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Aging and obesity are two key areas of research as risk factors leading to motor vehicle
collisions (MVCs). However, only a few studies identified obese older drivers as an at-risk
population of MVC (i.e., older than 65 years old with Body Mass Index >30 kg/m?).
This paper aims to review the literature related to aging, obesity, and MVCs. Extensive
literature searches were conducted, and the results are presented in a narrative review
of the literature, in order to discuss the risk for involvement in MVC as well as the
solutions for this population. Extrinsic factors are components of the “built environment”
that decrease road safety for this population and poor fit of the vehicle through their
inappropriate design for this population. The intrinsic factors are the autonomy and the
health status of the driver. Health status are challenges associated with obesity and aging
that increase the prevalence of being part in a MVC and that increase risk of morbidity and
mortality during or following a collision. Finally, some prevention strategies are presented
for consideration. There is a need to inform public policy makers on the additional risk
factors associated with aging and obesity for MVCs.

Keywords: aging, obesity, motor vehicle collision, car design, prevention, mobility

INTRODUCTION

Despite many safety improvements (e.g., air bags, electronic stability control) in the past decades,
motor vehicle collisions (MVC) continue to be a large source of mortality worldwide (World Health
Organization, 2013). Numerous studies identify major risk factors related to fatal and non-fatal
MVC, including distracted driving (Fitch et al., 2014) and driving under the influence of drugs
or alcohol (Ogden and Moskowitz, 2004). With much of the focus in the literature on these two
intrinsic risk factors, the role of personal characteristics seems overlooked. While there is relatively
little information about aging and obesity, they have been separately identified as risk factors of
MVC (Eby et al., 2009; Desapriya et al., 2011).

Older individuals are the fastest growing segment of the driving population. According to the
National Highway Traffic Safety Administration report (NHTSA, 2017), there were 40 million
licensed drivers 65 and older in the United States which was a 33% increase compared to the
statistics of 2006. Also, by the year 2030, 70 million individuals in the U.S.A. will be over age 65 and
90% of them will be licensed to drive. Considering that it is well-known that some aspects of normal
aging affect driving capacity (e.g., slower reaction time, reduction of visual acuity), pathological
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aging represents a higher incidence of MVC (Turcotte, 2012;
Desapriya et al., 2014). However, a lack of consensus persists
in the available literature regarding whether older drivers are
involved in increased numbers of MVC because of factors related
to aging, or if the difference might be due to a low driving distance
bias (Langford et al., 2008). Although low driving distances
may mitigate that older drivers may pose to other road users,
a large body of literature supports the increased MVC risk for
older drivers.

As a population, we are not just aging, but we are also getting
heavier. As of 2014, the World Health Organization (WHO)
estimated that at least 600 million adults worldwide are obese
(World Health Organization, 2018a). The prevalence of obesity
throughout the world is well-documented and, it is universally
recognized as an important issue that has an impact on several
areas of our daily lives (Finucane et al, 2011). Sedentary
behaviors, poor dietary habits, and genetic predisposition are
among some of the factors associated with this increase in obesity
(Chaput et al, 2014). Obesity is a well-established risk factor
for a number of common chronic diseases (e.g., diabetes, and
obstructive sleep apnea). As pathological aging is, health issues
related to the obesity have negative consequences by increasing
the driver’s risks of MVC (Zhu et al., 2010; Jehle et al., 2012).

A novel hypothesis, and one that is central to the current
article, is that obesity and aging have a synergistic effect on risk
for MVC and severity of outcomes. That is, it is our contention
that older obese drivers are a population at an increased risk
for MVCs when compared to obese only or elderly only drivers.
This paper focuses on the synergistic aspects of aging and obesity
and how this leads to a potential increased risk for involvement
in a MVC as well as the consequences following the MVC. The
aim of this paper is to provide a narrative review of the current
literature on the combined effect of aging and obesity on road
safety. Through this review, it is our intention to provide a
summary of the evidence of the concurrent issues of aging and
obesity as a contribution toward evidence-based public policy
decisions, to increase awareness and to initiate a discussion to
identify possible solutions.

