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Abstract

Helmet use reduces injury severity, disability, hospital length of stay, and hospital
charges in motorcycle riders. The public absorbs billions of dollars annually in
hospital charges for unhelmeted, uninsured motorcycle riders. We sought to
quantify, on a statewide level, the healthcare burden of unhelmeted motorcycle
and moped riders. We examined 1,965 emergency medical service (EMS)
reports from motorcycle and moped crashes in Hawai‘i between 2007-2009.
EMS records were linked to hospital medical records to assess associations
between vehicle type, helmet use, medical charges, diagnoses, and final
disposition. Unhelmeted riders of either type of vehicle suffered more head
injuries, especially skull fractures (adjusted odds ratio (OR) of 4.48, P<.001,
compared to helmeted riders). Motorcyclists without helmets were nearly three
times more likely to die (adjusted OR 2.85, P =.001). Average medical charges
were almost 50% higher for unhelmeted motorcycle and moped riders, with a
significant (P =.006) difference between helmeted ($27,176) and unhelmeted
($40,217) motorcycle riders. Unhelmeted riders were twice as likely to self-pay
(19.3%, versus 9.8% of helmeted riders), and more likely to have Medicaid or
a similarincome-qualifying insurance plan (13.5% versus 5.0%, respectively).
Protective associations with helmet use are strongeramong motorcyclists than
moped riders, suggesting the protective effect is augmented in higher speed
crashes. The public financial burden is higher from unhelmeted riders who
sustain more severe injuries and are less likely to be insured.
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Introduction
Helmet use is an important factor in mitigating the severity of
injuries from motorcycle crashes. Unhelmeted riders are more
likely to have head injuries and are 3-4 times more likely to
die." In addition, unhelmeted motorcycle riders sustain more
severe injuries, suffer greater disability, require longer hospital
stays, and incur higher hospital charges.>* Nineteen states have
adopted universal motorcycle helmet laws, saving an average
of $6,000 in health care costs per motorcyclist.* The state of
Hawai‘i requires helmet use only in motorcycle and moped
operators and passengers under the age of 18 and prohibits
passengers under the age of 7.'°

Data specific to moped crashes and injuries are scarce and
are often combined with motorcycle data. However, there are
known differences in demographics and injury patterns for
moped crashes. Moped riders have ahigher incidence of alcohol
use.'"">? Moped crashes occur at lower speeds,'* and riders are
therefore less susceptible to serious extremity injury.' States
have variable requirements for registration, operation, insur-
ance, and helmet use for moped drivers. However, given the
paucity of studies focused on moped riders, it is not clear if the
regulations governing moped operation are well aligned with
the risks of injury and liability.

This report examines moped and motorcycleriders in Hawai ‘i
requiring medical attention at a hospital for an injury. This
subset of a larger previously published sample! allows for a
more detailed description of hospital diagnoses, charges, and
principal source of payment for helmeted versus unhelmeted
riders and emphasizes the public health implications of helmet
usage. Diverse statewide datasets that link inpatient information
with pre-hospital parameters allow us to uniquely quantify the
protective effects of helmet use across the spectrum of motor-
cycle and moped crashes.

Methods

Emergency Medical Service Reports

This study is based on patient care reports (PCRs) from Hawai ‘i
emergency medical service (EMS) providers from 2007 to 2009.
All Hawai‘i EMS providers complete PCRs electronically with
standardized input screens. Discrete fields describe vehicle type
(motorcycle or moped), helmet use, demographic variables,
patient disposition, and a free-text space to record a narrative
ofthe incident. All 2,923 EMS records for injured motorcyclists
or moped riders over the 3-year period were reviewed. A total
of 287 records were excluded from further analysis because
they were related to off-road or non-traffic crashes (n=150),
riders of all-terrain vehicles (n=77), or documented a patient
transfer to another EMS unit (n=60). Another 83 records were
excluded due to unknown helmet status, resulting in records
from 2,553 riders, 75% of whom (1,913) were transported to
hospitals by EMS for further medical attention.

