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(Abstract) In-competition doping testing can a long time due to dehydration and mental stress of the
athletes. In this study, we focused on how to drink and the kind of beverage taken to collect proper urine
samples as fast as possible. A comparative intergroup study was performed on female college athletes.
Blood and urine samples were examined before and after exercise that caused a 1% decrease in body
weight. To evaluate how to drink the beverage for proper sample collection, subjects were divided into
groups taking mineral water at amounts of 800mL at once, 400mL twice, and 200mL 4 times, respec-
tively. In the at once group, the time to reach an accumulated urine volume of 90mL was shorter, but
more samples had lower urine specific gravity. To evaluate the kind of beverage to drink, subjects were
divided into groups taking mineral water, oral rehydration solution, and orange juice, respectively. The
entire 800mL of each beverage was consumed at once in all groups. The time to reach an accumulated
urine volume of 90mL was similar in the oral rehydration solution and mineral water groups, but the de-
crease in urine specific gravity was smaller in the oral rehydration solution than the mineral water
group. We demonstrated that proper samples can be collected in the shortest period of time by drinking
oral rehydration solution at once.

tests. However, some of the authors, who served
INTRODUCTION

as team doctors for the Japanese Olympic delega-

To athletes participating in competitive sports, tion, understand that doping testing after
doping testing is important not only for keeping matches places a burden on athletes. For exam-
sports clean and fair but also “for protecting ath- ple, it takes several hours to complete doping
letes’ right to participate in clean sports.” There- testing; proper cooling down, recovery, and treat-
fore, athletes are obligated to take doping control ment of injury for athletes may be limited or de-

layed; and the diuretic effect of excessive bever-
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ences

causes pollakiuria and diarrhea and disturbs
*3 Faculty of Health and Sport Sciences, University of Tsukuba sleep. Accordmg to the results of a questionnaire
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BAEEPR X R — Y EZ&EE © Vol. 30 No. 1, 2022. 215



R’ E

Olympic athletes medically", many athletes felt
that doping testing was a physical and psycho-
logical burden, and more female athletes felt this
way than did male athletes. A doping control offi-
cer monitors the athlete during the waiting pe-
riod and a doping control officer of the same gen-
der as the athlete checks that the sample actually
comes from the athlete being tested. When tak-
ing a doping test, athletes drink beverages such
as mineral water and juice and wait until they
can urinate. Moreover, the volume of the col-
lected urine sample needs to be at least 90mL and
the urine specific gravity needs to be at least
1.005% according to the World Anti-Doping
Agency’s regulations in 2019. On site during com-
petitions, decisions about what and how much to
drink for sample collection are mostly based on
athletes’” and their coaches’ experience. If we can
find out what beverage athletes should drink and
how they should drink it after matches in order
to efficiently collect a urine sample that meets the
current criteria, we can reduce the physical and
psychological burden on athletes and keep them
in good condition. At present, there is not much
scientific information about optimization of fluid
intake for sample collection.

Oral rehydration solution (ORS) was originally
developed to supply water and electrolytes to pa-
tients with cholera diarrhea in developing coun-
tries. In recent years, it has been used to amelio-
rate mild to moderate dehydration due to gastro-
enteritis, heat stroke, etc. **. The combination ra-
tio of sugars and electrolytes in ORS was deter-
mined by taking into account the intestinal ab-
sorption of water and electrolytes, which has
been demonstrated to be rapid®*. OS-1, the ORS
used in the present study, is approved by the Ja-
pan Consumer Affairs Agency as a food to supply
and maintain water and electrolytes in mildly to
moderately dehydrated persons with medical
conditions. We think that consuming this bever-
age after exercise, when dehydration is pre-
sumed to be mild, can correct dehydration
quickly, increase urine volume, and prevent de-
crease in the urine specific gravity by supplying
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electrolytes. If we could take advantage of these
characteristics of ORS, we would not only quickly
collect a urine sample of the appropriate volume
and specific gravity but also improve dehydra-
tion in athletes after matches, making ORS an
ideal beverage for athletes.

It has been previously reported that beverages
containing sodium and carbohydrate had a
stronger rehydrating effect than mineral water,
water/apple juice mixture, rooibos tea, etc. *°’.
These prior studies, however, did not investigate
urine volume or specific gravity from the per-
spective of doping testing.

Therefore, the present study mimicked doping
testing events in female athletes who felt
stressed by the procedure according to question-
naire survey results', and compared beverages
to determine the most appropriate kind of bever-
age and the most appropriate way of drinking it
during on-site control.

