





1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.

DOT HS 810 939

4. Title and Subtitle 5. Report Date
Initial submission December 2004

Occupant Protection Issues Among Older Drivers and Passengers:
Volume Il Appendices

6. Performing Organization Code

1. Authors 8. Performing Organization Report No.
Levi, S., De Leonardis, D., and Zador, P.

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)
WESTAT
1650 Research Blvd.
. 11. Contract or Grant No.
12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Office of Behavioral Safety Research Interim
National Highway Traffic Safety Administration September 2003 — December 2006
1200 New Jersey Avenue SE. 14. Sponsoring Agency Code

Washington, DC 20590

15. Supplementary Notes
Alan Block was the NHTSA Contracting Officer’s Technical Representative (COTR) for this study.

16. Abstract

The National Highway Traffic Safety Administration is concerned about highway safety issues for older
adults and is interested in understanding what contributes to seat belt use or nonuse among people 65 and
older. This background report details the information gathered from a variety of sources addressing the
older adult population and those factors that might affect seat belt use.

The research included a review of literature, including experimental and quasi-experimental studies as well
as qualitative documents on the cognitive, attitudinal, and physical factors that might influence the use of
seat belts among older adults. Design features and the interaction between user capabilities and technology
were also explored. Additionally, experts in the fields of aging, vehicle design, law enforcement, physical
mobility and human factors were contacted. These individuals provided contextual information to help ex-
plain nonuse of seat belts among older adults. Analyses of several national databases, including survey, ob-
servational, and crash data addressing key issues regarding aging and seat belt use were conducted. The
analyses included runs of frequencies, cross tabs of selected variables, and logistic regressions to explore
the relationship between key factors and seat belt use among older adults.

The information gathered in this process was synthesized in order to identify the gaps in knowledge, and to
inform and support the development of strategies to increase seat belt use among older adults.

17. Key Words 18. Distribution Statement
Older drivers, older passengers, seat belts, occupant pro- | This document is available to the public
tection through the National Technical Information
Service, Springfield, VA 22161.
19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized










5.0 VEHICLE DESIGN ....oiiiiiiiiiiiiiiiitiieeiieeieeses s ennnennnnnnnnnnnennnnnnne 33

5.1 Crash Involvement 33
5.2 Vehicle Design Issues 35
5.3 Seat Belt Designs 37
5.4 Seat Belt Design Acceptability 37
5.5 Seat Belt Design Crash Testing 38
5.6 Additional Design Features 39
5.7 Aftermarket Devices 42
6.0 MEDIA AND EDUCATION CAMPAIGNS. ... .o oiieee et e e aa e 43
6.1 Media Campaigns 43
6.2 Driver Assessment 44
6.3 Brochures 45
6.4 Web Sites - Information Sources 45
6.5 Driver Education 47
6.6 Law Enforcement 47
6.7 Local Programs 48
7.0 KEY RESEARCH GAPS AND RECOMMENDATIONS ... 49
B.0 REFERENGCES ... oottt e et e e et e e e e e e e e e et eeeeaaas 55
8.1 INfOrmation RESOUICES ......cccvniiiiiiiieeee et 55

A. Literature Sources

B. Data Sources

8.2 Data Analyses and REPOIS.........ccuiiiiiiiiiiiiiiieiee et 69
A. Statistics on Aging
B. Behavioral Risk Factor Surveillance System-BRFSS
C. Fatality Analysis Reporting System -- FARS



D. Motor Vehicle Occupant Safety Survey -- MVOSS
E. National Automotive Sampling System -
Crashworthiness Data System - NASS CDS

8.3 Photographs of Vehicle Design Features

8.4 Media Material........ccoooeeieee e
A. GrandDriver Campaign Material

B. Buckle Up America Brochure

C. Buckle Up America Logos

D. CarFit Checklist

E. Drivers 55 Plus Test

F. AOTA Web Site Excerpts

G. Keep Moving Longer: Features for Safe Driving Handouts






Executive Summary

The number of older adults in the United States is projected to grow significantly over the next
several decades. Driving is currently the primary mode of transportation for older people in the
United States, followed by riding as a passenger, and the numbers of drivers 65 and older are
expected to at least double over the next 30 years. Older occupants are at increased risk of in-
jury in a crash due to their fragility and as older people begin to drive and ride in passenger vehi-
cles for many more miles crash-related fatalities and injuries are expected to rise.

Research indicates that correct use of a seat belt is the most effective means of preventing se-
rious or fatal injury in a motor vehicle crash. The National Highway Traffic Safety Administration
(NHTSA) is concerned about highway safety issues for older adults and is interested in under-
standing what contributes to seat belt use or nonuse among people 65 and older. In order to
fully comprehend the dynamics behind the decision to use or not use a seat belt, the physical
conditions experienced by older adults, design features of seat belts, the weaknesses and
strengths of various social marketing strategies, differences in the effectiveness of primary and
secondary seat belt laws, enforcement levels and techniques, and other issues that may influ-
ence seat belt use among older adults must be explored. This background report was originally
developed in 2004 and details the information gathered from a variety of sources addressing the
older adult population and factors that might affect seat belt use.

The research included a review of literature, including experimental and quasi-experimental
studies as well as qualitative documents on the cognitive, attitudinal, and physical factors that
might influence the use of seat belts among older adults. Design features and the interaction
between user capabilities and technology were explored. Additionally, experts in the fields of
aging, vehicle design, law enforcement, physical mobility, and human factors were contacted.
These individuals provided contextual information to help explain nonuse of seat belts among
older adults. Analyses of several national databases, including survey, observational, and crash
data addressing key issues regarding aging and seat belt use were conducted. The analyses
included runs of frequencies, cross tabs of selected variables, and logistic regressions to ex-
plore the relationship between key factors and seat belt use.

The information gathered in this process was synthesized to identify the gaps in knowledge, and
to inform and support the development of strategies to increase seat belt use among older
adults. This background research also laid the foundation for additional tasks related to the topic
of occupant restraint use among older adults, including a series of focus groups with older
adults and a field data collection project on the relationship of seat belt system characteristics
and the comfort, convenience, and usability of the belts for older drivers and passengers.



1.0 Introduction

The number of older people in the United States is projected to grow dramatically over
the next several decades. According to the Census Bureau, 35 million people 65 and older con-
stituted 12.4% of the total U.S. population in 2000, a figure that will rise to 16.3% by 2020. By
2030, older adults are projected to constitute 71.5 million out of 364 million people, or 19.6% of
the U.S. population (www.agingstats.gov/default.htm).

Driving is currently the predominant mode of transportation for older people in the United
States. Older Americans depend on private vehicles for the majority of their travel, and it is esti-
mated that the numbers of drivers 65 and older will at least double over the next 30 years. In
addition, relative to previous generations, more women are licensed drivers and are holding on
to their licenses as they age. Thus, if the older women driver population grows as expected, the
number of older drivers could exceed 2.5 times current levels within 30 years.

While fatality rates from motor vehicle crashes have declined significantly for all age
groups over the past 20 years, the fatality rates for vehicle occupants over 65 have experienced
more moderate reductions (Eberhard et al., 2003). Moreover, as older people begin to drive
many more miles and become more of a presence on our streets, they are at increased risk of
fatalities from crashes (Lyman et al., 2001). This increase in fatalities among older adults is
viewed by policymakers and the public as cause for serious concern.

One factor contributing to older adult fatalities in passenger vehicle crashes may be an
increased fragility. Using the Fatal Analysis Reporting System (FARS), the General Estimates
System (GES), and the Nationwide Personal Transportation Survey (NPTS) Li et al. (2003) ex-
amined the roles of fragility and crash involvement in fatality risk for older drivers relative to their
younger counterparts. Fragility begins to increase at 60 to 64 years old and continues to in-
crease steadily with advancing age. In turn, the increase in older driver deaths grows sharply,
and for 80 and older the fatality rate is over four times that of drivers between 30 and 59 (Eber-
hard et al., 2003). Unless significant countermeasures are employed, traffic fatalities for older
adults are projected to increase substantially; projections indicate that fatal crashes for drivers
over 65 may double or even triple during the next 20 years (Eberhard et al., 2003). Adults over
85 are of particular interest because these individuals experience dramatic rises in frailty levels
and increased risk for injuries, and they comprise the fastest growing demographic group in the
United States (Older Americans, 2004).

Research indicates that correct use of a seat belt is the most effective means in prevent-
ing serious or fatal injury in a motor vehicle crash. From 1975 to 2003 seat belts are estimated
to have saved 179,756 occupants of motor vehicles (NHTSA, DOT HS 809-775, 2005). Al-
though older adults are reported to use seat belts more than any other age groups,* much of
what we know about the reasons older adults do not use a seat belt is anecdotal. Reasons for
nonuse include comfort and convenience, the presence of chronic health conditions such as
arthritis, and resistance or refusal to use a seat belt. Other presumed factors attributed to non-
use of seat belts include obesity, low education level, and low socioeconomic status (Carr,

! Refer to Motor Vehicle Occupant Safety Survey (MVOSS), National Observational Protection Use Survey (NOPUS), and the
Behavioral Risk Factor Surveillance System (BRFSS).



2000). Race and ethnicity factors have also been associated with lower seat belt use (Vivoda et
al. 2004, Baker et al. 1998).

The older adult population is heterogeneous by nature, with varying demographic and
physical characteristics. This requires that research on any given topic related to this population
must focus on the many distinct groups that comprise the 65-and-older population in this coun-
try. Variability among this age group can be found in general health and physical activity as well
as physical and financial independence. Individuals between 65 and 74 generally continue to be
physically active, healthy, and financially independent, much like their younger counterparts 30
to 59 years old. Conversely, individuals who are 85 and older experience an increased inci-
dence of disease, disability, and cognitive impairment, often requiring the need for assistance
with instrumental activities of daily life, such as handling medications, managing personal fi-
nances, shopping, doing laundry, cleaning house, and preparing meals.

In addition to distinct variations among the different age cohorts within the older adult
population, patterns of driving and seat belt use will vary according to many of the same socio-
economic and demographic factors that characterize differences in other age groups. For ex-
ample, lower use of seat belts have been reported among men, African-Americans and Hispan-
ics, people with lower income levels, and overweight people, whereas people with higher educa-
tion were more likely to wear seat belts. Accordingly, any public policy effort to understand and
influence the use of seat belts by older adults must look beyond the summary patterns in the
data and document the distinctions by age, income, sex, race/ethnicity, and location of resi-
dence (including States with different seat belt laws and levels of enforcement).