METHODS

For this narrative review, searches were conducted on Pubmed,
ISI Web of Knowledge and Google scholar as they encompass a
wide array of scientific areas as well as the most relevant peer-
reviewed publications (Falagas et al.,, 2008). This methodology
is scientifically transparent, replicable, and useful to generate
an in-depth analysis of the scientific literature (Sackett et al.,
1997). To select the most relevant scientific articles to include in
this narrative review, the inclusion and exclusion criteria were
defined prior to the search:

e Original articles written in English or in French and published
in peer-reviewed journals;

e Published or in press
December 2017.

e Search terms were aging AND obesity AND driving.

e Articles were excluded if the sample presented drivers
with no specific mentions of their age (ex. Mean

between January 1990 and

age, age distribution) or their
mass index.

weight and/or body

Titles and abstracts of papers were scanned independently by two
of the authors to identify relevant articles to retrieve for full text
analysis. In cases where the papers seemed potentially eligible, but
no abstract was available, the full text of the paper was retrieved.
Disagreements between authors led to a deeper joint analysis of
the paper; and a decision was then made regarding its inclusion.
Full texts were independently reviewed for inclusion by the same
two authors. Twelve articles were found (N = 12), but only one
was directly related to aging, obesity and driving (N = 1) (Frank
et al., 2010). The list of retrieved articles was then reviewed to
identify additional published papers.

By using an approach adapted from Sackett et al. (1997),
identified papers were also categorized using a standardized
value system to grade biomedical practices according to the
following system: Level I: Systematic reviews, meta-analyses,
randomized controlled trials; Level II: Two groups, non-
randomized studies (e.g., cohort, case control); Level III: One
group, non-randomized (e.g., before and after, pre-test and post-
test); Level IV: Descriptive studies including analysis of outcomes
(e.g., single-subject design, case series); and Level V: Case reports
and expert opinions including narrative literature reviews and
consensus statements. In this case, the paper identified was
classified as a Level II. Using such an approach while conducting
a review provides a scheme of references for the practitioners
interested in using these results in their practicum. Evidence-
based practices are built on the assumption that scientific
evidence of the effectiveness of an intervention can be deemed
more or less strong and valid according to a hierarchy of research
designs, the assessment of the quality of the research, or both.

Reference measurements standards were used to characterize
the evaluated population. Elderly individuals were characterized
as age 65 and older since it is “the golden age.” Other
articles made associations between the evolution of a particular
phenomenon and advancing age even if <65. The measure for
obesity is the body mass index (BMI) as described by WHO
(World Health Organization, 2018a). BMI is calculated as weight
in kilograms divided by height in meters squared. A BMI > 30
kg/m? is considered obesity.

The presentation of the information will be based on the
approach of Wang and Carr (2004) where they have identified
three factors for collisions related to optimizing solutions in
road safety: the environment, the vehicle and the driver. In
this case, the extrinsic factors are the environment and the
vehicle since they heighten indirectly the risk of MVC. The
intrinsic factor is the driver that is considered as the proximal
element that contributes to MVC (Figure 1). Finally, prevention
strategies and research directions are presented for each
factor mentioned.

DISCUSSION

Extrinsic Risk Factors

Environment

Prior to discussing the consequences of aging and obesity on
driving, a brief discussion of our modern environment [some

Frontiers in Sustainable Cities | www.frontiersin.org

July 2020 | Volume 2 | Article 33


https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles

Lavalliere et al.

Aging, Obesity, and Motor Vehicle Collisions

Motor Vehicle
Collision
4 ™ 4 N
Extrinsic risk factors Intrinsic risk factors
Environment Drivers' autonomy
Vehicle Drivers' health status
. / \_ %
FIGURE 1 | Mapping of the association between MVC (motor vehicle collision), extrinsic (environment, vehicle), and intrinsic (drivers’ autonomy and health status: pre,
during and post-MVC) risk factors found in the literature.

have termed it an obesogenic environment (Kirk et al., 2010)]
and how it contributes in a manner that the elderly population
tend to use passive mode of transportation, and subsequently
how it favors obesity. Tackling the complexities of urban design
is beyond the scope of this literature review.