MATERIALS AND METHODS

This comparative intergroup study included 16
healthy, female college athletes who participated
in both examination I and examination II. It was
previously approved by the Research Ethics
Committee at the JISS. Before conducting this
study, we provided subjects with a sufficient ex-
planation of the study purpose and then obtained
their informed consent to participate.

All experimental trials started in the morning
or the afternoon around 2 hours after a light meal
and last fluid intake, which was not controlled.

The subjects exercised indoors by freely se-
lecting to use a treadmill (Woodway, SAKAI
Medical, Japan), exercise bike (Cycle Ergometer,
PowerMaxV II, COMBI, Japan), and rowing er-
gometer (Concept2, Concept Inc., USA) until their
body weight had decreased approximately by
1%, while maintaining heart rate (HR), which was
monitored (RS-800CX monitor, Polar, Finland), at
more than 150bpm.

Body temperature (°C), blood pressure (mmHg),
and heart rate (bpm) were measured before exer-
cise (Pre), and at 0 (before hydration), 30, 60, 90,
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Table 1 Nutritional components per 100 mL.
Drink Osmolarity Carbohydrate Na K Cl
(mOsm/L) (2 (mg) (mg  (mg)
MW <10 0 113 0.18 3
ORS 270 25 292 78 117
(0)] 650 104 0 192 0

120, 150, and 180 min after exercise. From an in-
dwelling needle, venous blood samples were col-
lected at the same time points to measure serum
urea nitrogen (BUN, mg/ dL, Urease-GLDH
method, LST008), serum sodium (Na, mEq/L,
ion selective electrode method, LST008a), serum
potassium (K, mEq/L, ion selective electrode
method, LST0080a), serum chloride (Cl, mEq/L,
ion selective electrode method, LST008«), and se-
rum osmolarity (mOsm /L, cryoscopic method,
OM6060). Urine samples were obtained at the
same time points, with the participants’ emptying
their bladders as completely as possible to meas-
ure urine volume (mL) and urine specific gravity
(Refractometry, US-3500MS). The entire urine
volume was measured.

The climate chamber was set at around 25°C
and 45% relative humidity during the period of
rehydration.

Examination |

We examined ways to drink a total of 800mL of
water to determine which one would best enable
the fastest collection of a sufficient volume of
urine. The water was a commercially available
mineral water (Crystal Geyser® Alpine Spring
Water, 500mL PET bottle, Otsuka Foods Co., Ltd.,
Japan). Three groups were given the same total
volume of water to drink: (1) The Once Group
drank 800mL all at once, (2) the Twice Group
drank 400mL twice 60 min apart, and (3) the 4-
time Group drank 200mL on 4 occasions sepa-
rated by 30-minute intervals. At each time point,
water intake was completed within 5 min.

Their physical characteristics (mean * stan-
dard deviation) were age 23 = 2y and body mass
56.27 £ 4.81kg for the Once Group, 55.94 = 5.05kg
for the Twice Group, 56.76 = 4.82kg for the 4-time
Group. All exercise was conducted in a room

BARBRXR—YEZS:E

maintained at around 29°C and 50% relative hu-
midity.

Examination I

The beverage enabling collection of a sufficient
volume of urine in the shortest possible time was
examined by having subjects drink 800 mL of
various beverages all at once. Beverages were a
commercially available mineral water (Crystal
Geyser® Alpine Spring Water, 500mL PET bottle,
Otsuka Foods Co., Ltd., Japan: MW Group), an
oral rehydration solution OS-1 (Otsuka Pharma-
ceutical Factory, Inc., Japan: ORS Group), and
100% pure orange juice (Ehime Beverage Inc., Ja-
pan: OJ Group) (Table 1).

Their physical characteristics (mean * stan-
dard deviation) were age 21.0 = 08y and body
mass 5641 = 782kg for the MW Group, 56.52 =
798kg for the ORS Group, 56.51 = 7.79kg for the
OJ Group.

All exercise was conducted in a room main-
tained at around 24°C and 30% relative humidity.

The interval between experiments I and II was
4 months or more, and therefore there was no

carry-over effect.

STATISTICAL ANALYSIS

Data are expressed as mean * SD. Statistical
analyses were carried out using JMP10.0.2 soft-
ware (SAS Institute Inc. USA). We tested the nor-
mality of our data and the homogeneity of the
variance and judged that parametric tests were
appropriate. We did not perform sample size esti-
mation because there were no reference data
available, and therefore we enrolled as many sub-
jects as possible. The data in urine specific grav-
ity were compared using the Pearson's chi-
square test, and the other data were compared
using the Tukey’s HSD test after repeated meas-
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Table 2 Electrolyte levels over the course of Examination |, mean*

standard deviation.