Linkage to Hospital Records

The Hawai‘i Health Information Corporation (HHIC) linked
EMS records to hospital records for both emergency department
(ED) visits and hospitalizations. HHIC is a non-profit organiza-
tion which maintains a repository of billing data abstracts for
the medical records of all acute care hospitals in the state, with
the exception of the ED records of one facility on the island
of O‘ahu.” Linkage of EMS records to HHIC records was ac-
complished deterministically, using patient name, date of birth,
date of crash, and location of crash. Since HHIC maintains
a master patient identifier, the definitive patient disposition
and cumulative medical charges were available for patients
who were transferred between hospitals in the state. Charges
include those for room and board, pharmacy, laboratory, X-ray
and hospital-based physician charges. Some analyses utilize
a threshold of $25,000 in medical charges, to indicate treat-
ments resulting in relatively high medical charges; $25,000
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represented the 77th percentile of the distribution of medical
charges. The principal source of payment was categorized into
groups of interest. Payment from automobile insurance plans
was considered “private insurance.”

Hospital records were linked to 1,783 (93.2%) of the 1,913
transported by EMS to hospitals, leaving 130 records that
could not be linked to HHIC data. These 130 patients were
significantly younger than the 1,783 linked to HHIC data
(33.3 versus 36.2 years, respectively, P=.026), and there was
ahigher prevalence of helmet use among motorcyclists (67.4%
versus 50.0%, respectively, P=.002. Pre-hospital condition, as
characterized by EMS personnel, was generally better among
the 130 unlinked riders. Only 1.5% were in “critical” condition
(indicating unstable vital signs and level of consciousness),
compared to 7.8% of the other riders (P=.01). Patient condition
was more likely to be “serious” (stable vital signs butimpending
deterioration) among the latter (60.9%), compared to the 130
unlinked riders (41.5%, P<.001). Data from these 130 riders
were excluded from further analyses. Hospital records were
available for another 182 riders who refused transport by EMS,
but made their own way to hospitals, resulting in a final study
sample size of 1,965 records.

HHIC data was used to define injury categories, using the
principal diagnosis by ICD9-CM code: fractures (ICD9-CM
code series 800-829), skull fractures (800-804), dislocations
(830-839), sprains and strains (840-848), internal injuries (850-
869), intracranial injury without skull fracture (850-854), open
wounds (870-897), contusions and superficial injuries (910-
924), as well as other injuries and non-injuries (ICD9-CM code
less than 800). Traumatic brain injury (TBI) and spinal cord
injuries were identified using the code series recommended by
the CDC.'¢ A category of “head injury” was also constructed,
using the Barell Matrix.”” HHIC data identified 62 patients
who eventually died from their injuries, and all deaths were
confirmed through linkage with the Hawai‘i Department of
Health’s death certificate database.

Statistical Analysis

All statistical analyses for this report were performed using
JMP software, version 5.'® Differences in the distributions of
categorical variables were tested using differences in propor-
tions, while differences in the means of continuous variables
were assessed by 2-tailed t-tests. Differences described as
“significant” had an associated P value of less than .05. For
multivariate logistic regression analyses, rider age was cat-
egorized into 4 groups: those 25 years and younger (referent
group), 26 to 35 years, 36 to 54 years, and 55 years and older.
Helmet status was dichotomized, with helmeted riders as the
referent group. Our previous study’ showed the associations
between helmet use and injury outcomes varied considerably
between motorcycle and moped riders, so all of the analyses
included stratification by vehicle type. Study procedures were
approved by the Hawai‘i Department of Health’s Institutional
Review Board.

Results

Demographics

The mean age of the 1,965 patients was 35.9 years (SD 14.3
years) (Table 1). Helmeted motorcyclists were younger than
unhelmeted motorcyclists on average (34.8 vs 39.0 years,
P<.001), while helmeted moped riders were older than un-
helmeted moped riders (average 37.9 vs 34.2 years, P=.017).

Motorcycle riders were more likely to be male (87.2%) com-
pared to moped riders (70.0%, P<.001). Overall, helmet use
was significantly less common among female riders (25.6%)
compared to male riders (34.6%, P=.001). However, this as-
sociation differed across vehicle types. In moped riders, helmet
usage in females was significantly higher than in males (15.2%
vs 9.8%, P=.027), but was comparable among motorcyclists
(45.3% for females vs. 50.7% for males). About two-thirds of
all riders were not wearing a helmet at the time of the crash.
This proportion was significantly higher among moped riders
(88.6%) than motorcyclists (50%, P<.001).

