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Abstract

Aim: To investigate the relationship between age and hangover frequency and severity.

Method: An online survey, generated through Facebook, collected self-report data relating to
alcohol consumption from 761 Dutch alcohol consumers aged 18-94 years (61.6% female).
Results: Overall, young individuals consumed more alcohol than older drinkers, and men more
than women. Significant interactions between age group and sex were found for both subjective
intoxication and hangover severity, indicating that the sex differences in these variables were
greatest in the younger age groups but became significantly smaller or absent in the older age
groups. Partial correlations, correcting for estimated blood alcohol concentration (eBAC), revealed
significant and negative partial correlations between age and subjective intoxication (r = —0.444,
P < 0.0001), age and hangover severity (r = —0.327, P < 0.0001) and between age and hangover
frequency (r = —0.195, P < 0.0001), i.e. subjective intoxication, hangover severity and hangover
frequency decline with age. With regard to sex differences, the observed correlations with age
for the past month heaviest drinking occasion were stronger in men for subjective intoxication,
(z = —2.25, P = 0.024), hangover severity (z = —3.36, P = 0.0008) and hangover frequency
(z=-3.63, P =0.0003).

Conclusions: Hangover severity declines with age, even after controlling for eBAC or the amount
of alcohol consumed. Sex differences were greatest in the younger age groups but became
significantly smaller or absent in the older age groups. The relationship between age and hangover
severity is strongly mediated by subjective intoxication. Pain sensitivity, lower with aging, might
be a mediator.

zero (Van Schrojenstein Lantman et al., 2016; Verster et al., 2020b).

INTRODUCTION

Alcohol consumption and the resulting hangovers typically start dur-
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The hangover is the most commonly reported negative consequence
of alcohol consumption (Verster ez al., 2009) and has been defined
as the combination of negative mental and physical symptoms which
can be experienced after a single episode of alcohol consumption,
starting when the blood alcohol concentration (BAC) approaches

© The Author(s) 2021. Medical Council on Alcohol and Oxford University Press.

ing teenage years and can continue into late life. Previous publications
have suggested that research on age as an explanatory factor for
hangovers is needed (Prat ef al., 2009; Verster et al., 2010). However,
a search of the literature since then shows that hangover research
in age groups other than young adults (18-30 years old) is limited.
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As such, relatively little is known about whether older drinkers
experience hangovers differently than younger drinkers.

When examining the literature, it is important to distinguish
between hangover frequency and hangover severity. To date, only two
studies have reported on the relationship between age and hangover
frequency. In a prospective study, Piasecki er al. (2005) followed
student drinkers for 11 years and found a steady decline in hang-
over frequency. Evaluating data from the nationally representative
US National Health and Nutrition Examination Survey sample of
18-65—year-old participants, Tolstrup et al. (2014) also found that
with increasing age, the frequency of hangovers gradually decreased.
The observation by Tolstrup ef al. (2014) that the occurrence of
hangovers declined with increasing age remained after correction for
the participants’ usual amount of alcohol intake and frequency of
binge drinking. While the title of the paper suggests otherwise (‘Does
the severity of hangovers decline with age? Survey of the incidence
of hangover in different age groups’). Note that hangover frequency,
rather than severity, was assessed in this study.

To the authors’ knowledge, to date, no studies have investigated
whether hangover severity is stable across the lifespan. Theoretically
repeated alcohol exposure during aging could lead to either tolerance
or reverse tolerance to hangover (Verster et al., 2019). Therefore,
the purpose of the current study was to investigate the relationship
between age and both frequency and severity of hangover. This was
accomplished by evaluating data from drinkers’ heaviest drinking
occasion during a 2-month period.

Two other factors were considered. First, the amount of alcohol
consumed per drinking occasion declines with age (Tolstrup et al.,
2014). Second, subjective intoxication is one of the important pre-
dictors of hangover severity (Verster et al., 2020a). Therefore, the
possible impact of both alcohol intake and perceived intoxication
were factored into the analysis of the relationship between age and
hangover severity.

METHODS

A subsample of alcohol consumers from an online survey was used
for the current analysis (Kiani et al., 2021). This online survey was
conducted between 24 June and 26 July 2020, and data were collected
on immune fitness and the psychosocial and health consequences
of the COVID-19 pandemic lockdown in the Netherlands. The data
used for the current analysis comprised alcohol consumption data for
the period from 15 January to 14 March 2020 (i.e. the period prior to
the COVID-19 lockdown). Participants who were 18 years and older
and were invited via Facebook to complete the online survey. The
study was conducted by Utrecht University, and the Ethics Committee
of the Faculty of Social and Behavioral Sciences of Utrecht University
granted ethical approval (approval code FETC17-061). Electronic
informed consent was obtained from all participants before starting
the survey.

The data analyzed comprised demographic information which
included age, sex, weight and height. Questions about alcohol con-
sumption were answered for the 2-month period before the COVID-
19 lockdown (15 January—14 March 2020). During this period, there
were no restrictions on normal bar and club openings that could have
influenced the study outcome. Participants reported the number of
alcoholic drinks they consumed on average per week and the number
of days per week they consumed alcohol. Guidance was provided
regarding serving sizes (e.g. glass and bottle) and how to convert these
into units of alcohol.

With regard to the heaviest drinking occasion within the
2-month period, the number of alcoholic drinks consumed as well

as the duration of drinking (hours) was reported. The estimated
blood alcohol concentration (eBAC) for this occasion was computed
using an adapted Widmark equation (Watson et al., 1981) and by
taking into account sex and body weight. Subjective intoxication
(drunkenness) for the heaviest drinking occasion was rated on an 11-
point scale ranging from 0 (totally not) to 10 (extremely drunk) (Van
de Loo et al., 2016). Using a similar scale, next-day hangover severity
was assessed with a range from 0 (no hangover) to 10 (extremely
severe hangover) (Verster ef al., 2020c). Finally, participants reported
how many hangovers they had experienced in the 2-month period.
By dividing this number by 2, the monthly number of experienced
hangovers was computed.