Worldwide, there is increasing urbanization and a typical
characteristic of any larger city is that the center is often the
economic hub of the region and a major site of employment.
Despite the attempt to increase sustainable living quarters
in cities (Cooper et al., 2009) many individuals purchase
homes on the outskirts of the urban center and commit
to a daily commute (Coughlin, 2009), therefore producing a
“built environment” favoring longer distances to travel and less
physical activity. These are barriers for an aging population
who could use active mode of transportation and thus promote
passive transportation (Zhao and Kaestner, 2010). Driving
is considered as a light physical activity (Ainsworth et al,
2011) reducing the energy expenditure contributory to obesity
with more time spent in the vehicle (Hill and Peters, 1998).
There exist a relationship between time spent driving and
obesity. Each hour spent in a car has been associated with
a 6% increase in the likelihood of obesity and each 0.8km
(half-mile) walked (daily) reduced the odds of obesity by 5%
(Frank et al., 2004).

Urban and suburban sprawl was measured in most studies
and whatever the sample used, people in more sprawled
neighborhoods are heavier than those in neighborhoods that
are concentrated. Consequently we spent more time behind the
wheel and certainly not creating an optimal environment to
diminish the impact of the obesity (Maibach et al., 2009; Guo and
Gandavarapu, 2010; Tranter, 2010).

Vehicles

This section is dedicated to view the characteristics of a vehicle
which has an impact on the aging obese population. It is in the
interest of researchers to explore the design elements of a car
in order to adapt or modify it to several type of population to
decrease the risk of injury during MVC. The major constraints of
the present car design and fit will be discussed.

With the population getting older and heavier, several studies
were completed in order to see the effectiveness of the seat belt
for obese occupants on the road (Lamielle et al., 2006). The seat
belt, composed of a lap belt crossing the hip bone and a belt
crossing from the hip to the center of the chest to the shoulder
appears problematic for them. For the older drivers, there is
an elevated percentage of non-seatbelt users as for obese and
overweight drivers. For the aging population, the seat belt seems
to be effective but in certain body regions, there are higher risks
of injuries for these individuals compared to younger adults due
to the position of the restraint system on more fragile structures
of the older adults anatomy. It has also been reported that an
increase in body weight was related to a decrease in seat belt
usage when compared to normal weight individuals (Schlundt
et al.,, 2007) as well as seatbelt use has been found to be lowest
in morbidly obese occupants (i.e., BMI > 40 kg/mz) (Moran
etal., 2001; Viano et al., 2008). This trend was present for all age
groups except in the 18-24 years old group. Unfortunately, no
information is provided to explain these associations.

Furthermore, the seat belt design seems to be effective but
have certain risk due to the seat belt positioning issues. Reed
et al. (2012) evaluated the belt fit of 54 men and women, forty-
eight percent of whom were obese. Their results showed that
an increase in BMI of 10 kg/m? was associated with a lap belt
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positioned further forward and higher relative to the anterior-
superior iliac spines of the pelvis (of 43 mm and of 21 mm,
respectively). Each 10 kg/m? increase in BMI was associated
with an increase in lap belt webbing length (of 130 mm). This
increased length of seatbelt introduces slack in the seat belt
system by routing the belt further away from the skeleton and
might increase body excursions and contacts with the binnacle of
the car. Taking both aging and obese population in consideration,
the seat belt design is a risk factor since it is not adapted
their anatomy, which subsequently elevates their injury and
mortality risk.

Furthermore, current car design follow national standards,
such as the Canadian Motor Vehicle Safety Standards or the
US Federal Motor Vehicle Safety regulations and New Car
Assessment Program. Yet, the 50th percentile male Hybrid III
crash test dummy has a mass of ~78 kg and a stature of ~1.75m
(corresponding to a BMI of ~25.4 kg/m?). The Hybrid III 95th
large male crash test dummy weighs 101.15kg and measures
1.88 m (corresponding to a BMI of ~28.6 kg/m?). Despite of
differences between dummies’ weights and heights (50th—95th
percentile male), it is very hard to extend the behavior of these
dummies to heavier individuals since the two dummies do not
represent obese individuals at all (Moran et al., 2002). If the
regulations do not take into account the different needs for the
obese population, current car design standards might be causing
more injuries for this population.

Taking both aging and obese population in consideration, the
seat belt design is an important risk factor since it is not adapted
to the fragile anatomy of old and the excess weight of obese
individuals, which subsequently elevates their injury risk.

Intrinsic Risk Factors

Driver

This section is dedicated to examine the MVC components of
older obese drivers. Two elements will be discussed here, the way

of thinking of the driver’ autonomy and their health issues related
to MVC.

