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Multicentre study of hospitalised patients
with sports- and recreational cycling–related
traumatic brain injury in Hong Kong

Peter YM Woo *, Eric Cheung, Fion WY Lau, Nancy WS Law, Carly KY Mak, Peony Tan, Bertrand Siu,
Anson Wong, Calvin HK Mak, KY Chan, KY Yam, KY Pang, YC Po, WM Lui, Danny TM Chan, WS Poon
ABSTRACT

Introduction: Cycling is associated with a greater
risk of traumatic brain injury (TBI) than other
recreational activities. This study aimed to investigate
the epidemiology of sports-related TBI in Hong
Kong and to examine predictors for recreational
cycling-induced intracranial haemorrhage.
Methods: This retrospective multicentre study
included patients diagnosed with sports-related TBI
in public hospitals in Hong Kong from 2015 to 2019.
Computed tomography scans were reviewed by an
independent assessor. The primary endpoint was
traumatic intracranial haemorrhage. The secondary
endpoint was an unfavourable Glasgow Outcome
Scale (GOS) score at discharge from hospital.
Results: In total, 720 patients were hospitalised with
sports-related TBI. The most common sport was
cycling (59.2%). The crude incidence of cycling-related
TBI was 1.1 per 100 000 population. Cyclists were
more likely to exhibit intracranial haemorrhage and
an unfavourable GOS score, compared with patients
who had TBI because of other sports. Although 47%
of cyclists had intracranial haemorrhage, only 15%
wore a helmet. In multivariate analysis, significant
predictors for intracranial haemorrhage were age
≥60 years, antiplatelet medication, moderate or
severe TBI, and skull fracture. Among 426 cyclists,
375 (88%) had mild TBI, and helmet wearing
was protective against intracranial haemorrhage,
regardless of age, antiplatelet medication intake, and
mechanism of injury. Of 426 cyclists, 31 (7.3%) had
unfavourable outcomes on discharge from hospital.
Conclusions: The incidence of sports-related TBI
is low in Hong Kong. Although cycling-related

head injuries carried greater risks of intracranial
haemorrhage and unfavourable outcomes compared
with other sports, most cyclists experienced good
recovery. Helmet wearing among recreational
cyclists with mild TBI was protective against
intracranial haemorrhage and skull fracture.
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New knowledge added by this study
• The incidence of sports-related traumatic brain injury (TBI) is lower in Hong Kong than in other countries or
regions; cycling is the sport most frequently associated with TBI.
• A greater proportion of hospitalised patients with cycling-related TBI had intracranial haemorrhage and
unfavourable functional outcomes, compared with patients who had TBI because of other sports. Risk factors
for intracranial haemorrhage were older age (>60 years), antiplatelet medication intake, moderate or severe TBI,
and skull fracture.
• Only 15% of hospitalised patients with cycling-related TBI wore a helmet at the time of injury; none of the
patients who died had been wearing a helmet.
• The lack of an independent association with motor vehicle collisions suggests that recreational cycling at
comparatively low speeds without protective head gear can be fatal.
Implications for clinical practice or policy
• Cycling is becoming increasingly popular, but Hong Kong is one of the most dangerous regions in the world for
cyclists in terms of fatality rate.
• Public health policies that improve bicycle rider safety (eg, mandatory helmet legislation) should be deliberated.
Although helmet wearing is protective against intracranial haemorrhage for mild TBI individuals, the rate of its
adoption is low.
• Measures to control the risk of sports-related TBI should be carefully considered when designing public health
policies to promote sports engagement.
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Introduction

Considerable physical and psychosocial benefits are
associated with participation in sporting activities.1,2
Physical activity has been demonstrated to reduce
the risks of coronary heart disease, some cancers,
obesity, hypertension, and type 2 diabetes mellitus.2-6
Its obvious merits have prompted several national
health programmes, including the health programme
in Hong Kong, to promote sports to the general
public.7-9 However, sports participation carries a risk
of injury, especially traumatic brain injury (TBI). It
has been estimated that 20% of all TBIs are sportsrelated.10 In addition, up to 20% of sports-related
TBI survivors (usually adolescents or young adults)
experience chronic symptoms including headache,
fatigue, and cognitive and balance difficulties.11 There
is a global trend of increasing sports-related TBI
incidence: from 3.5 to 31.5 per 100 000 population
in the past decade.12,13 Because many patients with
mild TBI do not seek medical attention, these
figures likely underestimate the total burden of this
condition.13 Population-based studies reviewing
sports-related TBI are sparse; most target specific
groups of individuals (eg, professional athletes) or
rely on self-reporting surveys that lack a uniform
definition and comprehensive assessment of brain
injury.14 For similar reasons, studies reviewing
outcome predictors have also been inadequate, thus
hindering the generation of meaningful conclusions
to guide governmental policy initiatives.14
Hong Kong is highly urbanised with an
established public transport system, such that cycling
is mainly regarded as a recreational activity.15,16 In
terms of fatality rate, Hong Kong is among the most
dangerous areas for cycling, compared with other
cities such as New York, the US, or countries such as
France.17
This study was performed to document the
epidemiology of sports-related TBI among patients
who required inpatient care by adopting territorywide uniform diagnostic coding criteria, clear data
definitions, and systematic assessments of radiologic
findings. Because cycling is a popular sport in Hong
Kong, factors predictive of intracranial haemorrhage
(eg, the effect of helmet use) and poor functional
outcomes among cyclists hospitalised with TBI were
determined.