Statistical analyses were conducted with SPSS (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp.). Mean and standard deviation (SD) were
computed for demographics and all drinking outcomes. These were
also computed for males and females separately, and potential sex
differences were tested by applying the nonparametric Independent
Samples Mann-Whitney U test. The effect size for sex differences was
computed as n* = Z%/n — 1. Differences were considered significant
if P < 0.05. The analyses were conducted for the overall sample as
well age separate age bins: Group 1 (18-235 years old), Group 2 (26—
35 years old), Group 3 (3645 years old), Group 4 (46-55 years old),
Group 5 (5665 years old), Group 6 (66-75 years old) and Group
7 (>75 years old). The Kruskal-Wallis test, including Bonferroni’s
correction for multiple comparisons, was used to compare the age
groups. The effect size for the Kruskal-Wallis test (n?) was computed
as n* = (H — k + 1)/(n — k), where H is the value obtained in the
Kruskal-Wallis test, k is the number of groups and # is the total
number of observations. The n?> ranges from 0 to 1, and its size is
commonly interpreted as small (0.01-0.06), moderate (0.06-0.14)
or large (>0.14) (Tomczak and Tomczak, 2014). The interaction
between age group and sex was computed using the Aligned Rank
Transform test (Wobbrock ez al., 2011), and the corresponding effect
size was computed as np*. = (F* df1)/(F * df1 + df2) (Friedman,
1982).

To further evaluate the relationship between age and drinking
outcomes, Spearman’s rho correlations were computed between age
and drinking outcomes. To account for the age-related differences
in the amount of alcohol consumed, partial correlations were com-
puted, correcting for eBAC. eBAC was chosen, as in addition to
the amount of alcohol consumed, total drinking time, sex and body
weight are incorporated in the calculation of eBAC (Watson ez al.,
1981). Therefore, BAC may be considered as a measure that more
comprehensive captures alcohol intake instead of only referring to
the number of alcoholic drinks consumed (Verster et al., 2020a).
Correlations were considered significant if P < 0.05. Using the Fisher
r-to-z transformation (online calculator, available at http://vassarsta
ts.net/rdiff.html), sex differences between the observed correlations
were tested (two-tailed). Sex differences were considered significant
if P < 0.05.

RESULTS

The dataset comprised of 761 participants with an age range of 18-
94 years old (61.6% female). Demographic information is summa-
rized in Table 1.

More women than men participated in the study. This was
especially evident among young adults (18-30 year olds). In other age
groups, the sexes were more equally represented. The data further
show that young adults (18-30 years old) were over-represented
in the sample, whereas participants of the age range between 30
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Table 1. Demographics

Demographics Overall Men Women
N/% 761/100% 292/38.4% 469/61.6%
Age (years) 42.3 (19.0) 48.0(19.2)  38.7(18.0)"
Height (m) 1.74 (0.09) 1.81 (0.08) 1.70 (0.07)"
Weight (kg) 77.9 (16.8) 85.5(14.9) 73.1(16.2)"
BMI (kg/m?) 25.6 (5.1) 26.0 (4.4) 25.4 (5.4)

Mean and SD (between brackets) are shown. Significant differences between
men and women (P < 0.05) are indicated by *. Abbreviation: BMI, body mass
index.
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Fig. 1. Distribution of the sample according to age and sex.

and 40 years old least frequently completed the survey. The age
distribution of survey participants is summarized in Fig. 1.

Figure 2 summarizes the drinking behaviors of the participants.
The amount of alcohol consumed per week is summarized in
Table 2 and Fig. 2A. In this sample, women consumed significantly
less alcohol per week than men (Z = —-7.96, P < 0.0001,
n? = 0.09), and there was also a significant overall main effect
of age group (H = 18.27, P = 0.006, n* = 0.02). The effect of
age group for weekly alcohol consumption was significant for
men (H = 13.85, P = 0.031, n*> = 0.03), but not for women
(H = 6.47, P = 0.373, »* = 0.001). The interaction between
age group and sex was not significant (F(16) = 0.00, P = 1.00,
np? = 0.00).

Data on drinking days per week is summarized in Table 3 and
Fig. 2B. Men reported significantly more drinking days then women
(Z = —6.60, P < 0.0001, n* = 0.06), and there was also a significant
overall main effect of age group (H = 7.83, P < 0.0001, * = 0.09),
indicating that with increasing age, the number of drinking days
increases. The main effect of age group was significant in both men
(H=39.72,P < 0.0001, 2 = 0.12) and women (H = 22.74, P = 0.001,
n* = 0.04). The interaction between age group and sex was not
significant (F(1’6) =0.41,P =0.875, npz =0.41).

The number of hangovers experienced per month is summarized
in Table 4 and Fig. 2C. A main effect of age group was found for
the number of hangovers experienced per month, indicating that
hangovers were more frequently reported by younger age groups
(H =127.57, P < 0.0001, »*> = 0.17). The main effect of age group
was significant in both men (H = 91.54, P < 0.0001, n* = 0.31)

and women (H = 69.57, P < 0.0001, »* = 0.15). Men reported
significantly more hangovers than women (Z = —2.86, P = 0.004,
n* = 0.01). The interaction between age group and sex was not
significant (F(q ) = 1.92, P = 0.075, np* = 0.24).

