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Abstract: Background. Despite a clear market need and many hangover products available,
currently there is no hangover treatment that is supported by substantial scientific evidence
demonstrating its efficacy and safety. A pilot study was conducted to investigate the effects of
a potential new hangover treatment, SJP-001, and its constituents (220 mg naproxen and 60 mg
fexofenadine) on hangover severity. Methods. N = 13 healthy social drinkers (36.3 ± 8.9 years old)
participated in a double-blind, factorial design, cross-over study. On each test day, they consumed their
own choice of alcohol up to a self-reported level sufficient to elicit a next-day hangover. Treatments
were administered prior to onset of drinking. Next morning, hangover severity was assessed with
the Acute Hangover Scale (AHS). Subjects were included in the efficacy analysis only if they reported
a hangover after placebo. Results. N = 5 subjects (60% male, 35.2 ± 9.0 years old) were included
in the analysis. They consumed a mean (SD) of 4.6 ± 1.1 units of alcohol and had an average peak
breath alcohol concentration (BrAC) of 0.065% across conditions. Compared to placebo, SJP-001
significantly improved the AHS overall hangover severity score (0.8 ± 0.3 versus 1.5 ± 0.9, p = 0.042).
Compared to placebo, SJP-001 also reduced scores on the individual item ‘hangover’, although the
observed improvement (−1.6) did not reach statistical significance (p = 0.102). The differences from
placebo after naproxen alone and fexofenadine alone were not statistically significant. SJP-001 also
improved scores for the individual hangover symptoms tired, thirsty, headache, dizziness, nausea,
and loss of appetite, but these effects did not reach statistical significance. Discussion. Compared to
placebo, SJP-001 significantly reduced overall hangover severity. The effects of SJP-001 should be
further examined in a double-blind, placebo-controlled trial with a larger sample size and controlled
administration of sufficient amounts of alcohol to provoke a more substantial alcohol hangover.
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1. Introduction

The alcohol hangover is defined as “the combination of negative mental and physical symptoms
which can be experienced after a single episode of alcohol consumption, starting when blood alcohol
concentration (BAC) approaches zero” [1,2]. Recent research suggests that there is no BAC threshold
for producing hangover, but that hangovers may occur at all BAC levels, and are most likely elicited
following consumption of more alcohol than usual on a drinking occasion [3,4].

Alcohol hangovers are typically characterized by a combination of symptoms, affecting mood,
cognition, and physical functioning [5–8]. These negatively impact daily activities including, but not
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restricted to, job performance [9] and driving [10–12]. In the USA, the annual economic costs of
alcohol hangover in terms of absenteeism and presenteeism have been estimated at $173 billion
annually [13]. A recent UK study rated the annual economic costs of hangover at 4 billion GBP [14].
Unsurprisingly, consumers have expressed a clear need for an effective hangover treatment [15].
However, to date, little research has been devoted to the development of effective and safe hangover
treatments, and currently there is no evidence-based hangover treatment [16–18]. The pathology of
alcohol hangover is not yet elucidated [19–21], although alcohol metabolism and the immune response
to alcohol consumption are current research foci [22–25].

The immune system likely plays a role in the development of alcohol hangover, with significant
immune reactions (e.g., changes in blood cytokine levels and C-reactive protein) being associated
with heavy alcohol consumption and subsequent hangovers [23,26–30]. In addition, alcohol and
acetaldehyde liberate histamine from mast cells and depress histamine elimination by inhibiting
diamine oxidase [31]. Independently of alcohol consumption, prostaglandin and histamine release
contributes to inflammation, pain (including headache), and fatigue [32–34]. These are all symptoms
of alcohol hangover [5,6]. Thus, it is hypothesized that an intervention that prevents the release of
prostaglandin and histamine may serve as an effective treatment to prevent alcohol hangover.

SJP-001 has been developed as such a potential new treatment for prevention of alcohol hangover.
SJP-001 is a combination of two over-the-counter (OTC) oral generic drugs (i.e., a nonsteroidal
anti-inflammatory drug (220 mg naproxen) and an H1-antagonist (60 mg fexofenadine)). Both naproxen
and fexofenadine are individually marketed in USA as over-the-counter (OTC) drugs [35,36].
The anti-inflammatory properties of naproxen are well documented [37]. Although prescribed
primarily for its H1 antagonist activity [38], fexofenadine also exhibits some anti-inflammatory
properties by modulating the release of a variety of proinflammatory mediators. For example, in a
study to evaluate the immunomodulatory properties of antihistamines, it was found that fexofenadine
downregulated IL 4–induced production of IL 5 and suppressed IL 12–induced secretion of IFN γ [39].

Given this background, a pilot study was conducted to determine if SJP-001 can reduce hangover
severity when taken prior to drinking in a sample of healthy social drinkers.

2. Methods

The study followed a randomized, double-blind, placebo-controlled, factorial, cross-over design.
In addition to a screening day, there were four study visits, separated by a washout period of
three to nine days. The study was sponsored by Sen-Jam Pharmaceutical (JMI Capital Group) and
conducted by Clinilabs, Inc. in accordance with the guidelines of the Declaration of Helsinki and its
latest amendments. Ethics approval was obtained from the Chesapeake Institutional Review Board
(Study number: Pro00016219) and written informed consent was obtained from all subjects. Data from
the study are on file (Sen-Jam Pharmaceutical) and available upon reasonable request.

