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Abstract 

Objective: The purpose of this paper was to provide an extensive description of a case of sopite 

syndrome, a manifestation of motion sickness scarcely described in the literature.  

Design: The following questionnaires were used to assess sopite syndrome symptoms pre, during 

and post parabolic flight; Misery Scale rate, Positive and Negative Affect Scale, the Motion 

Sickness Assessment Questionnaire and the Epworth Sleepiness Scale.  

Study sample: Case report of a 35-year old female compared to a control group (n=26).  

Results: We describe of sopite syndrome during parabolic flight. The subject reported drowsiness 

and she noted mood changes such as irritation and annoyance. Furthermore, she was not able to 

perform her assigned task. Her symptoms escalated into extreme fatigue and the inability to stay 

awake. Nauseogenic symptoms improved, but soporific symptoms persisted for several hours 

after the motion stimulus (i.e. parabolic flight). 

Conclusions: This case points towards the need for controlled studies to assess the prevalence of 

this syndrome among the general population and select groups. Future research should focus on 

developing tests for personnel screening and explore treatment options.   
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1. Introduction 
 

Motion sickness is a common, though complex syndrome in otherwise healthy people 

exposed to real or apparent motion challenges. Its primary signs and symptoms are nausea, 

vomiting, increased salvation, pallor and cold sweating, yet associated signs and symptoms can 

extend to headache, dizziness, drowsiness, yawning, sighing, flatulence and loss of body weight 

(Miller & Graybiel 1970; Schmäl 2013). Anyone with a normal functioning vestibular system is 

at risk for motion sickness. However, research has suggested that age, personality traits and the 

specific motion environment are an important factor in one’s susceptibility to motion sickness 

(Lackner 2014; Golding 2006). Provocative stimuli can be real (physical) or apparent (i.e. visual 

or virtual) motion(Kennedy et al. 2010; Golding 2006).  

Although the existence of motion sickness as a syndrome has been long acknowledged, it 

was not until 1976 that Gaybriel and Knepton identified the sopite syndrome (Graybiel & 

Knepton 1976), a facet of motion sickness that often goes unrecognized or missed (Lawson & 

Mead 1998). Previous papers stated that in some cases, depending on the individual and the 

environmental stimulus, sopite syndrome can even present as the sole or main clinical 

manifestation of motion sickness (Graybiel & Knepton 1976; Lawson & Mead 1998). Sopite 

syndrome is an entity that develops as a result of exposure to real or apparent motion, just as is 

the case with motion sickness. Main symptoms are drowsiness, mood changes, irritability, 

lethargy and the inability to concentrate (Graybiel & Knepton 1976; Lawson & Mead 1998). 

Other associated symptoms extend to apathy, yawning, disinclination to work (either physical or 

mental), desire to be left alone, disinterest in group activities, sleep disturbances, melancholy and 

depression (Lackner 2014; Graybiel & Knepton 1976; Lawson & Mead 1998). The time course of 

sopite syndrome is dependent on the specific situation, but it has been reported that symptoms 
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can appear quickly, even after a short or weak stimulus, and symptoms can persist even after 

cessation of the motion stimulus (Lawson & Mead 1998). Unfortunately, sopite syndrome is often 

missed due to its non-specific symptoms or because other factors such as sleep deprivation and 

other forms of fatigue related to operational settings confounding it (Lawson & Mead 1998; 

Matsangas & McCauley 2014a). The fact that symptoms are sometimes mild (e.g. compared to 

clearly observable motion sickness signs such as emesis) could also lead to unrecognized sopite, 

while other clinical problems such as depression may lead to misdiagnosis (Lawson & Mead 

1998).  

Motion sickness and sopite syndrome have been studied and described thoroughly in 

multiple environments, including land travel (Golding 2006), sea travel (Lawson & Mead 1998; 

Matsangas et al. 2010), air travel (Graybiel & Knepton 1976; Lawson & Mead 1998), optokinetic 

drums (Kiniorski et al. 2004), virtual environments (Lawson & Mead 1998; Kennedy et al. 1998; 

Hettinger et al. 1990; Golding 2006), rotating rooms (Graybiel & Knepton 1976; Lawson & 

Mead 1998) and spaceflight (Lackner & DiZio 2006; Lackner 2014). In addition, motion sickness 

has been studied in animals and humans during parabolic flights (Suri et al. 1979; Schlegel et al. 

