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Abstract: The recent emergence of shared bikes has inspired renewed use of bicycles in urban China.
However, incidence rates of unsafe cycling behaviors have not been reported using objective methods.
We designed a video-based observational study in Changsha, China to estimate the incidence of
five unsafe bicycling behaviors among both shared and personal bike riders and examine incidence
differences across types of riders and cycling areas. A total of 112 h of video recorded 13,407
cyclists riding shared bikes and 2061 riding personal bikes. The incidences of not wearing a helmet,
violating traffic lights, riding in the opposite direction of traffic, not holding the handlebar with both
hands, and riding in a non-bicycle lane were 99.28%, 19.57%, 13.73%, 2.57%, and 64.06%, respectively.
The incidence rate of all five kinds of behaviors differed significantly across four types of riding areas
(shopping, university, office, and leisure) and the rates of the first three kinds of behaviors were
statistically different between shared and personal bike riders. In situations where bicycle lanes were
available, we observed the incidence of riding on the motorway and on the sidewalk to be 44.06% and
19.99%, respectively. We conclude that unsafe cycling behaviors occur with alarming frequency and
differ somewhat between riders of shared versus personal bikes. Further research is recommended
to interpret the occurrence of risky cycling and the incidence differences across types of riders and
cycling areas.
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1. Introduction

Bicycling was a dominant mode of transportation in urban China from the 1970s through the
1990s [1], but lost popularity in the early 2000s with the growth of automobile traffic. With the
broad nationwide introduction of an internet-based bicycle sharing system in 2016 [2], bicycling has
suddenly re-emerged as a popular mode of transportation in urban China. By July 2017, there were
16 million shared bicycles placed in Chinese cities and 106 million registered users of those bicycles [2].
Consequently, the proportion of Chinese citizens who reported riding a bicycle more than doubled
between 2016 and 2017, and the total distance cycled by shared bicycle riders reached 2.5 billion
kilometers in April 2017 [3].

Bicycling offers many societal advantages. From a health perspective, it increases physical activity
and prevents disease. It also reduces motor vehicle traffic, alleviating air pollution and traffic congestion
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and aligning with goals of building an eco-friendly society [4]. At present, the Chinese transportation
department encourages and supports the development of bicycle sharing systems [5]. Transportation
experts predict bicycle-riding, both using shared and personal bikes, will continue to serve as a central
transportation option in urban China for many years [6].

The increased use of bicycles in China is not without negative consequences, however. In the
context of continuously increasing motor vehicle traffic, growing use of bicycles increases the risk of
road traffic crashes involving bicyclists. A recent survey found that 202 of 2883 (7%) shared bicyclists
self-reported 292 road traffic injuries over the past 12 months in Hangzhou, China [2]. Data from the
Global Burden of Diseases study estimate deaths from fatal bicycling injuries have increased 104%
from 1990 to 2017 (10,969 to 22,376) in China [7].

To develop data-driven interventions to reduce bicycling injury risk in urban China, research is
needed to explore behavioral factors that influence cyclist safety. Such research is limited in the current
literature. One available study used an internet-based survey among 1960 shared bicycle riders to
evaluate the incidence of eight kinds of behaviors in the past month and found the proportion of
participants who reported always or often having unsafe riding behavior in the past month ranged
from 1.1% for carrying passengers on bicycles to 97.6% for not wearing a helmet [8]. However,
online surveys are biased by non-random selection of study participants and poor self-report recall [8].
Other observational research focused primarily on electric bicycle riders in China. One study in Beijing
found that 56% of bicycle riders (both electric and traditional bicycles) traveled through red-light
signals [9]. Another investigation considered several unsafe behaviors among electric bicycle riders in
Suzhou and reported the concerning rates of riding in a motor vehicle lane (1.9%), running red lights
(4.8%), riding in the opposite direction of traffic (3.4%), mobile phone use (0.4%), and not wearing a
helmet (91%) [10]. Behavior of electric bicycle riders is likely to be different from behavior of traditional
bicyclists, however, given their capacity for higher speeds and acceleration [9]. In addition, several
studies report behaviors among both shared and personal bicycle riders in other countries [11–16].
Robust estimates based on objective observation of unsafe cycling incidence among shared and personal
bicycle riders in urban China are absent in the published literature.

We therefore conducted a video-based observational study in Changsha, a large urban Chinese
city, to evaluate the incidence of unsafe cycling behaviors and to compare the difference in incidence
of unsafe behaviors between shared and personal bike riders and across four kinds of cycling areas
(shopping, university, office, and scenic).

2. Materials and Methods

2.1. Study Location and Participants

This observational study was conducted in Changsha, a large urban city in Southern China.
All cyclists appearing at 18 selected sites were recorded by video during peak cycling hours.
Observations included both shared bike and personal bike riders.

