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Electric scooter accidents leading
to emergency department visits:
influence of alcohol and outcomes
in Stockholm, Sweden

Olle Andersson® & Therese Djarv%2*

Electric scooters are a popular form of transportation, but accidents have increased with increased
usage over the last years with rising health care costs as a consequence. This study aims to quantify
accidents associated with the use of alcohol and to compare injuries at the emergency department
(ED) among patients who have been involved in an accident involving an electric scooter. We used
data from a multi-center retrospective registry-based cohort in the Swedish Traffic Accident Data
Acquisition. We included all patients that had been involved in an electric scooter accident needing a
visit to all EDs in Stockholm, Sweden during 2019-2020. Data on alcohol intake was manually drawn
from medical files. Out of all of the 369 patients, the majority were men (n=223, 60%) and aged
below 30 years (n=181, 49%). In all, 102 (28%) of the patients had a positive history of alcohol intake
prior to the accident. Patients with alcohol intake more often arrived nighttime than those without
alcohol, via ambulance (40% and 24%, respectively, p-value <0.01). Those with alcohol intake needed
to be admitted to hospital from the ED instead of being discharged more often than those withour
alcohol (17% and 9%, respectively, p-value <0.05) even if the majority still had minor injuries. Every
33,000 trips on electric scooters are statistically accompanied by an accident leading to an ED visit.
We conclude that accidents with electric scooters are often associated with alcohol intake. They
often demand more resources, such as an ambulance transfer and admission to hospital, and involve
multiple injuries, compared to those without alcohol intake.

Abbreviations

AIS Abbreviated injury scale

ED Emergency department
EMS Emergency medical services
ISS Injury Severity Score

STRADA  The Swedish Traffic Accident Data Acquisition

Electric scooters are a fairly new and increasingly popular way of getting around. This has resulted in more elec-
tric scooter injuries and hospital admissions and therefore increasing costs for public healthcare!=8. Injuries are
often minor”!'?, but head traumas are common and severe traumas and even deaths have been reported!*!'-'4,

Electric scooters are also a hot topic in the public debate and some physicians have argued that accidents
related to electric scooters are becoming more frequent and severe with an increased usage. Electric scooters
for public rent were recently made illegal in the city of Copenhagen, Denmark®’. Interestingly, the incidence
of accidents for electric scooters is not well described and few comparison'® has been made to other modes of
transportation.

In Sweden and other Scandinavian countries, laws and restrictions have been applied to limit the use of
electric scooters. Most electric scooters are provided by companies where the driver rents the scooter and pays
per minute, and when the ride ends, payment is made via a phone app. The scooter is left at the end destination
point. The maximum speed for rental scooters is approximately 20 km/h. There are also a minority of electric
scooters that are privately owned.
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Drunk driving an electric scooter is illegal in many countries, but few studies have addressed the association
between alcohol and electric scooter accidents. However, a recent study from New Zeeland showed that as many
as 27% of accidents were associated with the use of alcohol®.

The primary aim of this study was to investigate the use of alcohol prior to an electric scooter accident and to
compare the type and severity of injuries among patients with and without an accident associated with alcohol
at the emergency department (ED). We also aimed to present the number of accidents in relation to electric
scooter usage.

Material and methods

Study design, data source and study population. For this retrospective cohort study we used data
from The Swedish Traffic Accident Data Acquisition (STRADA)' to find all adult (at least 18 years) patients that
had been involved in an electric scooter accident and who needed to visit an ED during the period 2019-2020 in
Stockholm, Sweden. The STRADA contains information on individual road traffic injuries and accidents from
the entire Swedish national road transport system’. All types of accidents, including those involving pedestrians,
bicycles, and trains/trams, are reported in the registry by the Swedish police. All accidents generating a hospital
visit are reported by hospitals nationwide. The reported information includes geographical location, severity and
cause of the accident, type of accident, and degree of personal and property damage.

