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a b s t r a c t

The alcohol hangover is a combination of negative mental and physical symptoms which can be expe-
rienced after a single episode of alcohol consumption, starting when blood alcohol concentration (BAC)
approaches zero. A popular theory suggests that dehydration is the primary cause of alcohol hangover
and that the consumption of water could alleviate hangover symptoms. Here, the current evidence on
the relationship between hangover severity, thirst, and water consumption is summarized. The positive
correlations of the amount of water consumed with both hangover severity and thirst suggest that both
dehydration and the hangover are co-occurring after-effects of alcohol consumption. While hangovers
were typically relatively enduring, dehydration effects were usually mild and short-lasting. Survey data
revealed that water consumption during or directly after alcohol consumption had only a modest effect
in preventing next-day hangover. Also, the amount of water consumed during hangover was not related
to changes of hangover severity and thirst. Thus, water consumption was not effective to alleviate the
alcohol hangover. Taken together, these data suggests that alcohol hangover and dehydration are two co-
occurring but independent consequences of alcohol consumption.
© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
Introduction

The alcohol hangover refers to the combination of negative
mental and physical symptoms which can be experienced after a
single episode of alcohol consumption, starting when blood alcohol
concentration (BAC) approaches zero (Verster, Scholey, et al., 2020).
The hangover is characterized by a variety of symptoms, including
fatigue, headache, and concentration problems (Van Lawick van
Pabst et al., 2019; Van Schrojenstein Lantman et al., 2017).
Alcohol hangovers can be experienced by both sexes (Van Lawick
van Pabst et al., 2019), at any age (Verster, Severeijns, et al., 2021),
and after consuming any amount of alcohol (Verster, Kruisselbrink,
et al., 2020). Despite a clear demand by consumers (Mackus et al.,
n-Kathrin.Stock@uniklinikum-
en), andrew@scholeylab.com
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2017), there is currently no commercially available hangover
treatment for which the efficacy has been scientifically proven
(Jayawardena et al., 2017; Verster, van Rossum, & Scholey, 2021).

Although a minority of drinkers claims not to experience
hangovers (Hogewoning et al., 2016; Howland et al., 2008; Mackus
et al., 2023), research showed that this is not a simple matter of
being more resilient (Van Schrojenstein Lantman et al., 2018).
While the exact pathology of the alcohol hangover remains to be
determined (Palmer et al., 2019; Tipple et al., 2017), an increasing
body of evidence indicates an important role for the inflammatory
response to alcohol (Van de Loo et al., 2020) and differences in
alcohol metabolism (Mackus et al., 2020a) as important factors
determining the presence and severity of hangovers. That is,
research showed that a smaller inflammatory response after
alcohol consumption (Van de Loo et al., 2020; Van de Loo et al.,
2021) and accelerated ethanol metabolism (Mackus et al., 2020b)
were associated with experiencing less severe hangovers. Current
research on the pathology of the alcohol hangover and the
le under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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development of new treatments is focusing on these aspects.
However, despite the absence of convincing scientific evidence,
among both the general public and researchers (Tipple et al., 2017;
Wiese et al., 2000) there is still a persistent believe that alcohol
hangovers are caused by dehydration. In addition, several com-
panies market hangover treatments claiming that dehydration is
the cause of hangovers (Drip hydration; IVBoost). The current re-
view will discuss the relationship between alcohol hangover and
dehydration, and summarize evidence that these are two co-
occurring but independent consequences of alcohol consumption.
The relationship of alcohol consumption and dehydration

An overview of processes that result in water loss and dehy-
dration after alcohol intake is given in Fig. 1.
Fig. 1. Overview of processes that result in water loss and dehydration after alcohol intake.
Images are modified and used with permission from www.depositphotos.com.
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Thirst and dry mouth are other common next-day effects
experienced after an evening of alcohol consumption (Van Lawick
van Pabst et al., 2019; Van Schrojenstein Lantman et al., 2017). As
a result, dehydration has been suggested as one of the primary
causes of the alcohol hangover (Wiese et al., 2000). Alcohol has
well-known diuretic effects (Fountain et al., 2023; Grupp et al.,
1991), which means that it promotes water and electrolyte loss
through urine production. Fig. 1 gives an overview of the processes
that result in water loss and dehydration after alcohol intake.
Alcohol intake raises blood volume and blood pressure. These ef-
fects trigger the kidney to produce and release increased amounts
of renin in the juxtaglomerular cells of the kidney. Increased
filtration, followed by a de-creased reabsorption of sodium (Naþ)
and water, and decreased secretion of potassium (Kþ) and Hþ re-
sults in the increased production of urine. Also, aldosterone and the
antidiuretic hormone (ADH, also called vasopressin) do not
Abbreviation: ADH ¼ antidiuretic hormone (vasopressin). þ ¼ increase, � ¼ decrease.

http://www.depositphotos.com
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stimulate the drinker to consume more water. The result of these
processes is a state of dehydration, characterized by thirst and dry
mouth (see Fig. 1).