It is also recognized that seat belt use patterns may be influenced by design features. In
particular, adjustable shoulder belts were found to be more comfortable and used more fre-
guently than nonadjustable belts. Discomfort, due to body pressure/pain, is a reason why driv-
ers dislike seat belts or find them annoying (Freedman, De Leonardis, & Irani; 2000). Docu-
menting these use patterns according to such design features is an important part of under-
standing the factors that contribute to use and nonuse among any driving population.

The objective of the current study is to understand what contributes to seat belt use or
nonuse among people 65 and older, and identify what can be done to increase seat belt use
among older adults, now, and in the future, thereby reducing injuries and fatalities among this
segment of the population. In order to fully comprehend the dynamics behind the decision to
use or not use a seat belt, one must explore factors such as the physical conditions experienced
by older adults, design features of seat belts, the weaknesses and strengths of various social
marketing strategies, differences in the effectiveness of primary and secondary seat belt laws,
enforcement levels and techniques, and other issues that may influence seat belt use among
older adults. In order to facilitate such an understanding Westat has conducted a comprehen-
sive review of the current literature addressing the older adult population and all factors that
might affect seat belt use. In addition, we have conducted informal interviews with experts in the
fields of aging, vehicle design and instrument technology, law enforcement, physical mobility
and human factors, as well as completed analyses on several databases that address key is-
sues regarding aging and seat belt use. The following chapters outline the methodology used
for this information-gathering task, and provide results concerning issues in occupant protection
for the 65 and older age group. This report also discusses the implications of the findings for
developing strategic approaches to increase seat belt use among the older adult population.



2.0 Methodology

2.1 Identify Available Information Sources

The first goal was the identification of a comprehensive list of relevant journal articles,
studies, databases, surveys, and organizations or individuals working in the fields of seat belt
use, older drivers, gerontology, vehicle restraint design, and traffic safety research in order to
obtain information regarding seat belt use among older adults 65 and older. Sources identifying
frequency data of seat belt use among older adults as well as the cognitive, attitudinal, and
physical factors that might influence the use of seat belts were compiled. Literature on design
features and the interaction between user capabilities and technology were identified as well.
Last, experts in the fields of seat belt use, older drivers, gerontology, vehicle restraint design,
and traffic safety research were contacted to identify additional documents and people that
might provide contextual information to help explain nonuse of seat belts among the older adult
population. The complete list was intended to identify a wide variety of data sources, including
national databases, experimental and quasi-experimental studies, and qualitative research. Us-
ing these data sources, Westat would then synthesize the literature, identify the gaps in knowl-
edge, and inform and support the development of strategies to increase seat belt use among
older adults.

2.2 Research Questions

Research questions concerning the factors affecting the nonuse of seat belts among
older adults framed the search for relevant resources as well as the guide for expert interviews:

0 To what extent does seat belt use differ among age cohorts within the 65 and
older age group?

0 What is the distribution of seat belt use by demographic variables within the co-
hort of older people?

o Does the distribution of seat belt use among older adults vary according to geo-
graphic regions, levels of regulation (primary versus secondary enforcement
states), and urbanicity?

0 Isthere any research examining differences in seat belt use among the different
racial and ethnic groups? And are there any programs that have specifically
striven to increase seat belt use among older drivers in the different racial and
ethnic groups?

0 To what extent do older people use seat belts in comparison to younger age
groups? What are the patterns of seat belt use among Baby Boomers? How
does their seat belt use differ from that of older people?

o0 To what extent does risk perception play a role in seat belt nonuse among older
adults?



o To what extent do trip purpose, length, and other driving factors (e.g., road type,
weather) affect seat belt use among older adults? How do comfort and conven-
ience affect the use of seat belts among older adults?

o0 How do developmental factors, physical conditions, and physical characteristics
affect the use of seat belts among older adults and how do they interact with
other factors?

0 What occupant restraint and other vehicle design features (e.g., reminder sys-
tems) affect the use or nonuse of seat belts among older adults?

0 What effect do media campaigns to increase seat belt use have on increasing
the use of occupant restraints?

o0 What are the implications for seat belt use of future changes in the older adult
population (health, mobility, demographics)?

2.3 Analysis of the Literature

Synthesis of the literature on seat belt use among older people included new analysis of
the literature with more intensive types of review. The objective was to integrate information
from many different resources, to cogently summarize what is known about seat belt use, and
identify the most important gaps in the literature. The inquiry identified links between seat belt
use and the following:

Age and sex;

Other demographic characteristics (e.g., ethnicity, income level);
Physical limitation;

Anthropometric characteristics;

Limitations to dexterity;

Normal belt use and seating practice;

Risk perception; and

Comfort and convenience.

OO0OO0OO0O0O0OO0OO0O0

Westat conducted a literature search to identify resources on aging and mobility, seat
belt use, older drivers and occupants, and seat belt design. These resources included the re-
sults of experimental and quasi-experimental research, focus groups, and theoretical articles on
the reasons for nonuse of seat belts among older people. Searches were conducted in Westat's
in-house library catalog (WesCat), on-line databases systems, and on the Internet. The re-
search team accessed a variety of information databases, including MEDLINE, library catalogs,
and other resource files available on the Internet and accessible through desktop computers.
Many of the expert contacts sent additional literature and references as well as media and edu-
cational material, including brochures, Web links, videos, and presentation material.

Relevant material was downloaded from the Internet or obtained via the Westat library.
Each piece of literature was then catalogued and reviewed. Westat prepared written summaries



for each of the relevant articles that served as the basis for the literature synthesis. Over 140
articles and literature pieces were reviewed (see Section 8.1.A Literature Sources).

2.4 Analysis of Information from Human Resources

Contacts with human resources in the field provided a means to obtain unpublished
data, clinical information, and identify sources that might fill current data gaps. Prior to contact-
ing any experts, a contact information form was developed. The form included the name and
affiliation of the contact person, reason for contacting the person, a list of key questions, and the
disposition of the call, including a list of material and any resources that were obtained from the
contact.

Through contacts with experts, Westat made a concerted effort to fill in the information
gaps that were identified during the course of the literature review. The focus of each interview
was tailored to the professional’s area of expertise and its relationship to seat belt use/nonuse
among older adults, but also probed for information that might fill in the information gaps. Each
completed contact information form was summarized in a one- or two-page report so that infor-
mation could be synthesized with the results of the other phases of the information search.

Discussions with experts on the initial list often led to the identification of additional rec-
ommended specialists. Contacts were also made with a number of societies, professional or-
ganizations, and universities involved in the field of seat belt use, older drivers, and medicine.
Westat completed discussions with 77 individuals.

2.5 Analysis of National Databases

The research questions listed above provided a framework for the data collection and
analysis. The approach taken to addressing the research question concerning the correlation
between seat belt use and demographic variables is a good example of how the analysis of the
national databases was conducted. Two major questions concerning seat belt use are:

o0 To what extent does seat belt use differ among age groups within the 65-and-
older cohort?

0 What is the distribution of seat belt use by demographic variables within the co-
hort of older people?

Westat used three types of data to respond to the questions regarding seat belt use
among older adults: observational, survey, and crash data. Each of these kinds of data provides
different perspectives as to the influencers and reasons behind use or nonuse of occupant re-
straints by older adults. In addition, researchers are often critical of survey data, asserting that
respondents feel compelled to offer the most socially desirable answer to a given question. Us-
ing survey data as well as observational and crash data allows comparisons between what re-
spondents are saying and what is objectively observed in the real world. See Section 8.1.B for a
description of all the data sources.






2.6 Integration of the Data Collection Methods

Data from multiple types of sources were synthesized to promote understanding about
preferences for seat belt use, and the specific conditions in which older people are more likely to
wear seat belts. Although the data do not lend themselves to a statistical meta-analysis, Westat
conducted a comparative review. In this review, analyses of secondary data sets as well as in-
formation obtained from articles, organizations, experts, and other sources were synthesized to
advance the understanding of seat belt use among older people.



3.0 Demographic Groups among Older Adults

It is well established that belt use varies across different demographic groups among the
motoring public. To illustrate, men have been observed to wear their seat belts less often than
women, and older motorists have been observed to wear their seat belts more often than
younger motorists (Glassbrenner, 2003; Eby et al., 2002, Wagner, 2003). In addition, some re-
searchers have found that Hispanics and Blacks use seat belts less often than White motorists
(Braver, 2003; Glassbrenner, 2003; Lerner et al., 2001), while others found little difference
based on race and ethnicity (Wells et al., 2002). If seat belt use does differ among vehicle occu-
pants from different demographic groups, it is critical to understand these interactions. Under-
standing which demographic groups are less likely to use seat belts will assist in the develop-
ment of seat belt promotion programs specifically focused on those individuals who are not re-
straining themselves.

3.1 Young-Old, Middle-Old, and OIld-Old

While most people universally accept the term aging as a reference to growing older, the
terms senior or older person are more difficult to define. Much of the confusion regarding who
belongs in this category comes from the researchers themselves. Researchers often use differ-
ent criteria when classifying individuals. While some classify individuals based on chronological
age, others might use social factors (age of retirement), physical capabilities (level of flexibility
or physical activity), cognitive ability, or a combination of any of these criteria (Crandall, 1991).

In the United States the traditional definition of old was institutionalized by the Social Se-
curities Act of 1935 which made the primary worker of a household eligible to collect full retire-
ment benefits at 65 (Uhlenberg, 1987). In 1935 the average life expectancy for a white male
was 60 years and for white females it was 64; the figures were 51 and 55 for Black males and
females, respectively. However, with the onset of health and medical advances as well as social
security and private pension plans, many individuals are living healthy and financially independ-
ent lives as they age. In 2001, the average life expectancy for a white male was 75 years and
for white females it was 80; the figures for Black males and females were 69 and 76 (Older
Americans, 2004). This relatively new phenomenon has necessitated the separation of older
adults into three categories: Young-Old, Middle-Old, and Old-Old.

The category of Young-Old typically refers to those individuals who are between 65 and
74 and who continue to lead physically active, healthy, and financially independent lives. People
who are 85 and older are now being called the Old-Old age group, and represent the fastest-
growing segment of the U.S. population. Their advancing age is often associated with an in-
creased incidence of disease, disability, and cognitive impairment. In addition, these individuals
begin to need assistance with instrumental activities of daily life, such as managing medications
and personal finances, shopping, doing laundry, cleaning house, and preparing meals. Middle-
Old includes those individuals between 75 and 85 years and appears to be a grey area between
the two extremes of Young-Old and OId-Old. Overall, many of these individuals continue to live
healthy independent lives; however, they begin to show signs of physical and cognitive frailty.

