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ABSTRACT
Questions In the case of a road traffic crash, do sports 
utility vehicles (SUVs) and light truck vehicles (LTVs) 
cause more severe injuries to pedestrians and cyclists 
than passenger cars? Does any effect differ between 
adults and children?
Design Systematic review and meta- analysis.
Data sources MEDLINE, TRID and Global Index 
Medicus were searched up to September 2024, with no 
restrictions by setting or language.
Inclusion criteria Eligible studies had to compare 
injury severity between pedestrians and/or cyclists hit by 
an SUV or LTV versus a passenger car. Only sources using 
real- world crash data were included.
Main outcome measure Injury severity, defined either 
as ’fatal versus non- fatal injury’ or as ’killed or seriously 
injured (KSI) versus slight injury’.
Results 24 studies were included in the meta- analysis. 
The results were similar between pedestrians and 
cyclists. When combining pedestrians and cyclists, the 
pooled odds of KSI versus slight injury if hit by an SUV/
LTV versus a passenger car were higher among adults/
all- age samples by 1.24 (95% CI 1.15, 1.34) and higher 
among children by 1.28 (95% CI 1.19, 1.37). The odds 
of fatal versus non- fatal injury if hit by an SUV/LTV versus 
a passenger car increased among adults/all- age samples 
by 1.44 (95% CI 1.33, 1.56) and among children by 1.82 
(95% CI 1.57, 2.11; p=0.006 for heterogeneity by age).
Conclusion In the case of a crash, SUVs and LTVs cause 
more severe injuries to pedestrians and cyclists than 
passenger cars. This effect is larger for fatalities than 
for KSIs, and the fatality effect is particularly large for 
children.
PROSPERO registration number CRD42024597283.

INTRODUCTION
Road traffic collisions are an important cause of 
death and serious injury, with 1.19 million road 
traffic deaths per year globally.1 In addition, percep-
tions of road danger deter people from walking and 
cycling,2 leading to a greater reliance on motor vehi-
cles. This creates a vicious circle that may further 
increase road danger to vulnerable road users, while 
also increasing physical inactivity and air pollution.

Many countries and cities have developed strat-
egies seeking to reduce road danger using the ‘safe 
system approach’, one component of which is a 

focus on ‘safe vehicles’. One concerning trend is 
the growing popularity around the world of sports 
utility vehicles (SUVs) and light truck vehicles 
(LTVs; a category that covers SUVs, smaller vans 
and pick- up trucks). SUVs and LTVs are taller, 
wider and heavier than traditional ‘passenger cars’, 
such as sedans or hatchbacks. As of 2023, SUVs 
made up 48% of new car sales globally, up from 
15% in 2010.3

This trend is of concern given evidence that, in 
the case of a crash, these larger vehicles may be 
more dangerous to vulnerable road users. The key 
mechanism underlying this increased risk appears 
to be the taller and blunter profile of the front end 
of SUVs and LTVs. This means that the victim is 
initially struck higher up on their body (eg, the 
pelvis not the legs for an adult, or the thorax not the 
pelvis for a child). It further means that the victim 
is more likely to be thrown forward into the road, 
rather than carried on the vehicle’s hood. These 
and other crash dynamics are associated with a 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Sports utility vehicles (SUVs) and light 
truck vehicles (LTVs) are ever more popular 
worldwide, with SUVs accounting for over half 
of new car sales in many high- income countries.

 ⇒ The most recent synthesis of the road danger 
impacts of these large vehicles only covered 
studies published up to 2006 and did not cover 
impacts on cyclists or on children specifically.

WHAT THIS STUDY ADDS
 ⇒ Our study found that, in the case of a crash, 
being hit by an SUV or LTV increased the 
odds of a pedestrian or cyclist being killed or 
seriously injured by around a quarter. The odds 
of a pedestrian or cyclist being killed increased 
by 44% for adult/all- age samples and increased 
by 82% for children.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Several cities and countries have introduced or 
are currently considering policies to discourage 
use of large vehicles (eg, higher parking 
charges). Our findings strengthen the road 
danger rationale for such policies.
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higher proportion of upper body injuries (including to the head, 
thorax and abdomen) and with a more serious injury profile.4–9 
A large recent study in the USA found that, as compared with the 
low and sloping front end of a traditional passenger car, the odds 
of pedestrian fatality increased by 45% if the striking vehicle 
had a tall and sloped front end; increased by 44% if the striking 
vehicle had a tall and blunt front end; and increased by 26% if 
the striking vehicle had a medium- height and blunt front end.7