Autonomy

In general, it appears that older people are infrequent public
transportation users, and they rely mainly on their privately
owned vehicles (Dobbs, 2008). With aging, this is problematic,
as shifting from an independent source of transportation to a
dependent source of transportation can be challenging for ones
sense of autonomy (Edwards et al., 2009). This is recognized
as one of the significant factors that prevent older adults
to acknowledge when should be the correct time to change
from an independent to a dependent mode of transportation.
Drivers’ autonomy contributes to the use of automobile as the
primary method of transportation which does not promote active
transportation methods that are positively associated with better
health status (Edwards et al., 2009).

Health status

Numerous health problems associated with aging related illness
or conditions have been traditionally linked to MVC. The
premise of this section is that the aging and obese driver has

increased risk of involvement in an MVC. We will dissect
the potential causes or associations for this assumption by
using a model inspired by the Haddon’s matrix (Haddon,
1972; Runyan, 1998). This matrix provides a framework to
structure the presentation of the impact of aging and obesity
on MVC. This section will be presented as follows: initial
health status (pre-MVC), risk of injury (during-MVC) and injury
recovery (post-MVC).

Initial health status (pre-MVC). Changes in vision, cognitive
processing and physical function associated to aging are thought
to be partially responsible for the high rates of MVC among
older drivers. Decline in visual function is part of the normal
aging process. Reading signs, judging the speed of vehicles and
adjusting to darkness are common problems for older drivers
(Kline et al., 1992). The reduction of the useful field of view
seems to be one of the best predictor of MVCs among older
drivers (Owsley et al., 1998; Wood and Owsley, 2014). Cognitive
functions important for driving have been identified as attention,
memory, perceptual abilities and information processing speed
(Colsher and Wallace, 1991), all of which frequently pose
problems for older adults. Due to the types of MVC in which
older drivers are usually involved [i.e., MVCs with other vehicles
at intersections (Preusser et al., 1998)] it is suggested that these
events are primarily linked to a decline in cognitive functions
(Anstey et al., 2005). Also, it is reported that older people are
more prone to having excessive daytime sleepiness independently
of having sleep apnea (Bixler et al., 2005). Reduction in grip and
muscle strength and endurance, flexibility and motor speed are
also age-related factors that may impair driving (Anstey et al.,
2005). For example, reduced neck rotation diminishes the driver’s
ability to turn its head to detect possible peripheral obstacles in
complex driving situations.

Obesity is often associated with increased prevalence of
obstructive sleep apnea and hypopnea (OSAH) (Smith and
Phillips, 2011; Xie et al., 2011), which is in turn, is associated
with increased daytime sleepiness (Braeckman et al., 2011) and
thought to be a major risk factor for MVC (Papadakaki et al,,
2008). Mulgrew et al. (2008) showed that compared to a control
group, patients with mild, moderate and severe OSAH had a
higher rate of MVC with personal injury. These results are
similar to those of other studies that linked OSAH and the
risk of being involved in a MVC (Cummings et al., 2001; Ellen
et al., 2006; Tregear et al., 2009). OSAH is under recognized by
most primary care physicians in the United States; an estimated
80% of Americans with OSAH are not diagnosed (Young et al.,
1997). Studies have showed that even obese persons without
OSAH can still show signs of daytime sleepiness (Magee et al.,
2010). There is even a stronger relationship that people with
obesity (independently of having apnea) had excessive daytime
sleepiness compared to people with sleep disordered breathing
(Bixler et al., 2005).

Furthermore, eye diseases (ex. Glaucoma and cataracts) are
related to greater incidence in aging and obese populations
(Cheung and Wong, 2007). These alterations compromise
vision and thus, safe driving. Diabetes is another comorbidity
commonly seen within aging and obese individuals that can
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increase risk in driving impairment (Winer and Sowers, 2004).
Variations in blood sugar may increase the following symptoms
that can increase risk of MVC: sleepiness, confusion, diminished
alertness, alteration of vision (blurred vision, vision loss, or
diabetic retinopathy) and nerve damage that may cause pain or
sensory loss in the hands, legs and feet (Canadian Association of
Occupational Therapists, 2009). Cox et al. (2000) advance that
diabetes can heighten the risk of driving impairment, mostly
with hypoglycemia.