The police in Sweden report all traffic accidents in which a person is injured to STRADA. The hospitals
also report all traffic accidents in which a person is injured and needs emergency medical care to STRADA.
All methods were carried out in accordance with the Helsinki declaration and informed consent for inclusion
in STRADA and research based on it was provided from particpants. The Regional Ethical Review Board in
Stockholm, Sweden approved the study (Ref. no. 2020-04186). No patient and public involvement was done.

Data collection and categorization. Patient and event data such as; sex, age (categorized in 5-10-year
intervals), whether or not the person was wearing a helmet (yes/no/missing), time of the day (categorized in 6-h
intervals), weekday and month (categorized in 3-month intervals) were collected from STRADA.

Data about the accident were also gathered from STRADA, such as arrival via Emergency Medical Services
(EMS) to the ED (yes/no), whether the patient was discharged from the ED or admitted to the hospital, the
severity of the injuries if multiple (AIS categorized as 1/2/3/missing, ISS categorized as none/1-3/4-8/at least 9/
missing), number of injuries (collected as continuous without any upper limit and then categorized as 1/2/3-5/at
least 6), type of injuries (categorized as cervical spine/concussive injury/external/internal organs/joints/muscle
tendons, ligaments/skeletal/whole area with possibilities to add free text to describe the injury).

Without having any information about the injuries, we used the Swedish personal identification number’® to
access the patient’s electronic medical file via a system called Take-Care’.

Information on alcohol use was accessed by manually screening the medical file for written documentation
by the physician in charge regarding any use of alcohol prior to the accident. The data on alcohol in the medical
file could be based on self-reported use of alcohol by the patient or a positive s-ethanol blood sample or a posi-
tive breath alcohol test. It is not mandatory to document alcohol usage before an accident in the ED but usual
practice among doctors to do so in our settings. Data on alcohol was categorized as yes/no, if data on alcohol
use were missing we categorized the patient as no.

Data regarding the total amount of journeys, kilometres driven, active time on the electric scooter were based
on reported data from the four companies active in Stockholm during the period 2019-2020. Data were collected
directly from each of the four companies by a third party (the Micromobility Association, including all the major
electric scooter companies in Stockholm), and presented anonymized for each company.

Statistical analysis. Descriptive statistics were used for demographic variables. Differences between inju-
ries among patients with alcohol intake and those without alcohol intake were tested for statistical significance
across groups with Chi-squared test on the significance level of 0.05. All statistical analyses were conducted
using STATA 10.2 TX software.

Results

Characteristics of patients in relation to the use of electric scooters. Inall, STRADA included 475
patients, of which 106 fulfilled the criteria for exclusion (Fig. 1). Out of the remaining 369 patients, regardless
of alcohol use or not, the majority were men (n=223, 60%) and aged below 30 years (49%). Helmets were only
used by every tenth patient and two-thirds of injured patients arrived to the ED during evenings and nighttime,
i.e. between 18.00 and 06.00. Every fourth injured patient arrived to the ED on a Saturday and half of the injuries
occurred during the summer (Table 1).

Difference between drivers with and without documented alcohol intake. Of 369 patients, 102
(28%) patients had been involved in an accident associated with a positive history of alcohol use. In 8 patients,
positive serum ethanol was available, ranging from 29 to 66 mmol/L corresponding to 1.09-2.48%o. Further,
21 patients had a positive breath alcohol test ranging from 0.4 to 2.21%o. The remaining 71 patients had a self-
reported intake of alcohol documented in the medical file by the physician in charge. A negative serum ethanol
blood sample was available in 2 patients only. Alcohol history was found in almost all age categories but most
often in younger patients (Table 1). The use of helmets was very rare, and even more rare among those with alco-
hol intake (3% and 13%, respectively, p-value <0.01). Two-thirds of injured patients with alcohol history arrived
to the ED between midnight and 06.00, every third arrived on a Saturday during the summer period.

