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A B S T R A C T

Background: Alcohol hangover is the most frequently reported adverse consequence of excessive drinking and can 
predict future alcohol use. While standard hangover measures capture physiological symptoms, they overlook 
how these sensations are perceived. We introduce a proof-of-concept for bodily mapping in naturalistic studies by 
characterizing hangover phenomenology in individuals who drink heavily.
Methods: Participants (N = 34) completed a baseline assessment. Then, using the emBODY tool, participants 
marked regions of activation and deactivation during several hangover sessions to generate topographical maps. 
These maps quantified the extent and intensity of hangover bodily sensations. Participants reported prior-night 
subjective intoxication and current hangover severity. Pre-registered linear mixed models and correlational 
analyses assessed within-subject associations with session-level variables and between-subject associations with 
individual drinking profiles.
Results: Topographical maps revealed hangover-related activation in the head, chest and abdomen and deacti
vation in the lower limbs. Intensity, but not extent, of bodily sensations was significantly associated with 
hangover severity, independent of subjective intoxication. Participants with high trait-level drinking scores re
ported more intense bodily sensations, more frequent hangovers, and stronger associations between sensation 
intensity and hangover severity, which also increased with age.
Conclusions: Bodily mapping captures meaningful interoceptive patterns linked to subjective hangover severity 
and individual drinking behavior, offering new insights into the somatic processes underlying vulnerability to 
alcohol misuse. Our results offer proof-of-concept establishing the usefulness and feasibility of body mapping in 
naturalistic designs. They also underscore its potential as a scalable, intuitive tool for investigating embodied 
processes in addiction research, where interoceptive dimensions remain underexplored.

1. Introduction

Alcohol hangover is the most frequently reported adverse conse
quence of excessive consumption and is characterized by a combination 
of mental and physical symptoms (Verster et al., 2020). Despite its 
prevalence, our understanding of the subjective bodily hangover expe
rience remains limited. Retrospective self-report questionnaires and 
performance-based tasks have documented hangover-related symptoms 
such as thirst, nausea, and impairments in attention and memory (Prat 
et al., 2008; van Schrojenstein Lantman et al., 2017). While these 

instruments already incorporate bodily sensations (e.g., stomach pain, 
heart pounding, headache), they presuppose that participants can 
adequately verbalize these bodily experiences and rely on predefined 
item lists, which together offer constrained insights into where sensa
tions are perceived and how they are distributed across the body.

To address this gap, bodily mapping emerges as a valuable tool for 
capturing the missing interoceptive dimension of subjective states. This 
methodology allows participants to indicate bodily sensations on a 
standardized body template, providing a topographical representation 
of ongoing affective and physical experiences without verbalization or 
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item-cued prompting. Moreover, given the physiological salience of 
hangovers, they offer an ideal gateway to examining bodily correlates 
underlying addictive processes. The ease of administering body mapping 
in real-world settings further supports its use as a naturalistic adjunct to 
current hangover scales, offering a complementary phenomenological 
dimension.

Bodily maps have recently been used to measure alcohol-induced 
bodily sensations in people who drink socially (Leganes-Fonteneau 
et al., 2025), characterize the bodily dimension of craving in severe 
alcohol use disorders (AUD) (Billaux et al., 2025a), and serve as a 
marker of laboratory-induced craving in people who binge-drink 
(Billaux et al., 2025b). Extending these previous works, we propose 
here the first characterization of subjective bodily sensations during 
hangover episodes, providing a proof-of-concept for the integration of 
bodily mapping tools into naturalistic designs.

Beyond phenomenological characterization, this approach may offer 
insights into individual vulnerability to future AUD, as previous studies 
have generated contradictory findings. Longitudinal studies have 
demonstrated that frequent and severe hangovers during adolescence 
and early adulthood, reflecting greater hangover sensitivity, predict 
later problematic drinking (Piasecki et al., 2005), while controlling for 
previous alcohol use (Courtney et al., 2018). Conversely, lower hang
over severity, or hangover insensitivity, has also been associated with 
increased risk of future alcohol misuse (Rohsenow et al., 2011). Inves
tigating hangover from a bodily perspective could clarify the processes 
through which hangover sensitivity feeds into risk for alcohol misuse.

