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Abstract
Background
Concerns persist regarding the potential reduction in driving performance due to taking second-generation antihistamines or performing hands-free calling. Previous studies have indicated a potential risk to driving performance under an emergency event when these two factors are combined, whereas a non-emergency event was operated effectively. Currently, there is a lack of a discriminative index capable of detecting the potential risks of driving performance impairment. This study aims to investigate the relationship between driving performance and eye movements under combined conditions of taking second-generation antihistamines and a calling task, and to assess the usefulness of eye movement measurements as a discriminative index for detecting potential risks of driving performance impairment.

Methods
Participants engaged in a simulated driving task, which included a calling task, both under taking or not taking second-generation antihistamines. Driving performance and eye movements were monitored during both emergency and non-emergency events, assessing their correlation between driving performance and eye movements. The study further evaluated the usefulness of eye movement as a discriminative index for potential driving impairment risk through receiver operating characteristic (ROC) analysis.

Results
In the case of a non-emergency event, no correlation was observed between driving performance and eye movement under the combined conditions. Conversely, a correlation was observed during an emergency event. The ROC analysis, conducted to assess the discriminative index capability of eye movements in detecting the potential risk of driving performance impairment, demonstrated a high discriminative power, with an area under the curve of 0.833.

Conclusions
The findings of this study show the correlation between driving performance and eye movements under the concurrent influence of second-generation antihistamines and a calling task, suggesting the usefulness of eye movement measurement as a discriminant index for detecting potential risks of driving performance impairment.
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Background
Since the 1990s, there has been a significant increase in the prevalence of allergic rhinitis [1], with second-generation antihistamines being the recommended primary treatment [2]. Although second-generation antihistamines have reduced sedative effects compared to their first-generation counterparts, they can still negatively affect the ability to drive a motor vehicle [3]. At the same time, improvements in mobile phone technology have made it easier to take calls via hands-free devices while driving, a practice that has been linked to poorer driving outcomes [4]. Consequently, the concurrent use of second-generation antihistamines and hands-free calling poses a potential hazard for drivers. Although the specific effects of this combination on driving were initially uncertain, recent findings suggest a notable degradation in driving capabilities during emergencies [5]. Despite the need to detect the potential risk of impaired driving under these combined conditions, no discriminative index currently exists. Previous studies have established a correlation between dangerous driving and eye movements [6, 7], suggesting that measuring drivers’ eye movements, particularly in the horizontal direction, could potentially detect these risks [8].
This study aims to investigate the correlation between driving performance and eye movements under combined conditions of taking second-generation antihistamines and performing hands-free calling, and to assess the usefulness of eye movement measurements as a discriminative index for detecting potential risks of driving performance impairment.

Methods
Participants
The study recruited participants who met specific inclusion criteria: they were seasonal users of one of the following second-generation antihistamines—fexofenadine, bepotastine, levocetirizine, or ketotifen—due to hay fever, without being regular users throughout the year. Additionally, they should not have had any prior experience with driving simulators. Invitation to participate was extended through application forms distributed to individuals without any vested interest in the research. Exclusion criteria for the study included people taking medicines other than those in the study and people with ophthalmological conditions. Prior to eye movement measurements, it was confirmed that no participant had ophthalmological conditions that could affect their visual field. Informed consent was obtained from all participants after they were fully briefed on the study’s objectives.

