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Abstract

We investigated motorcycle rider death rates between states with full motorcycle helmet laws and those without. This was done
using both unadjusted bivariate analyses and multivariate random-effects generalized least squares regression models of rider
death rates. Multivariate models were adjusted for the competing influences of several explanatory variables, including the
existence of a motorcycle helmet law. From 1994 to 1996, states with helmet laws experienced a median death rate of 6.20 riders
per 10000 registered motorcycles and states without helmet laws experienced a median death rate of 5.07 riders per 10000
registered motorcycles (P = 0.008). After controlling for other factors that affect motorcycle rider fatalities (most notably
population density and temperature), death rates in states with full helmet laws were shown to be lower on average than deaths
rates in states without full helmet laws (P = 0.740). Our study weakens the claim that rider death rates are significantly lower in

states without full motorcycle helmet laws.

Keywords: Injury; Motor vehicles; Motorcycle helmets; Health policy

1. Background

Studies analyzing motorcycle rider fatalities in the
medical literature have uniformly recommended helmet
laws as a means to prevent deaths among motorcyclists
in the US (Sosin et al., 1990; Fleming and Becker, 1992;
Muelleman et al., 1992; Kraus et al., 1994; Sarkar et al.,
1995; Mock et al., 1995; Rowland et al., 1996). The
nonmedical literature has made similar recommenda-
tions, although less uniformly. Nonmedical reports out-
lining the paradoxical effects of motorcycle helmet laws
have offered useful contradictory evidence for consider-
ation by lawmakers (Goldstein, 1986; Graham and Lee,
1986). Most recently, a report from the US Department
of Transportation’s National Highway Traffic Safety
Administration (NHTSA) has brought to light the find-
ing that motorcycle fatality rates are lower in states
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without helmet laws (National Highway Traffic Safety
Administration, 2000).

Although these studies describe the relationship be-
tween the existence of helmet laws and motorcycle rider
death rates, they do not simultaneously account for the
intervening effects of other variables such as population
density, weather, alcohol consumption, and urban ver-
sus rural roads. Our study seeks to build on previous
work, in both the medical and nonmedical literature, by
better investigating the finding that motorcycle rider
death rates are significantly lower in states without
helmet laws.

2. Methods

2.1. Statistical modeling

The goal of our study was to complete a national,
State-based analysis of motorcycle rider death rates in
the US. Counts of motorcycle rider deaths for all the 50
states and the District of Columbia were obtained from
NHTSA’s Fatality Analysis Reporting System (FARS)
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for the years 1994, 1995, and 1996'. These 3 years were
selected as a recent period of time over which no
changes to State motorcycle helmet laws had occurred
and in which the breakdown of states with full motorcy-
cle helmet laws and those without was nearly even. The
FARS contains data on a census of fatal traffic crashes
within the 50 states and the District of Columbia. To be
included in the FARS database, a crash must involve a
motor vehicle traveling on a public roadway and result
in the death of a person (driver, passenger, or non-occu-
pant) within 30 days of the crash. To complement our
count of motorcycle rider deaths, the total number of
private, commercial, and publicly owned motorcycles
that were registered per State was also obtained for the
same 3 years from the US Department of Transporta-
tion, Federal Highway Administration’s Annual High-
way Statistics Series (Federal Highway Administration,
2000). These two variables were used to create the
dependent variable, deaths per 10 000 registered motor-
cycles per State. Our final database consisted of 153
records over a 3-year study period, 51 records per year.

The status of motorcycle helmet use requirements was
separately determined for all the 50 states and the
District of Columbia for the years, 1994, 1995, and
1996. This became our policy variable of interest. No
states or the District of Columbia changed their motor-
cycle helmet use policies over the 3-year study period
(National Highway Traffic Safety Administration,
1996). Three states did successfully debate changing
their helmet use requirements during the study period,
although in each — Texas? Arkansas® and Kentucky*
— the new policies were not legally implemented until
1-2 years after the study period (National Highway
Traffic Safety Administration, 1999) (Insurance Insti-
tute for Highway Safety, 1997).