Indeed, research across the multidimensionality of interoception, the 
top-down and bottom-up process by which the central nervous system 
senses, interprets, and integrates signals from within the body, 
consciously and unconsciously (Chen et al., 2021; Desmedt et al., 2025), 
offers a unifying framework for these lines of evidence. By supporting 
physiological homeostasis as well as higher-order functions such as 
decision-making, emotion regulation, and motivation (Tsakiris and 
Critchley, 2016), interoception has been linked to numerous neuropsy
chiatric conditions, including substance use disorders (Khalsa et al., 
2018). In the context of alcohol, the role of interoception in shaping 
intoxication experiences has long been posited (Duka et al., 1998, 1999; 
Lovelock et al., 2021). More recent research examining ethanol-induced 
shifts in cardiac interoceptive indices track both subjective intoxication 
(Leganes-Fonteneau et al., 2019) and anticipated alcohol effects 
(Schmidt et al., 2013; Leganes-Fonteneau, 2024), highlighting the po
tential contribution of interoception in factors that feed into the etiology 
of addiction. The extent of subjective bodily sensations during intoxi
cation likewise correlates with self-report indices of alcohol response, 
showing heightened stimulation and reduced sedation 
(Leganes-Fonteneau et al., 2025), aligning bodily sensations with clas
sical markers of alcohol insensitivity (Schuckit, 1994). Extending this 
interoceptive lens to hangovers through bodily mapping in individuals 
who drink heavily, where repeated, high-intensity use is associated with 
cerebral and emotional vulnerabilities (Lannoy et al., 2019), could 
clarify how individual differences in the perception and integration of 
hangover bodily signals shape motivational responses underlying 
continued use.

This proof-of-concept study is the first to explore interoceptive 
phenomenology during alcohol hangovers using a mobile version of the 
emBODY mapping tool. Embedding this mapping in a naturalistic design 
captures hangover-specific interoceptive experiences in real time, 
avoiding the shortcomings of cardiac-based behavioral proxies (Billaux 
et al., 2025b; Desmedt et al., 2018) and complementing currently used 
questionnaires (Desmedt et al., 2022) with a phenomenological 
body-centered approach to hangover. In doing so, we link subjective 
bodily sensations directly to the hangover state, offering a clearer view 
of the bodily mechanisms involved, while providing foundational evi
dence for measures of bodily processes in future addiction research.

Considering the mixed literature on the role of hangover sensitivity 
in alcohol risk, and growing evidence that interoception shapes 

individual differences in alcohol response, we propose that the strength 
(intensity) and/or the spread (extent) of hangover sensations may be 
informative markers of the subjective hangover experience and of AUD 
vulnerability. Specifically, these indices may reflect salient delayed 
aversive bodily consequences of alcohol, potentially shaping subsequent 
motivation and decision-making around drinking. Accordingly, we test 
whether these body map indices relate to AUD risk, as measured through 
AUDIT, BD, AUQ and HSS scores. This also allows indexing the con
current validity of this phenomenological perspective, together with 
subject-level variables known to impact hangover symptomatology such 
as age (Verster et al., 2021) and hours of sleep (Ayre et al., 2021).

Based on the topographical mapping of bodily sensations related to 
hangover in real time (namely the morning after alcohol consumption), 
we hypothesize that hangover episodes will show distinct and consistent 
patterns of bodily activation and deactivation, notably in the head, chest 
and abdomen, expected to reflect commonly reported hangover symp
toms (e.g. headache, heart pounding, nausea). At the between-subjects 
level, we expect extent and intensity of bodily sensations to correlate 
with individual drinking patterns and hangover frequency. At the 
within-subjects level, we expect greater extent and intensity of these 
sensations to positively correlate with subjective hangover severity and 
self-reported intoxication.

2. Method

2.1. Participants

Participants were recruited in the United States through community 
advertisements and social media. Inclusion criteria required participants 
to be between 18 and 35 years and to engage in heavy episodic drinking, 
defined as consuming ≥4 drinks (14 g of ethanol/drink) within two 
hours for women and ≥5 for men, at least once in the previous month to 
ensure current active drinking. Additional criteria included a minimum 
weekly consumption of five drinks, a history of moderate to severe 
hangovers, and at least one alcohol-induced blackout in the past six 
months. Individuals with a self-reported history of mental health dis
orders or cardiovascular disease were excluded. No restrictions were 
imposed on Alcohol Use Disorder Identification Test (AUDIT) scores. No 
control group was included, as individuals who don't drink or only drink 
small amounts would not experience hangover episodes.