While physiological changes associated with aging are well recognized, changes in seat
belt use behavior associated with aging is less documented. Do Old—Old adults differ in their



behavior regarding seat belt use when compared to Young-Old adults or Middle-Old adults? It is
generally accepted that, as a group, older adults (70 and older) have higher seat belt usage
rates than any other age group. According to the National Occupant Protection Use Survey
(NOPUS) conducted in 2002 by NHTSA, older vehicle occupants had a higher usage rate (82%)
relative to occupants 25 to 69 (76%) (Glassbrenner et al., 2004). Using 2003 FARS data, 57%
of older drivers between 65 and 74 and 62% of drivers over 74 who were fatally injured in
crashes were using seat belts. These numbers increase to 89% (65 to 74) and 87% (75 and
older) when examining vehicle occupants who were injured (NHTSA, HS 809 766, 2004).

The Motor Vehicle Occupant Safety Survey (MVOSS) is a national telephone survey
conducted by NHTSA approximately every two years to monitor attitudes about seat belts, child
restraints, reasons for belt use and nonuse, knowledge of seat belt laws, experience with law
enforcement, and attitudes about risk perception. The survey also collects information on vari-
ous demographic characteristics including age, race, sex, income, education, and employment
status. Using the 2003 MVOSS data set, Westat examined the relationship between seat belt
use and various demographic factors. The MVOSS questionnaire asks two separate questions
regarding seat belt use, one addressing lap belts and the other focusing on shoulder belts. To
conduct the analyses on overall belt use, a distinct variable was created and defined as the
highest of lap/shoulder belt use. This measure of seat belt use was used for any analyses con-
ducted by Westat on the 2003 MVOSS except when otherwise stated. Overall, older adults re-
ported high belt use rates, and there were no statistically significant differences among the
Young-Old, Middle-Old, and OId-Old (p=.26). Among MVOSS respondents 65 and older, the
rate of seat belt use was significantly associated with sex. Older women reported statistically a
higher usage rate than did older men (p=.00). See Section 8.2.D for a more detailed description
of the analyses.

The Behavioral Risk Factor Surveillance System (BRFSS) is the world’s largest tele-
phone survey. The survey tracks health risks in the United States, and information from the sur-
vey is used to improve the health of the American people. The 2002 questionnaire included
51,082 records for adults 65 and older and includes a question regarding seat belt use. Data
from the BRFSS corroborate the findings of the most recent MVOSS. Older men (65 and older)
were more likely than older women to indicate that they did not always use their seat belts
(p=.00). There were no statistically significant differences in seat belt use rates (p>.05) among
the different age cohorts (Young-Old, Middle-Old, Old-Old). See Section 8.2.B for a more de-
tailed description of the analyses.

Using police crash reports, Kostyniuk et al. (2003) examined trends of older adult motor
vehicle crashes in Michigan over a five-year period (1998-2002). Over the five-year period, the
proportion of older drivers involved in crashes and their rate of seat belt use remained relatively
constant. Relative to older passengers, seat belt use was consistently higher for older drivers.

When data were examined for differences between the sexes, belt use for women was
always higher than for men. Seventy percent of the drivers who were nonusers were men.
Among male drivers, the highest percentage of nonusers vacillated over several years. The
highest proportion of male nonusers was in the 70 to 74 age range from 1998-2000. Data from
2000 indicated that the highest proportion of male nonusers were 80 and older. Unlike drivers,
the highest percentage of passengers who were unbelted at the time of the crash was women.
In turn, the highest proportion of women nonusers was 80 and older. Finally, seat belt use was

10



inversely related to injury severity, with the lowest usage rate among passengers or drivers fa-
tally injured as a result of the crash.

NHTSA estimates that seat belts saved 14,903 lives in the year 2003 alone (NHTSA,
809-775, 2005). Research indicates that, when used properly, seat belts reduce the risk of fatal
injury to front-seat passenger car occupants by 45% and the risk of moderate-to-critical injury by
50% (NHTSA, Report to Congress, 2001). While unbelted vehicle occupants are always at
greater risk for injuries and fatalities, evidence suggests that physiological changes associated
with aging produce greater susceptibility to injuries caused by seat belts. Chest injury tolerance
for belt loading force reduces with age (Augenstien, 2001). Relative to younger adults, older
adults are at higher risk for fractures and chest injuries (Augenstein, 2001; Coley et al., 2002;
Wang, 2001) and have poorer prognoses (Evans et al., 2001).

Li et al. found fragility, or susceptibility to injury, to be the most important measure for
explaining increased fatality risk per vehicle mile of travel (VMT) for older drivers. Using the
FARS, GES, and NPTS data, Li et al. (2003) examined the roles of fragility and excessive crash
involvement in fatality risk for older drivers relative to their younger counterparts. While crash
over-involvement was highest among the youngest age group (16-19 years), fragility accounted
for about 60-95% of the increased fatality rates per VMT in older drivers. Fragility increased
steadily from 60, with greater increases at 80 and older. Death rates per VMT, for men from 70
to 74 were more than double that of men 30 to 59. Among women this increase started at an
earlier age, 60 to 64. Extremely high death rates per VMT were recorded for men and women
80 and older involved in side-impact crashes, at a rate 13 times higher than that of drivers 30 to
59.

Braver et al. (2004) examined the relationship between driver characteristics and the risk
they pose to themselves and others on the road. When older adults were involved in a crash the
risk of death for the older adult were significantly higher when compared to vehicle occupants in
the other vehicle involved in the crash. Older adults suffered the most serious injuries in
crashes, where most often the fatal victims were the older driver or an older passenger.

As a group, older adults (70 and older) have higher seat belt usage rates than any other
age group. However, research points to no clear difference in self-reported seat belt usage rates
across the age cohorts between 65 and 85. Conversely, seat belt usage is clearly associated
with sex. Older men both reported and were observed to have lower seat belt use relative to
older women. In addition, age differences among older men were identified in some cases.
Among passengers involved in crashes, women were more likely to be unbelted at the time of
the crash. With regard to the outcomes associated with crashes, there are clear differences be-
tween the age cohorts. The oldest age group is more frail and vulnerable to the seat belt and
belt-induced injuries. In addition, women are more fragile than men and the risks of death in a
crash rise for women at a younger age. Women may be at a higher risk from 60 and older while
men only reach that risk level 10 years later. Due to the fatal nature of thoracic injuries and rib
fractures for older adults, seat belts present both a risk and protective factor to this population
group. Seat belt use and risk of serious or fatal injury to older adults will be discussed in more
detail later in this report.
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3.2 Racial and Ethnic Groups

Studies have examined the different rates of seat belt use for various racial and ethnic
groups (Braver, 2003; Cordy et al., 2002; Glassbrenner, 2002; Lerner et al., 2001; Vivoda et al.,
2004; Wells et al., 2002). However, when examining for differences, most did not address dif-
ferences across age groups within the respective racial or ethnic groups. According to current
studies there are some discrepancies in the findings regarding belt use. Some researchers have
found that seat belt use for Blacks and Hispanic occupants differs from White vehicle occupants
(Braver, 2003; Eby et al., 2002; Glassbrenner, 2003; Lerner et al., 2001), while others find little
difference (Wells et al., 2002).

In 2002, NHTSA conducted its annual National Occupant Protection Use Survey
(NOPUS) and observed little variability between seat belt use rates for vehicle occupants de-
scribed as Black or Other relative to those identified as White. This difference was not statisti-
cally significant (Glassbrenner, 2002). The 2003 MVOSS results support the NOPUS findings.
Little variability was found among the different racial groups: White, Black, and Other (see Sec-
tion 8.2.D), and the differences were not statistically significant (p >.05).

The Insurance Institute for Highway Safety conducted an observational survey of seat
belt use in four metropolitan areas in order to examine the effects of primary versus secondary
enforcement seat belt laws. Two cities were located in States with primary laws (New York,
Texas) and two were located in secondary law States (Massachusetts, lllinois). In the primary
enforcement States no clear differences associated with race or ethnicity were observed; how-
ever, in the secondary States vehicle occupants identified as Black were less likely to wear seat
belts relative to White or Hispanic occupants (Wells et al., 2002).

An observational study recently conducted in Michigan found that a motor vehicle occu-
pant identified as Black was less likely to wear a seat belt regardless of age, sex, vehicle type,
or seating position compared to a vehicle occupant identified as White or Other (Vivoda et al.,
2004). Consistent with results from previous studies, Vivoda found that sex, type of vehicle, and
seating position were also strong predictors of nonuse. With regard to age, Vivoda found that
while seat belt use generally increased with age, there were no significant differences in seat
belt use between vehicle occupants over 65 and those between 30 and 64. Interactions be-
tween age and race were only significant with regard to occupants between 16 and 22 and 23 to
29, and in both cases Blacks were less likely to wear seat belts when compared to White vehi-
cle occupants of the same age.

Three separate studies (Braver, May 2003; Cosby et al., 2003, Lerner et al., 2001) ex-
amined belt use among crash victims. Using the Fatality Analysis Reporting System (FARS),
Braver examined seat belt use of crash victims and found, relative to White and Hispanic vehi-
cle occupants, Blacks were less likely to have been reported as being restrained. Lerner et al.,
analyzed the influence of certain demographic characteristics on seat belt use by occupants in-
jured in a crash and found being White was a significant predictor of belt use. Using FARS data
collected for 2000, Cosby et al. found lower usage rates for Blacks 65 and older relative to
White occupants in the same age group. This difference was not evident within the middle age
group (30 to 64) where seat belt use was almost the same.
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Cosby et al. also used the Behavioral Risk Factor Surveillance System (BRFSS), and
Motor Vehicle Occupant Safety Survey (MVOSS) to assess differences in self-reported seat belt
use among the different racial groups. Results from the BRFSS (1997) indicated that Blacks re-
port lower belt use when compared to Whites in the following demographic categories: females,
65 and older, college education, and obese. Older females who were calculated to be extremely
obese were over 2.5 times as likely to report low belt use than those of normal weight (body
mass index was calculated based on respondents’ reported height and weight). Finally, data
from the 2000 MVOSS indicated that Blacks are more likely than Whites to believe that they
would receive a ticket for not wearing a belt (also see Preusser et al., 1997), and seat belts are
as likely to harm you as to help you. On the other hand, Black respondents favored a front seat
primary seat belt law.

In order to better understand the traffic safety needs of the Black community and to de-
termine an effective means of directing media messages to this population Cordy et al. (2002)
conducted a series of focus groups. One focus group at each of six sites was for older adults 60
to 79 years old. They ranked nonuse of seat belts as the second most serious traffic safety
problem in the Black community. In each of the focus groups a substantial number of partici-
pants indicated they did not use seat belts on a fulltime basis. Reasons for nonuse included
wrinkled clothes, uncomfortable fit (particularly among women), short rides, forgetting to use i,
and not in the habit of using it. Negative associations concerning seat belts included possible
risk to personal safety and an aversion to law-enforced seat belt use. One participant felt that
“Black people have not been taught the value of seat belts.”