Motorcyclists were more likely to be Hawai‘i residents
(89.6%) compared to moped riders (77.8%,P<.001). Hawai‘i
residents were more likely to wear helmets (33.8%) compared
to non-residents (27.4%, P=.027).

Insurance

Overall, the most common principal payer was private insurance
(60.8% of patients), followed by self-pay (16.2%), income-
qualifying insurance (such as Medicaid, QUEST) (10.7%),
and Department of Defense (8.0%). The proportion of riders
who did not utilize an insurance payer (ie, self-pay) was nearly
double among unhelmetedriders (19.3%),compared to helmeted
riders (9.8%, P<.001). The latter were also significantly less
likely to have income qualifying insurance as their principle
source of payment (5.0%), compared to unhelmeted riders
(13.5%, P<.001), and more likely to have policies under the
Department of Defense (17.7% versus 3.35%, respectively,
P<.001). These differences in payer mix between helmeted
and unhelmeted riders were also evident within the strata of
motorcycle and moped riders.

Disposition and Pattern of Injury

Moped riders were more likely to be discharged from the
ED, whereas motorcyclists were significantly more likely to
be hospitalized (40.7% vs 28.4%, P<.001) or die (4.7% vs
1.3%, P<.001). There were no significant differences in the
distribution of final medical disposition between helmeted
and unhelmeted moped riders (Table 2). Among motorcyclists,
however, unhelmeted riders were significantly more likely to
be admitted to the hospital (44.1%), compared to helmeted
motorcyclists (37.3%,P=.02),ortoultimately die (7.0% versus
2.4%, respectively, P=.001).

When principal diagnoses were reviewed, the incidence of
fractures was statistically comparable between helmeted and
unhelmeted riders of both vehicle types. However, the incidence
of skull fractures was nearly 3 times greater for unhelmeted
moped riders, and more than 6 times greater for unhelmeted
motorcyclists.
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Table 1. Demographic characteristics of motorcycle/moped riders injured in traffic crashes in Hawai', by helmet usage, 2007-2009
Helmeted Unhelmeted Total
All riders, n (%) 644 (32.8%) 1,321 (67.2%) 1,965
Age, mean (SD), y 35.3(14.2) 36.2 (14.3) 35.9 (14.3)
Sex, n (%)
Male 541 (84.0%) 1,022 (77.4%)* 1,563 (79.5%)
Female 103 (16.0%) 299 (22.6%)* 402 (20.5%)
Residence status, n (%)
Hawaii resident 559 (86.8%) 1,095 (82.9%)* 1,654 (84.3%)
Non-resident 84 (13.0%) 223 (16.9%)* 307 (15.6%)
Unknown 1(0.2%) 3(0.2%) 4(0.2%)
Principal payer, n (%)
Dept. of Defense 114 (17.7%) 44 (3.3%)* 158 (8.0%)
Private insurance 404 (62.7%) 791 (59.9%) 1,195 (60.8%)
Income-qualifying/Medicaid 32 (5.0%) 178 (13.5%)* 210 (10.7%)
Self-pay 63 (9.8%) 255 (19.3%)* 318 (16.2%)
Other 31 (4.8%) 53 (4.0%) 84 (4.3%)
Motorcycle riders, n (%) 544 544 1,088
Age, mean (SD), y 34.8(13.7) 39.0 (13.8)* 36.9 (13.9)
Sex, n (%)
Male 481 (88.4%) 468 (86.0%) 949 (87.2%)
Female 63 (11.6%) 76 (14.0%) 139 (12.8%)
Residence status, n (%)
Hawaii resident 475 (87.3%) 499 (91.7%)* 974 (89.6%)
Non-resident 68 (12.5%) 45 (8.3%)* 113 (10.4%)
Unknown 1(0.2%) 0 1(0.1%)
Principal payer, n (%)
Dept. of Defense 108 (19.9%) 26 (4.8%)* 134 (12.3%)
Private insurance 339 (62.3%) 341 (62.7%) 680 (62.5%)
Income-qualifying/Medicaid 27 (5.0%) 71 (13.1%)* 98 (9.0%)
Self-pay 46 (8.5%) 86 (15.8%)* 132 (12.1%)
Other 24 (4.4%) 20 (3.7%) 44 (4.0%)
Moped riders, n (%) 100 777 877
Age, mean (SD), y 37.9(16.7) 342 (14.3) 34.6 (14.6)
Sex, n (%)
Male 60 (60%) 554 (71.3%)* 614 (70.0%)
Female 40 (40%) 223 (27.7%)* 263 (30.0%)
Residence status, n (%)
Hawaii resident 84 (84%) 596 (76.7%) 680 (77.8%)
Non-resident 16 (16%) 178 (22.9%) 194 (22.1%)
Unknown 0 3(0.4%) 3(0.3%)
Principal payer, n (%)
Dept. of Defense 6 (6.0%) 18 (2.3%)* 24 (2.7%)
Private insurance 65 (65.0%) 450 (57.9%) 515 (58.7%)
Income-qualifying/Medicaid 5(5.0%) 107 (13.8%)* 112 (12.8%)
Self-pay 17 (17.0%) 169 (21.8%) 186 (21.2%)
Other 7(7.0%) 33 (4.3%) 40 (4.6%)