2.1. Subjects

N = 16 self-reported moderate drinkers that previously experienced alcohol hangovers were
recruited via online advertisement. Screening procedures included a brief physical examination
including height and weight, collection of demographic information, medical history and vital signs,
review of prior and concomitant medications, and a urine drug and pregnancy screen, and a breathalyzer
alcohol test. To be included, subjects had to be nonsmoking men or women between 25 and 65 years old,
have a body mass index (BMI) between 19 and 32 kg/m2, have a regular, habitual bedtime between 21:30
and 24:00 h, and have a good general health as determined by a thorough medical history and physical
examination including vital signs, conducted by the study physician. Subjects had to be self-reported
moderate drinkers of alcohol, which was approximated with a breath alcohol concentration (BrAC) of
0.04%–0.11% on usual drinking occasions (corresponding to 2 to 5 or 3 to 7 alcoholic drinks for a 70 kg
female and male, respectively, over a 2 to 3 h period). Subjects were included if they reported that this
amount of alcohol usually resulted in a next-day hangover. Subjects were excluded if they reported
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acute illness within 14 days prior to screening visit, experienced an allergic reaction or upper respiratory
tract infection within 7 days of screening visit, had been vaccinated within 7 days of screening visit,
had a history of clinically significant allergies (except for untreated, asymptomatic, seasonal allergies at
time of dosing), hematological, renal, endocrine, pulmonary, gastrointestinal, cardiovascular, hepatic,
or neurological disease, cancer or diabetes, or psychiatric illness, previous or current Substance-Related
Disorder as defined by DSM-5, self-reported usual consumption of more than 14 units of alcohol
per week, recent (within one month) or current use of tobacco or nicotine products. In addition,
subjects were excluded if medical examination revealed a clinically significant, unstable medical
illness, a positive alcohol breathalyzer or urine drug screen test (including cocaine, THC-marijuana,
opiates, amphetamines, methamphetamine, phencyclidine, benzodiazepines, barbiturates, methadone,
MDMA-ecstasy, oxycodone, and propoxyphene) which was provided at screening, when subjects had
a blood pressure >140/90 mm/Hg or heart rate >100 bpm. Women who were pregnant or breastfeeding,
or had a positive urine pregnancy test at screening were also excluded. Subjects taking any prescription
or OTC oral pain medication(s) or antihistamine drug, or who previously experienced an allergic
reaction or adverse event associated with aspirin, nonsteroidal anti-inflammatory drugs (NSAID),
or antihistamine usage were excluded. Finally, subjects were excluded if they were unwilling to forgo
caffeine consumption with or following dinner on each treatment night or who were unwilling to
comply with study restrictions for prohibited medications/foods throughout study participation.

2.2. Procedures

During the four test days, each participant arrived at the clinical unit at approximately 5 pm. On the
first test day, subjects were randomized to one of four treatment sequences according to Latin Square
assignment. On test days, after general health assessments, including a urine drug and pregnancy
test and a breathalyzer test to ensure a BrAC of zero, subjects were served a standardized dinner.
Alcohol was available with dinner. Subjects received an oral dose of either SJP-001 (220 mg naproxen
and 60 mg fexofenadine), naproxen alone (220 mg), fexofenadine alone (60 mg), or placebo. Treatments
consisted of two oral capsules administered 30 min (first capsule) and 15 min (second capsule) before
the start of alcohol consumption, taken with approximately 240 mL of water. Treatments were
self-administered by subjects under the supervision of study personnel.

Subjects remained together in a lounge room during dinner and thereafter for the evening.
They were permitted to socialize, read, and watch television. Study staff were present to monitor
alcohol and food consumption and general behavior. Foods high in histamine such as red meat, lamb,
and aged cheese were not served. Subjects were provided a variety of alcoholic beverages from which
to choose including red and white wine, various types of beer, champagne, and liquors. Water was
provided, along with other nonalcoholic beverages as mixers. They were instructed to consume the
amount of alcohol (and nonalcoholic drinks including water) that had in the past resulted in a hangover,
and consume the same type and amount of alcohol on each test day. For example, if a subject reported at
screening that consuming four glasses of red wine in a 3 h period had previously resulted in a hangover,
the target for that subject was to consume four glasses of red wine at each visit. Subjects could mix
different types of alcohol and were allowed to drink at their own pace; all alcohol consumption was
completed within a maximum 3 h period. Light snacks (e.g., pretzels, potato chips, nuts) were provided
during the alcohol consumption period. At the end of alcohol consumption, a breathalyzer test was
conducted to assess BAC. Subjects stayed overnight in the study center. They were required to go to bed
at their usual habitual bedtime. Subjects slept in a private room with a bed, night table, writing table,
and chair, and were instructed to remain in bed for 8 h with the lights turned off. Subjects were allowed
to deviate from these instructions to use the restroom during the night. Study staff made rounds during
the night to monitor subjects’ safety. Next morning, if necessary, subjects were awakened 8 h after
their bedtime. Within 10–20 min after awakening, and prior to breakfast or the consumption of any
coffee or other caffeine-containing beverages, a breathalyzer test and brief neurological assessments
(tests examining walking and heel-to-toe walking, and the Romberg test to evaluate balance) were
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conducted. A postsleep questionnaire was completed, including questions regarding total sleep time,
sleep onset latency, number of nightly awakenings, time awake while in bed, and a rating of sleep
quality on a scale from 1 (poor) to 10 (excellent). Next-morning hangover severity was assessed with
the Acute Hangover Scale [40]. Thereafter, subjects received breakfast and the test day was ended.

2.3. Assessment of Hangover Severity

The Acute Hangover Scale [40] consists of nine items including ‘hangover’, ‘thirsty’, ‘tired’,
‘headache’, ‘dizziness/faintness’, ‘loss of appetite’, ‘stomachache’, ‘nausea’, and ‘heart racing’,
which could be rated on a scale ranging from 0 to 7. The anchors of the Likert-type scale were
‘none’ (score of 0), ‘mild’ (score of 1), ‘moderate’ (score of 4), and ‘incapacitating’ (score of 7).
Overall hangover severity was computed by calculating the average score across the AHS nine items.
In the interest of safety, subjects with hangover symptoms were confined to the study center at the
discretion of the clinician until symptoms had improved.

