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ABSTRACT 

Objective: Research into cognitive performance during a hangover has produced equivocal 

findings. This study investigated the reliability of inducing hangover symptoms and effects on 

cognitive performance (including applied tasks) under standardised conditions. Method: 

Twenty-one participants (13M; 24±3 years) completed two identical trials, involving alcohol 

consumption and an overnight laboratory stay. Outcome measures included: hangover severity 

(a single-item ‘Hangover’ rating, and a sum of hangover symptoms [OSS]), cognitive function 

(trail making test), simulated driving (standard deviation of lateral position; lane crossings), 

and typing performance. Spearman’s correlations were used to assess reliability between trials 

for all participants, and when ratings of ‘Hangover’ were consistent. Results: Participants 

demonstrated reliable ‘Hangover’ rating change from baseline (Trial A: 2.0 (2.0); Trial B: 2.0 

(2.0), rho=0.680, p=0.001), but not for OSS (Trial A: 8.0 (12.0); Trial B: 5.0 (9.0), rho=0.309, 

p=0.173). Performance in cognitive/applied tasks (range rho=0.447–0771) was consistent, 

except simulated driving (range rho=0.035–0.272), however the impairment was trivial. The 

subgroup analysis did not reveal substantial changes in reliability. Conclusion: A single 

‘Hangover’ rating was a reliable way of determining ‘mild’ to ‘moderate’ hangover severity. 

The present data could be used to assist the methodological design of future hangover research.



INTRODUCTION 1 

Alcohol hangover has been defined as the combination of negative mental and physical 2 

symptoms associated with a single episode of alcohol consumption; when blood alcohol 3 

concentration (BrAC) has returned to zero (Verster, Scholey, van de Loo, Benson, & Stock, 4 

2020). Besides inducing a variety of unpleasant symptoms (e.g. headache, nausea, discomfort, 5 

tiredness), alcohol-induced hangovers have the potential to impair cognitive function (Gunn, 6 

Mackus, Griffin, Munafò, & Adams, 2018). This may have serious implications for individuals 7 

performing applied cognitive tasks such as driving a motor vehicle (Cameron & French, 2015; 8 

Hoiseth, Fosen, Liane, Bogstrand, & Morland, 2015; Verster, Bervoets, et al., 2014) or 9 

undertaking occupational duties (e.g. operating machinery (Van Dyken, Szlabick, & Sticca, 10 

2013)). However, studies that have examined the cognitive effects of alcohol hangover have 11 

produced equivocal findings (Gunn et al., 2018), possibly as a result of methodological 12 

limitations. 13 

The methodological approach employed for this type of research is an important consideration. 14 

When participants self-report alcohol consumption and when between-subject designs are 15 

employed outcomes are subject to potential confounding variables (e.g. inaccuracies in alcohol 16 

reporting, age, gender, cognitive capacity, alcohol pharmacokinetics, etc.) (Hopkins, 2000). To 17 

date, 15 laboratory studies have employed what are considered to be more rigorous procedures 18 

(i.e. prescribed alcohol and within-subject study designs) to investigate the effects of alcohol 19 

hangover on discrete cognitive tasks (Chait & Perry, 1994; Finnigan, Hammersley, & Cooper, 20 

1998; Howland, Rohsenow, Bliss, et al., 2010; Howland, Rohsenow, Greece, et al., 2010; 21 

Kruisselbrink, Martin, Megeney, Fowles, & Murphy, 2006; Lemon, Chesher, Fox, Greeley, & 22 

Nabke, 1993; Roehrs, Roehrs, Yoon, & Roth, 1991; Rohsenow et al., 2010; Verster, Van Duin, 23 

Volkerts, Schreuder, & Verbaten, 2003) and/or performance during applied workplace 24 

scenarios (Collins, 1980; Collins & Chiles, 1980; Morrow, Leirer, Yesavage, & Tinklenberg, 25 



1991; Streufert et al., 1995; Yesavage, Dolhert, & Taylor, 1994; Yesavage & Leirer, 1986). 26 

