Viru.49

When conducting exercise research, these fluctuations
and circadian variations need to be addressed. The
magnitude of exercise responses may not be similar at
different times of the day, even if the exercise intensity and
duration are held constant.1,49 Investigators should plan
accordingly to carefully control and replicate the time of
day in which research testing is conducted and the
hormonal specimen collected.52,53

PROCEDURAL-ANALYTIC FACTORS

The second category of factors influencing hormonal
measurements is made up of those factors that are
procedural or analytic in nature. That is, these factors are
determined, selected, or in some way controlled (poten-
tially) by the investigators conducting or the participant

Figure. The mean 24-hour cortisol responses of endurance-trained men (n = 17) on 3 separate days: a control baseline day with no
exercise, a high-intensity exercise day (1 hour in the morning and 45 minutes in the afternoon of interval training at 100% to 110% maximal
oxygen uptake [repeated bouts of 2 minutes of exercise and 2 minutes of recovery in each session]), and a moderate-intensity exercise day
(1 hour in the morning and 45 minutes in the afternoon of continuous aerobic training at 60% to 65% of maximal oxygen uptake). The figure
has been redrawn with permission.49
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involved in the research.1 These factors can be viewed as
exogenous in nature.

Environment. When conducting investigations, it is
important to remember that excessive exposure to hot or
cold ambient temperatures can stimulate various endocrine
gland hormones: for example, those involved in water
balance (aldosterone) or energy substrate mobilization
(cortisol).37,54,55 Even elevated ambient relative humidity
(water vapor) can induce this effect, primarily due to
compromised heat dissipation through evaporation adding
to the body core temperature.55 These effects can be further
augmented if hypoxemia is induced, as with exposure to
high altitudes.56–58

Many of the exercise and exercise training hormonal
responses are affected tremendously by environmental
factors. In particular, catecholamines, growth hormone,
aldosterone, antidiuretic hormone (vasopressin), adreno-
corticotropic hormone, and cortisol are susceptible to
environmental conditions and show exacerbated responses
in various conditions.1,37,54,55 To minimize these influences,
it is critical to conduct exercise testing in controlled,
standardized conditions, such as in a laboratory. However,
if conducting field research (where standardization can be
impossible), then it is important to measure and record
environmental factors and convey them in any report of the
data.

Nutrition. The prior nutritional status and practices of a
research participant, including diet composition, caloric
intake, and timing of meals, can greatly influence the
hormones associated with energy substrate mobilization
and use (eg, insulin, glucagon, epinephrine, growth
hormone, insulinlike growth factor, cortisol).1,59,60 The
exact nature of the effect (augmentation or attenuation)
depends on the interaction of these nutritional factors and
how severe the alterations are from the participant’s
normal nutritional regimes.1,29,34

The hormones listed above are critical during exercise to
ensure that energy metabolism meets the demands of
exercise. Thus, a participant’s altered dietary practices and
nutritional status can change energy substrate (glycogen)
storage and availability.60–62 This, in turn, can cause the
hormonal response to exercise to vary to some degree. For
example, Galbo et al59 demonstrated that the glucagon,
epinephrine, growth hormone, and cortisol responses to
exercise were greater after 4 days of a low-carbohydrate,
high-fat diet.

Typically, in clinical settings, participants should fast
prior to (eg, for 8 hours before) blood hormonal evalua-
tions. It is not always practical, however, for athletes to
comply with such requests due to their high demand for
caloric intake to maintain energy balance, anabolism, and
muscle glycogen reserves. Therefore, a modified approach
may be necessary for this special population. All the same,
for a repeated-measures research design, exercise and
sports medicine investigators should try to control and
standardize the dietary practices of their participants as
much as possible to mitigate the effects of different diets
among and within volunteers.34,59

The eating disorder anorexia nervosa is a special concern
relative to nutrition status due to its profound effect on the
endocrine system.1,45,63 Anorexics tend to have lower levels
of resting luteinizing hormone, follicle-stimulating hor-
mone, and estradiol-b-17.63 Anorexia also affects the

pituitary-thyroid gland axis. Specifically, the condition is
associated with suppression of triiodothyronine, somewhat
decreased thyroxine, elevation of reserve triiodothyronine,
and occasionally decreases in thyroid-stimulating hor-
mone.63 Such a thyroidal state is referred to as the
euthyroid sick syndrome hormonal profile and can accom-
pany severe body-weight loss.3,45,63 The adrenocortical axis
also is affected, with higher levels of cortisol due to
increased liberation of corticotrophin-releasing hormone.63

Growth hormone is increased, although insulinlike growth
factor 1 (IGF-1) levels (which facilitate the physiologic
actions of growth hormone) are suppressed in anorexia.63

Due to the psychological aspects of anorexia nervosa,64,65

this condition could be discussed organizationally with
mental health issues. However, this condition is also
biologic in nature and, consequently, has powerful effects
on a multitude of endocrine measurements.