Methods

Patients who required inpatient care at any Hospital
Authority institution for sports-related TBI
from 1 January 2015 to 31 December 2019 were
reviewed. The Hospital Authority is a public health
service highly subsidised by the Hong Kong SAR
Government; it is responsible for 90% of inpatient
bed days in the city. Patients were identified by
the International Classification of Diseases, Tenth

與運動及休閒式騎車相關創傷性腦損傷住院患者
的香港多中心研究
胡日明、張旭康、劉穎瑜、羅詠詩、麥嘉怡、陳施蓓、
蕭浚鏗、王思晴、麥凱鈞、陳廣有、任廣銳、彭佳源、
保延聰、呂偉文、陳達明、潘偉生
引言：與其他休閒活動相比，騎車造成創傷性腦損傷（TBI）的風險
較高。本研究旨在確定香港與運動相關TBI的流行病學和因騎車造成
顱內出血的預測因素。
方法：這項回顧性多中心研究對象為2015年至2019年於公立醫院住
院的因運動引致TBI的患者，並由獨立評估員審查患者的電腦掃描結
果。研究的主要終點是創傷性顱內出血。次要終點是出院時不利的格
拉斯哥昏迷指數。
結果：納入720名因運動引致TBI的住院患者，當中最普遍原因為騎
車（59.2%），其粗發病率為1.1/100 000。與其他運動引致TBI的患
者相比，騎車者較易出現顱內出血和不利的昏迷指數。研究群組中騎
車者有顱內出血佔47%，但當中只有15%佩戴頭盔。多變量分析顯示
騎車者出現創傷性顱內出血的顯著因素包括60歲或以上、服用抗血小
板藥物、中度或重度TBI及顱骨骨折。在426名因騎車引致TBI的患者
中，375名有輕度TBI；佩戴頭盔能減低顱內出血的機會，這與年齡、
抗血小板藥物攝入和損傷機制並無相關。在426名因騎車引致TBI的患
者中，只有31名（7.3%）在出院時有不利結果。
結論：在香港，與運動相關的TBI發病率較低。儘管與其他運動相
比，頭部受傷的騎車者發生顱內出血和不利結果的風險較高，但大部
份在體能上都能有良好的恢復。騎車造成輕度TBI的住院患者因事發
時佩戴頭盔，可減低顱內出血和顱骨骨折的機會。

Revision, Clinical Modification code (ICD-10-CM)
designation for TBI 854.0 secondary to a sportsrelated external cause (E codes: E006-10). Data
from clinical records, operation notes, medication
prescriptions, and computed tomography (CT)
brain scans from a central digital imaging repository
were reviewed. In particular, the type of sport played,
the clinical presentation of symptoms, the Injury
Severity Score (ISS), the need for neurosurgery,
length of hospitalisation, and diagnosis of postconcussion syndrome were recorded. Head injury
was classified into mild (presenting Glasgow Coma
Scale [GCS] score, 14-15); moderate (presenting
GCS score, 9-13), and severe (presenting GCS
score, 3-8), in accordance with criteria established
by the Neurotraumatology Committee of the World
Federation of Neurosurgical Societies.18 Postconcussion syndrome was defined in accordance
with ICD-10 criteria. This required a 4-week duration
of symptoms from at least three categories following
a traumatic loss of consciousness. The symptom
categories were headache, irritability, concentration
impairment, insomnia, and a preoccupation with
the aforementioned symptoms. For neurosurgical
patients with cycling related–TBI, the mechanism
of injury and their experience level (ie, professional
athlete or amateur rider) were documented. All CT
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scans were reviewed by an independent assessor with
6 months of neurosurgical training experience who
was blinded to the patients’ clinical characteristics
and outcomes. The scans were first evaluated using the
Rotterdam CT score, a commonly utilised validated
radiological assessment system for the prognosis of
patients with TBI. The classification has four distinct
elements that require the appraisal of the degree of
basal cistern obliteration, degree of midline shift,
the presence (or absence) of an epidural mass lesion,
and the presence (or absence) of intraventricular or
traumatic subarachnoid haemorrhage (Table 1). In
addition, the scans were assessed for skull fractures,
cerebral contusions, and acute subdural haematomas
(ASDHs). The primary outcome of the study was
the presence of intracranial haemorrhage on the
admitting CT scan. All potential predictors were
categorised into patient-related, trauma-related, and
radiological factors. The secondary outcome was
unfavourable functional performance, defined as a
Glasgow Outcome Scale (GOS) score of 3 to 5 on
discharge from the hospital (3, severe disability; 4,
persistent vegetative state; and 5, death).
Statistical analyses utilised the Chi squared
test and Fisher’s exact test were used for categorical
data such as patient gender or the use of antiplatelet
medication. Independent-samples t test was used
for continuous data such as patient age or duration
of hospitalisation. Multivariate binary logistic
regression was used to identify independent factors
for the presence (or absence) of traumatic intracranial
haemorrhage. A P value of <0.05 was considered
statistically significant. Statistical analysis was
conducted using SPSS (Windows version 20.0; IBM
Corp, Armonk [NY], US).