Despite this, results from these studies indicate varied cognitive responses. Unfortunately, not 27 

all of these studies confirmed participants’ breath alcohol concentration (BrAC) had returned 28 

to zero at the time of testing (Chait & Perry, 1994; Collins, 1980; Collins & Chiles, 1980; 29 

Howland, Rohsenow, Bliss, et al., 2010; Morrow et al., 1991; Rohsenow et al., 2010; 30 

Rohsenow, Howland, Minsky, & Arnedt, 2006). Hence, these results could be confounded by 31 

residual alcohol intoxication. In addition, other factors known to independently affect cognitive 32 

function (e.g. insufficient sleep (Lim & Dinges, 2010), hydration status (Masento, Golightly, 33 

Field, Butler, & van Reekum, 2014), or awareness of exposure to alcohol (Christiansen, 34 

Townsend, Knibb, & Field, 2017; Verster, Bervoets, et al., 2014)), have rarely been considered 35 

within standardisation procedures. These methodological limitations may, in part, explain 36 

some of the varied responses observed. 37 

It is also possible that the “true” effect of alcohol hangover on cognitive function may be 38 

inconsistent. Indeed, subjective responses to a fixed dose of alcohol may vary between 39 

occasions due to a number of physiological and behavioural factors (Viken, Rose, Morzorati, 40 

Christian, & Li, 2003), which could potentially influence cognitive performance. In the absence 41 

of objective indicators of alcohol hangover (e.g. biomarkers (Mackus et al., 2017)), individuals’ 42 

perceptions are the only available predictors of hangover severity. However, it is unclear 43 

whether an individuals’ perception of hangover severity influences the level of cognitive 44 

impairment observed. To date, no study has investigated the reliability of subjective symptoms 45 

and cognitive performance in response to a fixed dose of alcohol intended to elicit a hangover. 46 

Understanding the consistency of hangover symptoms (and subsequent effects) experienced by 47 

individuals would help with interpretation of results from investigations into the impact of 48 

alcohol-induced hangovers. In addition, reliability data could be used to assist methodological 49 

design of future hangover research, by identifying cognitive tasks least likely to produce 50 

spurious outcomes.    51 



The present study investigated the consistency of alcohol-induced hangover symptoms and 52 

cognitive performance (including two applied tasks; typing and simulated driving) across two 53 

separate occasions (using a within-subject design) and under standardised laboratory 54 

conditions. We hypothesised that subjective hangover responses would be comparable, and a 55 

similar degree of cognitive impairment would be observed between repeated trials.   56 



METHODS 57 

Study design. Participants (n=21) visited the laboratory on three separate occasions. The initial 58 

visit involved task familiarisation and baseline measures of cognitive function and applied task 59 

performance. Participants then undertook two identical experimental trials (Trial A and B), 60 

which involved consuming a fixed dose of alcohol designed to induce a morning hangover. 61 

Trials also involved standardised food, water and alcohol consumption in the evening, followed 62 

by an overnight stay in the laboratory. The following morning, participants completed a discrete 63 

cognitive test of processing speed and executive functioning (Trail Making Tasks (TMT)) and 64 

applied (i.e. simulated driving and typing) tasks. Experimental trials were separated by at least 65 

14 days.  66 

Screening and Recruitment. Prior to the initial visit, participants were screened for eligibility. 67 

Participants were required to: be over 18 years of age, self-report having experienced a 68 

hangover in the last 12 months, and be generally healthy. Participant exclusion criteria 69 

included: being pregnant, taking medications that could interact with alcohol, regular tobacco 70 

use, a possibility of alcohol or drug abuse (i.e. a score of 4 or more on the Short Michigan 71 

Alcohol Screening Test, (Selzer, Vinokur, & van Rooijen, 1975)), and having a possible 72 

genetic alcohol intolerance (Yokoyama et al., 2005). Recruitment was conducted via email and 73 

convenience snowball sampling. The investigation was approved by the University’s Human 74 