Across all the 50 states and the District of Columbia
there were three types of motorcycle helmet use regula-
tions full laws, no laws, and partial laws. Over the study
period, 25 states and the District of Columbia had full
motorcycle helmet laws. Full laws are requirements that
all motorcycle riders wear helmets. Only three states —
Colorado, Illinois, and Iowa — had no laws requiring
helmet use over the study period. The remaining 22
states had partial laws indicating that only persons
under a specific age were required to wear motorcycle
helmets. In 19 of these partial law states the age
threshold was 18 years old, in one (Maine) it was 15
years old, in one (Delaware) it was 19 years old, and in
one (Rhode Island) it was 21 years old.

! This information was downloaded via file-transfer-protocol at:
http://www-fars.nhtsa.dot.gov/.

2 Changes to Texas Transportation Code §3.661.003(c) went into
effect in September, 1997.

3 Changes to Arkansas Code No.453 §1.27-20-104(b) went into
effect in July, 1997.

4 Changes to Kentucky Revised Statute Chap.21 §1.189.285.3(a)
went into effect in July, 1998.

Since underage motorcycle crash deaths in partial law
states would have to be independently treated as if they
had occurred in full law states and because these deaths
were in such small numbers (based on the FARS data,
the median percentage of underage decedents in each
partial law State was 2.0% in 1994, 0.5% in 1995, and
2.1% in 1996), we excluded underage deaths in partial
law states. Our decision to exclude these few deaths was
further supported by the fact that helmet use rates in
states with no laws and in states with partial laws have
been very similar in the past (National Highway Traffic
Safety Administration, 1996).

Of the 22 partial law states, 14 had underage deaths
(typically 1-2 deaths per year) that were excluded. In
these 14 states, the total number of registered motorcy-
cles was also changed using state data multipliers from
the US Census Bureau to reflect the age-based exclu-
sion. This decreased the number of registered motorcy-
cles variable for all the states by 0.93%, a minor margin
that did not remarkably affect any of our conclusions.
After the exclusion of and adjustment for these rela-
tively few underage deaths, states with partial helmet
laws were treated as if they had no motorcycle helmet
use requirements. In our final analysis then, a total of 25
states and the District of Columbia were marked as
having helmet use laws and the remaining 25 states were
marked as having no helmet use laws.

All the statistical analyses were done using Inter-
cooled STATA version 6.0 (Stata Corporation, College
Station, TX, USA). Bivariate analyses were conducted
to compare states with helmet laws and those without
helmet laws. Since it was determined that the dependent
variable, deaths per 10000 registered motorcycles, was
markedly non-normal (with a skewness coefficient =
3.46), nonparametric Wilcoxon’s rank-sum tests were
used to initially compare states with helmet laws and
those without helmet laws. Other bivariate analyses
were completed using Student’s z-tests.

Multivariate regression models were adjusted for
characteristics of risk related to the decedents them-
selves (i.e. a variable such as the average engine size of
motorcycles ridden by decedents in each State) and for
characteristics of population-wide risk (i.e. a variable
such as the per capita alcohol consumption in each
State). All the multivariate regressions were specified as
random-effects models using a generalized least squares
estimator. This produced a matrix-weighted average of
the estimates resulting from both between-State and
within-State estimators.

Random effects estimators respond to the problem
that variables may intrinsically vary between states and
within states over time. Our random effects models
assumed that repeated observations per State per year
were independent, but that correlation among repeated
observations arose because we could not observe under-
lying, year-to-year changes in each State (Diggle et al.,
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1995). We chose regression models with random effects
estimators because our variable measurements were
imperfect within each State due to a serially correlated
omitted variable bias. Therefore, the random effects
models we used were able to evaluate the impact of
motorcycle helmet laws by comparing a State’s motor-
cycle crash experience against itself (National Highway
Traffic Safety Administration, 1999) and other states.

