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Exposure to Traffic and Risk of Hospitalization
Due to Injuries

Maria Segui-Gomez,1,∗ Francisco J. Lopez-Valdes,1,3 Francisco Guillen-Grima,4

Ernesto Smyth,5 Javier Llorca,6 and Jokin de Irala2

Research on the risk of motor vehicle injuries and their relationship with the amount of travel
has been only partially analyzed. The few individual exposure assessments are related to very
specific subsets of the driving and traveling populations. This study analyzes the relation-
ship between kilometers traveled and hospitalization due to motor vehicle injuries. Twelve
thousand three hundred and sixty nine Spanish university graduates from the Seguimiento
Universidad de Navarra multipurpose cohort study were evaluated. They had not been hospi-
talized due to motor vehicle injuries at baseline and were followed up to eight years. Biannual
questionnaires allowed for self-reporting of kilometers traveled in motor vehicles, together
with incidence of hospitalization. Covariates in the Cox regression models included age and
gender and baseline use of safety belt while driving, driving a vehicle with driver-side airbag,
driving a motorcycle, and drinking and driving. There were 49,766 participant-years with an
average yearly travel of 7,828 km per person-year. Thirty-six subjects reported a first hospi-
talization event during this time. The adjusted hazard ratio per additional kilometer traveled
was 1.00005 (95% confidence interval 1.000013 to 1.000086). Even the smallest of reductions
in the amount of kilometers traveled (from an average of 3,250 km per year to 1,000) has
a statistically significant protective effect on the likelihood of sustaining hospitalization due
to motor vehicle injury (aHR 0.9, 95% CI 0.78 to 0.98). In light of current policies aimed to
reduce motorized traffic due to environmental concerns, it may be appropriate to consider
the additional health benefit related to reductions in injuries.
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1. INTRODUCTION

Though the benefits brought in by economic de-
velopment and better transportation systems are un-
questionable, there is also a growing burden of ill-
ness through pollution and climate change.(1,2) Many
of these health problems have been discussed else-
where and they range from, for example, asthma and
allergic sensitization in children(3) to overall mortal-
ity among U.S. military veterans.(4) Although some
of the specific health impacts are still debatable,(5)

the 2006 article by McMichael(6) summarizes well the
breadth and depth of health risks imposed by this en-
vironmental change.
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The magnitude of this impact is such that
stronger policies to reduce global warming need to be
implemented. As an example, the Intergovernmental
Panel on Climate Change has called for reductions of
global greenhouse gas emissions by as much as 80%
by 2050.(7) Motor vehicle usage is the second biggest
contributor to these emissions in the transport sector,
a sector that is second in global carbon dioxide emis-
sions and the only sector where emissions continue
to grow.(8) In a recent analysis aimed to develop poli-
cies to reach such an objective in the State of Min-
nesota, and among other complementary strategies,
a 50% reduction of vehicle miles driven from 2005
levels has been targeted for 2050.(9)

Besides preventing the health burden associated
with emissions, there is an often forgotten health
benefit to reducing motorized transport: the reduc-
tion of motor vehicle injuries. As stated by the
World Health Organization (WHO), “road traffic in-
juries are a major but neglected public health chal-
lenge.”(10) Motor vehicle crashes are responsible for
the death of more than 1.2 million deaths a year and
predictions for 2020 place them as the third lead-
ing contributor to the global burden of disease and
injury.(11)

Yet, the injury risks associated with the amount
of travel have been only partially analyzed.(12,13)

Much of the existing research has been purely de-
scriptive, based on police reports that lack informa-
tion about exposure,(14) ecologic studies that use ag-
gregated travel exposure data as derived from fuel
consumption estimates,(15) or, exceptionally, rep-
resentative interviews such as the U.S. National
Household Travel Survey.(16) A number of trans-
verse descriptive studies and case-control studies
have relied on creative approaches such as the so-
called induced exposure method to control for the
confounding effect of exposure.(17,18) Most of these
empirical analyses and a few theoretical reviews(19)

point to a positive relationship with increased travel
relating to higher accident and injury rate. However,
a few such studies identify decreased fatality rates
with increased exposure to traffic, an issue that they
always link to traffic density and the slowdown of
travel speeds, which may not affect crash rates but af-
fects the severity of those crashes and their fatal con-
sequences.(20) Individual-level injury and exposure
(i.e., distance traveled) data have rarely ever been
available except for subsets of the population,(16,21,22)

an issue deemed challenging but necessary.(13)

The importance of individual versus population-
based exposure data and the damaging effect of the

so-called ecological fallacy can be best learnt through
the example of the relationship between per capita
income and the risk of motor vehicle injuries por-
trayed in one of the classical epidemiological text-
books for physician and public health researchers.(23)

There, it is shown how an association observed be-
tween variables on an aggregate level (in the exam-
ple, the mean income of several populations where
the higher the mean income the higher the crash
rates) does not necessarily represent the association
that exists at the individual level (in, the example, it
is only the poorer individuals suffering the crashes—
regardless of where they live).