2.4. Statistical Analysis

Subjects were included in the statistical analysis only if they reported a hangover on the placebo
test day. The reasons for this were twofold. Firstly, the absence of a hangover in the placebo condition
implies that the subject had not complied with the instructions to drink to levels which would typically
produce hangover. Secondly, we wished to evaluate if the combination of naproxen and fexofenadine
in SJP-001 was superior to either compound alone. This required us to compare effects on a hangover in
the placebo group (note that the absence of a hangover in any of the nonplacebo arms could theoretically
be attributable to efficacy of the treatment so such cases could not be excluded). Statistical analyses
were conducted with SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 25.0,
IBM Corp. Armonk, NY, USA). Mean and standard deviation (SD) were computed for all variables.
The primary outcome measure of the study was the average AHS score. Secondary outcomes were the
individual AHS items. Overall hangover severity and individual symptom ratings after SJP-001 and
placebo were compared applying a nonparametric Related-Samples Wilcoxon Signed Rank test.

3. Results

Of the N = 16 subjects that were screened, N = 13 met all inclusion and exclusion criteria and
participated in the study. Seven subjects who reported no hangover on the placebo test day were
excluded from the statistical analysis (see previous section). Another subject was excluded due to
significant sleep difficulties in the clinical setting. N = 5 subjects were included in the final dataset.
For one of these subjects, the last test day (naproxen) was discontinued due to noncompliance with
study procedures during the drinking session. The demographic data of the included subjects are
summarized in Table 1.

Table 1. Demographics, morphometrics, and drinking characteristics of the sample.

Overall Subject 7 Subject 8 Subject 9 Subject 12 Subject 16

Sex (male/female) 3/2 Male Male Male Female Female
Age (years) 35.2 (9.0) 27 47 33 27 42
Weight (lb) 170.8 (13.7) 169.4 192.6 172.8 162.4 156.6
Height (in) 67.4 (2.6) 67.5 68.9 70.7 65.5 64.2

BMI (kg/m2) 26.4 (1.5) 26.1 28.5 24.3 26.6 26.7
Habitual bedtime 1 (h:min) 23:12 (0:34) 00:00 23:30 23:00 22:30 23:00

Preferred alcohol type 2 - Rum Mixed 3 Mixed 4 Rum Vodka
Units alcohol for hangover 5 4.6 (1.1) 3 6 5 4 5

Mean and standard deviation (SD) are shown for the overall sample and five individual subjects. 1: the individual
habitual bedtime was used for each test day. 2: these drinks were also consumed on each test day. 3: subject
consumed white wine (Chardonnay), red wine (Pinot Noir), and tequila on a usual drinking occasion. 4: subject
consumed Scotch whiskey, beer, and red wine on a usual drinking occasion. 5: this amount of alcohol units was also
consumed on each test day. Abbreviation: BMI = body mass index.
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In the study, subjects consumed on average 4.6 alcoholic drinks and had an average BrAC of
0.065% at the end of the drinking session. BrACs did not statistically differ between conditions
(see Table 2). After the drinking session, subjects slept in the clinical research unit. Table 2 summarizes
the sleep outcomes for each treatment condition. No significant differences were found between
SJP-001 and placebo.

Table 2. Alcohol consumption and sleep outcomes.

SJP-001 Fexofenadine Naproxen Placebo

Units of alcohol consumed 4.6 (1.1) 4.6 (1.1) 4.6 (1.1) 4.6 (1.1)
BrAC (3h) (%) 0.064 (0.034) 0.068 (0.026) 0.053 (0.030) 0.072 (0.038)

Total sleep time (min) 412.0 (45.9) 377.0 (66.3) 406.0 (59.3) 421.0 (44.2)
Number of nightly awakenings 1.6 (1.1) 2.0 (1.4) 1.5 (1.9) 1.6 (1.1)

Sleep onset latency (min) 34.0 (18.5) 52.0 (30.9) * 45.0 (17.3) 12.2 (11.3)
Time awake while in bed (min) 29.4 (30.7) 34.2 (38.8) 13.0 (12.9) 36.0 (38.7)

Sleep quality 7.2 (1.5) 4.8 (3.6) 8.3 (1.0) 7.8 (1.6)

Mean and standard deviation (SD) are shown for alcohol consumption and sleep outcomes in the four treatment
conditions. Significant differences (p < 0.05) between the treatments and placebo are indicated by *. Abbreviation:
BrAC = breath alcohol concentration.

Mean ± SD AHS scores were mild and equaled 1.5 ± 0.9 after placebo, 0.8 ± 0.3 after SJP-001,
1.0 ± 0.7 after fexofenadine, and 0.7 ± 0.7 after naproxen. Scores on individual hangover symptoms
are listed in Table 3. Compared to placebo, SJP-001 significantly improved overall hangover severity
(p = 0.042), whereas the differences from placebo after naproxen (p = 0.066) and fexofenadine (p = 0.345)
were not statistically significant (See Figure 1A).

Table 3. Mean Acute Hangover Scale and individual hangover symptom scores.

Symptoms SJP-001 Fexofenadine Naproxen Placebo

Hangover 0.8 (0.8) 1.6 (1.5) 0.8 (0.5) 2.4 (1.3)
Thirsty 2.4 (1.8) 1.6 (1.1) 1.5 (2.4) 2.8 (2.4)
Tired 2.2 (1.9) 2.4 (2.1) 1.8 (2.1) 2.8 (1.6)

Headache 0.4 (0.5) 1.6 (1.5) 0.3 (0.5) 1.6 (2.5)
Dizziness/faintness 0.0 (0.0) 0.2 (0.4) 1.0 (2.0) 1.0 (1.2)

Loss of appetite 0.4 (0.5) 1.0 (1.7) 0.3 (0.5) 1.0 (0.7)
Stomachache 0.8 (1.3) 0.4 (0.9) 0.3 (0.5) 0.6 (0.5)

Nausea 0.4 (0.9) 0.2 (0.4) 0.3 (0.5) 1.0 (1.7)
Heart racing 0.4 (0.5) 0.2 (0.4) 0.0 (0.0) 0.2 (0.4)

Mean AHS score 0.8 (0.3) * 1.0 (0.7) 0.7 (0.7) 1.5 (0.9)

Mean (SD) are shown for the AHS and its individual items for the four treatment conditions. Abbreviation: AHS =
Acute Hangover Scale. Significant differences (p < 0.05) between the treatments and placebo are indicated by *.