2.2. Ethical Approval

We recorded cycling behaviors—including risky and unsafe behaviors—by video.
Private information about cyclists, including their appearance and identities, was carefully protected.
The research protocol was approved by the Medical Ethics Committee of Central South University
(No. XYGW-2018-40).

2.3. Video-Based Data Collection

We collected data in four types of areas where cyclists commonly travel, as identified by a previous
report [17]: shopping area (near large shopping malls and stores, accounting for 25% of cycling volume),
university area (in and near major universities, accounting for 21% of cycling volume), office area (near
large office towers and businesses, accounting for 19% of cycling volume), and scenic area (near scenic
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spots, accounting for 13% of cycling volume). Residential areas explained the remaining 22% of cycling
volume in the previous report [17], but were omitted from this study because they are often adjacent to
or intermingled with the other types of areas in Chinese cities.

A total of 18 observation sites were selected: one road segment in the shopping area, two traffic
intersections and five road segments in the university area, two traffic intersections and three road
segments in the office area, and two traffic intersections and three road segments in the scenic area.
The observation sites were selected based on the following criteria: (a) representative of an area; (b) had
sufficient space to place a smartphone-based camera and tripod on one side of the street; (c) had no
obstacles that obstructed the video of passing traffic; and (d) did not affect typical traffic patterns in
any way.

Eleven trained data collectors completed filming in October 2018. Pilot observations were
conducted from 7:30 to 20:00 in the four areas to help us select the following peak cycling hours in all
areas: 7:30–9:30, 13:30–15:30 and 16:00–18:00 weekdays in the university area; 7:30–9:30 and 16:30–18:30
weekdays in the office area; 8:30–10:30 and 16:00–18:00 weekends in the scenic area. Cycling behaviors
were recorded during all peak hours for a single day at each site in the university, office, and scenic
areas. In the single shopping area site, pilot observations were made for a full day, but the planned
video-based observation was canceled because the police began enforcing traffic laws stringently in
that area. Thus, only the one-day pilot video was available for the shopping area.

2.4. Video Coding

We treated a one-hour video as a “video hour”. Data collectors listed the date, time, type of
observational area and observational point for each video hour. In total, 112 video hours were available
for analysis. Based on previous studies [8,15,18], Chinese road traffic safety law [19], and group
discussions, we selected five unsafe cycling behaviors for analysis: (a) not wearing a helmet, (b) cycling
through a red light, (c) riding against traffic flow, (d) not holding the handlebar with both hands, and (e)
riding in non-bike lane. Each of the five behaviors was identified and coded by a trained researcher for
each cyclist via manually watching each video hour. All cyclists appearing on the videos were coded;
at times, many cyclists were present simultaneously and the coding was completed by rewinding
the tape to capture data from all cyclists. Because shared bicycles from each shared bike company in
China have unique and distinguishing colors and appearances compared to personal bikes, researchers
readily distinguished shared bike riders from personal bike riders in the videos.

Thirty video hours (27%) were selected randomly to be re-coded by another researcher for
re-evaluation to establish inter-rater reliability. The consistency coefficient between the two independent
researchers was 98.6%, indicating strong inter-rater reliability.

2.5. Statistical Analysis

We calculated the incidence and 95% confidence interval of each cycling behavior. Chi-square
tests evaluated the differences in incidence of unsafe behaviors between shared and personal bicycle
riders and across the four types of study areas. Odds ratios (OR) were estimated by fitting logistic
regression models. All statistical analyses were conducted in SPSS 20.0. p < 0.05 was considered
statistically significant.

3. Results

The 112 h of video captured 15,468 cyclists at the 18 observation points, including 13,407 shared
bike riders (87%) and 2061 personal bike riders (13%) (Table 1). Overall, 5308 cyclists (34%) were
recorded crossing traffic intersections and 10,160 cyclists (66%) riding along road segments. Of the
15,468 cyclists, 10,923 (71%) were recorded on roads that had a bike lane available.
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Table 1. Characteristics of 15,468 observed cyclists in Changsha, China.

Type of Observational Sites Shared Bike Riders Personal Bike Riders

Shopping area
Road segments with bike lane 771 105

University area
Intersections with bike lane 1529 226
Intersections without bike lane 1259 375
Road segments with bike lane 2916 450
Road segments without bike lane 1900 354

Office area
Intersections with bike lane 1228 139
Road segments with bike lane 2493 289

Scenic area
Intersections with bike lane 225 23
Intersections without bike lane 259 15
Road segments with bike lane 448 51
Road segments without bike lane 349 34

Note: Not every type of road segment or intersection was present in every observed area.