Our goal was to evaluate the individual-level re-
lationship between changes in kilometers traveled by
motor vehicle and the risk of hospitalization due to
crash-related injuries.

2. METHODS

2.1. Study Population

The Seguimiento Universidad de Navarra
(SUN) study is a multipurpose open enrollment
prospective cohort managed from the University de
Navarra (Navarra, Spain) in collaboration with other
universities in the country. The cohort has been
described in more detail elsewhere.(24) Briefly, after
a pilot period in 1999, university graduates from all
over the country are continuously invited to partic-
ipate in the study. Participants are contacted every
other year to complete a questionnaire where expo-
sure to a number of factors and incidence of a num-
ber of diseases and injuries are monitored. Follow-up
losses are less than 20% and they seem to bear no
bias in the reported outcomes.(25) (Please visit http://
www.unav.es/departamento/preventiva/sun for addi-
tional information.)

Since the questionnaires are sent at study enroll-
ment (baseline questionnaire, herein called C0) and
biennially thereafter, we refer to the two-year, four-
year, and subsequent follow-up questionnaires as C2,
C4, and C6 . . . . However, actual dates of completion
are recorded, allowing for actual follow-up periods to
range from individual to individual.

2.2. Data Collection

At C0, invited participants are asked about their
prior experience of being hospitalized during a min-
imum of 24 hours because of motor vehicle injuries,
and this is asked again in subsequent questionnaires.
The repeatability and validity of this question have
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468 Segui-Gomez et al.

been published elsewhere.(26,27) In every subsequent
follow-up questionnaire, whether there has been an
incident of hospitalization related to motor vehicle
injuries over the preceding period is asked.

Exposure to road traffic as in kilometers trav-
eled per year(s) is asked in every questionnaire.
In the baseline questionnaire, this datum is col-
lected through two categorical variables that al-
low participants to express their average travel in
passenger cars in km/year (<1,000, 1,001–10,000,
10,001–20,000, 20,001–50,000, and ≥ 50,001) or on
mopeds or motorcycles (never, <1,000, 1,001–5,000,
5,001–10,000, ≥ 10,001 km/year). In later question-
naires, both questions were merged and categories
were shifted to allow for a better distribution of
responses into <1,500, 1,501–5,000, 5,001–10,000,
10,001–20,000, and ≥ 20,001). For this article, travel
information per each contributing to the cohort was
combined into a five-category variable to summarize
mid-point range average distances traveled of 1,000,
3,250, 7,500, 15,000, or 25,000 km/per year. For de-
scriptive purposes, variations in the amount of kilo-
meters traveled over the years were documented as
one-, two-, three-, or four-category increases or de-
creases or “no changes.”

Other motor-vehicle-safety-related questions in-
clude use of safety belts, driving a frontal driver
side airbag-equipped vehicle, ever riding a motor-
bike at enrollment, using a helmet when riding it, and
“on occasion” driving while intoxicated. Although
changes in many of these practices are monitored
over time, in this analysis we used the information
reported at baseline together with information on the
subject’s age (at time of enrollment) and gender.

2.3. Statistical Analysis

Data for this analysis included the participants
who completed follow-up questionnaires by August
2007 and who reported not having been hospital-
ized due to motor vehicle injuries prior to cohort
enrollment (i.e., we excluded prevalent cases). De-
scriptive and analytical statistics (χ2 and t est) were
used to evaluate differences in the distributions of
sociodemographic and travel characteristics between
subjects reporting or not hospitalization episodes
in relation to motor vehicle crashes. Their indi-
vidual person-years contribution to the cohort and
whether or not they reported sustaining a hospital-
ization episode in relation to motor vehicles were
used to develop proportional hazard ratio regression
models.(28) The outcome variable was whether and
how early into the follow-up period had any partici-

pant reported requiring hospitalization in relation to
motor vehicle injuries. The main independent vari-
able was the kilometers traveled as reported during
each year of the years any participant contributed to
the cohort. In addition, the multivariate models al-
lowed us to investigate the possible confounding ef-
fect of the person’s age, gender, drinking and driving
habit, driving of vehicles equipped with airbags, use
of safety belts, and their riding on motorcycles. Equa-
tion (1) shows the model used:

Log (hazard hospitalization(t))

= baseline hazard hospitalization (t)

+ β1 kilometers travel (t) + β2 sex t0
+ β3 age t0 + β4 rides motorcycle t0
+ β5 airbag t0 + β6 safety belt t0
+ β7 drinking & driving t0. (1)

Hazard ratios (HR) are presented together with
their 95% confidence intervals (CI). When appropri-
ate, probabilities of being hospitalized due to motor-
vehicle-related injuries were calculated using Equa-
tion (2):

P = HR/(1 + HR).(29) (2)

In addition, adjusted hazard ratios (HR) and
their corresponding 95% CI for particular reductions
in the number of kilometers traveled were calculated
using Equation (3):

HR = eβ∗(difference in average kilometers traveled per year). (3)

Analyses were done using Stata/SE v.9.2 (Stat
Corp.).

3. RESULTS

The 17,925 subjects who had agreed to partic-
ipate in the cohort by submitting their question-
naires prior to August 1, 2007 were eligible for the
study. Of those, 5,556 were excluded because either
they responded to the baseline questionnaire only
(and, therefore, did not contribute with follow-up
information), they reported at baseline having had
a motor-vehicle-related hospitalization (i.e., preva-
lent cases), or had missing information either re-
garding kilometers traveled or hospitalization status.
Thus, 12,369 participants were evaluated. Though
they were at most eligible to have responded to
the six-year follow-up questionnaire (i.e., C6), actual
follow-up times ranged from one year (2.1%) to eight
years (<1%), and the average follow-up time was
four years. In fact, some 25% of the participants con-
tributed two, four, or six years each, another 12% of
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Table I. Sociodemographic and Travel
Characteristics of Eligible SUN

Participants by Motor-Vehicle-Related
Hospitalization Status (n = 12,369)

Never At Least
Hospitalized One Incident Hospitalization
n = 12,333 n = 36 P

Age (average (SD)) 38.0 (12.0) 36.7 (13.6) <0.001
Gender (male) 40.1% 47.2% 0.384
Drinking & driving (yes, sometimes) 29.6% 23.5% 0.228
Travel on motorbikes at baseline 9.6% 26.5% <0.001
Safety belt use at baseline (yes) 86.4% 85.3% 0.691
Drives a vehicle with frontal driver 43.0% 30.3% 0.536

airbag at baseline (yes)
Kilometers traveled during first two years

of follow-up (on average)
1,000 km/year 0.2% 0.0% 0.215
3,250 km/year 8.1% 5.6%
7,500 km/year 34.2% 25.0%
15,000 km/year 30.7% 25.0%
25,000 km/year 26.8% 44.5%

C4 completed 65.7% 72.2% 0.484
C6 completed 29.3% 30.6% 0.856
Years follow-up (average (SD)) 4.1 (1.6) 2.6 (1.6) <0.001

C4 = Four-year follow-up questionnaire.
C6 = Six-year follow-up questionnaire.

participants contributed three years, 7% contributed
five years, and 2% of the participants contributed
seven years each.

Thirty-six of the participants (0.3%) reported
sustaining at least one hospitalization episode in re-
lation to a motor vehicle during this follow-up time.
The questionnaire does not allow for further preci-
sion into whether this occurred while being a pedes-
trian, a driver, or a passenger of any type of vehicle.

Table I summarizes their sociodemographic and
travel patterns at baseline, by whether they reported
an incident of hospitalization due to motor vehicle
crash injuries at follow-up. Statistically significant dif-
ferences between the two groups are also identified
in the table, with participants reporting being hospi-
talized being more likely to be motorcycle riders at
baseline, driving more kilometers per year at base-
line, and having shorter periods of follow-up in the
cohort. No differences in age, gender, use of protec-
tive measures such as safety belts or frontal driver
side airbags, or drinking and driving habits were
identified.