Much of this evidence comes from the USA, where vehicle stan-
dards to mitigate crashes and protect pedestrians are currently 
weaker than those in Europe. Nevertheless, recent studies in 
both settings have yielded similar findings regarding the adverse 
effects of higher front ends: a 10 cm increase in front- end height 
was associated with a 22% increase in the odds of fatality 
for pedestrians in the USA10 and a 27% increase in the odds 
of fatality for vulnerable road users (pedestrians, cyclists and 
motorcyclists) in Belgium.11 This provides suggestive evidence 
that despite plausible variation in absolute risk levels, higher 
vehicle front ends may increase relative risk in both settings.

Consistent with the above findings, a previous systematic 
review found that LTVs increase the odds of pedestrian injury 
by 54% compared with passenger cars (OR 1.54; 95% CI 1.15, 
1.93).12 This review only covered studies published up to 2006, 
however, and did not cover impacts on cyclists or on children 
specifically. A specific focus on children is warranted given that 
children are shorter and are therefore expected to be particularly 
at risk if hit by a vehicle with a tall front end.13 For instance, 
the above- mentioned US study found that a 10 cm increase in 
front- end height increased the odds of death by 21% for adult 
pedestrians and by 81% for child pedestrians.10

The present study therefore seeks to update the previous 
review by synthesising available evidence as to whether, in the 
case of a crash, SUVs and LTVs cause more severe injury to 
pedestrians and cyclists than passenger cars. We also examine 
whether any effect differs between children and adults.

METHODS
Search strategy
Three electronic databases were searched: MEDLINE (Ovid) 
(https://ovidsp.ovid.com/), TRID (https://trid.trb.org/) and 
Global Index Medicus (https://www.globalindexmedicus.net/). 
The search was conducted on 6 September 2024, with no limita-
tions by date or language of publication. Our PECO criteria 
were as follows:

 ► Population: pedestrians and/or cyclists of all ages hit by a 
motor vehicle.

 ► Exposure: collision with an SUV or LTV.
 ► Control: collision with a passenger car.
 ► Outcome: injury severity, dichotomised either as ‘fatal/non- 

fatal’ or as ‘killed and seriously injured (KSI)/slight’.
See online supplemental appendix 1 for further details, 

including our search strings.

Inclusion criteria
Our inclusion criteria are described in detail in online supple-
mental appendix 1. Briefly, studies eligible for inclusion were 
those comparing SUVs or LTVs with passenger cars in relation 
to injury severity in pedestrians or cyclists. All pedestrian and 
cyclist ages, driving locations, countries and time periods were 
included. Only studies using real-world, individual- level crash 
data were eligible. Studies using crash reconstructions and 
computer simulations were excluded, as were ecological studies. 

The outcome had to be a dichotomous, global measure of injury 
severity, as opposed to, for example, the body region injured.

Eligible studies needed to provide individual- level data that 
could be used to calculate or approximate an OR and its SE. 
We excluded studies that adjusted for variables that were poten-
tially on the causal pathway between vehicle type and injury 
severity (eg, vehicle weight). We included studies that adjusted 
for confounders that did not plausibly lie on the causal pathway, 
such as victim and driver demographic characteristics, crash 
location and weather conditions.

Unlike a previous systematic review,12 we did not consider 
studies of driveway roll- over crashes eligible for our main meta- 
analysis. Driveway roll- over crashes capture incidents where, for 
example, the driver reverses their vehicle over a child playing 
in the driveway. We consider this a qualitatively different type 
of incident compared with an on- road traffic crash. We do, 
however, describe the findings of these driveway roll- over crash 
studies in online supplemental appendix 6.

Screening and selection
The title and abstract of each study were assessed against the 
inclusion criteria by two reviewers independently. Papers that 
either reviewer considered to be eligible were downloaded for 
a full- text review against the same criteria. This was again done 
independently by two reviewers, with uncertainties decided in 
discussion with a third reviewer.

The reference lists of all sources eligible for inclusion were 
also checked for other relevant papers.