All multivariate models were tested for nonconstant
variance using Spearman rank-order correlations and
Glejser regressions (Glejser, 1969). After the natural-log
transformation of the dependent variable, deaths per
10000 registered motorcycles, no significant het-
eroscedasticity was noted in our final multivariate
model. Individual coefficients were assessed using z-
statistics and 90% confidence intervals, and overall
model fit was assessed using R? statistics. Hausman
specification tests were also conducted to check the
appropriateness of the random-effects estimator. Our
final multivariate model was correctly specified with a
random-effects estimator by Hausman’s specification
test (32 =4.66). Post hoc power calculations were also
completed to assess the accuracy of negative results
(Diggle et al., 1995). P-values less than 0.10 were
considered statistically significant throughout all
analyses.

2.2. Independent variable selection

Collinear independent variables were identified using
Spearman’s correlation coefficients, tolerance statistics,
and condition indices. Severe multicollinearity
prompted the elimination of one or more collinear
covariates. Only sufficiently noncollinear covariates
were used in our final model. This prompted us to rule
out variables such as motorcycle helmet usage in each
State and years since the establishment of each State’s
helmet law because these two variables were highly
collinear with the existence of a motorcycle helmet law.
Moreover, we did not include the variable hospitals per
square mile (as a measure of access to medical care) in
our final model because it was highly collinear with
population density.

We also chose not to include a measure of vehicle
miles traveled per State for motorcycles. This decision
was chiefly motivated by the fact that vehicle miles
traveled are not uniformly collected on all roadways for
specific vehicle types including motorcycles. Thus, the
vehicle miles traveled variable calculated by the Federal
Highway Administration can provide generalized travel
distributions by vehicle type although it is not appro-
priate for State-by-State estimations of vehicle miles
traveled by vehicle type (Federal Highway Administra-
tion, 2000).

After ruling out inappropriate predictors, we ana-
lyzed the competing influences of the following vari-

ables on the death rates of motorcyclists (1) population
density; (2) weather; (3) alcohol consumption; (4) maxi-
mum speed limit; (5) urban versus rural roads; (6)
motorcycle engine size; and (7) age. We justified the
inclusion of these variables based on their previously
hypothesized effects on motorcycle fatalities in particu-
lar and/or highway fatalities in general.

We calculated population density as the number of
State residents per 10 square miles. Both the number of
residents as well as the square mile land area of each
State and the District of Columbia were obtained for
the years 1994-1996 from the Census Bureau (Yax,
2000). Population density has been hypothesized to
specifically affect motorcycle rider death rates (National
Highway Traffic Safety Administration, 2000) as well as
highway fatality rates in general. Higher population
densities imply driving environments with more fre-
quent stops as opposed to lower densities which are
associated with more uninterrupted driving environ-
ments (Keeler, 1994). In this way, higher population
density should decrease the likelihood of motorcycle
rider fatalities.

Two variables were used to represent the weather
conditions in each State and the District of Columbia:
average temperature (measured in Fahrenheit degrees)
and average precipitation (measured in inches per
month). Both variables were obtained for the years
1994-1996 from the National Oceanic and Atmo-
spheric Administration (Lott, 2000). These variables are
reported as averages because they are calculated from
data collected at multiple climatological stations in each
State. Weather, in general, has been hypothesized to
affect motorcycle rider death rates (National Highway
Traffic Safety Administration, 2000). More specifically,
temperature and precipitation are likely to affect mo-
torcycle fatality rates because they each change the
length of the riding season in each state. States with
high temperatures and low precipitation (such as in the
southwestern US) will presumably have longer riding
seasons and therefore greater opportunity for motorcy-
cle fatalities to occur. Alternatively, states with low
temperatures and high precipitation (such as in the
northeastern US) will have shorter riding seasons and
fewer motorcycle fatalities.