In total, 49,766 participant-years were avail-
able for analysis. They accumulated 389.6 million
km traveled (average of 7,828 km per person-year
and a range from 2,000 to 175,000 km). The me-
dian kilometers accrued per traveler over their
follow-up—if they never reported a motor-vehicle-
related hospitalization—was 30,000, whereas it was
22,500 for those 36 subjects reporting a first in-
cident event. The mean (and SD) of their accu-

Table II. Change in Travel Over Time by SUN Participants

C2 to C0∗ C4 to C2 C6 to C4
n = 12,369 n = 8,014 n = 3,323

Decreased exposure
4 categories – 0.2% 0.3%
3 categories – 1.3% 1.4%
2 categories – 4.2% 4.0%
1 category 10.3% 16.0% 18.7%

No change (i.e., 72.4% 51.5% 51.8%
remained in
same category)

Increased exposure
1 category 17.3% 19.6% 17.2%
2 categories – 5.1% 4.6%
3 categories – 1.9% 1.4%
4 categories – 0.4% 0.4%

∗There was a change in available categories between C0 and C2,
and for this reason we only present the percent increase and de-
crease opposed to a more disaggregated description, see text for
more details.
Note: Travel was summarized in five categories averaging distances
of 1,000, 3,250, 7,500, 15,000, or 25,000 km/year (n = 12,369).
C0 = baseline questionnaire.
C2 = Two-year follow-up questionnaire.
C4 = Four-year follow-up questionnaire.
C6 = Six-year follow-up questionnaire.

mulated kilometers were 37,650 (SD 30,384) and
23,930 (SD 20,082), respectively, a statistically signif-
icant difference (P = 0.024). In addition, reported
distances traveled varied from follow-up question-
naire to follow-up questionnaire. Table II summa-
rizes changes from C2 to C4 to C6, changes that are
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Table III. Multivariate Proportional
Hazard Ratio with SUN Participants on

the Hospitalization Due to Motor
Vehicle Injuries (n = 44,257

Person-Years, 36 Incident Cases)

Hazard Ratio P 95% CI

Kilometers traveled (yearly estimates 1.00005 0.015 1.00001 1.0001
over each contributing year)

Sex (male) 1.00431 0.992 0.45534 2.21509
At baseline (C0):

Age 0.98337 0.350 0.94939 1.01857
Rides motorbikes (yes) 2.72985 0.017 1.19733 6.22388
Drives vehicle with frontal airbag (yes) 0.71998 0.405 0.33202 1.56122
Uses safety belt almost always 0.98003 0.967 0.38148 2.51774
Drinks and drives (on occasion) 1.04407 0.819 0.72118 1.511544

Fig. 1. Adjusted hazard ratios (aHR and
95% CIs) of suffering a hospitalization
due to motor vehicle injuries among SUN
participants associated with diminishing
number of kilometers traveled per year
(n = 44,257 Person-Years, 36 Incident
Cases).

incorporated in the person-year exposure contribu-
tion in the multivariate models.

The univariate Cox model to predict the haz-
ard ratio associated with kilometers traveled per year
showed a hazard of 1.00005 (95% CI 1.000013 to
1.000086); a statistically significant ratio representing
a 50% increase in risk of being hospitalized because
of motor-vehicle-crash-related injuries per every ad-
ditional kilometer traveled. This finding is not con-
founded by gender, age at baseline, “almost always”
use of the safety belt, driving a vehicle equipped with
a frontal airbag, or self-reported drinking and driving
habits. Neither is it confounded by the reporting of
driving motorcycles at baseline (Table III). However,
unlike all other covariates that did not show statisti-
cally significant effects, the effect of riding motorcy-
cles (any amount of travel) had a statistically signifi-
cant hazard ratio of 2.7 (95% CI 1.2 to 6.2).

Using the results of the multivariate regression
model shown in Table III, we computed the adjusted
HR(aHR) and 95% CIs of lowering the amount

of kilometers traveled per year from any particular
amount to any other (e.g., from an average of 7,500
km per year to 3,250 km per year). The results are
shown in Fig. 1. Even the smallest of reductions, go-
ing from an average of 3,250 km per year to 1,000, a
2,250 km reduction, showed a statistically significant
protective effect in the likelihood of sustaining hos-
pitalization in relation to motor vehicle injury with
an aHR of 0.9 and a 95% CI from 0.98 to 0.78—
however, since we are presenting estimates rounded
to the first decimal point this shows in the figure as
a 95% CI of 1 to 0.8. The largest reduction, shifting
from 25,000 km to 1,000 km was associated with an
aHR of 0.3 (95% CI of 0.8 to 0.1).

4. DISCUSSION

Our findings are the first individual-level assess-
ment of the statistically significant impact on suf-
fering motor vehicle injuries requiring hospitaliza-
tion per each additional kilometer traveled. These
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findings come from a prospective cohort study with
the capability of recording shifting amounts of travel
over a maximum eight-year period of more than
12,000 graduate adults never hospitalized before be-
cause of this kind of injuries.