Participants in the Cordy study indicated that part-time usage is common within the
community. Most decide to wear seat belts on a trip-by-trip basis. The decision to use a seat
belt often depends on factors such as perceived skill of the driver; distance traveled, and type of
roadway (highway versus local). Focus group participants questioned MVOSS survey results
that showed support for seat belt laws in Black communities. Nonprofit organizations, churches,
and schools were considered most likely to be effective in exposing their community to traffic
safety. The most trusted sources of information were doctors, hospitals, and churches; however,
politicians and law enforcement were not trusted. Participants noted that ads reflecting real-life
situations and ordinary people make the most significant impressions on them because they are
believable and connected to the community. Older adults believed the emphasis should be on
developing media campaigns that portray real life situations. Interestingly, an issue raised on
several occasions during focus groups in Mississippi was that literacy may be an issue in un-
derstanding laws and issues, particularly among the older adult population.

Hispanic drivers have lower seat belt use rates than White non-Hispanics (Parada et al.,
2001; Harper et al., 2000), and higher fatality rates in crashes (Baker et al., 1998; Harper et al.,
2000). Using FARS data Harper et al. (2000) examined fatal crashes for Hispanic and non-
Hispanic vehicle occupants in Colorado. Eighty-four percent of Hispanic drivers who were fatally
injured were reported not to be wearing a seat belt compared to 70% of White non-Hispanic
drivers.

Racial differences were also found in a study conducted by the Florida Department of
Transportation (Sapolsky, 2001). While seat belt use was observed to be similar for White and
Hispanic women, seat belt use for Black women was substantially lower. In addition, Hispanic
and Black men were less likely to use their belts relative to White men. When age was intro-
duced as a factor, Black and Hispanic front-seat vehicle occupants older than 59 were less
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likely to wear their seat belts when compared to White front-seat vehicle occupants of the same
age. Conversely, using self-reported and observational data, several studies have found that
Hispanics have higher seat belt usage rates compared to White or Black occupants (Nelson et
al., 1998: Oguntoyinbo, 2001). Analyses of the BRFSS data (2002) show that Hispanics were
only 39% as likely as Whites, and Blacks were 84% as likely as Whites, to say that they wear
their seat belts sometimes, seldom or never; inferring that Hispanics and Blacks were more
likely to wear their belts than White occupants.

Research on seat belt use among Hispanics may be inconclusive for a variety of rea-
sons. Mexicans are known to have lower belt use rates while other Hispanic groups have higher
belt use rates (Arce et al., 2004). Thus, seat belt use among Hispanic demographic groups is
difficult to determine, and is strongly influenced by country of origin and current place of resi-
dence. In focus groups with Mexican immigrants Arce et al. (2004) found that time in the United
States has a greater relationship to seat belt use than education level. In a study of Hispanic
migrant farm workers in California, Stiles et al. (1999) found that although 86% of the workers
said they wore their seat belt all the time during face to face interviews only 37% actually wore
their seat belts in an observational survey conducted at that same location.

In a 1995 NHTSA study, male Hispanic focus group participants cited law enforcement as the
primary reason for their wearing a seat belt. Some participants were currently driving without a
license because the Spanish translation of the driver's manual was too difficult to comprehend
and the cost of obtaining a driver’s license, vehicle registration, and insurance was too expen-
sive. None wanted to be targeted by the police and risk losing their main mode of transportation
for not wearing a seat belt (Mueller et al., 2004). On the other hand, Hispanics may not wear
seat belts because they believe that seat belts are uncomfortable, not safe, unnecessary for
short trips and unnecessary for passengers in the back seat. Some of the male participants
stated that good drivers don't need to wear seat belts and others seemed to embrace the idea
that an individual's time to die has been preordained and there is nothing one can do to prevent
or change it (Mueller et al., 2004). Additionally, Hispanics were more likely to be driving older
vehicles which are less likely to have functioning seat belts (Ucles, 2001).

Although there is inconsistency in the findings with regard to the relationship between
race and ethnicity and seat belt usage, there is a general understanding that there are differ-
ences among Whites, Blacks, and Hispanics. Evidence from studies, surveys, and focus groups
suggests that the decision to use a seat belt is driven by different factors. Black and Hispanic
vehicle occupants express concerns regarding law enforcement for differing reasons. Blacks
feel that the importance of using a seat belt for safety has not been effectively communicated to
the Black community; that they may be targeted, and they are more likely to receive a ticket for
not wearing a seat belt compared to White occupants. Hispanics’ decision to use seat belts is
somewhat more complex. It might be a reflection of their country of origin, time in the United
States, status in the United States, as well as other beliefs. Regardless, programs to increase
seat belt use within the communities must consider the different customs, perceptions, and atti-
tudes of the communities. An effective message must be communicated in a manner that will
address any misconception, and in a way that will be fully understood and trusted by the com-
munity. Effective media campaigns must be specifically tailored to the community of interest.
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3.3 Socioeconomic Status

Level of education and socioeconomic status have also been linked to seat belt use
(Cosby et al., 2003; Lerner et al., 2001; Mueller et al., 2004; Shinar et al., 2001; Wells et al.,
2002). Studies examining the relationship between education or income and seat belt use have
not usually explored age differences. In general, studies have found that belt use is directly and
positively related to level of education and income.

Shinar et al. (2001) used data from annual telephone surveys conducted by Prevention
Magazine from 1983 to 1995 to examine trends in driver health-related and safety-related re-
ported behaviors and attitudes over a decade. The annual surveys were conducted by phone
using a random sample of 1,250 adults representative of the U.S. adult population. The analysis
focused on four demographic variables: age, sex, education, and income in relation to questions
on seat belt use, speeding, and drinking and driving. Shinar et al. found that although seat belt
use appears to be unrelated to both speeding and to drinking and driving, there was a direct re-
lationship between seat belt use and sex, age, and education. That is, women reported higher
belt use than men; older adults reported higher belt use than younger adults; and higher edu-
cated participants reported more frequent use than lower educated participants. There was no
significant interaction of age with income or education.

In a four-city seat belt use observation study conducted at gas stations by the Insurance
Institute for Highway Safety, education levels were determined through short interviews with the
observed subjects. Results confirmed earlier findings that drivers with higher educational at-
tainment were more likely to use belts. This finding was consistent for Blacks, Hispanics, and
Whites. However, Black drivers without college degrees in secondary law states had belt use
rates that were significantly less than either White or Hispanic drivers having the same level of
education (Wells et al., 2002).

Lerner et al. (2001) studied the records of injured adults admitted to a trauma center as
a result of motor vehicle crashes to better understand the influence of various demographic fac-
tors on seat belt use by adults. The demographics examined included age, sex, race, and the
residence ZIP code. ZIP code served as a proxy for income based on geographic location as
identified in the 1990 U.S. Census. Data were available for 1,366 patients admitted to the
trauma center following motor vehicle crashes. The results of a logistic regression analysis in-
dicated that age, sex, race, socioeconomic status, and position in the vehicle were all significant
predictors of seat belt use in the crash. Those individuals with a higher socioeconomic back-
ground were more likely to wear seat belts at the time of the crash. Seat belt use was also
higher for women, Whites, drivers, and adults older than 60.

Using 1995 data from FARS and the Nationwide Personal Transportation Survey, Braver
(2003) identified socioeconomic status (based on educational level) as the strongest determi-
nant of occupant death based on miles traveled; stronger than race or Hispanic origin. Seat belt
use rates for fatally injured drivers were lower among those drivers with lower levels of educa-
tion.

The 2003 MVOSS survey results indicated that reported belt use increases in conjunc-

tion with higher education and is significantly related to income levels. Reported all the time use
by older drivers (65 and older) tended to be lower for individuals with fewer years of education
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when compared to those with some college education and above. While it appeared that income
was significantly related to lap/shoulder belt use (p=.01) the relationship was not monotonic.
That is, higher income was not necessarily related to higher lap/shoulder belt use rates. To illus-
trate, 93% of older adults with an annual income of $50,000 to $74,999 reported wearing their
seat belts all the time while 87% of older adults with an annual income of $100,000 or more re-
ported wearing their seat belts all the time.

An additional survey that gathers information on belt use and various demographics in-
cluding education and income is the Behavioral Risk Factor Surveillance System (BRFSS
2002). Data from this survey indicated that people reporting different levels of education also
report different levels of belt use (p=.00). People reporting less than an 8" grade level of educa-
tion were 40% more likely to indicate that they wear their seat belts sometimes, seldom, or
never when compared to those individuals with some college education. Those with a 9th to11"
grade level of education were 33% more likely to report part-time or nonuse when compared to
those individuals with some college education. Reported seat belt usage rates were also related
to level of income. People at the lowest end of the income spectrum were 39% more likely to
report part-time or nonuse when compared to those in the mid-range of the income spectrum
(p=.01). In turn, those at the highest end of the spectrum were less likely to indicate part-time or
nonuse (p=.01), suggesting that people in the highest income level use their seat belts regularly.

Evidence from the different studies, surveys, and focus groups suggests that the deci-
sion to use a seat belt varies according to economic status and level of education. Generally,
older adults at higher income and education levels use their seat belts more frequently than
older adults at lower income and education levels.

3.4 Baby Boomers

Baby Boomers are the 78 million people born from 1946 to 1965. The generation pre-
ceding the Baby Boomers, those born from 1909 to 1945, comprise much of the present-day
older population. Increased life expectancy and the increased growth of the older adult popula-
tion point to a heightened need for advances in all types of transportation as the Baby Boomer
generation begins to age. In addition, generational differences between these two groups indi-
cate that any adjustments to transportation needs must consider differences in the level of edu-
cation, lifestyles, and the importance placed on automobiles as a main source of transportation.
To illustrate, higher education is typically associated with better health, higher economic status,
and increased travel. In terms of years of formal education, Baby Boomers are more educated
than their older counterparts.

Opinions regarding future seat belt use of aging Baby Boomers are conflicted. A number
of experts interviewed indicated that belt use is a socially conditioned habit in this cohort, and
their belt use will therefore be higher than that of current older-age cohorts. They buttress their
argument by noting that lap belts were required as standard equipment in all new vehicles for all
passenger positions beginning in 1968, and in 1990 a Federal mandate required lap/shoulder
belts for all outboard positions in all new-model vehicles. In addition, during the mid 80s States
began requiring that all front passengers in passenger cars, pickups, SUVs, and vans wear seat
belts. Thus, many Baby Boomers were exposed to seat belts and seat belt laws beginning at a
much younger age compared to the current older adult population. Baby Boomers have also
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been faced with caring for their own aging parents, and this fact has made them more aware of
various frailty and safety issues than their older counterparts.