Risk of injury (during-MVC). It is important to make the
distinction between fragility (i.e., increased risk of injury)
and frailty (i.e., reduced capacity to recover from an injury).
Regarding aging, one of the biggest issues for older drivers
involved in a collision is their increased fragility in comparison
with younger drivers (Rockwood and Mitnitski, 2007; Kent,
2010). When considering all body regions, injuries to the thoracic
cavity are greatest for older drivers (Kent et al., 2005; Jingwen
et al., 2012). There is also an increased risk of thoracic injuries
for obese individuals (Boulanger et al., 1992; Cormier, 2008).
Risks of incurring a serious or fatal injury are also higher in older
individuals (Lyman et al., 2002); after 65 years old the fatality risk
increases by ~3% per year (Frampton et al., 2012).

The possible reasons for this increased fragility are the natural
changes in the musculoskeletal system related to aging (ie.,
sarcopenia, osteoporosis). The loss of muscle mass and strength
(Brooks and Faulkner, 1994) decrease the traction force provided
by the tendon on the bone and therefore, reducing the bone
mineral density (Hannan et al., 2000). This reduces the capacity
to absorb the kinetic energy during the impact (i.e., MVC), and
potentially producing more severe injuries. In addition, some
studies came to the conclusion that aging with obesity is a risk
factor for diminished bone density and the mechanisms for the
regulation of bone density could be altered (Villareal et al., 2004).
This could elevate the risk of fractures during MVC.

As for obesity, several studies, using different guidelines, have
come to similar conclusions concerning the risk of serious and
fatal injuries during MVC for obese individuals. Viano et al.
(2008) concluded that obesity influences the risk of serious and
fatal injury in MVC by conducting a matched paired analysis
carried out between normal weight and obese individuals taken
from a National Automotive Sampling System-Crashworthiness
Data System (NASS-CDS) field data set (1993-2004). Their
results showed that obese occupants (drivers and/or passengers)
had 54-61% higher risk of injury compared to a normal weight
occupant. Moreover, the matched pairs’ analysis showed that
obese drivers had higher risk of fatality and serious injury than
drivers with normal BMI (97 and 17%, respectively) as well
as obese passengers (32 and 40%, respectively). Using NASS-
CDS data from 2003 to 2007, Ma et al. (2011) looked at the
association between non-fatal MVC injuries and obesity. Their
results showed that obese male drivers were at greater risk for
non-fatal injuries than non-obese male drivers. This effect was
not observed for female drivers, perhaps due to differences in
body weight distribution as hypothesized by the authors. This
difference has also been presented as the “cushion effect” (Arbabi
et al., 2003; Wang et al., 2003). However, there is currently no

way of characterizing body weight distribution in any road safety
data set. Possibly showing the influence of the cushion effect,
Jehle et al. (2012) evaluated 155,584 fatalities from the Fatality
Analysis Reporting System’s (FARS) database for the year 2000-
2005. Results showed that the adjusted risk of mortality from the
lowest to the highest in comparison with normal BMI was: 1st
overweight, 2nd obese class I, 3rd normal BMI, 4th underweight,
5th obese class II obese, and 6th obese class III. This result shows
that perhaps overweight and obese class I individuals could be
advantaged by the “cushion effect.”

Other studies observed the body region impairs by injury as
well as the pattern of injury among obese individuals. Zhu et al.
(2010) created computer models based on 10,941 individuals
from a NASS-CDS field data set (2001-2005) implied in frontal
collisions, and created MVC simulations. According to their
modelization, obese men had a higher risk of serious injury and
more particularly to the upper body, such as the head, neck,
thorax, and spine (i.e., cervical, thoracic, and lumbar) compared
to normal weight individuals. Overall, men were more at risk of
serious injury than women in every region (except for extremities
and abdominal region). Similarly, Rupp et al. (2013) used the
Abbreviated Injury Scale (AIS) to evaluate the effects of BMI on
the risk of serious-to-fatal injury (>3 or AIS 34) to different
body regions for adults in frontal, nearside, far side, and rollover
MVCs. Their results showed that increased BMI increased the
risk of lower-extremity injury in frontal MVCs, increased risk
of upper-extremity injury in frontal and nearside MVCs, and
increased risk of spine injury in frontal MVCs. Interestingly,
there was a decreased risk of lower-extremity injury in nearside
impacts for that same group. It was estimated that if no occupants
in frontal collision were obese, 7% fewer occupants would
sustain AIS 34 upper-extremity injuries, 8% fewer occupants
would sustain AIS 34 lower-extremity injuries, and 28% fewer
occupants would sustain AIS 3+ spine injuries. Recent literature
reviews on the impact of obesity on driving came to the same
conclusion (Desapriya et al., 2011; Lavalliére et al., 2012).

