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Motor vehicle---related trauma is the leading
cause of unintentional injuries resulting in the
highest number of fatalities among those aged
5 to 34 years in the United States.1 The overall
consequence of motor vehicle trauma on the
health of the US population, as measured by the
disability-adjusted life-years metric, indicates that
approximately 449 healthy life-years per
100000 population were lost as a result of
premature mortality and disability attributable to
the health condition.2 To address this public
health concern, the Healthy People 2020 project
initiated by US Department of Health and
Human Services targets reducing motor vehicle---
related mortality and injury rates by 10% in
the current decade (compared with figures
estimated in 2007).3 Specifically among the
injuries, the project focuses on reducing fatal and
nonfatal traumatic brain injuries and spinal cord
injuries. To realize these objectives, the frame-
work of the Healthy People 2020 project prior-
itizes certain vision-based goals, one of which
specifically aims at eliminating health disparities
among demographic segments including differ-
ences that occur by gender or sex. To identify
steps targeted toward reducing motor vehicle---
related injuries within this framework, it is of
interest to evaluate whether sex-specific disparity
plays a role in the effectiveness of prevalent
motor vehicle safety systems.

Traffic data over the past decades have
consistently demonstrated that female drivers
are underrepresented in fatal or serious injury
motor vehicle crashes; female drivers exhibit
approximately one third the rate of fatal crash
involvement per driver compared with male
drivers (Figure 1).4 Subsequently, the burden on
health caused by motor vehicle trauma is 2-
fold higher for males (age-adjusted disability-
adjusted life-years for male and female road
traffic victims were 600 and 296 life-years per
100000 population, respectively).2 The trends
in the fatality rates between the 2 sexes is better
understood by analyzing the related individual
factors: crash fatality rate (proportion of fatal

crashes among all crashes), crash incidence
density (number of crashes per annual vehicle
miles traveled), and driving exposure (annual
vehicle miles traveled per licensed driver).

Data indicate that although the driving
exposure among male drivers has been con-
sistently higher (33% more annual vehicle
miles traveled per driver in 2009),5 the crash
incidence density is in fact higher for female
drivers (1.52 vs1.26 injurious crashes per million
vehicle miles traveled for female and male
drivers, respectively, in 2009).4,5 As studies
confirm, the trend for the decreasing difference
in the crash involvement rate (per licensed
driver) for the 2 sexes is indicative of increasing
exposure––both licensing and travel miles––and
socioeconomic changes in driving behavior
among female drivers.6---8 Therefore, despite
a higher fatality involvement rate for male
drivers, traffic trends indicate that future female
drivers may be equally as likely to be involved in
a crash.

Becauses male and female drivers are
expected to have comparable exposure to
traffic crashes, it is necessary that motor
vehicle safety systems provide equitable injury
protection to occupants of either sex involved

in moderate to serious crashes. Owing to the
relatively high exposure and fatal crash in-
volvement rate, standard adult occupant safety
systems (seatbelt, airbags, and other passive
safety devices) have been designed and evalu-
ated with a focus on the occupant characteris-
tics typically representing the male population.
It should be noted that the effectiveness and
the performance of such safety devices is,
however, sensitive to biological and biome-
chanical considerations including occupant age,
anthropometric size, injury tolerance, and the
mechanical response of the affected body
region. Because sex is expected to be highly
correlated with these variables (except age), it is
hypothesized that current advances in safety
technology optimized for male characteristics
may not be equally effective in protecting
female occupants.

Our objective was to evaluate whether
a female driver restrained by the safety belt
sustains a similar risk of moderate to serious
injuries compared with a belt-restrained male
driver when involved in a comparable crash.
The results would highlight the importance of
future advances in occupant safety technology
to specifically focus on reducing the sex-specific
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disparity, if any, as an important step toward
the mitigation of overall traffic injury---related
health burden.