The influence of alcohol on motorcycle death rates
was represented in our models by the per capita alcohol
consumption in each State and the District of Colum-
bia. Per capita alcohol consumption data were obtained
from the US Department of Health and Human Ser-
vices National Institute of Alcohol Abuse and Alco-
holism for the years 1994-1996. These data were
calculated for populations aged 14 and older and were
measured in gallons of ethanol (beer, wine, and spirits)
(National Institute on Alcohol Abuse and Alcoholism,
2000). A per capita alcohol consumption variable has
been previously applied to the study of highway fatality
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rates across all vehicle types (Keeler, 1994). This vari-
able’s use for the specific study of motorcycle fatality
rates seems all the more appropriate when considering
that motorcycle drivers have the highest frequency of
alcohol use among all drivers and that around one-half
of all motorcycle drivers who crash test positive for
alcohol (Peek-Asa and Kraus, 1996; Bolhofner et al.,
1994; Soderstrom et al., 1993). Therefore, because alco-
hol consumption is an important factor in motorcycle
crashes we would expect that higher rates of alcohol
consumption will correspond with higher motorcycle
rider fatality rates.

The influence of speed on motorcycle rider fatalities
was modeled using the maximum speed limit in each
State and the District of Columbia. Maximum State
speed limits (measured in miles-per-hour) in each State
were obtained for 1994-1996 from the NHTSA and the
Insurance Institute for Highway Safety (National High-
way Traffic Safety Administration, 1998; Insurance In-
stitute for Highway Safety, 1999, 2000). Unlike
observed vehicle speeds, publicly imposed speed limits
were determined outside of the current regression
model in the same way as temperature and rainfall
(Gujarati, 1988). From the viewpoint of public policy
then, the maximum speed limit in each State is exoge-
nous (Keeler, 1994) and we have included it in our
model of motorcycle rider fatality rates. Moreover,
because in most states this limit applies mainly to
interstate-quality divided highways, the population den-
sity variable has been included to control for situations
in which more urbanized areas have little occasion to
use the maximum speed limit (Keeler, 1994). Thus, we
anticipate that motorcycle rider death rates should in-
crease as riders are legally permitted to drive faster, on
average, in states with higher maximum speed limits.

Since states differ extensively in terms of urban ver-
sus rural roads, we included a percentage of urban
roads per State variable in our modeling of motorcycle
rider deaths. The percentage of urban roads in each
State and the District of Columbia was obtained from
the Federal Highway Administration (Federal Highway
Administration, 2000) for the years 1994—-1996 and was
calculated as: urban mileage/(rural mileage + urban
mileage). By using the percentage of urban roads, as
opposed to total urban road miles, we were better able
to measure urban roads in relation to rural roads. The
urban traffic environment has been hypothesized to
differentially affect State motorcycle rider death rates
compared with nonurban environments (National
Highway Traffic Safety Administration, 2000; Lund et
al., 1991). We, therefore, expect that due to lower
average travel speeds and more frequent stops, states
with higher percentages of urban roads will have fewer
motorcycle rider deaths per registered motorcycle.

We also incorporated engine displacement into our
model of motorcycle rider death rates. To create this

variable, the motorcycle engine displacement (in cubic
centimeters) of motorcycle riders who died in each year
of the study period was queried from the FARS for
each State and the District of Columbia. This variable
described the variations in risk that deceased riders had
experienced prior to their death and was used a surro-
gate for the potential differences in population-wide
risk experienced by states with different sizes of motor-
cycles in circulation. Based on previous work investi-
gating motorcycle engine displacement (Kraus et al.,
1988), this variable will likely have an inverse relation-
ship with rider death rates.

Two variables were used to quantify age in each
State and the District of Columbia: median age per
State and the average age of motorcycle rider dece-
dents. Estimates of median age were obtained for the
years 1994-1996 from the US Census Bureau (Yax,
2000). The average age of motorcycle riders who died in
each year of the study period was queried from the
FARS. These two variables were not collinear and
offered distinct information to our final regression
model. Based on previous studies, we speculate that
states with lower median ages and younger motorcycle
rider decedents will have higher fatality rates (Sosin et
al., 1990; Baker et al., 1992).

