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                       K NOX  GW.  Motion sickness: an evolutionary and genetic basis for 
the negative reinforcement model.  Aviat Space Environ Med 2013; 
84:46–9.  

 It has been theorized that motion sickness evolved as a negative rein-
forcement system which terminates motion involving postural instability 
and/or sensory confl ict. A hypothetical example is provided by a  “ thought 
experiment ”  whereby protohominids are in a tree looking for food. Selec-
tion pressure results when the organisms that have an aversion to motion-
producing sensory confl ict do not venture out too far on the tree limbs and 
therefore tend to survive. In order to support an evolutionary model for 
motion sickness there must be evidence for genetic and/or heritable predis-
position. The present study involves a retrospective literature review which 
reveals abundant evidence for genetic/heritable factors in motion sickness. 
Examples include genetic polymorphism of the alpha-2-adrenergic recep-
tor, which has been shown to increase susceptibility to motion sickness, 
examination of family trees revealing heritable motion sickness susceptibil-
ity, evidence indicating that Asians are hyper-susceptible to motion sickness, 
and twin studies, just to mention a few. Thus, the theory of heritable negative 
reinforcement as a basis for motion sickness is supported by extensive evi-
dence in the medical literature. This theory is compared and contrasted with 
other theories. Further areas for research are suggested.   
 Keywords:   motion sickness  ,   gene  ,   heredity  .     

 LITTLE IS KNOWN about the factors that control indi-
vidual differences in susceptibility to motion sickness. 

It has long been suspected that genetic and/or evolution-
ary factors govern motion sickness susceptibility. Treisman 
( 33 ) and Money ( 23 ) have posited that motion sickness is a 
manifestation of a defense mechanism against ingested 
neurotoxins. Oman ( 24 ) recently cast doubt on this theory, 
noting that ingested toxins do not typically cause vertigo. 
Yates and Kerman ( 38 ) theorized that motion sickness 
is caused by inappropriate activation of the vestibulo-
cardiovascular refl ex. Ossenkopp et al. ( 25 ) found that 
motion sickness symptoms in the rat, such as reduction in 
body temperature and reduced spontaneous activity, re-
quire a functioning vestibular system. Watt et al. ( 36 ) pos-
tulated that motion sickness serves as a warning against 
inappropriate motor strategies that are causing undesired 
changes in vestibular function and subsequent disruption 
of normal sensorimotor integration. Bowins proposed that 
 “ motion sickness evolved as a potent negative reinforce-
ment system designed to terminate motion involving sen-
sory confl ict or postural instability ”  ( 4 ). Termination of 
such motion would obviously confer a survival advantage 
by avoidance of falls, injury, and/or death.  

 METHODS 

 The primary purpose of this paper is to provide a review 
of prior studies concerning genetic factors and motion 

sickness. In order to support an evolutionary model for 
motion sickness there must be evidence for genetic and/
or heritable predisposition. The present study involves a 
retrospective literature review which reveals abundant 
evidence for genetic/heritable factors in motion sickness. 

 The scope of review in this paper includes studies in-
volving collection of primary data on susceptibility to 
motion sickness, correlated with any genetic factor. These 
studies include prospective motion sickness experiments 
on selected genetic subpopulations, analysis of motion 
sickness questionnaires, analysis of families with par-
ticular genetic markers, and twin studies involving some 
or all of the above measures. 

 The literature search was performed using the National 
Institutes of Health ’ s PUBMED database. Keywords and 
phrases used in the search included  “ motion sickness, ”  
 “ genetic, ”   “ gene, ”   “ heritable, ”  and  “ heredity. ”  The search 
was restricted to articles published since 1960. The data-
base was also searched for  “ related articles ”  for the most 
relevant articles. The literature identifi ed through the data-
base search was supplemented by relevant articles and 
reports cited in selected articles. Articles lacking any 
English translation and/or reporting individual cases 
and/or emphasizing auditory phenomena as opposed 
to vestibular factors were excluded.  

    Questionnaire Studies 

 Many studies were identifi ed that utilized mail-in 
questionnaires. There were four twin studies that will 
be considered separately. Studies comparing gender ef-
fects will be considered separately. Williamson ’ s group 
( 29 ) found in their survey that if both parents were sus-
ceptible to motion sickness, then the child of such par-
ents was fi ve times as likely to be susceptible to motion 
sickness than the population at large. Diamond ’ s ( 8 ) 
survey of British parents who drove noted that 41% of 
parents who were susceptible to motion sickness had a 

 From the University of Florida Health  –  Jacksonville, Department of 
Surgery, Division of Otolaryngology, Jacksonville, FL. 

   This manuscript was received for review in   August     2012    . It was 
accepted for publication in   September     2013 .    

  Address reprint requests and correspondence to: Glenn W. Knox, 
M.D., J.D., Associate Professor, UF Health-Jacksonville, 653 West 
Eighth St., Jacksonville, FL 32209;  gwknox@bellsouth.net .  

 Reprint & Copyright © by the Aerospace Medical Association, 
Alexandria, VA. 

