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ABSTRACT

ATLAOUI, D., M. DUCLOS, C. GOUARNE, L. LACOSTE, F. BARALE, and J-C. CHATARD. The 24-h Urinary Cortisol/Cortisone
Ratio for Monitoring Training in Elite Swimmers. Med. Sci. Sports Exerc., Vol. 36, No. 2, pp. 218-224, 2004. Purpose: The effect
of training variations on 24-h urinary cortisol/cortisone (C/Cn) ratio was investigated in highly trained swimmers to determine whether
it could be a good marker of training stress and performance. M ethods: Fourteen swimmers (five female and nine male) were tested
after 4 wk of intense training (IT), 3 wk of reduced training (RT), and 5 wk of moderate training (MT). At the end of each period, the
swimmers performed in their best event at an official competition. Individual performances were expressed as a percentage of the
previous season’s best performance. The fatigue state was evaluated with a questionnaire. Results: The C/Cn ratio was statistically
different for the three periods (IT: 1.10 = 0.7, RT: 0.64 = 0.3, and MT: 0.57 = 0.2). The differences in the C/Cn ratio between two
consecutive performances were related to the differences in performance (r = —0.52, P < 0.01), and the C/Cn ratio was significantly
related to the total training (r = 0.32, P < 0.05) and total score of fatigue (TSF) (r = 0.35, P < 0.03) over the follow-up period. Cn
levels were related to the dryland training (r = —0.46; P < 0.01) and TSF (r = —0.40; P < 0.02). During IT, variations in the C/Cn
ratio were related to the changes in the mean intensity (r = —0.67; P < 0.02) and to TSF (r = 0.69; P < 0.01). Conclusion: The 24-h
C/Cn ratio was moderately related to both training and performance whereas Cn levels were only related to training. The C/Cn ratio
could be a useful indicator for monitoring the overreaching state in elite swimmers. Key Words: HORMONE, OVERREACHING,

OVERTRAINING, SWIMMING, PERFORMANCE

ing a high intensity to improve their performance
uring competitions. To avoid the development of
overtraining syndrome, they ensure a balance between in-
tense training sessions and recovery time. As reviewed by
Kuipers and Keizer (17), Urhausen et a. (28), and Fry and
Kraemer (12), various hormonal parameters such as cortisol
(C) have been suggested as indicators to monitor this bal-
ance and detect signs of maladaptations to training, leading
to decrements in performance and accumulation of fatigue.
However, data dealing with C responses to performance are
conflicting. Significantly elevated resting plasma C levels
have been detected in overtrained runners with impaired
performance (2), whereas declines (18) or increases (16) in
plasma C have been reported in athletes with stable perfor-
mances. No differences in resting plasma C were observed
between overreached swimmers exhibiting no performance
gains and well-trained swimmers (15,20).

E:te swimmers undergo significant amounts of train-
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Possible reasons for discrepancies between plasma and/or
saliva C levels and performance or overreaching are prob-
ably due to the fact that plasma or saliva cortisol concen-
trations are not the unique determinants of the effect of
cortisol on target tissues. Until a decade ago, it was thought
that the main determinants of corticosteroid action were the
levels of hormones in the blood, their binding with plasma
proteins (corticosteroid binding globulin: CBG), and the
varying densities of receptors in target tissues. However, it
has how become apparent that an additional and important
level of control is exerted by the prereceptor metabolism of
cortisol by tissue-specific enzymes, in particular 113-hy-
droxysteroid dehydrogenase (118-HSD) (24). Two isoen-
zymes of 11 B-HSD interconvert hormonally active cortisol
and inactive cortisone within target cells. They have been
shown to modulate the action of the hormone at an autocrine
level in several periphera tissues (24). Therefore, the cru-
cia physiological principleillustrated by the action of 113-
HSD is that cortisol action on target cells is determined by
enzyme action within the cells rather than circulating cor-
tisol levels alone (24). Such modulation of glucocorticoid
action by local metabolism has not been explored until now
in healthy trained individuals. Daily sessions of prolonged
and/or intense exercise, such as in swim training, induce
prolonged phases of endogenous hypercortisolism (8). Un-
derstanding the function of 11B8-HSD may provide new
insights into the adaptation of the hypothalamo-pituitary-
adrenal (HPA) axis to endurance training. Therefore, quan-
titative assessment of enzyme activity may lead to the def-



inition of new tools to monitor the delicate balance between
exercise and recovery.

It has been shown that the 24 h urinary cortisol/cortisone
(C/Cn) ratio is a good index for the measurement of renal
11B-HSD activity (3). Thus, this investigation was under-
taken to examine whether the 24-h urinary C/Cn ratio could
be a good marker for training stress and performance vari-
ations in highly trained swimmers.