15,356 of the 15,468 cyclists recorded (99.28%, 95% CI: 99.14–99.41) were observed to be cycling
without a helmet. Shared bike riders had a higher incidence of not wearing a helmet than personal
bike riders (99.74% vs. 96.26%, χ2 = 300.09, p < 0.001) (Figure 1). Cyclists in university (99.69%) and
office (99.06%) areas had the highest incidence of not wearing a helmet, followed by those in scenic
(98.19%) and shopping (97.83%) areas (χ2 = 73.20, p < 0.001) (Figure 2). Multivariate analysis showed
shared bike riders and cyclists in university and office areas had higher risk of not wearing helmet
than personal bike riders (OR = 18.90, 95% CI: 12.59–28.57) and cyclists in scenic areas (OR = 9.43, 95%
CI: 5.42–16.39 and OR = 2.27, 95% CI: 1.35–3.79, respectively) (Table 2).
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China. Note: A: not wearing a helmet, B: cycling through a red light, C: riding in opposite direction of
traffic, D: not holding the handlebar with both hands, E: riding on motorway or sidewalk. *: p < 0.05;
**: p < 0.01.
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Table 2. Associations between unsafe cycling behaviors and both type of cyclist and type of cycling
area in Changsha, China (n = 15,468).

Variable
Adjusted Odds Ratio (95% Confidence Interval)

A B C D E

Type of cyclist (Ref. = personal bike riders)
Shared bike riders 18.97 (12.59, 28.57) ** 0.63 (0.52, 0.77) ** 2.08 (1.75, 2.48) ** 0.85 (0.64, 1.12) 0.88 (0.77, 1.00)

Cycling area (Ref. = scenic area)
University area 9.43 (5.42, 16.39) ** 0.70 (0.56, 0.86) * 0.72 (0.61, 0.84) ** 0.74 (0.55, 1.01) 1.26 (1.06, 1.50) *
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Note: A: not wearing a helmet, B: cycling through a red light, C: riding in opposite direction of traffic, D: holding
the handlebar with one hand or without hand, E: riding on motorway or sidewalk. Behavior B was not observed in
the shopping area. *: p < 0.05. **: p < 0.01.

1039 of the cyclists we recorded at intersections (19.57%, 95% CI: 18.50%–20.64%) cycling through
a red light. Personal bike riders had a much higher incidence of cycling through red lights than shared
bike riders (46.27% vs. 14.99%, χ2 = 412.76, p < 0.001) (Figure 1). Additionally, bicyclists in scenic areas
had the highest incidence (21.17%), followed by those in university (20.77%) and office areas (0.73%)
(χ2 = 334.64, p < 0.001) (Figure 2). Recordings in the shopping area did not include any intersections.
A multivariate model found that shared bike riders (OR = 0.63, 95% CI: 0.52–0.77) and cyclists in
university (OR = 0.70, 95% CI: 0.56–0.86) and office (OR = 0.02, 95% CI: 0.01–0.04) areas had a lower
incidence of cycling through red lights than personal bike riders and cyclists in scenic areas (Table 2).

A total of 2124 cyclists (13.73%, 95% CI: 13.19–14.27%) were observed to be riding against the
traffic flow. Shared bike riders were more likely to do this than personal bike riders (14.72% vs. 7.28%,
χ2 = 83.60, p < 0.001) (Figure 1), and riding against the traffic flow was most common in shopping
(24.54%) areas, followed by office (18.27%), scenic (14.31%), and university (10.47%) (χ2 = 240.26,
p < 0.001) areas (Figure 2). A multivariate model found that shared bike riders were more likely to
ride contrary to traffic flow than personal bike riders (OR = 2.08, 95% CI: 1.75–2.48); further, cyclists in
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shopping and office areas had higher incidence of this behavior than cyclists in scenic areas (OR = 1.96,
95% CI: 1.59–2.43 and OR = 1.33, 95% CI: 1.13–1.58, respectively), and cyclists in university areas had
lower incidence than cyclists in scenic areas (OR = 0.72, 95% CI: 0.61–0.84) (Table 2).

We observed 397 cyclists (2.57%, 95% CI: 2.32–2.82%) cycling without holding the handlebar with
both hands. Personal and shared bicycle riders had similar incidence rates for this risky behavior (2.96%
vs. 2.51%, χ2 = 1.47, p > 0.05) (Figure 1). Cyclists in scenic areas had the highest incidence (3.56%),
and those in office areas the lowest (2.02%) (χ2 = 11.66, p < 0.001) (Figure 2). A multivariate model
showed that cyclists in office areas were less likely to cycle with one or no hands on the handlebars
compared to those in scenic areas (OR = 0.56, 95% CI: 0.39–0.80). (Table 2).