Table 5 and Fig. 2E summarize the number of alcoholic drinks
consumed on the heaviest drinking occasion. A significant age group
effect was found (H = 85.19, P < 0.0001, »* = 0.11), indicating
that younger age groups consumed significantly more alcohol than
older age groups. The effect of age group was significant for both
men (H = 57.93, P < 0.0001, n* = 0.19) and women (H = 66.50,
P < 0.0001, n* = 0.14). Also, men consumed significantly more
alcohol than women (Z = —5.08, P < 0.0001, * = 0.04). The inter-
action between age group and sex was not significant (F(1 ¢) = 0.72,
P = 0.638, np? = 0.08).

Table 6 and Fig. 2E summarize the hours of drinking on the
heaviest drinking occasion. The significant main effect of age group
(H=101.21, P < 0.0001, n* = 0.14) indicates that the drinking dura-
tion of the younger age groups was significantly longer compared to
the older age groups. The effect of age group was significant for both
men (H = §8.10, P < 0.0001, > = 0.19) and women (H = 61.04,
P < 0.0001, n* = 0.13). No significant differences between men
and women were observed (Z = —134, P = 0.180, % = 0.002).
The interaction between age group and sex was also not significant
(F1,6) = 0.19, P = 0.981, 5p? = 0.03).

Table 7 and Fig. 2F summarize the eBAC on the heaviest drinking
occasion. The main effect of age group (H = 95.22, P < 0.0001,
n* = 0.13) indicates that the eBAC of the younger age groups was
significantly higher compared to the older age groups. The effect of
age group was significant in both men (H = 48.84, P < 0.0001,
7 = 0.16) and women (H = 53.54, P < 0.0001, 52 = 0.11). No
significant sex effect was found (Z = 0.458, P = 0.647, 1 % = 0.0003).
Also, the interaction between age group and sex was not significant
(F1,6) = 1.03, P = 0.404, p? = 0.15).

Table 8 and Fig. 2G summarize the subjective intoxication ratings
on the heaviest drinking occasion. The significant main effect of age
group (H = 216.05, P < 0.0001, »* = 0.30) indicates that subjective
intoxication ratings of the younger age groups were significantly
higher compared to the older age groups. The main effect of age group
was significant for both men (H = 112.33, P < 0.0001, »* = 0.39)
and women (H = 130.13, P < 0.0001, > = 0.29). No significant
overall sex effect was found (Z = —1.34, P = 0.182, n> = 0.003). The
significant interaction between age group and sex (F(16) = 12.37,
P < 0.0001, np? = 0.67) indicates that the difference in reported
subjective intoxication between men and women was greatest in the
younger age groups but became significantly smaller in the older age
groups.

Table 9 and Fig. 2H summarize the reported hangover severity
experienced after their heaviest drinking occasion. The significant
main effect of age group (H = 167.17,P < 0.0001, % = 0.23) indicates
that the hangover severity of the younger age groups was significantly
higher compared to the older age groups. The effect of age group
was significant in both men (H = 103.73, P < 0.0001, ? = 0.36) and
women (H =90.77,P < 0.0001, »?> = 0.20). The main effect of sex was
not significant (Z = —0.53, P = 0.597, n* = 0.0004). The significant
interaction between age group and sex (F(q ) = 7.32, P < 0.0001,
np® =0.55) indicates that the differences in hangover severity between
men and women were greatest in the younger age groups but became
significantly smaller or absent in the older age groups.

Table 10 summarizes the Spearman’s correlations between age
and the drinking outcomes. It is evident from Table 10 that with
increasing age, participants consume more alcohol per day and report
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Fig. 2. Alcohol consumption outcomes; mean values are presented for each age group, separate for men and women, including linear regression lines;
(A) number of alcoholic drinks per week, (B) drinking days per week, (C) hangovers per month, (D) number of alcoholic drinks on heaviest drinking occasion,
(E) drinking duration, (F) eBAC, (G) subjective intoxication and (H) hangover severity; abbreviations: HOD, heaviest drinking occasion.
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Table 2. Alcohol consumption per week

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 5.5(7.0) 10.2 (9.3) 9 (5. 0)
Group 2 (26-35) 120 4.6 (5.5) 6.3 (7.2) 8 (4. l)
Group 3 (36-45) 54 8.1(12.8) 14.6 (17.5) 3 (3. 2)
Group 4 (46-55) 88 4.6 (6.2) 5.6 (6.8)! 9 (5.6)
Group 5 (56-65) 126 6.7 (9.5) 9.9 (12.4) 4 2 (5 4"
Group 6 (66-75) 85 8.4 (11.9)4 10.0 (13.9) 3(5.2)
Group 7 (>75) 19 5.3(5.6) 7.4 (6.8) 9 (2. 7)
Overall sample 711 6.0 (8.5) 9.2 (11.4) (4 8)

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age

groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 4 = significantly different from Group 4.

Table 3. Drinking days per week

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 1.7 (1.3) 2.4 (1.5) 1.5(1.2)"
Group 2 (26-35) 120 1.8 (1.3) 2.1(1.7) 1.6 (1.1)
Group 3 (36-45) 54 2.6 (2.2) 3.4(2.5) 2.1(1.8)
Group 4 (46-55) 88 2.1(2.1) 2.0(2.2) 2.1(2.0)
Group 5 (56-65) 126 3.1 (2.3 3.7 (2.3)>* 2.6 (2.3)"
Group 6 (66-75) 85 4.0 (2.5)1234 42 2512 3.5 (2.5)12
Group 7 (>75) 19 3.5(2.8) 4.1(2.8) 2.8(2.8)
Overall sample 711 2.4 (2.1) 3.1(2.3) 2.0 (1 8)*

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age
groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 2 = significantly different from Group 2, 3 = significantly
different from Group 3, 4 = significantly different from Group 4.

