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Purpose: While bicycle helmet use reduces bicycle-related head injury, few children wear them regularly. We
aimed to describe racial/ethnic and socioeconomic differences in pediatric helmet use in Los Angeles County
(LAC) to help target groups for injury prevention programs.
Methods: A retrospective review of all pediatric patients involved in bicycle-related accidents in LAC between
2006 and 2011 was performed. Our primary analysis examined the association between helmet use and age,
gender, insurance status, and race/ethnicity. We also evaluated the association between helmet use and the
need for emergency surgery, mortality, and length of hospital stay (LOH), after adjusting for injury severity
score (ISS), age, insurance status, and race/ethnicity.
Results: Of 1248 patients, 11.3% wore helmets, with decreased use among children 12 years and older,

minorities, and those without private insurance. Overall, 5.9% required an emergency operation, 34.1%
returned to their pre-injury capacity, and mortality was 0.7%. On multivariable analysis, higher ISS increased
LOH, the risk for emergency surgery, and mortality.
Conclusion: Nearly 90% of children involved in bicycle-related accidents were not wearing helmets. Helmet
use was lower among older children, minorities, and those from a low socioeconomic status. Injury
prevention programs targeting low-income middle and high schools and minority communities may help
increase helmet use in children in LAC.

© 2014 Elsevier Inc. All rights reserved.
According to the CDC, an estimated 33 million children ride
bicycles nearly 10 billion hours each year. Unfortunately, nearly 200
children die each year from bicycle crashes, and bicycle-related
injuries account for over 250,000 emergency department related
visits [1]. While helmet use is a proven intervention that reduces
bicycle-related head injury by 63%–88% [2] only 18% of the population
and 15% of children under 15 years of age wear helmets all or most of
the time [3]. Although California has had a mandatory bicycle helmet
law for those less than 18 years old since 1994, the state had the
second highest number of bicyclist fatalities in 2011 [4].

The problem of ethnic and racial disparities has recently received
significant attention in both themedia and the literature; yet there are
little data regarding racial/ethnic and socioeconomic differences in
the use of helmets among injured patients. Thus, the aim of this study
was to describe racial/ethnic and socioeconomic differences in
pediatric helmet use in Los Angeles County to delineate target groups
for developing and disseminating injury control recommendations.
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1. Materials and methods

This study was approved by the Human Subjects Committee of the
Los Angeles Biomedical Research Institute at Harbor-UCLA Medical
Center. We evaluated all bicycle-related trauma patients b18 years of
age in Los Angeles County between 2006 and 2011. Data on each
patient were extracted from the Trauma and Emergency Medicine
Information System (TEMIS) in Los Angeles County, a prospectively
collected database. Patient data were transferred from the TEMIS
registry into an Excel database (Microsoft Excel, Microsoft Corpora-
tion, Redmond, WA) and translated into a native SAS format using
DBMS/Copy® (Dataflux Corporation, Cary, NC).

The main outcome measure was helmet use and its association
with age, gender, insurance status, and race/ethnicity. Since contin-
uous variables were not normally distributed, medians are reported
and the non-parametric Wilcoxon rank sum test was used for
comparisons between sub-groups. In addition to analyzing age as a
continuous variable, it was also stratified as greater than or equal to
12 years. Categorical or nominal variables were compared using the
chi square test and odds ratios with associated 95% confidence
intervals (CI) where appropriate. An exploratory analysis using
multivariable logistic and linear regression, was also performed to
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Table 2
Patient outcomes.

Variable N (%) or Median (IQR)

ISS 5 (2–10)
LOH (days) 2 (1–3)
Mortality 9 (0.7)
Emergency surgery 74 (5.9)
Permanent disability 6 (0.5)
Temporary disability 801 (65.4)
Return to pre-injury capacity 418 (34.1)
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assess whether helmet use was associated with the need for
emergency surgery, mortality, and length of hospital stay (LOH),
after adjusting for injury severity score (ISS), age, insurance status,
and race/ethnicity. Due to the small numbers with the outcome of
interest and the exploratory nature of the analysis, no interactions
were assessed. Model-fit was assessed using the Hosmer–Lemeshow
fit statistic.