Fig. 2 gives an overview of the processes that address dehy-
dration and bring water levels back to normal (homeostasis) the
day after alcohol intake.

Blood volume and blood pressure are reduced following alcohol
intake (Assaker et al., 2021; Tasnim et al., 2020). These effects
trigger the adrenal gland to produce increased levels of aldoste-
rone, and trigger the hypothalamus to produce more ADH. These
hormones promote increased thirst and water consumption.
Increased production of renin is associated with increased reab-
sorption of Naþ and water and increased secretion of Kþ and Hþ.
Together, these processes result in a decrease of urine production,
Fig. 2. Overview of processes that restore homeostasis the day after alcohol intake. þ ¼ incre
modified and used with permission from www.depositphotos.com.
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and a return to normal blood volume and blood pressure, as well as
a normal electrolyte balance (see Fig. 2).

Additionally, the CNS influences the autonomic nervous system
(ANS), which regulates involuntary bodily functions, including the
control of blood vessels and pressure. Consuming alcohol may
disrupt this regulation, contributing to the dilation of blood vessels
and consequently lowering of blood pressure (Assaker et al., 2021).
As a response, heart rate may increase and initiate further loss of
bodily fluid through sweating. Moreover, consumption of alcohol
may alter the sensation of thirst, which potentially causes in-
dividuals to drink less water and further exacerbating dehydration,
which in turn may contribute to symptoms such as dry mouth and
headache. Lastly, research has shown that dehydration after alcohol
consumption may be different in individuals with a history of
ase,� ¼ decrease. Abbreviation: ADH ¼ antidiuretic hormone (vasopressin). Images are
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alcohol abuse. Significant consumption of alcohol can lead to
various physiological and behavioral changes impacting how one's
body addresses dehydration. Firstly, individuals with a history of
alcohol use disorder are often found to develop a higher tolerance
to the diuretic effects of alcohol, requiring higher volumes of
alcohol to experience similar dehydration as to occasional drinkers
(Kalant, 1998). Secondly, these individuals may be less inclined to
prioritize hydration and are therefore adapted to reduced fluid
intake, making one less responsive to thirst signals. Only in very
severe cases, alcohol consumption may lead to kidney damage
(Epstein, 1997). Kidney damage reduces the ability to concentrate
urine and increases the difficulty to reabsorb water, resulting in
increased fluid loss and experiencing dehydration symptoms. More
research is needed in this area.

Literature search

Three literature searches were conducted on 6 July 2024, and
their results were combined (see Fig. 3). Excluded for the current
review were studies not conducted in human subjects, review ar-
ticles and commentaries, and articles not published in English
language. Excluded as ‘not relevant’ were human studies that did
not investigate the effects of water consumption or dehydration. A
first literature search was conducted using PubMed using the
search terms “alcohol hangover” and “dehydration”. The search
retrieved 12 articles. Three studies from the PubMed search were
Fig. 3. PRISMA fl
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eligible for inclusion (Lieb & Schmitt, 2020; Linkola et al., 1976;
Linkola et al., 1979). A second search used the search terms “alcohol
hangover” and “water”. The search retrieved 44 articles. Two
additional studies (Gill et al., 1982; Verster, Anogeianaki, et al.,
2020) were eligible for inclusion. Cross-references of these arti-
cles and the review articles and commentaries were checked for
additional studies. Given the paucity of literature on the subject,
both original articles and abstracts were included. This search
resulted in 6 additional articles (Eggleton, 1942; K€ochling et al.,
2019; Linkola et al., 1978; Mackus et al., 2023; Mammen et al.,
2018; Verster, Anogeianaki, et al., 2020; Ylikahri, P€os€o, et al.,
1974) and 2 abstracts (K€osem et al., 2015; Verster, 2006).
Together, the searches retrieved 13 relevant studies that were
included in the current review (see Fig. 3).