*Indicates statistically significant difference (P < .05), compared to helmeted riders.
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Table 2. Disposition and injury-related diagnoses of motorcycle and moped riders in Hawai'i, by vehicle type and helmet usage, 2007-2009
Moped riders Motorcyclists

Helmeted (n=100) | Unhelmeted (n=777) Helmeted (n=544) | Unhelmeted (n=544)
Disposition
discharged from ED 75 (75.0%) 542 (69.8%) 328 (60.3%) 266 (48.9%)*
admitted to hospital 24 (24.0%) 225 (29.0%) 203 (37.3%) 240 (44.1%)*
died 1(1.0%) 10 (1.3%) 13 (2.4%) 38 (7.0%)*
Principal diagnosis
fractures 23 (23.0%) 250 (32.2%) 193 (35.5%) 217 (39.9%)
fracture of skull 3(3.0%) 69 (8.9%)* 10 (1.8%) 64 (11.8%)*
dislocations 1(1.0%) 15 (1.9%) 12 (2.2%) 9(1.7%)
sprains and strains 8 (8.0%) 41 (5.3%) 40 (7.4%) 17 (3.1%)*
internal 14 (14.0%) 110 (14.2%) 86 (15.8%) 81 (14.9%)
intracranial (no skull fracture) 14 (14.0%) 95 (12.2%) 48 (8.8%) 68 (12.5%)*
open wound 16 (16.0%) 140 (18.0%) 42 (7.7%) 63 (11.6%)*
contusion/superficial 29 (29.0%) 157 (20.2%)* 122 (22.4%) 91 (16.7%)*
other/unspecified injury 5(5.0%) 42 (5.4%) 34 (6.3%) 34 (6.3%)
non-injury 4 (4.0%) 22 (2.8%) 14 (2.6%) 28 (5.2%)*
Any diagnosis
any head injury 35 (35.0%) 392 (50.5%)* 127 (23.4%) 291 (53.5%)*
fracture of skull 7(7.0%) 103 (13.3%) 19 (3.5%) 92 (16.9%)*
intracranial (no skull fracture) 18 (18.0%) 161 (20.7%) 81(14.9%) 126 (23.2%)*
concussion 12 (12.0%) 121 (15.6%) 69 (12.7%) 85 (15.6%)
open wound 17 (17.0%) 225 (29.0%)* 30 (5.5%) 169 (31.0%)*
contusion/superficial 1(1.0%) 9(1.2%) 1(0.2%) 10 (1.8%)*
traumatic brain injury 22 (22.0%) 273 (35.1%)* 115 (21.1%) 225 (41.4%)*
spinal cord injury 1(1.0%) 3(0.4%) 5(0.9%) 6 (1.1%)

*Indicates statistically significant (P < .05) difference in proportion, compared to helmeted riders, within each vehicle type.

When all diagnoses were considered, the risk for any type of
head injury was significantly higher for unhelmeted riders of
either type of vehicle. Approximately half of the unhelmeted
motorcycle (53.5%) or moped riders (50.5%) sustained a head
injury, compared to 35.0% of the helmeted moped riders and
23.4% of the helmeted motorcycle riders. The incidence of
traumatic brain injury (TBI), which includes the spectrum from
concussion to intracranial hemorrhage, was also significantly
higher among unhelmeted riders of either type of vehicle. For
moped riders, the incidence of TBI among unhelmeted riders
was 60% higher (35.1% versus 22.0% for helmeted riders,
P=.009). For motorcyclists, the incidence was nearly double
(41.4% versus 21.1% for helmeted riders, P<.001).

