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Abstract
Background: Evidence on the hydration status of adolescents and seasonal and time variations is scarce.
Aims: This study aimed to assess variations in the hydration status and total water intake of adolescents in Cyprus be-
tween winter and summer and between the morning and end of the school day. Subjective feelings and cognitive func-
tion associated with hypohydration were also examined.
Methods: Fifty-three adolescents (39 boys) with a mean age (standard deviation, SD) of 15.1 (1.9) years were included in 
the study. Participants provided urine samples and completed a cognitive function test and a questionnaire on subjective 
feelings upon arrival at school and at the end of the school day. Data were collected in winter and summer in 2016–2017. 
Hydration level was determined by urine specific gravity and cognitive function was assessed with a symbol cancellation 
test. Total water intake was estimated from a food and fluid record kept by the participants.
Results: A high prevalence of hypohydration was found in both seasons ranging from 72% to 94%. Hypohydration was 
associated with perceptions of lower concentration and alertness (P = 0.008 and P = 0.047, respectively). Adolescents had 
significantly higher mean urine specific gravity in winter than in summer: 1.026 (SD 0.007) versus 1.023 (SD 0.007), re-
spectively (P = 0.002). Hydration status was not associated with cognitive function or total water intake.
Conclusions: The high prevalence of hypohydration and the associated feelings of lower concentration and alertness in 
adolescents suggests that educational measures are needed to promote good drinking behaviour and improve hydration. 
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Introduction
Body water is tightly regulated and daily fluctuations are 
maintained around 0.5% of body mass even in hot weath-
er conditions. Water is essential for cellular homeostasis 
as well as for thermoregulation of the human body (1). 
Hydration status reflects the balance between water in-
take and loss (2). Body water content deficit beyond the 
normal fluctuation is called hypohydration (3) and is 
associated with a number of negative effects on health 
(4). Fluid restriction leading to hypohydration has been 
shown to be associated with increased feelings of fatigue, 
decreased alertness and concentration, and lower levels 
of vigour/activity (5,6). Cognitive function has also been 
shown to be negatively affected by low hydration status 
(7), especially when combined with heat stress (8). Chil-
dren with hypohydration living in a warm climate have 
been shown to perform more poorly in cognitive tests (9), 
while children’s performance in cognitive tasks appears 
to improve after drinking water (10).

Many children appear to have a low hydration 
status at some point during a typical school day (11,12). 
Water intake and drinking behaviour of children and 
adolescents varies substantially between countries 
and most studies have been done in countries with a 
temperate climate, or outside summer months (12,13). In 
addition, data on hydration in adolescents are scarce.

Living in a hot climate increases water loss and the 
risk of dehydration (14). Adolescents living in the eastern 
Mediterranean may face a higher risk of water loss and 
dehydration, as this area is characterized by mild winters 
and hot summers. School in Cyprus starts early in the 
morning and ends at 13:30 when the temperature exceeds 
30 °C from April–May onwards. If adolescents fail to 
maintain a normal level of hydration (euhydration), their 
overall health, concentration and cognitive performance 
at school could be adversely affected (9,11,15,16).

The primary aims of our study were to compare 
hydration status of adolescents and total water intake 
from fluids and solid food during school hours between 
winter and summer. Our secondary aim was to 
investigate the relationship between hydration status 
and cognitive function and subjective feelings relevant 
to hypohydration.

Methods
Fifty-three adolescents from three main cities of Cy-
prus (39 boys) volunteered for the study. Their mean 
age and standard deviation (SD) was 15.1 (1.9) years, 
mean height was 165 (SD 10) cm, mean body mass 
was 55.7 (SD 13.1) kg and mean body mass index was 
20.4 (SD 3.4) kg/m2. The study was carried out between 
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2016 and 2017. Data were collected on two occasions, 
once in the winter time (February) and once in the sum-
mer time (during the first two weeks of June – the end 
of the school year), in random order to avoid any poten-
tial learning effect. Half of the participants provided data 
first in winter and then in summer, and the other half 
gave data first in the summer and then in the winter. This 
way we aimed to avoid potential learning effect on the 
cognitive tests, and any changes in drinking behaviour 
following the first set of data collection. On each occasion 
data were collected in the morning, at the beginning of 
the school day (about 07:30) and at the end of the school 
day (about 13:30). The outdoor temperature was meas-
ured to the nearest 0.1 °C using a portable hygro ther-
mometer (Radiance Instruments Ltd, Hong Kong). The 
temperature ranged between 10 °C and 15 °C from morn-
ing to 13:30 during the winter period, and between 26 °C 
and 30 °C during the summer period.