Also, compared to placebo, SJP-001 reduced scores on the individual item ‘hangover’, although the
difference of −1.6 did not reach statistical significance in this small sample (p = 0.102) (see Figure 1B).
SJP-001 also improved scores for other individual hangover symptoms including tired, thirsty, headache,
dizziness/faintness, nausea, and loss of appetite (none of the differences between SJP-001 and placebo
reached statistical significance). After fexofenadine alone and naproxen alone, none of the individual
item scores differed significantly from placebo.
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Figure 1. Overall hangover severity by group. (A) shows the average AHS scores; (B) shows the scores
on the individual AHS item ‘hangover’. Mean scores with standard errors are shown. Abbreviation:
AHS = Acute Hangover Scale. Significant differences (p < 0.05) between the treatments and placebo are
indicated by *.
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4. Discussion

The findings of the current pilot study suggest that SJP-001 may be effective in the prevention of
alcohol hangover. However, the observations should be interpreted with caution, as this pilot study
had a small sample size (albeit using a cross-over design). The observed significant reduction in overall
hangover severity, assessed both via the average AHS score and the individual item “hangover”,
justifies further investigation of the properties of SJP-001 in future randomized controlled trials (RCTs)
with an adequate sample size and improved methodology.

It has been argued that when conducting pilot studies with a small sample size, one should focus
on descriptive statistics and estimation rather than formal hypothesis testing to infer whether findings
are clinically relevant or not [41–43]. To further evaluate descriptive data of the current study, difference
scores in hangover severity between SJP-001 and placebo were calculated. These mean (SD) difference
scores equal −0.64 (0.62) for the AHS overall hangover severity score and −1.6 (1.67) for the one-item
hangover severity score. Applying the anchor-based approach [44], both the average AHS and one-item
hangover score are between the anchors ‘mild’ and ’moderate’ after placebo which were relevantly
improved towards scores between the anchors ‘none’ and ‘mild’ after SJP-001. When applying the
one-half SD criterion as a benchmark [45], the minimal clinically important difference (MCID) should
be greater than −0.31 on the AHS and greater than −0.84 for the one-item hangover severity score. Thus,
both the AHS (−0.64 > −0.31) and the one-item hangover severity difference score (−1.6 > 0.84) can be
considered as clinically relevant reductions in hangover severity. However, to infer clinical relevance,
the single-item hangover severity score is likely to be more accurate with regard to clinical relevance
than the AHS aggregate symptoms score [46]. Taken together, evaluating descriptive data further
supports the decision to conduct adequately powered RCTs to enable more definitive conclusions
regarding the efficacy of SJP-001.

Turning to individual symptoms, it may be argued that the effects of SJP-001 are relatively similar
to those observed when naproxen alone is administered. Importantly, for the AHS scores, the difference
between SJP-001 and placebo (but not naproxen and placebo) is statistically significant. This is likely
due to the fact that, although the mean AHS scores of SJP-001 and naproxen are similar, there is a
considerable difference in the corresponding standard deviation of SJP-001 and naproxen (0.3 versus
0.7, respectively). One could argue that the lower variance after SJP-001 in contrast to naproxen alone
is a result of the naproxen–fexofenadine combination resulting in a more stable, less variable treatment
effect due to the anti-inflammatory properties of fexofenadine. Also, the achieved BrAC after SJP-001
was higher than after naproxen (0.064% versus 0.053% BrAC, respectively), which may have resulted
in an enhanced treatment effect after naproxen compared to that of SJP-001. Had equal BrACs been
achieved, the effect of SJP-001 may have been superior to naproxen alone. Alternatively, it may be that
the observed difference in standard deviation reflects the small sample size of this pilot study, and will
not be replicated in a larger, well-powered RCT. Future research should investigate these hypotheses.

In addition to assessing initial evidence regarding the effectiveness of SJP-001 in preventing
hangover, an important goal of this pilot study was to verify whether the current study design is
suitable for large sample, double-blind RCTs. From the current pilot study, several important lessons
were learned regarding limitations to the study design.

Firstly, the sample size of this pilot study was small. Future RCTs should be adequately powered.
An important reason for this small study size was that of the N = 13 subjects that completed the
study, only N = 5 were suitable to be included in the data analysis. Although subjects consumed the
self-reported amount of alcohol that was sufficient to induce hangover, seven subjects reported to have
no hangover in the placebo condition. In future RCTs, the amount of alcohol to provoke a hangover
should be determined in more detail to prevent such a large dropout. Currently, a hangover sensitivity
scale is in development to aid this process. This approach will increase the likelihood that a hangover
will be present on each test day.

The exclusion of subjects who had no hangover following placebo only was necessary to allow
meaningful statistical comparison across the groups. It is possible that excluding individuals not
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experiencing hangover in the placebo condition may have somehow increased the probability of a
significant outcome favoring SJP-001. If this were the case, however, one might also expect significant
effects when comparing the naproxen-only and fexofenadine-only arms with placebo. To verify this,
we conducted two additional analyses, in which we compared naproxen-only versus placebo and
fexofenadine-only versus placebo, including only subjects with a placebo score greater than zero.
Again, no significant differences between the treatments were found for the AHS and one-item overall
hangover severity score. Therefore, we believe that excluding subjects without a hangover in the
placebo condition did not affect the probability of obtaining a significant outcome favoring SJP-001.