Studies investigating the nexus between alcohol hangover and
dehydration

Although it can be a consequence of alcohol consumption, an
early experimental study suggested that dehydration is usually
modest and short-lasting in social drinkers. Eggleton (1942) pre-
sented several case studies in which she examined the impact of
alcohol consumption on urine excretion. In these experiments, the
highest level of urine excretion usually coincided in time with the
peak BAC. However, excess urine excretion was limited to the first
2 h after starting alcohol consumption (see Fig. 4), whereas in the
ow diagram.



Fig. 4. The impact of alcohol consumption on urine flow. An increase in urine pro-
duction in the first 2 h after starting alcohol consumption (47 g. alcohol in 200 c.c.
water between 10.40 and 10.50 a.m.) is evident. Additional alcohol intake from 11.40
a.m. to 3.10 p.m. 38-3 g. in 233 c.c. water, taken in 20 c.c. doses every 20 min. (indicated
by þ), did not result in increased urine excretion. The figure, taken from reference
(Eggleton, 1942), is reprinted with permission of Blackwell Publishing Ltd.

M. Mackus, A.-K. Stock, J. Garssen et al. Alcohol 121 (2024) 9e18
subsequent 4 h consumption of additional alcohol did not increase
urine excretion. Thus, the data from this single subject suggests that
diuresis is limited to the first phase of BAC increase, but not
thereafter.

Experimental data from a naturalistic study showed that thirst is
reported throughout the hangover day (Mackus et al., 2023). In this
study, the evening before the assessments, the participants
consumed a mean (SD) of 12.4 (4.4) alcoholic drinks. The next day,
hangover severity and thirst were rated hourly from 09.30 to 15:30,
using a scale ranging from 0 (absent) to 10 (extreme) (Verster, van
de Loo, et al., 2020). The results were compared with those
following an alcohol-free evening, as depicted in Fig. 5. It is evident
from Fig. 5 that both hangover and thirst are reported throughout
the day, and that the severity scores gradually decrease. However,
both hangover and thirst are still present at the end of the test day
(at 15:30), although the scores were reduced from moderate in the
Fig. 5. Severity scores of hangover severity the day after alcohol consumption. Means
and standard error bars are shown. Significant differences (at the same timepoint)
between the alcohol-free control day (not shown) and the hangover day (p < 0.0071,
after Bonferroni's correction for multiple comparisons) are indicated by *. Data plotted
from Mackus et al. (Mackus et al., 2023).
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morning to mild in the afternoon. Moreover, the magnitude of the
severity scores of hangover and thirst show a parallel pattern. For
hangover severity, the scores were significantly higher at all time
points compared to the alcohol-free control day when hangover
scores were zero throughout the day. In contrast, thirst scores were
significantly greater than the alcohol-free control day only for the
morning assessments at 09:30 and 10:30. These findings support
those of the case study by Eggleton (1942), and suggest that, in
contrast to the alcohol hangover, the dehydration effect is mild and
relatively short-lasting.

In the 1970s, the group of Ylikahri from the University of Hel-
sinki examined the diuretic effects of alcohol (Linkola et al., 1976;
Linkola et al., 1978; Linkola et al., 1979). A study in ten healthy male
subjects examined the renin-angiotensin-aldosterone-system
(RAAS) after the morning following evening consumption of
ethanol (1.5e2.3 g/kg) (Linkola et al., 1976). Blood samples were
taken during intoxication (7pm) and the next-day hangover phase
(8am, i.e., 10 h after consumption). During intoxication, plasma
renin activity was increased by more than 100% (1.11 ng/ml/h at
baseline versus 2.48 ng/ml/h during intoxication, p < 0.01), and
during hangover, it was increased by more than 200% (3.45 ng/ml/
h, p < 0.001). Compared to baseline (60.0 ng/L), aldosterone con-
centrations significantly decreased during intoxication (25.8 ng/L,
p < 0.05). However, aldosterone concentrations were significantly
increased during the hangover state (152.4 ng/L, p < 0.001). The
authors concluded that dehydrationwas the primary cause of these
effects. In a second article, Linkola et al. (1978) described the effects
of alcohol hangover on arginine vasopressin in 6 healthy male
volunteers. Urine excretion was significantly higher after alcohol
compared to the control condition. The arginine vasopressin con-
centrations were decreased during intoxication, but significantly
increased during the hangover state. The effects were most pro-
nounced in two subjects who reported nausea, vomiting and most
severe hangover symptoms. During hangover, a significant increase
in Naþ and a significant decrease in Kþ were observed. This elec-
trolyte imbalance is a direct result of diuresis. Water consumption
during intoxication had no significant impact on arginine vaso-
pressin concentration. However, water consumption during the
hangover state significantly decreased the arginine vasopressin
concentration (p < 0.001).