Stress and Sleep. Emotional stress and sleep deprivation
are both known to affect certain hormones within the
endocrine system. For example, emotionally distraught
individuals typically have elevated basal catecholamine,
growth hormone, cortisol, and prolactin levels.1,66–68 Those
hormones with highly circadian patterns (eg, luteinizing
hormone, follicle-stimulating hormone, adrenocorticotro-
pic hormone, cortisol) can demonstrate shifts in their
characteristic patterns when sleep cycles are disrupt-
ed.36,39,66–70

Factors such as stress and sleep deprivation also can
influence the hormonal response to exercise and exercise
training. Investigators must attempt to control these
factors whenever possible. In fact, it is advisable to have
a pre-exercise questionnaire completed by a participant to
monitor and evaluate the level of these factors, and if a
predetermined status is not attained, then hormonal
measures and exercise testing should be rescheduled.

As a footnote to this issue, many investigators in the
exercise and sports medicine area rely on college students
as research volunteers. Such students can have high levels
of emotional stress due to the demands of their education
(eg, examination periods, projects being due, oral reports).
Care should be taken to not study student participants in
times of high emotional stress, because a multitude of
hormones can display atypical values and responses.36

Physical Activity. Time between exercise sessions can
affect the hormonal profiles of individuals.71,72 If inade-
quate amounts of time have elapsed (limited recovery),
some hormonal responses at rest or in the subsequent
exercise testing can be attenuated and others augmented.
Furthermore, the magnitude of this effect can be influenced
by the exertion required of the prior exercise (eg, high-
intensity intervals require longer recovery).

Ideally, the researcher may require a 24-hour recovery
period before a participant reports to the laboratory for
testing. However, athletes may find it difficult to reduce
their training or miss a workout session for experimental
purposes. A modified approach may be necessary, such as
limiting recovery to 8 or 12 hours, somewhat preventing
stress and anxiety (which, as noted earlier, can themselves
affect the endocrine system) as a result of missing less
training time.1,72–74

A powerful influence on resting and exercise hormo-
nal response of a participant is the exercise training
status: trained versus sedentary. Better-trained participants
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typically display greater effects on the neuroendocrine
system response. Many hormones usually show attenuated
resting and submaximal exercise responses in trained
individuals, although some can actually be augmented
(eg, testosterone in resistance-trained individuals) in
response to submaximal and maximal exercise.2,75–79 An
extensive dialogue on the influence of exercise training on
hormonal profiles at rest and in response to exercise is
beyond the scope of this paper, but the reader is directed to
additional references for more in-depth discussions.2,3

Participant Posture. As a person changes position,
changes occur in the plasma volume component of the
blood. Standing upright results in reduced plasma volume
compared with the recumbent position.80 These shifts in
plasma fluid are in response to gravitational effects as well
as alterations in capillary filtration and osmotic pres-
sures.80 Large molecular-size hormones and those bound to
high-weight carrier proteins could be trapped in the
vascular spaces; thus, a loss of plasma fluid increases the
concentration of these hormones (hemoconcentration).
Conversely, increasing plasma fluid decreases the concen-
tration of these hormones (hemodilution).37,81 These
adjustments in fluid volume to move in or out of the
vascular space due to posture shifts typically require 10 to
30 minutes.80,81

When blood is drawn to assess hormone levels in exercise
research, the participant’s position during specimen collec-
tion should be controlled and should be reported in
publications. This type of information is most certainly
necessary if a postural change lasts 10 minutes or longer.51,81