TABLE 1. Rotterdam CT scores for traumatic brain injury
Predictor

Score

Basal cisterns
Normal

0

Compressed

1

Absent

2

Midline shift
No or ≤5 mm

0

Shift >5 mm

1

Epidural mass lesion
Present

0

Absent

1

Intraventricular blood or tSAH
Absent

0

Present

1

Sum score

+1

Abbreviations: CT = computed tomography; tSAH = traumatic
subarachnoid haemorrhage
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Results

Overall characteristics of patients with
sports-related traumatic brain injury during
the study period
In total, 720 consecutive patients were hospitalised
with sports-related TBI during the 5-year study
period, and 705 (97.9%) of them were admitted
under neurosurgical care. This was equivalent
to a crude incidence of 1.9 per 100 000 general
population. The mean (± standard deviation [SD])
age was 32 ± 19 years; 521 (72.4%) patients were
adults (≥18 years) and 568 (78.9%) were male. The
most common sport was cycling (59.2%), followed
by football (21.3%) and basketball (7.5%) [Fig a].
On admission, most (86.1%) patients were fully
conscious. Overall, 658 (91.4%) patients had mild
TBI, 41 (5.7%) patients had moderate TBI, and
21 (2.9%) patients had severe TBI. Post-traumatic
seizures occurred in 36 (5.0%) patients. Furthermore,
324 (45.0%) patients had a loss of consciousness and
269 (37.4%) patients experienced post-traumatic
retrograde amnesia. Only 19 (2.6%) patients
were taking either antiplatelet or anticoagulant
medication. Extracranial injuries were sustained
by 208 (28.9%) patients; among them, injuries were
mainly either limb abrasions or contusions (62.1%).
The median ISS was 2 (interquartile range=2-8).
Intracranial haemorrhage was noted in 283
(39.3%) patients with TBI; 166 (23.1%) patients
exhibited traumatic subarachnoid haemorrhage and
157 (21.8%) exhibited ASDH. Skull fractures were
detected in 179 (24.9%) patients, with a median
Rotterdam CT score of 2 (interquartile range=2-2).
In total, 59 (8.2%) patients required neurosurgical
intervention; 32 (54.2%) of them had good recovery
with a median GOS score of 5 on discharge from
the hospital and at 6 months. The mean (± SD)
duration of hospitalisation was 5 ± 28 days. Among
307 (42.6%) patients in whom 6-month GOS scores
could be assessed, good recovery was observed in
260 (84.7%). Post-concussion syndrome was
diagnosed in 30 (6.2%) of 482 patients who attended
scheduled follow-up outpatient consultations.

Recreational cycling-related traumatic brain
injury
The crude incidence of recreational cycling-related
TBI requiring hospitalisation was 1.1 per 100 000
population. A comparison was performed between
cyclists with sports-related TBI and patients who had
TBI because of other sports (Table 2). Cyclists were
significantly older (P<0.001) [Table 2; Fig b]. Among
426 cyclists, 306 (71.8%) were male and 120 (28.2%)
were female. However, the proportion of patients
who were female was significantly higher among
those who had TBI because of cycling (28.2%) than
among those who had TBI because of other sports
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Predictors for traumatic intracranial
haemorrhage and poor functional outcome at
discharge from hospital among cyclists
Among the 426 cyclists in this study, 128 (30.0%)
experienced bicycle accidents during the weekend;
10 (2.3%) of the cyclists were professional athletes.
Most cyclists (273; 64.1%) accidently fell off their
bicycle on their own (ie, without colliding into
another object) on level ground. Of the injuries,
103 (24.2%) were sustained when the cyclist was
traveling downhill; for the 28 patients with records
of self-reported velocities, the estimated mean
(± SD) velocity at the moment before injury was
40 ± 15 km/h. At the time of injury, 361 (84.7%)
cyclists had not been wearing a helmet. Among eight
(1.9%) patients who subsequently died, none had
been wearing protective head gear.
Risk factors for traumatic intracranial
haemorrhage among cyclists are shown in Table 3.
Univariate analysis identified the following risk
factors: age ≥60 years, use of antiplatelet medication,
involvement in a motor vehicle collision, presence
of moderate to severe TBI, and skull fracture. In
univariate analysis, helmet wearing was protective
against intracranial haemorrhage. Multivariate
logistic regression identified the following
independent risk factors: age ≥60 years, antiplatelet
medication intake, moderate or severe TBI, and
the presence of a skull fracture. Table 4 shows
independent significant predictors for unfavourable
GOS score on discharge from hospital: age ≥60 years,
antiplatelet intake, severe TBI, intracranial
haemorrhage, and the need for neurosurgical
operative intervention.