In a third article, Linkola et al. (1979) found a (non-significant)
rise in plasma renin during the hangover sate. Of the seven healthy
male subjects who participated in the study, this effect was greatest
in two subjects whowere nauseous and vomited. However, no clear
relationship was found between renin activity and the severity of
these complaints. In the next morning, no significant differences in
aldosterone concentrations were found between the alcohol and
control group. In both groups, water consumption significantly
decreased aldosterone concentrations in a similar way. At 8am, the
cortisol concentrations were significantly higher in the alcohol
group, but not thereafter (10am and 12am). It is important to note
that in the studies by Linkola et al. (Linkola et al., 1976; Linkola et al.,
1978; Linkola et al., 1979), the sample size was small, only male
subjects were included, and there were large interindividual dif-
ferences. Also, no correlations with hangover severity were pre-
sented. Therefore, the outcomes of the studies by Linkola et al. do
not provide sufficient information to conclude whether dehydra-
tion is one of the causes of the alcohol hangover, or if diuresis and
dehydration are co-occurring effects of alcohol consumption that
coincidence in time with the alcohol hangover.

In contrast, a study by Ylikahri et al. (Ylikahri, P€os€o, et al., 1974)
in 19 healthy male subjects found no significant changes in elec-
trolyte balance (specifically, Naþ, Kþ, CL�, Ca2þ, Mg2þ) during
hangover, measured 10 h after an alcohol challenge (1.5 g/kg).
Also, no significant correlation was found between electrolyte
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concentrations and hangover severity. It was concluded that elec-
trolyte imbalance does not play a role in the pathology of the
alcohol hangover (Linkola et al., 1978).

In 1982, Gill (Gill et al., 1982) examined the effects of consuming
six pints of beer in six healthy men. After the 3 h drinking session in
the evening, participants went to bed and blood samples were
taken every 2 h, until the following morning, 9 h after drinking. The
analyses revealed increased plasma osmolality, reduced vaso-
pressin concentration, and an increase in free water clearance was
observed in the first hours after drinking. In addition, small but
significant reductions in urea and creatinine concentrations and
increases in potassium concentrations were also observed, whereas
concentrations of alkaline phosphatase, gamma-glutamyl trans-
ferase, creatinine kinase, and lactate dehydrogenase remained
unchanged. Next morning, none of these effects on water balance
were observed, and values did not differ from pre-drinking as-
sessments. In linewith Ylikhari et al. (Ylikahri, P€os€o, et al., 1974) and
Gill et al. (1982), a recent study by K€ochling et al. (K€ochling et al.,
2019) in 90 healthy volunteers (50% women) also found no signif-
icant changes in blood potassium and sodium concentration during
hangover.

Interestingly, and related to the decrease in blood Hþ secretion
during the intoxication phase, there is a rise in blood pH during
alcohol hangover: For the hangover state, Ylikhari et al. (Ylikahri,
P€os€o, et al., 1974) found a significant decrease in pH, standard bi-
carbonate, and base excess, together with an unchanged partial
pressure of carbon dioxide (PaCO2). Together, these observations
point at metabolic acidosis during the hangover state. Fifteen hours
after alcohol consumption, hangover severity correlated signifi-
cantly and negatively with bicarbonate concentrations (r¼ �0.655,
p < 0.01) and base excess r ¼ �0.694, p < 0.01). It was concluded
that not electrolyte imbalance, but a change in acid-base balance
may play a role in the pathology of the alcohol hangover (Ylikahri,
P€os€o, et al., 1974). The metabolic acidosis is not associated with
diuresis, but with blood pH, and has been associated with increased
blood concentrations of lactic acid, ketone bodies, and free fatty
acids (Heikkonen et al., 1998; Ylikahri, Huttunen, et al., 1974;
Ylikahri & Huttunen, 1977). However, the role of metabolic acidosis
in the pathology remains to be further evaluated. The study by
K€ochling (K€ochling et al., 2019) did not replicate these findings on
metabolic acidosis and reported no significant differences between
an alcohol and control group for urine pH, specific weight, and
ketone bodies.