Experimental
For the experiment, a Mitsubishi Precision in-vehicle driving simulator was used. Participants engaged with the simulation through a large screen, 1.9 m in height and 3.1 m in width, which displayed the driving environment. Participants operated the simulator using realistic vehicle controls, such as the steering wheel, accelerator, and brake pedals, providing an experience akin to driving a real car (Fig. 1) The participants undertook a one-back task [9] as a calling task (Fig. 2) [10]. An audio file, pre-recorded with single-digit numbers spoken randomly every two seconds, was played during the driving simulation. Participants were tasked with responding to the number previously announced immediately following the announcement of the next number. To reduce the effects of familiarity with the task, participants underwent two days of preliminary training on the driving simulator and the one-back task, identical to the setup of the main experiment (Fig. 3). They used the simulator on different days to evaluate their driving performance and eye movements under taking and not taking medications. To account for potential fatigue from operating the simulator, the calling task was conducted at the beginning of the main test day, followed by the main test without the calling task. During the medication phase of the main study, participants consistently took each medication for at least seven days beforehand to achieve a stable concentration in their bodies. Following this phase, a washout period of at least one month was implemented before proceeding with the main study without medication.[image: ]
Fig. 1Experimental setup showing the main view with an inset detail of the eye tracker in the lower right corner

[image: ]
Fig. 2Image of one-back task as a calling task

[image: ]
Fig. 3Experimental schedule of this study



Evaluation of events and eye movements
The assessment of driving performance was structured around two distinct events. For a non-emergency event, the stopped vehicle was positioned within the lane of the participant's vehicle. The measure was the smallest distance maintained between the stopped vehicle and the participant's vehicle while passing (Fig. 4A). In an emergency event, a pedestrian unexpectedly emerged from behind the stationary vehicle as the participant's vehicle approached within 30 m of it from the opposite lane. The measure was the smallest distance between the pedestrian and the participant’s vehicle (Fig. 4B). Both events demonstrate that as the distance between the object and the participant's vehicle decreases, driving performance deteriorates.[image: ]
Fig. 4Image of a non-emergency event (A), and an emergency event (B) in the driving simulator


Eye movements including saccades were monitored using a Tobii X2 Eye Tracker, a non-intrusive device positioned on the dashboard to avoid impeding the driver’s view (Fig. 1). Horizontal eye movements were analyzed by dividing the front screen into three zones: left, center, and right. A transition from one zone to another, except for the screen’s upper area which includes the rear-view mirror, was recorded as a single movement (Fig. 4A and B). Eye movement data were collected from a distance of 100 m prior to predefined events up to the occurrence of the event itself. The ratio of eye movements was then calculated for each participant, defined as the number of eye movements by an individual relative to the maximum number of eye movements recorded across all participants in the study.

Analysis
Scatter plots were generated depicting the correlation between the smallest distance in a non-emergency event or an emergency event, and the ratio of eye movements. Spearman　rank correlation coefficient was calculated to determine the strength of these relationships. Additionally, the receiver operating characteristic (ROC) curve was plotted, and the area under the curve (AUC) values were computed to evaluate the usefulness of eye movement measurements as a discriminative index for detecting potential risks of driving performance impairment [11]. All analyses were conducted using JMP17 Pro software (SAS Institute, CA) A power analysis was conducted beforehand using G-power. With an effect size of 0.6, an alpha error of 0.05, and a power of 0.8, the required total sample size was calculated to be 17 participants. Therefore, 19 participants were included in this study. Additionally, post-hoc analysis revealed that Fig. 6D had a power of 0.934.


Results
The selection process yielded 19 hay fever sufferers aged between 20 and 50 years (mean age = 34.9 years; SD = 8.07, comprising 17 males and 2 females). The distribution of antihistamine usage among participants was as follows: fexofenadine (5), bepotastine (5), levocetirizine (5), and ketotifen (4). All participants possessed a valid driving license, with an average driving experience of 15.0 years (SD = 7.76), and none were on any other medication that could influence the study’s outcomes.
In the context of a non-emergency event with/without medication and with/without a calling task, no correlation was observed between the smallest distance when the participant’s vehicle overtook the stopped vehicle and the ratio of eye movements (without medication/without a calling task, rs = -0.117, p = 0.634, Fig. 5A; without medication/with a calling task, rs = -0.361, p = 0.128, Fig. 5B; with medication/without a calling task, rs = -0.242, p = 0.318, Fig. 5C; with medication/without a calling task, rs = -0.027, p = 0.912, Fig. 5D). In the context of an emergency event without medication and with/without a calling task, the smallest distance from the participant’s vehicle to pedestrian showed no correlation with the ratio of eye movements (without medication/without a calling task, rs = 0.186, p = 0.446, Fig. 6A; without medication/with a calling task, rs = 0.139, p = 0.572, Fig. 6B). Similarly, even when with medication and without a calling task, no correlation was observed (rs = 0.246, p = 0.311, Fig. 6C). However, under the combined influence of taking second-generation antihistamines and a calling task, a correlation emerged between the smallest distance from the participant’s vehicle to pedestrian and the ratio of eye movements (rs = 0.646, p = 0.0028, Fig. 6D).[image: ]
Fig. 5In a non-emergency event, a correlation between the smallest distance when the participant’s vehicle overtook the stopped vehicle and the ratio of eye movements under conditions without medication/without a calling task (A), without medication/with a calling task (B), with medication/without a calling task (C), and with medication/with a calling task (D)