METHODS

We obtained crash information on adult
drivers grouped by their sex from the National
Highway Traffic Safety Administration’s
1998---2008 National Automotive Sampling
System Crashworthiness Data System (NASS
CDS). NASS CDS provides nationally repre-
sentative data regarding motor vehicle crashes
based on a weighted annual sample of ap-
proximately 5000 police-reported tow-away
crashes.9 NASS CDS includes detailed informa-
tion regarding the occupant characteristics,
restraint usage, vehicle properties, crash condi-
tions, and the injury outcome for each individual
occupant case. For the purposes of the study,
occupant cases were filtered from the NASS CDS
to include only adult drivers (‡16 years) and
driving a motor vehicle less than15 years old. To
remove the confounding effects of belt usage
rates on the predicted risk of injury, drivers
who were properly belted and did not eject
out of the vehicle during the crash were en-
rolled in the study. The survey selection criteria
yielded 45445 occupant samples representing
approximately 23 million adult drivers at the
national level.

Analysis Methodology

We performed a retrospective cohort study
by using multivariate logistic regression models
to analyze the effect of driver sex as a predic-
tor for injury outcomes while we controlled for
the effect of remaining crash-related explana-
tory variables. We analyzed 6 binomial injury
metrics in this study based on the risk-of-
fatality injury severity score––Abbreviated
Injury Scale (AIS).10 The 3 whole-body injury
metrics were the incidence of fatality, maximum
whole-body AIS score of 2 or higher (MAIS 2+),
and MAIS 3+, and the 3 regional injury met-
rics were the incidence of AIS 2+ injuries to the
head, chest, and spine regions. The explanatory
variables considered in each of the regression
models included relevant occupant and vehicle
and crash properties (Table 1). The occupant
predictors included variables related to sex, age,
and anthropometry including categorical body
types based on the body mass index (BMI; weight
in kilograms divided by height in meters
squared). The vehicle predictors included the age
of the vehicle at crash and 4 categories of vehicle
body types––passenger cars, sports utility vehi-
cles (SUVs), light trucks, and minivans. The crash
predictors included Dv (differential velocity
before and after impact), roadway category
based on posted speed limit, incidence of rollover
(more than 1 roof inversion), airbag deployment,
type of crash by vehicle damage pattern, and

number of events (sequence in a crash causing
substantial injury or vehicle damage) in a crash.

Multivariate Model

We chose significant predictors for the mul-
tivariate model by using the backward stepwise
regression method with an inclusion and
retaining threshold of P <.05. We performed
an assessment for multicollinearity in the
model by estimating the variance inflation
factor statistic for each of the predictors in
a multivariate linear regression model. We
performed survey-based logistic regression
analysis by using the sampling information and
the ratio inflation factor (provided in NASS
CDS) associated with each of the sampled cases
to predict the risk estimates at the national
level. Multivariate regression models estimated
the effect of each significant predictor on the
6 injury metrics in terms of adjusted odds ratio
with the 95% confidence intervals (95% CIs).
We performed the analysis in 2010 with SAS
software, version 9.1.3 (SAS Institute Inc,
Cary, NC).

RESULTS

Among the weighted population of drivers
selected in this study, 43% were female, the
overall mean age was 36 years, and 11% were
older than 60 years. The crashes considered in
this study mostly involved passenger cars
(67%), followed by SUVs (15%), light trucks
(11%), and vans (6%). The average age of the
vehicles at the time of crash was 6 years. The
average Dv of the selected crashes was 20
kilometers per hour with the most frequent
crash direction being the side crash (43%),
followed by rear (23%) and frontal (3%).
Approximately 7% of the drivers were
involved in a rollover crash with at least 1 roof
inversion of the vehicle. At least 1 airbag
deployed in 36% of the cases as a result of the
impact. Most occupant cases sustained whole
body MAIS-1 injury (88%) and another 9%
sustained MAIS-2 injury. Less than 1% of the
occupant cases sustained fatal injuries. Cases
with AIS 2+ injury to the head, chest, and spine
region comprised 1.6%, 1.2%, and 0.6%,
respectively, of the overall weighted sample.
A complete description of all the explanatory
and outcome variables for all drivers and
separately grouped by sex is provided in Table

FIGURE 1—Fatal crash involvement rate and crash involvement rate in the US population by

sex.
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TABLE 1—Descriptive Statistics Summary for All Adult Drivers (‡16 y) Using a 3-Point Safety Belt System and Not Ejected From the Vehicle

