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Predictive efficacy of peripheral blood gastrointestinal hormones on susceptibility to motion sickness
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[ Abstract | Objective To observe the changes of plasma gastrointestinal hormones in motion sickness sensitive
and insensitive individuals before and after vertical oscillation stimulation, and to construct a susceptibility prediction
model for motion sickness. Methods A total of 60 healthy male volunteers were enrolled to receive sinusoidal vertical
oscillation stimulation for 45 min. The motion sickness susceptibility questionnaire (MSSQ) was filled out before the
experiment. Immediately after motion, the severity of motion sickness was evaluated by Graybiel scale. The motion
sickness sensitive (Graybiel score=8 and MSSQ susceptibility index>21, n=15) and insensitive (Graybiel score<2
and MSSQ susceptibility index<<5, n=15) participants were screened. Plasma levels of glucagon-like peptide-1 (GLP-1),
cholecystokinin (CCK), leptin, ghrelin, neuropeptide Y (NPY) and orexin A (OXA) were detected by enzyme-linked
immunosorbent assay before and after vertical oscillation stimulation. Logistic regression model was used to analyze the
predictive effect of plasma gastrointestinal hormone levels on susceptibility to motion sickness, and a combined predictive
model was established. Receiver operating characteristic (ROC) curve was used to analyze predictive value of the model.
Results Ghrelin and CCK levels were significantly increased in the sensitive group after stimulation compared with those
before stimulation (both £<<0.01), while NPY and leptin levels were significantly decreased (both P<<0.01). Similar results
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were also observed when compared with the insensitive group after stimulation. Multivariate logistic regression analysis

showed that plasma ghrelin, CCK and NPY were independent predictors of susceptibility to motion sickness. The established
susceptibility prediction model for motion sickness was logit(P)=—0.051 X ghrelin+0.060 X NPY —0.169 X CCK+33.397.
ROC curve analysis showed that area under curve (AUC) value of the prediction model was 0.988, the sensitivity and specificity
were 100.0% and 93.3%, respectively, and the prediction effect was better than ghrelin, CCK and NPY alone (AUC=0.792,
0.880, 0.838). Conclusion The changes of peripheral gastrointestinal appetite regulating hormone levels may be related to the

susceptibility to motion sickness. The combined use of these indicators can predict the susceptibility to motion sickness.
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Tab 1 Comparison of general information between motion sickness sensitive and insensitive groups

N=15
Index Insensitive group Sensitive group Statistic P value
Agelyear, x s 21.60+2.99 20.87£1.46 t=0.301 0.766
BMI/(kgem ), x=s 21.94£1.05 21.39£1.51 1=1.236 0.227
MSSQ susceptibility index, x+s 0.31%+1.20 33.33+11.90 t=—10.652 <<0.001
Graybiel score after vertical oscillation stimulation, x s 0.00+0.00 17.33+1.31 t=—49.905 <<0.001
Nausea after vertical oscillation stimulation, 7 (%) 0 12 (80.0) £ =20.000 <<0.001

BMI: Body mass index; MSSQ: Motion sickness susceptibility questionnaire.
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Tab 2 2X2 analysis of variance of main and interactive effects of plasma gastrointestinal hormone levels

Hormone Sensitivity effect Time effect Sensitivity-time interaction effect
F value P value F value P value F value P value
Ghrelin 224.80 <0.000 1 122.90 <<0.000 1 53.69 <<0.000 1
CCK 210.50 <<0.000 1 114.70 <0.000 1 21.60 <<0.000 1
GLP-1 23.87 <<0.000 1 75.62 <<0.000 1 3.872 0.050 7
NPY 278.40 <0.000 1 77.90 <0.000 1 34.03 <<0.000 1
Leptin 278.40 <<0.000 1 205.50 <0.000 1 71.62 <0.000 1
OXA 40.34 <<0.000 1 37.97 <<0.000 1 2.67 0.104 1

CCK: Cholecystokinin; GLP-1: Glucagon-like peptide-1; NPY: Neuropeptide Y; OXA: Orexin A.
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Fig1 Plasma gastrointestinal hormone levels before and after vertical oscillation stimulation in motion sickness

sensitive and insensitive groups

"P<0.01 vs before vertical oscillation stimulation in the same group; ““P<0.01 vs insensitive group at the same stimulation period.

n=15, x+s. CCK: Cholecystokinin; GLP-1: Glucagon-like peptide-1; NPY: Neuropeptide Y; OXA: Orexin A.
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Tab 3 ROC curve analysis results of plasma gastrointestinal hormones in predicting motion sickness susceptibility

Hormone AUC (95% CI) Cut-off value Sensitivity/% Specificity/% P value
Ghrelin 0.792 (0.699, 0.885) 528.9 pg/mL 57.8 100.0 0.000 1
CCK 0.880 (0.813, 0.948) 144.185 pg/mL 86.7 80.0 0.000 1
NPY 0.838 (0.756, 0.920) 198.58 ng/mL 64.4 97.8 0.000 1
Leptin 0.777 (0.682, 0.873) 13.11 ng/mL 55.6 91.1 0.000 1

ROC: Receiver operating characteristic; CCK: Cholecystokinin; NPY: Neuropeptide Y; AUC: Area under curve; CI: Confidence

interval.
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Tab 4 Multivariate logistic regression analysis of plasma gastrointestinal hormones in predicting motion sickness

susceptibility
Variable b SE Wals P value OR (95% CI)
Constant 41.422 21.078 3.862 0.049 0.001
Ghrelin —0.058 0.024 5.886 0.015 0.944 (0.900, 0.989)
CCK —0.179 0.070 6.569 0.010 0.837 (0.730, 0.959)
NPY 0.089 0.039 5.150 0.023 1.093 (1.012, 1.181)
Leptin —0.714 0.684 1.089 0.297 0.490 (0.128, 1.871)

CCK: Cholecystokinin; NPY: Neuropeptide Y; b: Regression coefficient; SE: Standard error; OR: Odds ratio; CI: Confidence

interval.
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