Other experts believe that a driving force in determining whether a seat belt is used by
an older adult is comfort and convenience. If there are no changes to the current seat belt de-
sign, it is the experts’ belief that this issue will exist in the future as well. In other words, there is
no strong evidence that the Baby Boomer generation is aging differently than the current older
adult population. Baby Boomers are still exhibiting the normal physiological and mental signs of
aging. The average American female 60 to 69 is 63.1 inches tall, and is expected lose at least 2
inches by the time she is 80 years old. The average adult male 60 to 69 is 68.6 inches tall, and
will lose 2 inches by the time he is 80 years old (Center for Disease Control). This muscular-
skeletal degeneration may contribute to older adults complaining about seat belts cutting across
their necks or the belts putting pressure on their skin and chest. Furthermore, 31.3% of men and
39.3% of women over 65 report having arthritis that may contribute to their having difficulty
reaching for or buckling seat belts (Older Americans 2004). These numbers increase for adults
over 70, reportedly 58.1% of men and 63.8% of women (Centers for Disease Control). Accord-
ing to these experts, without adjustments and improvements to current seat belt design, a per-
centage of older adults will either continue to not wear their seat belts or stop wearing them as
seat belts become more difficult or uncomfortable to use.

A third group considers the rise in belt use with age to be a common phenomenon that
will occur as the Baby Boomer generation ages, just as it did with the current older population.
The only difference will be that Baby Boomers will be driving longer, farther distances, and in
greater numbers than any other previous older population.

Bush (2001) examined various forecasts for future older populations. Bush believes that
Baby Boomers differ from the current generation of older drivers and we need to understand the
differences in their lifestyles to predict future transportation needs. Baby Boomers started driv-
ing at younger ages and will have more experience behind the wheel that may lead to a reduc-
tion in crash rates. As stated earlier, Baby Boomers are better educated, and education corre-
lates with improved health and economic status, and increased travel. Female Baby Boomers
are more active in the workforce, make more trips, and will have more demand for travel than
current older women. Baby Boomers are more used to owning vehicles and are more reliant on
them for personal travel. All the above factors may increase exposure (Bush, 2001). An addi-
tional factor to consider is that the Baby Boomer generation may have different alcohol use pat-
terns than previous generations of older adults, which may have an additional effect on crash
risk for Baby Boomers when compared to the current older adult population (Waller, 1996). Pre-
dictors of future crash rates or behaviors are difficult to analyze as they may be specific to a
generation.

Using 2002 BRFSS data, Westat conducted preliminary analyses on how seat belt use
varies across different demographic groups of the Baby Boomer population. Findings were con-
sistent with findings from both younger and older age groups. Women reported higher belt use
rates than men. When asked about frequency of belt use, 90% of women Baby Boomers said
they always wore their belts, compared to 83% of the men. Income was directly related to belt
use. Individuals reporting an annual salary of less than $15,000 reported always using a seat
belt less frequently (83%) than did those in any other income group (Lower Middle: 85%; Upper
Middle: 88%; and Upper: 91%). Contrary to findings from other surveys, both Blacks (89%) and
Hispanics (92%) reported higher use than White respondents (87%).
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Vehicle designers are taking a great interest in the Baby Boomer generation as they are
consumer-oriented and are interested in designing for both current older drivers as well as for
the future old. Vehicle manufacturers believe that the Baby Boomers, in a youth-oriented soci-
ety, are much less likely to purchase automobiles designed for older drivers (Ford, 2000). That
is, consumers are not apt to purchase vehicles solely based on comfort of seat belts, or ease of
entry and egress. With that in mind, manufacturers have begun to introduce features commonly
referred to as “transparent enablers.” These unobtrusive features take into account physical and
cognitive changes that often accompany aging and help drivers to overcome them. Vehicle
manufacturers stand in the middle of a great tug of war. Their challenge is to develop vehicles
that can be sold to people born after 1979 (“Generation Y”) as well as to a fast-growing older
adult population. A more in-depth discussion of vehicle designers’ response to the growth of the
older-driver population is presented later in this report.
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4.0 Reasons for Nonuse

4.1 Risk Perception

It is commonly accepted that younger adults, due to immaturity, lack of knowledge, and
inexperience, engage in many risky behaviors (Jonah 1990, NHTSA, Occupant Protection
Facts, 2004; Williams et al. 2002). Numerous studies have found that younger drivers are more
likely to take risks while driving to make driving more fun. These risks can include tailgating,
driving over the speed limit, passing other vehicles in a no passing zone, and entering an inter-
section when a signal light is about to turn red. Little is known about the risk-taking behavior of
the older adult community. However, conventional wisdom suggests that with increased knowl-
edge and maturity, voluntary risky behavior should be inversely related to age. That is, as one
ages voluntary risky behavior should decrease.

Among the experts talked to for this review, there are differing beliefs as to the level risk
perception plays in decisions among older adults. When working with older adults, some of the
experts have detected attitudes and behavior patterns denoting awareness among older adults
of special safety concerns and their vulnerability in motor vehicle crashes. Others see no differ-
ence between older adults and any other age group with regard to their perceptions of risk and
decisions regarding whether or not to use a seat belt. A number of occupational therapists men-
tioned that within the older age group there are those drivers and passengers who pre-date seat
belts; and have a different attitude as to the need for a seat belt. For the oldest-old, who drove
for many years without belts, the belts often seem superfluous. Safety belts may even be per-
ceived as a burden since the laws were passed well after they initiated independent driving.

Jonah analyzed the results of a Canadian national telephone survey on drinking and
driving, conducted by Statistics Canada for Health and Welfare Canada, to better understand
the correlation between age and risky behavior and driving. The results of the survey indicated
that adults over 65 were the least likely to report that they never use a seat belt. Older adults
inclined to consume alcohol, drink and drive, or drive aggressively were more inclined to drive
without seat belts (Jonah, 1990).

With this in mind, Westat examined responses to key questions in the 2002 BRFSS and
2003 MVOSS to assess the relationship between certain behaviors considered to be health
risks (e.g., smoking, nonuse of a seat belt in a vehicle with an air bag, and missing annual
health exams) and the likelihood of seat belt use among older adults. The following paragraphs
outline some of the findings and Section 8.2 includes tables and a description of the analyses
for each of the data sets.

Older adults who admitted to being regular smokers were more likely to report part-time
or nonuse of seat belts when compared to those who never smoked (p=.00). However, those
older adults who began smoking before the age of 12 were less likely to report part-time or non-
use than those who started smoking as adults (16-60 years) (p=.04) (BRFSS, 2002).

Older adults who were single were more likely to report part-time or nonuse of seat belts

(sometimes, seldom, or never) when compared to those who were currently married (p=.00)
(BRFSS, 2002). In addition, when compared to retired older adults, those who were currently in
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the labor force were more likely to indicate that they wore their seat belts sometimes, seldom or
never (p=.00).

Considering the overall physiological weakening associated with age, one might assume
that any older adult who does not undergo a routine annual checkup might be engaging in a pat-
tern of risky behavior. With that in mind, Westat examined the association between activities
indicative of someone who is conscientious about health and patterns of seat belt use. Behav-
iors of interest included annual checkups, mammograms (for women), and PSA tests (for men).
Older women who had a mammogram within the past year were less likely to report sometimes,
seldom or never using a seat belt when compared to older women who never had a mammo-
gram. In addition, those who had a mammogram within the past 5 years were also less likely to
report sometimes, seldom or never using a seat belt when compared to older women who never
had a mammogram. With regard to men, those men who had PSA tests were less likely to re-
port sometimes, seldom or never using a seat belt compared to men who had never had the test
(see Section 8.2.B). While these are simple examples, the findings might offer some insight into
how seat belt use relates to an overall pattern of health-conscious behavior. That is, those older
adults who are more likely to track their own health are more likely to use a seat belt.

Using the MVOSS 2003 data Westat examined the relationship between the presence of
an air bag in the vehicle and seat belt use among older vehicle drivers. Older drivers were more
likely to report that they would use a seat belt when the vehicle they were in was equipped with
an air bag. Ninety percent of older drivers using vehicles with an air bag used a seat belt all the
time compared to 88% of the older adults driving vehicles without an air bag (p=.02).

The 2003 MVOSS included a question to assess people’s beliefs concerning their
chances of surviving a crash. Interestingly, 93% of the people who did not have a fatalistic atti-
tude towards life indicated that they wore their seat belts all the time compared to 88% of the
individuals who felt that if it is your time to die, you will die, regardless of whether or not a seat
belt is used during a crash (p=.00).

There are those experts who suggest that seat belt use has nothing to do with perceived
risk and believe that it is related to habit. Therefore, once older adults are taught to use the belt
regularly they will do so. The 2003 MVOSS asked individuals their reasons for seat belt use.
Ninety-five percent of the individuals who gave “habit” as a reason for their belt use indicated
that they wore the belt all the time compared to 68% who did not give habit as a reason for their
belt use (p=.00). In addition, 97% who felt uncomfortable when not wearing a seat belt reported
they wore theirs all the time compared to 83% who felt that this was not a reason why they wore
their seat belts (p=.00). Interestingly, 93% of the people who indicated that they wore a seat belt
because they wanted to prevent serious injury also indicated that they wore their seat belt all the
time.

In recent focus groups with older adults on licensing regulations, AARP discerned rec-
ognition by older adults that they need to be conscious of their safety and vulnerability. Older
adults were willing to accept regulations if they are fair, linked to specific problems, and not
prejudicial based only on age. In fact, older drivers have a general awareness of their diminish-
ing capabilities and make numerous strategic and tactical adaptations to compensate (Smiley,
2002). Many older adults create self-imposed restrictions on driving patterns including reduced
travel at night, in rush hour, and on high-speed roads. Older drivers can be assisted in making
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appropriate adaptations through driver education. Strategic advice to older adults would include
promoting the use of seat belts as well as other appropriate changes to driver behavior.

4.2 Trip Purpose, Length, Driving Factors

The 2001 National Household Travel Survey (NHTS) provides nationally representative
data on trip type, purpose, and other characteristics of travel for the U.S population. The NHTS
2001 included approximately 9,000 respondents older than 65. Collia et al. (2003) summarized
information regarding the travel patterns of older Americans as presented in the NHTS. Relative
to the younger population, older adults take fewer trips. Although older adults represented
12.6% of the population in 2001, they took only 10% of the daily trips and 8% of the long dis-
tance trips.