Once Twice 4-time
(MIN)
mean +SD mean +SD mean +SD
Na Pre 1396=1.3 139.1+15 139515
(mEq/L) 0 1418+18 1417+13 1415+15
30 1396=16 1399+19 140115
60 1389+16 1403+15%  1389=15
90 1393=15 139.1+18 1384+19
120 1395=12 1393+18 1383+14
150 1393=13 139.0+17 1384+12
180 1395=1.1 1390=15 138916
K Pre 43+03 43+03 43+02
(mEq/L) 0 43+04 42+03 43+03
30 42+04 41%03 43+02
60 41£03 4102 42+03
90 41+03 4103 4103
120 41+03 4103 4102
150 40=0.2 41%03 40+0.2
180 10+04 41%03 40+0.2
cl Pre 103415 104317 1045+1.3
(mEq/L) 0 1050=16 1055+21 1049+18
30 1027£16%  1058+25 1054+13
60 1023£16%  1053+18 104.1+19
90 1027=15 1039+2.0 1033%1.3
120 1025+14#  1039%16 1035+1.1
150 1028=16 1039+16 1035+1.3
180 1029=18 1039+14 1037+14
BUN Pre 147+38 145+30 138+35
(mg/dL) 0 152+37 151+28 146+4.1
30 149+33 152+27 150+45
60 147+35 152+25 146+42
90 148+33 149+27 145=41
120 146+32 147+26 142+39
150 143=31 146+26 14.1+39
180 143=31 145+26 138+39

Tukey’'s HSD test *: P<0.05 vs other 2groups. #: P<0.05 Once vs

Twice

ures ANOVA. Statistical significance was ac-
cepted at p<0.05.

RESULTS

Examination |

No significant intergroup difference was ob-
served in mean body temperature, mean systolic
blood pressure, or mean heart rate at baseline.
Diastolic blood pressure before exercise was sig-
nificantly different between the Once Group and
the 4-time Group. However, there was no signifi-
cant intergroup difference in BUN or K level, and

change in BUN or K level was within the refer-
ence range. Na level was significantly higher in
the Twice Group than in the Once Group or the 4-
time Group at 60min, but the changes were
within the reference range. Cl level was signifi-
cantly lower in the 4-time Group than in the Once
Group or the Twice Group at 30min and 60min,
and significantly lower than in the Twice Group
at 120min, but the changes were within the refer-
ence range (Table 2). There was interaction be-
tween Group and time for Cl level but not other
levels. Serum osmolarity was decreased in pro-
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Figure 1 Changes in serum osmolarity over the course of Examination I.
Values are meanzstandard deviation.
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Figure 2 Cumulative urine volume over the course of Examination |. Values
are mean=standard deviation.

portion to volume of water intake at 30min (Fig-
ure 1). The urine volume at each time point was
significantly increased at 60 min in the Once
Group. Although the accumulated urine volume
tended to be lower in the Twice Group, no signifi-
cant intergroup difference was observed (Figure
2). However, the subjects in the Once Group were
the fastest to reach and provide the required 90-
mL of urine for doping testing. There was no in-
teraction between Group and time for urine spe-

cific gravity, which was significantly decreased in
the Once Group at 60min and was the lowest
among the groups until 90min (Figure 3). At 90
min, the accumulated urine volume was the high-
est in the Once Group.

Examination I

No significant intergroup difference was ob-
served in the mean body temperature, mean
blood pressure, or mean heart rate. Intergroup
differences in BUN were not significant and
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Figure 3 Changes in urine specific gravity over the course of Examination I. Val-
ues are mean=standard deviation. *p<0.05 Tukey’s HSD test Once

vs Twice.

change in BUN was within the reference range.
Na level was significantly lower in the MW Group
than in the OJ Group at 30min, 60min, 90min, and
120min. K level was significantly lower in the
MW Group than in the OJ Group at 60min, 90min,
and 120min and significantly lower in the ORS
Group than in the OJ Group at 90min and 120min.
Cl level was significantly lower in the MW Group
than in the ORS Group and the OJ Group at 30
min and 60min. However, changes in Na, K, and
Cl levels were within the reference range (Table
3). There was interaction between beverage and
time for serum osmolarity and the Na and K lev-
els but not other levels. Serum osmolarity was
significantly less in the MW Group than in the
ORS Group and the OJ Group at 30min, 60min,
and 120min and was also significantly less in the
MW Group than in the OJ Group at 90min (Figure
4).