Table 4. Number of hangovers per month

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 1.1 (1.6) 22(22) 0.7 (1.1)"
Group 2 (26-35) 120 0.7 (0.9) 0.9 (1.1) 0.6 (0.8)
Group 3 (36-435) 54 0.4 (0.8)! 0.7 (0.7) 0.2 (0.7)"12
Group 4 (46-55) 88 0.3 (0.6)1* 0.3 (0.7)12 0.2 (0.6)1*
Group 5 (56-635) 126 0.2 (0.7)12 0.3 (0.9)12 0.1 (0.4)" 12
Group 6 (66-75) 85 0.1 (0.4)12 0.1 (0.4)123 0.1 (0.4)12
Group 7 (>75) 19 0.1 (0.3)1? 0.2 (0.3) 0.0 (0.0)
Overall sample 711 0.6 (1.1) 0.8 (1.4)! 0.4 (0.9)*

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age
groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 2 = significantly different from Group 2, 3 = significantly
different from Group 3, 4 = significantly different from Group 4.

Table 5. Number of alcoholic drinks on heaviest drinking occasion

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 8.2 (6.5) 13.1 (7.8) 6.4 (4.9)"
Group 2 (26-35) 120 6.8 (6.2) 9.1 (8.5) 5.6 (4.1)
Group 3 (36-435) 54 6.3(6.3) 9.3(8.3) 4.1 2.6)"
Group 4 (46-55) 88 4.0 (3.5)'2 4.7 (4.0)! 4 (3. 0)1 2
Group 5 (56-65) 126 4.3 (4.2)12 6.0 (5.4)! (2 5) 1.2
Group 6 (66-75) 85 3.9 (3.5)1 4.6 (4.0)! 7 (1. 7) 1.2
Group 7 (>75) 19 2.8 (2.5)"? 4.3 (2.5)! 2(0.8)"12
Overall sample 711 6.0 (5.7) 7.7 (7.1) 8 (4 2)

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age
groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 2 = significantly different from Group 2, 3 = significantly
different from Group 3, 4 = significantly different from Group 4.
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Table 6. Drinking duration (h) on heaviest drinking occasion

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 1(2.8) 6.7 (3.2) 4.6 (2.4)"
Group 2 (26-35) 120 8(2.9) 4.9 (3.3) 4.7 2.7)
Group 3 (36-45) 54 4(3.1) 5.2(3.3) 3.8(2.8)
Group 4 (46-55) 88 ( .6)12 3.3 (3.0)! 2.9 (2.2)12
Group 5 (56-695) 126 3 4 (2.9)12 4.0 (3.6)! 3.0 (2.2)1
Group 6 (66-75) 85 2.7 (1.9)423 2.9 (2.1)"? 2.2 (1.4)42
Group 7 (>75) 19 2.1 (1.8)123 2.5 (1.7 1.7 (1.8)12
Overall sample 711 4.1(2.9) 4.4 (3.3) 3.9 (2.5)

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age

groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 2 = significantly different from Group 2, 3 = significantly

different from Group 3, 4 = significantly different from Group 4.

Table 7. eBAC (%) on heaviest drinking occasion

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 0.12 (0.10) 0.14 (0.10) 0.11 (0.10)"
Group 2 (26-35) 120 0.08 (0.09)! 0.09 (0.11) 0.08 (0.07)
Group 3 (36-45) 54 0.06 (0.08)! 0.08 (0.11)! 0.05 (0.04)
Group 4 (46-55) 88 0.05 (0.05)! 0.04 (0.04)! 0.05 (0.05)*
Group 5 (56-65) 126 0.04 (0.05)"? 0.05 (0.06)" 0.04 (0.04)"*
Group 6 (66-75) 85 0.04 (0.04)? 0.04 (0.05)* 0.04 (0.04)*
Group 7 (>75) 19 0.04 (0.04)! 0.05 (0.05) 0.02 (0.02)
Overall sample 711 0.07 (0.09) 0.08 (0.09) 0.07 (0.08)

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age

groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 2 = significantly different from Group 2, 3 = significantly

different from Group 3, 4 = significantly different from Group 4.

Table 8. Subjective intoxication on heaviest drinking occasion

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 4.6(3.2) 6.4 (3.0) 4.0 (3.0)"
Group 2 (26-35) 120 4.1 (3.0) 4.3 (2.9) 3.9 (3.0)
Group 3 (36-45) 54 2.5 (2.9)12 3.4 (3.2)! 1.7 (2.6)*’]’2
Group 4 (46-55) 88 1.4 (2.1)"? 1.6 (2.3)1? 1.2 (1.9)%?
Group 5 (56-635) 126 1.1 (1.8)42 1.4 (2.0)12 0.8 (1.6)"12
Group 6 (66-75) 85 0.8 (1.8)1:3 1.1 (2.1)423 0.2 (0.8)":1:2
Group 7 (>75) 19 0.2 (0.4)12 0.3 (0.5)2 0.0 (0.0)12
Overall sample 711 2.8(3.1) 3.0(3.3) 2.6 (3.0)

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age

groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 2 = significantly different from Group 2, 3 = significantly

different from Group 3, 4 = significantly different from Group 4.

more drinking days per week. Although the correlation between
the amount of alcohol consumed per week and age is positive and
significant, the actual increase in weekly alcohol consumption with
increasing age is only modest. However, the positive correlation
between alcohol consumption and drinking days per week (see
Table 10) does suggest that with increasing age, alcohol consumption
is spread over more days per week.

The observed correlations between age and drinking outcomes
for the heaviest drinking occasion were stronger in men compared to
women, and the difference between the correlations was significant
for subjective intoxication (z = —2.25, P = 0.024) and hangover
severity (z = —3.36, P = 0.0008). Also, the correlation between

age and hangover frequency was significantly stronger in men than
women (z = —3.63, P = 0.0003).