2.2. Measures

Bodily sensations experienced during hangovers were collected via 
an online smartphone emBODY tool adapted from Nummenmaa and 
colleagues (Nummenmaa et al., 2014, 2018). This tool presented par
ticipants with two blank human silhouettes, one for increased bodily 
sensation (activation) and the other for decreased bodily sensation 
(deactivation). Participants used their finger to color regions of the body 
where they perceived changes in sensation. Longer presses over a body 
area indicated higher intensity ratings, with the interface providing 
feedback by increasing the opacity of the paint.

Demographic information collected included age, gender, ethnicity, 
body weight, and height. Trait-level measures included the Hangover 
Symptom Scale (HSS; Slutske et al., 2003), assessing the frequency with 
which they experienced hangover symptoms over the past year, the 
AUDIT (Bohn et al., 1995) to screen for harmful or hazardous alcohol 
consumption in the past year, and the Alcohol Use Questionnaire (AUQ; 
Mehrabian and Russell, 1978), tailored to reflect prevalent US college 
drinking preferences. A separate binge drinking score was derived from 
the AUQ (Townshend and Duka, 2005).

To evaluate acute hangover symptoms following each drinking 
episode, participants completed state-level measures, including the 
Acute Hangover Severity Scale (AHSS; Penning et al., 2013), a measure 
of current hangover severity, and a self-report of their level of intoxi
cation from the previous night from 0% (“not at all intoxicated”) to 
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100% (“extremely intoxicated”).

2.3. Study design and procedure

Ethical approval for this study was obtained from the Rutgers Uni
versity Institutional Review Board for Human Research and all proced
ures adhered to the Declaration of Helsinki. All participants provided 
online informed written consent prior to participation. The study con
sisted of a baseline session and several follow-up hangover sessions per 
participant (mean number of sessions = 3.147 ± 0.72, median = 3, 
range = 1–5). All data collection took place online, between July 2022 
and May 2023.

Eligible participants were contacted via email and asked to complete 
a baseline session at least 48 h after the last alcohol consumption. Par
ticipants completed demographic questionnaires along with HSS, AUQ, 
and AUDIT and were familiarized with the emBODY tool, marking areas 
of bodily activation and deactivation after drinking water.

On subsequent weekends, participants received smartphone prompts 
each morning, asking whether they had reached intoxication the pre
vious night (“Did you feel intoxicated while or after drinking last 
night?”). Those reporting intoxication completed a follow-up Qualtrics 
survey, including the AHSS, subjective intoxication level, and total 
hours of sleep. Participants then completed the emBODY tool again, this 
time indicating their bodily sensations during the hangover. Participants 
were prompted every weekend until at least three hangover sessions 
were completed.

2.4. Statistical analysis

Statistical analyses were pre-registered on OSF (https://doi.org/10 
.17605/OSF.IO/5EVMX). Any deviations from the plan are explicitly 
reported. All analyses were conducted in R. As preregistered, data were 
screened for outliers using residual diagnostics (Q-Q plots; studentized 
and Pearson-deleted residuals vs fitted values) and Cook’s distance (4/ 
n), and influential data points were excluded.

2.4.1. Topography of bodily sensations of hangover
Topographical representations of bodily sensations were generated 

in MATLAB following the original methodology (Nummenmaa et al., 
2014). For each participant and each session, bodily sensation maps 
were generated by using each data point collected through the emBODY 

tool. Each individual map represented the net difference between acti
vation and deactivation sensations reported for that session (Fig. 1). For 
each of the 50,364-pixels in the body map, t-tests were performed across 
all participants, generating a statistical t-map that identified pixels with 
significant hangover bodily sensations. Significant pixels with a 
threshold of p < 0.05 were color-mapped, while non-significant values 
were represented in black. A false discovery rate (FDR) correction was 
applied to the pixelwise t-tests.

To quantify bodily sensations, two numeric indices were extracted 
from each body map for each participant. Extent of bodily sensations 
was computed as the proportion of painted pixels relative to the total 
number of pixels in the body map, reflecting the size of sensations across 
the body. Intensity of bodily sensations was computed by adding acti
vation and deactivation values across all painted pixels, then dividing 
this sum by the number of painted pixels, reflecting the strength of these 
bodily sensations. A value of zero at any pixel could occur either if the 
pixel was not selected or if activation and deactivation values canceled 
each other out.

