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ARTICLE INFO ABSTRACT

Keywords: Introduction: The rising use of e-bikes (EBs) presents an opportunity to increase active trans-
Bicycle portation but may compromise road safety due to increased travel speed and weight compared to
e-bike

conventional bicycle (CBs). Evidence comparing the safety of EBs and CBs is limited while the
Road safety influence of cyclists” health status has been neglected.

Cycling safety Methods: This cross-sectional case-control study compared EB and CB users in the Netherlands.
Health Data were gathered 1) through a survey among crash casualties treated at emergency de-
partments aged >16 (N = 2383) and 2) control group data were collected among cyclists without
any known crash experience, randomly drawn from a panel of the Dutch population (N = 1860).
Using logistic regressions, we assessed the likelihood of crashes and crash severity while adjusting
for bicycle use and health status.

Results: EB users had poorer health than CB users, but they were not more likely to be involved in
a crash or to sustain more severe injuries. However, older female cyclists did have an elevated risk
on EBs and sustained more severe injuries. Health-related factors such as the presence of morbid
conditions, medication use, and the body mass index were neither associated with crash likeli-
hood nor associated with injury severity and accordingly did not explain the findings for older
females. However, balance and coordination problems, and the use of anti-epileptic drugs were
associated with crashes.

Conclusion: Our findings provide support that EB users have a poorer health status than CB users,
while general health status is unrelated to the likelihood and severity of bicycle crashes. EBs
enable more vulnerable groups to cycle or keep cycling but, after controlling for bicycle use, EB
users are not more likely to be involved in a crash or to sustain severe injuries. As older females
run a higher risk on an EB and are more likely to fall while (dis)mounting, we recommend to
promote EBs enabling safer (dis)mounting such as by reduced saddle height.

Electrically assisted bicycle

1. Introduction

Purchase and use of e-bikes (EBs, bicycles offering pedal assistance up to 25 km/h and motor output up to 250 W) are on the rise in
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many countries (Fishman and Cherry, 2016; Bovag-Rai, 2019). The Netherlands is no exception to this trend, as the share of EBs in total
bicycle purchases rose from 14% to 41% in 2010-2018 (Bovag-Rai, 2019). This increase presents an opportunity to increase active
transportation (Cairns et al., 2015; De Kruijf et al., 2018). Riding the same distance on an EB requires some 24% less energy than on a
Conventional Bicycle (CB) (Langford et al., 2017), but net losses in physical activity in those switching from a CB to an EB are less due
to increased trip distances (Castro et al., 2019). Replacing car trips by EB trips yields substantial increases in physical activity and
related health benefits (Woodcock et al., 2011; Castro et al., 2019). However, the increased use of EBs raises questions of how road
safety is affected (Haustein and Mgller, 2016; Schepers et al., 2018). EBs are ridden at somewhat higher speeds which may elevate the
risk, although the difference is only 1-3 km/h (Twisk et al., 2013; Van Boggelen et al., 2013; Langford et al., 2015; Vlakveld et al.,
2015; Schleinitz et al., 2017). EBs higher weight may increase the risk of falling while mounting or dismounting (Twisk et al., 2017;
Hertach et al., 2018).

The results of studies on EB safety are inconsistent. Few studies have compared crash risk on EBs with CBs while controlling for the
amount of cycling. After controlling for age, gender, and cycling frequency, Schepers et al. (2014) found EB users were more likely to
be involved in a crash that required treatment at an emergency department. In line with this conclusion, Haustein and Mgller (2016)
found 29% of EB users reported that they had been involved in crashes or safety critical incidents that they thought would not have
arisen on a CB. In a study controlling for the amount of cycling, Fyhri et al. (2019) did not find EB users to have a higher risk in general,
except for older women.

More studies have focused on the severity of crashes on EBs. Studies in European countries where EBs are allowed to offer pedal
assistance up to 25 km/h showed that crashes on EBs are equally severe as those with CBs (Schepers et al., 2014; Weber et al., 2014;
Weiss et al., 2018; Fyhri et al., 2019). Taken together, EB and CB crashes seem to be equally severe but more research is needed to draw
conclusions on the risk (crashes per kilometre) of riding an EB compared to a CB.

To better understand risk differences such studies need to control for health status. The two aforementioned studies that found an
elevated risk among (female) EB users (Schepers et al., 2014; Fyhri et al., 2019) did not control for health status. EB users are more
likely to be obese and rate their health as poorer than CB users (Van Cauwenberg et al., 2019). Riding an EB enables people with
chronic diseases to cycle or to keep cycling in old age (Johnson and Rose, 2015; Jones et al., 2016). EB riding has been suggested as a
form of physical activity for people with diabetes to reduce their medication intake (Cooper et al., 2018; Searle et al., 2019). Health
problems and reduced physical fitness may increase the likelihood of falls and other bicycle crashes (Sakurai et al., 2016; Engbers et al.,
2018; Hertach et al., 2018). For comparison, the risk of falls has been found to be associated with health problems such as obesity
(Mitchell et al., 2014), medication use (Kojima et al., 2012), and comorbidity (Lawlor et al., 2003). To our best knowledge, these
factors have not yet been included in studies on the risk of falling while cycling. As health status differs between EB and CB users,
neglecting this factor may confound the outcomes of a comparison of crash likelihood in EB and CB users.

To address this gap in knowledge, we compared the likelihood and severity of bicycle crashes between CBs and EBs in the
Netherlands while controlling for bicycle use, age, gender, and health status.

2. Material and methods
2.1. Data

Data were collected through a survey in the year 2016 by the Dutch Consumer and Safety Institute among cyclists treated at an ED
for severe injuries, after a crash, in 13 Dutch hospitals. In line with the Dutch definition, severe injuries are defined as those resulting in
a Maximum Abbreviated Injury Score (MAIS) of 2 or higher and hospitalization (SWOV, 2019). Casualties’ files were retrieved from the
Dutch Injury Surveillance System, which records anonymous statistics of all people treated for an injury in one of the Dutch hospitals.
Control group data of cyclists not involved in a crash were obtained from the market research company KANTAR-TNS (see Appendix 3
and 4 in Valkenberg et al., 2017 for the questionnaires). The Medical Ethics Review Committee of the Academic Medical Centre did not
have any objections to the study (reference number W16_151 #16.175).

