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Objective To assess the association between bicycle helmet legislation and bicycle-related deaths sustained by
children involved in bicycle–motor vehicle collisions.
Study designWeconducted a cross-sectional study of all bicyclists aged 0-16 years included in the Fatality Anal-
ysis Reporting System who died between January 1999 and December 2010. We compared fatality rates in age-
specific state populations between states with helmet laws and those without helmet laws. We used a clustered
Poisson multivariate regression model to adjust for factors previously associated with rates of motor vehicle fatal-
ities: elderly driver licensure laws, legal blood alcohol limit (<0.08% vs $0.08%), and household income.
Results A total of 1612 bicycle-related fatalities sustained by children aged <16 years were evaluated. There were
no statistically significant differences in median household income, the proportion of states with elderly licensure
laws, or the proportion of states with a blood alcohol limit of >0.08% between states with helmet laws and those
without helmet laws. The mean unadjusted fatality rate was lower in states with helmet laws (2.0/1 000 000 vs
2.5/1 000 000; P = .03). After adjusting for potential confounding factors, lower fatality rates persisted in states
with mandatory helmet laws (adjusted incidence rate ratio, 0.84; 95% CI, 0.70-0.98).
Conclusion Bicycle helmet safety laws are associated with a lower incidence of fatalities in child cyclists involved
in bicycle–motor vehicle collisions. (J Pediatr 2013;-:---).

I
n the US, approximately 900 people annually die in bicycle crashes, three-quarters of them from head injuries.1 Bicycle hel-
mets were introduced more than 30 years ago in an attempt to decrease this fatality rate.2 Over the last 20 years, several case-
controlled and epidemiologic studies have demonstrated the efficacy of bicycle helmets, reporting a lower risk of injury and

death for cyclists wearing helmets compared with unhelmeted cyclists.3-10 Thompson et al9 found that riders wearing bicycle
helmets had an 88% lower risk of brain injury compared with riders without helmets. In a meta-analysis of case-control studies
examining the efficacy of bicycle helmets in cyclists involved in crashes or falls, which included more than 11 000 subjects, hel-
mets were shown to provide a 63%-88% reduction in the risk of head, brain, and severe brain injury in cyclists of all ages.1 The
American Academy of Pediatrics recommends that all cyclists wear a properly fitted bicycle helmet for every ride, and encour-
ages legislation requiring helmet use by all cyclists.11

Initially, educational and promotional campaigns were developed to increase bicycle helmet use among riders.12 Such cam-
paigns were expensive and demonstrated only limited success.12 Given the documented benefits of helmets, mandatory helmet
laws were introduced as an easy-to-implement means of increasing helmet usage.12 Legislators across the US enacted laws man-
dating the use of bicycle helmets, but often limited the requirement to children under 16 years old. Several investigators have
studied the effect of bicycle helmet laws on helmet use4,13,14 and on the rates of bicycle-related head injuries and death on a local
level,4,15,16 but the effect of such legislation on the national rates of injury remained unexamined.

We sought to assess the effect of bicycle helmet legislation nationally, by examining the association between helmet laws and
deaths due to bicycle–motor vehicle crashes sustained by children aged <16 years using a large national database.
FARS Fatality Analysis Reporting S

NHTSA National Highway Traffic Sa
Methods
We conducted a cross-sectional study using data obtained from the Fatality Analysis Reporting System (FARS). The FARS is
a census compiled by the National Highway Traffic Safety Administration (NHTSA) that includes data from all motor vehicle
crashes occurring on a traffic way customarily open to the public and result in the death of a motorist or nonmotorist within 30
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Table I. Number of state-years that laws were in effect

Law No. of state-years (n = 561)

Helmet laws 219
Maximum highway speed limit #65 mph 209
Age-based licensure law 341
Blood alcohol level $0.08% 437
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The NHTSA has a cooperative agreement with an agency
within each state government to provide specific information
in a standard format on crashes that result in a fatality in that
state. All FARS data on fatal motor vehicle traffic crashes are
gathered from the states’ own source documents, coded on
standardFARS forms, and checked for consistencybyNHTSA.
A detailed coding manual is produced annually and is aug-
mented by FARS classes and an annual system-wide FARS
meeting designed to reinforce uniform coding practices.17