[image: ]
Fig. 6In an emergency event, a correlation between the smallest distance from the participant’s vehicle to pedestrian and the ratio of eye movements under conditions without medication/without a calling task (A), without medication/with a calling task (B), with medication/without a calling task (C), and with medication/with a calling task (D)


Further analysis of the scatter plot in Fig. 6D revealed two distinct groups based on the proximity of the vehicle to the pedestrian. Consequently, the nine participants with shorter pedestrian distances were mean ± SD = 2.64 ± 0.33, while the ten participants with longer distances were mean ± SD = 12.2 ± 0.28. Since the subjects droved at 40 km/h (= about 11 m/s), there was about a 1-s difference in braking response between the two groups, meaning that the group with the shorter pedestrian distances was more likely to have an accident. Therefore, the nine participants with shorter pedestrian distances were categorized as the “dangerous driving group”, while the ten participants with longer distances were categorized as the “safe driving group. ROC analysis was performed to examine the usefulness of eye movements as a discriminative index of potential risk of reduced driving performance, yielding a high discriminative power with an AUC of 0.833 (Fig. 7).[image: ]
Fig. 7ROC analysis assessing the usefulness of eye movement as a discriminant index for the potential risk of reduced driving performance



Discussion
Previous research reported a potential risk to driving performance during an emergency event when combining the use of second-generation antihistamines with a calling task [5]. This study aimed to investigate the correlation between driving performance and eye movements under these combined conditions, assessing the usefulness of eye movement measurements as a discriminative index for detecting potential risks of driving performance impairment.
The findings revealed a correlation between diminished driving performance and a reduced ratio of eye movements only during an emergency event that involved both the taking of second-generation antihistamines and performing a calling task. Previous studies have indicated that hands-free calling can narrow a driver’s visual field [12], and the impairment in driving performance associated with hands-free calling has been attributed, in part, a reduction in attention to eye input [13]. Histamine plays a vital role in sustaining vigilance and attention [14, 15], especially during tasks that require divided attention [16]. While second-generation antihistamines are recognized for having fewer central nervous system effects compared to their first-generation counterparts, blocking histamine receptors in the brain can still lead to reduced vigilance and attention, potentially contributing to the observed decrease in eye movements [3]. Therefore, it is posited that under the dual influence of second-generation antihistamines and a calling task, the observed decline in driving performance is associated with a decrease in the ratio of eye movements.
Furthermore, the results revealed a distinct division among participants into two groups based on their driving performance: nine participants were identified within the dangerous driving group due to their shorter distances from their vehicle to the pedestrian, while ten participants were classified within the safe driving group, maintaining longer distances. To assess the usefulness of eye movement as a discriminant index of driving performance risk, ROC analysis was conducted. ROC analysis is a widely accepted method across various fields for evaluating the discriminative capability of a diagnostic test [17]. The AUC obtained from ROC analysis serves as a crucial metric for gauging the efficacy of diagnostic methods, with an AUC of 0.7 or above generally indicating a useful discriminative index [18, 19]. Although an AUC exceeding 0.7 does not guarantee utility in every context, contingent upon the dataset size and study nature, the AUC of 0.833 in this research suggests the usefulness of eye movement measurements as a discriminative index for detecting potential risks of driving performance impairment.
A limitation of this study is its reliance on a driving simulator's virtual environment, which may not fully capture the complexities of real-world driving [20, 21]. Conducting experiments involving emergency scenarios in actual driving conditions poses significant safety risks, making simulators a necessary alternative. Despite potential discrepancies between simulator-based and real-world driving outcomes, the correlation between these results under specific conditions suggests the validity of the simulator findings in reflecting real-world driving behaviors [14, 22, 23]. Additionally, despite all participants undergoing two days of pre-test training to operate the driving simulator and respond to one-back tasks identical to those in the main tests, the potential confounding effects of learning cannot be completely ruled out. Therefore, further research is required to ascertain whether the results obtained in this small-scale study are replicable in larger-scale studies with randomized experimental conditions on a driving simulator. The final technical implementation of this research is a driving assistance technology that alerts the driver in advance to the risk of accidents due to the effects of medication and subtasks, by recording only the individual's eye movement measurements while driving in a real car. As a first step in this research, a large driving simulator measurement system was used. It is also necessary to accumulate more patient data for the final technical implementation. Therefore, as a second step, the aim is to develop a system that enables measurement in places such as community pharmacies, where there are no such driving simulator facilities. Based on the results of the present study, a simplified driving simulator and eye measurement environment that enables the determination of driving risk in community pharmacies will be developed and a demonstration study will be conducted. This development will enable a wider range of patients to be targeted than ever before. The introduction of this simplified driving simulator anticipates the possibility of being able to determine in advance the driving risk of patients due to complex conditions such as subtasks and medication other than second-generation antihistamines. Visualize potential driving risks for a larger number of patients and providing on-the-spot driving risk advice to patients from pharmacy pharmacists may be effective in preventing accidents.