A total of 2383 caualties over 16 years of age responded, a 38% response rate (Valkenberg et al., 2017). To adjust for differences in
the selection probabilities, the data were weighted for age and gender, based on the representation in the Injury Surveillance System.
Out of 3364 KANTAR panel members, 1860 (55%) completed the questionnaire and 1811 were included after excluding those involved
in a bicycle crash over the past year. The dataset contained a weighting factor, aimed to correct for the response rate differences, based
on comparing the response to the KANTAR-TNS panel (containing 200,000 persons in total), to represent age, gender, and other
demographic characteristics of the Dutch population.

Respondents were asked about background characteristics, health status, and bicycle use. Cycling frequency per week was rated in
accordance to four categories and the number of kilometres cycled per year (preceding the crash among crash casualties) was obtained.
Crash casualties were also asked about crash characteristics. People’s health status was captured through the presence of morbid
conditions, medication use, and weight and height. Body mass index (BMI) was calculated with the weight divided by the square of the
body height. Respondents were asked about specific morbid conditions (problems regarding vision, hearing, balance, coordination,
stamina, muscles or joints, fatigue and sleeping) and medications that may affect the visual, cognitive, and/or motor abilities needed
for safe driving and therefore may also compromise cycling abilities. The latter were derived from medications listed by the Dutch
Institute for responsible use of medicines (IVM, 2019): sleep medication, tranquilizers, anti-depressants, anti-epileptic drugs, attention
deficit hyperactivity disorder (ADHD) medications, mental health medications, allergy and hay fever medication, painkillers and
opiates, Parkinson’s disease medications, and blood thinners. Self-reported involvement of health condition as a contributing factor
(answer to the question ‘Did your physical or mental condition play a role in the crash?‘) was added to the analysis on injury severity
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only because only crash casualties answered this question.

2.2. Analyses

Due to our binary outcomes, we fitted logistic regression models to compare groups (1. EB vs. CB users, 2. Cases versus controls, 3.
Seriously injured casualties vs. other casualties treated at an ED). Binary logistic regression models the probability of two alternatives,
e.g. to compare cases to controls, crash types or levels of injury severity (Peduzzi et al., 1996; Vandenbulcke-Plasschaert, 2012).
Logistic regression has been used in several studies to compare the likelihood of crashes on EBs with CBs and the severity of injuries of
EB crashes with CB crashes (e.g., Schepers et al., 2014; Haustein and Mgller, 2016; Fyhri et al., 2019). Three types of logistic regression
were conducted in the current study. Firstly, we compared differences between EB and CB users among respondents without a crash (e.
g. health status). Secondly, crash likelihood was examined by comparing casualties treated at an ED with non-casualties (‘controls’).
Thirdly, crash severity was studied by comparing hospitalized casualties with a MAIS of 2 or higher with other casualties treated at an
ED.

We report odds ratios (ORs) and 95% confidence intervals (CIs). All three models were adjusted for cycling frequency and estimated
kilometres cycled per year. A categorical variable was used in the first analysis on bicycle type to examine the interaction between age
(16-60 years vs. 60+) and gender. Likewise, a categorical variable was used in the second and third analyses on crash likelihood and
severity to examine the interaction between bicycle type (EB vs. CB), age, and gender. Due to combining these three variables, a
distinction in more than two age categories would result in a small group size. A disadvantage of only two age categories is the
possibility of age differences within groups. Therefore, in case the results for the categorical variable suggest a difference in crash
likelihood (Section 3.2) or severity (Section 3.3) between EB and CB users within the same age and gender group, we ran an additional
sensitivity analysis (Section 3.4). This analysis was restricted to this group with age as a continuous control variable and all other
control variables including health factors (except gender as the group is restricted to either males or females in the group up to or above
60 years). Adding age to the main analyses would not be a suitable strategy as the relationship of age with crash likelihood and severity
may differ between age and gender groups (see e.g. Ormel et al., 2008).

Health-related variables used in all three types of analyses are; the presence of morbid conditions, medication use, and BMI. Self-
reported involvement of health condition as a factor contributing to the crash was only included in the third analysis as only crash
casualties are able to answer a question about this factor. The second and third analyses on crash likelihood and injury severity are
conducted without (Model 1 in Tables 2 and 3) and with (Model 2a in Tables 2 and 3) health-related variables to examine to what
degree a potentially elevated risk among EB users may be explained by health status. An elevated risk among EB due to their health
status would follow from an OR significantly greater than 1 in an analysis without health-related control variables that would decrease
to around 1 in an analysis with health-related control variables. The following health variables were included in the regression on crash
involvement: presence of morbid conditions, medication use, and BMI. These health variables were supplemented with self-reported
involvement of health condition as a factor contributing to the crash in the regression on hospitalization for injuries with a MAIS of 2 or

Table 1
Logistic regression results on bicycle type among cyclists (Bicycle type: EB = 1, CB = 0).
Bicycle type
N CB EB OR (95% CI)
1449 292
Categorical variables: Column %
Age, gender
60+, female (ref.) 10% 25% 1
60-+, male 13% 28% 0.80 (0.55-1.18)
16-60, female 39% 33% 0.42 (0.29-0.60)***
16-60, male 38% 15% 0.19 (0.12-0.29)***
Cycling frequency per week
less than 1 day (ref.) 26% 14% 1
1-2 days 20% 20% 1.78 (1.16-2.74)**
3-4 days 20% 25% 1.92 (1.26-2.92)**
5-7 days 34% 41% 1.63 (1.08-2.47)*
Medication use
none (ref.) 62% 37% 1
one or more 38% 63% 1.62 (1.21-2.18) **
Morbid conditions
none (ref) 64% 48% 1
one or more 36% 52% 1.10 (0.83-1.46)
Continuous variables:Mean (SD)
BMI 25.4 (4.6) 27.7 (5.5) 1.09 (1.06-1.12)***
Distance cycled (km/year) 1007 (1649) 1502 (1364) 1.00 (1.00-1.00) ***

*p < 0.05; **p < 0.01; ***p < 0.001.
OR = Odds Ratio; CI = confidence interval; ref. = reference category.
& Number of included cases, cases with missing or unknown values for one of the variables are excluded.
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higher.