For the heaviest drinking occasion, significantly fewer alcoholic
drinks were reported alongside a significantly shorter drinking time
as age increased. As shown by the negative correlations in Table 10,
this results in a significant lower eBAC with increasing age. Sub-
sequently, as shown by the negative correlations in Table 10, with
increasing age, corresponding subjective intoxication ratings and
next-day hangover severity scores are lower. In addition, significantly
fewer hangovers per month are reported with increasing age.

As frequency and severity of hangovers depend on the amount
and the timeframe of alcohol consumption, partial correlations,
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Table 9. Hangover severity on heaviest drinking occasion

Age group (age range) N Overall Men Women
Group 1 (18-25) 219 3.1(3.2) 4.4 (3.2) 2732
Group 2 (26-35) 120 2.6 (2.7) 2.7 (2.8) 2.6 (2.7)
Group 3 (36-45) 54 1.6 (2.5) 2.7 (2.9) 0.8 (1.9)"1:2
Group 4 (46-55) 88 0.8 (1.8)1* 0.7 (1.5)" 0.9 (2.0)"*
Group 5 (56-65) 126 0.4 (1.1)123 0.5 (1.3)123 0.3 (0.9)12
Group 6 (66-75) 85 0.2 (0.9)123 0.3 (1.1)123 0.3 (0.2)12
Group 7 (>75) 19 0.2 (0.4)12 0.2 (0.4)! 0.1(0.3)
Overall sample 711 1.7 (2.8) 1.8 (2.7) 1.7 (2.7)

Mean and SD (between brackets) are shown. Significant differences between men and women (P < 0.05) are indicated by *. Differences (P < 0.05) between age

groups, after Bonferroni’s correction, are indicated as follows: 1 = significantly different from Group 1, 2 = significantly different from Group 2, 3 = significantly

different from Group 3, 4 = significantly different from Group 4.

Table 10. Correlations between alcohol consumption outcomes and age

Alcohol consumption Overall

Men ‘Women

Assessed over a 2-month period
Alcoholic drinks/week
Drinking days/week

r=0.085,P =0.023*
r=0.281, P < 0.000*
Hangovers per month r=-0.391, P < 0.000*
Heaviest drinking occasion
Number of drinks
Drinking duration (h)
eBAC (%)
Subjective intoxication
Hangover severity

r=—0.327, P < 0.000*
r=-0.360, P < 0.000*
r=—0.358, P < 0.000*
r=-0.520, P < 0.000*
r=—0.446, P < 0.000*

r=—0.026, P = 0.660
r=0.271,P < 0.000*
r=-0.549, P < 0.000*

r=0.049, P = 0.312
r=0.231, P < 0.000*
r=-0.332, P < 0.000%T

r = —0.408, P < 0.000*
r = —0.424, P < 0.000* = —0.336, P < 0.000*
r=—0.367, P < 0.000* r=—0.347, P < 0.000*
r = —0.608, P < 0.000* r=—0.491, P < 0.000%"
r=—0.569, P < 0.000* r=—0.375, P < 0.000*F

r=—0.365, P < 0.000*

Spearman’s rho correlation coefficients (r) and corresponding P-values are shown. Significant correlations (P < 0.05) are indicated by *. Significant sex differences

for the correlations (P < 0.05) are indicated by t.

correcting for eBAC, were computed to further investigate the rela-
tionship between age and subjective intoxication, hangover frequency
and severity. First, the analysis revealed a significant and negative par-
tial correlation between age and subjective intoxication (r = —0.444,
P < 0.0001), indicating that with increasing age, drinkers report
significantly lower levels of intoxication (see Fig. 3A). This observa-
tion suggests that with increasing age (and alcohol use), tolerance
develops to alcohol’s acute effects. Second, the analysis revealed a
significant and negative partial correlation between age and hangover
severity (r = —0.327, P < 0.0001), indicating that with increas-
ing age, less severe hangovers are experienced (see Fig. 3B). This
observation suggests that with increasing age, tolerance develops to
the severity of experienced hangover symptoms. Third, the analy-
sis revealed a significant and negative partial correlation between
age and hangover frequency (r = —0.195, P < 0.0001), indicat-
ing that with increasing age, fewer hangovers are experienced (see
Fig. 3C).

Conducting the same partial correlations, but correcting for the
amount of ethanol consumed instead of eBAC, yielded comparable
significant and negative partial correlations between age and subjec-
tive intoxication (r = —0.464, P < 0.0001), age and hangover severity
(r=—0.341, P < 0.0001) and between age and hangover frequency
(r=—0.198, P < 0.0001).

Finally, previous research has shown subjective intoxication
to be the strongest predictor of next-day hangover severity
(Verster et al., 2020a). Indeed, when correcting for both eBAC and
subjective intoxication, the correlations between age and hangover
severity (r = —0.048, P = 0.205) and between age and hangover

frequency (r = 0.012, P = 0.753) were no longer significant. Also in
line with previous research (Verster et al., 2019), the correlation
between hangover frequency and severity was highly significant
(r=0.710, P < 0.0001), suggesting reverse tolerance.

DISCUSSION

Alcohol and hangover research are usually conducted in young
adult students, and thus a limited age range is investigated (e.g. 18—
30 years old). This study shows that it is important to also investigate
alcohol hangover in older age groups. The results suggest that with
increasing age, tolerance develops for both subjective intoxication
and the after-effects of alcohol consumption. That is, after controlling
for eBAC, significant negative correlations were found between age
and subjective intoxication, age and hangover severity and age and
hangover frequency (see Fig. 3). These findings are in line with pre-
vious research showing that with increasing age, hangover frequency
declines (Piasecki ez al., 2005; Tolstrup ez al.,2014). The current study
suggests that this finding extends to hangover severity.