Scientific Reports |

(2023) 13:5946 | https://doi.org/10.1038/s41598-023-32857-1 nature portfolio



www.nature.com/scientificreports/

STRADA
All patients with electric scooter accident
N=475
All of these patient underwent screening in their
medical file for a) verification of electric scooter
accident and b) by a physician documented but by the
patient self-reported alcohol intake at the time of the
accident or a serum ethanol test with value over 0.

-

Other accident (kickbike, skateboard, moped etc) =23

\

Excluded (106) \

Age under 18 years=25
Not driver of electric scooter (hit by) =10
Not driver of electric scooter (tripped over
stillstanding one)=10
Not driver of electric scoter (bike rider) =24

Missing medical journal= 4
Missing personal number= 9

Electric bicycle: 1 /

patient or positive for ethanol in blood test at the

No documentation of alcohol intake in the medical file
at the emergency department
n=267

Documented self-reported alcohol intake by the

emergency department
n=102

Figure 1. Flowchart for study population.

Patients with a positive history of alcohol use more often arrived via EMS and needed to be admitted to a
hospital from the ED instead of being discharged, even if the majority still had minor injuries (Table 2). Further,
they more often had multiple injuries and concussive injuries.

Usage in relation to accidents. The total number of journeys in 2019 and 2020 in Stockholm was
11,551,922; the total travel distance was 16,989,608 km; the total time spent on an electric scooter was 1,599,967 h.
The total amount of adult accidents needing an ED visit was 377. In other words, the incidence of an accident on
an electric scooter that needed emergency medical care during the period 2019-2020 in Stockholm was approxi-
mately 1:31,000 journeys, or 1:45,500 km, or 1:4,300 h.

Discussion

To our knowledge, this is one of the larger population-based cohorts based on both police and hospital reported
accidents in the field of electric scooter accidents, and one of few assessing the influence of alcohol. Our main
findings are that 28% of accidents were associated with alcohol intake, drivers under the influence of alcohol
more often had multiple injuries.

The percentage of accidents associated with alcohol varies in the literature between 4 and 27%>!"1%%, this
might relate partly to different cultures and laws in different settings as well as due to study designs. Our percent-
age being one of the highest might relate to our manual screening of the medical charts for self-reported intake
and not only laboratory tests. On the other hand, if we had used routine tests in clinical practice, our ratio might
have been even higher. For example, Kobayashi et al.?! used blood samples and found levels above the legal limit
in about half of the patients.

This is one of few studies, to our knowledge, where the incidence of accidents on electric scooters is presented.
Our incidence rate (3 per 100,000 trips, or 20:1,000,000 km, or 23 per 100,000 h) is much lower than in a recent
study from New Zealand presenting 20 per 100,000 trips>. The differences could at least partly be explained by
the fact that their number was an estimate and ours were based on exact figures. Interstingly, a recent study from
Norway have presented a threefold incidence of accidents among scooters compared to bikes'®. This can also be
compared with accident rates for ED visits for bicycles from a prospective cohort study from Belgium?®* 3 per
100,000 trips, 5 per 1,000,000 km and 8 per 100,000 h. Therefore, it seems that electric scooter drivers travel a
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Patient with alcohol* associated with the | Patient without alcohol* associated to the
accident accident
Number (%) Number (%)
102 (100) 267 (100) p-value**
Gender
Female 36 (35) 110 (41) 0.30
Male 66 (65) 157 (59)
Age categories (years)
18-24 37 (36) 64 (24) 0.35
25-29 16 (16) 64 (21)
30-34 16 (16) 32(12)
35-39 11 (11) 36 (13)
40-44 8(8) 15 (6)
45-49 5(5) 19(7)
50-59 8 (8) 24(9)
60-69 1(1) 7(3)
At least 70 0(0) 1(1)
Wearing a helmet <0.01
Yes 3(3) 35(13)
Missing 19 (19) 31(12)
Time of the day
00.00-06.00 69 (70) 66 (25) <0.01
06.01-11.59 1(1) 35(13)
12.00-17.59 1(1) 74 (28)
18.00-23.59 28 (28) 86 (33)
Missing 3(3) 6(2)
Weekday <0.01
Monday 3(3) 27 (10)
Tuesday 5(5) 34(13)
Wednesday 8(8) 35(13)
Thursday 22(22) 31(12)
Friday 15 (15) 51(19)
Saturday 32(31) 57 (21)
Sunday 17 (16) 32 (12)
Time of the year 0.02
Winter (December-February) 10 (9) 7(3)
Spring (March-May) 7(7) 29 (11)
Summer (June-August) 52 (51) 133 (50)
Autumn (September-November) 33(32) 98 (37)