MATERIALS AND METHODS

Subjects. The subjects of this study were 14 French
swimmers competing nationally and internationaly, five
female (21 = 2 yr, 173 = 5cm, 60 = 5 kg) and nine male
(23 = 4yr, 186 = 7 cm, 80 = 7 kg). All were members of
the same team and had a background in competitive swim-
ming that averaged 15 = 3 yr. They were either 50-, 100-,
200-, 400-, or 1500-m specialistsin different strokes. All the
swimmers trained 6 d-wk %, usually twice per day, with a
rest on Sunday. They also practiced regular dryland training,
1 h-d™*. Approval for the project was obtained from the
Loca Committee on Human Research. After being in-
formed of the nature of the study, swimmers gave their
written consent to participate in this study.

Testing procedures. Subjects were tested on three pe-
riods over 12 wk, between March 2001 and June 2001 thefirst
period was a 4-wk intense training period (IT). The swimmers
were tested at the end of the IT, week 31, week 1 being the
beginning of the training season. The basa values (PrelT
values) have been monitored at the end of the week 27. Indeed,
Prel T training volume was 32.0 + 16.1 kmwk ~* versus 48.3
+ 125 kmwk ~* during IT, mean intensity was 2.10 = 0.3
arbitrary unitswk * versus 2.14 + 0.2 arbitrary unitswk %,
and dryland trainingwas 9.0 + 7.6 km-wk * versus 13.2 + 7.6
km-wk . During I T, the training volume increased by 72.2 +
83.3%, meanintensity by 4.9 = 15.5%, and dryland training by
59.9 = 90.9%. The second period was a 3-wk reduced training
period (RT), also caled the taper period, just before the na-
tional championships, ending at week 34. The training volume
was progressively decreased by 55.6 = 22.1% (34.7 = 7.2
km-wk 1), mean intensity by 11.7 + 6.9% (1.9 + 0.1 arbitrary
unitswk %), and dryland training by 69.2 + 19.9% (4.1 = 2.5
kmwk ™ 1). The third period was a 5-wk moderate training
period (MT) gtarting after the taper period and ending at week
39. From the RT to MT periods, training volume and dryland
training decreased by 38.1 + 34.2% (22.3 + 17.6 kmwk %)
and 26.9 + 40.6% (3.1 + 2.9 km-wk %), respectively, whereas
mesan intensity increased by 1.6 = 6.1% (1.9 = 0.2 arbitrary
unitswk ~1). At the end of each period, swimmers performed a
competition (Fig. 1) and answered an eight-item questionnaire
on fatigue (1) the day of the competition (Table 1).

Fatigue questionnaire. The eight questions focused
on the perception of training, sleep, leg pain, infection,
concentration, efficacy, anxiety, irritability, and general
stress and were assessed on a 7-point scale from very very
good (1 point) to very very bad (7 points). The responses to
the questions were collated to obtain the total score of
fatigue (TSF). All the questions played an important part in
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FIGURE 1—Study design: training load and timing of performance
assessment, TSF measures, and urinary sampling.

the TSF. The TSF was weighted and cal culated according to
the relative importance of each question in the score (1). The
lower the score the better the perception of well-being, the
higher the score the higher the perception of fatigue. Intra-
subject variability of the TSF, assessed in 20 swimmers
from coefficient of variation of difference between double
measurements within half a day was 2.3%.

Performance assessment. At the end of each period,
the swimmers performed in their best event at an official
competition as planned in their normal training season pro-
gram (Fig. 1). Individual performances were expressed as a
percentage of the previous season’s best performance. A
decrease in the performance time corresponded to an im-
provement in the performance percentage. During the fol-
low-up period, they were asked to avoid any medication and
maintain their usual diet.

Training program. The swimmers followed the train-
ing program set by their two coaches. The training volume,
intensity, and dryland work times were recorded by the
coaches each day for each swimmer and then averaged per
week and period. The different swimming intensities ranged
from 1 to 5 and were evaluated after lactate testing as
described by Mujika et a. (22). Dryland training was com-
posed of 50% warm-up and stretching exercise empirically
considered as close to intensity 1, 25% of submaximal
strength exercise, considered as close to the intensity 4, and
25% of maximal strength exercise, considered as close to
intensity 5. The mean intensity of the three training periods
(M1) was calculated as the sum of the distance covered at
intensities 1, 2, 3, 4, and 5 multiplied by the stress indices
1, 2, 3, 5, and 8, respectively, divided by the total training
volume. The calculated equivalent of dryland training, ex-
pressed in kilometers as previously described (22), was
added to the figure

B (1km1 + 2km2 + 3km3 + 5km4 + 8kmb5 + dry land equivalent)
M= Training volume
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TABLE 1. Description of the eight items of the questionnaire of fatigue.

