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Abstract

Over the last 10 years, the United States has observed a 50% increase in pedestrian deaths. Changes in sport 
utility vehicle (SUV) and pickup design, namely increase in vehicle height and curb weight could be related 
to pedestrian injury and death.The objective of this study was to assess changes in pedestrian trauma rates 
over the last 30 years by measuring mediating effects of vehicle design. This study analyzed the relationship 
between crash year, characteristics of vehicle, and Abbreviated Injury Scale or death using fatal and nonfa-
tal vehicle–pedestrian crash data from the National Highway Traffic Safety Administration (NHTSA). This 
study found that in the United States between 1991 and 2018, there was a decrease and then increase in 
pedestrian fatalities. The presence of SUV and pickup (vs. car) has increased pedestrian crashes over the last 
30 years. SUV and pickup models are having increased height and curb weight. In this study, no relationship 
was observed between design of vehicle and pedestrian injury or death. The future research must examine 
confounders, such as vehicle speed and driver behavior, in order to clarify the risk of injury and death because 
of increasing height and curb weight. 
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Introduction
An epidemic outbreak of pedestrian fatalities has taken place across 
the United States: 6,227 deaths in 2018 compared to 4,109 in 2009—a 
50% increase in just under 10 years.1 Changes in vehicle design and 
purchasing behaviors are two primary factors among many that 
relate to increased pedestrians deaths in car–person crashes.2,3 Pur-
chasing behaviors of sport utility vehicles (SUVs) have been rising 
since 2008. Based on the data from the US Bureau of Transporta-
tion, total sale of new vehicle has risen by 27% in 10 years since the 
recession in 2008, with a 97% increase in the sales of light trucks and 
a 25% drop in the sales of passenger cars.2 In addition, SUVs, also 
known as “light trucks,” have changed in design. Hoods and bum-
pers have become taller and the vehicles have been increasing in size 
and weight. Heavier and larger vehicles may be safer for occupants,3 
but are a trauma risk for smaller vehicles and pedestrians. Fatal 
single-vehicle crashes involving SUVs have increased by 81% in just 
7 years in the United States between 2009 and 2016.4

Much of the research on the impact of car design on pedestrian 
safety comes from post-implementation research of European leg-
islation called the New Car Assessment Program (NCAP). The pro-
gram was introduced, among other reasons, to improve design of 
vehicle front for protection of pedestrians, for example, by reducing 
height of vehicle hoods. Research conducted in Germany comparing 
pedestrian trauma before and after enactment of NCAP regulations 
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in 2009 established that newer vehicles with improved vehicle front 
shapes had improved overall safety for pedestrians as measured by 
the Abbreviated Injury Scale (AIS), with better protection, espe-
cially for lower body of pedestrians.5,6 Other research estimated that 
implementation of programs such as NCAP that assess the safety 
of vehicles for pedestrians could decrease the burden of pedestrian 
injuries by up to 24% and daily adjusted life years (DALYs) by 20%.7

Pedestrian trauma from vehicles speeding around 20–30 miles per 
hour (mph) is enough to damage ligaments, while speed of 40 mph 
directly cause fracture to bones.8 Sedans are more likely to cause inju-
ries to the lower limbs and head when people are thrown onto the 
hood, while SUVs are more likely to cause injuries to the chest and 
pelvis of pedestrians which are more often thrown on the ground in 
front of the vehicle.9,10 In all vehicles, of particular importance for 
safety of the lower limbs are the height and stiffness of the bumper,11 
while height and angle of hood are the most important elements 
for determining head injuries.12 Recently, improvements have been 
made to personalize crash data based on bodily measurements,13 yet 
we are still far from being able to implement this technology outside 
laboratory models for the purposes of vehicle design and policy.

The relationship between changes in vehicle design and pedes-
trian trauma is logically physical but has social implications beyond 
the scope of engineering. It is within the purview of epidemiol-
ogy to evaluate the prevalence, incidence, and causal relationships 
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between vehicle designs as a risk for pedestrian trauma. It is the 
responsibility of public health researchers to encourage appropri-
ate policies for regulations that promote safer vehicle design and 
to spread awareness of the issue of pedestrian safety which could 
impact purchasing behavior. Therefore, the aim of this research 
study was to determine the impact that changes in vehicle design 
and purchasing behaviors had on pedestrian trauma between 
1991  and 2018. It was hypothesized that the increasing usage of 
SUV and pickup trucks (PU) versus cars and increasing SUV/PU 
height and weight over the last 30 years had contributed to increase 
in the severity of pedestrian injuries and deaths. The results of this 
study could be used to inform targeted interventions for reducing 
pedestrian injuries and deaths.