3. Findings

Although the number of deaths and the number of
motorcycle registrations had large standard deviations,
deaths per 10000 registered motorcycles demonstrated
relatively little variation. Based on our bivariate analy-
ses, states with helmet laws had significantly higher
average temperatures over the 3-year study period com-
pared to states without full helmet laws (P < 0.05).
States with helmet laws also had significantly lower
average engine displacement compared to states with-
out full helmet laws (P < 0.05). (Table 1)

Our bivariate analyses also demonstrated that states
with motorcycle helmet laws had significantly higher
death rates per 10000 registered motorcycles compared
to states without helmet laws (P < 0.01). This difference
became less striking when our entire state cohort was
disaggregated by year and the P-values increased, al-
though the difference between states with helmet laws
and those without remained strong, particularly for
1994-1995 (P < 0.10). No remarkable trend in motor-
cycle rider death rates was noted across years. (Table 2)

After simultaneously adjusting for other factors using
multivariate regression models, death rates in states
with full motorcycle helmet laws were shown to be
lower on average than death rates in states without
helmet laws, although not significantly so. In support of
this negative finding, a statistical power of 74.4% was
demonstrated for three repeated measurements in 50
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states and the District of Columbia upon assuming a
10% type-1 error rate and a 30% smallest meaningful
difference in standard deviation (S.D.) units. Thus, in
contrast to the previous bivariate analysis, simulta-
neously accounting for other factors (in addition to the
existence of a motorcycle helmet law) reversed the
average impact of State helmet laws on motorcycle
rider deaths. (Table 3)

Other explanatory variables produced statistically
significant regression coefficients. Increasing the popu-
lation density of a State by one resident per 10 square-
miles corresponded with a 0.16% increase in the
motorcycle rider death rate (P < 0.05). Even more sig-
nificantly, a one degree increase in the average State
temperature corresponded with a 3.84% increase in
motorcycle rider death rates (P < 0.05). (Table 3)

4. Discussion

Motorcycle rider deaths comprised 9.3% of all the
traffic deaths between 1994 and 1996 (Insurance Insti-
tute for Highway Safety, 1999). Head injury was a
leading cause of death in these motorcycle crashes.
Being unhelmeted, as a motorcyclist in a crash, sub-
stantially increases the risk of a fatal head injury.
Therefore, because they primarily protect a rider’s
head, NHTSA estimates that motorcycle helmets re-
duce the likelihood of dying in a crash by as much as
29%, saving hundreds of lives each year in the US
(National Highway Traffic Safety Administration,
1999).

Table 1

State laws requiring motorcycle riders to wear hel-
mets are casily enforced due to the conspicuous nature
of being unhelmeted. States with motorcycle helmet
laws that require use among all riders, regardless of
age, reportedly have had nearly complete compliance
with the law. On the other hand, states with no helmet
laws, or with laws that require usage only among
minors, have helmet usage rates that are about one-half
to two-thirds lower than their full law counterparts
(National Highway Traffic Safety Administration,
1999).

Based on the posited mortality reducing effects of
helmet usage, NHTSA has categorically recommended
the implementation of motorcycle helmet laws for states
that do not currently have them in place. This recom-
mendation has had widespread support in the medical
literature. Sosin et al. (1990) found that motorcycle
rider death rates were higher in states with no helmet
laws and partial helmet laws compared to states with
full helmet laws. Although this study failed to control
for cross-State differences such as speed and alcohol
consumption, it did provide a reasonable comparative
analysis at the national level. Other studies have as-
sessed the effects of motorcycle helmet laws for individ-
ual states. Muelleman et al. (1992) documented a sharp
decline in death rates after the reenactment of a com-
prehensive motorcycle helmet use law in Nebraska.
Fleming and Becker (1992) also estimated sizable re-
ductions in motorcycle operator fatalities after the im-
plementation of a mandatory motorcycle helmet law in
Texas. Finally, Kraus et al. (1994) concluded that the
enactment of an unrestricted motorcycle helmet law in