2001; Harm & Schlegel 2002; Hilbig et al. 2002; Strewe et al. 2012). Although the occurrence of 

sopite syndrome during parabolic flights is widely known about and expected, thorough 

assessment and description of this particular motion sickness facet remains limited and anecdotal 

(Lawson & Mead 1998).   

Motion sickness and sopite syndrome may have a serious impact operationally because 

they occur commonly (Matsangas & McCauley 2014a) and it is suggested that they could 

insidiously lead to work inefficiency and an unsafe work environment (Matsangas & McCauley 

2014a). Furthermore, a recent study showed that mild motion sickness and sopite syndrome have 
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a negative impact on cognitive performance and the cognitive effort focused on performing a task 

(Matsangas et al. 2014). Identification of motion sickness and specifically sopite syndrome is 

therefore crucial. 

We here describe a particular case of motion sickness and sopite syndrome in parabolic flight. To 

the best of our knowledge, this is the first extensive report on this matter. By providing this report, 

we hope to give an insight into an underrecognized and underreported condition and to stimulate 

future (prospective) research into this complicated phenomenon.  

 

2. Methods 

All data was collected as part of the ESA BRAIN Diffusion Tensor Imaging (BRAIN DTI) 

project, an ongoing investigation to study neuroplasticity due to parabolic flight as well as 

spaceflight induced microgravity and specific vestibular lesions (Clément & Ngo-Anh 2013; Van 

Ombergen et al. 2013; Demertzi et al. 2015).   

 

 

2.1. Subjects 

In total, 27 participants were included (18 males, mean age (SD): 32.3 (7.4) years). Data was 

collected over 4 parabolic flight campaigns, scheduled between April 2014 and June 2015. All 

participants had to pass a Class 3 Aviation medical exam and underwent a MRI scan (as part of 

the BRAIN DTI project) prior to the flight. Participants had to be first-time flyers to be included 

and exclusion criteria were: 1) medical conditions in the acute phase e.g. orthopaedic injury, 2) 

vestibular, psychiatric and/or neurological diseases and 3) smokers.  
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This study was approved by the local ethics committee (IRB number 13/38/357) and the ESA 

medical board. Each participant provided a signed informed consent form. All investigations 

have been conducted according to the principles expressed in the Declaration of Helsinki. 

 

2.2. Medication and parabolic flight 

Prior to the parabolic flight, all participants received a subcutaneous injection of scopolamine 

(0.25mg/ml), an anti-emetic drug. This was administered approximately 2 hours before the first 

parabola by the campaign medical doctor. During the flight (onboard the Airbus A-300 Zero-G 

and the Airbus A-310 Zero-G), 31 parabolic maneuvers were conducted to evoke zero G. Each 

parabola started with a pull-up phase and ended with a pull-out phase at 1.8g, both lasting about 

20 sec. The duration of the zero G condition was about 21 sec. The time between each parabola 

start is approximately 3 minutes. The time between the end of a parabola and the start of the next 

one is around 1min and 45 seconds. After every set of 5 parabolas, a 5-minute break is 

implemented. However, between parabola 15 and parabola 16, a longer break of 8 minutes is 

employed. During the first five parabolas, the subject was seated to enhance adaptation to the 

peculiar sensation of weightlessness and hypergravity and to limit the initial activity in the novel 

environment. The latter is suggested to be an effective way of decreasing motion sickness 

(Lackner 2014). After these five parabolas, the subject had to float in the restricted free-floating 

zone, as part of the protocol of the BRAIN DTI experiment. 

 

2.3. Questionnaire assessment 

2.3.1. Motion Sickness Assessment Questionnaire (MSAQ) 

The MSAQ is a questionnaire comprising four subscales, all assessing a different aspect of 
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motion sickness (Gastrointestinal, Central, Peripheral and Sopite-related) (Gianaros & Muth 

2001). The score on each subscale resembles how severe the symptoms are for each of the 

different categories and the total motion sickness score can be calculated by adding all subscale 

scores. All MSAQ scores range from approximately 11.11% (minimum) to 100%. Participants 

had to complete the MSAQ immediately after the parabolic flight.  

 
2.3.2. Epworth Sleepiness Scale (ESS) 

The ESS is a standardized and validated questionnaire assessing the likelihood that the 

participant will fall asleep during certain activities (Johns 1991). The ESS consists of 8 questions 

that describe daily situations that can induce sleepiness. Each question is graded from score 0 

(“not likely to fall asleep”) to score 3 (“very likely to fall asleep”). The ESS score ranges from 0 

(minimum) to 24 (maximum). A score of 10 is used as a cut-off value to make a distinction 

between normal individuals (ESS ≤ 10) and individuals suffering from excessive daytime 

sleepiness (ESS > 10). The ESS was incorporated to assess the typical fatigue and drowsiness 

associated with sopite syndrome and was filled in twice by each participant: prior to and 

immediately after the parabolic flight.  