(a)
Other
28 (4%)
Skateboarding
13 (2%)
Boxing / martial arts
19 (3%)
Rugby
27 (4%)
Basketball
54 (7%)

Cycling
426 (59%)

Football
153 (21%)

(b)
200
180
160
140
No. of patients

(10.9%; P<0.001). Cyclists were likely to exhibit more
severe TBI with an almost three-fold greater risk of
sustaining extracranial injury (odds ratio [OR] 2.8;
95% CI: 1.9-4.0), resulting in a higher ISS (P<0.001).
Of cyclists admitted for head injury, 201 (47.2%) had
intracranial haemorrhage, which was radiologically
more extensive in terms of the Rotterdam CT
score, compared with haemorrhage in non-cyclists
(P<0.01). As a consequence, a greater proportion of
cyclists had a worse GOS score on discharge from
hospital (OR 2.8; 95% CI: 1.3-6.2) and at 6 months
(OR 4.7; 95% CI: 2.1-10.5). The cause of death for
all cyclists with 30-day mortality was severe TBI
with medically refractory intracranial hypertension.
Although the overall incidence was low, cyclists also
had a greater risk of post-concussion syndrome (OR
2.5; 95% CI: 1.2-5.4).

Non-cyclists
Cyclists

120
100
80
60
40
20
0

1-10

11-20

21-30

31-40 41-50 51-60
Age-group (years)

61-70

71-80

>80

FIG. (a) Sports played among 720 hospitalised patients diagnosed with sportsrelated traumatic brain injury from 2015 to 2019. (b) Histogram depicting the
number of patients with head injury because of cycling (grey bars) compared with
those who had head injury because of other sports (white bars), according to
age-group

protective effect of helmet use was noted in terms
of reducing TBI severity across these GCS-defined
categories (Table 3). However, among cyclists with
mild TBI, helmets were significantly protective
against intracranial haemorrhage and skull fracture,
regardless of age, antiplatelet medication intake, or
mechanism of injury (Table 5). Although the median
Rotterdam CT score was comparable between
cyclists with mild TBI who did or did not wear
Effect of helmet use among cyclists
helmets (P=0.68), significantly fewer patients with
As shown in Table 2, 375 (88.0%) hospitalised head protection had epidural haematoma or ASDH.
cyclists had mild TBI, whereas only 36 (8.5%) cyclists For patients with mild TBI who had intracranial
had moderate TBI and 15 (3.5%) had severe TBI. No haemorrhage, this difference in radiological factors
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TABLE 2. Comparison of baseline characteristics and outcomes between cyclists and non-cyclists with sports-related traumatic
brain injury*
Non-cyclist (n=294)
Age, y, mean ± SD

Cyclist (n=426)

OR (95% CI) or
P value

26 ± 13

35 ± 21

Age ≥60 y

10 (3.4%)

71 (16.7%)

5.7 (2.9-11.2)

<0.001

Male sex

262 (89.1%)

306 (71.8%)

0.3 (0.2-0.5)

Antiplatelet medication

5 (1.7%)

9 (2.1%)

NS

Anticoagulant medication

2 (0.7%)

3 (0.7%)

NS

283 (96.3%)

375 (88.0%)

0.29 (0.1-0.6)

5 (1.7%)

36 (8.5%)

Trauma factors
TBI severity
Mild
Moderate
Severe

5.4 (2.1-13.8)

6 (2.0%)

15 (3.5%)

NS

Post-traumatic amnesia

96 (32.7%)

173 (40.6%)

1.4 (1.0-1.9)

Post-traumatic seizures

26 (8.8%)

10 (2.3%)

0.2 (0.1-0.5)

Loss of consciousness

111 (37.8%)

213 (50.0%)

1.7 (1.2-2.3)

51 (17.3%)

157 (36.9%)

2.8 (1.9-4.0)

Associated extracranial injury
ISS, median (IQR)

3 (2-9)

<0.001

ISS ≥3

40 (13.6%)

123 (28.9%)

2.6 (1.7-3.8)

Skull fracture

59 (20.1%)

120 (28.2%)

1.6 (1.1-2.2)

Intracranial haemorrhage

2 (2-8)

82 (27.9%)

201 (47.2%)

2.3 (1.7-3.2)

EDH

14 (4.8%)

30 (7.0%)

NS

ASDH

54 (18.4%)

103 (24.2%)

NS

Traumatic SAH

40 (13.6%)

126 (29.6%)

2.7 (1.8-4.0)

Cerebral contusion

25 (8.5%)

81 (19.0%)

2.5 (1.6-4.1)

Rotterdam CT score, mean ± SD

2.2 ± 0.6

2.3 ± 0.7

<0.01

Rotterdam CT score ≥3

40 (13.6%)

123 (28.9%)

2.6 (1.7-3.8)

Need for neurosurgery

24 (8.2%)

35 (8.2%)

NS

Hospitalisation duration, d, mean ± SD

4 ± 13

6 ± 34

NS

30-Day mortality

4 (1.4%)

8 (1.9%)

Unfavourable GOS score† at discharge from hospital

8 (2.7%)

31 (7.3%)

2.8 (1.3-6.2)

Unfavourable GOS score at 6 months‡

8 (2.6%)