When urine volume was compared among
groups at each time point, urine volume per void
was significantly higher in the MW Group than in
other groups at 90min. Intergroup differences in
accumulated urine volume first appeared at 90
min and later, when it tended to be higher in the
MW Group, followed by the O] Group, and then
by the ORS Group. However, the differences

220

BABRAR X K — YRR ¢

were not significant (Figure 5). There was inter-
action between beverage and time for urine spe-
cific gravity, which was significantly lower in the
MW Group than in the ORS Group and the O]
Group at 60min, 90min, and 120min (Figure 6), sig-
nificantly higher in the O] Group than in the ORS
Group at 60min, and significantly higher in the
ORS Group than in the MW Group at 150min. In
the MW Group, the proportion of urine samples
with specific gravity below 1.005 was signifi-
cantly higher at 60min and 90min.

Urine specific gravity of 90-mL samples, which
is the required sample volume for doping testing,
was significantly different between the MW
Group and the ORS Group and between the O]
Group and the ORS Group. In the MW Group, 5 of
the 16 subjects provided urine samples with a
specific gravity lower than 1.005, while in the
ORS Group, none of the subjects provided low
specific gravity samples. This difference between
the groups was statistically significant (Table 4).

DISCUSSION

The purpose of this study was to determine
how and what kind of beverage to drink in order
to collect samples as fast as possible. Our study
performed experiments in women because more

Vol. 30 No. 1, 2022.
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Table 3 Electrolyte levels over the course of Examination Il, mean=standard

deviation.
MW ORS 0]
(MIN)
mean *SD mean *SD mean *SD
Na Pre 1398+2.1 1390+13 1399+13
(mEq/L) 0 1407+19 1404+1.3 1409+15
30 1379+23% 139417 1408+15
60 1383+ 20* 1396+15 1407+1.0
90 1381+1.7* 1390=15 1396 =12
120 1384+14* 1392+13 1396+1.0
150 1384+2.1 139115 1389+1.1
180 1389+1.7 138812 139.3+1.2
K Pre 42+02 42+03 42+03
(mEq/L) 0 42+02 42+03 42+02
30 42+02 43+03 44+04
60 41+02% 44+04 46+03
90 41+03% 43+04% 47+05
120 41+02* 42+04% 46+03
150 40£02%, # 43+03 44£02
180 40£03 41+04 43+02
cl Pre 1036+ 2.0 1036=2.3 1044=15
(mEq/L) 0 104.0+19 1038 =20 104.9+19
30 1025+24%, # 104616 104.6+19
60 1022+ 1.7*, # 104.8+14 103.9+2.0
90 1026+2.3 104215 1033+138
120 1029+2.0 1037+1.3 103714
150 1024+19 1035=19 1034=15
180 102720 103218 1033=1.3
BUN Pre 13542 154%51 144+32
(mg/dL) 0 14245 16154 152+33
30 14045 159+54 150+33
60 139+44 15552 146+32
90 13742 151%51 143=29
120 13543 149+49 139+30
150 132+42 146+438 136+238
180 13041 14448 133238

Tukey’s HSD test *: P<0.05 vs O], #: P<0.05 vs ORS

female athletes than male athletes responding to
our questionnaire survey felt physical and psy-
chological stress during doping testing”. A previ-
ous study demonstrated that the normal men-
strual cycle had no effect on acute replacement of
exercise-induced fluid loss, up to six hours after
rehydration”, so we conducted this study in fe-
male athletes to simulate doping testing under ac-
tual conditions as much as possible.

As of 2019, the sample collection criteria for
doping testing are urine volume of at least 90mL
and urine specific gravity of at least 1.005*. Al-
though rehydrating athletes as fast as possible to
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protect their health is an important task of sports
doctors, the present study investigates not only
the correction of dehydration but also the urine
volume and specific gravity needed for doping
testing in order to obtain more practical results.
First, the results of Examination I have demon-
strated that drinking the entire volume of a bev-
erage all at once, instead of dividing it, is the best
way of obtaining a sufficient volume of urine in
the shortest possible time. Decreased plasma os-
molarity increases urine volume®”. In our results,
the Once Group had the lowest serum osmolarity
at 30min, which was consistent with the observa-
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Figure 4 Changes in serum osmolarity over the course of Examination Il. Values
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Figure 5 Cumulative urine volume over the course of Examination Il. Values are

mean=tstandard deviation.

tion that a sufficient urine volume was collected
fastest in the Once Group. However, it should be
noted that urine specific gravity tends to be
lower in such circumstances.