Data extraction and preparation
Data were independently extracted by two reviewers using a 
standard template. For each study, we recorded whether the 
exposure comparison was ‘SUV versus passenger car’ or ‘LTV 
versus passenger car’. We also recorded crash victims’ age 
group(s) (child, adult or an ‘all- age’ sample containing both 
children and adults) and travel mode (pedestrians, cyclists or a 
combined sample containing pedestrians and cyclists).

For our main meta- analysis, the a priori primary outcomes 
used were the ORs for (1) fatal (versus non- fatal injury) or (2) 
KSI (versus slight injury). Where both KSI and fatality ORs were 
available from a single study, we extracted both. Where a study 
did not present either of our primary outcomes but did include 
a different dichotomous measure of injury severity, we extracted 
this for a sensitivity analysis (n=1 study).

Where a study included data that allowed both SUVs and 
LTVs to be contrasted with passenger cars, we extracted both, 
for the purpose of comparison. We ultimately used the SUV 
versus passenger car contrasts in the main meta- analysis.

Where both crude and adjusted ORs were available from a 
single study, we extracted both for the purpose of comparison. 
We used the adjusted OR in our main meta- analysis.

For each included study, we additionally sought to extract 
information on the setting and date of the crashes studied, 
whether crashes were identified retrospectively or prospectively, 
the location of crashes (eg, ‘any location’ versus ‘driveway studies 
only’), the source of crash data (eg, police, hospital, insurance 
data) and the crash victim sample size.

We contacted the study authors if relevant information was 
not presented or was unclear in the published papers. See online 
supplemental appendix 2 for a log of author- supplied data used 
in this study).

We contacted the study authors if relevant information was 
not presented or was unclear in the published papers. See online 
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supplemental appendix 2 for a log of author- supplied data used 
in this study).

Risk of bias assessment
The studies were assessed by one reviewer using the ROBINS- E 
(Risk Of Bias In Non- randomized Studies of Exposures) tool. 
This tool provides a framework for assessing the potential for 
bias in observational epidemiological studies. An assessment 
is made against seven domains, which allows for judgement 
regarding the risk of bias, the predicted direction of bias and 
whether the risk of bias is sufficiently high to threaten the 
conclusions of the study.

Statistical analysis
Where there was a 0 in the 2×2 table for any study, 1 was added 
to each cell of that table before the meta- analysis was performed 
(n=1 study). Where ordinal logistic regression was used, that 
‘beta’ value was used to approximate the OR for a KSI versus 
slight comparison (n=2 studies). (Note that the assumption 
underlying ordinal logistic regression is that one achieves the 
same beta regardless of where one ‘cuts’ the data. Thus, in theory, 
the beta should capture the ‘fatal’ versus ‘non- fatal’ contrast just 
as well as it captures the ‘KSI’ versus ‘slight’ contrast. In practice, 
however, the smaller number of fatal injuries relative to serious 
and slight injuries means that we expected the approximation 
to be closer for the ‘KSI’ versus ‘slight’ contrast. We confirmed 
that our findings for KSIs were very similar in the sensitivity 
analysis excluding these two studies.) Where multiple ORs were 
presented stratified by factors irrelevant to our research ques-
tion, fixed- effect meta- analysis was used to generate a single 
pooled estimate (n=1 study). Where weighted estimates were 
generated, we used the weighted data to generate the OR and 
the unweighted data to generate the SE (n=2 studies).

Pooled ORs and 95% CIs were then estimated and corre-
sponding forest plots were generated using a random- effects 
meta- analysis of the log odds. Tests for between- group hetero-
geneity were performed using Cochran’s Q statistics for hetero-
geneity. We created a funnel plot and performed an Egger test 
to test for small- study effects (reporting bias). Our analyses used 
the STATA/SE V.14.0 software.

Indicative estimates of population impact
Our focus in this meta- analysis is on ORs, that is, an epidemio-
logical measure of the effect of SUVs and LTVs. Also of interest 
is their impact at the population level. Impact depends both 
on the strength of the effect and also on the prevalence of the 
exposure—that is, what proportion of car crashes involve larger 
vehicles. One measure of impact is the population attributable 
fraction (PAF), which estimates the proportion of pedestrian 
and cyclist car crash injuries that would be averted if all SUVs 
were replaced with passenger cars. We focused on SUVs here 
because we consider it plausible that, in principle, most trips 
by SUVs could indeed reasonably instead be made by passenger 
cars. By contrast, trips by pick- up trucks and vans are expected 
more often to involve transporting goods in a way that could not 
readily be achieved using a passenger car.