Research Ethics Committee (XXXXXX; blinded for peer review). Prior to undertaking 75 

experimental trials, eligible participants were required to provide informed consent.  76 

Initial visit. Participants attended the initial visit in the morning (between 0600 hrs and 1100 77 

hrs) to ensure familiarisation and baseline values for the cognitive function and applied tasks 78 

(described below) were collected at approximately the same time of day as experimental trials. 79 

Given the experimental trials involved a standardised evening meal and overnight sleep within 80 

the laboratory, for the familiarisation/baseline measures participants were encouraged to stay 81 



hydrated (i.e. consume at least 500 mL of water within 2 hrs of retiring to bed the night before), 82 

obtain ≥7 hrs of quality sleep, and to avoid caffeine on the morning of the visit. All other food 83 

and activity/lifestyle standardisation procedures were consistent with the subsequent 84 

experimental trials (detailed below).  85 

Experimental Trials 86 

Prior Standardisation. Prior to experimental trials, participants were advised to abstain from 87 

illicit drugs/tobacco smoking for 48 hrs; avoid alcohol and vigorous physical activity for 24 88 

hrs; abstain from consuming caffeinated foods, beverages, and supplements after 1200 hrs on 89 

the trial day; and refrain from consuming calorie-containing foods and beverages from 1500 90 

hrs. To monitor compliance and promote similar nutritional intake, participants were required 91 

to keep a 24-hr food diary leading up to the first laboratory visit; a copy of which was provided 92 

to participants, for replication prior to the subsequent trial.  93 

Procedure. Experimental procedures are illustrated in Figure 1. On arrival to the laboratory 94 

(1830 hrs), verbal confirmation of compliance to all pre-trial standardisation procedures was 95 

obtained, prior to a urine sample being collected for determination of hydration status (Urine 96 

Specific Gravity [USG]; Refractometer UG-α®; Atago Co., Ltd., Tokyo, Japan). If deemed 97 

dehydrated (USG>1.020) (Casa et al., 2000), participants were asked to consume a 500 mL 98 

bolus of plain water, with a second urine sample collected to verify euhydration 30 mins later. 99 

If USG>1.020, the trial was rescheduled. For participants requiring the additional water on their 100 

initial trial (n=5), this was replicated in the subsequent trial irrespective of initial hydration 101 

status. Other measures collected upon arrival included an initial BrAC (Alcolizer LE4; 102 

Alcolizer Technology, Cleveland, QLD, Australia) (to confirm abstinence from alcohol), 103 

baseline hangover severity ratings (described below), height and nude body weight (platform 104 

scales HW-PT200; A&D Company Ltd, Tokyo, Japan). 105 

[Insert Figure 1 here] 106 



Following these initial procedures, participants were provided with 4 alcoholic beverages (see 107 

Alcohol Administration), with a standardised meal (consumed over 30 mins) provided 108 

following the second alcoholic beverage. The standardised meal consisted of: Lean Cuisine® 109 

Frozen Rich Beef Lasagne 400g, and Smiths® Original Potato Chips 2x19g packets, which 110 

provided in total: energy = 2498 kJ, carbohydrates = 68.4 g, fat = 22.4 g, protein = 25.4 g. 111 

Participants’ BrAC was recorded every 15 mins following administration of the first alcoholic 112 

beverage; with none of the readings revealed to participants. To minimise any hangover effects 113 

associated with changes in hydration status, during the first trial participants were encouraged 114 

to consume a minimum of 1 L of water between the commencement of the first alcoholic 115 

beverage and retiring to sleep. The actual amount and rate of consumption was recorded every 116 

30 mins for replication in the second trial.  117 

Following the standardised drinking and evening meal protocol, participants remained 118 

supervised in the laboratory and could participate in sedentary-based activities (e.g. playing 119 

board games, watching movies). To minimise the impact of sleep variation, participants were 120 

sent to the laboratory sleeping quarters at 2200 hrs with no access to technologies (e.g. smart 121 

phones). Within the sleeping quarters, participants were able to be observed without 122 

interruption until the pre-determined waking time of 0600 hrs. 123 

Upon waking, participants provided a urine sample for USG determination and BrAC was 124 

measured. If BrAC = 0.000%, a 30 min period was allocated prior to measuring hangover 125 

severity and asking two additional questions regarding sleep quality (overall sleep quality 126 

rating (1:poor to, 10:best), and the number of sleep interruptions experienced during the night). 127 