Conclusion
Eye movement measurement suggests potential risks of driving performance impairment. The findings of this study show the usefulness of driver's eye movement measurement to detect potential risks under the concurrent influence of second-generation antihistamines and a calling task.

Acknowledgements
Not applicable

Authors’ contributions
Conceived the study: AS, AN, and KT; designed the experiments: AS, AN, and KT; performed the experiments: AS, AN, HA, HY, KT; analyzed the data: AS, AN, HA, HY, MH, TS, MS, TY, TH, and KT.; wrote the paper: AS, AN, MH, TS, MS, TY, TH, and KT. All authors provided intellectual input and are responsible for the contents of the paper, including the data, analysis, and interpretation. The author (s) read and approved the final manuscript.

Funding
This study received no specific grants from funding agencies in the public, commercial, or non-profit sectors.

Availability of data and materials
All data generated or analyzed during this study are included in this published article.

Declarations
Ethics approval and consent to participate
This research complied with the American Psychological Association Code of Ethics and was approved by the Institutional Review Board at Hoshi University (2020–06) and the University of Electro-Communications (20043). The purpose and significance of the study were explained to the participants, and written informed consent was obtained from the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Brożek JL, Bousquet J, Agache I, Agarwal A, Bachert C, Bosnic-Anticevich S, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-2016 revision. J Allergy Clin Immunol. 2017;140:950–8.CrossrefPubMed


	2.
Okubo K, Kurono Y, Ichimura K, Enomoto T, Okamoto Y, Kawauchi H, et al. Japanese guidelines for allergic rhinitis 2017. Allergol Int. 2017;66:205–19.CrossrefPubMed


	3.
Hossenbaccus L, Linton S, Garvey S, Ellis AK. Towards definitive management of allergic rhinitis: best use of new and established therapies. Allergy Asthma Clin Immunol. 2020;16:39.CrossrefPubMedPubMedCentral