As multiple morbid conditions and medications could be reported we conducted analyses in which the dichotomous variables for
morbid conditions (i.e. did the respondent report one or more morbid conditions or not) and medication use (i.e. was medication use
reported or not) were exchanged with variables for the individual morbid conditions and medications listed in the questionnaire. This
allows an examination of whether there are specific diseases or conditions that may increase the likelihood of crashes or severe
outcomes. Specific morbid conditions and medications found to be significantly related to crash likelihood and severity were combined
in new categorical variables with a limited number of categories. In case the groups with morbid conditions and medication uses
overlapped because of comorbidity and polypharmacy, we assigned respondents to a category for the condition and medication with
the highest OR in the above-mentioned analyses. The results of logistic regression analyses with these new health-related variables are
referred to as Model 2 b in Section 3.2 and 3.3.

3. Results
3.1. Relationship between health condition and EB use

Table 1 shows the descriptive statistics (i.e., column percentage for categorical variables and the mean and standard deviation for
continuous variables left second and third column) and the regression results on EB use among cyclists without reported crash
involvement (right column). EB users appear to differ from CB users in terms of age, gender, and health status. As shown by a low OR,
younger cyclists are less likely to use EBs. Female cyclists over 60 years are more likely to use an EB than older male cyclists but this
difference is not significant. Changing the reference category for this variable to female cyclists up to 60 years shows that male cyclists
up to 60 years are significantly less likely to use an EB than female cyclist in the same age group (OR = 0.46, 95% CI = 0.31-0.66). EB

Table 2
Logistic regression results on crash involvement for which treatment at an ED is needed (Crash involvement: yes = 1, no = 0).
Crash involvement Model 1 without health-related =~ Model 2a with health-related Model 2 b with adjusted health-
(unadjusted) variables variables related variables
No Yes OR (95% CI) OR (95% CI) OR (95% CI)
N 1811 1890
Categorical variables: Column %
Age, gender, bicycle type
60+, female, CB 8% 10% 1 1 1
(ref.)
60+, female, EB 5% 10% 1.62 (1.14-2.31)** 1.80 (1.25-2.58)** 1.74 (1.21-2.49)**
60+, male, CB 10% 11% 0.69 (0.50-0.96)* 0.71 (0.51-0.98)* 0.69 (0.50-0.96)*
60+, male, EB 5% 5% 0.70 (0.48-1.01) 0.79 (0.54-1.16) 0.70 (0.48-1.03)
16-60, female, CB 32% 23% 0.56 (0.43-0.73) 0.52 (0.40-0.69 0.55 (0.42-0.73)
16-60, female, EB 6% 5% 0.50 (0.35-0.73)*** 0.54 (0.37-0.79)** 0.54 (0.37-0.80)**
16-60, male, CB 31% 33% 0.74 (0.57-0.96)* 0.69 (0.53-0.91)** 0.74 (0.56-0.96)*
16-60, male, EB 3% 2% 0.52 (0.31-0.87)* 0.58 (0.34-0.98)* 0.56 (0.33-0.96)*
Cycling frequency per week
less than 1 day 24% 5% 1 1 1
(ref.)
1-2 days 20% 15% 3.05 (2.29-4.07) 2.97 (2.22-3.97)*** 2.98 (2.22-3.98)***
3-4 days 21% 26% 4.14 (3.12-5.48) 4.03 (3.03-5.35)*** 4.11 (3.09-5.47)***
5-7 days 35% 54% 4.17 (3.17-5.47)*** 3.96 (3.01-5.21)*** 4.00 (3.03-5.26)***
Medication use
none (ref) 57% 58% 1
one or more 43% 42% 1.13 (0.95-1.34)
Morbid conditions
none (ref) 61% 70% 1
one or more 39% 30% 0.67 (0.56-0.78)***
Adjusted medication use
none (ref) 91% 87% 1
anti-epileptic drugs 0.2% 2% 7.47 (2.48-22.52)***
blood thinners 9% 11% 1.23 (0.95-1.61)
Adjusted morbid conditions
98% 96% 1
coordination 0.4% 1% 2.95 (1.05-8.27)*
balance 2% 3% 2.46 (1.49-4.09)***
Continuous variables Mean (SD)
BMI 25.8 (4.8) 24.5 (4.2) 0.95 (0.93-0.97)*** 0.94 (0.93-0.96)***
Distance cycled (km/ 1098 2720 1.00 (1.00-1.00)*** 1.00 (1.00-1.00)*** 1.00 (1.00-1.00)***
year) (1611) (2936)

*p < 0.05; **p < 0.01; ***p < 0.001; OR = Odds Ratio; CI = confidence interval; ref. = reference category; SD = Standard Deviation.
& Number of included cases, cases with missing or unknown values for one of the variables are excluded.
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Table 3
Logistic regression results on the hospitalization for MAIS2+ injuries (Serious injuries: yes = 1, no = 0).