Comparison of dependent and independent variable means and standard deviations among all states and those with and without motorcycle

helmet laws

All states States with helmet laws States without helmet laws
(n=151) (n=26) (n=25)
Dependent Deaths per 10 000 registered motorcycles 6.39 +4.12 7.04 +4.58 5.72+3.74
variables Number of deaths 41.14 +44.34 50.55 +53.25 31.36 +29.95
Motorcycle registrations 73 584 + 84 621 86 155+ 103 804 60 510 + 56 180
Independent State helmet law (yes =1, no =0) 0.51 +0.50 1.00 0.00
variables State population density (residents per 10 square  34.47 +125.01  53.98 +172.01 14.18 +£22.22
miles)
Average state temperature (°)* 52.37 + 8.47 55.15+7.34 49.48 4 8.65
Average state precipitation (in. per month) 3.25+1.37 3.78 + 1.13 2.70 + 1.40
State per capita alcohol consumption (gallons) 2.29 4+ 0.54 2.2540.56 2.33+0.52
Maximum state speed limit (miles per h) 64.58 +4.76 64.17 + 4.44 65.00 + 5.07
Urban roads per State (percentage of lane miles)  25.40 4 20.54 29.79 +£21.91 20.83 + 18.05

Average engine displacement of decedent
motorcycles (cc)?

Average age of decedents (years)

State median age (years)

873.78 £ 115.46 836.01 £ 95.16

32.59+3.72
35.39 +1.81

913.05 + 122.04

31.90 +3.19
3524 +1.50

33.31+4.10
35.54 +2.09

@ Indicates a statistically significant difference, P<0.05, between states with helmet laws and those without helmet laws.
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Table 2
Comparisons of total deaths and death rates per year between states with full motorcycle helmet laws and those without full motorcycle helmet
laws
1994 1995 1996 Totals
(1994-1996)
Total deaths All states (n=51) 2170 2098 2027 6295
States with helmet 1350 1326 1267 3943
laws (n =26)
States without helmet 820 772 760 2352
laws (n=25)
Median [IQR] deaths per 10 000 All states (n = 51) 6.10 5.43 5.60 5.60
registered motorcycles per state (3.78, 8.34) (3.86, 7.64) (3.69, 6.93) (3.85, 7.64)
States with helmet 6.96 6.13 6.15 6.20
laws (n = 26) (4.55, 8.93) (4.51, 8.13) (4.20, 7.39) (4.20, 7.39)
States without helmet 5.07 4.99 5.29 5.07
laws (n = 25) (3.69, 6.80) (3.53, 6.54) (3.51, 6.20) (3.53, 6.58)
P =0.094 P =0.099 P=0.127 P =0.008
California significantly reduced the incidence of motor- inconsistent phenomenon deserves better analytic

cycle crash fatalities.

Nevertheless, valuable contradictory evidence has
also been asserted in the nonmedical literature with
respect to the safety effects of motorcycle helmets.
Using a latent variable model to analyze data in a
national sample of motorcycle riders, Goldstein (1986)
found that helmets had no statistically significant effect
on the probability of rider death. He further concluded
that helmet legislation may not be as effective a policy
as stricter enforcement of speed limits in preventing
motorcycle rider deaths. This appreciation of speed, as
a risk factor in motorcycle rider death, was suggestive
of a risk-compensation effect among motorcycle riders.
That is to say, motorcycle riders who wore helmets
perceived their risk of death as lower and responded
with greater risk taking in the form of increased speed
thereby prompting stricter enforcement of State speed
limits (Peltzman 1973; Underwood et al., 1993). With
some success, Graham and Lee (1986) found evidence
of a risk compensation effect in the years following the
enactment of a State motorcycle helmet law detracting
further from the perception that helmets were, on bal-
ance, protective.