	4.
Ishigami Y, Klein RM. Is a hands-free phone safer than a handheld phone? J Safety Res. 2009;40:157–64.CrossrefPubMed


	5.
Sagara A, Nagahama A, Aki H, Yoshimura H, Hiraide M, Shimizu T, et al. Potential risk of driving performance under combined conditions of taking second-generation antihistamines and attending calls using a hands-free function. Traffic Inj Prev. 2024;25:36–40.CrossrefPubMed


	6.
Costela FM, Castro-Torres JJ. Risk prediction model using eye movements during simulated driving with logistic regressions and neural networks. Transport Res F: Traffic Psychol Behav. 2020;74:511–21.Crossref


	7.
Martin S, Trivedi MM. Gaze fixations and dynamics for behavior modeling and prediction of on-road driving maneuvers. IEEE Intelligent Vehicles Symposium (IV). 2017;2017:1541–5.


	8.
Robbins C, Chapman P. How does drivers’ visual search change as a function of experience? A systematic review and meta-analysis. Accid Anal Prev. 2019;132: 105266.CrossrefPubMed


	9.
Mehler B, Reimer B, Dusek JA. MIT AgeLab delayed digit recall task (n-back). Cambridge, MA: Massachusetts Institute of Technology; 2011. p. 17.


	10.
Tatsuno J, Maeda S. Effect of hands-free device on braking operation of drivers. Human factors in Japan. 2017;21:49–58.


	11.
Swets JA. Indices of discrimination or diagnostic accuracy: their ROCs and implied models. Psychol Bull. 1986;99:100.CrossrefPubMed


	12.
Caird JK, Simmons SM, Wiley K, Johnston KA, Horrey WJ. Does talking on a cell phone, with a passenger, or dialing affect driving performance? An updated systematic review and meta-analysis of experimental studies. Hum Factors. 2018;60:101–33.CrossrefPubMed


	13.
Strayer DL, Drews FA, Johnston WA. Cell phone-induced failures of visual attention during simulated driving. J Exp Psychol Appl. 2003;9:23–32.CrossrefPubMed


	14.
Haas H, Panula P. The role of histamine and the tuberomamillary nucleus in the nervous system. Nat Rev Neurosci. 2003;4:121–30.CrossrefPubMed


	15.
Theunissen EL, Vermeeren A, van Oers AC, van Maris I, Ramaekers JG. A dose-ranging study of the effects of mequitazine on actual driving, memory and psychomotor performance as compared to dexchlorpheniramine, cetirizine and placebo. Clin Exp Allergy. 2004;34:250–8.CrossrefPubMed


	16.
Baddeley A. The central executive: a concept and some misconceptions. J Int Neuropsychol Soc. 1998;4:523–6.CrossrefPubMed


	17.
Walter SD. The partial area under the summary ROC curve. Stat Med. 2005;24:2025–40.CrossrefPubMed


	18.
Hajian-Tilaki K. Receiver Operating Characteristic (ROC) Curve Analysis for Medical Diagnostic Test Evaluation. Caspian J Intern Med. 2013;4:627–35.PubMedPubMedCentral


	19.
Woods K, Bowyer KW. Generating ROC curves for artificial neural networks. IEEE Trans Med Imaging. 1997;16:329–37.CrossrefPubMed


	20.
Mullen NW, Charlton JL, Devlin A, Bédard M. Simulator Validity: Behaviors Observed on the Simulator and on the Road. Handbook of Driving Simulation for Engineering, Medicine and Psychology. 1st ed. CRC Press; 2011:1–18.


	21.
Shechtman O, Classen S, Awadzi K, Mann W. Comparison of driving errors between on-the-road and simulated driving assessment: a validation study. Traffic Inj Prev. 2009;10:379–85.CrossrefPubMed


	22.
Godley ST, Triggs TJ, Fildes BN. Driving simulator validation for speed research. Accid Anal Prev. 2002;34:589–600.CrossrefPubMed


	23.
Hammel KR, Fisher DL, Pradhan AK. Verbal and spatial loading effects on eye movements in driving simulators: a comparison to real world driving. Proceed Human Fact Ergonom Soc Ann Meet. 2002;46:2174–8.Crossref