Alternatively, if waking BrAC>0.000% these tasks were delayed until no detectable breath 128 

alcohol was recorded (maximum 90 mins later). Participants then completed the battery of 129 

cognitive function and applied tasks. 130 



Alcohol Administration. The aim of the alcohol administration protocol was to provide a 131 

sufficient dose of alcohol likely to induce a hangover without emesis. Participants consumed 132 

the same type and volume of alcoholic beverage on both trials, and were initially able to select 133 

either bourbon, whisky or dark rum as their trial beverage. These beverage options were 134 

available because of the higher congener content, which may increase hangover severity 135 

(Verster, Schrurs, & Owen, 2014). Beverages were provided without dilution in 4 aliquots with 136 

participants encouraged to consume each serve within 3 mins. It has been previously suggested 137 

that a BrAC of ~0.100% can induce a hangover (Verster et al., 2010). To achieve this BrAC, 138 

the first three alcoholic beverages provided were fixed doses consisting of: 0.4 g (1900 hrs); 139 

0.4 g (1915 hrs) and 0.2 g (2000 hrs) of ethanol/kg body weight (BW). The final beverage 140 

(2045 hrs) was titrated depending on the BrAC reading at 2030 hrs according to the following 141 

schedule (i.e. 0.2 g/kg BW for BrAC >0.070%; 0.3 g/kg BW for BrAC between 0.060-0.070%; 142 

0.4 g/kg BW for BrAC <0.060%). The same dose of alcohol was provided to participants in 143 

their subsequent trial, irrespective of their BrAC responses. BrACmax was considered the 144 

highest BrAC recorded from assessments taken between 1900-2200 hrs. 145 

Measuring Hangover. The Acute Hangover Scale (AHS) (Rohsenow et al., 2007) was adapted 146 

to measure subjective hangover severity. The scale consists of nine items: ‘Hangover’, ‘Thirst’, 147 

‘Tiredness’, ‘Headache’, ‘Dizziness’, ‘Loss of Appetite’, ‘Stomach Ache’, ‘Nausea’, and 148 

‘Heart Racing’ with participants rating each symptom between 0-7 guided by the following 149 

anchors: None (0), Mild (1), Moderate (4) and Incapacitating (7). Outcome measures included 150 

the change from baseline for individual ‘Hangover’ rating, all remaining AHS symptoms 151 

ratings, as well as the sum of the remaining symptoms (Overall Symptoms Score [OSS]).  152 

Trail Making Test (TMT). The TMT was used to assess processing speed and executive 153 

functioning. This cognitive tasks were selected on the basis of previous studies demonstrating 154 

hangover-induced impairments employing this task (Scholey et al., 2019). The TMT (Inquisit 155 



5 Lab, Millisecond Software) was ~3 mins in duration and administered on a laptop computer. 156 

The test consisted of two elements. The first component (TMT 1) examined cognitive 157 

processing speed and involved participants connecting numbered targets in a sequential order 158 

(up to 25 targets). The second component (TMT 2) examined executive functioning and 159 

required participants to connect targets, with the labels alternating between numbers and letters 160 

(1, A, 2, B, etc.). The participant was instructed to connect the targets as quickly as possible 161 

while maintaining accuracy. Outcome measures included the change in completion time and 162 

the number of errors from baseline.  163 

Applied Tasks. On completion of the discrete cognitive function testing, participants 164 

undertook two applied tasks: a simulated drive and a typing task. The simulated drive has 165 

previously demonstrated sensitivity in detecting alcohol-induced changes (Irwin, Iudakhina, 166 