We calculated the PAF using the following formula:
PAF = (P * (OR − 1)) / (1 + P * (OR − 1))
where OR is the odds ratio and P is the prevalence (ie, the 

proportion of car crashes that involve SUVs). For the OR in 
this equation, we used the pooled OR from our meta- analyses. 
The prevalence is expected to vary between settings and to have 
increased in recent years, given that larger vehicles have been 

growing rapidly as a share of the fleet. For the prevalence, we 
therefore present a range of estimates.

Additional and sensitivity analyses
We determined a priori initially to stratify by age (adult/all- age 
versus children) and by victim mode (pedestrians versus cyclists). 
Most studies only had a single ‘child’ age group (with an upper 
age limit ranging from 13 to 19 years), but where data were 
available we also contrasted younger versus older children.

We tested for heterogeneity by exposure (SUV versus LTV) and 
by outcome (fatal versus KSI) and decided whether to stratify by 
these characteristics based on the empirical results. We further 
examined whether there was evidence of heterogeneity by study 
setting. Comparisons of crude versus adjusted effects, where 
available, informed our interpretation of the potential impact of 
confounding on our results.

Further sensitivity analyses tested for the impact on the effect 
estimates of excluding 10 studies that brought modest duplica-
tion, of including one study that used an alternative threshold 
to categorise injury severity, and of restricting our analyses to 
studies that collected data since 2010.

RESULTS
Description of studies
We identified 1936 studies, of which 205 were screened at 
the full- text stage. A total of 24 studies were included in our 
systematic review and main meta- analysis (figure 1). In addition, 
a further five studies were used in the sensitivity analysis (see 
online supplemental appendix 5), and a further three studies 
covered driveway crashes only, and we describe them separately 
(see online supplemental appendix 6).

The 24 studies used in the main meta- analysis yielded a total 
of 55 contrasts comparing SUVs or LTVs with passenger cars 
in road traffic crashes (table 1). Note that one study can yield 
more than one contrast if, for example, it includes results for 
both pedestrians and cyclists (see online supplemental appendix 
3 for details of the 24 studies individually).8 9 14–35 Most of the 
evidence we found came from the USA (44 out of 55 contrasts), 
and most of our contrasts involved crude rather than adjusted 
data (48 out of 55 contrasts). We also found more evidence in 
relation to pedestrians than cyclists (34 versus 16 contrasts) and 
in relation to adults/all- age samples than to children (41 versus 
14 contrasts).

Across 23 studies that reported raw numbers, 21% of victims 
had KSI injuries versus 79% slight injuries, and 3% of victims 
had fatal injuries versus 97% non- fatal injuries. Given that ORs 
only approximate risk ratios for rare outcomes, we expect the 
pooled ORs presented below in Table 2 to somewhat overesti-
mate the underlying risk ratios for KSI injury, but to approxi-
mate the risk ratios for fatality fairly well.

Methodological quality of included studies
Missing data, measurement bias and selection bias
22 of the 24 studies used in the main meta- analysis used estab-
lished police, hospital or trauma databases. Data were collected 
by researchers at the collision site in only two studies,31 33 
contributing 0.1% of the total sample. These established data-
bases may suffer from missing data or measurement error (eg, 
misclassifying a ‘slight’ injury as ‘severe’), but there is no reason 
to believe that this would apply differentially according to the 
striking car type.

These established databases are also expected to miss some 
crash victims, particularly those sustaining slight injuries.36 For 
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a given level of injury severity, there is no reason to expect that 
the proportion of injuries missed would differ according to 
the striking car type—that is, a ‘slight’ injury is expected to be 
equally likely to be captured regardless of whether the striking 
car was an SUV or LTV versus a passenger car. We therefore 
do not expect the effect sizes from our studies to be subject to 
substantial selection bias. However, insofar as passenger cars are 
associated with slighter injuries, these routine data sets are likely 
to be missing a higher share of all passenger car injuries than 
SUV or LTV injuries. This truncation of the distribution would 
be expected to underestimate to a modest degree the true associ-
ation between vehicle type and injury severity.