In short, MW alone dilutes body fluid, which
was confirmed by the decreased serum osmolar-
ity observed in Examinations I and II, because it
has little electrolyte content and is absorbed very
fast, and because only water is absorbed®*?.

Next, methods to ensure sufficient urine spe-

cific gravity need to be sought.

OJ has many components such as ingestible
sugars, vitamins, and dietary fiber that raise its
osmolarity to 500-700mOsm/L, which is very
high. It is also known that high-calorie beverages
move slowly from the stomach to the duode-
num'”. It has been demonstrated that the absorp-
tion of OJ into the body after ingestion takes
time. In Examination II, urine volume was small

early after ingestion of OJ, and the time to collec-
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Figure 6 Changes in urine specific gravity over the course of Examination Il. Values
are meanzstandard deviation. p<0.05 Tukey’s HSD test T indicates
MW significantly different from OJ. T T MW, significantly different from
ORS and T T T 0J, significantly different from ORS.

Table 4 The number of subjects
with low urine specific
gravity in 90-mL urine

samples.
Drink <1.005 >1.005
MW 5 11
ORS* 0 16
OJ* 0 16
Pearson’s chi-square test *: p<<0.05
vs MW

tion of the required urine volume was longer for
O] than for the other beverages studied. These
results are understandable because serum osmo-
larity continued to increase until 90min. There-
fore, conceivably, O] is suitable for the ingestion
of sugars after exercise but not for improving de-
hydration or meeting the volume requirement.
On the other hand, ORS is designed to have
close to body-fluid osmolarity and the balance of
sugars and electrolytes needed for efficient water
and electrolyte absorption in the intestines" ™',
Therefore, dehydration is corrected rapidly, and
the volume of excreted urine is also increased,
conceivably hastening the collection of the re-
quired urine sample volume. Previous study
showed that serum osmolarity accurately identi-
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fies a state of euhydration and is sensitive to
changes in hydration status during acute dehy-

% As seen in the present

dration and rehydration
study in dehydrated subjects, serum osmolarity
in the ORS Group returned to the previous level
at 30min and then decreased slightly but was sig-
nificantly higher than in the MW Group. There-
fore, improving dehydration status by immedi-
ately supplying water and electrolytes can con-
ceivably maintain normal hydration'*"’. A prior
study obtained similar results'’. Indeed, in the
present study, the accumulated urine volume in
the ORS Group was approximately that in the
MW Group at 90min and later, and at the time 90
mL of urine was collected, 5 of the 16 subjects in
the MW Group but no subject in the ORS group
had urine samples with low specific gravity. In
short, compared with MW and O], the ORS en-
sures rapid collection of the required urine vol-
ume without decreasing urine specific gravity.
Moreover, as for dehydration and hyponatre-
mia, which affect the condition of the body, Na,
BUN, K, and CI values were within their normal
ranges after ingestion of ORS. By 30min, Na,
BUN, K, and Cl had almost returned to their base-
line values, demonstrating that both concentra-
tion and dilution of body fluid were quickly pre-
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LIMITATIONS

Several limitations to the present study must
be acknowledged. We aimed to perform experi-
ments under close to actual conditions simulating
those of in-competition doping control. Unlike
many prior studies, in which the goal of dehydra-
tion was 2% of body weight and amount of fluid
intake depended on body weight loss, our goal of
dehydration by exercise was 1% of body weight
and fixation of the fluid intake amount at 800mL.
We did not control meals on the day before the
study or meals before exercise. The participants
in the study had their usual meals and water in-
take. We also did not measure electrolytes lost in
perspiration. Regarding influences on electro-
lytes, we only consulted prior studies. Moreover,
we had the subjects exercise in a controlled envi-
ronment. However, environments of actual com-
petitions are not constant. Only female athletes
were involved in this study according to our
questionnaire survey and there was no objective
evidence that female athletes felt more stressed
than male athletes during urine sample collection.
Differences in sport, gender, age, type of bever-
age, and the environment in which the competi-
tion is held can also influence results. To obtain
more conclusive results, we think that further
studies under various conditions are needed.

CONCLUSION

This study examined the most appropriate
kind of beverage to use for collection of doping
test urine samples and how to drink it during
sample collection. We found that consuming as
much as possible all at once is better than imbib-
ing smaller amounts more than once, and that it
is a more useful to ingest ORS than MW or O] in
terms of meeting urine volume, specific gravity,
collection time requirements and improving de-
hydration.
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