2.4.2. Between-subject analysis
To assess between-subject associations, extent and intensity metrics 

were averaged across all sessions per participant, resulting in one extent 
and one intensity score per participant. These scores reflect trait-level 
patterns of hangover-related bodily sensations. Spearman correlations 
were used to examine associations between trait-level bodily sensation 
metrics and trait-level alcohol use and hangover measures (AUQ, 
AUDIT, BD and HSS).

2.4.3. Within-subject analysis
To assess within-subject associations, linear mixed models (LMMs) 

were conducted using all available session-level data, to relate each 
session’s bodily sensations to concurrent subjective ratings. In the pri
mary models, self-reported hangover severity (AHSS) was the dependent 
variable, with extent and intensity of bodily sensations as fixed effects. A 
second set of models treated extent and intensity of bodily sensations as 
the dependent variables, with subjective intoxication as the fixed effect. 
All models incorporated random intercepts for participants to account 
for repeated measures, while random slopes were excluded to reduce the 
risk of overfitting or singular-fit warnings.

Fig. 1. Overview of the emBODY Task and Analysis. Note. A. Participants colored the initially blank body regions whose activity felt increasing (left body) and 
decreasing (right body) during hangover episodes. B. Subject wise activation and deactivation data points were represented in a body mask. C. Activation and 
deactivation maps were subsequently subtracted and combined into one body map for further statistical analyses.
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2.4.4. Exploratory analysis
Pre-registered exploratory analyses included the generation of 

separate activation and deactivation body maps to assess differential 
topographic patterns. Additional within-subject LMMs were conducted 
incorporating an interaction term for age and hours of sleep.

Non-pre-registered analyses included quantifying the relationship 
between activation and deactivation maps across pixels for each session 
using correlation analyses and performing all analyses for activation and 
deactivation as separate dimensions. Between-subject independent 
samples t-tests were also conducted, comparing average extent and in
tensity of bodily sensations across low- and high- risk groups. These 
groups were defined separately for each trait-level alcohol measure to 
reflect past-year behavior, with AUQ, BD and HSS groups defined using 
median splits, and AUDIT groups using the established clinical cutoff of 
15. Additional LMMs examined trait-level alcohol use measures as 
interaction terms.

3. Results

3.1. Demographics

A total of 37 participants were initially included in the study; how
ever, three participants were excluded due to missing a minimum of 
three body maps, see Table 1 for descriptives.

3.2. Topography of bodily sensations during hangover

The combined body map of hangover (activation-minus-deactiva
tion) reveals a cluster of activation-related colors (i.e., red-yellow) in the 
upper torso, particularly the chest and upper abdomen, indicating re
gions where activation exceeds deactivation. In contrast, deactivation- 
related colors (i.e., blue) are concentrated in the lower limbs, primar
ily in the thighs and calves, reflecting areas where deactivation domi
nates. The head and arms remain near zero (black), suggesting no 
consistent group-level difference between activation and deactivation in 
those regions (Fig. 2, left). Importantly, the separate activation map 
displays strong clusters in the upper torso, abdomen and head, indi
cating consistent sensations of increased bodily activation during 
hangover (Fig. 2, middle). The deactivation body map shows warm 
clusters primarily in the lower abdomen, lower limbs and hands, 
reflecting consistent sensations of reduced bodily activity (Fig. 2, right).

As a supplementary check, we performed spatial correlations across 
pixels between activation and deactivation maps for each session, which 
indicated a strong mirror relationship (median ρ = 0.814). Full details 
can be found in Supplementary Note S2.

3.3. Between-subject analysis

A significant correlation was found between intensity of bodily 
sensations and age (r = .201, p = .041). In exploratory analyses of 
additional demographic variables, extent of bodily sensations differed 
by biological sex (t = -2.258, df = 101.31, p = .026), with higher mean 
extent in males, whereas race, weight and height did not yield any sig
nificant associations with body map indices (ps ≥.201).

Initial spearman correlations between trait-level drinking measures 
(AUQ, AUDIT and BD) and average extent and intensity of bodily sen
sations (one data point per participant; n = 34) revealed no significant 
associations, except for a positive association between BD score and 
extent (r = .373, p = .035). To explore potential group-level differences, 
we categorized participants into low- versus high-risk groups separately 
for each alcohol trait-level measure (cutoff scores: AUQ ≥ 44.5; AUDIT 
≥ 15; BD ≥ 30.8). High-risk groups on AUQ and AUDIT reported 
significantly higher average intensity of bodily sensations during 
hangovers, and these effects remained significant after controlling for 
average subjective intoxication across sessions. No significant group 
differences were found in the average extent of bodily sensations 
(Table 2). Additional validity checks examining hangover frequency and 
subjective hangover severity as a function of alcohol risk group are 
presented in the Supplementary Material (Table S1). Overall, these re
sults imply that participants at higher risk for AUD experience more 
intense bodily sensations of hangover together with increased hangover 
severity and frequency.