Specimen Collection. Proper precautions must be taken
in the collection and storage of blood specimens to ensure
their viability for hormonal analysis. In clinical and
exercise-related blood work, venous blood is the specimen
typically used. If the specimen is being obtained by
venipuncture, the tourniquet should remain on the
volunteer’s arm for 1 minute or less. Greater lengths of
time can result in fluid movement from the vascular bed
due to hydrostatic pressures.81 Once collected, the blood
sample should be centrifuged at 46C to separate the plasma
(if the collection tube contains anticoagulant) or allowed to
clot (if the collection tube is sterile) and then centrifuged
for serum. If centrifugation cannot be done immediately,
then the blood sample should be placed on ice, but
centrifuging without delay is recommended. Once separat-
ed, the plasma or serum should be stored at a temperature
of 2206C to 2806C until later analysis. The plasma or
serum should be stored in airtight, cryofreeze tubes with
screw caps, which allow for a longer storage period. It is
also advisable to split specimens into several aliquots if
multiple hormonal analyses are to be conducted. Once a
sample is thawed, it has a relatively short shelf life in a
refrigerator, and repeated unthawing and refreezing cycles
can degrade certain hormonal constituents.82–84 Care
should be taken to ensure that the assay procedures
employed are specific for plasma or serum, because in some
cases these procedures are not interchangeable (eg,
adrenocorticotropic hormone is measured in plasma).
Furthermore, examining the literature may be necessary
to determine if one form of blood component is more
popular or prevalently used in research.

In blood specimens, either plasma or serum is used for
biochemical analysis, but some hormonal measures also

can be assessed in urine and salivary samples. In general,
plasma and serum provide very similar values in hormonal
analysis and seldom is one considered better than the other
in blood analysis.83 Be aware, however, that specific assay
procedures do, in some situations, have a preferred bodily
fluid for analysis. Thus, the researcher must know which
substance each hormonal assay requires as the analyte and
plan accordingly. This type of information is provided by
the manufacturer of the analytical supplies and compo-
nents used in the assay procedures.

Urine and saliva are attractive specimens to collect
because they are noninvasive in nature. They do, however,
have certain drawbacks. Urine analysis tends to be limited
primarily to steroid-based hormones, and 24-hour urine
samples must be collected, a tedious and demanding
process for the participant. Urine measurements may not
always reflect real-time hormonal status either, because
urine can sit in the bladder for hours before being voided.
Saliva allows for easier sampling and can reflect hormonal
status in a more real-time fashion. However, saliva
primarily allows only for steroid hormonal assessments
(ie, constituents that can cross from the blood into the
salivary gland).85 Furthermore, saliva is limited to free
hormonal concentrations, because the protein-bound
constituents typically cannot pass through the salivary
gland. Research suggests that the blood and saliva levels
can mirror each other in their changes but not perfectly, so
associations (r values) of 0.7 to 0.8 are typically
found.1,82,85 Investigators must determine if these limita-
tions preclude the use of these biologic fluids in their
studies.82,85,86

Analytical Assays. A variety of biochemical analytical
methods (assays) exist for measuring hormones in biologic
specimens. Chromatographic, receptor, and immunologic
assays are all available. Perhaps the most prevalent
contemporary technique in use is immunologic assays, which
have variations such as chemoluminescence immunoassay
(CLIA), radioimmunoassays (RIA), enzyme immunoassays
(EIA), enzyme-linked immunoassays (ELISA), and electro-
chemoluminescence immunoassays (ECLIA).87–89 Each
technique has its strengths and weaknesses, and the
discussion of each is beyond the scope of this paper, but
the reader is directed to additional references for more
background and explanation.90–92

Exercise and sports medicine researchers need to know
the particular aspects of the hormonal assay techniques
they plan to use in their studies. Specifically, they should be
aware of the precision of the assay (How accurate is it?),
sensitivity of the assay (How small a change can it detect?),
and the specificity of the assay (How much cross-reactivity
is there with similar-looking chemical structures in the
specimen?). Ideally, the researcher wants the most precise,
highly sensitive, and specific assay obtainable, but cost
considerations can affect decision making in these matters.
It is advisable for the researcher to report precision,
sensitivity, and cross-reactivity values in publications to
allow readers to determine the quality of the analytical
techniques and procedures of the assays used. Additionally,
it is desirable to report the coefficient of variation (CV)
within and between assays for each hormone measured.
These data allow the reader to determine how well the
analytical technical procedures were carried out.92,93 One
step to mitigate the potential between-assays CV is to
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collect and analyze biologic samples in batches of
specimens and not as isolated specimens on a day-by-day
basis. However, caution is necessary here, because batches
that are too large can influence the outcome by creating
‘‘end-of-run effects’’ within the assay. That is, running a
large number of samples in a single batch may compromise
the precision of the technician performing the assay (ie,
procedural fatigue) or the kinetics of the specific assay may
be influenced by the length of time it takes to pipette the
various components in assay (ie, in adding the chemical
reagents to the first sample tubes versus the last tubes, too
much time has transpired, resulting in different lengths of
time for chemical reactions to take place within the
specimen tubes).92,93