In a controversial article, Peltzman in 1976 re-
ported an ecological association where increase in ve-
hicle miles traveled had a protective effect on fatality
rates;(20) however, our study does not include fatal
cases. Beck et al.(16) identified an ecological associ-
ation of 10.4 and 754.6 per 100 million person-trips
for fatal and nonfatal traffic injuries, respectively, in
the United States. They also identified higher rates
for motorcyclists, pedestrians, and bicyclists (which
we cannot identify as such in our database). Our data
were collected on a kilometer traveled basis as op-
posed to a per trip basis, which makes the comparison
of the rates impossible. But we also report a statisti-
cally significant increase in the chance of being hos-
pitalized due to a motor vehicle crash injury sooner if
one reports driving motorcycles at baseline. Vehicle-
mile-traveled-based increases in risk because of rid-
ing on motorcycles is also reported by Lin et al.,(30)

where they report 34-fold increases in death risk per
vehicle mile traveled when motorcyclists are com-
pared to other road users in the United States. Beck
et al.(16) further identified different rates by gender
and age. The effect of age is documented by others
too.(30−32) For example, Lyman et al.(32) report sta-
tistically significant increases in crash and fatal crash
rates per mile driven at age 70. It is possible that the
narrower age span of the SUN cohort participants
(and the fact that they are all university graduates)
prevents us from identifying any age-related impact
on the risk of nonfatal events. And we did not find
any relationship with gender either. Since our cohort
excludes children, our findings cannot be compared
to the child fatality rates per kilometer traveled re-
ported in Reference 21.

Other exposure evaluations of the impact of in-
jury outcome are not comparable to ours not only
because they only measured fatalities but because
they focused on the impact of either ethnicity—and
our cohort does not collect information on ethnicity
(and presumably almost 100% are Caucasian);(33) or
children—and our cohort is based on adults.(34)

We could only identify two evaluations of the
ecological impact of increases in road mileage on
nonfatal road victims. In both cases, either direct
measure of increases in travel(35) or proxy measures
for such increased travel(36) related to increases in
nonfatal crash risks. This finding is in consonance

with the theoretical proposition that increased traffic
intensity (derived from more travel in constant road
lengths) leads to more but less lethal crashes.(19)

Even when individual-level data on both expo-
sure and outcome have been available, the find-
ings are not comparable to ours. For example, Yang
et al.(37) report on nonfatal injury risks in Iowa’s state
(U.S.) school buses of 13.6 per 1,000 million bus miles
traveled. And Cummings et al.(38) report an aHR of
2.2 per additional 100 miles traveled on the risk of
being in a crash (even one without injuries) whereas
our case definition involves hospitalization after the
crash.

4.1. Strengths and Weaknesses of the Study

Our data collection questionnaire does not allow
for distinction in travel mode (e.g., private passenger
vehicles, or motorcycles) or in role (e.g., driver or
passenger). Furthermore, although others have also
used self-reported exposure (even using four-year
time frames),(39) there are limited validation studies
of the quality of this assessment, yet these present
encouraging results.(40,41) To our benefit, the use of
broad categories should minimize the errors in re-
porting and the assessment of a number of other vari-
ables in the SUN cohort have been reported as ac-
ceptable.(42−44) In fact, the quality of their reporting
is one of the reasons to restrict the cohort participa-
tion to university graduates.(45)

On the “breadth” of the exposure category, it
is worth mentioning that the coarsity of the original
variable values and the fact that the possible variable
values changed between the baseline and subsequent
questionnaires, forced us to summarize all this in-
formation into a new exposure variable for this arti-
cle. Despite it being a continuous variable in essence,
such variable behaves more like a discrete one, since
anyone is classified for any given year as traveling an
average of 1,000, 3,250, 7,500, 15,000, or 25,000.

Obviously, not only the amount of travel is likely
to be a significant risk factor in the occurrence of mo-
tor vehicle crashes, but also the types of roads where
the travel takes place, the speeds at which one trav-
els, etc., which unfortunately we cannot include in
our analysis for lack of information in the cohort. It is
known that urban driving is less likely to result in fa-
tal crashes.(19) To our credit, the fact that we analyzed
individual data over several years and that this is in-
cluded in the analytical model implies that to some
extent we are controlling for the possible confound-
ing role of “experience” and “driving intensity,”(46)
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that is, our findings are true regardless of whether
the subject drove little and was more inexperienced
in the past.