2. Results

After our database search, 1248 patients were identified for study
inclusion. Demographic data are listed in Table 1. The median age of
patients was 13 years (IQR 5–15) with 464 (37.2%) younger than 12,
and 1081 (85.1%) of the study cohort were male. A total of 141
patients (11.3%) wore helmets. In the study group overall, 55.5% were
Hispanic, 20.0% Caucasian, 14.6% African American, 3.5% Asian, and
6.5% were identified as other, and 49.1% had private insurance.
Outcome data are listed in Table 2. The median LOH was 2 days (IQR
1–3)while themedian ISS was 5 (IQR 2–10). Overall, 9 (0.7%) children
died while 74 (5.9%) required emergency surgery. Six (0.5%) patients
suffered permanent disability, while 801 (65.4%) reported temporary
disability and 418 (34.1%) returned to their pre-injury capacity.

After stratifying by age, 464 (37.2%) children were b 12 and 784
(62.8%) children were ≥ 12 years old. Children younger than
12 years old were more likely to wear helmets than those 12 years
and older (OR 1.47, 95% CI 1.03–2.09, p = 0.03). There were fewer
males in the younger group (OR 0.63, 95% CI 0.46–0.87, p b 0.005). No
differences were identified in insurance status, mortality, need for
emergency surgery, and return to pre-injury capacity when compar-
ing younger to older children.

The univariate analysis examining helmet use versus no helmet
use is presented in Table 3. Among the 9 patients who died, 8 did not
wear helmets. All unhelmeted patients who died had a GCS of 3 and
the median ISS for this group was 36.5. The one helmeted patient who
died had a GCS of 3 and ISS of 26. There were no differences in gender,
age, ISS, LOH, mortality, the need for emergency surgery, and return to
pre-injury capacity. Table 4 compares differences in helmet use based
on age, race/ethnicity, and insurance status. There was a significant
difference across racial/ethnic groups. Among Caucasians, 35.2% wore
helmets, compared to 4.2% among Hispanics, 6.0% among African
Americans, 7.0% among Asians, and 12.4% among other races/
ethnicities (p b 0.0001). In addition, those with private insurance
were more likely to wear helmets (OR 2.19, 95% CI 1.51–3.16,
p b 0.0001).

On multivariable logistic regression analysis, after controlling for
age, race/ethnicity, ISS, and insurance status, helmet use was not
associated with need for emergency surgery (OR 1.02, 95% CI 0.47–
2.21) or mortality (OR 2.68, 95% CI 0.26–28.17). Multivariable linear
regression analysis adjusting for the same previously listed pre-
dictors did not demonstrate any additional increase in LOH
(0.18 day+, 95% CI 0.64–1.0, p = 0.67). Only ISS was associated
with need for emergency surgery (OR 1.07, 95% CI 1.05–1.10),
Table 1
Demographics (n = 1248).

Variable N (%) or Median (IQR)

Male 1061 (85.0)
Age (years) 13 (10–15)
Helmet Use 141 (11.3)
Race/Ethnicity

White 250 (20.0)
Hispanic 692 (55.5)
Black 182 (14.6)
Asian 43 (6.5)
Other 81 (6.5)

Private Insurance 613 (49.1)

Table 3
Univariate analysis of outcomes and demographics comparing helmeted and
unhelmeted trauma patients under age 18 treated for bicycle-related injuries in Los
Angeles County.

Variable Helmet
(n = 141)

No Helmet
(n = 1107)

OR (95% CI) P

Male 125 (88.7%) 936 (84.6%) 1.43 (0.83–2.46) 0.2
Age (years) 12 (IQR 10–14) 13 (IQR 10–15) 0.08
ISS 5 (IQR 3–9) 5 (IQR 2–10) 0.11
LOH (days) 2 (IQR 1–4) 2 (IQR 1–3) 0.67
Mortality 1 (0.71%) 8 (0.72%) 0.98 (0.12–7.90) 0.99
Emergency surgery 8 (5.7%) 66 (6.0%) 0.95 (0.45–2.02) 0.89
Return to pre-injury
capacity

45 (31.9%) 373 (33.7%) 0.92 (0.63–1.34) 0.67
mortality (OR 1.24, 95% CI 1.15–1.33), and an additional increase in
LOH (0.4 day, 95% CI 0.36–0.44, p b 0.0001). There was an associa-
tion between having private insurance and shorter LOH (0.57 fewer
day, 95% CI 0.31–0.78, p = 0.03) but this association did not persist
for the remaining outcomes.