Rating Scale

=
o

Item

Very Very
Good Average Bad

Very Very

| found training more difficult than usual

| slept more

My legs felt heavy

| caught cold/infection/flu

My concentration was poorer than usual

| worked less efficiently than usual

| felt more anxious or irritable than usual

| had more stress at home, school, training, work
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Thetotal training load (TT) corresponds to the sum of the
distance covered and the dryland training, and was averaged
for each period.

For each period, the training volume (km), MI (arbitrary
units), and TT (arbitrary units) were expressed as a weekly
average (Fig. 2).

Urinary sampling. During each competition day, all
urinary samples were collected over a 24-h period, the
diuresis was noted, and 100 mL samples were frozen at
—80°C until analysis. Concentrations of the urinary uncon-
jugated cortisol and cortisone were determined by high-
performance liquid chromatography (HPLC) with ultravio-
let absorbance detection based on the Hay and Mormede
(14) method with the following adaptations. Urine was
centrifuged for 15 min at 4°C at 4000 X g and filtered
(1/20). The urine (300 uL) was adjusted according to its
dilution (i.e., according to creatinine concentration). Creat-
inine levels were determined using spectrophotometry. This
method is based on the destruction of the color derived from
the reaction between creatinine and alkaline picrate. Thus,
the differencesin color intensity measured at 500 nm before
and after acidification of the mixture is proportional to
creatinine concentration. The urine was eluted from a col-
umn with absolute ethanol. Eluates were then evaporated
during 4 h at 50°C. After complete evaporation, dried res-
idues were dissolved in mobile phase and were injected into
the HPLC system. Quantification was achieved with UV

Performance (%)

absorption detection, as previously described (14). Both
cortisol and cortisone concentrations were expressed in
nanograms per milogram of creatinine per 24-h period and
determined in duplicate. The intra- and interassay coeffi-
cients of variations were <1%.

Statistical analysis. Means and standard deviations
were calculated for al variables. One-way, repeated
ANOVA tests were performed to analyze the mean differ-
ences between the three training periods. When the differ-
ences were significant, the F-test was followed by post hoc
procedures (Fisher's PLSD test). Correlations between hor-
mone values, performance, training, and TSF were calcu-
lated from linear regression. Correlations were retained only
when the significances were reconfirmed using a Spearman
nonparametric test. The StatView program (Brain Power
Inc., Calabasas, CA) was used in all statistical analyses. A
probability level of 0.05 was selected as a criterion for
statistical significance.

One subject (one female) of the 14 swimmers was con-
sidered to be overtrained. Indeed, she suffered a decline in
her performance (increase in competition times) throughout
the follow-up period. She was aso tired, reporting high
fatigue scores owing to sleeping disorders, infection, and
general stress (as assessed by questions 2, 4, and 8 of the
guestionnaire). She was thus excluded from the study group
statistical analyses. Statistical analyses were then conducted
with the remaining 13 subjects.
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TABLE 2. Twenty-four hour Urinary cortisol (C), cortisone (Cn) (ng-mg~" of creatinine) and G/Cn ratio concentrations for the three studied periods; subject 14 (N = 1) was

considered as overtrained.

Week of the Season

Week 27 Week 31 Week 34 Week 39
Subject Baseline Values Intensified Training Reduced Training Moderate Training
(M) C Cn C/Cn C Cn C/Cn C Cn C/Cn C Cn C/Cn
13 Means 16.9 24.2 0.65 18.5 17.3 1.10 21.4 32.7* 0.64* 16.3 33.6* 0.57*
SD 12.9 9.8 0.38 16.9 134 0.7 15.6 20.9 0.3 8.6 21.8 0.2
1 12.7 9.9 0.74 24.5 56.6 0.43 56.4 94.3 0.60 31.6 4.7 0.74

C concentrations were not significantly different over the three periods.
* P < 0.05 from IT.

RESULTS

For the three studied periods, 24-h urinary cortisol (C)
and cortisone (Cn) concentrations did not differ signifi-
cantly between male and female swimmers, and data were
pooled for analysis (Table 2). The C/Cn ratio, Cn levels,
performance, total score of fatigue (TSF), total training
(TT), dryland training, training volume, and mean intensity
(M1) were significantly different for the three periods (P <
0.03, Fig. 2). From IT to RT, the C/Cn ratio, TSF, TT,
dryland training, training volume, and M| decreased signif-
icantly, whereas Cn levels and performance increased sig-
nificantly. From IT to MT, the C/Cn ratio, TT, dryland
training, training volume, and M1 decreased significantly,
whereas Cn levels increased significantly. From RT to MT
only the performance, TT and training volume showed a
significant decrease.