If dehydration were an underlying mechanism eliciting hang-
overs, it might be expected that drinking water would alleviate
hangover symptoms. The studies by Linkola et al. (Linkola et al.,
1976; Linkola et al., 1978) revealed that water consumption
significantly decreased arginine vasopressin and aldosterone con-
centrations (which were increased during intoxication), but un-
fortunately, a possible relationship with hangover severity was not
evaluated. However, the absence of significant correlations be-
tween electrolytes and hangover severity may suggest that alcohol
hangover and dehydration are two co-occurring but independent
processes.
Fig. 6. Frequency of used hangover treatments and their efficacy, as reported by Dutch
students. Data from reference (Verster, 2006).
The impact of drinking water on hangover severity

Up to now, three studies investigated the impact of water con-
sumption to prevent or alleviate the alcohol hangover. A first study
comprised a survey among 462 Dutch students. The study revealed
that consuming water was the most popular method to attempt to
mitigate hangover, and had been practiced by 55.8% of participants
(see Fig. 6) (Verster, 2006). However, the participants reported that
the efficacy of drinking water while hungover was relatively
14
modest (a mean score of 5.8 on a scale ranging from 0 (none) to 10
(excellent)).

A second study comprised a survey among 826 Dutch students
(K€osem et al., 2015) and examined the effectiveness of consuming
water to prevent next-day hangovers. For their latest heavy
drinking occasion, students rated the effectiveness of drinking
water on a scale from 0 (no effect) to 10 (excellent effect). Modest
efficacy in preventing next-day hangover was reported for drinking
water during alcohol consumption (mean ¼ 5.2, SD ¼ 2.4, N ¼ 618)
or drinking water before going to bed (mean ¼ 5.6, SD ¼ 2.6,
N ¼ 502). The reported efficacy scores for drinking water closely
match for the two surveys (K€osem et al., 2015; Verster, 2006).
Unfortunately, the amount of consumed water was not assessed in
either of the two surveys.

A third study did evaluate the amount of water consumed on a
hangover day. The study assessed hangover severity and individual
symptoms (including thirst) in 307 subjects who completed the
15.8 km Samaria Gorge walk in Crete, Greece (Verster, Anogeianaki,
et al., 2020). In the morning, subjects completed a survey during
the bus drive towards the Samaria Gorge. After the walk, during the
bus drive to their hotel, the same subjects completed a second
survey and reported on their hangover severity and thirst during
and after the walk, and the amount of water they consumed during
the walk. Hangover severity and thirst were rated with single-item
rating scales ranging from 0 (absent) to 10 (extreme) (Verster, van
de Loo, et al., 2020).

Of the study's 307 participants, 176 had a hangover in the
morning. These consumed a mean (SD) of 3.0 (1.8) alcoholic drinks
the evening before the walk. They reported consuming a mean (SD)
of 2.7 (0.7) liters of water during the walk. Fig. 7a gives an overview
of the Samaria Gorgewalk, including the location of the 9 water tap
locations. Fig. 7b shows the mean (SE) ratings of hangover severity
and thirst for before, during and after the walk.

Based on the analyses of the full sample, the authors stated that
“No significant correlations were found between the amount of
consumed water and overall hangover severity ….”. However,
when evaluating this relationship it is important to include only
participants that actually reported a hangover (n ¼ 176), and not
participants without a hangover or those that did not consume any
alcohol. When conducting these analysis for the sub-sample that
reported a hanover, the re-analysis of the data revealed significant
Spearman's correlations between the amount of water consumed
during the walk and hangover severity before (r¼ 0.176, p¼ 0.019),
during (r ¼ 0.243, p < 0.001), and after the walk (r ¼ 0.229,



Fig. 7. Hangover severity and thirst when walking the Samaria Gorge. a shows the 15.8 km walking route through the Samaria Gorge, including the location of the 9 water tap
locations. b shows the mean (SE) hangover severity and thirst ratings before, during, and after walking the Samaria Gorge. Fig. 6a was used with permission from Psarakis Travel
Agency (www.psarakistravel.gr).
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p ¼ 0.002) (see Fig. 8aec). Thus, subjects with more severe hang-
overs consumed more water. However, the consumption of water
did not significantly change their level of hangover severity. This
was illustrated by the absence of significant correlations between
water consumption and difference scores of hangover severity
during e before walking (r ¼ 0.103, p ¼ 0.174) (Fig. 8d), after e

during walking (r ¼ 0.017, p ¼ 0.828) (Fig. 8e), and after e before
walking (r ¼ 0.066, p ¼ 0.388) (Fig. 8f).