3. Discussion

In the US, unintentional injury is the leading cause of death
among children and adolescents, accounting for nearly 50% of deaths
among 5- to 14-year olds [5]. Each year, nearly 325,000 children visit
the emergency department for bicycle-related injuries and there are
over 26,000 associated traumatic brain injuries [6]. In 2011, the
National Highway and Traffic Safety Administration reported over
17,000 bicycle-related injuries and 116 fatalities among those
b20 years old [4]. Both the financial and non-monetary cost to
society cannot be understated.

In contrast to multiple studies across North America [7–9] there
has not been a sustainable increase in helmet use in Los Angeles
County despite California legislation mandating helmet use in those
under the age of 18 [10].

While helmet use in children across the United States is estimated
to be 48% [11], use among injured children is much lower [10,12,13].
Perhaps the most striking finding in our study was the extremely low
percentage of all injured children wearing helmets in Los Angeles
County. Although the cause is likely multi-factorial, it is probably
most affected by the large percentage of patients in Los Angeles
County belonging to subgroups with lower helmet use, such as
minority and low-income patients. Our finding that helmet use in
older children was significantly lower is consistent with the findings
of many others [11,14,15]. Not surprisingly, this specific age group
has the highest rate of unintentional injury [5]. Of the 9 patients who
died, 8 were not wearing helmets, but the difference did not reach
statistical significance likely because there were very few patients in
this subgroup. Although the TEMIS database does not capture the
specific cause of death, the high ISS and low GCS in unhelmeted
patients who died support traumatic brain injury as a related, but not
the only factor.

The lack of an association between helmet use and mortality
has been documented [16], however it is well established that



Table 4
Univariate analysis of helmeted patients treated for bicycle-related injuries comparing
age (stratified), race/ethnicity, and insurance status.

Variable Helmet (n = 141) OR (95% CI) P

Age
b 12 years 64 (45.4%) 1.47 (1.03–2.09) 0.03
≥ 12 years 77 (9.8%)

Race/Ethnicity
White 88 (35.2%) 9.69 (6.63–14.15) b0.0001
Hispanic 29 (4.2%)
Black 11 (6.0%)
Asian 3 (7.0%)
Other 10 (12.4%)

Insurance Status
Private 93 (15.1%) 2.19 (1.51–3.16) b0.0001
None/Public 48 (7.6%)
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helmet use is associated with lower rates of severe head injury,
and therefore mortality, among helmet users [1,3,4]. It was
surprising to find that helmet use was unrelated to mortality in
our study, even after multivariable analysis. We attribute this
result to small sample size. In addition, our study population is
limited to patients presenting to trauma centers and does not
include those who die prior to reaching the hospital. This also may
contribute to the lack of association between helmet use and all
other outcomes. As expected for patients that have more severe
injuries, a higher ISS was associated with a greater risk of
emergency surgery, mortality, and LOH. Lastly, having private
insurance was associated with a shorter LOH. Although there are
many factors contributing to length of hospital stay, this may
reflect the additional inpatient care of uninsured children who
cannot be placed into subacute care or rehabilitation facilities. A
similar finding of longer hospital stays in orthopedic pediatric
patients with public insurance was reported by Gao and colleagues
[17], who theorized that private payers may enhance efficiency of
care. Overall, the evidence is mixed regarding insurance status and
outcomes, reflecting the complexity of this issue.

Racial/ethnic disparities exist in income levels, proportions of
people living below the poverty level, education, home ownership,
health care access and delivery, and mortality [5,18,19]. Therefore
it is not surprising that a recent nationwide survey of helmet use
in children found significant differences in age, ethnicity, house-
hold income, and education [11]. Specifically, older children, those
with Hispanic ethnicity, lower household income, and lower
education level were less likely to wear helmets. These discrepan-
cies persist in children treated for bicycle-related trauma. We also
found a dramatic difference in helmet use across all racial and
ethnic backgrounds. While over 35% of Caucasian children wore
helmets, less than 10% of Hispanic, black, and Asian children used
them. In addition, those with private insurance were twice as
likely to wear helmets. Our findings are also consistent with
Schuster et al., who demonstrated that among 5th grade children,
racial/ethnic disparities exist in many health-related behaviors
including bike helmet use, even after adjusting for sociodemo-
graphic characteristics [20]. In fact, the most significant predictors
of disparities in health-related behaviors were socioeconomic
status (household income and highest education level) and the
location of the child’s school. Interestingly, a UK study reported
that in the absence of legislation, attitudinal variables more
strongly influence bike helmet use than socioeconomic factors,
although both had significant effects [15]. It is difficult to ascertain
how results of the current study would have changed in the
absence of legislation. Nevertheless, our findings further support
the implementation of education programs focused in minority and
low-income communities and their associated schools.