Hydration level assessment
Hydration level was assessed by urine specific gravity 
from the first morning void and from one sample at the 
end of the school day, before leaving the school premises. 
Urine collection bottles (60 mL) were given to the partic-
ipating students at the appropriate time. Urine specific 
gravity was determined shortly after urine collection and 
the remaining urine samples were immediately disposed 
of by the researchers. Urine specific gravity was assessed 
using a urine refractometer (DIGIT 0-12, Medline Sci-
entific Limited, United Kingdom of Great Britain and 
Northern Ireland). The participants were then assigned 
into three groups according to their urine specific gravity 
level: euhydrated (urine specific gravity < 1.020), slightly 
hypohydrated (urine specific gravity 1.020–1.029) and 
very hypohydrated (urine specific gravity ≥ 1.030) (3).

Total water intake assessment
Total water intake was estimated from both solid food 
and fluid intake. Upon arrival at school, the participants 
were provided with a food-and-fluid record on which 
they were asked to record in detail all solid food and all 
fluid intakes from the time they woke up until the end 
of the school day. Before the data collection day, all par-
ticipants had attended an educational session on how 
to keep a detailed food-and-fluid record, which was or-
ganized and delivered by a registered dietitian. Morning 
water intake at home (before coming to school) and total 
water intake (from waking up and during the time that 
the students were at school) was estimated using Diet-
Plan6 software (Forestfield Software Ltd, Horsham, Unit-
ed Kingdom), which accesses food tables from multiple 
sources. This software allows insertion of additional data 
from any source, any recipe, menu or personal food diary 
without restriction.

Subjective feelings assessment
The participants completed a subjective feelings ques-
tionnaire as described in detail elsewhere (5). Partici-
pants self-graded their feelings on an arbitrary linear 
scale ranging from 0 (not at all) to 100 mm (very much), 

to questions such as – how thirsty do you feel now? We 
assessed the following subjective feelings: thirst, dry 
mouth, fatigue, head numbness, ability to concentrate 
and alertness. The reliability and validity of visual an-
alogue scales in assessment of subjective feelings have 
been previously shown (17).

Cognitive function assessment
We assessed cognitive function with a symbol cancella-
tion test (18), where the participants were asked to identi-
fy 60 target stimuli that were embedded in a background 
of over 300 distractor stimuli. The participants were al-
lowed 45 s to cross through as many targets as they could, 
while ignoring distractors. We marked each target omis-
sion or incorrectly identified distractor as 1 error point. 
The test was scored on the number of errors/omissions.

Statistical analysis
We used two-way repeated-measures ANOVA (sea-
son × time) and post-hoc tests with the Bonferroni cor-
rection to compare the variables measured. We compared 
hydration groups using one-way ANOVA with Tukey 
post-hoc test. We used SPSS, version 20 for all statistical 
analyses. All data are reported as mean (SD). Statistical 
significance was set at P < 0.05.

Ethical considerations
We conducted our study according to the guidelines laid 
down in the Declaration of Helsinki (as revised in 2013). 
We obtained ethical approval for the study from the na-
tional bioethics committee (EEBK/E∏/2016/12). We ob-
tained parental approval and written informed consent 
from the adolescents.

Results
Subjective feelings, water intake and cognitive 
function 
With regard to urine specific gravity, the two-way repeat-
ed measures ANOVA showed significant differences be-
tween season (P = 0.002) and time (P = 0.046). A post-hoc 
Bonferroni analysis showed a higher urine specific gravi-
ty in the morning in winter compared with the end of the 
school day (P = 0.030) and compared with the morning in 
the summer period (P = 0.001) (Figure 1).