Verster et al. (Verster, Anogeianaki, et al., 2020) found no sig-
nificant correlations between water consumption and thirst before
(r ¼ �0.028, p ¼ 0.714), during (r ¼ �0.001, p ¼ 0.993), or after the
walk (r ¼ 0.059, p ¼ 0.435), and water consumption also did not
significantly alleviate thirst. The latter was illustrated by the
absence of significant correlations betweenwater consumption and
difference scores of thirst severity during e before walking
(r ¼ �0.023, p ¼ 0.766), after e during walking (r ¼ 0.061,
p ¼ 0.420), and after e before walking (r ¼ 0.046, p ¼ 0.541). Thus,
water consumption was not significantly related to (changes in)
thirst ratings.

The correlation between hangover severity and thirst ratings
before the walk (r ¼ 0.511, p < 0.001), was statistically significant
(Verster, Anogeianaki, et al., 2020). However, no significant corre-
lations between hangover severity and thirst were found during the
walk (r¼ 0.066, p¼ 0.382) and after the walk (r¼ 0.160, p¼ 0.034).
A significant correlation between changes in hangover severity and
thirst was found for the difference scores between after e before
the walk (r ¼ 0.183, p ¼ 0.015), but not for changes after e during
the walk (r ¼ 0.050, p ¼ 0.513), or during e before the walk
(r ¼ 0.079, p ¼ 0.298).

Mammen et al. (2018) demonstrated a clear differentiation be-
tween hangover and dehydration. This was evident when looking
at alcohol effects on blood glutathione, a protein that known to be
depleted after alcohol consumption (Karadayian et al., 2017).
Mammen et al. (2018) measured blood glutathione concentration
in 13 healthy male subjects. Samples were taken in the morning,
12 h after alcohol consumption. Hangover severity and thirst were
assessed 14 h after alcohol intake. Further analysis revealed a sig-
nificant correlation between thirst and blood glutathione concen-
tration (r ¼ �0.611, p ¼ 0.026) (see Fig. 9a). In contrast, no
15
significant correlation was found between hangover severity and
blood glutathione concentration (r ¼ �0.105, p ¼ 0.733) (See
Fig. 9b). These observations add to the current thinking that
dehydration and alcohol hangover should be regarded as two in-
dependent processes. The results further suggest that including
glutathione in a hangover product could help reducing thirst, but
this would not alleviate the hangover.

Finally, Lieb & Schmitt (2020) examined whether a significant
dehydration could be observed during the hangover state. In a large
placebo-controlled randomized trial in 214 participants, the water
content and the antioxidant capacity of the skin tissue were
examined before alcohol consumption and during the hangover
state. No significant differences were found between the two as-
sessments, and no significant correlations were found with the
amount of alcohol consumed. The authors reported that during the
hangover state changes in electrolytes and minerals are negligible,
and based on these biomarker assessments there was no evidence
of significant dehydration during the hangover state. Nevertheless,
the participants did report moderate levels of thirst and dry mouth
during the hangover state.

Limitations and future research

Despite the often suggested connection, there is limited
research conducted on the relationship between dehydration and
the alcohol hangover. In this review, we were able to identify only
13 publications. These comprised 10 experimental studies and 3
surveys. These studies have several limitations that should be taken
into account. First, several of the experimental studies were con-
ducted more than 40 years ago and comprised small sample sizes.
Therefore, these studies may be underpowered. Second, the survey
studies relied on retrospective self-report. In these studies, recall
bias may have influenced the study outcomes. Third, there are
various factors that may have influenced the study outcomes. For
example, the amount of voiding and water consumption may in-
fluence dehydration levels. Studies usually did not sufficiently
control for extraneous variables (e.g., food consumption, physical
activity, sleep time) in their statistical analyses. Fourth, although a
glass of beer, wine, and liquor vary in size, they contain the same