Nevertheless, we identify statistically significant
effects in relation to increasing the timing of a motor-
vehicle-related hospitalization when one additional
kilometer is traveled in a new year. The opposite
is possible, and one could project that reductions in
the amount of travel “delay” statistically significantly
such hospitalization in amounts ranging from 10%,
when the reduction is as small as 2,250 km from one
year to the next, to 70%, when the reduction is of
24,000 km in the same time period. This rough calcu-
lation implies that the risk per each kilometer trav-
eled is equal, regardless of driving circumstances, but
nevertheless, it is a first-point estimate of the ex-
pected benefit.

We attempted to compare the kilometers trav-
eled annually by our cohort participants to those re-
ported for the general Spanish population or other
populations. Official statistics from Spain exclude
travel in urban roads, which makes for an invalid
comparison.(47) However, comparable data for 17
countries for which total vehicle kilometers traveled
in 2003 were reported ranging from 3,281 km per year
per person in the Czech Republic to 16,316 in the
United States, suggest that our SUN participants fit
in between the average travel of the Swiss population
(7,743) and that of Great Britain (8,246).(48)

In addition, we derived the rates for nonfatal vic-
tims for the same populations as in the previous para-
graph. Whether the operational definitions for the
following figures are perfectly comparable is some-
what questionable, but it is worth pointing out that
the 291 per 100,000 SUN participants compares to
324 per 100,000 population in Spain in 2006 as re-
ported in a WHO publication(49) where the rates for
the Czech Republic, United States, Switzerland, and
Great Britain are indicated to be 226, 1,080, 357, and
435, respectively.

A 2006 publication using a Spanish popula-
tion(50) pointed out gender- and age-based differ-
ences regarding safety belt use and motorcycle
riding. Yet, in our analysis neither covariate had a
statistically significant effect on the rate of motor ve-
hicle hospitalization once exposure was included in
the model. It is possible that those wearing safety
belts also ride fewer kilometers on average (i.e., a
comprehensive “safe behavior”). This warrants fur-
ther investigation.

Whether our sample size was enough to allow
for the effects of these other covariates to show is a

valid question. A general rule of thumb is that there
should be five to 10 outcomes for each independent
variable when doing Cox regression models.(51) Our
cohort participants reported 36 “first” hospitalization
events, which should suffice to investigate between
three and seven covariates; in our most populous
model we had seven.

5. CONCLUSION

Others have raised the importance of measuring
exposure.(21,52) Much is said about focusing on mod-
ifiable risk factors when thinking about preventive
strategies to reduce injuries. However, when deal-
ing with motor-vehicle-related prevention, the sug-
gestion to reduce the amount of travel of subjects
in-private means of transportation is hardly ever ex-
pressed, except for a few papers.(53−55) And this is
even considering that some evidence points out that
there exists a viable alternative for 40% of the car
journeys.(8) This analysis is one of the first ones to
include individual-level data on both exposure and
outcomes and to allow for the calculation of hazard
ratios related to this practice. In addition, it is the
first one to report such ratios for working-age indi-
viduals. Our findings were robust to alternative mod-
eling strategies such as repeating analysis stratifying
by gender or including only some of the covariates in
the models.

Motor vehicle transportation is a serious threat
to health around the world. Motor vehicle crashes
still are the leading cause of death for younger peo-
ple worldwide and they rank fourth or fifth when
compared to all causes of death for people of all
ages combined.(11) It is estimated that for every dead
person there are at least 10 to 15 hospitalization
episodes, with estimates for nonfatal injured victims
(hospitalized and not hospitalized) ranging from 20
to 50 million per year around the world.(49)

The identified relationship may not relate to
symmetrical benefits if we were to propose reduc-
tions in the number of kilometers traveled since the
reduction may disproportionally affect urban versus
highway travel, work- or leisure-related travel, or
many of the myriad of factors integrated into the
once-called intensity of driving mode.(46) However,
and for the sake of an example, if we were to get back
to the Minnesota policy goal cited in Section 1, the
proposed 50% reduction in miles traveled could lead
to a reduction of between 30% and 20% of hospital-
ized nonfatal crash victims if one were to apply the
findings of two 50% reductions in amount of travel in
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our findings: a reduction from 15,000 to 7,500 or one
from 7,500 to 3,250, respectively. We do not mean
to curtail the mobility of the population, but sup-
port the recommendation of promoting alternative
and safer means of transportation. The implications
of such shift would indeed represent a substantial im-
provement to the health of the population.
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