Subjective feelings and water intake during the 
winter and summer periods in the morning and at the 
end of the school day are shown in Table 1. Participants 
felt less thirsty (P = 0.039) and less fatigued (P = 0.022) in 
the winter compared with the summer. Participants felt 
more fatigued at the end of the school day than in the 
morning (P = 0.031); the post-hoc tests showed that the 
participants felt more fatigued at the end of the school 
day than in the morning in winter (P = 0.043). We found 
no significant difference in cognitive function between 
seasons. However, the participants performed better on 
cognitive function tests at the end of the school day than 
in the morning in both seasons (P < 0.001). We found 
no significant seasonal effect for total water intake. 
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However total water intake was significantly higher at 
the end of the school day than in the morning in both 
seasons (P < 0.001).

Hydration status
During the winter period, more adolescents were very 
hypohydrated and fewer adolescents were hydrated than 
the summer period in the morning and at the end of the 
school day (Table 2).

Table 3 shows the effect of hydration status on 
subjective feelings and cognitive function. Hydration 
status significantly affected concentration and alertness, 
with participants who were euhydrated having better 
scores (P < 0.05). Euhydrated participants also had lower 
scores for feelings of dry mouth. Cognitive function 
did not differ between the categories of hydration 
status (P > 0.05). No significant difference was found 
between the total water intake and the hydration status 

categories in the morning and at the end of the school 
day, independently of season (Table 4).

Discussion
The main finding of our study was that adolescents had 
a higher urine specific gravity during the winter period 
compared with the summer period, with no difference in 
total water intake between the seasons. We found a high 
prevalence of raised urine specific gravity in both sea-
sons. In addition, hydration status had a significant neg-
ative affect on perceived feelings of concentration and 
alertness. However, we found no association between 
hydration status and cognitive function.

The evaluation of seasonal variations on urine 
specific gravity was one of the main aims of our study. 
In the literature, data on seasonal variations are scarce 
and we aimed to add to the available knowledge. Cyprus 
has a Mediterranean climate with mild winters and hot 
summers and one would assume that the hot weather 
would induce more dehydration (19). Moreover, the high 
temperatures in Cyprus during the summer could lead to 
greater water loss through sweating and more thermal 
stress which would be expected to lead to higher fluid 
intake. However, our results show that adolescents in 
Cyprus had a higher urine specific gravity – indicating 
potentially more hypohydration – during the winter 
period than the summer period, as well as similar total 
water intake. Physiologically, dehydration occurs 
through passive exposure to a hot environment, exercise, 
or water restriction (20). It could be hypothesized that 
children were more physically active during school 
time in the winter, when the temperature is around 
15 °C, and physical activity could decline in hot weather 
(21), especially in the Middle East (22). Despite this 
hypothesis, the etiology behind the higher urine specific 
gravity in the winter needs to be investigated. However, 
the above finding should be interpreted with caution, 
as urine specific gravity in both seasons indicated 

Figure 1 Urine specific gravity (USG) during winter and 
summer in the morning and at the end of the school day. 
Difference in the morning in winter compared with in 
summer (P = 0.001). Difference in the morning in winter 
compared with the end of the school day (P = 0.030).

Time
Winter              Summer

U
SG

1.04

1.035

1.03

1.025

1.02

1.015

1.01
Morning End of school day

Table 1 Subjective feelings, water intake and cognitive function in winter and summer, in the morning and at the end of the school 
day 

Variable Winter Summer Seasonal effect Time effect

Morning End of school 
day

Morning End of school 
day

P-valuea P-valuea

Subjective feeling of 

Thirst 3.7 (1.8) 3.0 (2.2) 4.1 (2.3) 4.1 (3.0) 0.039 0.369

Dry mouth 3.7 (2.3) 3.4 (1.8) 3.7 (2.1) 3.8 (3.0) 0.495 0.814

Head numbness 1.5 (1.6) 1.6 (1.9) 1.8 (2.0) 2.6 (2.7) 0.062 0.222

Concentration 5.7 (1.9) 6.3 (2.5) 6.4 (2.5) 6.0 (2.5) 0.568 0.745

Fatigue 2.7 (2.2) 3.6 (2.2) 3.6 (2.5) 4.3 (2.9) 0.022 0.031

Alertness 5.5 (2.4) 6.6 (2.2) 5.8 (2.2) 5.7 (2.1) 0.372 0.150

Water intake (mL) 203.0 (199.2) 856.0 (524.7) 174.1 (175.6) 891.8 (524.8) 0.950 < 0.001

Cognitive function (no. of 
errors)

10 (9) 6 (5) 11 (10) 6 (5) 0.729 < 0.001

aP-values in bold indicate significant seasonal and time effects at P < 0.05.
Values shown are means (standard deviations).
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slight hypohydration, and the statistical finding on 
urine specific gravity might not translate into a real 
physiological or clinical finding.