For the observation sites where bike lanes were available, 6997 of the 10,923 cyclists (64.06%, 95%
CI: 63.16–64.96%) were recorded riding in a motor vehicle or pedestrian lane rather than the designated
bike lane. Personal bike riders rode in non-bike lanes more often than shared bike riders (67.65% vs.
64.06%, χ2 = 90.06, p < 0.001) (Figure 1). The incidence of riding in non-bike lanes was highest in
university areas (78.27%), followed by scenic (74.00%), office (49.67%), and shopping areas (40.30%) (χ2

= 1268.88, p < 0.001) (Figure 2).
We also considered what lanes were selected by cyclists when bicycle lanes were available.

Riding on a motorway was the most common selection, accounting for 44.06% of all recorded cyclists
in situations where a bicycle lane was available (95% CI: 43.13–44.99%). This was followed by riding in
a bike lane as required by law (35.94%, 95% CI: 35.04–36.84%) and then riding on a sidewalk (19.99%,
95% CI: 19.24–20.74%). These selections varied across cycling areas. Riding on the motorway was
comparatively common in university and scenic areas, while riding in the designated bike lane was
more common in office and shopping areas. A multivariate model showed no statistical differences in
incidence between shared versus personal bike riders (p = 0.054), but compared to cycling in scenic
areas, cycling in the university area had a higher incidence of riding on motorways or sidewalks
(OR = 1.26, 95% CI: 1.06–1.50) while riding in office and shopping areas had lower incidence rates
(OR = 0.35, 95% CI: 0.29–0.41 and OR = 0.24, 95% CI: 0.19–0.29, respectively) (Table 2).

4. Discussion

This study provides updated, reliable incidence estimates of common unsafe bicycle riding
behaviors in urban China using objective and rigorous measurement techniques. Unlike previous
studies, the study reports incidence differences across type of riders and type of riding areas,
offering results with meaningful implications for the development of bicycling injury prevention
programs in China and worldwide. Specifically, our video-based observation of cycling behaviors
found a widely-varying incidence of dangerous behaviors, ranging from 2.57% of cycling while holding
the handlebar without both hands to 99.28% of cycling without wearing a helmet. Incidence rates for
risky behaviors differed significantly between shared and personal bike riders and across the four
types of areas for cycling we studied.

We observed 99.28% of cyclists not wearing a helmet, a rate comparable to that reported in a
WeChat-based self-reported survey (97.6%) in China [8] but far higher than reports from South Korea
(80.9%) [20], the United States (14.7–54.5%) [12,15,21,22], Canada (21.9–54.0%) [13,14,16], Italy (78%) [23]
and England (44%) [11]. The differences likely reflect a combination of factors in China, including lack
of national bicycle helmet laws [24], poor safety awareness among shared bicyclists [25], a perception
of bike helmets being uncomfortable to wear [25,26], and lack of provision of helmets for shared
bicyclists [14]. Efforts to increase helmet use through legislation requiring mandatory use has been
recommended as a highly effective behavior change mechanism, especially since wearing a helmet
reduces cycling-related head injuries by 48% and fatal injuries by 34% [24].

We observed an incidence of cycling against red lights (19.57%) that was similar to an observed rate
in 2014 for cyclists in the Chinese cities of Nanjing and Kunming (18.7%) [27], but much higher than the
2017 WeChat-based self-reported survey among shared bike riders in Changsha (1.9%) [8] and much
lower than observations at intersections in Beijing (50%) in 2012 [9]. The result also differs from the rates
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in Manhattan, United States (34.3%) [18], Ireland (61.9%) [28], and Italy (62.9%) [29], but is similar to
rates reported in Germany (16.3%) [30] and Boston, United States (17%) [15]. Inconsistencies may derive
from geographic and cultural differences, different road traffic environments surveyed and observed
(e.g., traffic density, road width), and differences in cyclist safety awareness and law enforcement.

Our finding that 64.05% of cyclists traveled in a non-bike lane despite the presence of a bike lane
is concerning and much higher than published results from the United States (5–32.6%) [15,18] and
self-report survey results from Kunming and Nanjing in China (32.6%) [27]. Efforts to increase the use
of bicycle lanes by cyclists have potential to greatly increase cyclist safety. Such changes in China may
require cultural shifts and government investment in road infrastructure. Currently, bike lane travel in
China is often impeded by parked cars, street vendors, or other obstacles [8]; legislative, policy and
enforcement efforts are needed to alter that situation.