Methods
Data for the current study were drawn from publicly available files of 
the National Highway Traffic Safety Administration (NHTSA) from 
1991 to 2018. Data for all fatal crashes were obtained from the Fatal-
ity Analysis Reporting System (FARS), while data for a sample of 
nonfatal and fatal crashes were obtained from the General Estimates 
System (GES) for 1991–2015 and the Crash Report Sampling System 
(CRSS) for 2016–2018. Data on crashes that involved a pedestrian, 
cyclist, or unknown non-motorist were included in this analysis.

The aim of this research was to explore reasons for the differences 
in death rates between pedestrians and cyclists observed over the 
past 30 years. Based on the available literature, it was hypothesized 
that characteristics of the vehicle mediate the relationship between 
crash year and injury severity or death, measured by the AIS. The 
vehicle characteristics that were included in this study were the type 
of vehicle (SUV/PU or car), height of vehicle (as the available proxy 
for hood height), and weight of vehicle.

The exposures for this study were characteristics of vehicle (type, 
height, and weight of vehicle), while the outcome was severity of 
injury and death. Severity of injury was measured based on a 4-point 
scale of no injury (0) to death (4) using the AIS. Death was assumed 
by inclusion in the FARS dataset. Mediators included type (SUV/PU 
or car), height, and weight of vehicle. Note that the weight of vehi-
cle in this study refers to vehicle’s curb weight. This is the vehicle’s 
dry weight plus an estimate of fuel weight and driver weight, which 
reasonably estimates a vehicle’s weight on the road without a load. 
Classification as SUV/PU versus car was estimated using “body type” 
in the FARS, GES, and CRSS data. Height and curb weight of vehicle 
were estimated using online available market data on cars, assum-
ing the smallest version of the make, model, and year described in 
the crash data. As there were more than a thousand different mod-
el-years involved in pedestrian crashes over the last 30 years, height 
and weight data were added for model-years that appeared most fre-
quently in fatal pedestrian crashes (n = 325 model-years).

Data analysis was performed in R programming. Data parameters 
related to pedestrian deaths and design of vehicle were characterized 
and reported as trends through counts and averages, respectively, for 
every 9 years (i.e., 1991, 2000, 2009, and 2018). The year 1991 was 
chosen because it represented the first year in the datasets that vari-
ables relating to pedestrian involvement were included. Analysis was 
conducted at 9-year intervals to show a trend over the 1991–2018 

period. In this 9-year interval analysis, the 325 most implicated vehi-
cles were analyzed. The second annual analysis was performed using 
the top three most implicated vehicles. 

For analysis of association, data for the 325 most commonly impli-
cated vehicles were analyzed for every 9 years and a different method 
was used based on the categorical, ordinal, or interval nature of the 
parameters. To determine the association among crash year (predic-
tor) and characteristics (outcome) of vehicle, logistic regression was 
used for types of car (SUV/PU or car) classification, and a linear 
regression was used for hood height and vehicle weight. Bi-variate 
analysis was performed initially, followed by multivariate analysis. 
Chi-square analysis was used for association between type of vehicle 
(SUV/PU or car) classification, and death, while linear regression 
was used to determine the association between classification of car 
and severity of injury. The association between vehicle measures 
(height and weight) as predictor and death as outcome was analyzed 
using Spearman’s correlation tests. Logistic regression analyses were 
performed to analyze severity of injury as an outcome. Additional 
analysis was performed for the three most commonly implicated 
vehicles (the Ford F-150, Chevrolet Silverado, and Dodge RAM) for 
all years of data between 1991 and 2018.

Results
From 1991 to 2018, a decrease and then an increase in pedestrian 
fatalities were observed using the FARS dataset of fatal crashes 
(Table 1). An increase in the proportion of SUVs involved in pedes-
trian crashes (6.6% in 1991, and 17.5% in 2018) and a drop in pedes-
trian deaths involving cars (47.3% in 1991, and 37.1% in 2018) were 
observed. However, no clear pattern in the proportion of pedestrian 
deaths involving pick-up trucks (17.2% in 1991; 16.9% in 2018) 
was available. Both average height and curb weight of SUV/PUs in 
pedestrian crashes have increased. Based on the summary statistics, 
the average curb weights of SUV/PUs involved in fatal crashes are 
higher than those involved in all crashes. 

