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Abstract

Introduction: caffeine is one of a compound that is widely found in coffee, tea, energy drink, and chocolate. Their consumption is high
among adults, especially workers during working hours. The diuretic effect from caffeine, caffeinated beverages® density, and drink behavior
change due to the consumption of caffeinated beverages might alter the hydration status. Moreover, low hydration status is associated with
work performance where heat strain may worsen it. The objective of this study is to review the original studies on the association of caffeine
intake and hydration status among workers.

Methods: studies were obtained from 4 electronic databases which are Scopus, PubMed, EBSCO, and google scholar. Inclusion criteria were
published in English or Bahasa Indonesia, between January 2000 and February 2023. Only originals studies included with the method of
experimental or observational studies.

Results: there were eighteen studies found regarding the association between caffeine intake and hydration status. The indicator of hydration
status varied from urine specific gravity, urine or serum osmolality, urine color, glomerular filtration rate, urine pH, urine volume, body water,
and rehydration capability. Most of the intervention was caffeine intake, but two studies involved tea consumption instead.

Conclusions: Recent studies suggested inconclusive results between caffeine intake and hydration status in adults where some studies showed
insignificant change between intervention and control groups and some others showed the poor quality of hydration status among caffeine
consumers. More studies are necessary to conduct, especially among workers since their specifically high consumption of caffeine and the
risky environment of working.
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Abstrak

Pendabuluan: Kafein adalah salah satu zat yang banyak ditemukan pada kopi, teh, minuman berenergi, dan coklat. Minuman tersebur banyak
dikonsumsi oleh orang dewasa, terutama para pekerja selama jam kerja. Efek diuretik dari minuman tersebut, tingginya densitas, serta pengarub
pada kebiasaan minum memiliki kemungkinan untuk mempengarubi status hidrasi. Status hidrasi memiliki berhubungan dengan produktivitas
kerja, terutama bila muncul heat strain. Tujuan dari studs ini adalah me-reviu penelitian terdahulu terkait hubungan antara asupan kaféin dan
status hidrasi pada pekerja.

Metode: Penclitian terdahulu diperoleh dari 4 basis data elektronik, yaitu scopus, PubMed, EBSCO, dan google schoolar. Kriteria inklusi meliputi
dipublikasi dalam bahasa Inggris atau babasa Indonesia antara Januari 2000 dan Februari 2023. Studi yang dimasukkan hanya yang merupakan
studi orisinil dengan metode cksperimental ataupun observasional.

Hasil: Terdapat delapan belas studi yang ditemukan terkait hubungan asupan kafein dan status hidrasi. Indikator status hidrasi meliputi urine
specific gravity, serum osmolalitas, osmolalitas urin, warna urin, glomerular filtration rate, pH urine, volume urin, kandungan air tubub, dan
kemampuan rebidrasi tubub. Penclitian yang paling banyak ditemukan adalah penelitian dengan intervensi berupa asupan kafein, namun ada
dua penelitian dengan intervensi konsumsi teh

Kesimpulan: Studi terbaru menunjukkan adanya hasil yang belum konklusif antara hubungan asupan kaféin dan status hidrasi pada orang
dewasa dimana beberapa studi menunjukkan perubahan yang tidak signifikan antara kelompok intervensi dan kelompok kontrol. Sementara itu,
terdapat studi yang menunjukkan adanya kualitas status hidrasi yang menurun pada kelompok yang menerima intervensi berupa asupan kafein
yang tinggi serta lingkungan kerja yang berisiko.

Kata kunci: hidrasi, urine specific gravity, kafein, konsumsi kopi, urin
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Introduction

Water is a nutrient that is often overlooked despite its
abundant functions for the body to work optimally. its
deficiency in a short time can cause headaches, fatigue,
impaired cognitive function, and low concentration.' In
the long run, low water intake leads to decreased work
productivity and lowered kidney function. Around
70% to 80% of water requirement is obtained from
drinking, depending on the country and their food
culture differences.” Among beverages, plain water
was the most consumed, and hot beverages, which
include coffee and tea, came second?. Indonesia is the
country with the highest coffee consumption in Asia
where fresh-brewed consumption made up to 30% of
total caffeinated drink consumption.* Among workers,
Sunardi et al it was shown that tea and coffee were the
second highest consumption after water compared to
other beverage groups’.

Bardosono et al displayed the result regarding
the hydration status difference between workers
with different work environments.” Workers under
hot and conveniently cool circumstances did not
show contrasting hydration status significantly
(1.0178+0.0076 vs. 1.0187+0.0077). Based on the urine
color chart, it was indicated that both groups of workers
underwent a similar probability to be dehydration. High
intake of coffee among workers may decrease water
intake which can lead to worsening dehydration.