We observed an incidence of cycling against the traffic flow of 13.73%, which is substantially higher
than previous reports in the United States (7.2% and 7.8%) [18,31] and China (0.2% and 3.4%) [8,27].
Cycling against the traffic flow is particularly dangerous, so our observed rates raise questions about
why it was elevated in our sample and how we could change cyclist behavior. The elevations in our
sample may be due to a combination of data collection strategies (e.g., observation vs. self-report
methods); safety awareness among shared bike riders [11], who comprised 87% of our sample;
and poorly-designed road infrastructure which makes it inconvenient to join the traffic flow on a bicycle
when turning onto new roadways [31]. Efforts to change behavior may rely on strong enforcement
of existing policies in China that cyclists must travel with traffic or on bicycle lanes, plus efforts to
raise safety awareness and change normative behavior among the population. Infrastructure changes
will be valuable also, including installation of barriers to prevent cyclists from traveling from bicycle
lanes to reverse-traffic lanes as well as efforts to remove or reduce obstacles like parked cars and street
vendors in the bicycle lanes.

Our data on cyclists traveling with one or no hands on the handlebar are novel to the literature.
We detected 2.57% cyclists of riding with such behavior. Informal analysis of the videos suggested there
were various reasons cyclists failed to ride with both hands on the handlebars, such as holding a mobile
phone or an umbrella, fixing their hair or adjusting their eyeglasses. In other cases, they simply released
both hands from the handlebars for no apparent reason. The use of mobile phones while cycling,
which has been reported to be 0.7–3% in previous studies [32,33], is particularly concerning. Mobile
phone use among cyclists creates not just visual, aural, and cognitive distraction while negotiating
traffic [32,33] but the added risk of physical impairment created by cycling with just one (or no) hand(s).

Our comparisons between shared bike riders and personal bike riders yielded different results
across the behaviors measured. As in previous studies from other countries [11–16], we found cyclists
using personal bikes were more likely to wear a helmet than cyclists using shared bikes, although the
incidence of helmet use was very low for all cyclists in our study. Higher helmet use among personal
bicyclists is logical; they may own helmets and have higher safety awareness [12,14]. Unlike the
situation with helmet use where personal bike riders were safer than shared bike users, we found a
much higher risk of cycling through a red light among personal bike riders than among shared bike
riders. This result contrasts with findings of similar behavior patterns across the two groups in Boston,
USA [15], and is difficult to interpret. It may be that personal bike riders are more confident or more
familiar with the roadways and traffic patterns. Our remaining assessments yielded no significant
differences between personal and shared bike user risk-taking incidence, matching those from the
previous study in Boston [15]. It is notable that the proportion of shared bike riders observed was
much higher than personal bike riders (87% vs. 13%) in this study, which was very different from
studies from other counties [11–16]. The difference may be mainly due to the recent introduction of
shared bike system in urban China; before that time, the number of bicycles decreased quickly with the
rapid development of motorization [4,34]. Due to different cultures for travelling, such an effect is not
as significant in other countries as in China.
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Our comparison across cycling areas also yielded interesting results with implications for
prevention. Cycling against a red light was comparatively low in office areas, for example,
likely reflecting the influence of traffic patrols being present during our observations. We also observed
a higher incidence of helmet use in scenic and shopping areas, probably because some cyclists in those
areas were riding for physical exercise or leisure rather than commuting [8]. Efforts to target helmet
use by commuters, perhaps through helmet programs associated with shared bicycles or workplaces,
could be effective. Such programs for shared bike riders have been successful elsewhere [35].

The higher incidence of riding on the motorway in university and scenic areas is likely due to a
combination of a few factors. First, there was heavy cycling traffic in these areas, which may have
caused rushed or quicker riders to seek a faster path along motorways [27]. Second, bike lanes in these
areas were sometimes under construction and/or occupied by motor vehicles. Because parking spaces
are very limited in China, bike lanes and sidewalks are often occupied by parked cars, especially in
university and scenic areas [36].

Last, we found an elevated incidence of riding contrary to traffic patterns in the shopping areas
and low incidence of holding handlebars with one or no hand(s) in the office areas. As in the situation
with cyclists riding on motorways, the pattern in shopping areas may reflect some cyclists who are
running late and therefore take risks by traveling contrary to traffic in order to arrive to their office in
time and avoid penalties for late arrival. The pattern in office areas may also reflect the complexity of
cycling in those areas, where cyclists faced dense and complex traffic situations.

This study has three major limitations. First, we selected observation sites and times by considering
representative sites as well as their feasibility for filming, but the selection was non-random and not
fully representative of all cycling locations in the city or country. Although we omitted fully residential
areas from our analysis, it is unlikely to significantly change the results since residential areas and
the four types of areas are often mixed and comingled in Chinese cities. Second, we relied on video
observation techniques that detected many risks, but not all unsafe behaviors. For example, we were
unable to accurately detect distracted cycling from wearing earbuds or headphones, and we could
not accurately determine whether riding in non-bike lanes was deliberate on the part of the cyclist or
was due to the absence of available bike lanes because they were obstructed. Third, owing to the lack
of detailed traffic injury data, we did not examine the relationship between unsafe cycling behaviors
and cyclist-related crashes or injuries. Future research might work to overcome these limitations and
explore the impacts and mechanisms of unsafe cycling behaviors.