During the Crash: National Data, United States, 1998–2008

Descriptive Statistics

All Drivers, Mean (95% CI)

or %a (95% CI)

Male Drivers, Mean (95% CI)

or %a (95% CI)

Female Drivers, Mean (95% CI)

or %a (95% CI)

Occupant

Age, y 36.50 (36.04, 36.96) 36.35 (35.77, 36.93) 36.66 (36.17, 37.15)

Senior drivers (> 60 y) 11.14 (9.99, 12.29) 11.47 (10.00, 12.95) 10.78 (9.67, 11.88)

Male sex 52.67 (51.00, 54.35) . . . . . .

Stature, cm 171.36 (170.79, 171.92) 177.81 (176.90, 178.73) 164.21 (163.60, 164.80)

Mass, kg 76.34 (75.43, 77.25) 83.92 (83.29, 84.54) 67.95 (66.17, 69.74)

Body mass indexb

Underweight (< 18.5 kg/m2) 12.40 (9.16, 15.65) 10.41 (6.04, 14.78) 14.61 (12.39, 16.83)

Normal body type (‡ 18.5 but < 25 kg/m2) 41.17 (38.76, 43.58) 35.70 (33.23, 38.16) 47.18 (43.98, 50.38)

Overweight (‡ 25 but < 30 kg/m2) 29.92 (27.45, 32.39) 37.32 (32.57, 42.07) 21.77 (20.24, 23.30)

Obese (‡ 30 kg/m2) 16.50 (14.44, 18.57) 16.58 (15.36, 17.79) 16.44 (11.74, 21.14)

Vehicle

Type

Passenger car 67.48 (63.90, 71.06) 61.41 (54.18, 68.63) 74.23 (72.62, 75.83)

SUV 14.78 (12.70, 16.86) 14.19 (11.84, 16.53) 15.45 (13.10, 17.80)

Van (including minivans) 6.49 (5.57, 7.42) 6.05 (5.43, 6.68) 6.98 (5.24, 8.72)

Light truck 11.25 (8.65, 13.84) 18.35 (13.27, 23.43) 3.35 (2.34, 4.35)

Vehicle age at crash, y 6.09 (5.88, 6.30) 6.35 (6.16, 6.54) 5.80 (5.54, 6.06)

Crash

Delta-V (total), km/h 19.68 (19.26, 20.10) 19.54 (18.79, 20.29) 19.83 (19.22, 20.45)

Crash direction

Frontal crash 2.58 (2.20, 2.97) 2.68 (2.08, 3.29) 2.47 (1.79, 3.16)

Side crash 42.71 (39.52, 45.91) 41.19 (38.22, 44.16) 44.37 (39.60, 49.15)

Rear crash 22.87 (21.12, 24.62) 21.35 (18.92, 23.78) 24.58 (22.33, 26.83)

Rollover (‡ 1 roof inversion) 6.65 (5.00, 8.29) 7.56 (5.75, 9.36) 5.63 (3.94, 7.31)

Airbag deployed in crash 36.34 (33.10, 39.59) 36.17 (30.98, 41.36) 36.55 (34.58, 38.53)

Posted speed limit

£ 56 km/h 2.60 (1.98, 3.21) 2.80 (2.00, 3.59) 2.37 (1.61, 3.13)

> 56 km/h but < 105 km/h 83.20 (75.93, 90.46) 81.24 (72.08, 90.40) 85.40 (79.91, 90.90)

‡ 105 km/h 14.21 (7.38, 21.03) 15.96 (7.54, 24.39) 12.23 (6.96, 17.49)

Injury

Fatality 0.31 (0.21, 0.42) 0.29 (0.22, 0.36) 0.33 (0.12, 0.55)

Maximum AIS (whole body)

1 87.56 (85.58, 89.27) 87.44 (86.36, 88.52) 87.66 (84.65, 90.67)

2 8.50 (6.98, 10.02) 8.30 (7.52, 9.07) 8.66 (5.98, 11.34)

3 2.68 (2.40, 2.96) 2.74 (2.26, 3.22) 2.63 (2.14, 3.12)