Serious injuries (unadjusted) =~ Model 1 without health-related variables =~ Model 2a with health-related variables

No Yes OR (95% CI) OR (95% CI)
N* 1536 354
Categorical variables: Column %
Age, gender, bicycle type
60+, female, CB (ref.) 10% 10% 1 1
60+, female, EB 10% 14% 1.88 (1.13-3.13)* 1.96 (1.17-3.31)*
60+, male, CB 10% 16% 1.78 (1.08-2.95)* 1.79 (1.08-2.99)*
60+, male, EB 5% 7% 1.68 (0.93-3.05) 1.67 (0.91-3.06)
16-60, female, CB 25% 17% 0.82 (0.51-1.33) 0.79 (0.48-1.31)
16-60, female, EB 5% 4% 0.74 (0.36-1.54) 0.80 (0.39-1.67)
16-60, male, CB 33% 31% 1.03 (0.65-1.61) 1.08 (0.68-1.72)
16-60, male, EB 2% 2% 0.65 (0.24-1.79) 0.73 (0.26-2.02)
Cycling frequency per week
less than 1 day (ref.) 5% 4% 1 1
1-2 days 15% 13% 1.02 (0.53-1.96) 1.14 (0.59-2.21)
3-4 days 26% 28% 1.05 (0.56-1.96) 1.11 (0.59-2.09)
5-7 days 54% 54% 1.06 (0.57-1.94) 1.11 (0.60-2.06)
Medication use
none (ref.) 59% 51% 1
one or more 41% 49% 1.26 (0.96-1.66)
Morbid conditions
none (ref.) 72% 65% 1
one or more 29% 35% 1.14 (0.87-1.49)
Role of health condition in crash
none (ref) 87% 83% 1
physical/mental condition played arole ~ 13% 17% 1.47 (1.05-2.06)*
Continuous variables: Mean (SD)
BMI 24.6 (4.3) 24.1 (3.9 0.95 (0.92-0.98)**
Distance cycled (km/year) 2634 (2816)  3092(3381)  1.00 (1.00-1.00)* 1.00 (1.00-1.00)*

*p < 0.05; **p < 0.01; OR = Odds Ratio; CI = confidence interval; ref. = reference category; SD = Standard Deviation.
& Number of included cases, cases with missing or unknown values for one of the variables are excluded.

users travel significantly more kilometres per year regardless of their health condition and are less likely to cycle less than 1 day per
week.

Health status also differs between EB users and CB users. The share of EB users reporting morbid conditions is greater than the share
of CB users (52% vs. 36%). In the multivariate regression analysis however, even though the OR exceeds 1, this difference is not
significant and may be explained by other factors such as EB users’ higher age that are included in the analysis as control variables.
Medication use is significantly more common among EB users and their BMI is significantly higher than CB users’ BMI. These outcomes
indicate that the availability of an EBs may enable those with poorer health to cycle or to keep cycling. This outcome also shows that
health status may be an important control variable in the analyses on crash likelihood and crash severity reported in Section 3.2 and
3.3.

3.2. Crash likelihood

Table 2 shows the results of regression analysis on involvement in crashes resulting in injuries for which treatment at an ED is
needed. A lower or higher OR suggests a lower or higher risk (crashes per distance cycled) because all results are adjusted for distance
cycled per year. The results of the analysis without health-related control variables (Model 1) suggest that the odds of being treated at
an ED after a bicycle crash is significantly greater among older women on an EB compared to those on a CB. Such differences for bicycle
type were not found for male cyclists and younger female cyclists. Cycling more frequently and travelling more kilometres per years is
associated with crash involvement.

The Models 2a and 2 b in Table 2 describe the outcomes of the regression analyses including health-related control variables.
Adding these variables in a second step allows to examine their effect on the OR for bicycle type and thereby the degree to which health
status may confound the relationship between crash likelihood and bicycle type. Medication use and BMI are particularly important
because, as reported in Section 3.1, EB users have a higher BMI and are more likely to use medication than EB users. In Model 2a
(Table 2) with general health-related variables, medication use was not found to be associated with crash involvement. Counterin-
tuitively, the results suggest a negative association between BMI and crash involvement meaning that those with a higher BMI are
somewhat less likely to be involved in a bicycle crash. Those reporting one or more morbid conditions are also less likely to be involved
in a crash (but EB users and CB users did not significantly differ in terms of morbid conditions, see Section 3.1). Accordingly, the
elevated risk among older female EB users is not explained by health condition and the OR for this group in the analysis with health-
related control variables hardly differs from the OR in the analysis without these variables. The outcomes regarding the risk among EB
users do not appear to be mediated by health status.
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The dichotomous variables for morbid conditions and medications included in Model 2a in Table 2 combine a list of morbid
conditions and medications. Additional analyses including individual morbid conditions and medications were conducted to identify
those that might be related to crash likelihood. Coordination and balance problems, and anti-epileptic drugs and blood thinners were
significantly related to crash likelihood and combined in new categorical variables for the analysis in the right column. The groups
reporting coordination and balance problems are relatively small and partly overlapping. As the association with coordination
problems was greater than with balance problems, we assigned respondents reporting both to the group with balance problems,
resulting in minimal changes in the shares of both groups (share among crash casualties for separate groups: 1.2% coordination and 3%
balance problems; share after accounting for overlap 0.6% coordination and 3% balance problems). As crash likelihood was more
strongly related to anti-epileptic drugs than to blood thinners, the respondents reporting use of both medications were assigned to the
group of anti-epileptic drug users. The group reporting use of blood thinners was substantial (11.3% of all crash casualties; 11.1% after
accounting for overlap). The outcomes of the logistic regressions with these new categorical variables (Model 2 b, Table 2) show that
crash likelihood is related to coordination and balance problems and to use of anti-epileptic drugs. The use of blood-thinners was not
significant, but possibly worthy of further investigation given its p-value of 0.12. Again, the outcomes of the analyses regarding the risk
among EB users do not appear to be mediated by health status in this analysis with adjusted health-related variables.

3.3. Injury consequences

The results on crash severity among crash casualties (i.e. hospitalization for MAIS2+ injuries) follow the same pattern as was found
for crash likelihood in Table 3. Among casualties treated at an ED due to a bicycle crash, the odds of sustaining severe injuries is highest
among older female cyclists on an EB, significantly higher than among older females on CBs. Such differences between EB and CB users
were not observed within other groups. Comparing the results for Model 1 without health-related control variables to the results of
Model 2 with health-related control variables shows that the outcomes regarding crash severity and bicycle type did not appear to be
mediated by health condition.