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40780_2024_383_Fig6_HTML.png
>

Distance to pedestrian
in an emergency event (m)

(@)

Distance to pedestrian
in an emergency event (m)

Without medication/
without a calling task

e o}
o
o
15
FPag—°
10+ O 7o
o
o S o
5_
0 T 1

I I 1
0.2 0.4 0.6 0.8 1.0

Ratio of eye movements

With medication/
without a calling task

(]
20+ Y ‘ i [ ] i
15- -__.____——.—-."—'_.____
o %o L
10- ° ®
5_
0 1

1 I 1
0.2 0.4 0.6 0.8 1.0

Ratio of eye movements

Distance to pedestrian

o

Distance to pedestrian
in an emergency event (m)

in an emergency event (m)

Without medication/
with a calling task

20+

15+

10
%ﬂ

54 O
O
B O
o 1 1 1 1 1
0.2 04 0.6 0.8 1.0
Ratio of eye movements
With medication/
with a calling task
20
154
101
5 -
0 1 1

1 1 1
0.2 04 0.6 0.8 1.0

Ratio of eye movements





OEBPS/navigation.xhtml

    
      Contents


      
        		Usefulness of driver’s eye movement measurement to detect potential risks under combined conditions of taking second-generation antihistamines and calling tasks


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40780_2024_383_Fig3_HTML.png
Main-test day

1
Main-test day

Pre-test Pre-test : :
practlflze day practlge day — medication medication
\ J \, \
l ! ' ! // \\ \\
Same contents Same contents ’,’ \\ / \\
as main-test as main-test J/ AN / AN
4 N 4 \
I' \\ 'I' \\
/ 'I \\ ,, \\
/ AN / \\
4 \\ \
Practi With Without Practi With Without
fAEHcs a calling task | a calling task (ACHES a calling task | a calling task

Measurement of

driving performance
and eye movement

Measurement of

driving performance
and eye movement






OEBPS/images/40780_2024_383_Fig4_HTML.png
Left section ' E Central section E Right section
= . hﬁ-: - ' =
= . = .
- - | s
~ —

Fi '...!.(.'.

¥ n I
~Leftsection ~ *  Central section

Right section

-a

i
u\
f
=






OEBPS/images/40780_2024_383_Fig1_HTML.png





OEBPS/css/envelope.png





OEBPS/images/40780_2024_383_Fig7_HTML.png
Sensitivity (%)

ROC curve

-
o o0 o
o o o
| | |

NN
(=
|

N
o

AUC=0.833

o

| | |
0 20 40 60 80 10
100 - Specificity (%)





OEBPS/images/40780_2024_383_Fig2_HTML.png
Participants responded to the previous
number immediately following the
announcement of the next number.

One-back test
Announced
a number

Response Response Response Response Response

FTIIY

2 sec 2 sec 2 sec 2 sec 2 sec

Time





OEBPS/css/sidebar.gif





OEBPS/images/40780_2024_383_Fig5_HTML.png
>

Distance to stopped vehicle
in a non-emergency event (m)

(9]

Distance to stopped vehicle
in a non-emergency event (m)

1.5+

1.0

0.5+

Without medication/
without a calling task

00 o

o O
o o

“oo
o) co
o

0.0
0.2

1.5

1.0

0.5+

0.0

1 1 I
0.4 0.6 0.8 1.0

Ratio of eye movements

With medication/
without a calling task

0.2

1 1 1
0.4 0.6 0.8 1.0

Ratio of eye movements

Distance to stopped vehicle
in a non-emergency event (m)

o

Distance to stopped vehicle
in a non-emergency event (m)

1.5+

1.0

0.5+

Without medication/
with a calling task

a

0 o

0.0
0.2

1.5

1.0

0.5

0.0

I ) 1
0.4 0.6 0.8 1.0

Ratio of eye movements

With medication/
with a calling task

" u, "1
\.l.\l_l
¥

0.2

1 1 1
04 0.6 0.8 1.0

Ratio of eye movements