Solutes in coffee is the background of its higher
specific gravity compared to water that a density is
1.000. The density of coffee is 1.280, depending on
the type of coffee’. Setyarsih et al stated that water
intake was correlated to urine specific gravity.” In
South Korea, it was shown that students consumed
higher sweetened beverages among students who drank
coffee often compared to students who drank coffee
rarely.® Higher sweetened beverage consumption then
could lead to lower water consumption and resulted
to worsen hydration status. The aim of the study is to
review studies regarding the effect of caffeine intake and
hydration status among workers.

Methods

Four electronic databases, Scopus, Google Scholar,
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EBSCO, dan PubMed, were used to search the
publication. The PICO model is used where population
are workers, interventions are caffeine intake where
coffee, tea, and chocolate consumption are included,
comparisons are non-caffeine drinks or neutral nutrient
food, outputs are status hydration that are measured by
urine specific gravity, urine color chart, or creatinine
serum. Keywords that are searched in the databases
were “caffeine intake” OR “coffee consumption” OR
“tea consumption” OR “chocolate consumption” OR
“energy drink consumption” AND “hydration status”
OR “urine specific gravity” OR “urine color” OR
“creatinine serum”

The studies included is limited to original studies
where their method could be randomized controlled
trial, case control, cohort, or cross sectional. The
participants were adults or active people. Languages that
are used in the studies included are English and Bahasa
Indonesia between the year of 2000 until February 2023

Results

After going through the literature process with inclusion
and exclusion criteria, we found 15 articles that matched
with the eligibility that can be seen in table 1. All the
studies were experimental studies but four of them did
not comprise a control group they only observed the
effect after the intervention. The participants varies from
regular healthy adults and five of them were athletes
where their performances were also observed. However,
adults as participants in the studies which we reviewed

represented workers for this paper’s objective.

Discussion

There were inconclusive results from this literature
review regarding whether caffeine intake, either through
direct ingestion or in beverage consumption, could affect
hydration status among healthy people. Armstrong et al,
Zavvos et al, Ekpenyong et al, and Zhang et al showed
an unfavorable outcome from caffeine intervention
where the hydration status was lower than the control
group.”'?!%! Meanwhile, Seal et al showed the acute
effect of urinary excretion in a significant manner
compared to the control group.'!



I[JCOM 2023 December;3(2):113-22

Table 1. Studies included in the review

No. Author population Method Result
1 Armstrong et al’ Randomized controlled trial There was a significant difference
in USG between a day before
59 healthy and active  Intervention 1: caffeine intake in a capsule witha  intervention and a day after
men, from 18 to 34 dose of 6 mg/kg body weight/day for 5 days intervention (Int 1: 1.023+0.005 vs
years old in USA. 1.026+0.005; Int 2: 1.021+0.005 vs
Intervention 2: caffeine intake in a capsule with a 1.024+0.005) among participants
dose of 3 mg/kg body weight/day for 5 days in intervention 1 and 2, but not in
control group
Control: caffeine intake in a capsule with a dose of
0 mg/kg body weight/day (placebo) for 5 days There was no significant difference
in neither urine volume, urine
OutPut: Urine volumcf, urine colqr, urine specific osmolality, or urine color between
gravity (USG), and urine osmolality groups and between times.
2 Mota et al' Double-blind randomized cross-over trial with 2 There was no significant difference
groups of intervention and 1 control group of urine volume and total body
26 men and women water (intracellular and extracellular)
from 18 — 59 yearsin  Intervention 1: ~200 mg of caffeine intake between before and after intervention
old in USA in all groups
Intervention 2: - 400 mg of caffeine intake
Control: 0 mg of caffeine intake
Output: urine volume, total body water
(intracellular and extracellular)
3 Seal et al'! Counterbalanced cross-over trial with 2 groups of  Intervention 2 showed higher
intervention and 1 control group cumulative urinary excretion and
8 men and 2 women cumulative urinary osmotic excretion
with an average age was Intervention 1: 200 ml of instant coffee with low  significantly 120 and 180 minutes
27 years old in Greece  caffeine (3 mg/kg body weight) after coffee consumption compared
to the control group. Meanwhile,
Intervention 2: 200 ml of instant coffee with high  intervention 1 did not show any
caffeine (6 mg/kg body weight) significant difference of output
compared to the control group
Control: 200 ml of water
Output: cumulative urinary excretion, cumulative
urinary osmotic excretion
4 Zavvos et al? Counterbalanced randomized trial with 1 Compared to control group,