The results regarding health-related variables (Model 2, Table 3) show that medication use and morbid conditions are not
significantly related to injury severity. The results suggest a negative association between BMI and crash severity meaning that obese
casualties are less likely to sustain severe injuries if they are involved in a crash. The analysis on crash severity being restricted to
casualties allowed us to include an additional health related variable. Crash casualties sustaining severe injuries more often reported
physical or mental condition to play a role in crashes. Note that among crash casualties, the share of those reporting health conditions
to play a role in the crash was not higher among EB crash casualties (12%) than among CB crash casualties (14%).

We exchanged the dichotomous variables for the presence of morbid conditions and medication use by the specific health con-
ditions and medications listed in the questionnaire. The outcomes did not yield any conditions or types of drugs significantly related to
crash severity which is why Model 2 b is excluded from Table 3. The use of blood was related to injury severity but its OR was not
significant (OR = 1.36, CI = 090-2.04, P = 0.14). We also looked at the adjusted medications use and morbid conditions, but did not
find any significant relation to crash severity. Therefore, we excluded the analysis with adjusted health-related variables from Table 3.

Table 4
Logistic regression results on crash involvement (for which treatment at an ED is needed) and crash severity (hospitalization for
MAIS2+ injuries).

Crash likelihood Crash severity

Categorical variables: OR (95% CI) OR (95% CI)
Bicycle type

CB 1 1

EB 1.63 (1.12-2.36)** 2.13 (1.23-3.71)**
Cycling frequency per week

less than 1 day (ref.) 1 1

1-2 days 1.01 (0.51-2.01) 1.19 (0.33-4.26)

3-4 days 2.18 (1.15-4.14)* 1.18 (0.37-3.76)

5-7 days 1.26 (0.67-2.35) 1.83 (0.58-5.80)
Medication use

none (ref.) 1 1

one or more 0.98 (0.66-1.45) 1.28 (0.69-2.36)
Morbid conditions

none (ref) 1 1

one or more
Role of health condition in crash
none (ref.)
physical/mental condition played a role
Continuous variables:
BMI
Distance cycled (km/year)
Age (years)

0.56 (0.36-0.88)*

0.98 (0.94-1.02)
1.00 (1.00-1.00)**
1.04 (1.01-1.07)**

1.00 (0.58-1.75)

1
0.84 (0.35-2.02)

0.93 (0.87-0.99)*
1.00 (1.00-1.00)
1.03 (0.99-1.07)

*p < 0.05; **p < 0.01; OR = Odds Ratio; CI = confidence interval; ref. = reference category; SD = Standard Deviation.
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3.4. Sensitivity of the analyses, controlling for age among females over 60 years

Additional logistic regression analyses were conducted on crash likelihood and crash severity for females over 60 years. Compared
to the Models in tbl2Tables 2 and 3tbl3, the categorical variable combining age, gender, and bicycle type was replaced by a categorical
variable for bicycle type. Age was added as a continuous control variable to adjust for possible age differences between EB and CB users
within the group of older females. Other control variables resemble Models 2a in Tables 2 and 3 The analyses among females over 60
years (see Table 4) yield ORs for EBs of 1.63 for crash likelihood and 2.13 for crash severity. This is comparable to the related ORs for
crash likelihood and crash severity found with Models 2a (Tables 2 and 3), i.e. 1.80 for crash likelihood and 1.96 for crash severity
among females over 60 years on EBs compared to females over 60 years on CBs. This suggests the outcomes for older females are hardly
sensitive for additional control for age within this group.

4. Discussion

The results of this study suggest that, on average, EB users are not more likely than CB users to be involved in a crash for which
treatment at an ED is needed or to sustain more severe injuries if they are involved in a crash. However, older female cyclists are more
likely to be involved in such crashes and sustain more severe injuries if involved in a crash. More severe crashes suggest that their
increased likelihood of needing treatment at an ED may be due to vulnerability because treatment at an ED already implies more than
minor crash consequences. Hertach et al. (2018) found female EB users to sustain more moderate to serious injuries while they were
not more likely to be involved in minor crashes. In contrast the earlier studies (e.g., Schepers et al., 2018; Fyhri et al., 2019) we did
control for health-related variables but there may be additional factors not included in this study that increase the likelihood of severe
injuries in older female EB users. We recommend further research to explain the findings for older women to develop preventive
policies.

We also examined the role of health-related factors which are important as, compared with CB users and controlling for age and
gender, EB users are more likely to need medications and have a higher BMI. However, the outcomes of this study do not suggest that
poor health contributes to crash likelihood. Accordingly, adding health conditions to the analyses did not appear to explain the
elevated risk among older female EB users. The same goes for the outcomes regarding crash severity. An exception to these general
conclusions regarding health condition is that cyclists reporting balance or coordination problems and using anti-epileptic drugs were
more likely to be involved in a bicycle crash for which treatment at an ED is needed. Balance and coordination problems and epilepsy
are likely to contribute to single-bicycle crashes (the majority of severe injuries among cyclists are due to single crashes, see e.g.
Schepers et al., 2015).

The finding that crashes with EBs are equally severe as crashes with CBs matches the results of other European studies (Schepers
et al., 2014; Weber et al., 2014; Weiss et al., 2018). The finding that, on average, the risk of crashes on EBs is similar to CBs is in line
with the results of Fyhri et al. (2019) in Norway and is more favourable than the results found by Schepers et al. (2014) for the
Netherlands. A similar level of risk and crash severity may be explained by the fact that riding speeds on EBs exceed speeds on CBs by
only by 1-3 km/h (De Waard, 2013; Twisk et al., 2013; Van Boggelen et al., 2013; Schleinitz et al., 2017; Fyhri et al., 2019). The
findings of the current study being more favourable than those reported by Schepers et al. (2014) cannot be explained by the additional
health-related control variables in the current study. Part of the difference may be due to more extensive model adjustments. The
present study included yearly distance cycled which appears to be some 50% higher among EB users than among CB users, which is
consistent with results from Norway by Fyhri et al. (2019). Also, EBs and those who ride them may have changed as the share of EB
users among cyclists increased from 10% to 22% between the two studies (TNS NIPO 2014; Valkenberg et al., 2017). Importantly, the
share of women over 60 years among EB users decreased from 34% in 2014 to 25% in 2016. A technical improvement reducing their
weight from 25 to 32 kg in 2013 to between 22 and 28 kg in 2018 may prevent falls while mounting or dismounting (Haustein and
Mgller, 2016; Twisk et al., 2017; Elektrische Fietser, 2020). Moreover, most EBs had front wheel (hub) motors around 2013 and only
few mid-drive motors while the majority of new EBs had the latter type of motor around 2016 (Van Schaik, 2014; Gfk, 2018) which
may lower the centre of gravity and contribute to good balance, and it may also reduce the risk of front wheel spin, loosing traction of
loose gravel and contribute to a fall.