Travel by personal vehicle is the leading form of transportation for all age groups in the
United States. However, relative to younger adults, a higher percentage of older adults take
trips in vehicles as a passenger rather than the driver. This is especially true for older women.
Overall, 80% of older adults report to be drivers as compared to 93% of younger adults; older
women trail older men by 18 percentage points. Older drivers prefer to travel in sedans (77%)
over trucks (10%), vans (8%), or SUVs (4%). Data analyses from the 2003 MVOSS indicate that
vehicle type is directly related to lap/shoulder belt use for older adults. Consistent with findings
for the younger age groups, pick-up truck occupants (82%) reported all the time use less fre-
guently than occupants in any other vehicle type (sedans: 92%; vans: 88%; other: 90%) (p=00).

NHTS provides detailed characteristics of daily trips. Older adults take a lower number of
daily trips and travel shorter distances than their younger counterparts. Older women take the
least number of daily trips and travel the shortest distance of all the age and sex groups. When
providing reasons for their daily trips, older adults often cited social or recreational activities
(19%), family and personal reasons (18%), and shopping (18%). Compared to younger adults, a
much smaller percentage of daily travel for older adults is for work (3% versus 16%). Most daily
trips are made in the middle of the day; over 60% of travel by older adults is between 9 a.m. and
4 p.m. It seems that older adults are avoiding peak commuter hours. Approximately 66% of the
older respondents expressed concern regarding traffic congestion.

NHTS also provides characteristics of long-distance trips. When taking long-distance
trips, both younger (89%) and older adults (89%) prefer the personal vehicle over other modes
of travel such as public transportation. Most long-distance trips taken by older adults are for
pleasure. Older adults tend to take fewer long-distance trips (Collia et al., 2003).

The Academy for Educational Development conducted a series of focus groups with
older drivers in Florida and Pennsylvania. Participants indicated that they are less inclined to
use seat belts in the case of short trips (AED, 2002). Some States have conducted studies of
travel patterns and belt use at the local level. While experts did not provide Westat with hard
data for each State, they suggested that older drivers, like the general public in their State, are
more likely to use seat belts on longer trips that involve freeways and are less likely to use them
on shorter trips or when in pickups. Belt use is lower for rural travel, and in trips that are for
farming, or involve completing errands and visiting neighbors. Drivers and passengers are more
likely to buckle up for trips “into town” or on higher speed highways.
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4.3 Passengers

There are two ways to examine passenger travel with regard to the older adult popula-
tion. The first is the difference in seat belt use when older adults are sitting in the passenger po-
sition compared to the driver position, and the second is the effects of the presence of other
passengers on the belt use of an older driver.

Across all age groups, belt use rates are consistently lower for passengers (77%) rela-
tive to drivers (80%) (NOPUS, 2003). Evidence from the National Household Travel Survey
(2001) demonstrates that when traveling in passenger vehicles, older adults (26%) take a higher
percentage of their daily trips as passengers than do younger adults (18%). Furthermore, the
observed differences in seating position can largely be attributed to older women. When taking
a trip, older men (88%) tend to assume the driver position as much as their younger counter-
parts (90%). Alternatively, younger women (76%) tend to drive more often relative to older
women (62%) when taking daily trips (Collia et al., 2003).

In a variety of focus groups older adults mentioned the influence of grandchildren in the
vehicle. When grandchildren are in the vehicle, older adults will make a point of wearing their
seat belts. Focus group participants emphasized that they are interested in serving as role
models for their grandchildren and that there should be more public information on this issue
(AED, 2002).

It is common knowledge that crash risk for teen drivers increases as the number of teen
passengers increases (Williams, 2001; Doherty et al., 1998). Younger drivers are less experi-
enced than their older counterparts (25 to 64 years old), and are distracted from the task of driv-
ing when other teenage passengers are present. Although older adults (65 and older) may have
more experience driving than teenagers, their elevated crash risks may stem from sensory, mo-
tor, and cognitive declines. Many older adults address their diminished skills by practicing com-
pensatory measures. To illustrate, older adults tend to take most of their daily trips during the
mid-day hours in order to avoid rush hour traffic that can be confusing for them, and travel when
daylight is at its peak and visibility is optimal. Few researchers have examined the effects of
passengers on the safety of older drivers. The presence of a passenger in the vehicle might dis-
tract the older driver and increase the likelihood of an at-fault crash.

Hing et al. studied four years of crash data from Kentucky State police reports, 1995-
1998. Overall, older drivers (75 and older) showed a higher tendency to be involved in single-
vehicle and multiple-vehicle at-fault crashes when compared to Young-Old adults (65 to 74).
This problem was exacerbated when two or more passengers were riding along in the vehicle.
In addition, vehicles with all-male occupants were particularly prone to be involved in at-fault
crashes. The negative impact for these older drivers was greater on less-ideal road conditions,
roads with curves. Hing et al. (2000) suggest that possibly the presence of passengers raises
the level of distraction in the non-ideal driving environment.
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4.4 Comfort and Convenience

Two of the major reasons individuals choose not to use seat belts are the lack of comfort
and convenience of occupant restraints. Many experts from various backgrounds state that in
their work with older adults the comfort issue factors heavily in lack of belt use.

Complaints related to comfort have been voiced by older adults in a variety of settings
including focus groups (Steinfeld et al., 1999), meetings with physicians and occupational
therapists, and in response to surveys (Balci et al., 2001; Steinfeld et al., 1999). In some cases
comfort and a physical condition are interrelated. That is, individuals of extreme stature (smaller
or taller) or weight often had more comfort-related issues when discussing seat belts. Common
issues related to comfort and convenience identified in numerous studies and discussions with
experts were:

Difficulty reaching the seat belt;

Difficulty buckling the seat belt;

Girth or height;

Desire not to wrinkle clothing;

The belt cuts across the neck or chokes the occupant;
The belt puts pressure on the skin and chest;

Release method can be confusing;

Passive shoulder belt system startled the occupant; and
Buckles were difficult to locate.

OO0OO0OO0OOO0OO0OO0OO

The Delphi Corporation, a manufacturer of occupant restraint systems, looked at the
comfort and usability of seat belts via questionnaires administered to 194 participants (Balci et
al., 2001). Among those who reported part-time use, the primary reason offered was forgetting,
followed by discomfort. Older respondents reported having more difficulty using the seat belt
because of the location of the shoulder belt, the belt pulling force, and inappropriate and loose
fitting of the belt on the body. Shorter-statured drivers reported needing two hands to pull and
secure the belt. Participants who were above the 66" percentile with regard to their weight had
complaints about the belt twisting and the sensation of suffocating, and women drivers had
more complaints than men.

An additional study conducted by Delphi examined factors associated with seat belt
comfort and convenience. The goals of the study were to better understand how the geometric
designs of seat belts work with the anatomical characteristics of occupants, and improve de-
signs to achieve higher usage rates. Results of the previous survey suggested that a primary
reason many people have for not wearing seat belts is that they are inconvenient to fasten and
unfasten and uncomfortable to wear, especially for specific stature groups (small females and
large males). Delphi tested 54 experimental scenarios with 15 volunteers who gave subjective
ratings on seat belt pressure and fit. They found that the seat back angle and the D-ring location
for the fore-aft and inboard-outboard directions were statistically significant for contact pressure
and fit. Height adjustment is also significant in achieving a better fit and helps reduce the risk of
the belt rubbing the neck or slipping off the shoulder. While analysis showed no impact of height
and body mass index on seat belt pressure in the normal driving condition, these factors did af-
fect the comfort rating of the seat belt fit and routing (Chen et al., 2003). Discomfort associated
with belt use may be alleviated by simply using the height adjuster located along the B-pillar.
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Unfortunately, many older adults may be unaware of the height adjustor, which allows the driver
to reposition the shoulder belt to a more comfortable height. For those individuals who cite dis-
comfort as the primary reason for part-time or nonuse, increasing their awareness of the differ-
ent design options available in their vehicles might contribute to increased levels of belt use.

NHTSA has encouraged manufacturers to incorporate various systems that will offer im-
provements to the fit and accessibility in vehicles of seat belts. The FMVSS No. 208 includes
requirements regarding adjustments to lap/shoulder belts for all seating positions including:
hooks, tension relieving devices, seat belt contact force, latch plate location and access, and
retraction of seat belts when doors are open (NHTSA Initiatives, 2003).

Unfortunately, a number of experts mentioned that older adults are unaware of any exist-
ing adaptive equipment that may improve the comfort of seat belts (Silverstein et al., 2005).
Several occupational therapists mentioned that one of the first actions they take with an older
adult behind the wheel is to reposition their seat and restraint so that they will be both safer and
more comfortable. In most cases this is the older adult’s first introduction to these capabilities in
the vehicle. Many dealerships do not take the time to familiarize older adult consumers with
many of the additional features that newer vehicles offer. In turn many older adults show little or
no interest in the technological advances, they simply use the vehicle as a mode of transporta-
tion. Additionally, many older drivers do not buy new vehicles as frequently as other consumers,
and thus, their vehicles may not have some of the features that are now required on newer ve-
hicles to promote comfort and convenience.

The Consumer Assessment Survey (CAS) conducted by the Rehabilitation Engineering
Research Center on Aging is a longitudinal study of older adults with disabilities. In the sixth
year respondents were asked a series of questions on vehicles, including difficulties encoun-
tered when driving or riding in a vehicle. There were a total of 639 respondents over 65 who re-
ported they had, at one time, driven a car. Of these, 45.5% indicated that they were still driving
while 54.5% no longer drove. About three quarters (76.2%) reported that they had driven or rid-
den in a personal vehicle in the last month. Nineteen percent of individuals who were in a car
within the past month reported that fastening seat belts is one of the problems they encounter
when driving and riding in a vehicle. Additional related problems included reaching the door
(10.8%), using the handle (3.6%), and bending at the waist (8%). Individuals older than 85
(n=106) reported increased difficulties with fastening seat belts (27%), reaching the door
(11.3%), using the handle (4.7%), and bending at the waist (14.2%). Steinfeld et al. conducted a
series of focus groups that addressed the CAS results. Participants overwhelmingly disliked
seat belts. Many reported not using belts, and pointed out that the belts do not fit well and cause
discomfort and bruising, especially after surgery. Some participants complained that shoulder
belts choke them and that the belts may cause injuries to older people. Many reported that the
shoulder belts are difficult to reach, fasten, or unfasten (Steinfeld et al., 1999).

According to results of the 2003 MVOSS, 97% of those individuals who felt they would

be uncomfortable without a seat belt on wore their seat belts all the time compared to 83% who
did not think they would be uncomfortable without it (p<.00).
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4.5 Physical Conditions

Research indicates health generally deteriorates with age. Using data from the 2002
BRFSS, Westat used self-reported health assessments to examine the relationship between
seat belt use and an occupant’s general health. Those who reported their health as poor were
more likely to report part-time or nonuse of seat belts when compared to those individuals re-
porting good health (p=.00).