No significant correlations or risk group differences were found for 
the average extent or intensity of activation or deactivation sensations 
when analyzed separately (Supplementary Table S3).

3.4. Within-subject analysis

LMMs were conducted on extent and intensity of bodily sensations 
(one data point per session; n = 107) to examine how these metrics 
related to subjective ratings collected during the same session. Models 
revealed that session-level intensity of bodily sensations was signifi
cantly associated with hangover severity as DV (p = .028; Fig. 3A), 
whereas no significant effects were found when extent of bodily sensa
tions was a predictor (p = .248; Fig. 3B). Furthermore, subjective 
intoxication from the prior night was not significantly related to either 
extent or intensity of session-level hangover bodily sensations as DVs 
(p = .629 and p = .174, respectively; Table 3).

To extend our between-subject findings that high-risk AUDIT and 
AUQ participants exhibited greater intensity of bodily sensations, 
within-subject analyses examined whether the significant association 
between session-level intensity and acute hangover symptom severity as 
a DV was modulated by trait-level alcohol use measures, age and hours 
of sleep. As shown in Table 4, significant interactions were observed for 
Intensity × AUQ (p = .038), Intensity × AUDIT (p < .001), and In
tensity × Age (p = .009), and simple slope analyses reveal that the 
association between session-level intensity and AHSS was strongest 
among participants with high AUQ and AUDIT scores, and among older 
participants (Fig. 4). Importantly, both the AUQ and AUDIT interactions 
remained significant after accounting for subjective intoxication of the 
previous night (p = .023 and p = .002, respectively). The Intensity ×
Sleep interaction was not significant (p = .419). Overall, these results 
imply that the relationship between intensity of bodily sensations and 
acute hangover severity appears to be significantly modulated by older 
participants and those at higher risk, regardless of prior subjective 
intoxication.

Exploratory LMMs showed no significant effects for session-level 
extent or intensity of activation or deactivation sensations when 
analyzed separately (Supplementary Table S4).

Given the novelty of the approach, we lacked appropriate a-priori 
power analyses. Post-hoc analyses revealed power = .73 for between- 
subject correlational analyses and > .86 for t-tests. For within-subject 

Table 1 
Participant Characteristics and Drinking Trait Scores.

Characteristics Total n = 34

Age, years, mean (SD) 23.69 (4.16)
Sex, n (%)

Male 22 (65%)
Female 12 (35%)

Race, n (%)
White 15 (44%)
Asian 11 (32%)
Black or African American 8 (24%)

Drinking Traits Total n = 34
HSS Score, mean (SD) 20.38 (11.03)
AUQ Score, mean (SD) 55.97 (33.33)
BD Score, mean (SD) 29.97 (12.91)
AUDIT Score, mean (SD) 15.62 (8.37)

Note. AUDIT = Alcohol Use Disorder Identification Test; AUQ =
Alcohol Use Questionnaire; BD = Binge Drinking; HSS = Hangover 
Symptom Scale; SD = Standard Deviation
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analyses, LMMs were low powered (.66), but final exploratory models 
revealed power > .95.

4. Discussion

4.1. Summary of key findings

The present study is the first to investigate the interoceptive corre
lates of alcohol hangover using body mapping within an ecologically 
valid design. Our findings reveal distinct topographical patterns of 
bodily sensations, with separate activation and deactivation maps 
capturing patterns that track standardized hangover questionnaire 
symptoms, indicating convergence with conventional measures (Slutske 
et al., 2003; Penning et al., 2013). Activation clustered in the torso, 
abdomen and head overlaps with symptoms such as heart pounding, 
thirst and headaches, whereas deactivation, prominent in the abdomen, 
limbs and hands, aligns closely with nausea and weakness. Beyond this 
convergence, body maps offer more precise localization of bodily sen
sations than self-report scales, providing a richer account of the hang
over experience. The activation-minus-deactivation map provided an 
aggregation of these bodily signals, showing net activation in the chest 
and net deactivation in the lower limbs. These maps demonstrate the 
sensitivity of bodily mapping to reliably capture bodily processes in 

naturalistic settings without item-cued prompting or verbalization and 
highlights its potential in deepening our understanding of acute alcohol 
and other substance’s embodied effects.