9 men with average
age was 26 years old in
Greece

intervention group and 1 control group

Intervention: espresso coffee consumption
(171+8.9 mg caffeine) intake during the period of
body fluid replacement

Control group: only water consumption during the
period of body fluid replacement

Output: urine specific gravity, urine volume, urine
color

intervention group showed darker
color (2+0.9 vs 4+1.66), higher USG
(1.014+0.006 vs 1.022+0.004), and
higher urine volume (302+151 ml

vs 200+71 ml) significantly after the
period of body fluid replacement
(120 minutes after exercise)
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No. Author population Method Result
5 Killer et al'? Counterbalanced cross-over trial with 1 There was no significant difference
intervention group and 1 control group between time and group of total
50 healthy men with body water, USG, urine volume,
habitual coffee drinkers Intervention: consumption of 4x200 ml per day of  urine osmolality, urine creatinine,
from 18 — 46 years old  coffee containing 4 mg/kg for 3 consecutive days and serum osmolality
in the UK
Control: consumption of water 4x200 ml per day
Output: total body water, USG, urine volume,
urine osmolality, urine creatinine, serum osmolality
6 Ekpenyong et al'4 Pre and post-experimental with 3 interventions There was a significant decrease
group in serum urea, serum creatinine
105 men and women concentration, eGFR, and urine pH,
from 18 to 35 years old Intervention 1: 2 g of Cymbopogon citratus between before and after intervention
in Nigeria (lemongrass tea) in all groups.
Intervention 2: 4 g of lemongrass tea There was a signiﬁcant increase in
mean 12-h urine volume between
Intervention 3: 8 g of lemongrass tea before and after intervention in
o group intervention 3 only and a
Lemongrass tea was given in leaves powder and significant increase in mean 24-h
brewed in 150 ml hot water. All interventions last | rination frequency between before
for 30 days and after intervention in all groups
Output: estimated glomerular filtration There was no significant difference
rate (¢GFR), serum urea, serum creatinine found in USG between group and
concentration, urine pH, USG, diuretic indices between time
7 Aedma et al®”® Double-blind, counterbalanced, cross-over trial There was no significant difference
with 1 intervention group and control group found in time interaction and
14 trained wrestlers between intervention and control
with the average age Intervention: caffeine intake of 5 mg/kg group
was 25.3 years old in
Estonia Control: placebo containing glucose
Measurement of output was conducted before
ingestion and after ingestion that was also after the
competition
Output: USG, urine osmolality
8 Munoz et al'® Pre and post-intervention trial with 9 intervention  There was no significant difference

47 cyclists with an
average age of 52 years

old in the USA

groups where one of them was caffeine intervention
and other eight groups were other non-caffeine

related nutrient intervention

Intervention: Caffeine intake (-64.6 mg)

Output: urine color, USG, plasma osmolality,

plasma copeptin, body mass change

between pre and post-intervention
in body mass change, USG, urine
color, plasma osmolality, and plasma
copeptin after cycling 161 km
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No. Author population Method Result
9 Fiala et al"” Double-blind, random, cross-over design trial with ~ There was no significant change
2 intervention groups that each intervention lasted  of USG, urine color, and urine
10 athletes with an for 3 days osmolality in time and group
average age of 24 years interaction
old in the USA Intervention 1: rehydrated with water during
exercise and coke during all other times
Intervention 2: rehydrated with water during
exercise and caffeine free coke during all other times
Output: USG, urine color, urine osmolality
10 Scott et al*® Cross-over experimental study with 1 intervention  There was no significant difference
group and 1 control group found in USG and urine color before
9 male and 4 female and after intervention in all groups
climbers in Mt. Everest Intervention: participants consumed a minimum
or Mt. Lhotse consumption of was 2 cups with each cup was
400ml
Control: participants abstained from tea and other
beverages containing caffeine
Output: USG and urine color
11 Silva et al” Double blind cross-over experiment with 1 There was no significant difference
intervention group and 1 control group that lasted ~ observed in total body water,
30 healthy men from  for 4 days extracellular water, and intracellular
20 — 39 years old in water between time or between
Spain Intervention: caffeine intake 5 mg/kg body mass/  group
day in capsule consumed twice in a day
Control: placebo capsule containing malt-dextrin
Output: total body water, extracellular water,
intracellular water
12 Tucker et al® Pre and post-experimental with 4 interventions There was no significant difference