Table 1. Characteristics of all patients visiting an emergency department due to an accident with an electric
scooter in Stockholm, Sweden 2019-2020. *Alcohol in blood was determined as either a note of self-reported
intake of alcohol in the medical file written by the physician or a value over 0 on the laboratory test serum-
ethanol taken at arrival to the emergency department. **Chi squared test between all patients with alcohol
compared to those without alcohol.

shorter distance and a shorter time before an accident occurs. Of note, we only collected the data from rental
companies since private-owned electric scooters were rare at the time of data collection.

Regarding patient and usage characteristics, we found similar characteristics in previous studies, i.e. most
riders are men and young, and usage is related to night times and weekends>!!1>2°.

The finding of more multiple injuries and concussion injuries among alcohol users deserves attention. The
use of a helmet was equally or even more rarely used in our cohort compared to previous studies, ranging from 1
to 19%'"-2%21-33-26_ For now, there is no legal retrictions on helmet and electric scooters in Sweden and it remains
unknown whether the use of a helmet would be effective in preventing these injuries even if previous studies
have shown that traumatic brain injuries that result from bicycle and skateboard accidents decrease significantly
with the use of a helmet?”*®. Regarding other types of injuries, our second most common injury was skeletal/
fractures and this corresponds quite well with other studies>'1*-21,

A limitation in our study was the lack of consistency in screening for alcohol in the hospitals in Stockholm.
When we take into consideration the fact that most of the accidents occurred on weekends between 18:00 and
06.00, in the central part of Stockholm and that most of the patients were 30 years of age or less, and that it is
not mandatory to assess or document alcohol usage when involved in an accident with an electric scooter, it is
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Patient with alcohol* | Patient without alcohol

Number (%) Number (%)

102 (100) 267 (100) p-value**
Arrival mode to ED
Emergency Medical Services 41 (40) 24 (9) <0.01
Admission in the ED <0.01
Left without seen 3(3) 1(<1)
Discharged 82 (80) 241 (90)
Admitted to hospital 17 (17) 25(9)
Accident degree (ISS)
None 4(4) 32 (12) <0.01
Minor (ISS 1-3) 63 (62) 138 (52)
Intermediate (ISS 4-8) 27 (26) 93 (35)
Serious (ISS 9-) 8(8) 3(1)
Missing 0(0) 1(<1)
AIS-degree 0.04
0 3(3) 24 (9)
1 63 (62) 138 (53)
2 31 (31) 93 (36)
3 4(4) 3(1)
4-6 0(0) 2(1
Missing 1(1) 7(2)
Number of injuries reported <0.01
1 43 (42) 187 (70)
2 26 (25) 43 (16)
3-5 30 (29) 37 (14)
6-13 3(3) 1(<1)
Type of injury***
Cervical spine 3(3) 3(1) 0.35
Concussive injury 20 (20) 14 (5) <0.01
External (mainly hands and face) 7(7) 7(3) 0.06
Internal organs 6 (6) 1(<1) <0.01
Joints (mainly foots and knees) 10 (10) 22 (8) 0.63
Muscle tendons, ligaments 0(0) 10 (4) 0.07
Skeletal 42 (41) 109 (41) 0.93
Whole area (mainly face, hands, knees and foots) 60 (59) 119 (44) 0.01

Table 2. Injury pattern of all patients visiting an emergency department due to an accident with an electric
scooter in Stockholm, Sweden 2019-2020. *Alcohol in blood was determined as either a note of self-reported
intake of alcohol in the medical file written by the physician or a value over 0 on the laboratory test serum-
ethanol taken at arrival to the emergency department. **Chi squared test or Fischers 2-sided exact test if less
than 5 per cell. ***Type of injury, all injuries without any upper limit of accidents per patient could be reported.

natural to suspect that the use of alcohol prior to an accident on an electric scooter is underreported rather than
the opposite. Further, our dataset is to small to run regression analysis on severity type and adjust for helmet
use and so on.