A second issue in this pilot study is that subjects could consume their preferred types of alcohol.
Although the type(s) of drink(s) were the same on each test day, eliminating intraindividual differences,
this does introduce interindividual variability. Additionally, alcoholic drinks have variable amounts
of congeners and histamines, which may impact study outcomes. A high congener content has been
shown to negatively impact hangover severity [47]. One obvious solution to this is to administer
one standard type of alcoholic drink to all subjects. On the other hand, this may not adequately
reflect participants’ usual drinking behavior. Achieving a balance between experimental control and
ecological validity is a challenge for hangover research [48].

One subject was excluded because of experiencing significant sleep difficulties in the clinical
research unit. Sleeping in a new (and especially clinical) environment may require adaptation.
The current study did not include a sleep rehearsal night during screening to identify possible
‘first-night effects’ or other sleep disturbances [49,50]. It is advisable to include a sleep rehearsal night
in future RCTs to screen for subjects with possible sleep disturbances. Further, the current study used
subjective measures of sleep. Subjective assessments of sleep do not always correspond to objective
sleep measures [51], such as polysomnography or actigraphy. Future RCTs could usefully include
objective sleep measures, for example, by using mobile technology such as the GENEactiv device [51].

Finally, the assessment of alcohol hangover depends solely on self-report. The most direct
method to assess hangover severity is a single question allowing subjects to rate their hangover
severity, for example, a 0 to 7 score as used for the AHS [40], or a 0 to 10 rating scale ranging
from absent to extreme [52]. Since hangover may differ qualitatively from person to person,
a single question is more likely to accurately reflect overall hangover severity than an aggregate
score of variable hangover symptoms, such as that utilized with current hangover scales [40,53,54].
Aggregate symptom scores may be lower than one-item overall hangover severity scores as the
scales may include low-frequency/low-severity symptoms and omit high-frequency/high-severity
symptoms [46]. Notably in this pilot study, the single-item hangover score was higher, and better
differentiated SJP-001 from placebo than the AHS aggregate symptom score. Relying on self-report
to investigate hangovers is necessary, as there is currently no known objective criteria or biomarker
for hangover severity. It is, however, important to include biomarkers of immune function in future
RCTs, to assess the immune response to alcohol consumption in the placebo condition, and to infer
whether SJP-001 is capable of reducing this effect. Such data will be important to provide insight into
the mechanism(s) of action of SJP-001.

In conclusion, the data from this pilot study suggest that SJP-001 is effective in preventing alcohol
hangover. However, the sample size of this study was very small. Therefore, the effects of SJP-001
should be further evaluated in RCTs with a larger sample size.

Author Contributions: Conceptualization, T.A.D. and J.M.I.; methodology, T.A.D. and J.M.I.; formal analysis, J.C.V.;
interpretation of data, J.C.V., A.S., T.A.D. and J.M.I.; writing—original draft preparation, J.C.V.; writing—review
and editing, J.C.V., A.S., T.A.D. and J.M.I.; funding acquisition, J.M.I. All authors have read and agreed to the
published version of the manuscript.

Funding: This study was funded by Sen-Jam Pharmaceutical and conducted by Clinilabs.

Conflicts of Interest: Over the past 36 months, A.S. has held research grants from Abbott Nutrition, Arla Foods,
Bayer, BioRevive, DuPont, Fonterra, Kemin Foods, Nestlé, Nutricia-Danone, Verdure Sciences. He has acted as a
consultant/expert advisor to Bayer, Danone, Naturex, Nestlé, Pfizer, Sanofi, Sen-Jam Pharmaceutical, and has



J. Clin. Med. 2020, 9, 932 9 of 11

received travel/hospitality/speaker fees from Bayer, Sanofi, and Verdure Sciences. Over the past 36 months, J.C.V.
has held grants from the Dutch Ministry of Infrastructure and the Environment, Janssen, Nutricia, and Sequential,
and acted as a consultant/expert advisor to Clinilabs, More Labs, Red Bull, Sen-Jam Pharmaceutical, Toast!, and
ZBiotics. T.A.D. is partner and Head of Product Development and Regulatory Affairs of Sen-Jam Pharmaceutical.
J.M.I. is founder and Head of Clinical Development of Sen-Jam Pharmaceutical. This independent study was
conducted by Clinilabs, without involvement of the authors and the funder. The funder was involved in the
design of the study, interpretation of data, writing of the manuscript, and in the decision to publish the results.

References

1. Van Schrojenstein Lantman, M.; van de Loo, A.J.; Mackus, M.; Verster, J.C. Development of a definition for
the alcohol hangover: Consumer descriptions and expert consensus. Curr. Drug Abus. Rev. 2016, 9, 148–154.
[CrossRef]

2. Verster, J.C.; van de Loo, A.J.A.E.; Benson, S.; Scholey, A.; Stock, A.-K. Updating the definition of the alcohol
hangover. J. Clin. Med. 2020, 9, 823. [CrossRef] [PubMed]

3. Verster, J.C.; Kruisselbrink, L.D.; Slot, K.A.; Anogeianaki, A.; Adams, S.; Alford, C.; Arnoldy, L.; Ayre, E.;
Balikji, S.; Benson, S.; et al. Sensitivity to experiencing alcohol hangovers: Reconsideration of the 0.11%
blood alcohol concentration (BAC) threshold for having a hangover. J. Clin. Med. 2020, 9, 179. [CrossRef]
[PubMed]

4. Verster, J.C.; Kruisselbrink, L.D.; Anogeianaki, A.; Alford, C.; Stock, A.K. Relationship of alcohol hangover
and physical endurance performance: Walking the Samaria Gorge. J. Clin. Med. 2020, 9, 114. [CrossRef]
[PubMed]