Charges

Average medical charges were approximately 50% higher for
unhelmeted riders of both vehicle types (Table 3). More than one-
third (35.1%) of medical charges to unhelmeted motorcyclists
were paid by income-qualifying plans or self-pay, compared to
only 13.7% of the charges to helmeted motorcyclists. Medical
charges among unhelmeted moped riders were also more likely

to be paid by income-qualifying plans or self-pay, compared to
helmeted riders (37.9% vs 15.2%, respectively).

Approximately one-quarter (23.3%) of the 1,965 riders had
medical charges of $25,000 or more, although this proportion
was significantly higher among motorcyclists (28.5%) than
moped riders (16.9%, P<.001). Unhelmeted motorcyclists
were almost 50%, and unhelmeted moped riders almost 40%,
more likely to incur $25,000 or more in total charges compared
to helmeted riders (Table 3). Unhelmeted riders were about 3
times as likely to have an income-qualifying plan as the principal
source of payment for these higher charge totals. They were also
more likely to self-pay. As a result, unhelmeted riders in both
motorcycles and mopeds had more than double the incidence
of accruing $25,000 or more in total charges, combined with
an income-qualifying payer plan or self-pay status.

Adjusted Outcomes

After controlling for age and gender by multivariate logistic
regression, unhelmeted motorcycle riders had significantly
higher odds of hospital admission (1.54, P=.001), and nearly
three times the odds of a fatal injury (2.85, P=.001), compared
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Table 3. Total charges for injured motorcycle and moped riders in Hawai'i, by vehicle type and helmet usage, 2007-2009
Moped riders Motorcyclists

helmeted (n=100) unhelmeted (n=777) helmeted (n=544) unhelmeted (n=544)
Total charges $1,411,877 $16,382,380 $14,783,792 $21,878,109
Average charges $14,119 $21,084 $27,176 $40,217*
Percent of charges, by principal payer category (average amount?)
Private insurance 76.1% ($10,747) 52.9% ($11,150) 62.2% ($16,896) 57.6% ($23,149)
Dept. of Defense 3.6% ($506) 1.7% ($351) 20.3% ($5,508) 3.1% (81,254)
Medicaid/QUEST 1.2% ($167) 20.6% ($4,333) 6.8% ($1,841) 18.1% ($7,264)
Self-Pay 14.0% ($1,978) 17.3% ($3,652) 6.9% (§1,869) 17.0% ($6,829)
Other** 5.1% ($721) 7.6% ($1,597) 3.9% ($1,062) 4.3% ($1,720)
Charges of $25,000 or more 12 (12.0%) 136 (17.5%) 132 (24.3%) 178 (32.7%)*
Medicaid/QUEST 0 17 (2.2%) 13 (2.4%) 28 (5.2%)*
Self-Pay 3(3.0%) 32 (4.1%) 12 (2.2%) 29 (5.3%)*
Medicaid/QUEST or Self-Pay 3(3.0%) 49 (6.3%) 25 (4.6%) 57 (10.5%)*

2Calculated by multiplying the average charge by the proportion associated with each payer category. Example for helmeted moped riders with private insurance: $14,119
multiplied by 76.1% equals $10,747. *Indicates statistically significant (P < .05) difference in proportion, compared to helmeted riders, within each vehicle type. **Other includes

Medicare or similar, and person’s with worker’s compensation.

Table 4. Adjusted* odds ratios for adverse medical and financial outcomes among unhelmeted motorcycle and moped riders in Hawai'i, by
vehicle type, 2007-2009 (95% confidence interval given in parenthesis)