Our results clearly indicate a high prevalence of 
raised urine specific gravity; most of the adolescents had 
raised urine specific gravity in both winter and summer, 
in the morning and at the end of the school day, with 
nearly half of them having extremely high urine specific 
gravity and being potentially very hypohydrated. The 
prevalence of dehydration in children has been shown 
to be high in many countries regardless of the climate 
(9,11,12). However, data on adolescent dehydration 
are scarce compared with other populations (23,24). 
Evaluating hydration status, especially in children and 
adolescents, is important because dehydration has been 
suggested to have adverse effects on general health (4). 
More specifically in adolescents, acute dehydration 
may negatively affect brain function (13). Therefore, 
more studies are needed to evaluate adolescent health in 
relation to their hydration status.

According to our study, many adolescents arrive at 
school hypohydrated and remain so for the duration of the 
school day, both in winter and summer. These findings 
are in agreement with previous findings from countries 
where climate conditions are similar to Cyprus (9,11). One 
could argue that urine specific gravity measured at the 

end of the school day could have been affected by food 
and fluid intake both at breakfast and during school 
hours. Research has shown that 600 mL of water can 
restore urine specific gravity to < 1.020 within 40 min 
(25). Our participants had 174 and 203 mL of water intake 
in the morning in summer and winter, respectively, and 
less than 1 L of water during the school day. This was 
apparently inadequate to restore urine specific gravity as 
evidenced by the high urine specific gravity at the end 
of the school day. Even though a statistically significant 
reduction in urine specific gravity was found at the end 
of the school day compared with the morning, urine 
specific gravity values remained high and indicated 
slight hypohydration status. Therefore it appears that 
adolescents do not drink enough to restore euhydration 
during their time at school.

Most people rely on the sensation of thirst to prompt 
them to drink fluids (26). However, even though our 
participants had an increased feeling of thirst during 
the summer period, this perception was insufficient 
and did not lead to higher total water intake. It has 
been suggested that ratings of thirst perception do not 
always show predictable patterns of voluntary drinking 
following dehydration (26); this is probably because the 
sense of thirst is not an adequate reflection of the water 

Table 2 Distribution of participants (n = 53) according to hydration status in winter and summer, in the morning and at the end of 
the school day

Hydration statusa Winter Summer

Morning End of the school 
day

Morning End of the school 
day

No. No. No. No.

Euhydrated 3 9 11 15

Slightly hypohydrated 26 21 35 26
Very hypohydrated 24 23 7 12 

aEuhydrated: urine specific gravity < 1.020; slightly hypohydrated: urine specific gravity 1.020–1.029; very hypohydrated: urine specific gravity ≥ 1.030.

Table 3 Urine specific gravity, subjective feelings and cognitive function according to hydration status, independent of season and 
time

Variable Euhydrateda Slightly hypohydrateda Very hypohydrateda P-valueb

Urine specific gravity 1.013 (0.005)cd 1.025 (0.003)d 1.032 (0.002) < 0.001

Subjective feelings

Thirst 3.2 (2) 3.7 (2.7) 4.4 (2.5) 0.069

Dry mouth 2.8 (1.9)d 3.5 (2.6)d 4.5 (2.5) 0.009

Head numbness 2.2 (2.6) 1.7 (2) 2.2 (2.3) 0.246

Concentration 7.4 (2.1)cd 5.9 (2.5) 5.8 (2.4) 0.008

Fatigue 3.2 (2.4) 3.4 (2.7) 4.2 (2.7) 0.164

Alertness 6.8 (2.2)d 6.2 (2.4) 5.5 (2.2) 0.047

Cognitive function  
(no. of errors) 8.6 (8.0) 8.7 (8.2) 6.9 (5.9) 0.325

aEuhydrated: urine specific gravity < 1.020; slightly hypohydrated: urine specific gravity 1.020–1.029; very hypohydrated: urine specific gravity ≥ 1.030. 
bP-values in bold indicate significant differences between all groups at P < 0.05. 
cCompared with the slightly hypohydrated group. 
dCompared with the very hypohydrated group). 
Values shown are means (standard deviations).