5. Conclusions

We recorded an incidence of unsafe cycling behaviors that ranged from 99.28% failure to wear
a helmet to 2.57% riding the bicycle with one or no hand(s) on the handlebars in Changsha, China.
We observed varying rates of behavioral risk between shared and personal bicyclists and across
four types of cycling areas. A range of preventive strategies, including legislative, environmental,
enforcement, traffic engineering and behavioral measures, should be considered and implemented to
improve cycling safety in urban China. Further research is recommended to continue to explore the
factors that may lead to high incidence for specific risky behaviors, interpret differences across types of
riders and riding areas, and develop innovative, impactful and cost-effective interventions.

Author Contributions: Conceptualization, G.H.; validation, W.X.; formal analysis, Y.G.; investigation, Y.G. and
W.X.; data curation, Y.G.; writing—original draft preparation, Y.G.; writing—review and editing, D.C.S. and L.Z.;
supervision, D.C.S. and L.Z.; project administration, Y.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: We declare no competing interests.



Int. J. Environ. Res. Public Health 2020, 17, 3256 9 of 10

References

1. Zhou, M.; Hu, G.; Wang, L.; Ma, S.; Li, Q.; Hyder, A.A. Bicyclist mortality between 2006 and 2010 in China:
Findings from national Disease Surveillance Points (DSP) data. Inj. Prev. 2014, 20, 7–10. [CrossRef]

2. Fu, C.; Guo, Q. Road traffic injuries in shared bicycle riders in China. Lancet Public Health 2018, 3, e111.
[CrossRef]

3. Beijing Tsinghua Tongheng Innovation Institute of Planning, Design, and Research Technology. White Book
of Shared Bike and City Development. 2017. (In Chinese). Available online: https://wenku.baidu.com/view/

c94081f10408763231126edb6f1aff00bfd57066.html (accessed on 23 November 2019).
4. Hu, G.; Yin, D. China: A return to the “kingdom of bicycles”? BMJ 2018, 360, k94. [CrossRef]
5. The Central People’s Government of the People’s Republic of China. Ten Departments of Transportation and

Other Departments’ Guidance on Encouraging and Regulating the Development of Internet Rental Bicycles.
2017; (In Chinese). Available online: http://www.gov.cn/xinwen/2017-08/03/content_5215640.htm (accessed
on 15 December 2019).

6. Zhang, Y.; Thomas, T.; Brussel, M.J.G.; Van Maarseveen, M.F. Expanding Bicycle-Sharing Systems: Lessons
Learnt from an Analysis of Usage. PLoS ONE 2016, 11, e0168604. [CrossRef]

7. Institute for Health Metrics and Evaluation. Global Burden of Disease. Compare Viz Hub. 2017.
Available online: https://vizhub.healthdata.org/gbd-compare/ (accessed on 16 December 2019).

8. Wu, X.; Xiao, W.; Deng, C.; Schwebel, D.C.; Hu, G. Unsafe riding behaviors of shared-bicycle riders in urban
China: A retrospective survey. Accid. Anal. Prev. 2019, 131, 1–7. [CrossRef]

9. Wu, C.; Yao, L.; Zhang, K. The red-light running behavior of electric bike riders and cyclists at urban
intersections in China: An observational study. Accid. Anal. Prev. 2012, 49, 186–192. [CrossRef]

10. Du, W.; Yang, J.; Powis, B.; Zheng, X.; Ozanne-Smith, J.; Bilston, L.; Wu, M. Understanding on-road practices
of electric bike riders: An observational study in a developed city of China. Accid. Anal. Prev. 2013, 59,
319–326. [CrossRef]

11. Goodman, A.; Green, J.; Woodcock, J. The role of bicycle sharing systems in normalising the image of cycling:
An observational study of London cyclists. J. Transp. Health 2014, 1, 5–8. [CrossRef]

12. Kraemer, J.D.; Roffenbender, J.S.; Anderko, L. Helmet wearing among users of a public bicycle-sharing
program in the District of Columbia and comparable riders on personal bicycles. Am. J. Public Health 2012,
102, e23–e25. [CrossRef]

13. Bonyun, M.; Camden, A.; MacArthur, C.; Howard, A. Helmet use in BIXI cyclists in Toronto, Canada:
An observational study. BMJ Open 2012, 2, e001049. [CrossRef]

14. Zanotto, M.; Winters, M.L. Helmet use among personal bicycle riders and bike share users in Vancouver, BC.
Am. J. Prev. Med. 2017, 53, 465–472. [CrossRef]