 DOI:   10.3357/ASEM.3519.2013 

  Motion Sickness: An Evolutionary and Genetic Basis 
for the Negative Reinforcement Model  

    Glenn W.     Knox    



IP: 50.5.253.54 On: Sun, 05 Jun 2022 19:55:29
Copyright: Aerospace Medical Association

Delivered by Ingenta

Aviation, Space, and Environmental Medicine x Vol. 85, No. 1 x January 2014 47

MOTION SICKNESS GENETICS — KNOX

child who was also susceptible. Yanus et al. ( 37 ) found 
in a survey of 77 male graduate students that there was 
a signifi cant correlation between males and their bio-
logical fathers in terms of motion sickness symptom 
severity.   

 Twin Questionnaire Studies 

 Four studies were identifi ed that studied twin pairs 
via questionnaires. Sharma et al. ( 30 ) studied 200 twin 
pairs in India and found 100% concordance to motion 
sickness susceptibility. Bakwin ( 3 ) noted that monozy-
gotic twins are 2.5 3  as likely as dizygotic twins to be con-
cordant. Finally, Reavley et al. ( 28 ) noted in a study of 3652 
monozygotic and dizygotic twins from the TwinsUK reg-
istry that the  “ pattern of responses indicated a signifi -
cant genetic contribution. ”  Abe et al. ( 2 ) examined 79 
pairs of twins at age three and interviewed their moth-
ers. There was a marked increased concordance among 
the monozygotic twins with respect to motion sickness 
susceptibility.   

 Gender Questionnaire Studies, Subjective Reports, and 
Experimental Observations 

 Lentz et al. ( 19 ) surveyed 3618 college students and 
found that men had lower  “ susceptibility scores ”  than 
women. Park et al. ( 26 ) surveyed 485 subjects and found 
that women were more likely to report a history of mo-
tion sickness susceptibility than men. Many other stud-
ies involving survey questionnaires and/or subjective 
reports suggest that females are more susceptible to mo-
tion sickness than males. These include studies involving 
motion sickness and frostbite ( 1 ), seasickness ( 7 , 10 , 16 ), 
surveys on seasickness ( 17 ), airsickness ( 18 , 35 ), motion 
sickness on railroad trains ( 12 ), loudness estimation and 
motion sickness ( 27 ), and postural ataxia ( 13 ). Some in-
vestigators, however, observed no signifi cant differences 
between male and female motion sickness susceptibil-
ity. In a prospective analysis of transdermal scopolamine 
treatment of motion sickness, no signifi cant difference in 
motion sickness susceptibility between men and women 
was noted ( 20 ). A survey of train passengers also failed 
to show a gender difference in motion sickness suscepti-
bility ( 34 ). Park and Hu ( 26 ) noted that women retro-
spectively reported greater incidence in motion sickness 
history. However, in prospective experiments, women 
did not differ signifi cantly from men in severity of mo-
tion sickness symptoms while viewing a rotating opto-
kinetic drum. Jokerst et al. ( 11 ) also noted that women 
report more overall symptoms of motion sickness and 
GI symptoms than men. However, there were no sig-
nifi cantly different increases in gastric tachyarrythmia 
during exposure to optokinetic stimuli such as a rotating 
drum. Cheung and Hofer ( 5 ) also noted a lack of gender 
difference in motion sickness severity induced by Coriolis 
cross-coupled exposure. These confl icting results can per-
haps be explained by a possible increased level of motion 
sickness reporting by females. This is in spite of no ap-
parent differences in prospective experimental measures 
of motion sickness susceptibility between the sexes. As a 

whole, the evidence suggests that genetic infl uences on 
motion sickness susceptibility are not sex-linked.   

 Analysis of Groups with Particular Genetic Markers 

 Liu et al. analyzed the gene sequence of the alpha-2 
adrenergic receptor and found that the  “ gg ”  phenotype 
was 5.8 times more common in Chinese than in European 
Caucasians. Liu ’ s group also found that the  “ gg ”  pheno-
type was 1.6 times more common in those susceptible 
to motion sickness ( 21 ). Sharma et al. noted that in 291 
Indian teenagers, motion sickness susceptibility was twice 
as likely in those who have a supersensitive taste for phen-
ylthiocarbamide ( 30 ). The phenotype for phenylthiocar-
bamide tasting ability is associated with chromosome 7q 
and 5p15. Choukèr et al. ( 6 ) studied 21 subjects who had 
blood drawn for endocannabinoid levels. Seven had 
low levels and high motion sickness susceptibility dur-
ing parabolic fl ight. The endocannabinoid receptor is as-
sociated with Chr. 6q14-15 and Chr. 1P ( 6 ). Golding ( 9 ) 
noted that motion sickness is associated with migraine 
via the CACNA1 gene, and that motion sickness is also 
associated with hereditary cochleo-vestibular dysfunc-
tion via the COCH gene.   

 Prospective Motion Sickness Experiments on Selected 
Genetic Subpopulations 

 These studies are the most important since they in-
volve prospective studies of genetically defi ned pop-
ulations in a laboratory setting. Stern et al. ( 31 , 32 ) used a 
rotating optokinetic drum to test for motion sickness 
susceptibility. Their group found that 80% of Chinese 
subjects were susceptible to motion sickness as com-
pared to only 50% of European-Americans and African-
Americans. Klosterhalfen et al. ( 14 , 15 ) had similar 
results with a rotational chair plus head movements 
as the stimulus. 