39 (12.7%)

4.7 (2.1-10.5)

11 (3.7%)

28 (6.6%)

2.5 (1.2-5.4)

Post-concussion syndrome

NS

Abbreviations: 95% CI = 95% confidence interval; ASDH = acute subdural haematoma; CT = computed tomography; EDH =
epidural haematoma; GOS = Glasgow Outcome Scale; IQR = interquartile range; ISS = Injury Severity Score; NS = not significant;
OR = odds ratio; SAH = subarachnoid haemorrhage; SD = standard deviation; TBI = traumatic brain injury
*
Data are shown as No. (%), unless otherwise specified
†
Unfavourable GOS score defined as 3-5 (3: severe disability, 4: persistent vegetative state; 5: death)
‡
307 Patients attended follow-up consultations at 6 months

led to a significantly shorter mean (± SD) duration
of hospitalisation for patients who wore helmets
(2.6 ± 2.9 days), compared with patients who did not
(7.1 ± 11.6 days, P<0.001). However, there was no
difference in the need for neurosurgical intervention
among patients with mild TBI who had intracranial
haemorrhage according to head protection status
(P=0.17). Similarly, unfavourable GOS scores on
discharge from hospital (P=0.43) and at 6 months
(P=0.71) were comparable among patients with mild
342

TBI who had intracranial haemorrhage, regardless of
head protection status (Table 5).

Discussion

Balancing sports engagement with sportsrelated traumatic brain injury
The incidence of sports-related TBI in Hong Kong
is 2 per 100 000 general population; this is lower
than in other countries (eg, the US, Australia, or
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TABLE 3. Predictors for traumatic intracranial haemorrhage among cyclists*
No intracranial
haemorrhage
(n=225)

Intracranial
haemorrhage
(n=201)

Univariate OR
(95% CI) or
P value

30 ± 19

42 ± 21

<0.001

Adjusted OR
(95% CI)

Patient factors
Age, y, mean ± SD
Age ≥60 y

25 (11.1%)

46 (22.9%)

2.4 (1.4-4.0)

Male sex

168 (74.7%)

138 (68.7%)

NS

Antiplatelet medication

0

8 (4.0%)

2.2 (2.0-2.4)

Anticoagulant medication

1 (0.4%)

1 (0.5%)

NS

Professional athlete

4 (1.8%)

6 (3.0%)

NS

1.7 (1.0-3.1)
2.0 (1.8-2.2)

Trauma factors
Mechanism of injury
MVA
Lost balance on level ground

4 (1.8%)

13 (6.5%)

4.0 (1.3-12.4)

105 (46.7%)

76 (37.8%)

NS

Fell on downhill slope

53 (23.6%)

50 (24.9%)

NS

Collided with stationary object

19 (8.4%)

12 (6.0%)

NS

Collided with another cyclist

17 (7.6%)

13 (6.5%)

NS

-

-

Moderate

3 (1.3%)

33 (16.4%)

14.5 (4.4-48.2)

11.2 (3.2-40.0)

Severe

2 (0.9%)

13 (6.5%)

7.7 (1.7-34.4)

7.9 (1.4-66.7)

Helmet wearing

42 (18.7%)

23 (11.4%)

0.6 (0.3-0.9)

TBI during the weekend

64 (28.4%)

64 (31.8%)

NS

Post-traumatic amnesia

96 (42.7%)

77 (38.3%)

NS

TBI severity
Mild (reference)

Post-traumatic seizures

3 (1.3%)

7 (3.5%)

NS

Loss of consciousness

111 (49.3%)

102 (50.7%)

NS

Vomiting

32 (14.2%)

38 (18.9%)

NS

Skull fracture

39 (17.3%)

81 (40.3%)

3.2 (2.1-5.0)

2.7 (1.6-4.5)

Abbreviations: 95% CI = 95% confidence interval; MVA = motor vehicle accident; NS = not significant; OR = odds ratio; SD =
standard deviation; TBI = traumatic brain injury
*
Data are shown as No. (%), unless otherwise specified

Italy), where the incidences range from 4 to 32 per
100 000 population.12 The lower incidence in Hong
Kong is consistent with a previous finding that Hong
Kong residents (especially children and adolescents)
have lower physical activity and fitness levels than in
other regions, according to a global evidence-based
evaluation of such indicators from 49 countries.19
Considering the health benefits of an active lifestyle,
there is a clear need to promote sports engagement
in Hong Kong. A survey of 5701 residents performed
by the Transport Department of the Hong Kong SAR
Government estimated that 10% of households had
bicycles available for use; moreover, 69% (4 million)
of residents aged 15 years or older knew how to ride
one.16 In addition, most survey respondents (73%)
cycled for recreational or fitness purposes.15