Relationship with performance. Over the three stud-
ied periods, the differences in C/Cn ratio between two
consecutive performances were correlated to the differences
in performance (r = —0.52, P < 0.01; Fig. 3A). After the
3 wk of reduced training, percentage changes in C/Cn ratio
were related to the percentage changes in performance (r =
—0.69, P < 0.02; Fig. 3B). However, no relationship was
found between changesin C and Cn levels and performance
changes.

Relationship with training and TSF. Over the three
studied periods, the C/Cn ratio was significantly related to
the total training (r = 0.32, P < 0.05, Fig. 4A) and TSF
(r = 0.35, P < 0.03), whereas Cn levels were related to the
dryland training (r = —0.46; P < 0.01, Fig. 4B) and TSF
(r = —0.40; P < 0.02, Fig. 5A). The differencesin the C/Cn
ratio between two competitions were correlated with the

A Performance (%)

A Performance during taper (%)

1=-0.69
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FIGURE 3—Rédationships between (A) differences in performances be-
tween two competitions and differencesin cortisol/cortisone (C/Cn) ratio
over the three studied periods and (B) variations in performance and
C/Cn ratio, expressed in percent before and after the 3 wk of taper.
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difference in TSF (r = 0.51; P < 0.01; Fig. 5B). The
changes in C/Cn ratio after 4 wk of IT were related to
changes in MI (r = —0.67; P < 0.02; Fig. 4C) and TSF
(r = 0.69; P < 0.01; Fig. 5C).

Results of the case swimmer. The C/Cn ratio of the
swimmer that showed decreasein performance (from 97.6%
t0 96.7%) and increase in TSF scores (from 19 points to 28
points) throughout the study increased gradually from IT to
MT as opposed to the remaining swimmers (Table 2). C and
Cn concentrations were also higher than those of the 13
other swimmers.

DISCUSSION

The main findings of the present study indicated that the
variations in the 24-h C/Cn ratio were related to the perfor-
mance and to the training program variations. Indeed, the
ratio increased during IT and decreased during RT, whereas
Cn levels decreased during I T and increased during RT. The
24-h C/Cn ratio and Cn levels were also related to the TSF
over the three studied periods.

Urine sampling methods, as opposed to plasma, are non-
invasive, nonstressful, reliable, and practica methods to
assess HPA axis responses when athletes are performing
large amounts of training and competitions, without any
disturbances of their training conditions. Plasma cortisol
levels are modulated by variations of its binding protein
(CBG) and poorly correlated with cortisol production rates
unless differences in CBG are corrected. Conversely, uri-
nary free cortisol concentrations are independent of CBG
concentrations and thus closely reflect the 24-h free active
plasma cortisol production (5).

The results of the present study show a large interindi-
vidual variability in 24-h free urinary cortisol (C) concen-
trations in response to the different training periods. This
suggests that C levels are not relevant in predicting perfor-
mance and/or diagnosing of overreaching. In contrast, both
Cn concentrations and the C/Cn ratio changed throughout
the program during intense training and taper periodsin line
with the swimming performance and TSF.

C/Cn ratio relationships with performance. As
HPA axisisinvolved in the response to acute exercise, and
in the adaptation to endurance training (9,11,13,19), salivary
and plasma C levels have been suggested as possible tools
for predicting performance. However, literature demon-
strates conflicting reports on the response of salivary and
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plasma C levels in overtrained athletes exhibiting perfor-
mance decrements (6,15,20). Significantly elevated resting
C levels have been observed in overtrained runners with
impaired performance (2), whereas Kirwan et a. (16). re-
ported high resting salivary C levels in swimmers despite
unaltered performance. Decreases in plasma C levels were
seen to be associated with an improvement in swimming
performance (4). No differences in resting plasma C were
observed between overreached swimmers exhibiting perfor-
mance decrements and well-trained swimmers (15,20). Sev-
eral factors such as sampling method, circadian rhythms,
and cortisol metabolism could explain these disparities.
Indeed, cortisol secretion follows a nycthemeral rhythm
with significant fluctuations of its plasma concentrations
between awakening (peak of cortisol concentrations) and its
evening nadir. One of the major benefits of 24-h urinary
collection is that 24-h C levels represent a nonstressful
integrated measure of 24-h cortisol secretion (5). Finally, an
additional and high level of control of the effect of cortisol
on target cells is exerted by prereceptor metabolism of
cortisol by the tissue-specific enzymes 113-hydroxysteroid
dehydrogenase (113-HSD) (24). Two isoenzymes of 11
B-HSD interconvert hormonally active cortisol and inactive
cortisone and have been shown to modulate cortisol hor-
mone action in several peripheral tissues (24). 118-HSD2
inactivates cortisol to cortisone, and is mainly expressed in
the kidney in which it protects the mineralocorticoid recep-
tor from cortisol excess (25). By contrast, 113-HSD1 is
expressed in numerous tissues where it converts the inactive
cortisone to the active cortisol (24). The crucial physiolog-
ical principle illuminated by the action of 113-HSD is that
cortisol action on target cells is determined by enzyme
activity within the cells rather than circulating cortisol levels
alone. Therefore, one major cause of discrepancy between
the different studies may be due to this intracellular cortisol
metabolism. It has been shown that the peripheral metabo-
lism of cortisol can be assessed accurately from the urinary