Consistent with our hypothesis, the intensity of bodily sensations 
reported during hangover episodes was significantly associated with 
hangover severity. This suggests that intensity of bodily sensations and 
subjective hangover severity may reflect parallel manifestations of the 
same underlying interoceptive processes. In contrast, no relationship 
was observed for the extent of bodily sensations or prior subjective 
intoxication, indicating that intensity of bodily sensations may be more 
phenomenologically salient to hangover perception than size.

While trait-level drinking scores showed generally weak linear as
sociations with sensation intensity, exploratory group-level analyses 
revealed that the intensity of hangover bodily sensations was signifi
cantly associated with individual drinking profiles. Participants with 
higher AUQ and AUDIT scores not only reported more intense bodily 
sensations than those with lower scores but also showed stronger asso
ciations between sensation intensity and subjective hangover severity. 
Importantly, these effects remained significant after controlling for 
subjective intoxication, indicating that stronger bodily sensations were 
not solely driven by prior alcohol intake (Richards et al., 2024), or at 
least its perceived effects. This result is at odds with previous research 
showing that higher subjective intoxication is linked to more frequent 

Fig. 2. Group-Level T-Map of Bodily Sensations of Hangover. Note. Difference between baseline (left), activation and deactivation (middle left), activation (middle 
right) and deactivation (right). Color intensity reflects the magnitude of t-values, with stronger values (positive or negative) indicating greater group-level effects. In 
the difference map, positive values indicate greater activation than deactivation, while negative values indicate the opposite. Black areas reflect non-significant 
regions (p < .05, FDR-corrected).

Table 2 
Comparison of Bodily Sensation Measures as a Function of Risky Alcohol Consumption (Low vs. High).

Variables Low risk mean (SD) High risk mean (SD) t-value df p-value p-value (adjusted for intox.)

Intensity
AUQ -0.177 (0.780) 0.902 (1.129) -3.045 24.892 .005** .002**
AUDIT -0.355 (0.812) 0.624 (1.004) -3.048 29.804 .004** .004**
BD 0.155 (0.606) 0.431 (1.490) -0.684 20.085 .502 .459
Extent
AUQ 27.601 (20.578) 31.764 (18.390) -0.611 30.088 .546 .566
AUDIT 33.436 (20.347) 25.891 (17.150) 1.164 31.033 .253 .231
BD 24.352 (15.992) 34.821 (21.164) -1.609 29.658 .118 .128

Note. Mean intensity reflects the average strength of bodily sensations; negative values indicate that deactivation exceeded activation. Mean extent represents the 
percentage of the body map that was colored. Low and high groups each comprised 17 participants. AUQ = Alcohol Use Questionnaire; AUDIT = Alcohol Use Disorder 
Identification Test; BD = Binge Drinking; SD = Standard Deviation

** p < .01.
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and severe hangovers (Vatsalya et al., 2018; Stangl et al., 2022). Our 
results suggest that interoceptive feedback during hangover is more 
pronounced in individuals vulnerable to problematic drinking, 
contributing to more severe hangovers present in those groups.

Additionally, older participants reported significantly greater in
tensity of bodily sensation, while age was not significantly related to 
consumption patterns in our sample, suggesting that older participants 
did not simply consume more. This finding contrasts with prior work 
showing reduced hangover severity with age (Verster et al., 2021), 
although that study relied on a single-item retrospective report 
compared to our real-time assessment of bodily sensations.

4.2. Theoretical Implications

Firstly, these findings challenge the common assumption that 
hangovers function as a natural deterrent to subsequent alcohol use. 
Despite experiencing more intense hangover bodily sensations, heavy 
drinking individuals in our sample still presented high levels of alcohol 
consumption. This observation aligns with previous findings of reduced 
punishment sensitivity in individuals who drink heavily (Jonker et al., 
2014; Tapper et al., 2015). Our results tentatively extend this literature 
by suggesting a possible interoceptive mechanism for this reduced 
punishment sensitivity, namely a diminished translation of aversive 
bodily signals into behavioral avoidance. Furthermore, because these 
sensations emerge several hours after drinking, their motivational 
salience could be weakened by loss discounting, whereby the subjective 