Desbrow, & McCartney, 2017). The typing task was selected as a relatively common 167 

occupational assignment, in contrast to highly specialised workplace simulations used in 168 

previous hangover research (e.g. ship power plant operation) (Rohsenow et al., 2006; Streufert 169 

et al., 1995). 170 

Simulated Drive. A computerised driving simulation task was used to measure driving 171 

performance (SCANeR studio simulation engine, v1.6, OKTAL, Paris, France). The driving 172 

simulator hardware is described in detail elsewhere (Irwin, Leveritt, Shum, & Desbrow, 2014; 173 

McCartney, Desbrow, & Irwin, 2017). Participants drove a 16 km course (~10 mins), which 174 

consisted of a bi-directional single-lane road with gentle hills and curves requiring minor speed 175 

adjustments. The drive incorporated 7 curves, with curvature radii of: 3.3 km; 1.0 km; 3.3 km; 176 

0.7 km; 0.5 km; 0.7 km; and 0.5 km. Oncoming traffic (e.g. cars, trucks, cyclists) programmed 177 

to exhibit non-conflicting behaviour was present in the scenario. Individuals were instructed to 178 

stay in the middle of the left-hand lane (Australian road rules) and follow the target car in front 179 

of them without overtaking it. Unknown to participants, the target car moved at a pre-180 



determined speed of 80 km/h. Outcome measures included the change in standard deviation of 181 

lateral position (SDLP, “weaving” of the car) and lane crossing (e.g. contact with or crossed 182 

lane markings) from baseline. During the initial visit, participants completed the driving task 183 

three times. The first two drives were familiarisation, which has been considered suitable to 184 

minimise learning effects based on the same driving scenario (McCartney et al., 2017). The 185 

final drive was used to obtain baseline outcome measures and was separated from the 186 

familiarisation drives by at least 10 mins to minimise fatigue. For each experimental trial, 187 

participants completed the simulated drive once. 188 

Typing Task. A typing task lasting ~5 mins was administered using a standard QWERTY 189 

keyboard and a typing application (Mavis Beacon Teaches Typing, Version 20, Software: 190 

Broaderbund®). At the initial visit, participants completed two short familiarisation text 191 

passages (70-80 words long), followed by a baseline typing test (1 of 4 text passages, 240-260 192 

words long). The order that participants received each text passage was randomised and the 193 

remaining texts were used for the experimental trials. The outcome measure was the change in 194 

adjusted typing speed (ATS) from baseline, calculated using the following formula:  195 

ATS = average speed (words per min) x percentage of error free characters typed. 196 

Randomisation and Statistical Analysis. At screening participants had their first trial 197 

allocated trial code A or B, such that analysis could be performed as a traditional trial order 198 

(trial 1 vs trial 2) and a randomised trial order (trial A vs trial B). This approach facilitated a 199 

trial order analysis of BrAC and ‘Hangover’ ratings on the basis that prior alcohol hangover 200 

exposure (trial 1) may have influenced subsequent trial outcomes (trial 2). Data were analysed 201 

using SPSS for Windows version 23.0 (SPSS, Chicago, Illinois, USA). All data were examined 202 

for normality and sphericity using the Shapiro-Wilk test and Mauchly’s test, respectively. 203 

Paired t-tests were used to compare normally distributed data (i.e. TMT Time and typing). 204 

When sphericity assumptions were violated, the Greenhouse-Geisser correction was applied. 205 



Where data was identified as being non-normally distributed, Wilcoxon signed-rank tests were 206 

used for statistical comparisons (i.e. all hangover ratings, TMT errors and all driving 207 

parameters). All outcomes were assessed for reliability between randomised trials using the 208 

change score from baseline. In addition, reliability of outcomes were examined in a subgroup 209 

of individuals who had consistent ‘Hangover’ ratings between the two randomised trials. A 210 

hangover was deemed consistent when the individual ‘Hangover’ rating fell within the same 211 

symptom interval (“0” = none, “1-3” = ‘mild’; “4-6” = ‘moderate’; “7” = ‘severe’). Spearman’s 212 

rank order correlations were used to assess reliability of measures with correlations (rho values) 213 

described according to Evans, 1996 (e.g. 0.00-0.19 regarded as ‘very weak’, 0.20-0.39 as 214 