5. Penning, R.; McKinney, A.; Verster, J.C. Alcohol hangover symptoms and their contribution to overall
hangover severity. Alcohol Alcohol. 2012, 47, 248–252. [CrossRef]

6. Van Schrojenstein Lantman, M.; Mackus, M.; van de Loo, A.J.A.E.; Verster, J.C. The impact of alcohol hangover
symptoms on cognitive and physical functioning, and mood. Hum. Psychopharmacol. 2017, 32, e2623. [CrossRef]

7. Gunn, C.; Mackus, M.; Griffin, C.; Munafò, M.R.; Adams, S. A systematic review of the next-day effects of
heavy alcohol consumption on cognitive performance. Addiction 2018, 113, 2182–2193. [CrossRef]

8. McKinney, A. A review of the next day effects of alcohol on subjective mood ratings. Curr. Drug Abus. Rev.
2010, 3, 88–91. [CrossRef]

9. Frone, M.R. Employee psychoactive substance involvement: Historical context, key findings, and future
directions. Annu. Rev. Organ. Psychol. Organ. Behav. 2019, 6, 273–297. [CrossRef]

10. Verster, J.C. Alcohol hangover effects on driving and flying. Int. J. Disabil. Hum. Dev. 2007, 6, 361–367.
[CrossRef]

11. Verster, J.C.; Bervoets, A.C.; de Klerk, S.; Vreman, R.A.; Olivier, B.; Roth, T.; Brookhuis, K.A. Effects of alcohol
hangover on simulated highway driving performance. Psychopharmacology 2014, 231, 2999–3008. [CrossRef]
[PubMed]

12. Verster, J.C.; van der Maarel, M.; McKinney, A.; Olivier, B.; de Haan, L. Driving during alcohol hangover
among Dutch professional truck drivers. Traffic Inj. Prev. 2014, 15, 434–438. [CrossRef] [PubMed]

13. Sacks, J.J.; Gonzales, K.R.; Bouchery, E.E.; Tomedi, L.E.; Brewer, R.D. 2010 National and State Costs of
Excessive Alcohol Consumption. Am. J. Prev. Med. 2015, 49, e73–e79. [CrossRef] [PubMed]

14. Bhattacharya, A. Financial Headache: The Cost of Workplace Hangovers and Intoxication to the UK Economy;
Institute of Alcohol Studies: London, UK, 2019.

15. Mackus, M.; van Schrojenstein Lantman, M.; van de Loo, A.J.A.E.; Nutt, D.J.; Verster, J.C. An effective
hangover treatment: Friend or foe? Drug Sci. Policy Law 2017. [CrossRef]

16. Pittler, M.H.; Verster, J.C.; Ernst, E. Interventions for preventing or treating alcohol hangover: Systematic
review of randomized trials. Br. Med. J. 2005, 331, 1515–1518. [CrossRef] [PubMed]

17. Verster, J.C.; Penning, R. Treatment and prevention of alcohol hangover. Curr. Drug Abus. Rev. 2010, 3, 103–109.
[CrossRef] [PubMed]

18. Jayawardena, R.; Thejani, T.; Ranasinghe, P.; Fernando, D.; Verster, J.C. Interventions for treatment and/or
prevention of alcohol hangover: Systematic review. Hum. Psychopharmacol. 2017, 32, e2600. [CrossRef]

19. Penning, R.; van Nuland, M.; Fliervoet, L.A.L.; Olivier, B.; Verster, J.C. The pathology of alcohol hangover.
Curr. Drug Abus. Rev. 2010, 3, 68–75. [CrossRef]

http://dx.doi.org/10.2174/1874473710666170216125822
http://dx.doi.org/10.3390/jcm9030823
http://www.ncbi.nlm.nih.gov/pubmed/32197381
http://dx.doi.org/10.3390/jcm9010179
http://www.ncbi.nlm.nih.gov/pubmed/31936502
http://dx.doi.org/10.3390/jcm9010114
http://www.ncbi.nlm.nih.gov/pubmed/31906222
http://dx.doi.org/10.1093/alcalc/ags029
http://dx.doi.org/10.1002/hup.2623
http://dx.doi.org/10.1111/add.14404
http://dx.doi.org/10.2174/1874473711003020088
http://dx.doi.org/10.1146/annurev-orgpsych-012218-015231
http://dx.doi.org/10.1515/IJDHD.2007.6.4.361
http://dx.doi.org/10.1007/s00213-014-3474-9
http://www.ncbi.nlm.nih.gov/pubmed/24563184
http://dx.doi.org/10.1080/15389588.2013.833329
http://www.ncbi.nlm.nih.gov/pubmed/24678564
http://dx.doi.org/10.1016/j.amepre.2015.05.031
http://www.ncbi.nlm.nih.gov/pubmed/26477807
http://dx.doi.org/10.1177/2050324517741038
http://dx.doi.org/10.1136/bmj.331.7531.1515
http://www.ncbi.nlm.nih.gov/pubmed/16373736
http://dx.doi.org/10.2174/1874473711003020103
http://www.ncbi.nlm.nih.gov/pubmed/20712594
http://dx.doi.org/10.1002/hup.2600
http://dx.doi.org/10.2174/1874473711003020068


J. Clin. Med. 2020, 9, 932 10 of 11

20. Tipple, C.T.; Benson, S.; Scholey, A. A review of the physiological factors associated with alcohol hangover.
Curr. Drug Abus. Rev. 2016, 9, 93–98. [CrossRef]

21. Palmer, E.; Tyacke, R.; Sastre, M.; Lingford-Hughes, A.; Nutt, D.; Ward, R.J. Alcohol Hangover: Underlying
Biochemical, Inflammatory and Neurochemical Mechanisms. Alcohol Alcohol. 2019, 54, 196–203. [CrossRef]

22. Van de Loo, A.J.A.E.; Mackus, M.; Korte-Bouws, G.A.H.; Brookhuis, K.A.; Garssen, J.; Verster, J.C. Urine
ethanol concentration and alcohol hangover severity. Psychopharmacology 2017, 234, 73–77. [CrossRef]
[PubMed]

23. Van de Loo, A.J.A.E.; Knipping, K.; Mackus, M.; Kraneveld, A.D.; Garssen, J.; Scholey, A.; Bruce, G.;
Verster, J.C. Differential effects on acute saliva cytokine response following alcohol consumption and alcohol
hangover: Preliminary results from two independent studies. Alcohol. Clin. Exp. Res. 2018, 42, 20A.