1038

Research article EMHJ – Vol. 26 No. 9 – 2020

needs (27) and relying on thirst alone may not be enough 
to ensure adequate total water intake and body hydration.

Although it has been suggested that children living 
in hot environments are prone to chronic hypohydration 
(9), our data do not support or suggest chronic voluntary 
hypohydration. However, data from other studies 
suggest that day-to-day intrapersonal variability in water 
intake is probably quite low (28) and morning values 
of urine specific gravity have very good repeatability 
over 5 consecutive days (25). Therefore, it cannot be 
totally rejected that the data collected in our study may 
provide an indication of fluid drinking behaviour over 
time. Furthermore, our results can provide a stimulus 
for design and implementation of effective school-
based interventions to promote appropriate drinking 
behaviour, especially in warm weather. For instance, it 
has been reported that children drink more water if they 
are allowed water bottles on their desk (29). Moreover, 
intervention programmes or school-based education 
campaigns have been found to be effective in modifying 
drinking behaviour and improving hydration status 
(23,30). 

Hypohydration in our study was associated with 
effects on subjective feelings. Hypohydrated students felt 
less alert and less able to concentrate during school time. 
These results agree with the findings of a previous study 
in men (5). It has also been reported that dehydration may 
affect mood state with high levels of hydration linked 
with high levels of vigour in children (11) and adults (31).
These findings are important because negative feelings 
may have an adverse effect on the ability of adolescents 
to concentrate during class time and to perform well at 
school.

The impairment of these important aspects of 
cognitive function such as concentration and alertness, 
due to hypohydration, indicate that they may alter 
cognitive performance. Previous studies in children, 
reported a beneficial effect of hydration on short-term 
memory (9,11). However, our results did not show any 
difference between hydrated and hypohydrated students 
in cognitive performance. This could be attributed either 
to the significant difference in group size (we had very few 
euhydrated students compared with many hypohydrated 

students), or to a lack of sensitivity of the test used in the 
study. However, other studies have also shown a lack of 
association between hydration status and cognitive test 
scores (11,32). It has been suggested that the relationship 
between hydration levels and cognitive outcomes may 
not be totally linear, since hypohydration seems to affect 
some cognitive performance but not others (11).

We based hydration status on measured urine specific 
gravity. Although urine specific gravity is not the gold 
standard to assess hydration, it can be easily measured 
and is not invasive as is plasma osmolality. For practical 
reasons, plasma osmolality could not be measured in a 
school environment. Urine specific gravity data can 
provide useful and valuable information on hydration 
status in free-living conditions (33), which was pertinent 
to the aim of our study. The participants provided a 
sample of first morning urine which is well accepted for 
setting urine concentration threshold to assess hydration 
status (34). The second sample was obtained at the end 
of the school day before lunch. This time point has been 
shown to have a good diagnostic ability for detecting 
hypohydration in children (35).

A limitation of our study was that we did not measure 
physical activity during the school day. Therefore, 
we do not know if there were seasonal variations in 
physical activity levels during the school hours and 
how these variations could affect the hydration status 
of the adolescents. Another limitation is that the total 
water intake was based on self-reported food-and-fluid 
record. We do not know if the students were able to 
accurately self-assess, even though the procedure was 
fully explained.

Future research should focus on demonstrating 
effective measures to improve the hydration status of 
students during school time. Educational measures 
should be taken to promote proper drinking behaviour 
and improve hydration in adolescents both in Cyprus 
and internationally, which can positively affect not only 
concentration and school performance, but overall health 
as well.

Funding: This study was funded by the European Hydra-
tion Institute.

Competing interests: None declared.