The effectiveness of motorcycle helmet laws has been
under heavy debate for over three decades. Federal
legislative pressure in 1966, 1977, and 1991 created a
cyclical pattern of State helmet law enactments and
repeals (Insurance Institute for Highway Safety, 1997).
Each time a battery of states changed their helmet laws,
a corresponding battery of academic research studies
sought to evaluate their changes. For the first time
though, a recent NHTSA report highlighted the statis-
tic that fatality rates are lower in states without helmet
laws (National Highway Traffic Safety Administration,
2000) The report labels this discrepancy as ‘myth’ likely
due to omitted variable biases. Although this seemingly

scrutiny, little direct evidence can be found in the
medical or nonmedical literature that statistically ad-
dresses the discrepancy. This lack of explanation moti-
vated our study.

We began our study by confirming the unadjusted
difference in death rates between states with and those
without motorcycle helmet laws. This difference did,
indeed, statistically exist over our 3-year study period

Table 3
Results of random-effects generalized least squares regression®

Percentage change in deaths
per 10 000 registered
motorcycles (natural log
transformation)

State helmet law (yes =1, —3.632 (—21.661, 14.397)

no =0) P=0.740

State population density 0.160 (0.066, 0.253)
(residents per 10 square miles) P =0.005

Average state precipitation (in. —0.408 (—6.769, 5.953)
per month) P=00916

Average state temperature (°)

State per capita alcohol
consumption (gallons)

Maximum state speed limit

3.842 (2.722, 4.962) P <0.001
2.987 (—14.660, 20.633)
P=0.781
—0.844 (—2.118, 0.431)

(miles per h) P=0.276
Urban roads per state (% lane —0.481 (—1.062, 0.101)
miles) P=0.174
Average engine displacement of —0.016 (—0.066, 0.035)
decedent motorcycles (cm?) P=0.610
Average age of decedents (years) —0.154 (—1.697, 1.389)
P =0.869
State median age (years) —2.267 (—7.193, 2.658)
P =0.449
R? 0.554

2 The dependent variable, deaths per 10 000 registered motorcycles,

has been transformed using a natural-log function. P-values (below

each coefficient estimate) and 90% confidence intervals (in brackets)

are also reported.
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from 1994 to 1996. We concluded that the median
death rate was 1.13 motorcyclists per 10000 registered
motorcycles higher in states with full motorcycle helmet
laws.

However, after multivariate statistical adjustments
for the competing effects of other explanatory vari-
ables, the statistically higher rate of death in states with
full motorcycle helmet laws was no longer evident. On
the contrary, other explanatory variables were found to
be more closely associated with changes in death rates.
Among these other variables were State population
density and average State temperature. Contrary to our
original hypothesis, higher State population densities
significantly corresponded with higher motorcycle rider
death rates. The findings regarding average State tem-
peratures, however, were in line with our original sup-
positions. Although it was not statistically significant,
the regression coefficient for average State precipitation
also agreed with our original hypothesis. We can con-
clude then that weather, as measured by temperature,
and to some degree by precipitation, affects motorcycle
rider fatality rates. This is likely a function of the length
of the riding season in each state. States with higher
temperatures and less precipitation (such as in the
southwestern US) have longer riding seasons and there-
fore greater opportunity for motorcycle fatalities to
occur whereas states with lower temperatures and more
precipitation (such as in the northeastern US) have
shorter riding seasons and fewer motorcycle fatalities.

As it stands, our study primarily suffers from the
limited time period over which it was conducted. Al-
though in one respect the fact that none of the states
changed their motorcycle helmet laws from 1994 to
1996 allowed us the advantage of making observations
‘in equilibrium’, a longer period of analysis that in-
cluded a sufficient number of states who experienced
changes to their helmet laws might have produced
different results. We did not pursue this longer analysis
because we perceived that it did not directly address the
statistic of higher motorcycle rider death rates in states
with full helmet laws, a phenomenon that was not
evident in earlier reports (Sosin et al., 1990).

This study weakens the claim that fatality rates are
significantly lower in states without full motorcycle
helmet laws. After statistically adjusting for the influ-
ences of other risk factors, the existence of a state
helmet law was associated with lower motorcycle rider
death rates. Therefore, repeal of existing motorcycle
helmet laws should be considered very closely, if at all,
by State legislators.
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