A variety of physical conditions that may impede belt use by older adults are described
in the research literature (Bodenmiller et al., 2002; Braver, 2003; Carr, 2000; Hogan, 1999;
Hunt, 1996; Mackay, 1988). As we age, stiffness in joints and changes in the structure of bones
may cause reduction in height, stooped posture, and sometimes limitation in mobility. These
physiological changes can, either singularly or in combination, impair older adults’ ability to
properly and comfortably use safety restraints when riding in motor vehicles. To illustrate,
changes in the musculoskeletal system sometimes make routine tasks more difficult and tend to
affect one’s ability to turn and reach around for the belt buckle, grasp the buckle, and then turn
in the opposite direction to secure it. Arthritis of the cervical spine can reduce neck movement,
limiting head turning or the reaching motion involved in buckling a seat belt. Arthritis and other
hand deformities can affect an older adult’s physical ability or willingness to apply full strength
when reaching for or grasping the belt buckle (Hogan, 1999). The most common conditions
mentioned in the literature and by gerontologists and occupational therapists we contacted in-
clude:

Arthritis

Joint deformity

Osteoporosis

Obesity

Peripheral neuropathy

Inability to twist the neck and torso
Shoulder injury

Parkinson’s disease

Visual and tactical sensory loss
Kyphosis (curvature of the spine)
Recent surgery

Pacemaker

General lack of flexibility

Fragility

OO0OO0OO0OO0OO0OO0OOOOOOOO

These physical conditions are an impediment to seat belt use and can lead to misuse or
nonuse by older adults. Often the shoulder belt is incorrectly positioned across the neck or is
placed behind the back altogether. Many older adults report that the belts did not fit them well
and caused discomfort, bruising, and pain after surgery to the chest or abdomen. In focus
groups older people with disabilities reported that they place the shoulder belts behind their
shoulders because the belt is uncomfortable and causes pain. Individuals who had recent sur-
gery or chronic health problems in their torso areas reported the most discomfort with seat belts.
Those with arthritis or limitations in range of motion reported difficulty with buckling the belt and
reaching for the shoulder belt (Steinfeld, 1999). These conditions may be more prominent in the
nondriving older adult population. Carr (2000) found that nondrivers were more likely to have
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decreases in muscle strength, range of motion, and mobility. However, results from the BRFSS
survey suggest that older adults who reported having arthritis were less likely to use their seat
belts sometimes, rarely, or never than older adults without arthritis (p=.01). This suggests that
older adults with arthritis were more likely to wear their seat belts.

Cushman et al. (1990) found that older people had a much higher incidence of inappro-
priate use of seat belts than their younger counterparts. Although the percentage of adults using
seat belts was greater among older vehicle occupants relative to the younger age group, a
greater number of older drivers appeared to have used their restraints improperly. Misuse often
resulted in a number of belt-related injuries during a crash, such as abrasions under the arm,
across the lower chest, and upper abdomen, as well as lacerations of the diaphragm, fractures
of the spine, and face lacerations (Cushman et al., 1990). Failure to properly secure the seat
belt can put the older adult at greater risk for injury in a crash. The effectiveness of the air bag
(front or side) relies on correct use of the restraint system.

Some experts feel that certain physiological conditions increase older adults’ potential
for injury from the force exerted by seat belts during a crash which may lead to a lower rate of
belt use. With age, bone density and muscle mass decrease and there is increased cartilage
ossification. This fragility results in a higher rate of rib fractures and other chest injuries. The
Crash Injury Research and Engineering Network (CIREN) facilities have noted a much higher
chest injury pattern for older adults involved in fatal crashes (Wang, 2001; Augenstein, 2001). In
fact, many studies of motor vehicle crashes and crash data files indicate that there is a higher
propensity to severe injuries from seat belts among fragile older adults (Cook et al., 2000; Li et
al., 2003; Morris et al., 2002; Transport Canada, 2003; Wang 2001; Zhou et al., 1996).

Cook et al. (2000) compared crash characteristics and medical outcomes of motor vehi-
cle crashes for older (70 and older) and younger drivers (30 to 39) using State motor vehicle
crash records and hospital discharge records in Utah. Compared to younger drivers, signifi-
cantly more of the older drivers were involved in fatal crashes or crashes resulting in serious
injuries. Older drivers were more likely to be killed or hospitalized than younger drivers when
each of the following conditions was met: wearing seat belts, high-speed crash, nighttime, and
male. While younger drivers were typically discharged to home, older drivers tended to have
longer recovery periods and were more likely to be discharged from the hospital to another
health care facility (See also Mackay, 1988).

Technological advances enable those individuals whose physical limitations might com-
promise their safety to continue to travel safely as drivers or passengers in many vehicles. To
illustrate, an older adult with decreased right-shoulder range of motion from arthritis, bone frac-
ture, or stroke, might be able to use a grip attachment in order to reach the seat belt. This de-
vice minimizes the reaching angle for the occupant with limited range of motion. If the occupant
has diminished height as a result of osteoporosis, a built-up seat would help in positioning the
shoulder belt so that the belt does not scrape along the occupant’s neck or clavicle. Additional
information on vehicle design features that may improve seat belt use is discussed further in this
report.

Physicians have an important role in assessing and reducing risk for older drivers. Re-
cently NHTSA worked with the American Medical Association on the Physician's Guide to As-
sessing and Counseling Older Drivers which provides guidelines to physicians on how to evalu-
ate the ability of an older adult to continue driving. The guide discusses the various difficulties
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older adults may encounter in using a seat belt. Physicians are asked to encourage better vehi-
cle designs that address the physiological changes in older adults. There is also some explana-
tion of adaptive features that may improve vehicle comfort and safety such as depowered air
bags, inflatable seat belts, pretensioners, and side air bags that are beginning to enter the U.S.
vehicle fleet (Wang, 2003). Carr (2000) discusses the importance of a physician’s involvement
in the assessment of older drivers. The physician needs to know about an older driver’s history,
assess medical conditions that may affect the older driver’s safety in a vehicle, and make refer-
rals to occupational therapists or physical therapists as needed. Family physicians should en-
courage seat belt use and give advice regarding the crashworthiness of vehicle models.

In the United States, obesity has risen at an epidemic rate during the past 20 years. Re-
sults of the National Health and Nutrition Examination Survey (NHANES) 1999-2000 indicate
that an estimated 64% of U.S. adults are either overweight or obese, defined as having a body
mass index (BMI) of 25 or more. BMI is an objective scientific measure used to calculate body
weight adjusted for height. The BMI ranges are based on the effect body weight has on disease
and death. As BMI increases, the risk for various diseases increases. BMI is calculated by divid-
ing weight in kilograms by the square of height in meters. Westat examined the relationship be-
tween BMI and seat belt use for adults over 65. Using self-reported weight and height data from
the 2002 BRFSS, Westat calculated a BMI for each respondent. Interestingly, those individuals
who were underweight (BMI under 18.5) were 24% more likely to report wearing their seat belt
sometimes, seldom, or never when compared to older adults who were average weight
(BMI:18.5 — 24.9) (p=.00). In addition, older adults who were calculated to be overweight
(BMI:25.0 — 29.9) were 31% more likely to report wearing their seat belt sometimes, seldom, or
never; and older adults who were obese (BMI: 30.0 and above) were 83% more likely to report
part-time or nonuse. These findings suggest that there might be something about the seat belt
design and fabric that make use uncomfortable with any body type except for those who are
considered to be average. Hypothetically, underweight individuals might be irritated by the rub-
bing of the restraints along their clavicles or hip bones. Conversely, overweight occupants might
feel that the belts are too snug or suffocating.

Westat also calculated a BMI for each respondent in the 2003 MVOSS using self-
reported height and weight measures. However, the data from the MVOSS suggest a slightly
different use pattern for individuals in the different BMI categories (p=.00). Large percentages of
individuals who were calculated as underweight/average (93%), overweight (94%), and obese
(84%) reported using their seat belts all the time. However, significantly fewer obese older oc-
cupants indicated that they always wore their seat belts. Again, these findings suggest that
there might be something about the seat belt design and fabric that make use uncomfortable for
obese individuals.

Another common phenomenon associated with aging is shrinking. It is a common mis-
conception that age-related bone loss is a disease that only affects women. After age 60 the
average older adult is expected to lose 1 inch in stature every 10 years (Center for Disease
Control). As stated earlier, this muscular-skeletal degeneration may contribute to older adults
commonly complaining about seat belts cutting across the neck or the belt putting pressure on
their skin and chest. According to the experts, without adjustments and improvements to current
seat belt design, a percentage of older adults will either continue to not wear their seat belts or
stop wearing them as seat belts become more difficult or uncomfortable to use.

27



4.6 Logistic Regression

From a practical standpoint, logistic regression produces prediction equations where the
regression coefficients measure the predictive capability of the independent variables. With lo-
gistic regression, the response variable is an indicator of some characteristic, that is, a 0/1 vari-
able. Logistic regression is used to determine whether other measures are related to the pres-
ence of some characteristic, in this case, whether certain descriptive factors are predictive of
older occupant seat belt use.

Motor Vehicle Occupant Safety Survey

Analyses of the 2003 MVOSS combined data set used stepwise regression to predict
two-way restraint use (all the time and most of the time vs. some of the time, rarely, and never)
probability as a function of the following characteristics: sex, education, previous crash injury,
age, vehicle type, race, driving frequency, restraint type, and presence of an air bag in the vehi-
cle. Income was not included among the potential predictors because it had too many missing
values (N=458). Because of the way the questions were designed in the 2003 MVOSS, results
were analyzed and presented for the use of lap belts, shoulder belts, and any belt in Section
8.2.D Final models passed the Hosmer-Lemeshow test of model fit for lap belt use and the use
of any belts, but the model fit was rejected by the chi-square statistic for shoulder belt use near
the threshold level, p~ 0.04.

Results from the analyses suggest that both sex and education are positively related to
the probability of reporting all the time/ most of the time seat belt use (any belt). That is, being
female and having a higher level of education are associated with increased likelihood of indi-
cating belt use all/most of the time (p=.00). Conversely, having a prior crash injury appears to
be negatively associated with belt use (p=.05). This can be interpreted in several ways. Two
possible explanations are that those who were injured may not have been using a belt at the
time, thus increasing the likelihood of injury, or those who reported being previously injured as a
result of a motor vehicle crash may have attributed the cause of injury to the seat belts and thus
no longer use the restraints.

Using a lap belt seems to be positively related to education (p=.00) and presence of an
air bag (p=.00). Those individuals reporting the presence of air bags in the vehicle or higher lev-
els of education were more likely to report using lap belts all the time or most of the time.