Cycling safety outcomes in Hong Kong
Previous epidemiological studies of sports-related
brain injuries revealed that cycling was one of the
most frequent activities involved.10,12,20,21 In 2019,
1738 road traffic accidents involving cyclists were
reported to the Hong Kong Transport Department.22
Half of these accidents (50.6%, 879/1738) occurred
in recreational areas such as cycling tracks, parks,
or playgrounds; eight (0.5%) patients experienced
fatal injuries.22 In the past 10 years, the number of
cyclist injuries in Hong Kong has increased by 5.2%
per year.17 Compared with other regions worldwide,
Hong Kong is one of the most dangerous areas
for cycling.17 The fatality rate (per billion minutes
cycled) in the city was 34, substantially higher than
the rates in Stockholm, Sweden (3), France (4), and
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TABLE 4. Predictors for unfavourable GOS score at discharge from hospital (severe disability, vegetative state, or death) among
cyclists with TBI*
Favourable GOS
score (n=395)

Unfavourable GOS
score (n=31)

Univariate OR
(95% CI) or
P value

34 ± 20

55 ± 19

<0.001

Age ≥60 y

60 (15.2%)

11 (35.5%)

Male sex

284 (71.9%)

22 (71.0%)

4 (1.0%)

4 (12.9%)

Adjusted OR
(95% CI)

Patient factors
Age, y, mean ± SD

Antiplatelet medication
Anticoagulant medication
Professional athlete

3.0 (1.4-6.7)

12.0 (1.8-20.1)

NS
14.3 (3.4-60.1)

2 (0.5%)

0

NS

10 (2.5%)

0

NS

13 (3.3%)

4 (12.9%)

4.5 (1.3-14.9)

24 (6.1%)

12 (38.7%)

9.8 (4.2-22.4)

3 (0.8%)

12 (38.7%)

82.3 (21.4-316.4)

61 (15.4%)

4 (12.9%)

NS

17.9 (2.0-33.3)

Trauma factors
MVA
TBI severity
Mild (reference)
Moderate
Severe
Head protection worn
Post-traumatic seizures
Associated extracranial injury
ISS, median (IQR)
ISS ≥3

-

10 (2.5%)
143 (36.2%)
3 (2-8)

0

50.0 (1.7-91.0)

NS

14 (45.2%)

NS

33 (8-50)

<0.001

267 (67.6%)

30 (96.8%)

14.3 (1.9-28.4)

173 (43.8%)

28 (90.3%)

12.0 (3.6-40.1)

25 (6.3%)

5 (16.1%)

2.8 (1.0-8.0)

Radiological factors
Intracranial haemorrhage
EDH
ASDH
Traumatic SAH
Cerebral contusion
Rotterdam CT score, median (IQR)
Rotterdam CT score ≥3
Need for neurosurgery

80 (20.3%)

23 (74.2%)

11.3 (4.9-26.3)

101 (25.6%)

25 (80.6%)

12.1 (4.8-30.4)

59 (14.9%)

22 (71.0%)

13.9 (6.1-31.7)

2 (2-2)

3 (2-4)

11.6 (3.23-35.7)

<0.001

96 (24.3%)

27 (87.1%)

21.0 (7.2-61.6)

15 (3.8%)

20 (64.5%)

46.1 (18.8-113.1)

12.7 (1.3-121.0)

Abbreviations: 95% CI = 95% confidence interval; ASDH = acute subdural haematoma; CT = computed tomography; EDH =
epidural haematoma; GOS = Glasgow Outcome Scale; IQR = interquartile range; ISS = Injury Severity Score; MVA = motor vehicle
accident; NS = not significant; OR = odds ratio; SAH = subarachnoid haemorrhage; SD = standard deviation; TBI = traumatic brain
injury
*
Data are shown as No. (%), unless otherwise specified

other metropolitan areas (eg, New York City [18]
and Los Angeles [8]).17 These studies included riders
primarily involved in commuting and the causes
of death were not elucidated, but they indicate a
growing need to enhance the safety of vulnerable
road users.
To our knowledge, this is the first multicentre
study to comprehensively document the outcomes
of inpatients with recreational cycling-related TBI
using standard assessment criteria. By comparison
with patients who had TBI because of other sports,
we found that cyclists in Hong Kong exhibited
344

greater risks of more severe injury, intracranial
haemorrhage, unfavourable GOS score at discharge
from hospital, and post-concussion syndrome.
Despite these findings, our results suggest that
cycling is generally safe and hospitalised patients had
a high (92.7%) likelihood of favourable functional
outcomes on discharge from hospital.
Single-centre reviews of cycling-related
injuries among various suburban districts in Hong
Kong found that limb injuries were the most
common form of trauma followed by head injury
(10%-39% of patients).23-26 Among patients with TBI,
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TABLE 5. Comparison of baseline characteristics and outcomes between helmet-wearing and non-helmet wearing cyclists
hospitalised with mild TBI*
Not wearing helmet
(n=297)

Wearing helmet
(n=56)

OR (95% CI)

33 ± 21

36 ± 18

NS

Patient factors
Age, y, mean ± SD
Age ≥60 y

47 (15.8%)

9 (16.1%)

NS

Male sex

204 (68.7%)

47 (83.9%)

2.4 (1.1-5.1)

Antiplatelet medication

6 (2.0%)

0

NS

Anticoagulant medication

1 (0.3%)

1 (1.8%)

NS

Professional athlete

2 (0.7%)

6 (10.7%)

17.7 (3.5-90.2)