‘weak’, 0.40-0.59 as ‘moderate’, 0.60-0.79 as ‘strong’ and 0.80-1.00 as ‘very strong’). Values 215 

are described as mean±SD for normally distributed data and median (IQR) for non-normally 216 

distributed data. Statistical significance considered at p<0.05.   217 



RESULTS 218 

Participants, Trial Order and Standardisation. Twenty-three participants initially enrolled 219 

in the study; two could not attend their second trial due to conflicting commitments. Thus, 21 220 

participants (13 male, 8 female; age 24±3 years; baseline BMI 23.5±2.6 kg/m2) completed both 221 

trials. Trial order analysis revealed no differences for BrACmax (Trial 1: 0.093±0.016, Trial 2: 222 

0.091±0.012, p=0.490) or ‘Hangover’ ratings (Trial 1: 2.0±1.6, Trial 2: 2.0±1.4, p=0.754). 223 

Baseline individual ‘Hangover’ rating was 0 for all participants. There was no difference 224 

between the starting USG values between randomised trials (Trial A: 1.014±0.008, Trial B: 225 

1.013±0.009, p=0.509). The mean amount of ethanol consumed was: 90±15g (n=19 consumed 226 

1.2g ethanol/kg BW, n=1 consumed 1.3g ethanol/kg BW and n=1 consumed 1.4g ethanol/kg 227 

BW). There was no difference between mean BrACmax achieved: Trial A: 0.090±0.013%; Trial 228 

B: 0.094±0.016% (range = 0.070-0.145%, p=0.245). No differences were observed between 229 

trials for subjective sleep quality rating (Trial A: 5.7±2.3, Trial B: 6.4±1.4, p=0.167) or self-230 

reported awakenings (Trial A: 3.0±1.8, Trial B: 3.0±1.8, p=0.916). 231 

Reliability between Trial A and B. Table 1 presents the change between baseline and trial A 232 

and B values for subjective hangover symptom ratings, cognitive function and applied task 233 

performance. Spearman’s correlation coefficients between the two change scores are also 234 

shown. (Supplementary Table 1 present the baseline and trial data for all participants (n=21), 235 

including hangover symptom ratings, cognitive function and applied tasks). 236 

[Insert Table 1 here] 237 

Baseline subjective hangover ratings were not significantly different between Trial A and B 238 

(all p’s>0.05). The change from baseline for subjective ratings of ‘Hangover’ and ‘Loss of 239 

Appetite’ was consistent for both trials (p’s<0.05). TMT performance was compromised during 240 

alcohol hangover (i.e. time and errors increased on both trials). All changes in discrete 241 

cognitive function from baseline performance demonstrated moderate to strong reliability 242 



between trials (p’s<0.05). For driving performance, no effect of alcohol hangover was observed 243 

for SDLP or total number of lane crossing’s (p’s>0.05). In addition, changes observed from 244 

baseline for these outcomes were not found to be reliable between trials. ATS improved during 245 

alcohol hangover (only statistically different for Trial B) and demonstrated moderate reliability 246 

between trials (p’s<0.05).  247 

Table 2 provides a subgroup analysis (n=12 participants with consistent ‘Hangover’ ratings 248 

between trials) of change from baseline data and reliability between trials for subjective 249 

hangover symptom ratings, cognitive function and applied task performance. The subgroup 250 

analysis revealed similar outcomes to those of the whole group analysis, with the exception of 251 

‘Tiredness’, which was identified as having significant reliability between trials and ‘TMT 1’, 252 

which was no longer reliable between trials. No other substantial changes in reliability were 253 

noted.  254 

 [Insert Table 2 here]  255 



DISCUSSION 256 

This within-subjects study investigated the consistency of morning hangover symptoms and 257 

cognitive/applied task performance in response to a fixed dose of alcohol (intended to elicit a 258 

hangover) provided the evening prior. In agreement with our hypothesis, participants’ 259 

subjective rating of ‘Hangover’ was consistent between trials. However, when assessed 260 

individually or as a sum of individual hangover symptoms (i.e. overall symptoms score), 261 

reliability was typically not demonstrated. While performance in cognitive/applied tasks 262 