As yet, we cannot explain why older female cyclists are more likely to be involved in EB crashes. However, we do not have to wait
for the outcomes of new research on this issue to be able to enhance the safety for these cyclists. Older females are more likely to fall
while mounting or dismounting their bicycle. Dubbeldam et al. (2017) developed a protype bicycle with an automatic adjustable
saddle height (lowered at low speeds), optimised frame and wheel geometry and drive-off assistance. Drive-off assistance solves the
problem found in some EBs by Twisk et al. (2017) that accelerating from standstill takes longer on an EB. Van Raam (2020) developed a
bicycle with cranks moved slightly forward of the rider instead of underneath to reduce the saddle height sufficiently to allow the rider
to put both feet firmly on the ground at all times. Accelerating the development and uptake of such safer bicycles by older cyclists is a
challenge as cyclists appear to be largely unaware of the risk of single-bicycle crashes such as falling while (dis)mounting (Schepers
et al., 2020). Educational measures may be suitable to raise the awareness of the risk of single-bicycle crashes. General measures such
as safer infrastructure are recommendable to improve road safety for all cyclists (Reynolds et al., 2009; Schepers, 2013).

This study has a number of limitations. This study did not include minor crashes and therefore we cannot conclude whether the
elevated ‘risk” among older female EB users (in the current study defined as crashes for which ED treatment is needed) is purely due to
an elevated crash risk or due to more severe consequences such as injuries for which treatment at an ED is needed. However, the
advantage of our focus on more severe crashes is that it aligns well with road safety targets that are mostly focused on severe crashes.
Our results regarding gender may not be generalizable to other countries, because cycling participation among females in the
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Netherlands is far more common than in other countries. Dutch women cycle somewhat more often than men and cover a slightly
lower distance per year (Statistics Netherlands, 2020). This study may suffer from problems of self-reporting such as inaccurate recall
of crash circumstances and responding in socially desirable ways (Heiman, 1999), for instance regarding health condition. We
recommend more experimental research such as the studies by Vlakveld et al. (2015) and Twisk et al. (2017) to increase insight into
potential factors that may explain problems of older female EB users such as speed, the weight in relation to mounting, and their health
condition.

5. Conclusions

The main aim of this study was to investigate the role of bicycle type (EBs versus CBs) and health condition in bicycle crashes and
injury severity. The following conclusions can be drawn from our results:

e Most groups of EB users were not more likely than CB users to be involved in a crash for which treatment at an ED is needed or to
sustain more severe injuries if they are involved in a crash.

o Older female EB users were more likely than older female CB users to be involved in crashes for which treatment at an ED is needed
and to sustain more severe injuries if involved in such a crash.

o After controlling for age and gender we found EB users were more likely to need medications and have a higher BMIL

e General health-related factors such as taking medications, presence of morbid conditions, and BMI were not associated with an
elevated crash likelihood or injury severity and accordingly did not explain the elevated crash risk and injury severity among older
female EB users. However, balance and coordination problems, and use of anti-epileptic drugs were associated with an increased
likelihood of crashes for which treatment at an ED is needed.

Authorship statement

J.P. Schepers, Conception and design of study, Drafting the manuscript, Revising the manuscript critically for important intellectual
content, K. Klein Wolt, Acquisition of data, Conception and design of study, Drafting the manuscript, Revising the manuscript critically
for important intellectual content, M. Helbich, Conception and design of study, Drafting the manuscript, Revising the manuscript
critically for important intellectual content, E. Fishman, Conception and design of study, Drafting the manuscript, Revising the
manuscript critically for important intellectual content.

Acknowledgements

This work was funded by the Dutch Ministry of Infrastructure and Water Management. We would like to thank Vincent Maret
(KANTAR) for his comments on our study.

References

Bovag-Rai, 2019. Mobiliteit in Cijfers Tweewielers 2018 - 2019 (Mobility Statistics Two-Wheelers 2018-2019). Stichting BOVAG-RAI Mobiliteit, Amsterdam.

Cairns, S., Behrendt, F., Raffo, D., Harmer, C., 2015. A24 electrically-assisted bikes: understanding the health potential. J. Transp. Health 2 (2), S17.

Castro, A., Gaupp-Berghausen, M., Dons, E., Standaert, A., Laeremans, M., Clark, A., Anaya-Boig, E., Cole-Hunter, T., Avila-Palencia, 1., Rojas-Rueda, D., 2019.
Physical activity of electric bicycle users compared to conventional bicycle users and non-cyclists: insights based on health and transport data from an online
survey in seven european cities. Transp. Res. Interdiscip. Perspect. 1, 100017.

Cooper, A., Tibbitts, B., England, C., Procter, D., Searle, A., Sebire, S., Ranger, E., Page, A., 2018. Potential of electric bicycles to improve the health of people with
type 2 diabetes: a feasibility study. Diabet. Med. 35 (9), 1279-1282.

De Kruijf, J., Ettema, D., Kamphuis, C.B., Dijst, M., 2018. Evaluation of an incentive program to stimulate the shift from car commuting to e-cycling in The
Netherlands. J. Transp. Health 10, 74-83.

De Waard, D., 2013. Natuurlijk Fietsen (Naturalistic Cycling). Groningen University, Groningen.

Dubbeldam, R., Baten, C., Buurke, J., Rietman, J., 2017. Sofie, a bicycle that supports older cyclists? Accid. Anal. Prev. 105, 117-123.