Table 4 Total water intake according to hydration status, independently of season

Time of day Total water intake (mL) P-valueb

Euhydrateda Slightly hypohydrateda Very hypohydrateda

Morning 299 (338) 176 (155) 165 (147) 0.163

End of the school day 1119 (667) 834 (490) 758 (402) 0.086
aEuhydrated: urine specific gravity < 1.020; slightly hypohydrated: urine specific gravity 1.020–1.029; very hypohydrated: urine specific gravity ≥ 1.030. 
bP-values are for differences between all groups. 
Values shown are means (standard deviations) for total water intake.
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Variations saisonnières dans la prévalence de l’hypohydratation chez les adolescents 
au cours de la journée d’école à Chypre
Résumé
Contexte : Il existe peu de données factuelles sur l’état d’hydratation des adolescents et ses variations au cours des 
saisons et de la journée.
Objectifs : La présente étude avait pour objectif d’évaluer les variations dans l’état d’hydratation et les apports en eau 
chez les adolescents à Chypre, entre l’hiver et l’été et entre le matin et la fin de la journée d’école. Les ressentis subjectifs 
et les fonctions cognitives liés à l’hypohydratation ont également été examinés.
Méthodes : 53 adolescents (39 garçons) d’âge moyen 15,1 ans (écart type : 1,9) ont été inclus dans l’étude. Les participants 
ont fourni des échantillons d’urine, passé un test de fonctions cognitives et rempli un questionnaire sur leurs ressentis 
subjectifs, à l’arrivée à l’école et à la fin de la journée. Les données ont été recueillies en hiver et en été en 2016-2017. Le 
niveau d’hydratation a été déterminé par la mesure de la densité de l’urine. Les fonctions cognitives ont été évaluées 
au moyen d’un test de barrage de symboles. Les apports totaux en eau ont été estimés à partir d’un journal où les 
participants notaient leur prise d’aliments et de liquides.
Résultats : Une forte prévalence de l’hypohydratation, allant de 72 % à 94 %, a été observée aux deux saisons. 
L’hypohydratation  allait de pair avec des ressentis de concentration et de vigilance diminuées (p = 0,008 et p = 0,047, 
respectivement). La densité de l’urine chez les adolescents était significativement plus élevée en hiver qu’en été : 
1,026 (écart type : 0,007) contre 1,023 (écart type : 0,007), respectivement (p = 0,002). L’état d’hydratation n’était corrélé ni 
avec les fonctions cognitives, ni avec les apports totaux en eau.
Conclusions : Les liens entre la forte prévalence de l’hypohydratation et les ressentis de diminution de la concentration 
et de la vigilance chez les adolescents portent à croire que des mesures sont nécessaires en milieu scolaire afin 
d’encourager des apports en liquides satisfaisants et d’améliorer l’hydratation. 

انتشار الجفاف في صفوف المراهقين أثناء اليوم الدراسي في قبرص: التغيرات الموسمية
بينولبي ستافرينو، كريستفورس جيانكي، إليني آندرو، جورج آفاميس

الخلاصة
الخلفية: لا يوجد سوى قدر قليل من الدلائل بشأن حالة الإماهة في المراهقين والتغيرات الموسمية والزمنية.

الأهداف: هدفت هذه الدراسة إلى تقييم التغيرات في حالة الإماهة وإجمالي مدخول الماء للمراهقين في قبرص في الفترتين بين الشتاء والصيف، وبين 
الصباح ونهاية اليوم الدراسي. كما خضعت المشاعر الذاتية والوظيفة المعرفية المرتبطة بالجفاف للدراسة والفحص.

15.1 )1.9( عام. وقدّم المشاركون  طرق البحث: شملت الدراسة ثلاثة وخمسين مراهقاً )39 من الفتيان( بمتوسط عمري )انحراف معياري( 
الدراسي.   اليوم  نهاية  وفي  المدرسة  إلى  الوصول  عند  الذاتية  المشاعر  استبيان حول  وأجابوا عن  المعرفية،  الوظيفة  لاختبار  وخضعوا  بول،  عينات 
وجُمعت البيانات في موسمي الشتاء والصيف في الفترة بين عامي 2017-2016. كما تحدد مستوى الإماهة عن طريق الثقل النوعي للبول، وقُيمت 

الوظيفة المعرفية باستخدام اختبار إلغاء الرموز. وقُدر إجمالي مدخول الماء من سجل الأغذية والسوائل الذي احتفظ به المشاركون.
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