Reporting bias
We found no evidence of publication bias when comparing the 
effect size of each contrast with its precision (p=0.11 in an Egger 
test for small- study effects) (see online supplemental appendix 4 
for more details).

Testing for heterogeneity by exposure, outcome and analysis 
method
We found no evidence of heterogeneity between studies where 
the exposure was ‘SUVs’ as opposed to ‘LTVs’ (see online 
supplemental appendix 4). We therefore decided to combine 
these exposure categories throughout our analyses. We present 
a sensitivity analysis restricted to SUV studies only in online 
supplemental appendix 5.

We found strong evidence of heterogeneity according to 
whether the outcome was KSI/slight as opposed to fatal/non- 
fatal (see online supplemental appendix 4), and we therefore 
stratify our analyses by outcome type.

We found no convincing evidence of heterogeneity by setting 
(USA vs Europe vs elsewhere), although the relatively small 
number of non- USA studies meant that this contrast was not well 
powered, and some results were ambiguous (see online supple-
mental appendix 4).

online supplemental appendix 4).
We found no convincing evidence of heterogeneity by setting 

(USA vs Europe vs elsewhere), although the relatively small 
number of non- USA studies meant that this contrast was not well 
powered, and some results were ambiguous (see online supple-
mental appendix 4).

Lastly, we compared crude versus adjusted results from the 10 
contrasts (seven studies) where both were available (see online 
supplemental appendix 4).10 16 31 32 37–39 This included four 
studies that did not feature in our main meta- analysis, because 
of data duplication, but that did contribute useful information in 
relation to the effect of adjusting for potential confounders (see 
figure 1). We found that adjustment generally had only a modest 
effect, and that any effect was consistently in the direction of 
increasing the effect estimate. This suggests that the estimates 
generated by the present meta- analysis, which largely relied 
on crude data (table 1), are not likely to be subject to major 
confounding. To the extent to which confounding is present, 

Figure 1 Flow diagram describing the process of study selection. LTV, light truck vehicle; SUV, sports utility vehicle.
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it is likely that our crude estimates are conservative, underesti-
mating the causal effect of being hit by an SUV or LTV versus a 
passenger car.

Main results
The findings of our meta- analysis are shown in table 2, based on 
24 studies and a combined sample size of 682 509 crash victims. 
In all 12 analyses shown in table 2, there was very strong evidence 
(p<0.001) that the pooled estimate was greater than 1—that is, 

that, in the case of a crash, pedestrians and cyclists experienced 
more severe injuries if hit by an SUV or LTV than if hit by a 
passenger car. The results for pedestrians and cyclists were rela-
tively similar, with no evidence of heterogeneity (p>0.05 for 
heterogeneity by victim mode for all four age bands×outcome 
groups).

For pedestrians and cyclists combined, the odds of suffering 
KSI injury when hit by an SUV or LTV as opposed to a passenger 
car were 24% higher in adults and 28% higher in children, with 
no evidence of a difference by age band. These results are illus-
trated in figure 2.

For pedestrians and cyclists combined, the odds of fatality 
when hit by an SUV or LTV as opposed to a passenger car are 
44% higher for adult/all- age samples and 82% higher for chil-
dren. These results are illustrated in figure 3. This difference 
between adult/all- age versus child samples was highly statistically 
significant for pedestrians and when combining pedestrian and 
cyclist studies (both p≤0.006 for heterogeneity). For cyclists, the 
number of studies was smaller and the difference between adult/
all- age and child samples was not statistically significant (p=0.35 
for heterogeneity), but there was again a trend for a higher OR 
in children (1.54 vs 1.26 in adults).

We further explored this age difference in the odds of fatality 
by comparing the results, where available, between younger 
versus older children. This contrast was only available from 
two of the studies in our meta- analysis, namely the two large, 
nationally representative data sets gathered by the US National 
Highway Traffic Safety Administration (NHTSA; covering 
the years 1994–201534 and 2016–202235). As described more 
fully in online supplemental appendix 3, child pedestrians and 
cyclists aged 0–9 years in these studies experienced a 48% 
increase in the odds of KSI (pooled OR 1.48; 95% CI 1.34, 
1.63) and a 130% increase in the odds of fatality (pooled OR 
2.30; 95% CI 2.09, 2.53) if hit by an SUV versus passenger 
car—that is, even larger than the increases observed for chil-
dren as a whole.