Adverse outcome | Moped riders | Motorcyclists | Total
Final disposition
Hospital admission or death 1.3(0.8-2.1) 1.5(1.2-2.0) 1.5(1.2-1.9)
Death 1.0 (0.2-18.4) 2.9(155.7) 2.8(1.6-5.4)
Injury-related diagnoses
TBI, any diagnosis 1.8(1.1-3.1) 2.8(2.1-3.6) 25(2.0-3.2)
Skull fracture, any diagnosis 1.9(0.9-4.7) 5.7 (3.5:9.8) 45(2.9-7.1)
Head injury, any diagnosis 1.9 (1.2-2.9) 3.9(3.0-5.1) 3.2 (2.5-4.0)
Total charges and principal source of payment
Charges of $25,000 or more 1.6 (0.9-3.1) 1.5(1.1-2.0) 15(1.2-1.9)
Cha.rggs of $25,000 or more, and income 21(0.7-86) 24 (15-4.0) 24(1538)
qualifying or self-pay
Income qualifying payer 3.0(1.3-8.6) 3.1(2.0-5.1) 3.0 (2.0-4.6)
Self-pay 1.3(0.8-2.3) 2.1(1.5-3.1) 1.9 (1.4-2.6)
Income qualifying or self-pay 1.9(1.2-3.1) 2.8(2.1-3.9) 2.5(1.9-3.3)

*All models adjusted for rider age and gender. Models for the total sample additionally adjusted for rider type (motorcyclist or moped rider). Helmeted riders served as the refer-

ence group with an odds ratio set to 1.0.

to helmeted riders (Table 4). There were no significant differ-
ences in either hospital admission or risk of fatal injury among
moped riders.

Unhelmeted riders had significantly higher odds of TBI(2.49,
P<.001), skull fracture (4.48, P<.001), or any head injury
(3.18, P<.001), compared to helmeted riders, independent of
age or gender. The disparity in outcomes was greater among
motorcyclists, although unhelmeted moped riders also had
significantly higher odds of TBI or head injury, compared to
helmeted moped riders. Similar associations were found if only
the principal diagnosis was considered.

The odds of incurring $25,000 or more in total charges were
nearly 50% higher among unhelmeted motorcyclists,compared
to helmeted riders. The former were also about 3 times as likely
to have an income-qualifying plan as principal source of pay-
ment and twice as likely to self-pay. As a result, unhelmeted
motorcyclists had more than twice the odds (2.82, P<.001) of
accruing $25,000 or more in total charges, combined with an
income-qualifying plan or self-pay as the principal source of
payment.
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Discussion

Multiple prior studies have characterized motorcycle and moped
crashes, but few have compared and contrasted outcomes by
vehicle type. Patient outcomes might be predicted to be differ-
ent,as other investigators have reported differences between the
populations of moped versus motorcycle riders. Matzch, et al,
noted older age and a higher proportion of females in moped
compared to motorcycle accidents." Similarly, our study showed
a higher percentage of females in moped crashes (30% versus
13% of motorcyclists) but no difference in age between the
two groups. Others have identified operator factors associated
with lethal moped crashes. Alcohol use is prevalent, with rider
blood levels above the legal limit at the time of injury in up to
49% of lethal crashes.''2%

This study confirms the deleterious associations between
non-use of helmets and adverse medical dispositions of injured
riders. McSwain, et al, studied motorcycle riders from twelve
states and five countries to show that the fatality rate was almost
four times higher in unhelmeted compared to helmeted riders.’
Braddock,etal,in2,361 hospital discharges and 112 deaths from
motorcycle accidents, revealed that non-helmeted motorcycle
riders were 3.4 times more likely to die than helmeted riders.*'
While many studies report the injuries and fatality of motorcycle
riders, no known study compares the impact of helmet use in
motorcycle vs moped riders. Similar to motorcyclists, our data
demonstrates thathelmets have a significant protective effect for
moped riders, with nearly a two-fold lower risk of overall head
injury and TBI, and a three-fold lower risk of skull fractures.

Anincrease in skull fractures and head injuries in unhelmeted
riders ultimately results in longer hospitalizations, greater dis-
ability, and increased cost. This has been well documented for
motorcyclists, with acute care hospital charges for unhelmeted
riders up to three times higher than helmeted riders.’ Orsay, et
al, in a study of 1,231 motorcycle riders, demonstrated that
unhelmeted motorcycle riders were more likely to sustain
serious head-related injuries, which resulted in longer ICU
stay and a three-fold increase in hospital charges.”> Max, et
al, studied 11,163 motorcycle injuries and found patients with
head injuries averaged $18,527 in hospital costs, compared to
$10,350 in patients without head injuries.? Belavadi, et al, stud-
ied 1,900 motorcycle accidents. Acute care costs for unhelmeted
motorcycle riders was three times that of a helmeted rider.* Our
study confirmed that average hospital charges for unhelmeted
riders (both moped and motorcycle) were approximately 50%
higher than for helmeted riders. Importantly, these increased
charges were seen to the same extent in unhelmeted moped as
well as motorcycle riders.