1.5 2 -10 10 30 50 70 90 -80

=30 20 70
A C/Cn ratio during IT (%)

120 170 220

Cn (ng/mg of creatinine)

free C/Cn ratio, which is a good index of the measurement
of renal 11B-HSD activity (3). In the present study, isolated
C or Cn changes were not good predictors of the swimming
performances. On the contrary, changes in the C/Cn ratio
were related to performance changes. Indeed, a decreased
C/Cn ratio was associated with an increase in performance.
The decrease in C/Cn ratio was mainly due to increased Cn
concentrations, suggesting a greater inactivation of cortisol
to cortisone. Given the antagonistic action of glucocorti-
coids on anabolic processes in muscle, this increased inac-
tivation could protect the organism against the deleterious
effect of prolonged hypercortisolism (23). These results are
in accordance with previous findings, reporting decreased
tissue sensitivity to glucocorticoids in endurance-trained
men 24 h after the last bout of exercise, compared to
sedentary men, i.e., another mechanism to protect tissues
against excessive cortisol concentrations (10,11).

One swimmer displayed performance decrement concom-
itant with high scores of fatigue throughout the follow-up
period. This swimmer showed a gradual increase in the
C/Cn ratio from IT to MT in contrast with the significant
decreases reported in the other swimmers. However, after
the period of reduced training (i.e., taper), the performance
decrement observed in this swimmer was concomitant with
elevated C and Cn levels compared with the remaining
swimmers, whereas the C/Cn ratio of the two groups was
very similar. These results also suggest that it was not the
value of the C/Cn ratio which was important but rather its
evolution during the training and competitive season. This
point has been found in another situation where increased
cortisol secretion is observed, for example, major depres-
sion (29). In this situation the C/Cn ratio has been reported
to remain similar with controls (29).

C/Cn relationships with training and TSF. In the
present study, the C/Cn ratio and Cn levels changed signif-
icantly along the training. The C/Cn ratio was positively and
moderately correlated to the total training over the three

FIGURE 5—Relationships between (A) total
score of fatigue (TSF) and cortisone (Cn)
levelsand (B) differencesin TSF between two
competitions and differences in the cortisol/
cortisone ratio (C/Cn) and (C) variations in
C/Cn ratio and percentage variationsin TSF

during intense training (I T).
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studied periods, whereas Cn levels were negatively related
to the training intensity. The present investigation isthe first
report indicating changes in 24-h C/Cn ratio in healthy
trained subjects during IT. Such increases have been re-
ported in patients suffering from endogenous and permanent
hypercortisolism (Cushing's syndrome) (7,21,26,27). In
these patients, the activity of the 113-HSD2 enzyme, which
protects mineralocorticoid target tissues by inactivating cor-
tisol into cortisone, is overloaded (i.e., reduced). In the
present study, the poor inactivation of cortisol into Cn
(twofold less than during RT and MT) argues against over-
loading of 11B8-HSD2 but, instead, suggests an inhibition of
this enzyme during I T. The mechanisms responsible for this
inhibition remain to be determined. The elevated C/Cn ratio
observed during IT was reversed after a recovery period
(i.e., tapering) due to increased Cn concentrations. The
reduced training load of the taper resulted in a reduction in
physical stress that was not reflected by decreased C levels
but rather by increased Cn levels. Thisincreasein Cn levels
observed in RT and MT periods may act to compensate for
the relative hypercortisolism of the IT period.

In the present study, the C/Cn ratio was aso positively
and significantly, but only moderately, related to the TSF
over the three studied periods. Cn levels were negatively
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