24. Mackus, M.; van Schrojenstein Lantman, M.; van de Loo, A.J.A.E.; Brookhuis, K.A.; Kraneveld, A.D.;
Garssen, J.; Verster, J.C. Alcohol metabolism in hangover sensitive versus hangover resistant social drinkers.
Drug Alcohol Depend. 2018, 185, 351–355. [CrossRef] [PubMed]

25. Wiese, J.; McPherson, S.; Odden, M.C.; Shlipak, M.G. Effect of Opuntia ficus indica on symptoms of the
alcohol hangover. Arch. Intern. Med. 2004, 164, 1334–1340. [CrossRef]

26. Parantainen, J. Prostaglandins in alcohol intolerance and hangover. Drug Alcohol Depend. 1983, 11, 239–248.
[CrossRef]

27. Kaivola, S.; Parantainen, J.; Osterman, T.; Timonen, H. Hangover headache and prostaglandins: Prophylactic
treatment with tolfenamic acid. Cephalalgia 1983, 3, 31–36. [CrossRef]

28. Kim, D.J.; Kim, W.; Yoon, S.J.; Choi, B.M.; Kim, J.S.; Go, H.J.; Kim, Y.K.; Jeong, J. Effects of alcohol hangover
on cytokine production in healthy subjects. Alcohol 2003, 31, 167–170. [CrossRef]

29. Mandrekar, P.; Catalano, D.; Girouard, L.; Szabo, G. Human monocyte IL-10 production is increased by acute
ethanol treatment. Cytokine 1996, 8, 567–577. [CrossRef]

30. Szabo, G.; Mandrekar, P.; Girouard, L.; Catalano, D. Regulation of human monocyte functions by acute
ethanol treatment: Decreased tumor necrosis factor-alpha, interleukin-1 beta and elevated interleukin-10,
and transforming growth factor-beta production. Alcohol. Clin. Exp. Res. 1996, 20, 900–907. [CrossRef]

31. Zimatkin, S.M.; Anichtchik, O.V. Alcohol-histamine interactions. Alcohol Alcohol. 1999, 34, 141–147. [CrossRef]
32. Antonova, M.; Wienecke, T.; Olesen, J.; Ashina, M. Prostaglandins in migraine: Update. Curr. Opin. Neurol.

2013, 26, 269–275. [CrossRef] [PubMed]
33. Harmer, I.M.; Harris, K.E. Observations on the vascular reactions in man in response to histamine. Heart

1926, 13, 381–394.
34. Worm, J.; Falkenberg, K.; Olesen, J. Histamine and migraine revisited: Mechanisms and possible drug targets.

J. Headache Pain 2019, 20, 30. [CrossRef] [PubMed]
35. Food and Drug Administration (FDA). Naproxyn (naproxen) Prescribing Information. Available online: https:

//www.accessdata.fda.gov/drugsatfda_docs/label/2017/017581s113,018164s063,020067s020lbl.pdf (accessed
on 10 February 2020).

36. Food and Drug Administration (FDA). Allegra (Fexofenadine Hydrochloride) Prescribing Information.
Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/20786se8-014,20872se8-011,
20625se8-012_allegra_lbl.pdf (accessed on 10 February 2020).

37. Brogden, R.N.; Heel, R.C.; Speight, T.M.; Avery, G.S. Naproxen up to date: A review of its pharmacological
properties and therapeutic efficacy and use in rheumatic diseases and pain states. Drugs 1979, 18, 241–277.
[CrossRef] [PubMed]

38. Amichai, B.; Grunwald, M.H.; Brenner, L. Fexofenadine hydrochloride–a new anti-histaminic drug. IMAJ
2001, 3, 207–209. [PubMed]

39. Ashenager, M.S.; Grgela, T.; Aragane, Y.; Kawada, A. Inhibition of cytokine-induced expression of T-cell
cytokines by antihistamines. J. Investig. Allergol. Clin. Immunol. 2007, 17, 20–26.

40. Rohsenow, D.J.; Howland, J.; Minsky, S.J.; Greece, J.; Almeida, A.; Roehrs, T.A. The acute hangover scale: A
new measure of immediate hangover symptoms. Addict. Behav. 2007, 32, 1314–1320. [CrossRef]

41. Lancaster, G.A.; Dodd, S.; Williamson, P.R. Design and analysis of pilot studies: Recommendations for good
practice. J. Eval. Clin. Pract. 2004, 10, 307–312. [CrossRef]