cost of a negative outcome diminishes with temporal delay (Bailey et al., 
2018; Boness et al., 2021). In parallel, heightened reward sensitivity 
may further blunt the impact of hangover sensations, particularly in 
young, non-clinical populations like ours, where intense interoceptive 
signals may be recontextualized within a broader social-affective 
framework (Creswell, 2021), through social bonding and positive 
memory reconsolidation (Abar et al., 2016; Mallett et al., 2008). Our 
findings suggest that these hangover-related bodily sensations may be 
incorporated into these reframing processes, potentially blunting their 
negative motivational impact. These hypotheses should be further tested 
by examining how bodily sensations of hangover interact with other 
etiological domains of AUD (Boness et al., 2021).

Secondly, our findings that heavy drinking participants with greater 
bodily sensations also reported more frequent hangovers could suggest a 
pattern of sensitization to hangovers, rather than tolerance, as alcohol 
consumption escalates (Verster et al., 2019). Whereas tolerance implies 
a diminished response to repeated exposure, our results suggest the 
opposite, with repeated hangover experiences appearing to be associ
ated with increased bodily sensations in participants at higher risk. 
While people who generally drink more heavily may simply have 
consumed more alcohol, leading to more severe hangover episodes and 
thus stronger bodily sensations, this association persisted after 

Fig. 3. Association Between Intensity of Bodily Sensation and Hangover Severity. Note. Scatterplot shows all session-level data points and the fitted regression line from a 
linear mixed model testing the association between A. hangover severity (AHSS) and intensity of bodily sensations (p = .028). B. hangover severity (AHSS) and extent 
of bodily sensations (p = 248). The shaded area represents a 95% confidence interval. Random intercepts were included for participants.

Table 3 
Linear Mixed Model Estimates for Session-Level Outcomes.

Predictor Fixed effect Estimate SE df t- 
value

p- 
value

AHSS ~ Intensity 0.138 0.061 72.481 2.246 .028*
AHSS ~ Extent 0.010 0.009 86.779 1.162 .248
Extent of 

bodily 
sensations 
~

Subjective 
intoxication

0.036 0.075 86.748 0.484 .629

Intensity of 
bodily 
sensations 
~

Subjective 
intoxication

-0.012 0.009 81.350 -1.372 .174

Note. Fixed-effect estimates from primary linear mixed-effects models testing 
associations between session-level hangover severity (AHSS) and intensity and 
extent of bodily sensations, including random intercepts for participants. AHSS 
= Acute Hangover Severity Scale; SE = Standard Error

* p < .05.

Table 4 
Significant Interaction Effects from Exploratory Models.

Predictor Interaction Estimate SE df t- 
value

p-value

AHSS ~ Intensity ×
AUQ

0.007 0.003 71.642 2.119 .038*

AHSS ~ Intensity ×
AUDIT

0.025 0.007 72.109 3.453 < .001***

AHSS ~ Intensity ×
BD

0.008 0.007 67.367 1.396 .167

AHSS ~ Intensity ×
Age

0.050 0.019 68.384 2.679 .009**

AHSS ~ Intensity ×
Sleep

0.008 0.004 97.999 1.979 0.419

Note. Significant interaction terms from exploratory linear mixed-effects models 
examining whether individual trait-level drinking measures, age and sleep 
moderate the session-level association between hangover severity (AHSS) and 
intensity of bodily sensation. Models included random intercepts for partici
pants. AHSS = Acute Hangover Severity Scale; AUQ = Alcohol Use Question
naire; AUDIT = Alcohol Use Disorder Identification Test; BD = Binge Drinking; 
HSS = Hangover Symptom Scale; SE = Standard Error

* p < .05.
** p < .01.
*** p < .001.
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accounting for subjective intoxication. We propose two speculative ex
planations for the apparent sensitization observed here. First, it may 
reflect accumulating physiological stress and alterations across repeated 
drinking episodes (Palmer et al., 2019), resulting in more severe bodily 
responses over time. Second, frequent hangover experiences may 
sharpen interoceptive predictions and increase awareness of 
post-intoxication states, allowing individuals who drink more heavily to 
identify and interpret these sensations better (Barrett and Simmons, 
2015). Crucially, this increased reporting of negative bodily sensations 
does not appear to be linked with reduced alcohol use, lending further 
support to the hypothesis that aversive bodily feedback alone is insuf
ficient to promote behavioral change. These hypotheses warrant addi
tional examinations, obtaining concurrent objective measures of 
intoxication (King et al., 2025).