Possible explanations for reduced hangover severity with age may
be related to (a) the observed reduction in subjective intoxication
when growing older and (b) a gradual decline in pain sensitivity with

aging.

Reduced subjective intoxication when aging

Although the relationship between age and subjective intoxication
has received little research attention, the available data on subjective
intoxication and aging support our findings. Jones and Neri (1985)
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Fig. 3. Partial correlations between age and drinking outcomes, correcting for eBAC. residual regression plots are shown; the partial correlations are corrected
for eBAC; age was negatively and significantly correlated with (A) subjective intoxication (r = —0.444, P < 0.0001), (B) hangover severity (r = —0.327, P < 0.0001)
and (C) hangover frequency (r = —0.195, P < 0.0001). The red line represents the regression line.

examined alcohol metabolism and subjective intoxication in 48 men
after an alcohol challenge (0.68 g/kg). In this relatively small study,
participants were allocated to one of four different age groups
(N = 12 per group), 20-29, 30-39, 40-49 or 50-59 years old. The
authors reported significant positive correlations between age and
BAC (r=0.35,P < 0.05) and between age and subjective intoxication
(r=0.45, P < 0.01). Lower subjective intoxication rates were found
among 20-29 years old, whereas the other age groups (30-59 years
old) had higher ratings and did not significantly differ from each
other. Although these findings are opposite to those in the current
study, there are potential methodological explanations for this. First,
the study was designed to test three participants simultaneously. The
authors state that, with simultaneous testing, it is likely that drinkers
may have exchanged and discussed their opinions about feelings of
intoxication and that it could be that, in this social context, subjective
intoxication ratings among younger drinkers were trivialized to
convince other participants that they were more resistant to alcohol
effects. Of more importance, in the presented statistical analysis, the
relationship between age and subjective intoxication did not control
for BAC. This limits the interpretation of the observed positive
correlation, as the authors also found that increasing BACs resulted in
higher intoxication ratings. Not correcting for the amount of alcohol
consumed (i.e. BAC) could explain why the observed association
between age and subjective intoxication had a positive relationship. A
closer look at the data (Figure 3 in their paper) supports this notion. If
one does not consider the 20-29-year-old group but only looks at the
30-59-year-old participants, the direction of the association between
age and subjective intoxication is negative, which is similar to what
is observed in our study.

A negative relationship between age and self-reported drunken-
ness was confirmed by Neil and Martin (1989) in a study examining
drunkenness in N = 412 Australian twins (N = 213 women and
N = 199 men). In an experimental session, participants consumed
0.75 g/kg alcohol, and subjective intoxication was assessed 1-3 h
after drinking using a scale ranging from 0 (quite sober) to 10 (the
most drunk I have ever been). The authors reported that drunkenness
scores decreased with increasing age. Although drunkenness ratings
were significantly higher in women than men, sex had no impact on
showing a negative relationship between age and drunkenness. It was
concluded that older persons report less drunkenness than younger
persons and that this observation may be related to the development

of tolerance (i.e. that higher levels of alcohol are needed by older
persons to feel the same alcohol effects).

More recently, Kaestle e al. (2018) examined objective intoxica-
tion (using a breathalyzer test) and subjective intoxication in a large
on-premise study among N = 4628 participants. A random sample
of alcohol consumers was interviewed in night-time entertainment
districts on Friday and Saturday nights in five Australian cities.
Interviews were conducted between 10 pm and 3 am and lasted
approximately for 3—-15 min. Subjective intoxication was rated on a
0-10 scale, and actual BAC was assessed with a breathalyzer. For the
analysis, age was categorized as (a) 18-20 years old or (b) >20 years
old. This study confirmed that being young was associated with
higher reported levels of self-assessed intoxication when compared
to older people at the same BAC level.

Finally, the role of (reverse) tolerance as explanatory factor should
be further investigated, as it has been shown that experiencing
hangovers more frequently was associated with having more severe
hangovers (Verster et al., 2019). In the current study, hangovers
were experienced more frequently in young individuals compared to
older individuals. At the same time, the correlation between hangover
frequency and severity was highly significant.

Taken together, these studies suggest that with increasing age,
at the same BAC level, a decline in reported subjective intoxication
is seen. As subjective intoxication is one of the most important
predictors of hangover severity (Verster ez al., 2020a), this may also
explain the negative correlation between age and hangover severity
and age and hangover frequency.

The impact of sensitivity to pain

on experiencing hangovers

An explanation for our findings may be related to recent research by
Royle et al. (2020) who investigated the relationship between hang-
over severity and pain catastrophizing. Individuals with increased
levels of pain catastrophizing are excessively oriented at the negative
cognitive and emotional aspects of pain, i.e. an exaggerated response
to pain, characterized by worry, fear and difficulty in directing
attention away from pain (Turk and Rudy, 1992), and they report
greater pain intensity (Sullivan and Neish, 1998). Royle et al. (2020)
reported a significant positive relationship between hangover severity
and pain catastrophizing. In particular, people who scored higher on
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rumination, i.e. drinkers with a higher focus on symptoms of distress,
reported more severe hangovers. Many factors modulate one’s level
of pain catastrophizing, including personality. In this context, it has
also been suggested that the level of pain catastrophizing is related
to age (Ruscheweyh et al., 2011). According to the lifespan theory of
emotion, it was hypothesized that, with increasing age, individuals
possess greater social and cognitive resources and become more
effective in anticipating negative emotions (Ruscheweyh et al.,2011).
Alternatively, age-related social norms for the expression of distress
may have an impact, such as older individuals having a more stoic
orientation toward the expression of distress (Sullivan and Neish,
1998). Further, age-related changes in central nervous system (CNS)
functioning associated with the loss and reduced functioning of neu-
rons, dendrites and synapses and reduced levels of neurotransmitters
may affect the processing of pain stimuli (Sullivan and Neish, 1998).
However, in contrast to these hypotheses, a recent meta-analysis,
including all available literature, revealed that pain catastrophizing
does not differ according to sex or age (Wheeler et al., 2019).