A strength is that we used population-based mandatory registration with high completeness as our main data
source. The STRADA database collects both police-reported accidents and hospital reported accidents which
cover all accidents rather than only a minor portion of them. From STRADA we know that the total numbers
of electric scooter accidents were higher since we only included accidents by the driver of the electric scooter
and those needing a visit to the ED.

Future interventional studies aiming for a reduction of the number of accidents, especially associated with
alcohol, might look into the possibility of pausing the rental of electric scooters during the night or in other
ways making sure that the driver is not under the influence of alcohol. In Sweden, it is already illegal to drive a
vehicle under the influence of alcohol, including electric scooters.

In conclusion, accidents with electric scooters are often associated with alcohol intake. Every 33,000 trips on
an electric scooter statistically involve an accident that requires a visit to an ED.

Data availability
Please contact corresponding author, therese.djarv@ki.se for data requests.

Scientific Reports |

(2023) 13:5946 |

https://doi.org/10.1038/s41598-023-32857-1 nature portfolio



www.nature.com/scientificreports/

Received: 11 June 2022; Accepted: 4 April 2023
Published online: 12 April 2023

References

1.
2.

3.

10.

11.
12.

13.
14.

15.
16.

17.
. Ludvigsson, J. E, Otterblad-Olausson, P, Pettersson, B. U. & Ekbom, A. The Swedish personal identity number: Possibilities and

19.
20.
. Kobayashi, L. M. et al. The e-merging e-pidemic of e-scooters. Trauma Surg. Acute Care Open. 4, e000337 (2019).
22.

23.
. Liew, Y. K., Wee, C. P.J. & Pek, J. H. New peril on our roads: A retrospective study of electric scooter-related injuries. Singap. Med.

25.
26.
27.

28.

Namiri, N. K. ef al. Electric scooter injuries and hospital admissions in the United States, 2014-2018. JAMA Surg. 155, 357-359
(2020).

Bekhit, M. N. Z., Le Fevre, ]. & Bergin, C. J. Regional healthcare costs and burden of injury associated with electric scooters. Injury
51, 271-277 (2020).

Lavoie-Gagne, O. et al. Financial impact of electric scooters: A review of injuries over 27 months at an urban level 1 trauma center
(cost of e-scooter injuries at an urban level 1 trauma center). Trauma Surg. Acute Care Open. 6, 000634 (2021).

. Lavoie-Gagne, O. et al. Characterization of electric scooter injuries over 27 months at an urban level 1 trauma center. Am. J. Emerg.

Med. 45, 129-136 (2021).

. Farley, K. X. et al. Estimated incidence of electric scooter injuries in the US from 2014 to 2019. JAMA Netw. Open. 3, €2014500

(2020).

. Reito, A., Oljymaki, E., Franssila, M. & Mattila, V. M. Incidence of electric scooter-associated injuries in Finland From 2019 to

2021. JAMA Netw Open. 5, €227418 (2022).

. Shichman, I., Shaked, O., Factor, S., Weiss-Meilik, A. & Khoury, A. Emergency department electric scooter injuries after the

introduction of shared e-scooter services: A retrospective review of 3,331 cases. World J. Emerg. Med. 13, 5-10 (2022).

. Vasara, H. et al. Characteristics and costs of electric scooter injuries in Helsinki: A retrospective cohort study. Scand. J. Trauma

Resusc. Emerg. Med. 30, 57 (2022).

. Factor, S., Shaked, O., Atlan, F, Pritsch, T. & Shichman, I. Electric scooter-related upper limb fractures: Analysis of 458 cases. J.