4 0.55 (0.40, 0.70) 0.66 (0.49, 0.83) 0.46 (0.29, 0.63)

5 0.26 (0.20, 0.31) 0.34 (0.26, 0.43) 0.19 (0.15, 0.24)

6 0.06 (0.04, 0.08) 0.08 (0.05, 0.11) 0.04 (0.02, 0.06)

Head injury (AIS 2+) 1.55 (1.21, 1.89) 1.52 (1.28, 1.76) 1.58 (1.02, 2.14)

Chest injury (AIS 2+) 1.17 (0.90, 1.44) 1.10 (0.86, 1.34) 1.25 (0.81, 1.68)

Spine injury (AIS 2+) 0.56 (0.35, 0.76) 0.54 (0.34, 0.75) 0.58 (0.36, 0.79)

Notes. AIS = Abbreviated Injury Scale; BMI = body mass index; CI = confidence interval. Weighted frequency = 23 234 794; for categorical variables, the estimates are percentage of cases
corresponding to the value indicated in the first column.
aEstimates are reported as mean and percentage values for continuous and categorical variables, respectively.
bThe BMI classification is based on the National Institutes of Health guidelines.11
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1. We observed significant differences (P <.05)
between male and female drivers in terms of
anthropometry, vehicle type, and vehicle age.
Compared with males, females in the cohort
were an average of 14 centimeters shorter and
16 kilograms lighter, 11% more had a normal
BMI, 15% fewer were overweight, 13% more
were driving passenger cars, 15% less were
driving light trucks, and their vehicle was
newer by an average of 6 months at the time of
the crash (Table 1).

The significant predictors (P <.05) deter-
mined through the backward stepwise regres-
sion process included driver characteristics––
sex, age, mass, and BMI category––as well as
Dv, vehicle body type, number of events in the
crash, and the crash direction. The variance
inflation factor calculated for each of the pre-
dictors was less than 10 indicating the absence
of multicollinearity in the model (Table 2). We
retained these variables as the explanatory
variables in the regression models to predict
the outcome of MAIS 3+, MAIS 2+, chest AIS
2+, and spine AIS 2+ injuries. We could not
calculate models corresponding to fatality and
head AIS 2+ injuries at the P <.05 significance
level. The effect of each significant predictor
on the 4 injury outcome measures evaluated
using multivariate regression models is shown
in Table 2.

Results from the multivariate regression anal-
ysis indicated that the odds of a belt-restrained
female driver sustaining an MAIS 3+ and
MAIS 2+ injury were 47% (95% CI=27%,
70%) and 71% (95% CI=44%, 102%)

higher, respectively, than those of a belt-
restrained male driver when we controlled for
the effects of age, mass, BMI category, crash
Dv, vehicle body type, number of events, and
crash direction. When we controlled for the
remaining explanatory variables, occupant age
and mass had a marginal effect in increasing
the odds of serious injury (<5%). Similarly,
a unit increase in the Dv increased the odds of
sustaining MAIS 3+ and MAIS 2+ injury by
11% and 9%, respectively. Drivers of SUVs,
vans, and light trucks had 20% lower odds of
sustaining an MAIS injury compared with
drivers of passenger cars. With the increase in
each crash event, the odds of sustaining
a serious injury increased by 36%. For chest
and spine AIS 2+ injuries, the odds of an
effectively belted female driver to sustain the
injury was 38% (95% CI=1%, 89%) and
67% (95% CI=34%, 109%) higher, respec-
tively, than those of a belted male driver in
comparable crash conditions.

DISCUSSION

Advances in vehicle safety technology have
produced impressive results in reducing in-
juries and fatalities among occupants involved
in motor vehicle crashes. Primary restraint
devices such as the 3-point seat belt system
are approximately 42% to 45% effective at
preventing fatal injuries and approximately
65% effective in preventing serious injuries
among occupants.12,13 In addition, supple-
mentary restraint devices, such as airbags, in