All the findings presented in table 2 were very similar in 
the sensitivity analyses excluding 10 US studies whose sample 
partly overlaps with the sample captured in the NHTSA 
data,8 15–17 21 24 30 31 40 41 or additionally including a further one 
contrast that dichotomised injury severity using a lower threshold 
than ‘severe’.42 Our findings were also similar in the analyses 
restricted to studies with a midpoint data collection year of 2010 
or later, and in the analyses restricted to studies that compared 
SUVs with passenger cars. See online supplemental appendix 5 
for further details.

Table 2 Pooled OR (95% CI) from random- effects meta- analysis examining the impact of being hit by an SUV or LTV versus a passenger car on 
injury severity

Victim mode Outcome OR (95% CI) (studies)
P value for heterogeneity 
by age group

Adult/all- age sample Children

Pedestrians KSI versus slight injury 1.28 (1.13, 1.44) (n=13) 1.34 (1.23, 1.45) (n=3) 0.53

Fatal versus non- fatal injury 1.42 (1.31, 1.54) (n=13) 1.93 (1.80, 2.06) (n=5) <0.001

Cyclists KSI versus slight injury 1.19 (1.07, 1.33) (n=7) 1.19 (1.08, 1.31) (n=2) 0.99

Fatal versus non- fatal injury 1.26 (1.08, 1.48) (n=5) 1.54 (1.05, 2.25) (n=2) 0.35

Pedestrians and cyclists KSI versus slight injury 1.24 (1.15, 1.34) (n=17) 1.28 (1.19, 1.37) (n=4) 0.60

Fatal versus non- fatal injury 1.44 (1.33, 1.56) (n=15) 1.82 (1.57, 2.11) (n=6) 0.006

Note that the final ‘pedestrians or cyclists’ category includes all studies that examined pedestrians and cyclists separately, plus a further two studies that had pooled pedestrians 
and cyclists together in the original study. In total, these analyses contain information related to 682 509 crash victims (unweighted).
KSI, killed or seriously injured; LTV, light truck vehicle; SUV, sports utility vehicle.

Table 1 Descriptive characteristics of the 55 contrasts, from 24 
studies, that covered ‘all location’ crashes and that are included in our 
main analysis

Contrasts 
(studies), n

Country

Australia 2 (1)

Canada 2 (1)

China 1 (1)

France 1 (1)

Germany 2 (1)

The Netherlands 1 (1)

South Korea 1 (1)

United Arab Emirates 1 (1)

USA 44 (16)

Striking vehicle (as compared with 
passenger car)

SUV 41 (17)

LTV 14 (7)

Injury outcome
KSI versus slight* 28 (17)

Fatal versus non- fatal 27 (16)

Crash victim

Pedestrian 34 (20)

Cyclist 16 (8)

Pedestrian+cyclist pooled 5 (2)

Victim age

Child 14 (6)

Adult 20 (8)

All ages 21 (15)

Crude/adjusted
Crude: raw numbers 48 (20)

Adjusted 7 (5)

Note that the number of studies can add to more than 24 across categories, as 
one study can provide more than one type of contrast (eg, for both children and 
adults and/or for both pedestrians and cyclists and/or for both KSI/slight and fatal/
non- fatal injuries) See online supplemental appendix 3 for details of the 24 studies 
individually.
*This includes two contrasts (two studies) in which KSI versus slight is 
approximated based on the results of an ordered logistic regression across levels of 
injury severity.
KSI, killed and seriously injured; LTV, light truck vehicle; SUV, sports utility vehicle.
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Indicative population impacts
Indicative estimates of the population impact of SUVs are 
provided in table 3. These are estimated by combining the ORs 
shown in table 2 with estimates of the proportion of car crashes 
involving an SUV in different settings. In the USA, we estimate 
that the proportion of SUVs is currently approximately 45%. 
In Europe, the current proportion is not known and will vary 
between countries; however, we believe 20% is a reasonable first 
approximation (see online supplemental appendix 3 for more 
details).