http://www.psarakistravel.gr


Fig. 8. Relationship between hangover severity and water consumption. Spearman's correlations are shown between the amount of water consumed and hangover severity before
walking (Fig. 8a), hangover severity while walking (Fig. 8b), hangover severity after walking (Fig. 8c), difference scores of hangover severity while e before walking (Fig. 8d),
difference scores of hangover severity after e while walking (Fig. 8e), and difference scores of hangover severity after e before walking (Fig. 8f). Correlations are significant if
p < 0.05. Abbreviations: BW ¼ before walking, DW ¼ during walking, AW ¼ after walking, L ¼ liter.
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amount of alcohol in countries such as the Netherlands. However,
their water volume differs as do the amount of congeners. This may
influence study outcomes of studies with a naturalistic study
design (Verster et al., 2019) where participants can drink alcohol
freely, consuming the beverage of their choice (e.g., study reference
11). In experimental studies, the type and quantity of alcohol was
standardized. A disadvantage of these controlled studies is the fact
that administered alcohol dosages are usually lower than those
associated with hangovers on real-life drinking occasions (Verster
et al., 2019). Finally, there are no experimental studies conducted
that specifically investigated whether water intake could coun-
teract dehydration and/or the alcohol hangover. Also the non-
human studies that were excluded from this review did not
conduct these assessments. Future experimental studies, control-
ling for other factors that may influence dehydration, are therefore
16
warranted. It is of interest to evaluate if water consumption will
improve overall hangover severity, in addition to dehydration-
related symptoms such as thirst and dry mouth. It is a matter of
debate whether these studies should be strictly controlled experi-
mental studies or adopt a naturalistic study design. An experi-
mental study can control and monitor confounders (e.g., voiding,
and total sleep time) and standardized alcohol and water con-
sumption. The naturalistic study design more closely mimics real
life drinking occasions, as participants have an unsupervised, un-
controlled, normal drinking occasion and are tested next-morning
(under controlled conditions) (Verster et al., 2019). A disadvantage
is that this study design introduces several confounders (e.g.,
amount and type of alcohol consumed and total sleep time) that
should be reported by the participants and taken into account
when analyzing the data.



Fig. 9. Correlations of hangover severity and thirst with blood glutathione concentration. Spearman's correlations of rank scores are considered significant if p < 0.05. Data from
reference (Mammen et al., 2018).
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Implications

The observation that alcohol hangover and dehydration are two
co-occurring yet distinct processes has no impact on the perception
of hangovers by drinkers, or its assessment. For drinkers, dehy-
dration effects such as thirst and dry mouth are part of the sub-
jective experience of the hangover state. Indeed, dehydration
symptoms such as thirst are included in common hangover
symptom scales (Penning et al., 2013; Rohsenow et al., 2007;
Slutske et al., 2003), and as such assessed as being part of the
subjective hangover experience. Thus, there is no need to rehydrate
study participants before assessing hangover severity, and results
presented in this review suggest that hangover symptoms remain
while thirst is alleviated by consuming water.

For the development of effective hangover treatment, the
observation that alcohol hangover and dehydration are two co-
occurring yet distinct processes does have significant implica-
tions. Aiming at developing a product that counteracts dehydration
effects will not likely to be effective in reducing or preventing the
alcohol hangover. These products might alleviate thirst and dry
mouth, but the core hangover symptoms such as fatigue, nausea,
and headache will likely persist. In this context, it is important to
note that in contrast to the core hangover symptoms, dehydration
effects such as thirst and dry mouth have no relevant impact on
mood and performance of daily activities such as driving a car or
work performance.

Conclusions

Taken together, the discussed studies suggest that the con-
sumption of water during or directly after the drinking session is
not effective in preventing hangovers, and that the amount of water
consumed during the hangover day is not significantly related to
changes in hangover severity. Dehydration effects do trigger thirst,
which is commonly reported the morning after alcohol consump-
tion. The correlations between hangover severity and thirst ratings
are significant in the morning (i.e., during early phases of alcohol
hangover) but not thereafter. Other studies found that dehydration
and thirst are relatively short-lasting, whereas the hangover effects
typically last throughout the day. Moreover, dehydration and
alcohol hangover seem to be caused by different mechanisms of
action (dehydration is caused by water and electrolyte loss due to
activation of the RAAS system and inhibiting aldosterone and
vasopressin while alcohol hangover is elicited by oxidative stress
and an inflammatory response). Further research is required to
understand the potential impact of historical alcohol consumption
17
or alcohol abuse disorder in the light of experiencing alcohol
hangovers and dehydration, as well as to elicit the potential inter-
action of an alcohol-induced inflammatory response on the aldo-
sterone and vasopressin pathway.
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