Trauma factors
Mechanism of injury
MVA

10 (3.4%)

2 (3.6%)

NS

204 (68.7%)

35 (62.5%)

NS

Fell on downhill slope

64 (21.5%)

12 (21.4%)

NS

Collided with stationary object

23 (7.7%)

2 (3.6%)

NS

Collided with another cyclist

15 (5.1%)

5 (8.9%)

NS

102 (34.3%)

Lost balance on level ground

Associated extracranial injury

23 (41.1%)

NS

ISS, median (IQR)

30 (21-41)

34 (8-51)

NS

ISS ≥3

44 (14.8%)

10 (17.9%)

NS

75 (25.3%)

7 (12.5%)

0.4 (0.2-0.9)

128 (43.1%)

15 (26.8%)

Radiological factors
Skull fracture
Intracranial haemorrhage
EDH

20 (6.7%)

0.5 (0.3-0.9)

0

0.8 (0.7-0.9)

ASDH

63 (21.2%)

4 (7.1%)

0.3 (0.1-0.8)

Traumatic SAH

71 (23.9%)

9 (16.1%)

NS

Cerebral contusion

40 (13.5%)

6 (10.7%)

NS

Rotterdam CT score, mean ± SD

2 (2-2)

Rotterdam CT score ≥3
Need for neurosurgery
Hospitalisation duration, d, mean ± SD

2 (2-2)

NS

67 (22.6%)

9 (16.1%)

NS

6 (2.0%)

2 (3.6%)

NS

2±3

3±6

NS

30-Day mortality

0

0

NS

Unfavourable GOS score† at discharge from hospital

6 (2.0%)

0

NS

16 (5.4%)

2 (3.6%)

NS

6 (2.0%)

2 (3.6%)

NS

Unfavourable GOS score at 6 months

‡

Post-concussion syndrome

Abbreviations: 95% CI = 95% confidence interval; ASDH = acute subdural haematoma; CT = computed tomography; EDH =
epidural haematoma; GOS = Glasgow Outcome Scale; IQR = interquartile range; ISS = Injury Severity Score; MVA = motor vehicle
accident; NS = not significant; OR = odds ratio; SAH = subarachnoid haemorrhage; SD = standard deviation; TBI = traumatic brain
injury
*
Data are shown as No. (%), unless otherwise specified
†
Unfavourable GOS score defined as 3-5 (3: severe disability, 4: persistent vegetative state; 5: death)
‡
126 Patients attended follow-up consultations at 6 months

16% to 53% exhibited “severe” injury; however, the
studies did not provide explicit definitions to qualify
this categorisation, and did not describe radiological
data regarding the extent of injury or the need
for neurosurgical intervention.23,26 In the present
study, 12% of hospitalised cyclists with head injury

had moderate to severe TBI. There was also a high
incidence of intracranial haemorrhage involving
almost half of the patients. Both these factors were
independent predictors of poor GOS score on
discharge from hospital. Our results are consistent
with the findings in a previous study where 75%
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of all cycling-related deaths were caused by severe
TBI.27 The lack of an independent association with
motor vehicle collisions, which constituted only
a minority of injuries in this cohort, suggests that
recreational cycling at comparatively low speeds can
be fatal. Notably, the mechanism of injury for four
(50%) of the eight recreational cyclists who died in
this study was a loss of balance, followed by a fall on
level ground without colliding into another object,
person, or motor vehicle.

Helmet use: safety and legislative
implications
Previous studies in Hong Kong, the most recent of
which was performed >10 years ago, revealed that
recreational cyclists rarely wore protective headgear
(eg, frequencies of 0.2% to 2.2% among emergency
department attendees).24-26 Our findings revealed that
significantly more patients (15%) wore helmets at the
time of injury. Governmental advocacy initiatives for
promoting helmet wearing in recent years may have
resulted in heightened public awareness regarding
the risks of head trauma.28 There is little doubt
that helmets are protective. In the past 30 years,
several case-control and epidemiological studies
have delivered compelling evidence to support the
efficacy of bicycle helmet wearing in reducing the
risk of life-threatening TBI.29-37 In a case-control
prospective multicentre study of over 3000 patients,
Thompson et al33 noted that helmets (irrespective
of design) conferred up to a 74% reduction in TBI
during accidents. A subsequent meta-analysis of five
studies observed that helmets provided a 63% to 88%
reduction in the risk of head, brain, and severe TBI
for all ages of cyclists; this included equal levels of
protection for collisions involving motor vehicles
and collisions due to other causes.38 In the present
study, helmet wearing did not reduce TBI severity
according to our broadly predefined categories.
However, among hospitalised recreational cyclists
with mild head injury, helmets did provide significant
protection against intracranial haemorrhage,
including potentially life-threatening epidural
haematomas and ASDHs, as well as skull fractures.
Thus, our findings may have important public health
implications with regard to introducing mandatory
bicycle helmet wearing legislation in the city.
Whether such laws should exist is a particularly
divisive issue among public health experts and
interest groups.39-43 In Australia, a nation with all-age
helmet wearing safety laws, an overall 46% decline
in cyclist fatalities per 1 000 000 population has been
reported, compared with the pre-legislation period.44
Similar findings were noted in New Zealand: a
67% decline in severe TBI was recorded after the
introduction of helmet laws.45 In the US, a significant
reduction in paediatric cyclist fatalities involving
motor vehicles was observed in states with such
346