(except simulated driving) was consistent across both trials, in most cases impairment was 263 

either not observed, or if it was (i.e. ATS Trial B), the magnitude was trivial in the context of 264 

‘mild’ to ‘moderate’ hangovers.   265 

Repeated alcohol administration (i.e. same type and dose, under standardised conditions) 266 

produced similar general subjective ratings of ‘Hangover’, which was not evident when 267 

hangover was assessed as the sum of individual symptoms. Previous studies have attempted to 268 

develop and validate hangover scales by correlating hangover symptoms with reported alcohol 269 

intakes (Penning et al., 2013; Rohsenow et al., 2007; Slutske, Piasecki, & Hunt‐Carter, 2003). 270 

The most recent of these, suggested strong correlations between multiple-item hangover scales 271 

and the quantity of alcohol consumed, while the authors concluded that a single-item hangover 272 

rating should not be used to assess hangover severity (Penning et al., 2013). In contrast, a recent 273 

review recommended using a 1-item overall hangover rating as primary endpoint in hangover 274 

studies (Verster, van de Loo, Benson, Scholey, & Stock, 2020). The present results indicate 275 

that when hangover severity was assessed according to the sum of individual symptoms (e.g. 276 

those from the AHS scale (Rohsenow et al., 2007)), this was found to be unreliable. This is 277 

surprising, given that our standardisation procedures (e.g. pre-trial hydration check and 278 

prescribed water intake) were expected to reduce variability in some symptoms (i.e. “thirst”, 279 

“headache”) and suggests that many of these specific indicators change in relation to factors 280 



independent of alcohol consumption. The current study confirms that a single-item hangover 281 

rating is a more reliable way of determining hangover severity during repeated measures 282 

hangover studies.  283 

The results of the current study are in contrast with a recent meta-analysis demonstrating that 284 

hangovers may impair cognitive function (Gunn et al., 2018). The present results indicate no 285 

impairments from baseline for discrete cognitive processing speed and executive functioning, 286 

while the meta-analysis indicated a moderate negative effect on psychomotor speed (hedges’ 287 

g = 0.66). Two potential explanations for the disparity in findings relate to task complexity and 288 

hangover severity. The meta-analysis determined the effect of hangover on psychomotor speed 289 

exclusively through investigations employing simple and choice reaction time tasks, whereas 290 

the TMT incorporates speed and function. In addition, the severity of hangovers induced in the 291 

current study were subjectively rated as ‘mild’ to ‘moderate’ by the majority of participants 292 

(with only one hangover across both trials described as being ‘severe’). This may have 293 

influenced our outcomes given that TMT impairment has previously been demonstrated as 294 

having a significant, albeit weak, correlation with hangover severity (Scholey et al., 2019). 295 

Further research is required to establish the extent to which more “severe” hangovers can 296 

reliably induce detectible impairments in cognitive function.  297 

In terms of simulated driving, increases in SDLP have been demonstrated as being the most 298 

sensitive measure of alcohol intoxication (Irwin et al., 2017). Despite SDLP increasing in 299 

magnitude to that previously observed under BrAC = 0.05% and close to ‘clinically 300 

meaningful’ values (Mets et al., 2011), SDLP changes in the present study were not statistically 301 

significant; nor were results found to be reliable between repeated trials. Two previous studies 302 

(from one research group) have demonstrated equivocal findings of a hangover on SDLP using 303 

simulated driving (Alford et al., 2020; Verster, Bervoets, et al., 2014). In the most recent of 304 

these, no difference in SDLP was observed with a hangover +/- residual alcohol (Alford et al., 305 