Engbers, C., Dubbeldam, R., Brusse-Keizer, M., Buurke, J., De Waard, D., Rietman, J., 2018. Characteristics of older cyclists (65+) and factors associated with self-
reported cycling accidents in The Netherlands. Transport. Res. Part F 56, 522-530.

Fietser, Elektrische, 2020. Hoeveel Weegt Een Elektrische Fiets. https://elektrischefietser.nl/gewicht/. accessed 20.05.20.

Fishman, E., Cherry, C., 2016. E-bikes in the mainstream: reviewing a decade of research. Transport Rev. 36 (1), 72-91.

Fyhri, A., Johansson, O., Bjgrnskau, T., 2019. Gender differences in accident risk with e-bikes—survey data from Norway. Accid. Anal. Prev. 132, 105248.

Gfk, 2018. Gfk Panel Elektrische Fietsen: Cijfers 2016-2017. https://www.tweewieler.nl/elektrische-fietsen/nieuws/2018/04/elektrische-fietsen-cijfers-trends-
10134429. accessed 22.05.18.

Haustein, S., Mgller, M., 2016. E-bike safety: individual-level factors and incident characteristics. J. Transp. Health 3 (3), 386-394.

Heiman, G.W., 1999. Research Methods in Psychology. Houghton Mifflin Company, Boston, New York.

Hertach, P., Uhr, A., Niemann, S., Cavegn, M., 2018. Characteristics of single-vehicle crashes with e-bikes in Switzerland. Accid. Anal. Prev. 117, 232-238.

IVM, 2019. Rij Veilig Met Medicijnen (Safe Driving with Medicines). Instituut voor Verantwoord Medicijngebruik, Utrecht.

Johnson, M., Rose, G., 2015. Extending life on the bike: electric bike use by older australians. J. Transp. Health 2 (2), 276-283.

Jones, T., Harms, L., Heinen, E., 2016. Motives, perceptions and experiences of electric bicycle owners and implications for health, wellbeing and mobility.

J. Transport Geogr. 53, 41-49.

Kojima, T., Akishita, M., Nakamura, T., Nomura, K., Ogawa, S., lijima, K., Eto, M., Ouchi, Y., 2012. Polypharmacy as a risk for fall occurrence in geriatric outpatients.
Geriatr. Gerontol. Int. 12 (3), 425-430.

Langford, B.C., Chen, J., Cherry, C.R., 2015. Risky riding: naturalistic methods comparing safety behavior from conventional bicycle riders and electric bike riders.
Accid. Anal. Prev. 82, 220-226.

Langford, B.C., Cherry, C.R., Bassett Jr., D.R., Fitzhugh, E.C., Dhakal, N., 2017. Comparing physical activity of pedal-assist electric bikes with walking and
conventional bicycles. J. Transp. Health 6, 463-473.


http://refhub.elsevier.com/S2214-1405(20)30165-1/sref1
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref2
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref3
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref3
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref3
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref4
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref4
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref6
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref6
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref7
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref8
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref10
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref10
https://elektrischefietser.nl/gewicht/
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref12
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref13
https://www.tweewieler.nl/elektrische-fietsen/nieuws/2018/04/elektrische-fietsen-cijfers-trends-10134429
https://www.tweewieler.nl/elektrische-fietsen/nieuws/2018/04/elektrische-fietsen-cijfers-trends-10134429
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref15
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref16
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref17
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref18
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref19
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref20
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref20
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref21
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref21
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref22
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref22
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref23
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref23

P. Schepers et al. Journal of Transport & Health 19 (2020) 100961

Lawlor, D.A., Patel, R., Ebrahim, S., 2003. Association between falls in elderly women and chronic diseases and drug use: cross sectional study. BMJ 327 (7417),
712-717.

Mitchell, R.J., Lord, S.R., Harvey, L.A., Close, J.C., 2014. Associations between obesity and overweight and fall risk, health status and quality of life in older people.
Aust. N. Z. J. Publ. Health 38 (1), 13-18.

Ormel, W., Klein Wolt, K., Den Hertog, P., 2008. Enkelvoudige Fietsongevallen (Single-bicycle Crashes). Stichting Consument en Veiligheid, Amsterdam.

Peduzzi, P., Concato, J., Kemper, E., Holford, T.R., Feinstein, A.R., 1996. A simulation study of the number of events per variable in logistic regression analysis. J. Clin.
Epidemiol. 49 (12), 1373-1379.

Reynolds, C.C., Harris, M.A., Teschke, K., Cripton, P.A., Winters, M., 2009. The impact of transportation infrastructure on bicycling injuries and crashes: a review of
the literature. Environ. Health 8, 47.

Sakurai, R., Kawai, H., Yoshida, H., Fukaya, T., Suzuki, H., Kim, H., Hirano, H., Thara, K., Obuchi, S., Fujiwara, Y., 2016. Can you ride a bicycle? The ability to ride a
bicycle prevents reduced social function in older adults with mobility limitation. J. Epidemiol. 26 (6), 307-314.

Schepers, J.P., 2013. A Safer Road Environment for Cyclists. SWOV-Dissertatiereeks. Delft University of Technology, Delft.

Schepers, J.P., Fishman, E., Den Hertog, P., Klein Wolt, K., Schwab, A.L., 2014. The safety of electrically assisted bicycles compared to classic bicycles. Accid. Anal.
Prev. 73, 174-180.

Schepers, P., Agerholm, N., Amoros, E., Benington, R., Bjgrnskau, T., Dhondt, S., De Geus, B., Hagemeister, C., Loo, B.P.Y., Niska, A., 2015. An international review of
the frequency of single-bicycle crashes (sbes) and their relation to bicycle modal share. Inj. Prev. 21, e138-e143.

Schepers, P., Klein Wolt, K., Fishman, E., 2018. The Safety of E-Bikes in the netherlands. Organisation for Economic Co-operation and Development (OECD), Paris.