Injury recovery (post-MVC)

In addition to their increased fragility, older people tend to take
longer to recover from an injury than their younger counterparts.
Nagy et al. (2000) compared data from 85 older trauma patients
(=65 years old) to younger patients (15-40 years old) with similar
injuries. Their results showed that older patients had a longer
hospital stay (6.9 + 9.1 vs. 43 £ 5.7 days) and spent more
days at the intensive care unit (7.3 & 9.2 vs. 3.4 & 3.2 days)
than younger patients. Older individuals also have increased
mortality from complications in the hospital (i.e., days following
the surgery) than their younger counterparts (Perdue et al., 1998).
Occupants aged over 80 years old were more likely to die from
their injuries after an MVC than 65-79 years old occupants
(Bansal et al., 2009).

Obesity has also been associated with mortality and
complications following surgical procedures in trauma settings
(Glance et al., 2014). As an example, following knee arthroplasty
of 15,321 patients, age and diabetes were showed as independent
predictors of mortality whereas a BMI greater than >40 kg/m?
was an independent predictor of post-operative complications
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(OR = 1.47; 95% CI = 1.09-1.98) (Belmont et al., 2014).
However, it is impossible to identify whether it’s the accident
or the surgery that caused mortality or complications because
no information concerning the cause is mentioned in the
FARS database.

Newell et al. (2007) investigated the relationship between
BMI and outcomes in blunt injured patients. Their results
showed that, when compared to normal BMI, morbid obesity
was associated with increased morbidity (e.g., acute respiratory
failure, multisystem organ failure) but not with increase mortality
(OR 0.81, 95% CI, 0.35-1.86). Neville et al. (2004) also reported
that obesity is an independent predictor of mortality following
severe blunt trauma. It appears that following a MVC, it is
possible that both surgery and post-surgery recovery are affected
by aging and obesity (and their related co-morbidities). One
comorbidity, commonly seen in aging obese, that can create
complications is diabetes. Diabetes can compromise many steps
of the wound healing process that increases the healing time and
can contribute to ulcer formation (Blakytny and Jude, 2006).

PREVENTION STRATEGIES: WHAT ARE
THE SOLUTIONS

This section is dedicated to possible interventions proposed by
the literature and public organizations to decrease the risks of
the aging and obese populations to be involved in a MVC.
Considering that the driver has a direct impact on the prevalence
and risks during and post-MVC, the presented paper identify
strategies to improve the health issues of the driver (intrinsic
factor), their vehicle and its environment by optimizing the
extrinsic factors for safety.

Environment

There are several characteristics of the built environment that
could be improved in order to satisfy the needs for the aging
obese individuals. It is important to promote “age-friendly”
environment and several organizations have responded to the
present issues for the elderly population. Recent initiatives
by the WHO have put forward “Age-friendly Cities and
Communities” (World Health Organization, 2018b). Two
of the main concerns of this network are 1) outdoor spaces
and buildings, and 2) transportation. This initiative aims to
help cities and communities make changes to best suit the
needs of older people and promote active aging. Similarly,
the Beverly Foundation (Beverly Foundation, 2001) identified
the “5 AS” to senior-friendly transportation: availability
(transportation services are provided to seniors when required),
acceptability (service quality acceptable and adapted to seniors;
clean and well-maintained vehicles), accessibility (provide
“door-to-door” and “door-through-door” transportation),
adaptability (can make multiple stops or different routes, better
crossing signs for pedestrians and accommodate wheelchairs
and walkers) and affordability (cost of transportation is
affordable). The 5 As reflect the general needs of the elderly
population and these solution paths should be considered with
close attention.