The economic and social impact of the increased rate of TBI
inunhelmeted riders (35% of moped and 41% of motorcyclists)
may be underestimated if we consider only direct acute care
medical charges. Compared to thoraco-abdominal and extrem-
ity injuries, TBI may have prolonged disability, incomplete
recovery, and diminished performance status or ability to return
to work. The disability and loss of productivity may go unrec-

ognized and undocumented, particularly in a patient population
that is underinsured and does not seek regular medical care.
The direct cost of crashes involving unhelmeted riders is
borne disproportionately by the taxpaying public. Nationwide,
state governments absorb nearly $5 billion in hospitalization
for unhelmeted riders without medical insurance.’ Riders in
Hawai‘i had a similarly unfavorable distribution of principal
insurance policies: one-third used income qualifying plans
or self-pay, compared to only 15% of helmeted riders. These
outcomes have important implications when considering the
public burden in caring for injured unhelmeted riders. For
example, unhelmeted motorcyclists accounted for 79% of the
$3.2 million average annual medical charges associated with
income qualifying insurance plans or self-payment, although
they made up only 50% of injured motorcyclists in Hawai‘i.

Conclusions

In summary, motorcycle riders are almost 50% more likely
than moped riders to be hospitalized, and over 3 times more
likely to suffer from a fatal injury. The mortality rate for hel-
meted motorcyclists is reduced by nearly 3-fold, but there is no
significant impact of helmet use on mortality in moped riders,
suggesting that the protective effect of helmets is augmented
in higher speed crashes.

A protective association with helmet use is evident for both
motorcyclists and moped riders, with a reduced rate of skull
fracture (nearly 6-fold and 2-fold, respectively) and TBI. These
higher rates of injury are reflected in hospital charges, which
are doubled for unhelmeted moped and motorcycle riders. The
public burden of these charges is augmented by the unfavorable
payer status of unhelmeted riders, with over 35% having income-
qualifying (government-assisted) coverage or self-pay. The odds
ratio for high cost (>$25,000) and underinsured hospital stays
are more than doubled for unhelmeted versus helmeted riders.
This data provides direct economic incentive for universal
helmet laws covering mopeds as well as motorcycles.

Limitations

Limitations of this study are the inclusion of only injured rid-
ers who were attended to by EMS personnel, and the limited
sample size of moped riders. Hospital records could not be
located for approximately 7% of the injured riders who were
transported to hospitals by EMS. However, the exclusion of
these riders probably did not bias the results of multivariate
logistic regression models, since these riders were more likely
to have worn helmets and had a more favorable distribution
of pre-hospital injury severity. Another limitation is the avail-
ability of only acute care charges in the initial hospitalization.
Therefore, medical charges we report may underestimate the
true financial burden of long-term injuries. It should be noted
that we only had access to medical charges, and not the actual
medical costs that were ultimately paid after insurance adjust-
ments. Finally, diagnostic data may be less accurate than the
original medical records because HHIC data systems is gener-
ated for billing reimbursement.’
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Strengths

This study includes statewide data collection which was pos-
sible through uniform data collection for all EMS providers
in Hawai‘i, and the existence of HHIC, a central repository
of billing data from hospital medical records in the state. The
capability of HHIC to track individuals transferred across
medical facilities improved the ascertainment of final medical
dispositions and reduced loss to follow-up. Finally, this study
had acomprehensive comparison of demographics, injury, mor-
tality, cost, and insurance information in four different groups:
motorcycle riders with and without helmets, and moped riders
with and without helmets. This is the first study with detailed
analysis of helmet use between the two vehicle types.

Future Impact

Our study shows that unhelmeted riders are much more likely
to suffer serious injury or death and to incur higher hospital
charges. Furthermore, these higher hospital charges are more
likely to be absorbed by public funds or the hospitals that pro-
vide them medical treatment. This is true for both motorcycle
and moped riders, a distinction that was previously unstudied.
These are important findings for those advocating for legisla-
tive policies requiring helmet use. Our study supports that
implementing mandatory helmet laws for both motorcycle
and moped riders would decrease severity of injury, medical
charges, and cost to society.
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