We estimate that, at present, around 10% of pedestrian and 
cyclist KSIs from car crashes in the USA would be averted if 
all SUVs were replaced with passenger cars. There were an 
average of 17 027 pedestrian and cyclist KSIs per year involving 
passenger cars or SUVs in the USA between 2016 and 2022.35 
This proportion of 10% therefore translates into around 1700 
pedestrian and cyclist KSIs that we estimate would be averted 
each year if all SUVs in the USA were replaced with passenger 
cars. For fatalities, the proportion that would be averted is 17% 

Figure 2 Forest plot of studies examining the odds of KSI versus slight injury for pedestrians and cyclists if hit by an SUV or LTV versus a passenger 
car. Blue: pedestrians; red: cyclists; black: pedestrians and cyclists combined. KSI, killed or seriously injured; LTV, light truck vehicle; NHTSA, National 
Highway Traffic Safety Administration; SUV, sports utility vehicle.
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for adults (or around 620 deaths per year) and 27% for children 
(or around 60 deaths per year).

In Europe, the estimates are expected to be lower, corre-
sponding to the smaller share of SUVs in the vehicle fleet. Based 
on our estimate of a 20% prevalence of SUVs in car crashes, we 
estimate the PAFs in Europe to be roughly a magnitude of 5% for 
KSIs, 8% for adult fatalities and 14% for child fatalities.

DISCUSSION
Main findings
In the case of a crash, a pedestrian or cyclist hit by an SUV or 
LTV is more likely to be severely injured or killed than a pedes-
trian or cyclist hit by a passenger car. The size of this effect is 

similar between SUVs and LTVs as striking vehicles, and similar 
between pedestrians and cyclists as victims. The odds of being 
‘killed or seriously injured’ increase by about a quarter if hit by 
an SUV or LTV, for both child and adult pedestrians and cyclists. 
The odds of being killed increase by 44% for an adult if hit by 
an SUV or LTV as compared with a passenger car, and by 82% 
for a child pedestrian or cyclist if hit by an SUV or LTV. The 
available data further indicate that the effect may be even larger 
for younger children (aged 0–9 years). The greater fatality risk 
to children, especially young children, is in line with evidence 
that a taller front end is one key mechanism because children 
are shorter.

Figure 3 Forest plot of studies examining the odds of fatal versus non- fatal injury, if hit by an SUV or LTV versus a passenger car, for pedestrians 
and cyclists pooled. Blue: pedestrians; red: cyclists; black: pedestrians and cyclists combined. LTV, light truck vehicle; NHTSA, National Highway Traffic 
Safety Administration; SUV, sports utility vehicle.
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Strengths and limitations of this review and directions for 
further research
This systematic review included 24 studies of all- location 
crashes, covering 682 509 pedestrian and cyclist casualties occur-
ring between the late 1980s to 2022 (online supplemental table 
A3.1). One limitation is that most of the evidence (44 out of 55 
contrasts) came from the USA, with almost all the remainder 
coming from other high- income countries. Despite the prolifera-
tion of SUV sales around the world,3 and despite the large burden 
of road traffic crashes in poorer countries,1 we found no studies 
from low- income settings and only one from a middle- income 
setting (China). Further studies from outside the USA, including 
low- income and middle- income countries, would be valuable to 
examine the generalisability of the effects found in this review. 
We also note that our estimates of population impact in the USA 
are not expected to generalise to other settings and that our esti-
mates of population impact in Europe are only indicative.

A strength is that most studies were similar in design, 
collecting data retrospectively from official databases, and in 
general we judge them at low risk of measurement bias or selec-
tion bias. One exception is that routine databases are expected 
disproportionately to miss slighter injuries. This truncation of 
the distribution may have introduced a modest conservative bias, 
underestimating the true association between vehicle size and 
injury severity. A further limitation is that most studies did not 
adjust for confounders, and the remainder included an incon-
sistent mixture of adjustment variables. This is likely to have 
introduced heterogeneity and means our effect estimates may 
be subject to confounding. Reassuringly, however, empirical 
comparisons between crude and adjusted estimates indicated 
that the degree of confounding was modest, and if anything is 
likely to have led to our effect estimates being conservative.