Another recent meta-analysis found that pain sensitivity declines
with increasing age (El Tumi ez al., 2017). In other words, reported
pain intensity ratings (for the same pain stimulus) are greater in
younger adults than those reported by older adults. It thus might
be that younger drinkers tend to overestimate the magnitude of
subjective intoxication and hangover symptom severity, whereas
older adults, who are more experienced with drunkenness and hang-
overs, have a more modest judgment of the magnitude of these
effects. This corresponds to the observation that, after correcting
for the amount of alcohol consumed, the hangover severity ratings
of younger drinkers are greater than those of older drinkers, and it
explains the negative correlations between age and hangover severity
and age and hangover frequency.

Limitations and directions for future research

A limitation of the current study comprises the fact that data were
recalled retrospectively. This may have introduced recall bias or
inaccurate reporting. However, there is no reason to assume that
this would have affected younger participants differently than older
participants. As such, we feel that possible recall bias would not
have affected the observed associations with age. Nevertheless, future
studies with a prospective study design including real-time alco-
hol consumption recordings should confirm our findings. Including
objective BAC measurements in such a study would provide further
insight into the assessments of subjective intoxication. Future studies
should also address whether age differentially affects the cognitive
impairments associated with alcohol hangover and its functional
consequences, which are well documented for the younger age group
but not for older adults (Prat et al., 2008; Prat et al., 2009; Gunn
et al., 2018).

Second, hangover severity was assessed using a single-item scale.
Although this may be considered a limitation, recent research shows
the opposite. Recent research confirms that single-item assessments
are equally capable of assessing a construct than multiple-item scales
(Verster et al., 2021). Moreover, the use of single-item assessments
may be even preferred over multiple-item assessments as they incor-
porate assessments of all aspects of alcohol hangover (including the
presence, severity and impact of the construct under investigation)
compared to the scale that comprises composite symptom scores
(Verster et al.,2020¢,2021). Third, the observed relationship between
hangover severity and age may be influenced by other factors such
as physical state. Future studies should investigate the impact of

demographic and health characteristics of drinkers on the relation-
ship between age and hangover severity. Finally, the current study
demonstrates that it is important to take age into account when
investigating alcohol hangover. Future studies should therefore not
limit recruitment to student or young adult samples but should
investigate a more representative sample of the population as a whole,
including older participants.

CONCLUSIONS

Taken together, our study confirms that both subjective intoxication
and hangover frequency decline with age. The study also adds that
hangover severity declines with age, and this relationship remains
after controlling for eBAC or the amount of alcohol consumed.

Significant interactions between age group and sex were found for
both subjective intoxication and hangover severity, indicating that
the sex differences in these variables were greatest in the younger
age groups but became significantly smaller or absent in the older
age groups. The relationship between age and hangover severity is
strongly mediated by subjective intoxication. The analysis revealed
that, when controlling for subjective intoxication level, the corre-
lations between age and hangover severity and between age and
hangover frequency were no longer statistically significant. This
observation is in line with literature showing a decline in subjective
intoxication with aging and supports previous findings that sub-
jective intoxication is an important predictor of hangover severity.
Finally, an age-related decline in pain sensitivity to pain may in part
explain the observed negative relationship between aging and the
frequency and severity of alcohol hangovers.

AUTHORS’ CONTRIBUTIONS

N.R.S.,A.SSM.S.,H.M.S.,S.B., A.S. and J.C.V. contributed to concep-
tualization, design and methodology of the study; investigation was
done by H.M.S.; J.C.V. and G.B. conducted the statistical analysis
and J.C.V. prepared the original draft; all authors critically reviewed
the paper and approved the final version.

FUNDING

This research received no external funding.

CONFLICT OF INTEREST STATEMENT

Over the past 3 years, J.C.V. has received grants/research support
from Janssen Research and Development and Sequential Medicine
and has acted as a consultant/advisor for More Labs, Red Bull, Sen-
Jam Pharmaceutical, Toast!, Tomo and ZBiotics. S.B. has received
funding from Red Bull GmbH, Kemin Foods, Sanofi Aventis, Phoenix
Pharmaceutical and GlaxoSmithKline. Over the past 36 months,
A.S. has held research grants from Abbott Nutrition, Arla Foods,
Bayer, BioRevive, DuPont, Kemin Foods, Nestlé, Nutricia-Danone
and Verdure Sciences. He has acted as a consultant/expert advisor
to Arepa Nootroptics, Bayer, Coca-Cola, Danone, Naturex, Nestlé,
Pfizer, Sanofi and Sen-Jam Pharmaceutical and has received trav-
el/hospitality/speaker fees from Bayer, Sanofi and Verdure Sciences.
The other authors have no potential conflicts of interest to disclose.

220z Areniged |z Uo Josn Jydau)n %29Yjolqigs)eNsIanlun Aq 900 129/685/5/9G/9101e/0[edle/w0d dno oW peoe//:Sd)y wolj papeojumoq



598

Alcohol and Alcoholism, 2021, Vol. 56, No. 5

DATA AVAILABILITY

The data are available from the corresponding author upon reason-
able request.

REFERENCES

El Tumi H, Johnson MI, Dantas PBF, ef al. (2017) Age-related changes in pain
sensitivity in healthy humans: a systematic review with meta-analysis. Eur
J Pain 21:955-64.