laws.46 A meta-analysis of the effectiveness of bicycle
helmet legislation revealed that it increased helmet
usage, while significantly reducing head injuries
and mortality.47 Several medical associations have
expressed support for introducing such legislation;
these include the World Health Organization, the
British Medical Association, the American Medical
Association, and the Royal Australasian College of
Surgeons.48-51 However, critics of such compulsory
policies have hypothesised that helmets could
encourage risk-compensation behaviour, whereby
cyclists may be more willing to engage in potentially
injurious risks or for motorists to exercise less
caution when encountering them.39,52,53 Other
reasons for opposition include infringement on
individual liberties; some public health scholars have
theorised that such laws could discourage cyclists
from participating in gainful physical activity.39-42,54
From a Hong Kong Transport Department survey
(5701 respondents) regarding attitudes towards
possible helmet law and enforcement measures, the
majority of respondents (78%-90%) were in favour of
introducing such legislation, especially when riding
on carriageways.16 However, among respondents
who knew how to ride a bicycle (3933 respondents),
23% declared they would ride less frequently if
mandatory helmet wearing was required.16

Limitations
An inherent limitation of a retrospective study of this
nature was the likely under-reporting of the number of
patients with sports-related head injuries. In the only
existing population-based study of TBI epidemiology
that included community-based injuries, 95% were
considered mild and 28% of respondents did not
seek medical attention.55 Among professional or
university-level athletes, under-reporting is more
apparent: questionnaire surveys reveal that 31% to
78% of respondents neglected to pursue medical
care despite experiencing a concussion during
the preceding 12 months.56,57 At the emergency
department level, no territory-wide TBI registry
exists in Hong Kong; moreover, diagnostic coding
to facilitate data retrieval is typically not performed
after consultations. Therefore, we could only identify
hospitalised patients with sports-related TBI by
means of an administrative database that utilised
the ICD-10 coding system. However, the validity
of such administrative data for research has been
questioned.58 Studies have shown significantly lower
TBI rates among young adults, men, and patients
with less severe injuries when the ICD system was
utilised, compared with thorough medical record
review.59 Analysis of a population-based TBI sample
showed that only 19% of individuals were assigned
a TBI-related diagnostic ICD code.60 In addition, a
degree of selection bias may have existed because
some non-hospitalised helmet-wearing cyclists with
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mild head injury may have been discharged from the
emergency department, mitigating the protective
effects of helmet use. This may explain why no
considerable differences in outcomes were detected
for patients with moderate or severely injured
patients. Despite the low rate of helmet use among
recreational cyclists (15%), significant protective
effects were detected among mildly injured patients
with regard to intracranial haemorrhage and skull
fracture. This limited participant identification
approach also allowed for a pragmatic review of
patients with clinically significant TBI who were
hospitalised following evaluation by an emergency
care physician. Computed tomography scans are
generally performed only for hospitalised patients
with head injury in our public healthcare system;
this approach offered an opportunity to evaluate
imaging data for intracranial haemorrhage. Because
the ICD coding system for traumatic intracranial
haemorrhage reportedly has high sensitivity and
specificity (both >80%),59 we adopted this coding
outcome as the study’s primary endpoint. Another
important limitation was the definition of mild
TBI, which affected most patients in this study. The
definitions offered by several authorities range from
conventional GCS-based criteria such as the US
Centers for Disease Control and Prevention,61 and
the American College of Surgeons62 to additional
symptoms of confusion, memory impairment,
transient loss of consciousness, and irritability
proposed by the World Health Organisation and the
American Congress of Rehabilitation Medicine.18,63,64
A better delineation of these symptoms would have
enhanced the identification of patients with “highrisk” mild TBI; however, because these relevant
symptoms were often not systematically documented
in most medical records retrieved in our study, we
used GCS-based criteria to reduce the overall rate of
underdiagnosis. Using GOS score on discharge from
hospital as a secondary study endpoint, we found that
only 31 (7%) patients had unfavourable outcomes.
Although statistically significant predictors for TBI
were identified, the wide confidence intervals for
these predictors suggest that the sample size was
insufficient to draw robust conclusions. Finally, we
could only retrospectively assess GOS score as a
fundamental measure of functional outcome. More
sensitive instruments (eg, the extended GOS or
the Sport Concussion Assessment Tool65,66) might
have been better for assessing the psychosocial and
cognitive aspects of TBI, considering that a large
proportion of mildly injured cyclists had intracranial
haemorrhage.

cyclists sustained intracranial haemorrhage.
Compared with patients who had head injury
because of other sports, cyclists are more likely to
experience severe consequences. There is evidence
that helmet use offers protection against intracranial
haemorrhage and skull fracture among cyclists
with mild head injury. Cycling is a safe physical
activity, but further legislative measures should be
introduced to promote and protect the welfare of
individuals enjoying this sport.
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