A further likely source of heterogeneity in our estimates stems 
from variation in how different data sources defined ‘KSI’ as an 
outcome or defined ‘SUV’ or ‘LTV’ as an exposure. There exists 
no legal international definition of what counts as an ‘SUV’, 
and most included studies did not offer any explanation of how 
they defined this category. We recognise that vehicles classed as 

SUVs vary in size and shape, and that our use of binary cate-
gories is somewhat artificial. In particular, the key underlying 
road danger mechanism appears to be higher and blunter vehicle 
front ends,7 9 10 which cause victims more often to be thrown 
forward rather than carried and which are associated with more 
severe injuries to the upper body.4–6 Front- end profiles vary 
between SUVs and passenger cars, but they also vary among 
SUVs. Policies seeking to discourage use of larger vehicles or 
seeking to make them safer should be mindful of such variation 
and should ideally target any interventions not according to a 
label like ‘SUV’ but instead according to the underlying road 
danger mechanisms.

A final important limitation of our review is that it only 
examines the risk to pedestrians and cyclists in the event of a 
crash (‘secondary safety’) and does not consider the likelihood 
of a crash occurring in the first place (‘primary safety’). Studies 
examining both primary and secondary safety appear to be 
scarce, and those studies we know of are based on ecological 
rather than individual- level designs. Specifically, three ecolog-
ical US studies found that increased LTV use is associated with 
increased overall injury rates among vulnerable road users,43–45 
but one ecological New Zealand study found that the KSI rate 
(to all road users) was similar for SUVs compared with other 
types of cars.46 Further evidence on this point would be valuable, 
ideally collected at the individual level.

Implications for policy
In response to the proliferation of larger vehicles, a number of 
countries and cities around the world have introduced or are 
considering policies to discourage use of larger cars. For instance, 
Paris tripled its parking charges for heavier cars in 2024, and 
a number of other North American and European cities have 
introduced or are considering similar measures.47 Such policies 
are typically justified with regard to a number of harms from 
larger vehicles, including greater road danger, higher carbon 
and air pollution emissions, taking up more parking space and 
crowding out other road users.

The findings of this review strengthen the road danger ratio-
nale for such policies. We would welcome further research into 
how policies can be most effectively designed, including in terms 
of capturing the underlying road danger mechanisms. At present, 
overall height appears promising in this regard, as a widely avail-
able vehicle dimension that discriminates well between SUVs 
and passenger cars, and that is highly correlated with vehicle 
front- end height.47

The findings of this review also highlight the importance of 
parallel industry efforts to improve the safety of larger vehi-
cles for vulnerable road users, with such efforts again ideally 
informed by an understanding of the underlying road danger 
mechanisms. Relevant measures might include improvements in 
vehicle design, such as improved sightlines, pedestrian automatic 
emergency braking or designing bumpers and hoods from mate-
rials that reduce injury severity. Such ‘safer vehicle’ improve-
ments should ideally be complemented by policies promoting 
other elements of the ‘safe system approach’, including safer 
infrastructure, safer speeds and safer behaviours.
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Table 3 PAF for the proportion of pedestrian and cyclist injuries 
from car crashes that would be averted if all SUVs were replaced with 
passenger cars: estimates for the USA and indicative estimates for 
Europe

Victim mode Outcome
Adult/all- age 
sample Children

Pedestrians KSI versus slight 
injury

11% USA
≈5% Europe

13% USA
≈6% Europe

Fatal versus non- 
fatal injury

16% USA
≈8% Europe

30% USA
≈16% Europe

Cyclists KSI versus slight 
injury

8% USA
≈4% Europe

8% USA
≈4% Europe

Fatal versus non- 
fatal injury

10% USA
≈5% Europe

20% USA
≈10% Europe

Pedestrians and 
cyclists

KSI versus slight 
injury

10% USA
≈5% Europe

11% USA
≈5% Europe

Fatal versus non- 
fatal injury

17% USA
≈8% Europe

27% USA
≈14% Europe

Population attributable fraction (PAF) was calculated using the following 
formula: PAF = (P * (OR − 1)) / (1 + P * (OR − 1)), where OR is odds ratio and P 
is prevalence. The ORs were those shown in table 2, and the prevalence of SUVs 
was estimated to be 45% in the USA and 20% in Europe (see online supplemental 
appendix 3 for more details).
KSI, killed or seriously injured; SUVs, sports utility vehicles.
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