Friedman H. (1982) Simplified determinations of statistical power, mag-
nitude of effect and research sample sizes. Educ Psychol Meas 42:
521-6.

Gunn C, Mackus M, Griffin C, et al. (2018) A systematic review of the next-day
effects of heavy alcohol consumption on cognitive performance. Addiction
113:2182-93.

Jones AW, Neri A. (1985) Age-related differences in blood ethanol parameters
and subjective feelings of intoxication in healthy men. Alcohol Alcohol
20:45-52.

Kaestle CE, Droste N, Peacock A, et al. (2018) Perception of intoxication
in a field study of the night-time economy: blood alcohol concentra-
tion, patron characteristics, and event-level predictors. Addict Behav
76:195-200.

Kiani P, Merlo A, Saeed HM, et al. (2021) Immune fitness, and the psychosocial
and health consequences of the COVID-19 pandemic lockdown in the
Netherlands: methodology and design of the CLOFIT study. Eur | Investig
Health Psychol Educ 11:199-218.

Neil MC, Martin NG. (1989) The effects of age, sex, and genotype on self-
report drunkenness following a challenge dose of alcohol. Behavior Gen
19:63-78.

Piasecki TM, Sher KJ, Slutske WS, et al. (2005) Hangover frequency and risk
for alcohol use disorders: evidence from a longitudinal high-risk study. J
Abnorm Psychol 114:223-34.

Prat G, Adan A, Pérez-Pamies M, et al. (2008) Neurocognitive effects of alcohol
hangover. Addict Behav 33:15-23.

Prat G, Adan A, Sdnchez-Turet M. (2009) Alcohol hangover: a critical review
of explanatory factors. Hum Psychopharmacol 24:259-67.

Royle S, Owen L, Roberts D, et al. (2020) Pain catastrophising predicts alcohol
hangover severity and symptoms. | Clin Med 9:280.

Ruscheweyh R, Nees F, Marziniak M, et al. (2011) Pain-catastrophizing and
pain-related emotions: influence of age and type of pain. Clin | Pain
27:578-86.

Sullivan MJL, Neish NR. (1998) Catastrophizing, anxiety and pain dur-
ing dental hygiene treatment. Comm Dentistry Oral Epidemiol 26:
344-9.

Tolstrup JS, Stephens R, Gronbaek M. (2014) Does the severity of hangovers
decline with age? Survey of the incidence of hangover in different age
groups. Alcohol Clin Exp Res 38:466-70.

Tomczak M, Tomczak E. (2014) The need to report effect size estimates
revisited. An overview of some recommended measures of effect size.
Trends Sport Sci 1:19-25.

Turk DC, Rudy TE. (1992) Cognitive factors and persistent pain: a glimpse
into pandora’s box. Cogn Ther Res 16:99-122.

Van de Loo AJAE, van Andel N, van Gelder CAGH, et al. (2016) The effects
of alcohol mixed with energy drink (AMED) on subjective intoxication
and alertness: results from a double-blind placebo-controlled clinical trial.
Hum Psychopharmacol 31:200-5.

Van Schrojenstein Lantman M, van de Loo AJ, Mackus M, et al. (2016) Devel-
opment of a definition for the alcohol hangover: consumer descriptions
and expert consensus. Curr Drug Abuse Rev 9:148-54.

Verster JC, van Herwijnen J, Olivier B, et al. (2009) Validation of the Dutch
Brief Young Adult Alcohol Consequences Questionnaire (B-YAACQ).
Addict Behav 34:411-4.

Verster JC, Stephens R, Penning R, ez al. (2010) The alcohol hangover research
group consensus statement on best practice in alcohol hangover research.
Curr Drug Abuse Rev 3:116-27.

Verster JC, Slot KA, Arnoldy L, et al. (2019) The association between alcohol
hangover frequency and severity: evidence for reverse tolerance? J Clin
Med 8:1520.

Verster JC, Kruisselbrink LD, Slot KA, et al. (2020a) Sensitivity to experiencing
alcohol hangovers: reconsideration of the 0.11% blood alcohol concen-
tration (BAC) threshold for having a hangover. | Clin Med 9:179.

Verster JC, Scholey A, van de Loo AJAE, et al. (2020b) Updating the definition
of the alcohol hangover. | Clin Med 9:823.

Verster JC, van de Loo AJAE, Benson S, et al. (2020c) The assessment of overall
hangover severity. | Clin Med 9:786.

Verster JC, Sandalova E, Garssen J, et al. (2021) The use of single-item ratings
versus traditional multiple-item questionnaires to assess mood and health.
Eur | Investig Health Psychol Educ 11:183-98.

Watson PE, Watson ID, Batt RD. (1981) Prediction of blood alcohol concentra-
tions in human subjects. Updating the Widmark Equation. J Stud Alcobol
Drugs 42:547-56.

Wheeler CHB, Williams ACC, Morley SJ. (2019) Meta-analysis of the psycho-
metric properties of the Pain Catastrophizing Scale and associations with
participant characteristics. Pain 160:1946-53.

Wobbrock JO, Findlater L, Gergle D, et al. (2011) The aligned rank transform
for nonparametric factorial analyses using only ANOVA procedures. In
Proceedings of the ACM Conference on Human Factors in Computing
Systems (CHI ’11). Vancouver, British Columbia (May 7-12, 2011). New
YorkACM Press, 143-6

220z Areniged |z Uo Josn Jydau)n %29Yjolqigs)eNsIanlun Aq 900 129/685/5/9G/9101e/0[edle/w0d dno oW peoe//:Sd)y wolj papeojumoq



	Alcohol Hangover Across the Lifespan: Impact Of Sex and Age
	INTRODUCTION 
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	Authors' contributions
	Funding
	Conflict of interest statement
	Data availability