Data Transformations. Before conducting statistical
analysis of the collected hormonal data, it may be
necessary to transform the data. Two of the most common
transformations typically seen in the literature are (1)
expressing the data as a percentage change from some
precondition basal value and (2) conducting a logarithmic
conversion of the data. The first is typically done to
account for relative changes in hormonal concentrations
when absolute magnitude of change may be misleading.
For example, a cortisol change from 10.0 to 12.0 mg/dL is
much different from a 2.0 to 4.0 mg/dL (20% versus 100%)
change, even though the absolute magnitude is identical. A
100% increase in the hormonal concentration may have
many more profound physiologic effects than the smaller
percentage. In the second case, logarithmic transformation
is normally performed due to a large degree of variance in
the participant data, resulting in a nonnormal distribution.
This can be due to sample size issues, variance in the
analytical technique, or the physiologic nature of the
hormone being studied. Regardless of the transformation
used, it is vital that the researcher report in the publication
if and how the data were manipulated before conducting
the statistical analysis and the rationale for performing the
transformation.87,94

A third data transformation that is used less frequently is
the area under-the-curve (AUC) procedure. This is carried
out when serial specimen samples from a participant are
tested (repeated-measures design). These serial values are
plotted, and then the area under the plotted responses is
integrated, thus collapsing several data values into one
response and potentially eliminating some of the variability
associated with many hormonal measurements.95 Some
investigators favor this approach, feeling that the overall
response of the hormone and gland in question can be
better quantified. Yet the procedure can be influenced by
the number of serial samples collected and the circadian
rhythm of the hormone. That is, highly variable (pulsatile)
hormones require more frequent specimen sampling, and
misleading results can occur if the sampling is too
infrequent.96

Data Analysis. Of course, the statistical procedures
applied to any research study are dictated by the design
of that study. Most research in the exercise and sports
medicine area tends to employ parametric analysis (eg, t
test, analysis of variance, Pearson correlation). These
analytical procedures work well with endocrine data,
provided the underlying assumptions for their use are not
violated.97 Furthermore, many North American journals
prefer this form of analysis due to the robust nature of the

technique and the reduced likelihood of making a type I
error (indicating that findings are significant when they are,
in fact, not significant). Nevertheless, nonparametric
analysis (eg, Wilcoxon, Mann-Whitney U, Friedman tests)
can be equally applicable for endocrine use when study
designs are not excessively complex and sample sizes are
relatively small.97 As above, it is vital that the researcher
report for publication what the specific statistical analy-
ses being used were and what the rationale was for their
use.96–99

Once assays are performed and statistical results
obtained, the researcher needs to try and understand the
data in order to interpret the magnitude of treatment
outcomes and other effects. In this interpretative process,
many researchers focus intently on obtaining statistical
significance. Although such significance is important, a
key question that has to be addressed in the data is the
issue of statistical significance versus practical (clinical)
significance within the hormonal findings. To address
that question, the researcher must take into account the
smallest clinically important positive and negative re-
sponse values or levels of the effect being researched: that
is, the smallest change values or levels that matter.
Studies can be statistically significant and yet largely
insignificant clinically. It is important to note that large
sample sizes can produce a statistically significant result,
even though limited or no practical importance is
associated with the finding.100

Effect sizes (ESs) are an increasingly important index
used to quantify the degree of practical significance of
study results.101 Once computed, the ES statistic can be a
useful indicator of the practical or clinical importance of
research results, because it can be operationally defined; it
is possible to give the observed ES a rating such as
negligible-trivial, moderate, or important-very large.102

From such ratings, the researcher can discern the form
and quantity of significance obtained in the study.
Furthermore, the ES statistic has 2 advantages over
traditional statistical significance testing: (1) it is indepen-
dent of the size of the sample, and (2) it is a scale-free
index. Therefore, ES can be interpreted uniformly in
different studies regardless of the sample size and the
original scales of the variables being examined.101

SUMMARY AND CONCLUSIONS

Over the last 25 years, exercise science and sports
medicine researchers have steadily increased the number of
studies being published that examined hormones and the
endocrine system. Regrettably, not all investigators work-
ing in this area of research are entirely aware of the factors
that must be accounted for and controlled in order to
ensure that data are valid and accurate. In this paper, we
have reviewed some of the key biologic and procedural-
analytic factors that can confound endocrine data and add
variance to hormonal outcome measurements. If research-
ers inexperienced with endocrinology design their studies to
monitor, control, and adjust for the factors mentioned
here, they will find more consistency in their endocrine data
and, thus, enhance the legitimacy of their research. Such
actions can greatly aid investigators in interpreting and
understanding endocrine data and, in turn, make their
research more scientifically sound.
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