15. Wolfe, E.S.; Arabian, S.S.; Salzler, M.J.; Bugaev, N.; Rabinovici, R. Bicyclist safety behaviors in an urban
northeastern, United States city: An observational study. J. Trauma. Nurs. 2016, 23, 119–124. [CrossRef]

16. Grenier, T.; Deckelbaum, D.L.; Boulva, K.; Drudi, L.; Feyz, M.; Rodrigue, N.; Tze, N.; Fata, P.; Khwaja, K.;
Chughtai, T.; et al. A descriptive study of bicycle helmet use in Montreal, 2011. Can. J. Public Health 2013,
104, e400–e404. [CrossRef]

17. Chen, G.Z. “Big Data” of Changsha Cycling Released by a Shared Bicycle Company. Hunan Daily. 2017.
(In Chinese). Available online: http://hnrb.voc.com.cn/hnrb_epaper/html/2017-05/24/content_1214949.htm?
div=-1 (accessed on 23 November 2019).

18. Tuckel, P.; Milczarski, W. City Cyclists Ride More Safely: An Observational Study of Biking Behavior in Lower
and Central Manhattan. 2013. Available online: http://c.ymcdn.com/sites/www.apbp.org/resource/collection/

5DE92501-A2C5-485C-A537-428A1C913C93/City_Cyclists_Ride_More_Safely_Milczarski_May-13.pdf
(accessed on 5 October 2019).

19. The Central People’s Government of the People’s Republic of China. The Implementation Regulations
of Road Traffic Safety Law of the People’s Republic of China. 2005; (In Chinese). Available online:
http://www.gov.cn/banshi/2005-08/23/content_25579.htm (accessed on 21 March 2019).

20. Son, S.H.; Oh, S.H.; Kang, S.H.; Kim, D.-K.; Seo, K.M.; Lee, S.-U.; Lee, S.-Y. Independent factors associated
with bicycle helmet use in a Korean population: A cross-sectional study. Traffic Inj. Prev. 2018, 19, 399–403.
[CrossRef]

http://dx.doi.org/10.1136/injuryprev-2012-040510
http://dx.doi.org/10.1016/S2468-2667(18)30024-0
https://wenku.baidu.com/view/c94081f10408763231126edb6f1aff00bfd57066.html
https://wenku.baidu.com/view/c94081f10408763231126edb6f1aff00bfd57066.html
http://dx.doi.org/10.1136/bmj.k94
http://www.gov.cn/xinwen/2017-08/03/content_5215640.htm
http://dx.doi.org/10.1371/journal.pone.0168604
https://vizhub.healthdata.org/gbd-compare/
http://dx.doi.org/10.1016/j.aap.2019.06.002
http://dx.doi.org/10.1016/j.aap.2011.06.001
http://dx.doi.org/10.1016/j.aap.2013.06.011
http://dx.doi.org/10.1016/j.jth.2013.07.001
http://dx.doi.org/10.2105/AJPH.2012.300794
http://dx.doi.org/10.1136/bmjopen-2012-001049
http://dx.doi.org/10.1016/j.amepre.2017.04.013
http://dx.doi.org/10.1097/JTN.0000000000000202
http://dx.doi.org/10.17269/cjph.104.3936
http://hnrb.voc.com.cn/hnrb_epaper/html/2017-05/24/content_1214949.htm?div=-1
http://hnrb.voc.com.cn/hnrb_epaper/html/2017-05/24/content_1214949.htm?div=-1
http://c.ymcdn.com/sites/www.apbp.org/resource/collection/5DE92501-A2C5-485C-A537-428A1C913C93/City_Cyclists_Ride_More_Safely_Milczarski_May-13.pdf
http://c.ymcdn.com/sites/www.apbp.org/resource/collection/5DE92501-A2C5-485C-A537-428A1C913C93/City_Cyclists_Ride_More_Safely_Milczarski_May-13.pdf
http://www.gov.cn/banshi/2005-08/23/content_25579.htm
http://dx.doi.org/10.1080/15389588.2017.1418507


Int. J. Environ. Res. Public Health 2020, 17, 3256 10 of 10

21. Fischer, C.M.; Sanchez, C.E.; Pittman, M.; Milzman, D.; Volz, K.A.; Huang, H.; Gautam, S.; Sanchez, L.D.
Prevalence of bicycle helmet use by users of public bikeshare programs. Ann. Emerg. Med. 2012, 60, 228–231.
[CrossRef]

22. Basch, C.H.; Ethan, D.; Rajan, S.; Samayoa-Kozlowsky, S.; Basch, C.E. Helmet use among users of the Citi Bike
bicycle-sharing program: A pilot study in New York City. J. Commun. Health 2014, 39, 503–507. [CrossRef]