For obese individuals as of for older, an optimal environment
should be designed and constructed in such a way as to
promote physical activity, healthy habits and active modes of
transportation (ex. access to bicycles and docking stations)
to facilitate prevention. These types of strategies appear to
be successful at encouraging individuals to adopt more active
lifestyles which have been shown to decrease obesity rates
and improve health status. While conducting the literature
review, only one reference addressed the topics of neighborhood
design, physical activity, obesity and older individuals. This
study, conducted by Frank et al. (2010), found that an
increased walkability score in a neighborhood was associated
with increased levels of walking, although the amount of walking
was less than the daily minimum requirements of physical
activity guidelines (Garber et al., 2011). This suggests that a
neighborhood design that only focuses on improving walkability
is insufficient as a strategy to promote activity levels to those
suggested in national guidelines. Despite the small quantity of
physical activity through walking, there exist positive associations
between walkability distance and beneficial health outcomes.

After looking at the issues raised by aging and obesity, there
are two ways of responding to optimize the environment 1)
adapt the road infrastructure 2) promote active transportation.
For the first point, there are several recommendations, such
as increasing the visibility of the road signs (bigger size, and
elevated luminance) and decrease speed limits in strategic places
could be possible measures (Cooper et al, 2009). For the
second point, safe walking paths (lit and with minimal risk of
fall elements), better road crossing systems, are some of the
possible changes that could be proposed (Spence et al., 2009).
Considering both population’s characteristics and needs more
carefully, promoting active transportation is possibly the best
solution due to the increased risk of MVC for these people (even
with environmental changes) and promoting a healthy lifestyle to
aging obese individuals.

Vehicle

Considering the increasing worldwide prevalence of aging and
obesity for the next decades, better adapted vehicle designs are
needed shortly. Some components of the vehicle fit can improve
comfort of the occupants, but also decrease the risk of injuries
during MVC. The designs that can be adjusted to the individual’s
anthropometric measures can facilitate the ingress/egress and
the comfort while driving (Wang and Carr, 2004). Additional
handles to ease ingress and egress of vehicle, belt extension
options, steering wheel size options, and telescopic steering
column are all options that car dealerships should offer to their
clients. For a decreased risk of injury during a MVC, there is
a need for new intelligent safety restraining systems that can
adjust to heavy weights and integrated seat belt systems that
improve the fit. Also, new protection elements, such as dual-
stage airbags to decrease the initial impact of the air-bag, increase
protection near the feet by putting additional airbags and have
active head restraint system in order to prevent injuries to the
neck (Wang et al., 2003).

Although new technology is being developed or emerged
progressively in order to give the driver feedback on driving
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capabilities (physical and cognitive). For example, advanced
state detection systems can detect state of under-arousal
(e.g., drowsiness) and over-arousal (e.g., detecting overload in
compromised individuals) through physiological measures (i.e.,
reduced visual scanning, and percent of eye closure). This
feedback system would particularly be helpful among individual
with sleepiness symptoms (Reimer et al., 2009). On top of
these technologies aimed at the state of the driver, other
developments have been made in order to alert the driver of
incoming risky/adverse event (i.e., forward collision warning)
or mitigate (i.e., autonomous emergency braking). Reports from
the Insurance Institute for Highway Safety (ITHS) (ITHS, 2012)
have shown that these technologies are effective at reducing the
number of MVC and the severity of them.

However, when it comes to vehicle selection, most of the auto
industry is focused on selling cars to young drivers. Strangely,
people aged 25 are less prone to buy a new car than the one
aged 65 and older. Manufacturers know that not a single driver
will buy a vehicle if it is advertised as the “older drivers” vehicle”
or model (Yoon et al., 2009). Other studies have looked at the
vehicle selection of older drivers. Vrkljan and Anaby (2011)
asked drivers of 18 years and older, to rank the importance of
eight vehicle features (storage, mileage, safety, price, comfort,
performance, design, and reliability). Indifferently of age, safety,
and reliability were the most highly rated and seemed to be
even more important among older drivers (Koppel et al., 2013).
Although older drivers seem to rank safety as number one
feature, this might not be their priority when they are at the car
dealership (Zhan et al., 2013). While drivers rely on technologies
(e.g., braking systems and air bags) rather than collision test
and collision worthiness to ask about vehicle safety, it might be
important to emphasis on all safety characteristics by increasing
the vulgarization of: “what are the safety characteristics and why
are they important for my own safety” (Koppel et al., 2013).