From the GES/CRSS sample of fatal and nonfatal crashes, an aver-
age trauma score for vehicle occupants and pedestrians involved in 
pedestrian crashes was estimated. This study’s findings of pedestrian 
trauma scores were consistently different from vehicle occupant 
pedestrian score, where vehicle occupants experienced an average 
AIS trauma score of 0.1 compared to 1.8–2.2 among pedestrians. 
Trends in severity of injury were generally consistent across crash 
years, with a slight drop in pedestrian trauma score in 2018.

Over time, there has been a significant increase in SUV/PUs 
involved in pedestrian crashes (B1 = 0.26, P < 0.001) and those SUV/
PU models are becoming taller (B1=0.07, P < 0.001) and heavier 
(B1 = 22.2, P < 0.001) (Table 2). This increase in SUV/PU presence 
in pedestrian crashes is counterintuitively associated with a signif-
icant reduction in deaths (Xsq = 245.4, P < 0.001) and severity of 
injury (B1 = -0.22, P < 0.001). The increased vehicle weight observed 
over the past 30 years is weakly associated with reduction in death 
rates (rho [ρ] = 0.29). Otherwise, no associations were observed 
between height of vehicle and severity of injury or death, or weight 
of vehicle and severity of injury.

The top three most implicated SUV/PU models were PU models: 
Ford F-150, Chevrolet Silverado, and Dodge RAM. Some differences 
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Table 1.  Characteristics of vehicle–pedestrian crash data from 1991 to 2018.

Characteristics Unit 1991 2000 2009 2018

Pedestrians involved in fatal crashes Count 7662 6391 5278 7802

Vehicles involved in fatal crashes of pedestrians Count 21,001 17,609 16,175 21,165

Pedestrian deaths involving pickup trucks % 17.2 16.9 16.4 16.9

Pedestrian deaths involving SUVs % 6.6 6.7 17.4 17.5

Pedestrian deaths involving cars % 47.3 47.8 36.4 37.1

Average height of SUV/PU* Inches (SD) 69.1 (4.0) 69.0 (4.0) 70.6 (4.2) 70.7 (4.2)

Average curb weight for SUV/PU* Pounds (SD) 3786 (578) 3771 (583) 4291 (688) 4305 (705)

Average trauma score for vehicle occupants involved in pedestrian crash Scale** (SD) 0.1 (0.5) 0.1 (0.4) 0.1 (0.5) 0.1 (0.4)

Average trauma score for pedestrians involved in pedestrian crash Scale (SD) 2.2 (0.8) 2.2 (0.7) 2.2 (0.7) 1.8 (0.9)

*Based on year/make/model of pickup trucks or SUVs that killed 5 or more in years 1991 (n = 82) or 2000 (n = 113), or 25 or more in either 2009 (n = 118) 
or 2018 (n = 180).
**Injury severity scale: 0 = no injury; 1 = possible injury; 2 = minor injury; 3 = serious injury; 4 = fatal injury.

Table 2.  Associations between year of crash, characteristics of vehicle, and death and injury. 

Association Measure (SE) P-value

Crash year and type of vehicle (logistic regression)
Crash year and height of vehicle (linear regression)
Crash year and weight of vehicle (linear regression)

B1 = 0.26 (0.004) 
B1 = 0.07 (0.004)
B1 = 22.2 (0.43)

<0.001
<0.001
<0.001

Type of vehicle and severity of injury (logistic regression)
Height of vehicle and severity of injury (linear regression)
Weight of vehicle and severity of injury (linear regression)

B1 = -0.22 (0.02)
B1 = -0.01 (0.006)

B1 = <0.001 (<0.001)

<0.001
0.08

0.008

Type of vehicle and death (Chi2 test)
Height of vehicle and death (correlation)
Curb weight and death (correlation)

Xsq = 245.4
ρ = -0.13
ρ = -0.29

<0.001
0.27

0.012

(Figure 1) were observed in the relationship between vehicle hood 
height and curb weight and death for the top three vehicle models. 
Vehicle height and curb weight have increased steadily at similar 
rates from 1991 through 2018 for all three PU models. However, 
the way these vehicle measurements relate to death has not been 
uniform by models. Based on linear trends, Dodge RAM model’s 
increase in height and curb weight seems to be associated with 
increase in death, whereas Ford F-150’s and Chevrolet Silverado’s 
increase in height and curb weight seem to be associated with 
decrease in death. The findings for these three individual models 
did not reach statistical findings for height, but the relationships for 
curb weight were either statistically significant (F-150: P < 0.001) 
or nearly statistically significant (Chevrolet Silverado: P = 0.052, 
Dodge RAM: P = 0.061).