Hand. Surg. Am. 48, 197.e1-197.e6 (2023).

Siow, M. Y. et al. Electric Scooter orthopaedic injury demographics at an Urban Level I Trauma Center. J. Orthop. Trauma. 34,
e424-e429 (2020).

Trivedi, T. K. et al. Injuries associated with standing electric scooter use. JAMA Netw. Open. 2, 187381 (2019).

Aizpuru, M. et al. Motorized scooter injuries in the era of scooter-shares: A review of the national electronic surveillance system.
Am. J. Emerg. Med. 37,1133-1138 (2019).

Shichman, I. et al. The association between electric scooter riding position and injury characteristics. J. Safety Res. 84, 347-352
(2023).

Shichman, I., Shaked, O., Factor, S., Elbaz, E. & Khoury, A. Epidemiology of fractures sustained during electric scooter accidents:
A retrospective review of 563 cases. J. Bone Joint Surg. Am. 103, 1125-1131 (2021).

Life, Y.D.. 2021, visited on 11 November 2021.

Stray, A. V. et al. Characteristics of electric scooter and bicycle injuries after introduction of electric scooter rentals in Oslo, Norway.
JAMA Netw. Open. 5, €2226701 (2022).

Acquisition SSTAD. 2021:Only available in swedish.

pitfalls in healthcare and medical research. Eur. J. Epidemiol. 24, 659-667 (2009).

Moftakhar, T. et al. Incidence and severity of electric scooter related injuries after introduction of an urban rental programme in
Vienna: A retrospective multicentre study. Arch. Orthop. Trauma Surg. 141, 1207-1213 (2021).

Bloom, M. B. et al. Standing electric scooter injuries: Impact on a community. Am. J. Surg. 221, 227-232 (2021).

de Geus, B. et al. A prospective cohort study on minor accidents involving commuter cyclists in Belgium. Accid. Anal. Prev. 45,
683-693 (2012).
Dhillon, N. K. et al. Electric scooter injury in Southern California Trauma Centers. J. Am. Coll. Surg. 231, 133-138 (2020).

J. 61, 92-95 (2020).

Stormann, P. et al. Characteristics and injury patterns in electric-scooter related accidents—A prospective two-center report from
Germany. J. Clin. Med. 9(5), 1569 (2020).

Blomberg, S. N. E, Rosenkrantz, O. C. M., Lippert, E. & Collatz, C. H. Injury from electric scooters in Copenhagen: A retrospective
cohort study. BMJ Open 9, €033988 (2019).

Thompson, R. S., Rivara, F. P. & Thompson, D. C. A case-control study of the effectiveness of bicycle safety helmets. N. Engl. J.
Med. 320, 1361-1367 (1989).

Lustenberger, T. et al. Skateboard-related injuries: Not to be taken lightly. A National Trauma Databank Analysis. J. Trauma. 69,
924-927 (2010).

Acknowledgements
None. No funding was obtained for the current study.

Author contributions

O.A. contributed to study design, planning, data gathering, data analysis, drafting and revising manuscript inl-
clding accepting final version of manuscript. T.D. contributed to study design, planning, data analysis, drafting
and revising manuscript as well as supervision and administrative support.

Funding

Open access funding provided by Karolinska Institute.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.D.

Reprints and permissions information is available at www.nature.com/reprints.

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

Scientific Reports |

(2023) 13:5946 | https://doi.org/10.1038/s41598-023-32857-1 nature portfolio


www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports|  (2023) 13:5946 | https://doi.org/10.1038/s41598-023-32857-1 nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Electric scooter accidents leading to emergency department visits: influence of alcohol and outcomes in Stockholm, Sweden
	Material and methods
	Study design, data source and study population. 
	Data collection and categorization. 
	Statistical analysis. 

	Results
	Characteristics of patients in relation to the use of electric scooters. 
	Difference between drivers with and without documented alcohol intake. 
	Usage in relation to accidents. 

	Discussion
	References
	Acknowledgements