Most state laws regarding the use of bicycle helmets ap-
ply only to children, usually under age 16 years. Thus, we
identified all bicycle–motor vehicle related fatalities sus-
tained by children aged <16 years between January 1999
and December 2010 and included in the FARS database.
All US states and the District of Columbia were included
in the analysis. We adjusted for the following factors that
have been previously associated with motor vehicle fatali-
ties and could potentially affect bicycle injuries: age-based
elderly licensure laws, legal blood alcohol limit (<0.08%
vs $0.08%), and median state household income.18-24

Because pediatric bicyclist–motor vehicle collisions are un-
common on highways, we did not adjust for legislation
regarding speed limits. We calculated the number of
state-years that helmet use laws were in effect by multiply-
ing the number of states with the helmet law by the num-
ber of years that the law was in effect during the study
period. Date of helmet law passage and enactment were
obtained from several sources, including the Insurance In-
stitute for Highway Safety and the Governor’s Highway
Safety Administration. Our primary outcome measure
was death.

We compared fatality rates in states with helmet laws and
states without helmet laws. All states that passed helmet laws
during the study period did so within a short time interval, at
the start of our study period. Thus, to keep our estimates
conservative, we considered these states to have a law. To de-
termine fatality rates, we used the total number of deaths di-
vided by age-specific state populations obtained from the US
Census Bureau.25 We created a multivariate model to ac-
count for other legislative and economic factors previously
associated with motor vehicle fatalities. We used a clustered
Poisson multivariate regression model adjusted for maxi-
mum legal blood alcohol limit, median household income,
and age-based elderly licensure laws. We defined age-based
elderly licensure laws as those laws that had specific age-
based renewal procedures; that is, at a given age, the state
may reduce the time interval between license renewal, restrict
the ability to obtain license renewal by mail, require on-road
testing, require a physician’s report, and/or require specific
vision, traffic law, and sign knowledge. To account for
state-level effects not included in our model, we used state-
level clustering in the multivariate model. All of the data
analyses were performed using Stata SE, version 11 (Stata-
Corp, College Station, Texas). As all FARS data is de-identi-
fied and publicly available, the study was considered exempt
from review by the institutional review board of Boston
Children’s Hospital.
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Results

More than 200 state-years of mandatory helmet legislation
were recorded during the study period (Table I), with 16
states having already enacted laws regarding helmet use by
the start of the study period. The overall rate of bicycle-
related fatalities in the US in 1999 was 4.0/1 000 000
children. Although there were no statistical differences in
median household income, proportion of states with age-
based licensure laws, or proportion of states with a legal
blood alcohol limit of $0.08% between those states with
helmet laws and those without helmet laws, the rate of
bicycle-related fatalities was significantly lower in states
with mandatory helmet legislation (Table II).
During the 12-year study period, a total of 1612 bicycle–

motor vehicle related fatalities were sustained by children
aged <16 years. The mean unadjusted fatality rate in children
aged <16 years was significantly lower in states with helmet
laws compared with states without helmet laws (2.0/
1 000 000 children vs 2.5/1 000 000 children; P = .03), yielding
an incidence rate ratio of 0.83 (95% CI, 0.69-0.99).
When we adjusted for other motor vehicle legislation and

economic factors in the multivariate analysis, helmet laws
continued to be associated with a lower risk of fatalities (ad-
justed incidence rate ratio, 0.84; 95% CI, 0.70-0.98).