 Lockette et al. ( 22 ) had a very comprehensive pro-
spective study. They utilized 115 subjects exposed to 
a rotational chair plus head movements to  “ end-point 
malaise. ”  Blood tests were then used to analyze the gene 
for the alpha-2 adrenergic receptor on Chromosome 10 
for each subject. This gene can be 6.7 Kb or 6.3 Kb in size. 
Lockette ’ s group found that subjects with a 6.7 Kb gene 
had chair tolerance time of 365 s on the average. This is 
compared with subjects with a 6.3 Kb gene who had an 
average chair tolerance time of 295 s (signifi cant to  P   5  
0.001). The importance of this work is that it is the fi rst 
study to offer prospective experimental evidence of a 
link between motion sickness susceptibility and a spe-
cifi c gene. Finley et al. ( 9 ) studied 194 healthy subjects 
and measured autonomic responses to various forms 
of stress, including Coriolis stress. Their group found 
that there was  “ subjective and objective evidence of in-
creased autonomic responsiveness ...in those individu-
als harboring the 6.3 kb allele ”  as opposed to the 6.7 kb 
allele. Importantly, it is unclear whether the genetic 
marker fi ndings represent a marker for motion sick-
ness susceptibility, per se, or a general marker for auto-
nomic sensitivity.     
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 DISCUSSION 

 The questionnaire studies, including the twin studies, 
are of course merely suggestive of a link between hered-
ity and motion sickness susceptibility, due to the inher-
ent limitations of a retrospective questionnaire. They are 
helpful insomuch as they provide clues regarding the 
genetics of motion sickness susceptibility. For example, 
based on these studies, it may be worthwhile to fur-
ther investigate these loci: Chromosome 6q14-15, Chr. 1p, 
Chr. 7q, and Chr. 5p15. In addition, the information re-
garding twin concordance is of interest. In particular, 
Choukèr ’ s work ( 6 ) on endocannabinoids provides a 
theoretical target for pharmacotherapy. Endocannabinoid 
receptors have been investigated for weight reduction 
therapy. Finally, as mentioned earlier, the evidence sug-
gests that genetic infl uences on motion sickness suscep-
tibility are not sex-linked. 

 Analysis of groups with particular genetic markers 
and prospective motion sickness experiments on se-
lected genetic subpopulations provide more convincing 
results. As noted previously, Lockette et al. ( 9 , 22 ) dem-
onstrated that motion sickness susceptibility correlates 
with the genome of the alpha-2 adrenergic receptor on 
Chromosome 10 for each subject. This gene can be 6.7 Kb 
or 6.3 Kb in size. Lockette ’ s group found that subjects 
with a 6.7 Kb gene had signifi cantly higher tolerance to 
motion sickness. Stern ’ s group ( 31 , 32 ) repeatedly dem-
onstrated that Chinese individuals are hypersusceptible 
to motion sickness. Remarkably, Liu et al. ( 21 ) provides 
a link between Stern ’ s work and Lockette ’ s fi ndings. 
That is, Liu found that the alpha-2 adrenergic receptor 
 “ gg ”  phenotype ( “ gg ”  equals the 6.3 Kb gene) was found 
5.8 times as often in Chinese individuals than non-Chinese 
individuals. Also, Liu found that the  “ gg ”  phenotype 
occurred 1.6 times as often in those individuals suscep-
tible to motion sickness. We now have a testable theory 
linking Lockette ’ s work with Stern ’ s results. 

 Bowins ( 4 ) theorized that motion sickness evolved as 
a negative reinforcement system which terminates mo-
tion involving postural instability and/or sensory con-
fl ict. He noted that  “ aberrant motion of this form would 
have greatly increased the risk of injury or signaled weak-
ness and vulnerability to predators, thereby reducing 
evolutionary fi tness ”  ( 4 ). A hypothetical example is pro-
vided by a  “ thought experiment ”  whereby protohomi-
nids are in a tree looking for food. Selection pressure 
results when the organisms that have an aversion to 
motion-producing sensory confl ict do not venture out too 
far on the tree limbs and therefore tend to survive. This 
does not account for lower nonprimate mammals that 
demonstrate evidence of motion sickness in the labora-
tory. These phenomena are perhaps explained by conver-
gent evolution. Perhaps these animals are subject to the 
same evolutionary considerations and selection pressure. 

 Motion sickness susceptibility appears to have a ge-
netic basis such as an evolutionary adaptation to avoid 
dangerous situations. Further research on twins and eth-
nic groups could focus on the alpha-2 adrenergic recep-
tor gene (Chromosome 10). Other loci could easily be 

involved (Chromosome 6q14-15, Chr. 1p, Chr. 7q, Chr. 
5P15). Chinese hypersusceptibility to motion sickness 
may be explained by the genetics of the alpha-2 adrener-
gic receptor phenotypes. Such research can guide future 
pharmacotherapy.    
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