Finally, the moderation of intensity of bodily sensations by age may 
point to metabolic and physiological differences in ethanol processing 
and recovery (Meier and Seitz, 2008), likely contributing to prolonged 
recovery times and intensified bodily sensations among older partici
pants. This suggests that interoceptive hangover experiences could 
reflect not only subjective interpretations but also physiological markers 
underlying individual differences.

4.3. Methodological considerations

The integration of a bodily mapping tool within an ecologically valid 
framework represents a significant methodological advancement, 
enabling real-time assessment of interoceptive experiences. Under
standing subjective responses to alcohol in young people who drink 
heavily is especially relevant given their prevalence and offers an op
portunity to examine early interoceptive alterations that may precede 

more advanced patterns of alcohol misuse. Nevertheless, several meth
odological constraints should be acknowledged. First, the small, pre
dominantly male sample limits generalizability (Spooner et al., 2024). A 
larger sample would also allow for the identification of regions of in
terests (e.g. heightened sensations in the gut or head) and direct corre
lations between activation in those ROIs and scores from traditional 
questionnaires (Palser et al., 2021). Second, the lack of objective alcohol 
dose from the prior evening, relying only on subjective intoxication, may 
not accurately reflect alcohol exposure (de Andrade et al., 2023). Future 
work should record standard drink counts, time since last drink, and, 
where feasible, use objective indices such as breath alcohol concentra
tion to support our results on hangover sensitivity. Third, we did not 
assess or control for concomitant use of other substances, medications or 
relevant comorbidities. However, participants were instructed to com
plete body maps specifically following alcohol-related hangovers. 
Finally, the use of the activation-minus-deactivation map should be 
considered. We chose this approach in line with Nummenmaa’s original 
work on body maps of emotions and subjective feelings (Nummenmaa 
et al., 2014, 2018), yielding a single summary index of intensity in 
which positive values indicate predominant activation over deactiva
tion, and negative values indicate the reverse. Thus, the combined map 
provides both a net intensity measure and direction of effect, justifying 
its role as our primary intensity index. Consistent with this rationale, 
correlation analyses within sessions showed strong coupling between 
activation and deactivation topographies, suggesting that the two maps 
largely reflect complementary, mirror-like patterns within episodes. The 
study instructions may have led participants to view the two ratings as 
complementary rather than independent, as they knew from the 
beginning they would complete both maps in each session. However, a 
practical consequence of this approach is that it can also attenuate 

Fig. 4. Predicted Hangover Severity by Intensity of Bodily Sensations Note. Predicted hangover severity (AHSS) is plotted against session-level intensity of bodily 
sensation. Simple slope analyses are stratified by: A. AUQ scores at the sample mean and ± 1 SD. B. AUDIT scores using the clinical cutoff of 15. C. Age at the sample 
mean and ± SD. Shaded regions represent 95% confidence intervals.

N. Steiger et al.                                                                                                                                                                                                                                  Drug and Alcohol Dependence 283 (2026) 113122 

7 



symptom-specific signals when activation and deactivation co-occur, 
such as those related to headaches or nausea, which were only evident 
in the separate activation map. In addition, the models treating activa
tion and deactivation as separate dimensions did not yield significant 
associations with our outcome measures. Future studies should move 
away from these activation-minus-deactivation indices towards newer 
approaches that capture sensation intensity in a more interpretable way 
for participant and researcher, and consider adding a valence compo
nent to better characterize the affective quality of reported sensations 
(Desmedt et al., In preparation).

4.4. Conclusion

Our findings demonstrate that interoceptive phenomenology during 
hangover episodes can be reliably captured using body mapping and are 
meaningfully associated with individual drinking behaviour. They 
extend existing knowledge on addictive processes by suggesting a 
measurable bodily component to hangover severity. This phenomeno
logical approach to measuring bodily sensations can help build novel 
conceptualizations of addiction, where body-brain interactions feed into 
etiological processes. In this case, it seems that foregoing the negative 
bodily consequences of alcohol could participate in problematic patterns 
of alcohol use. More broadly, this study provides initial evidence for the 
utility of body mapping within naturalistic designs as a scalable tool to 
investigate how embodied states contribute to individual variability to 
alcohol’s effects and potentially uncover new vulnerability markers for 
addiction.
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