Discussion
The NHTSA data of 1991–2018 show that there had been a drop 
in pedestrian fatalities, with a recent increase in pedestrian fatalities 
back to the level of the early 1990s. It was hypothesized that increase 
in pedestrian trauma over the last 30 years was related to charac-
teristics of the vehicle, namely, whether it was classified as SUV/
PU or car, as well as the height and weight of SUV/PU. Our results 
show that involvement of SUV/PU has increased and the SUV/PU 

models involved have become taller and heavier. Regarding mod-
eling, whether characteristics of these vehicles related to severity of 
injury and death, it was found counterintuitively that involvement 
of type of vehicle (SUV/PU or car) reduced severity of injury and 
death rates, and increased weight of vehicle was weakly associated 
with reduction in pedestrian deaths. The top three most implicated 
vehicle models involved in pedestrian crashes were PU vehicles. On 
examining the top three vehicle models across all 30 years, the pres-
ent author observed differences in how the vehicle models’ increas-
ing vehicle curb weights related to pedestrian deaths, where the 
Chevrolet Silverado and Ford F-150 models increased curb weight 
correlated with reduction in deaths, while the Dodge Ram correlated 
with increase in pedestrian death.

The real-world data on how characteristics of vehicles relate to 
death are limited. The present research agreed with prior studies and 
statistics showing the increasing prevalence of SUV/PUs involved 
in pedestrian crashes and that those SUV/PU models had increased 
their height and weight.14 In a physical sense, it is not be surprising 
that the NHTSA research supports that increasing weight of vehicles 
increases risk of pedestrian injury.15 Also, there has been a focus on 
how increasing hood heights and aggressive hood front styles pose a 
risk to pedestrians involved in car crashes.6,16,17 While results of the 
present study counteract this notion, it does not negate the proba-
bility that these physical realities are at play. Probably many factors, 
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Figure 1.  Association between characteristics of vehicle and crash year and death.*

*Within 5 years of the model being in the market.

uncontrolled in the present study, could explain why the author 
did not see relative increase in pedestrian injury and deaths. These 
include speed, improvements to road infrastructure for vehicles, 
improvements to pedestrian safety measures, and improvements in 
vehicle safety technology, among others.18–21 An unpredictably sig-
nificant portion also includes social factors, such as vehicle choices 
connected with cultural identities, socioeconomic status, and con-
sumer psychology. Few studies have correlated social factors with 
choice of vehicle; however, a study conducted among residents of 
San Francisco demonstrated that PU drivers were more likely to 
be middle-aged males from lower education levels with middle 
incomes whereas SUV drivers probably were more educated with 
higher incomes.22 More recent and generalizable research would be 
helpful in understanding social variables in vehicle choice and driver 
behavior.

Limitations of this study centered around the availability of data. 
Height of vehicle, a more widely available vehicle characteristic, was 
used as a proxy for suggestions from the literature that height of hood 
could be related to severity of injury. However, results indicated that 
height of vehicle does not accurately represent the risks observed 
with increasing height of hood observed in SUV/PU models over 
the last decade nor does it portray any information about the front 
shape of vehicle. Our models probably underestimated the associ-
ation between increasing vehicle parameters of height and weight 
because the estimates for the smallest vehicle type were standardized 
within the make and model with no additional load. In addition, 

owing to limited availability of data, it was not possible to estimate 
the effects of confounders that may have skewed the association 
between design of vehicle and death or injury, including speed, vehi-
cle technology, and characteristics of the built environment.

The implication of the physical reality of heavier and taller vehi-
cles being more deadly for pedestrians remains unchallenged. With 
increase in the popularity of SUV/PUs and the number of miles 
driven per capita in the United States, pedestrians are at a risk of 
injury. The notion that these SUV/PUS are becoming heavier and 
taller puts pedestrians at a greater risk because pedestrians, especially 
children and wheelchair users, are less easily viewed over hoods of 
vehicles and the impact of a heavier vehicle at a given speed is more 
likely to cause injury. We need reliable public data on vehicle effects 
to pedestrians as well as drivers. The future research must focus on 
obtaining a greater level of details through private market data and 
access to data on potential confounders to build reliable models for 
impact of vehicle design on pedestrian trauma. Researchers and 
policy makers with access to private market data on changes to char-
acteristics of vehicle such as height of hood and weight of curb, as 
well as front geometric design, could provide this level of details.

Conclusions
This research set out to assess changes in pedestrian trauma rates 
over the last 30 years by measuring mediating effects of vehicle 
design. With increasing heights and curb weights of SUV/PUs, 
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pedestrians are at a potentially greater risk of injury and death. In 
order for automotive design policies protecting pedestrians and 
cyclists to be enacted, the public requires models assessing these risks 
that can incorporate complex changes in vehicle technology and the 
built environment.
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