combination with seat belts, may reduce the
risk of fatality in frontal collisions by approx-
imately 68%.14 It is, however, anticipated
that this overall effectiveness of occupant
safety devices is biased toward the male
occupants as they are disproportionately
more likely (3 times) to be involved in a motor
vehicle crash yielding serious to fatal injuries.
To this effect, fewer studies have investigated
whether the reduction in motor vehicle
trauma has equally benefitted occupants of
either sex.15 This is particularly important
because over the past few decades researchers
have emphasized the increase in involvement
rates of female drivers in fatal crashes.6,7 Most of
these gender-based studies have looked into
changes in driving patterns and risk-taking
behavior among female drivers over the years
as factors contributing to their rising numbers
of fatalities and injuries. Although such factors
determine the gender-specific risk of being
involved in a crash, the effectiveness of safety
devices to mitigate the severity of injuries
for either during a crash is relatively unclear.
The sex-specific effectiveness of safety systems
is dependent on anthropometric measures,
injury tolerance, and associated biomechani-
cal response. The primary goal of this study
was to provide results that demonstrate the
sex-specific disparity in the effectiveness of
preventing injuries when involved in a motor
vehicle crash.

To appropriately investigate sex-specific
disparity in the effectiveness of occupant safety
devices it is necessary to consider the usage

TABLE 2—Multivariate Associations Between Crash Characteristics and Injury Outcome: National Data, United States, 1998–2008

Weighted Sample Explanatory Variable (Baseline Value) VIF MAIS 3+, AOR (95% CI) MAIS 2+, AOR (95% CI) Chest AIS 2+, AOR (95% CI) Spine AIS 2+, AOR (95% CI)

Driver sex (Ref = male) 1.37 1.47 (1.27, 1.70) 1.71 (1.44, 2.02) 1.38 (1.01, 1.89) 1.67 (1.34, 2.09)

Driver age (Ref = 16 y) 1.04 1.03 (1.03, 1.04) 1.02 (1.02, 1.03) 1.05 (1.04, 1.06) 1.03 (1.02, 1.05)

Driver mass (Ref = 38 kg) 3.10 1.02 (1.01, 1.02) 1.02 (1.01, 1.02) 1.03 (1.00, 1.05) 1.00* (0.97, 1.03)

Driver BMI category (Ref = < 18.5 kg/m2) 2.66 0.79 (0.65, 0.95) 0.80 (0.71, 0.90) 0.62 (0.45, 0.83) 0.99* (0.58, 1.67)

Total Dv of crash (Ref = 1 km/h) 1.04 1.11 (1.09, 1.12) 1.09 (1.07, 1.11) 1.10 (1.09, 1.11) 1.08 (1.07, 1.09)

Vehicle body type (Ref = car) 1.06 0.82 (0.73, 0.92) 0.88* (0.75, 1.02) 0.77 (0.66, 0.90) 1.17* (0.93, 1.49)

Number of crash events (Ref = single event) 1.03 1.36 (1.22, 1.52) 1.19 (1.09, 1.31) 1.19 (1.02, 1.39) 1.31 (1.08, 1.59)

Crash direction (Ref = head-on) 1.05 0.99 (0.98, 0.99) 0.99 (0.99, 1.00) 0.99 (0.99, 0.99) 0.99 (0.99, 0.99)

Notes. AIS = Abbreviated Injury Scale; AOR = adjusted odds ratio; BMI = body mass index; CI = confidence interval; MAIS = maximum whole-body Abbreviated Injury Scale score; VIF = variance inflation
factor. Sample size was n = 21 771 out of 10 354 990 respondents.
*Point estimates are not significant at P < .05.
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rates of passive safety devices (e.g., safety belt)
between the 2 sexes. This may indicate poten-
tial differences between the ‘‘field-effective-
ness’’ (accounting for usage rates) and the
‘‘when-used’’ effectiveness (assuming 100%
usage rate). According to 2003 traffic survey
data, adult female occupants were had a 7%
higher belt usage rate (P <.05) compared with
males.16 However, when one considers only
adult crash victims (years 1998 to 2008), the
belt usage rate was 86.0% (95% CI=83.2%,
88.7%) and 90.5% (95% CI=87.6%, 93.4%)
for males and females, respectively. Because
the belt usage rates when involved in a crash
were not significantly different between the
sexes, the study focused only on effectively
belted drivers to evaluate the risk of injury.
The results from this study suggest that belted
female drivers are more susceptible to injuries
(47%---71%; P < .05) compared with belted
male drivers when involved in a comparable
motor vehicle crash. Similarly, the belted
female drivers exhibited a higher risk of chest
and spine AIS 2+ injuries (38%---67%;
P < .05) compared with their male counter-
parts in comparable crashes.