	  

2.3.3. Positive and Negative Affect Scale (PANAS) 

The PANAS is a valid 20-item self-report measure of positive and negative affect (Watson et al. 

1988). Ten positive affect items were rated on a 5-point Likert scale from 1 (very slightly or not 

at all) to 5 (extremely) regarding the present moment (at that time) with possible total scores 

ranging from 10 (minimum) to 50 (maximum). In addition, ten negative affect items were rated, 

also on a 5-point Likert scale with the same properties as for the positive statements. Momentary 

mean scores are 29.7 (SD = 7.9) and 14.8 (SD = 5.4) for the Positive Affect Score and Negative 
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Affect Score, respectively. The PANAS was completed prior to and immediately after the 

parabolic flight.  

 

2.4. Sopite case report 

A 35-year old female journalist participated in the BRAIN DTI project and in parallel, she was 

supposed to observe and conduct brief interviews with experimenting teams on board during 

breaks between parabolic maneuvers. She had no history of neuro-vestibular pathology and had a 

normal preflight MRI scan. Quite soon during the parabolic flight, she reported that she started 

experiencing general malaise, nausea, cold sweat and drowsiness. After a while, she started 

feeling irritated, annoyed and there was an inability to perform the task she was assigned to do. 

By the end of the parabolic flight, these symptoms escalated into extreme fatigue, the inability to 

stay awake and being close to fainting. The symptoms persisted for a couple of hours after 

landing. After the flight, she also reported being easily upset and the inability to control herself. 

During a phone conversation with one of the investigators, approximately 3 hours after the flight, 

she was very rude and impolite without any reason. The subject described it as: “normally I think 

before I speak, but I was not able to do so then and I had no self control”. She apologized for this 

behavior the day after. This was in contrast to the investigator’s experience with her beforehand, 

as she was always very friendly, professional and dedicated. She wasn’t able to finish the 

interviews she was supposed to do during the flight. She reported having a normal night of sleep 

before commencing the parabolic flight. Her emotional state, as described above, was assessed 

through verbal reports. Her results on the questionnaires, in comparison to the control group, are 

shown and discussed below.  
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2.5. Statistical analyses 

Statistical analysis was performed with SPSS version 21 (IBM Corp., Version 21.0. Armonk, 

NY: IBM Corp). All data was checked for normality with Kolmogorov-Smirnov tests. To 

investigate the difference between the sopite case subject and the control group, we calculated the 

95% prediction interval (PI=[mean ± 2 SD]) for each of the questionnaire assessments. The 

values at which the score from the sopite case did not fall within the 95% PI, were considered as 

significantly different from the control group.   

 

3. Results 

3.1. Sopite case report 

The subject filled in the following questionnaires pre- and post parabolic flight: the Positive and 

Negative Affect Scale (PANAS) (Watson et al. 1988) and the Epworth Sleepiness Scale (ESS) 

(Johns 1991). The Motion Sickness Assessment Questionnaire (MSAQ) (Gianaros & Muth 2001) 

was assessed only after the parabolic flight (Tab. 3). The pre-flight score of our subject on the 

PANAS is comparable to the mean scores for momentary assessment (mean score = 29.7 (SD=7) 

of the positive affect, mean score = 14.8 (SD=5.4)) (Watson et al. 1988). However, post-flight 

scores show a reduction for positive affect and increased negative affect when compared with the 

mean scores (Watson et al. 1988) and preflight scores. Preflight ESS score was relatively high 

(=10) to start with, but the post-flight ESS score increased severely and was extremely high (=23). 

Furthermore, MSAQ was assessed after the parabolic flight. The overall score is high and our 

subject scores relatively high on all subscales. Moreover, the subject scored 100% on the sopite-

related subscale, indicating these symptoms were the most present and the most severe. 
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3.2. Sopite case report versus group 

More interestingly, we also compared the subject’s scores with the 95% prediction intervals of 

the questionnaire scores of the control group (n=26). There was no significant difference in age 

between the sopite subject and the rest of the participants. 