42. Thabane, L.; Ma, J.; Chu, R.; Cheng, J.; Ismaila, A.; Rios, L.P.; Robson, R.; Thabane, M.; Giangregorio, L.;
Goldsmith, C.H. A tutorial on pilot studies: The what, why and how. BMC Med. Res. Methodol. 2010, 10, 1–10.
[CrossRef]

http://dx.doi.org/10.2174/1874473710666170207152933
http://dx.doi.org/10.1093/alcalc/agz016
http://dx.doi.org/10.1007/s00213-016-4437-0
http://www.ncbi.nlm.nih.gov/pubmed/27678552
http://dx.doi.org/10.1016/j.drugalcdep.2017.11.040
http://www.ncbi.nlm.nih.gov/pubmed/29500954
http://dx.doi.org/10.1001/archinte.164.12.1334
http://dx.doi.org/10.1016/0376-8716(83)90016-9
http://dx.doi.org/10.1046/j.1468-2982.1983.0301031.x
http://dx.doi.org/10.1016/j.alcohol.2003.09.003
http://dx.doi.org/10.1006/cyto.1996.0076
http://dx.doi.org/10.1111/j.1530-0277.1996.tb05269.x
http://dx.doi.org/10.1093/alcalc/34.2.141
http://dx.doi.org/10.1097/WCO.0b013e328360864b
http://www.ncbi.nlm.nih.gov/pubmed/23519238
http://dx.doi.org/10.1186/s10194-019-0984-1
http://www.ncbi.nlm.nih.gov/pubmed/30909864
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/017581s113,018164s063,020067s020lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/017581s113,018164s063,020067s020lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/20786se8-014,20872se8-011,20625se8-012_allegra_lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2003/20786se8-014,20872se8-011,20625se8-012_allegra_lbl.pdf
http://dx.doi.org/10.2165/00003495-197918040-00001
http://www.ncbi.nlm.nih.gov/pubmed/387372
http://www.ncbi.nlm.nih.gov/pubmed/11303380
http://dx.doi.org/10.1016/j.addbeh.2006.10.001
http://dx.doi.org/10.1111/j..2002.384.doc.x
http://dx.doi.org/10.1186/1471-2288-10-1


J. Clin. Med. 2020, 9, 932 11 of 11

43. Lee, E.C.; Whitehead, A.L.; Jacques, R.M.; Julious, S.A. The statistical interpretation of pilot trials: Should
significance thresholds be reconsidered? BMC Med. Res. Methodol. 2014, 14, 41. [CrossRef]

44. Norman, G.R.; Sloan, J.A.; Wyrwich, K.W. Interpretation of changes in health-related quality of life: The
remarkable universality of half a standard deviation. Med. Care 2003, 41, 582–592. [CrossRef] [PubMed]

45. McGlothlin, A.E.; Lewis, R.J. Minimal clinically important difference: Defining what really matters to patients.
JAMA 2014, 312, 1342–1343. [CrossRef] [PubMed]

46. Verster, J.C.; van de Loo, A.J.A.E.; Benson, S.; Scholey, A.; Stock, A.-K. The assessment of overall hangover
severity. J. Clin. Med. 2020, 9, 786. [CrossRef]

47. Rohsenow, D.J.; Howland, J. The role of beverage congeners in hangover and other residual effects of alcohol
intoxication: A review. Curr. Drug Abus. Rev. 2010, 3, 76–79. [CrossRef]

48. Verster, J.C.; van de Loo, A.J.A.E.; Adams, S.; Stock, A.-K.; Benson, S.; Alford, C.; Scholey, A.; Bruce, G.
Advantages and limitations of naturalistic study designs and their implementation in alcohol hangover
research. J. Clin. Med. 2019, 8, 2160. [CrossRef]

49. Webb, W.B.; Campbell, S.S. The first night effect revisited with age as variable. Waking Sleep. 1979, 3, 319–324.
50. Le Bon, O.; Staner, L.; Hoffmann, G.; Dramaix, M.; San Sebastian, I.; Murphy, J.R.; Kentos, M.; Pelc, I.;

Linkowski, P. The first-night effect may last more than one night. J. Psychiatr. Res. 2001, 35, 165–172.
[CrossRef]

51. Devenney, L.E.; Coyle, K.B.; Roth, T.; Verster, J.C. Sleep after heavy alcohol consumption and physical activity
levels during alcohol hangover. J. Clin. Med. 2019, 8, 752. [CrossRef]

52. Hogewoning, A.; van de Loo, A.J.A.E.; Mackus, M.; Raasveld, S.J.; de Zeeuw, R.; Bosma, E.R.;
Bouwmeester, N.H.; Brookhuis, K.A.; Garssen, J.; Verster, J.C. Characteristics of social drinkers with
and without a hangover after heavy alcohol consumption. Subst. Abus. Rehabil. 2016, 7, 161–167. [CrossRef]

53. Penning, R.; McKinney, A.; Bus, L.D.; Olivier, B.; Slot, K.; Verster, J.C. Measurement of alcohol hangover
severity: Development of the alcohol hangover severity scale (AHSS). Psychopharmacology 2013, 225, 803–810.
[CrossRef] [PubMed]

54. Slutske, W.S.; Piasecki, T.M.; Hunt-Carter, E.E. Development and initial validation of the Hangover
Symptoms Scale: Prevalence and correlates of hangover symptoms in college students. Alcohol. Clin. Exp.
Res. 2003, 27, 1442–1450. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/1471-2288-14-41
http://dx.doi.org/10.1097/01.MLR.0000062554.74615.4C
http://www.ncbi.nlm.nih.gov/pubmed/12719681
http://dx.doi.org/10.1001/jama.2014.13128
http://www.ncbi.nlm.nih.gov/pubmed/25268441
http://dx.doi.org/10.3390/jcm9030786
http://dx.doi.org/10.2174/1874473711003020076
http://dx.doi.org/10.3390/jcm8122160
http://dx.doi.org/10.1016/S0022-3956(01)00019-X
http://dx.doi.org/10.3390/jcm8050752
http://dx.doi.org/10.2147/SAR.S119361
http://dx.doi.org/10.1007/s00213-012-2866-y
http://www.ncbi.nlm.nih.gov/pubmed/23007602
http://dx.doi.org/10.1097/01.ALC.0000085585.81711.AE
http://www.ncbi.nlm.nih.gov/pubmed/14506405
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Subjects 
	Procedures 
	Assessment of Hangover Severity 
	Statistical Analysis 

	Results 
	Discussion 
	References