Nothing is known about the vehicle buying decisions of people
with greater BMT’s, it is suggested that they are buying bigger
vehicles for their increased interior space. It would be interesting
to investigate the factors that lead to purchase of a certain type
of vehicle in more detail. For example, the security issue as well
as “comfort.” If a vehicle is perceived as being more comfortable,
what are some of the specific characteristics that lead the driver
to describe the vehicle as comfortable? Moreover, these bigger
vehicles are also recognized for their higher safety in MVC
mitigation, which might underestimate the actual implication of
obesity in the mortality rate.

Driver

Concerning the possible prevention programs, there should be
a combination of better screenings and interventions in order
to decrease risk of MVC for certain populations, such as aging
and obese individuals (Viamonte et al., 2006). Tests should be
administered regularly in order to detect the drivers that do not
have the abilities to drive. Another efficient method was used
by Ontario (Canada), where drivers who had medical issues,
such as alcoholism, dementia, sleep disorders, diabetes, and
epilepsy were given medical warnings on a 3 years period to. This
prevention program reduced by 45% annual collision rates for

this population and 41% annual collision rates for people with
diabetes compared to the statistics of the period before medical
warnings were implemented (Redelmeier et al., 2012).

After having detected these individuals, interventions can
be made in order to regain the right to drive. For instance,
seeing a health specialist in order to improve the health issues
that influence the driving skills is the first step to take. They
could suggest different alternative solutions like specific medical
treatments, specific trainings, and educate aging obese to regain
the license. To improve ones ability to drive safely, specific
training seems to be an effective strategy to develop certain
qualities of aging obese individuals to decrease the risk on
the road.

Finally, education toward some medical conditions
commonly associated with aging and obesity, like diabetes,
could prevent driving impairment by recognizing the signs
of a possible risk of driving mishap and how to deal with the
medical issue in certain situations (Craik, 2011). Furthermore,
older obese individuals should be educated concerning their
behavior toward the definition of autonomy. It has been shown
that healthy aging is associated with the adaptability of the
person to accomplish daily activities and to be aware of its
limitations (Hansen-Kyle, 2005). This means that older obese
individuals who take the road with poor fitness to drive would
be considered less autonomous than using alternative methods
of transportation. It is important to expose the danger of
this attitude for their health and safety and the one of other
road users.

LIMITATIONS

It is often mentioned as being difficult for researchers to
differentiate between lean and fat mass for individuals in database
usage as well as making sure BMI is a clear indicator of
obesity. Another approach, suggested in cardiovascular diseases
prevention, indicates that the best way of diagnosing the
risk would be with a waistline measurement (Despres, 2009).
Therefore, it is suggested that waist circumference might be a
better alternative when evaluating the impact of weight in car
collisions (Arbabi et al., 2003). Unfortunately, there is no dataset,
to our knowledge, that includes such information. As a result,
most of the literature uses a surrogate measure, BMI, and this is
a limitation in the research. Additionally, many studies adjust for
age in their statistical analysis thus removing any age indicators
in statistical results. Moreover, most of the studies used age as
a confounding factor and therefore diluted the results that were
of interest for the current review. Furthermore, a limitation of
this study is the lack of studies conducted on obese and aging
individuals as one type of population. Most of the literature used
in this article is conducted on only obese or aging individuals.
With this limitation, it is difficult to document the impact of the
interaction of both conditions on the risk of MVC. Moreover,
often associated with aging and obesity, there is a multitude
of health conditions and medications usage associated to them
that could alter driving capacities and therefore increases risk
of being involved in a MVC. These health conditions and their

Frontiers in Sustainable Cities | www.frontiersin.org

July 2020 | Volume 2 | Article 33


https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-cities#articles

Lavalliere et al.

Aging, Obesity, and Motor Vehicle Collisions

associated medications could not be covered in the current
narrative review. Finally, a probable limitation of this narrative
review includes the search process itself, which may not have
allowed the identification of all studies showing the effects of age
and obesity on motor vehicle collisions. The use of additional
databases, such as CINAHL, PsychInfo, and ERIC might have led
to slightly different results (Falagas et al., 2008) as well as other
search terms.

CONCLUSION

The baby boomers represent a new generation on its own as
consumers (Coughlin, 2009). They have experienced mobility,
new technology and a growing trend in improvement in every
field. While aging, they expect to continue this type of lifestyle
and they will ask more from the industries. Also, many of
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