 

3.2.1. Pre flight  

Preflight, all scores of the sopite case fell within the 95% PI of the control group. In other words, 

we could not find any differences preflight for the ESS, the PANAS positive score and the 

PANAS negative score.  

 

3.2.3. Post flight 

When we compared the results on the questionnaires filled in after the flight, the values from all 

questionnaires (PANAS positive, PANAS negative, ESS, MSAQ) fell outside of the 95% PI of 

the control group. A summary can be found in Table 1.  

 

- insert Table 1 about here – 

 

4. Discussion 

4.1. Sopite case report 

The case report we are describing fulfills the recently revised definition of the sopite 

syndrome by Matsangas et al (Matsangas & McCauley 2014a). In addition, our case is also in line 

with earlier descriptions of sopite syndrome: a healthy individual (Lackner 2014), multiple 

symptoms (Graybiel & Knepton 1976; Lawson & Mead 1998; Matsangas & McCauley 2014a), 



 11 

inability to perform/focus on a designated task (Matsangas & McCauley 2014a; Matsangas et al. 

2014) and the fact that typical sopite syndrome symptoms persist, even after the motion stimulus, 

is also in line with earlier findings (Lawson & Mead 1998).  

The subject did not have a known history of sleep abnormalities, or any abnormalities in 

vestibular, neurological or mental function. Also, we did not find any differences between the 

sopite subject and the control group for any of the preflight questionnaires. These findings lead us 

to infer that the soporific symptoms we observed are probably not solely attributable to an 

endogenous abnormality that emerged on its own or that was triggered by non-motion aspects of 

the flight such as anxiety and/or excitement.  

An important factor that should be kept in mind is the scopolamine injection (i.e. 

subcutaneous injection, 0.25mg/ml). Research has shown that the side effects of anti-emetic 

medication, such as scopolamine, may exacerbate existing drowsiness (Lackner 2014; Graybiel & 

Knepton 1976; Lawson & Mead 1998). In line with this, it is important to realize that anti-emetic 

medication is administered to improve performance in spaceflight and aviation crew. However, 

due to sopite syndrome, medication might not adequately improve performance (Lackner 2014; 

Graybiel & Knepton 1976; Lawson & Mead 1998; Matsangas & McCauley 2014a). Correct 

identification of sopite effects in an individual is therefore crucial to minimize the negative 

impact on performance. However, one should be careful when interpreting this, since it is 

possible that the observed behavior in our subject is partially caused by the scopolamine. We 

explored this possibility indirectly by comparing the sopite subject to a control group who also 

received scopolamine and were all first time flyers as well. In addition, it has been shown that 

several biological variables can influence drug sensitivity, with age being one of the main factors. 

Since we found no difference in age between the sopite subject and the control group, the 
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influence of age can be minimized (McMaster & Carney 1985). Furthermore, it has been shown 

that scopolamine administration only leads to limited drowsiness, sedation and cognitive 

impairment in non-moving baseline conditions. This suggests a case of extreme sensitivity to 

sopite syndrome (i.e. due to motion) rather than purely extreme drug sensitivity (Wood et al. 

1984; Simmons et al. 2010; Weerts et al. 2015). Additionally, transdermal scopolamine in 

moving situations showed to have minimal side effects such as drowsiness (Price et al. 1981). In 

any case, future research should focus on individual sensibility to scopolamine and sopite 

syndrome separately, as this may have important implications for personnel selection and motion 

sickness therapeutic strategies.  

Up until several hours after the parabolic flight, when nauseogenic symptoms already 

disappeared, the subject still experienced a sense of ‘depersonalization’ of which the rude, 

impolite and borderline-aggressive behavior is suggestive. During the phone call, she spoke to 

one of the investigators of our experiment and this person realized that this behavior was highly 

likely part of sopite syndrome. If this were not the case, the situation could have escalated. 

Therefore, it should be kept in mind these mood changes can linger on for hours.  

The subject reported a daytime sleepiness with an ESS score of 10 pre-flight, which is high to 

begin with, however this was not significantly different from the scores of the control group. 

Post-flight however, the subject’s ESS score was 23, which is much higher than the cut-off of 10 

for excessive daytime sleepiness (EDS) (=ESS≥10) (Johns 1991). This corroborates with 

previous studies who could not find a relation between daytime sleepiness and sopite syndrome 

(Lackner 2014).  