34 adult males with
mean age 23.6 + 4.7

years;

height 178.5 + 7.2 cm;
mass 76.0 + 12.1 kg; in
the USA

group

Intervention I : water
Intervention II : water+ caffeinated caloric cola

Intervention III : water and caffeinated noncaloric
cola

Intervention IV : water, caffeinated caloric cola,
caffeinated noncaloric cola, and orange juice

Beverage intervention involved subjects consuming
provided treatment beverages for 24 hours starting
on Wednesday morning of each week. They were
required to report to the laboratory on Wednesday
for pre treatment and Thursday mornings for post
treatment each week

Output : color, urine specific gravity, urine
osmolality, serum osmolality, and total body water

in total body water between pre and
post and post treatment

There was a significant decrease

in Urine Specific Gravity and
osmolality between pre and post
treatment in group IV. There was a
significant increase in Urine Specific
Gravity and osmolality between post
treatment o group I and II with post
treatment group IV

There was no significant difference
in creatinine between pre and post
treatment

There was no significant difference
in serum osmolality between pre and
post and post treatment

117



I[JCOM 2023 December;3(2):113-22

No. Author population Method Result
13 Zhang et al*! Counterbalanced randomized with 4 intervention  There was a significant difference
group of participants number of
8 male university hypohydration between group 111
students with mean age Intervention I : exercise with caffeine, no dan IV
23 years, height 178 rehydration (C+W-)
cm, and body weight
77 kg in the USA Intervention II : exercise with no caffeine,
rehydration tap water (C-W-) There was no significant difference
between time and group in
Intervention III : exercise with caffeine, rehydration urine specific gravity, total urine
tap water (C+W+) production, and change ini body
mass with the intervention
Intervention IV : exercise with no caffeine, no
rehydration (C-W-)
For the caffeine trials, 10 minutes prior to the
exercise phase
participants consumed caffeine capsules equal to 6
mg/kg of baseline body mass.
Output : urine-specific gravity, total urine
production, change in body mass, hypohydration
14 Dias et al?? Randomized controlled trial with 2 intervention There was no difference in USG,

59 college-aged men in

the USA

groups and 1 control group that lasted for 6 days.
Before the intervention, all groups consumed

caffeine with dose of 3 mg/kg body mass/day that
lasted for 6 days to balance out all the participants

Intervention 1: consumed caffeine with dose of 3

mg/kg body mass/day

Intervention 2: consumed caffeine with dose of 6
mg/kg body mass/day

Control: consumed 0 caffeine

Output: USG, urine osmolality, urine color, and
urine volume

Measurement of output was conducted after
intervention (before and after exercise)

urine osmolality, urine color, and
urine volume found in all groups

between before and after exercise and

between groups interaction
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No. Author population Method Result
15 Grandjean et al® Conter-balanced, cross-over trial with 4 There was no significant difference in
intervention groups and 1 control group which urinary creatinine, urine osmolality,
18 healthy men from  lasted for 7 days in each intervention and USG found in time interaction
the age of 24 — 39 years and group interaction
old in the USA Intervention 1: equal amounts of water and
caffeinated-carbonated coke
Intervention 2: equal amounts of water and
caffeinated-carbonated non-caloric coke
Intervention 3: equal amounts of water, caffeinated-
carbonated coke, caffeinated-carbonated non-
caloric coke, and instant coffee
Intervention 4: half water and half carbonated
citrus non-caffeinated soft drink
Control: water only
Output: Urinary creatinine, urine osmolality, USG
16 Ruxton et al?* Counter-balanced randomized controlled cross- There was no significant in BUN,
over trial with 2 intervention groups and 1 control  urine volume, urine creatinine, urine
19 healthy men in UK group osmolality, and urine color between
the consumption of tea and water
Intervention 1: 4 cups of tea during 12 h session with the same amount.
Intervention 2: 6 cups of tea during 12 h session
Control: 4 and 6 cups of water intake
Output: Blood urea nitrogen (BUN), urine volume,
urine creatinine, urine osmolality, urine color
17 Carmo et al® Double-blind cross-over trial with 1 intervention There was no significant difference
group and 1 control group in serum creatinine and body water
10 judo athletes with between groups or between before
an average age were Intervention: caffeine intake in a supplement form  and after intervention
21.6 years old in Brazil containing 5 mg/kg body mass
Control: placebo
Output: serum creatinine and body water
18 Williamson et al* Randomized Double-blind cross over designed with There was no significant difference

20 healthy males with
the average age was
26.6 years old in the
USA

1 intervention group and 1 control group
Intervention: 200 mg of caffeine in capsule form
Control: placebo of 200 mg of dextrose

BIA Measurement were conducted before and after
intervention ((15-min, 30-min, 45-min, 60-min,

75-min, 90-min)

Output: Total Body Water, Extracellular water, and
Intracellular water

in Total Body Water, Extracellular
water, and Intracellular water
between the consumption of caffeine

and the placebo
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Good hydration status is an important factor that
supports the body to optimally function and actively
perform. Benton et al reviewed studies regarding water
intake, mood, and mental performance and it was found
that among adults, lower hydration status led to the
decrease of vigilance and alertness, along with worsened
mood.” The same results were also displayed by Masento
et al where increased fatigue, difficulty concentrating
and task working were presented as well.?® All these
outcomes are prominent for workers considering mood,
mental performance, and brain function are significant
for productivity.