Discussion

Our findings show that US bicycle helmet safety laws are as-
sociated with a lower national incidence of fatalities among
bicyclists aged <16 years who suffer collisions involving amo-
tor vehicle. In 1999, only 16 states had bicycle helmet laws,
and the fatality rates were lower in those states than in the
35 states without helmet laws. After adjusting for othermotor
vehicle legislation and state-specific economic factors, states
with helmet laws demonstrated a 20% decrease in the rate
of bicycle–motor vehicle related deaths and injuries com-
pared with states without helmet laws.
Our findings are in contrast with a recent review of pedi-

atric trauma patients in Los Angeles County that concluded
that the statewide helmet law had no significant effect on hel-
met use or on the proportion of pediatric head injury patients
who were helmeted.26 Other previous studies have reached
conclusions similar to ours, however. In an analysis of
a trauma registry in San Diego County, California, Ji et al
showed that helmet use increased after the introduction of
legislation, and the that helmet use by patients with
bicycle-related trauma was associated with a decreased
Meehan III et al



Table II. State-level statistics in 1999 (50 states and the District of Columbia; n = 51)

States with helmet laws (n = 16) States without helmet laws (n = 35)

Bicycle fatalities in children aged <16 years per 1 000 000
children, mean (SD)*

2.7 (2.3) 4.5 (4.6)

Annual household income, $, median (IQR) 52 739 (48 599-59 298) 50 543 (42 767-59 757)
Other state laws, no. of states (%)
Age-based licensure laws 8 (50) 23 (66)
Blood alcohol level $0.08% 6 (38) 15 (43)

*P < .05.
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odds of suffering a serious head injury.4 Similarly, a study us-
ing the discharge records of all California public hospitals
found that an 18% decrease in the proportion of traumatic
brain injuries sustained by youth bicyclists after the advent
of bicycle safety helmet legislation.15 In addition, an exami-
nation of bicycle-related mortality rates in Ontario, Canada,
by Wesson et al16 revealed a significantly reduced rate after
the introduction of a law mandating helmets in all bicyclists
aged <18 years when riding on a public way.

As withmany of the foregoing studies that found a decrease
in the risk of serious head injury after the introduction of
mandatory bicycle helmet laws, our study shows that on a na-
tional level, states with mandatory pediatric bicycle helmet
laws have a lower incidence of fatalities after collisions in-
volving cyclists and motor vehicles. Our findings support
the legislation of mandatory bicycle helmet use by children.

In this information age, when parents can be inundated
with injury prevention information concerning their chil-
dren, legislation can be an important factor in helping par-
ents adhere to best practice guidelines. This phenomenon
has been seen in other mandatory safety laws, such as the
use of booster seats by children. In one study about booster
seat use, many parents commented that they looked to the
law to guide them in appropriate car seat use for their chil-
dren.27 Similarly, a statewide survey of parents found that
70% of part-time booster seat users said they used them be-
cause they believed it was the law, and more than 90% of
part-time users and nonusers reported that it would be easier
for them to use a booster seat if there were a law.28 For chil-
dren aged 4-7 years, booster seat laws have led to an increase
in booster seat use and to a decreased risk of suffering a fatal-
ity during a motor vehicle collision.29

Our results must be interpreted in light of several limita-
tions. The FARS database is limited to injuries sustained
during a motor vehicle collision that resulted in the death
of at least 1 person within 30 days of the collision. As a re-
sult, our findings likely underestimate the effects of the
mandatory helmet laws, because we did not capture all pe-
diatric bicycle-related injuries. Indeed, previous authors
have shown the benefit of bicycle helmet usage and manda-
tory helmet legislation in reducing head injuries and
death.1,3,4,6,15,16 Second, little is known about the degree
of helmet law enforcement by states, the independent effect
of which can be difficult to assess, although previous studies
have suggested that mandatory helmet laws are enforced in
certain circumstances and communitites30,31 and have
Bicycle Helmet Laws Are Associated with a Lower Fatality Rate f
founds an increase in helmet use after the introduction of
legislation.4,12-14 Finally, some authors argue that manda-
tory helmet laws decrease bicycle ridership, and thus the
benefits of helmets preventing head injuries may be offset
by the medical problems that arise from a decreased num-
ber of cyclists.32,33 The present study did not address the ef-
fect of helmet laws on ridership. n
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