23. Popa, I.; Ferraro, O.E.; Orsi, C.; Morandi, A.; Montomoli, C. Bicycle helmet use patterns in Italy. A description
and analysis of survey data from an Italian friends of cycling association. Accid. Anal. Prev. 2017, 108,
268–274. [CrossRef]

24. Hoye, A. Recommend or mandate? A systematic review and meta-analysis of the effects of mandatory
bicycle helmet legislation. Accid. Anal. Prev. 2018, 120, 239–249. [CrossRef]

25. Chow, R.; Hollenberg, D.; Pintilie, A.; Midroni, C.; Cumner, S. Helmet use of adolescent cyclists at Crescent
School in Toronto, Canada. Int. J. Adolesc. Med. Health 2016, 29. [CrossRef]

26. Finnoff, J.T.; Laskowski, E.R.; Altman, K.L.; Diehl, N.N. Barriers to bicycle helmet use. Pediatrics 2001, 108,
E4. [CrossRef]

27. Bai, L.; Liu, P.; Guo, Y.; Yu, H. Comparative analysis of risky behaviors of electric bicycles at signalized
intersections. Traffic Inj. Prev. 2015, 16, 424–428. [CrossRef]

28. Richardson, M.; Caulfield, B. Investigating traffic light violations by cyclists in Dublin city centre. Accid.
Anal. Prev. 2015, 4, 65–73. [CrossRef]

29. Fraboni, F.; Puchades, V.M.; De Angelis, M.; Pietrantoni, L.; Prati, G. Red-light running behavior of cyclists in
Italy: An observational study. Accid. Anal. Prev. 2018, 120, 219–232. [CrossRef]

30. Schleinitz, K.; Petzoldt, T.; Kröling, S.; Gehlert, T.; Mach, S. (E-)Cyclists running the red light—The influence
of bicycle type and infrastructure characteristics on red light violations. Accid. Anal. Prev. 2019, 122, 99–107.
[CrossRef]

31. Parker, K.M.; Rice, J.; Gustat, J.; Ruley, J.; Spriggs, A.; Johnson, C. Effect of bike lane infrastructure
improvements on ridership in one New Orleans neighborhood. Ann. Behav. Med. 2013, 45 (Suppl. S1),
S101–S107. [CrossRef]

32. De Waard, D.; Westerhuis, F.; Lewis-Evans, B. More screen operation than calling: The results of observing
cyclists’ behavior while using mobile phones. Accid. Anal. Prev. 2015, 76, 42–48. [CrossRef]

33. Schwebel, D.C.; Stavrinos, D.; Byington, K.W.; Davis, T.; O’Neal, E.E.; de Jong, D. Distraction and pedestrian
safety: How talking on the phone, texting, and listening to music impact crossing the street. Accid. Anal.
Prev. 2012, 45, 266–271. [CrossRef]

34. Jia, Y.; Ding, D.; Gebel, K.; Chen, L.; Zhang, S.; Ma, Z.; Fu, H. Effects of new dock-less bicycle-sharing
programs on cycling: A retrospective study in Shanghai. BMJ Open 2019, 9, e024280. [CrossRef]

35. Friedman, S.M.; Adamson, M.; Cleiman, P.; Arenovich, T.; Oleksak, K.; Mohabir, I.M.; Ta, R.; Reiter, K.
Helmet-wearing practices and barriers in Toronto bike-share users: A case-control study. Can. J. Emerg. Med.
2016, 18, 28–36. [CrossRef]

36. Yuan, C.; Sun, Y.; Lv, J.; Lusk, A.C. Cycle tracks and parking environments in China: Learning from college
students at Peking University. Int. J. Environ. Res. Public Health 2017, 14, E930. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.annemergmed.2012.03.018
http://dx.doi.org/10.1007/s10900-013-9785-7
http://dx.doi.org/10.1016/j.aap.2017.09.003
http://dx.doi.org/10.1016/j.aap.2018.08.001
http://dx.doi.org/10.1515/ijamh-2015-0123
http://dx.doi.org/10.1542/peds.108.1.e4
http://dx.doi.org/10.1080/15389588.2014.952724
http://dx.doi.org/10.1016/j.aap.2015.08.011
http://dx.doi.org/10.1016/j.aap.2018.08.013
http://dx.doi.org/10.1016/j.aap.2018.10.002
http://dx.doi.org/10.1007/s12160-012-9440-z
http://dx.doi.org/10.1016/j.aap.2015.01.004
http://dx.doi.org/10.1016/j.aap.2011.07.011
http://dx.doi.org/10.1136/bmjopen-2018-024280
http://dx.doi.org/10.1017/cem.2015.22
http://dx.doi.org/10.3390/ijerph14080930
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Location and Participants 
	Ethical Approval 
	Video-Based Data Collection 
	Video Coding 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