Schepers, P., De Geus, B., Van Cauwenberg, J., Ampe, T., Engbers, C., 2020. The perception of bicycle crashes with and without motor vehicles: which crash types do
older and middle-aged cyclists fear most? Transport. Res. Part F 71, 157-167.

Schleinitz, K., Petzoldt, T., Franke-Bartholdt, L., Krems, J., Gehlert, T., 2017. The German naturalistic cycling study—comparing cycling speed of riders of different e-
bikes and conventional bicycles. Saf. Sci. 92, 290-297.

Searle, A., Ranger, E., Zahra, J., Tibbitts, B., Page, A., Cooper, A., 2019. Engagement in e-cycling and the self-management of type 2 diabetes: a qualitative study in
primary care. BJGP Open 3 (2).

Statistics Netherlands, 2020. Statline: Mobiliteit; per persoon, persoonskenmerken, vervoerwijzen en regio’s. https://opendata.cbs.nl/statline/#/CBS/nl/dataset/
84709NED/table?dl=3DDCO. accessed 27.06.20.

SWOV, 2019. Serious road injuries in The Netherlands. SWOV factsheet, December 2019. The Hague. https://www.swov.nl/en/facts-figures/factsheet/serious-road-
injuries-netherlands. accessed 27.06.20.

TNS, N.LP.O., 2014. Vragenlijst Gebruik Electrische Fiets (Questionnaire Electric Bicycle Use). TNS NIPO, Amsterdam.

Twisk, D.a.M., Boele, M.J., Vlakveld, W.P., Christoph, M., Sikkema, R., Remij, R., Schwab, A.L., Year. Preliminary results from a field experiment on e-bike safety:
speed choice and mental workload for middle-aged and elderly cyclists. In: Proc. Int. Cycl. Saf. Conf., Helmond, The Netherlands.

Twisk, D., Platteel, S., Lovegrove, G., 2017. An experiment on rider stability while mounting: comparing middle-aged and elderly cyclists on pedelecs and
conventional bicycles. Accid. Anal. Prev. 105, 109-116.

Valkenberg, H., Nijman, S., Schepers, P., Panneman, M., Klein Wolt, K., 2017. Fietsongevallen in Nederland. VeiligheidNL, Amsterdam.

Van Boggelen, O., Van Oijen, J., Lankhuijzen, R., 2013. Feiten over de elektrische fiets (facts about the electrically assisted bicycle). Fietsberaad, Utrecht.

Van Cauwenberg, J., Schepers, P., Deforche, B., De Geus, B., 2019. Differences in life space area between older non-cyclists, conventional cyclists and e-bikers.
J. Transp. Health 14, 100605.

Van Raam, 2020. Balance lage instap fiets. https://www.vanraam.com/nl-nl/advies-inspiratie/nieuws/tavara-balance-veilige-en-comfortabele-lage-instap-fiets
accessed 19.05.20.

Van Schaik, J.W., 2014. E-bike met voorwielmotor blijft marktleider (E-bike with front wheel motors remain to lead the market). Tweewieler, 19 mei 2014. https://
www.tweewieler.nl/fietsen/nieuws/2014,/05/gazelle-e-bike-met-voorwielmotor-blijft-marktleider-1018070.

Vandenbulcke-Plasschaert, G., 2012. Spatial Analysis of Bicycle Use and Accident Risks for Cyclists. Presses Universitaires, Louvain.

Vlakveld, W.P., Twisk, D., Christoph, M., Boele, M., Sikkema, R., Remy, R., Schwab, A.L., 2015. Speed choice and mental workload of elderly cyclists on e-bikes in
simple and complex traffic situations: a field experiment. Accid. Anal. Prev. 74, 97-106.

Weber, T., Scaramuzza, G., Schmitt, K., 2014. Evaluation of e-bike accidents in Switzerland. Accid. Anal. Prev. 73, 47-52.

Weiss, R., Juhra, C., Wieskotter, B., Weiss, U., Jung, S., Raschke, M., 2018. Zur unfallwahrscheinlichkeit von senioren bei der nutzung von e-bikes. Z. fiir Orthop.
Unfallchirurgie 156 (1), 78-84.

Woodcock, J., Franco, O.H., Orsini, N., Roberts, I., 2011. Non-vigorous physical activity and all-cause mortality: systematic review and meta-analysis of cohort
studies. Int. J. Epidemiol. 40 (1), 121-138.


http://refhub.elsevier.com/S2214-1405(20)30165-1/sref24
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref24
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref25
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref25
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref26
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref27
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref27
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref28
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref28
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref29
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref29
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref30
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref31
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref31
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref32
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref32
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref33
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref34
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref34
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref35
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref35
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref36
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref36
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/84709NED/table?dl=3DDC0
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/84709NED/table?dl=3DDC0
https://www.swov.nl/en/facts-figures/factsheet/serious-road-injuries-netherlands
https://www.swov.nl/en/facts-figures/factsheet/serious-road-injuries-netherlands
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref39
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref41
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref41
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref42
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref43
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref44
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref44
https://www.vanraam.com/nl-nl/advies-inspiratie/nieuws/tavara-balance-veilige-en-comfortabele-lage-instap-fiets
https://www.tweewieler.nl/fietsen/nieuws/2014/05/gazelle-e-bike-met-voorwielmotor-blijft-marktleider-1018070
https://www.tweewieler.nl/fietsen/nieuws/2014/05/gazelle-e-bike-met-voorwielmotor-blijft-marktleider-1018070
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref47
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref48
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref48
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref49
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref50
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref50
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref51
http://refhub.elsevier.com/S2214-1405(20)30165-1/sref51

	Safety of e-bikes compared to conventional bicycles: What role does cyclists’ health condition play?
	1 Introduction
	2 Material and methods
	2.1 Data
	2.2 Analyses

	3 Results
	3.1 Relationship between health condition and EB use
	3.2 Crash likelihood
	3.3 Injury consequences
	3.4 Sensitivity of the analyses, controlling for age among females over 60 years

	4 Discussion
	5 Conclusions
	Authorship statement
	Acknowledgements
	References