2020). The driving task employed was 20 minutes and more engaging (urban/environmental 306 

stimuli) (Alford et al., 2020), than the previous 1-hr simulated highway drive (requiring greater 307 

levels of sustained attention) (Verster, Bervoets, et al., 2014). The previous studies have 308 

employed naturalistic designs where participants consumed ad libitum amounts of alcohol 309 

(Alford et al., 2020; Verster, Bervoets, et al., 2014). Typically, this has resulted in larger 310 

quantities of alcohol being consumed and reports of more severe hangovers (i.e. severity rated 311 

~50% of maximum) (Alford et al., 2020; Verster, Bervoets, et al., 2014). In addition, data from 312 

participants who reported no hangover symptoms in Verster et al. (2014) were excluded from 313 

the analysis (Verster, Bervoets, et al., 2014), potentially biasing the outcome. Collectively, the 314 

results from the three studies suggest reliable decrements in simulated driving performance are 315 

only likely to be detectible when associated with moderate to severe hangovers in monotonous 316 

scenarios requiring sustained attention.  317 

The second applied task (typing test), was selected as a relatively common occupational 318 

undertaking, in contrast to highly specialised simulations used in previous hangover research 319 

(Kocher, Warwick, Al-Ghnaniem, & Patel, 2006; Rohsenow et al., 2006; Streufert et al., 1995). 320 

Although the task demonstrated high reliability, the practicality for further use in hangover 321 

research is debatable, since observed changes were not significant in both trials and adjusted 322 

typing speed is unlikely to have a meaningful impact on overall workplace productivity. While 323 

not directly comparable with the task used in the present study, Howland et al (2010) found 324 

that college students academic test performance was not impacted by a mild hangover (AHS 325 

severity rating 1.4±0.8). Likewise, outcomes from two of the three studies (Collins & Chiles, 326 

1980; Rohsenow et al., 2006) employing specialised simulation tasks failed to observe effects 327 

of alcohol hangover on performance. Only one study that examined simulated surgical 328 

dexterity (n=5) has identified performance impairment following a night of drinking (when 329 

BrAC = 0.000% the next morning) (Kocher et al., 2006). However, subjective perceptions of 330 

hangover severity and symptoms were not measured directly in this study; thus, impairments 331 



cannot be attributed to alcohol hangover per se. Collectively, results from this body of work 332 

suggest that alcohol hangover is unlikely to impair performance on applied tasks of this nature. 333 

However, we cannot generalise the impact of alcohol hangover based on this collection of 334 

studies to performance on all occupational-type tasks.  335 

The subgroup analysis of individuals who had consistent ‘Hangover’ ratings between the two 336 

randomised trials produced similar outcomes to the whole group analysis. It is possible that 337 

subjective symptoms shift cognitive performance by expectancy effects based on one’s 338 

estimates of how “drunk” they got the night before (i.e. greater symptoms = more “drunk”) 339 

(Testa et al., 2006). In the present study, participants were aware that they had received the 340 

same alcohol dose and type, potentially moderating expectancy effects. Further research is 341 

required to determine the reliability of cognitive effects when symptoms and belief in alcohol 342 

consumed are moderated. 343 

While the study was primarily focussed on assessing consistency of effects resulting from a 344 

hangover, it is important to acknowledge the consequences of not incorporating a placebo trial 345 

within the current investigation. Without a placebo trial, we are unable to determine the extent 346 

to which perturbations in sleep (as a result of staying overnight  in a laboratory environment 347 

rather than the participants home) may have contributed to the changes observed in cognitive 348 

function. 349 

In conclusion, the present investigation determined the reliability of subjective symptoms and 350 

measures of cognitive function/applied task performance in response to receiving a fixed dose 351 

of alcohol (intended to induce a hangover). A general rating (single-item) of ‘Hangover’ was 352 

observed to be consistent between trials. In response to an alcohol hangover, the performance 353 

in cognitive/applied tasks (except simulated driving) was consistent, however the impairment 354 

was trivial in the context of ‘mild’ to ‘moderate’ hangovers.   355 
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