Different usage of caffeine or beverage types might
be the background of different results of the study. Tea
and coffee contained different caffeine amounts where
coffee contains 212 mg/L and tea contains 179 mg/L.”
Furthermore, different types of coffee consumed also
showed different effects on the body and health.*
Different types of coffee contained different caffeine
per serving size ranging from 235 mg, 150 mg, and
63 mg which can be found in 350 ml brewed coffee in
coffee shops, 350 ml americano in coffee shops, and 30
ml of espresso.”!

Among the studies found in this review, half of
them used whole coffee, instead of caffeine ingestion, for
the experimental study. Tea, cola, espresso, and instant
coffee were applied for the intervention period. Espresso
which contains the highest caffeine among other
caffeinated beverages was used in the study by Zavvos et
al and might explain why its effect on hydration status
was significant."

Higher solute in coffee lead to higher specific gravity
compared to water with 1.000 specific gravity. The
specific gravity of coffee is 1.280, depending on the type
of coffee.® It was shown that total fluid consumption
was associated with urine specific gravity.” In South
Korea, it was presented that students with higher
coffee consumption consumed higher sugar-sweetened
beverages along with more sugar and oil intake.®* This
low-quality consumption habit induced low water
consumption that resulted in poor hydration status.?3

Caffeine is an alkaloid that is found naturally in
coffee.” It is the most consumed substance, that has
antagonist effects on adenosine receptors. Caffeine can
bind to adenosine receptors located in the central and
peripheral nervous system.** Caffeine is soluble in water
and lipids. It easily crosses the blood-brain barrier and
in all body fluids.*

After consumption, caffeine can be absorbed with
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bioavailability 99-100 %.%¢ Caffeine is absorbed by
small intestine within 45 minutes.”” Peak concentration
of caffeine in serum is about 2 hours.?* The half-life of
caffeine is 3-7 hours in adults.’®> Moreover, it is also
supported by Thor that half-life of caffeine was 4-5
hour.?®

Caffeine is metabolized in the liver by the hepatic
isozyme CYP1A2. Caffeine has three major metabolites
by demethylation: theobromine, paraxanthine, and
theophylline.” By blockade of adenosine receptors,
theophylline can inhibit renal reabsorption and causes
diuretic effect.®

Among athletes, the main output was mostly their
performance since caffeine was classified as an ergogenic
aid that helped boost their physical performance.*! In
those studies, hydration status was measured by body
weight or total body water change before and after
exercise or training. The rehydration ability of caffeine
and water was also observed in Fiala et al and Zhang et
al which showed contrasting results.'”-*' Hydration status
after training or rehydration capability among athletes
becomes essential since their performance depends on
their hydration condition.®

Caffeine is a potential ergogenic aid for enhancing
their performance during training, exercise, or
competition®® Its benefit for athletes’ neurocognitive
and alertness performance along with endurance,
high-intensity, and strength-power performance is
highly gained.®* This code, however, appeared to be
contradictive with the results of some studies found
in this review where hydration status worsened after
caffeine intervention, especially among athletes.'

As the authors acknowledge, there was not any study
found that involved workers as specific participants. On
the other hand, workers are the group who consumed a
high amount of coffee and tea during work hours which
might change their hydration status. Moreover, low
hydration status is associated with work performance

where heat strain in a hot workplace may worsen it.4

Conclusion

This review summarizes the relevant literature regarding
the association of caffeine intake and hydration status,
either caffeine in individual components or in beverages
in coffee, tea, chocolate, or energy drink. There are
eighteen studies found and three of them showed
significant results of hydration status between the
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group who received caffeine intake compared to the
control group. However, studies that did not show
significant results were also detected. Thus, the result
of the association between caffeine intake and hydration
status remains inconclusive more studies in the future
are encouraged. Among workers, the relationship is
needed to be observed further since caffeine consumers
are high among them and hydration status might lead
to advance consequences like work performance and
non-communicable diseases.
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