Biomechanical studies involving postmor-
tem tests, volunteer surveys, and computa-
tional simulations provide insight into the effect
of sex-specific differences that may contribute
to the bias in performance of safety systems in
the case of female occupants. The published
biomechanical data (1990 to 2009) on sex-
specific injury tolerances to impact loading
mostly involved males (70%; J.L. Forman,
verbal communication, January 2011). To
account for the correlation between sex and
anthropometric size, the regression methodol-
ogy used in the study specifically controlled
for the effects of BMI and overall mass
as measures of size. Tolerance to traumatic
injury may also be predicted as a function of
sex-specific properties. Specifically, female
occupants are at a higher risk for sustaining
whiplash injuries because of differences in neck
anthropometry, strength, and musculature, and
the relative positioning of the head re-
straint.17,18 Similarly, a higher risk of lower
extremity injuries has been reported for female
drivers as a result of their relatively short stature,
preferred seating posture, and a combination of
these factors yielding lower safety protection
from the standard restraint devices.19,20

To address these concerns, vehicle safety
engineers assess the risk of injury during
a crash by using a family of anthropometric test
devices (e.g., crash test dummies) designed to
represent occupants of both sexes and varying
anthropometries. Recent changes to the federal
regulations include compliance testing
using the small female dummy,21 but design
modifications and performance testing of safety
devices mostly rely on the midsized adult male
dummy. The 5th-percentile female dummy is
primarily used to estimate risk of injury in
a compromised condition attributed to the small
stature of the occupant (e.g., risk of head injury in
side impacts or out-of-position airbag deploy-
ment). Corroborated with the results shown in
the present study, the performance range of
future advanced safety systems must be tailored
specifically to provide adaptive protection focus-
ing on the female occupant characteristics under
all crash conditions. Future modifications to the
dummy or other surrogate models must involve
design changes that address differences in the
biomechanical properties of either sex in addition
to their anthropometric variations.

The primary strength of this study is the
focus on the disparity in injury protection that
may be attributable to the sex-related factors.
Whereas previous studies have primarily
focused on the likelihood of being involved in
a crash, the results presented here discuss the
risk of sustaining injuries when involved in
a crash. Multivariate regression strategies
allowed us to control for the effects of addi-
tional confounding factors while we investi-
gated the role of sex as a predictor of injury.
Selection of nationally representative crash
data illustrates the disparity evaluated at the
population level while reducing errors associ-
ated with sampling bias. The data set used in
the study, NASS CDS, is arguably the most
exhaustive, reliable, and well-researched
resource available on US-based motor vehicle
crashes; the interdisciplinary nature of the
study provides detailed information on recon-
structed crash conditions, vehicle damage
details, and medical injury reports among other
police-recorded details.

The limitations of the study include the
inability to investigate the confounding effects
of seating position (front passenger or rear
seat), differences in safety technology (pyro-
technic devices, side-impact protection, etc.)

and the influence of precrash occupant behavior
(distraction, posture, alcohol- or drug-related
effects, etc.). Future recommendations to this
work include analyzing male and female cohorts
for their risk of injury within categorical groups
of anthropometrical sizes and body types.

Female motor vehicle drivers today may
not be as safe as their male counterparts;
therefore, the relative higher vulnerability of
female drivers (approximately 50% or higher
odds of sustaining injuries) when exposed to
moderate and serious crashes must be taken
into account. To reduce the sex-specific dis-
parity in providing effective means to lower
the health burden attributable to motor vehi-
cle crashes, potential improvements to the
area of occupant safety systems must be
realized. Steps toward the conceptualization of
an occupant-specific adaptable safety tech-
nology may be necessary in the future to
provide significant benefit to the overall
demographics of motor vehicle occupants
involved in traffic-related incidents. j
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