The overall score on the MSAQ was high, showing a combination of both soporific and 

motion sickness symptoms. We suggest including a combination of more fitted questionnaires, 
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such as the above-described ESS, PANAS and MSAQ scales for future studies. Ideally, all 

participants indulging in future parabolic flights should complete these questionnaires before and 

after. Not only would this help to get more insight in a specific case presenting with sopite as a 

result of parabolic flight, analysis of these results could also help to get a more extensive 

knowledge on sopite syndrome.  

 In addition, it was shown by a recent investigation that higher MSAQ scores (i.e. 

increased severity of motion sickness and soporific symptoms) are related to a reduced 

multitasking cognitive performance(Matsangas & McCauley 2014b). This implies that the 

considerable increment of MSAQ scores on all subscales for the sopite subject is associated with 

a parallel decrement in cognitive performance. While this was only described for mild cases of 

motion sickness and sopite syndrome, our report suggests this to be also true for more extreme 

cases. Furthermore, this can lead to poor decision-making among personnel, crew and executives. 

A distinction between “pure sopite” syndrome (i.e. soporific symptoms without any 

gastro-enteric symptoms) and sopite with some degree of gastro-enteric symptoms should be 

made. While the latter probably occurs often, “pure sopite” syndrome is assumed to be rare. 

Although our case fell outside of the 95% prediction interval values for the gastro-enteric and 

peripheral scale, the “degree” of this deviation is considerably smaller than for the sopite-related 

and the central subscale. This suggests that the abnormalities are highest for the soporific and 

central symptoms and therefore implies that our subject is situated more closely to “pure sopite” 

rather than a mixed gastro-enteric/soporific form, if the two are seen as a spectrum. Future studies 

should focus on this spectrum and more specifically on the exact incidence of “pure sopite” in a 

prospective manner.  
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4.2. Limitations and future studies 

The most prominent limitation is the fact that we are describing a single case report that had 

taken scopolamine medication. However, by comparing the results to an age-matched control 

group of 26 subjects (all first time flyers, all under scopolamine medication), we believe we have 

been able to make some credible inferences concerning this case report. Another very important 

limitation is the possibility that we are seeing extreme individual drug sensitivity rather than an 

extreme sensitivity to sopite syndrome. However, due to several reasons mentioned above, our 

report suggests to be a case of extreme sensitivity to sopite syndrome, rather than a purely 

sensitivity to scopolamine. Nevertheless, future research should focus on developing tests that 

allow for personnel screening since the consequences of sopite on task performance, efficiency 

and decision-making cannot be ignored and hold a potentially safety hazard. In addition, 

prospective studies should assess therapeutic possibilities since evidence on effective therapy and 

pharmaceutical interaction with anti-emetic drugs is scarce. 

 

4.3. Conclusion 

To the best of our knowledge, this is the first extensive case report on sopite syndrome during 

parabolic flight. This case points towards the need for controlled studies to assess the prevalence 

of this specific motion sickness syndrome, not only in a parabolic flight crew but also among the 

general population and among select groups such as naval personnel, aviation crew, astronauts 

and even people who are being exposed to virtual reality, simulators or 3D movies.  
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Table 1 - Pre and post PF scores on the questionnaires for the sopite case and the control group (Watson et al. 1988; 

Gianaros & Muth 2001; Johns 1991).  

Measure 

 
 

Sopite case (n =1) Group (n =26)  

Lower and upper bound of the 95% P.I.* 

MSAQ gastric (%) Pre 
  

Post  83.33 [0, 66.91] 

MSAQ central (%) Pre   

Post 73.33 [0, 49.01] 

MSAQ peripheral (%) Pre   

Post 70.37 [0, 63.69] 

MSAQ sopite-related (%) Pre   

Post 100 [0.79, 32.65] 

Overall MSAQ (%) Pre   

Post 77.78 [4.75, 46.34] 

ESS Pre 10 [0.25, 13.35] 

Post 23 [0, 16.92] 

PANAS positive Pre 29 [25.20, 44.48] 

Post 16 [26.91, 46.21] 

PANAS negative Pre 24 [6.14, 28.42] 

Post 33 [7.39, 15.89] 

 

PF: parabolic flight; MSAQ: Motion Sickness Assessment Questionnaire; ESS: Epworth Sleepiness Scale; PANAS: Positive and Negative Affect 

Scale; P.I.: prediction interval. The MSAQ scores are expressed in %. Values of the sopite case outside the 95% prediction interval are highlighted 

in bold. * negative values of the lower bound of the 95% P.I. were changed to 0 as negative values do not hold a physical meaning for 

questionnaire scores.  

 

 