Injury prevention is a challenging problem to address and
reasons for non-use of bicycle helmets are varied. Children in
particular are subject to a wide range of influences. Children and
adolescents have been found to be more likely to wear helmets
when accompanied by a parent or companion wearing a helmet
[21–23]. Various strategies including school or community-based
educational programs, free or subsidized helmet distributions, and
legislative action and enforcement of active laws have been studied
[24–26]. While outcomes have been mixed, one study found that of
the non-legislative programs, community-based and free helmet
distribution programs were most effective in increasing observed
helmet usewhile school-based programswere effective, but slightly
less [27]. Legislative action has been taken in parts of Canada and the
US. A Toronto-based observational study found that increases in
bike helmet use were greatest among middle- and low-income
areas after legislation, though over time helmet use returned to pre-
legislative levels among the same socioeconomic groups [28,29]. A
multi-faceted, long term strategy will be necessary to increase
bicycle helmet use among children. Our study supports specifically
targeting low income and minority communities and middle and
high school children for implementation of bicycle helmet educa-
tion and injury prevention programs.

Findings of our study may not be applicable to other geographic
areas. Nearly 50% of the Los Angeles County population is Hispanic,
compared to 17% nationwide. In addition, in California, a greater
percentage of the population lives below the poverty level. Multiple
studies have found that helmet use in the Hispanic population is
significantly lower than in other racial/ethnic groups [10,11,20,30].
Our study underscores the importance of targeting these specific
communities and racial/ethnic groups for injury prevention programs.
In addition, as a large metropolitan area with significant diversity, our
results actually highlight groups that are not well represented in other
parts of the country.

Our study is also potentially limited by spectrum bias, since the
study population includes only pediatric patients presenting to
trauma centers. Excluded are patients who die on-scene or en route,
children seen in emergency departments who do not meet specific
trauma criteria, those seen in an outpatient setting, and those who did
not seek any medical attention. We elected to focus on the pediatric
trauma population because they account for most of the morbidity
and health care costs associated with bicycle-related injuries.

Another potential limitation of our study was the use of insurance
status as a surrogate measure of patients’ socioeconomic status.
Although the validity of this approach is not known, currently
Medicaid covers nearly 50 million low-income individuals [5].
Therefore, it is well accepted in the literature that insurance status
serves as a proxy for socioeconomic status [31,32].

Nearly 90% of children treated for bicycle-related injuries in Los
Angeles County did not wear helmets. In particular, those 12 years
and older, minorities and patients from a lower socioeconomic class
were less likely to wear helmets. These disparities may help target
minority and low-income communities as well as middle and high
schools for multi-tiered injury prevention programs.
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Discussion

Discussant: Dr. Paul Danielson, MD: St. Petersburg, FL. As an advocate of

helmet use myself, I would just caution you that your denominator
is unknown.When you are looking at those who need surgery who
were wearing a helmet, you don't know those who wore a helmet,
were in a bike crash, and maybe never came to your facility
because they had no injury at all. Just making that comment about
your conclusions.

Response: Dr. Sullins: Thank you for that comment. This is definitely
one of the limitations of our study. It's a retrospective review, and
we indeed do not capture the patients that don't end up coming
to the emergency department either because they die on scene or
en route.

Discussant: Stanford Frey, Philadelphia, PA. The information you
presented is not novel. It's not new to us. We know that these exist
and that under-represented groups particularly have a poorer
outcome and higher morbidity. What specifically would you do to
disseminate this information to increase the awareness and to
change the outcomes that would happen as we know this has been
an issue for 15, 20 years. So what could you do with your data to
disseminate it not just in Los Angeles but to all of us across the
United States?

Response: Dr. Sullins: Excellent question. I think these groups
obviously are specific to Los Angeles County. However, minority
status is also one of the risk factors nationwide for decreased
bicycle helmet use whether it's because of their socioeconomic
status or inability to buy a helmet. There have been some programs
that either subsidize helmets or give them away. However, some of
those studies show that in the long-term that effect is not sustained.
Unfortunately, there isn't an over-arching answer. However, if there
is extended media, there can be some sort of public relations. Either
way, I think some of our resources need to be correctly allocated to
more appropriately target these communities.
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