Finally, being female (p=.03) and having a higher level of education (p<.00) increased
the probability of reporting all the time or most of the time shoulder belt use. Prior injury and
more frequent driving were negatively related (p=.03). This suggests that, as with the frequency
of wearing any belt, being female and having a higher level of education are associated with
increased likelihood of reporting all the time/most of the time shoulder belt usage. In addition,
having a prior crash injury and driving frequently appear to be negatively associated with shoul-
der belt use. With regard to the results of driving frequency, one might interpret these findings
as those who do not drive often are more afraid of or concerned about crash risks and thus
wear their seat belts more often. Conversely, those who drive more frequently may have be-
come desensitized to the risks associated with driving and are more likely to take the chance of
not using the shoulder belt.
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Using the 2003 MVOSS Version A data set, stepwise regression was used to predict 2-
way restraint use (all the time and most of the time vs. some of the time, rarely, and never)
probability as a function of the following characteristics: fatalism, wearing a seat belt as a pas-
senger, favoring seat belt laws, BMI, habitual seat belt use, and various safety issues. Because
of the way the questions were designed in the 2003 MVOSS results were analyzed and pre-
sented for the use of lap belts, shoulder belts and any belt in Section 8.2.D.

Results from the analyses suggest that habitual seat belt use, and the feeling of being
uncomfortable without one are positively related to the probability of reporting all the time or
most of the time use of any belt, lap belt, and shoulder belt (p=.00). That is, habitually wearing a
seat belt and being uncomfortable when not wearing one are associated with increased likeli-
hood of reporting belt use all the time or most of the time.

Behavioral Risk Factor Surveillance Survey

Analyses of the 2002 BRFSS data set used stepwise regression to predict two-way re-
straint use (always or nearly always versus sometimes, seldom, and never) probability as a
function of the following characteristics: age, sex, race, marital status, current working status,
level of education, income, body mass index, smoking habits, general health, and general con-
scientiousness regarding health. Except for age, all factors were statistically related to seat belt
use. The 2002 BRFSS results were analyzed and presented for the use of lap belts, shoulder
belts, and any belt in Section 8.2.B.

Overall, older men were at least two times more likely to report part-time or nonuse rela-
tive to older women (p=.00). Older adults who were single were more likely than married adults
to report that they were part-time or nonusers of seat belts (p=.00). Divorced older adults were
more likely than married adults to claim part-time use. Currently employed individuals were
more likely not to use their seat belts always or nearly always compared to those who were al-
ready retired (p=.00). Consistent with findings from previous studies, older adults from lower in-
come levels or education were more likely to indicate part-time or nonuse relative to middle in-
come adults (p=.01).

Analyses of the BRFSS data (2002) show that both Hispanics and Blacks were less
likely to report that they wear their seat belts sometimes, seldom or never compared to Whites,
indicating that Hispanics and Blacks were more likely to report wearing their belts than White
occupants (p=.00). Given that this finding contradicts a number of observational studies, a pos-
sible explanation might be that Black and Hispanic older adults were more likely to give the so-
cially desirable answer relative to White adults.

Using the BRFSS as part of the analyses allowed the Westat research team to explore
how seat belt use relates to other health issues among the older adult population. In other
words, are older adults who are generally healthy or health conscious more likely than others to
use their seat belts? To illustrate, the BRFSS inquires about an individual’s overall health.
Those older adults who reported poorer health were more likely to report part-time or nonuse
than older adults in good health (p=.00). In addition, older adults with body mass indices that
differed from the norm were also more likely to report part-time or nonuse (p=.00). Underweight,
overweight, and obese individuals were more likely than average weight older adults to report
only using their seat belts part-time or never.
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Fatal Analysis Reporting System

In order to improve traffic safety, DOT/NHTSA created the Fatality Analysis Reporting
System (FARS) in 1975. This data system was conceived, designed, and developed by the Na-
tional Center for Statistics and Analysis (NCSA) to identify traffic safety problems, guide the de-
velopment and implementation of vehicle and driver countermeasures, and evaluate motor ve-
hicle safety standards and highway safety initiatives. FARS collects data on motor vehicle
crashes that result in the death of an occupant of a vehicle or a non-motorist within 30 days of
the crash. FARS contains data on all fatal traffic crashes within the 50 States, the District of Co-
lumbia, and Puerto Rico.

Westat explored the relationship between belt use and selected pre- and post-crash
variables among vehicle occupants 65 and older. For the analyses, Westat included only pas-
senger vehicle occupants over 65 with known seating positions. Although the data analyses
were extremely informative, one must consider the following factors when interpreting results.
FARS includes only those people who were involved in a motor vehicle crash in which one or
more persons died within 30 days of the crash; people in crashes with no fatal injury are not in-
cluded in the FARS data set. Excluding crashes without a fatal injury can skew results and af-
fect interpretations. To illustrate, in a crash between two vehicles, belt use in the first vehicle
affects the FARS inclusion probabilities of the second vehicle occupants. If the first vehicle’s
driver is belted, the driver has a better chance of survival than if unbelted. Hence, if all the oc-
cupants in the second vehicle survive, the first vehicle occupants will not be included in FARS.
Conversely, if one or more of the occupants in the second vehicle are killed, both vehicles will
be included. Factors not relevant to a particular vehicle, or to its occupants, can determine
whether or not a crash is included in FARS.

A stepwise logistic regression was used to estimate the probability of belt use as a func-
tion of potential predictors separately for men and women. Pre-crash predictors included year of
crash, day of week when crash took place, vehicle type, age of occupant, weather, lighting con-
ditions, number of occupants, body mass index, air bag availability, vehicle model year, road
type, and restraint type. Eleven significant belt use predictors were found for men and 10 for
women. The following paragraphs summarize the results of the analyses. See Section 8.2.C for
more detailed discussion of analyses and tables.

Overall, a number of vehicle features were positively related to seat belt usage among
older vehicle occupants. Men and women were both more likely to use seat belts in cars, SUVSs,
minivans, and vans compared to light trucks. They were also more likely to wear seat belts in
vehicles with more recent model year dates (1997 and newer). The presence of an air bag in
the vehicle was associated with higher seat belt usage rates for both men and women.

Two other factors that appeared to be positively related to seat belt use were the number
of occupants in the vehicle and an occupant’s seating position. Men were more likely to use a
seat belt when there were other occupants in the vehicle than when they were alone in the vehi-
cle, the effect was similar for women. In addition, relative to the second- and third-row seating
positions, occupants in the front seating positions were more than three times as likely to use a
seat belt.
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occupants who were fatally injured during a crash were over 16 times more likely not to be using
seat belts during the crashes.
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5.0 Vehicle Design

5.1 Crash Involvement

Older adults experience a higher rate of fatalities and injuries in motor vehicle crashes
per mile traveled than all other age groups except for teenagers. The fatality rate for older driv-
ers (70 and older) calculated on the basis of annual miles traveled is nine times higher than that
for younger drivers (25 to 69) (NHTSA, 809-328, 2001). Research indicates that older adults are
more susceptible to serious injuries relative to their younger counterparts due to their increased
fragility. This fragility plays more of a role than excessive crash involvement in explaining ele-
vated deaths per miles traveled among older drivers (Braver, 2003). Programs developed solely
to reduce driving exposure of older adults do not necessarily result in reduced injuries or fatali-
ties. These programs may only result in repositioning the older adult in the vehicle and increas-
ing older passenger exposure (Austin, 2003). Results of various studies suggest a need to im-
prove both the crash avoidance techniques of older drivers and the crash worthiness of the ve-
hicles in which they travel.

One of the signs of increased fragility in older adults is a lower level of chest injury tolerance in
motor vehicle crashes. Research indicates that chest tolerance to shoulder belt loading de-
creases with age (Zhou et al., 1996), and the risk of fatality from rib fractures increases with age
(Wang, 1998). In a comparison of the characteristics of motor vehicle crashes and medical out-
comes for older (70 and older) and younger drivers (30 to 39) it was found that compared to
younger drivers, a higher percentage of older drivers were killed or hospitalized. Older belted
drivers were nearly seven times more likely to be hospitalized than younger belted drivers (Cook
et al., 2000), indicating that older adults receive less protection from their seat belts than their
younger counterparts.

The Crash Injury Research and Engineering Network (CIREN) is made up of Level 1
Trauma Centers that conduct in-depth studies of crashes, injuries, and subsequent treatments.
CIREN cases are limited to crash victims that received medical care at CIREN facilities. The
CIREN database compiles details on severe motor vehicle crashes including crash reconstruc-
tion and medical injury profiles. CIREN cases are not statistically representative of all occupants
in all model year vehicles due to the narrow case selection criteria; however, they do provide
insight into the kinds of injuries sustained in different types of crashes. As of 2002 CIREN cases
were limited to restrained occupants protected by air bags and belts. CIREN cases extending
back to 1996 are available online for public viewing (nhtsa-
nrdapps.nhtsa.dot.gov/bin/cirenfilter.dll).

In order to obtain a better understanding of the types of injuries sustained by older
adults, Westat selected all the cases with occupants 55 and older from the CIREN database for
the years 1996 to 2001. These 74 cases were examined in-depth. The numbers and percent-
ages of occupants were compared regarding the following data fields: restraint use and nonuse,
injury severity by the maximum abbreviated injury scale (MAIS) score, type of impact, and type
of collision. The level of injuries sustained by restrained older adults was compared to the level
for those who were unrestrained. In addition, injuries for older adults using seat belts were
documented in order to gain better understanding of belt-related injuries.
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Of the 74 CIREN cases with occupants 55 and older, 76% (56 cases) were using seat
belts, and 24% (18 cases) were unbelted during the crashes. Forty-eight percent of belted oc-
cupants were female, and 52% were male. Of the 56 cases where vehicle occupants were re-
strained, 52% (29 cases) suffered severe belt-related injuries including multiple rib fractures,
sternum fractures, and contusions to the inner organs such as the lungs or liver; 20% suffered
other types of contusions or abrasions in which seat belts were indicated as the source of inju-
ries; and 29% suffered from injuries that were unrelated to the belts.

Frontal impacts represented 67% of the cases for belted occupants. For both the belted
and unbelted older occupants, crashes at intersections represented approximately 40% of the
collisions. Ninety-two percent (23 cases) of the 29 cases with severe belt-related injuries were
sustained in frontal crashes.

The following paragraphs are examples of cases where seat-belt-related injuries and
age were specifically mentioned in the CIREN reports evaluated:

0 The case of a 55-year-old female driver restrained in a lap/shoulder belt in a fron-
tal crash who suffered rib cage fractures of three ribs on each side with hemo-
pneumothorax (certain) and a sternum fracture (probable) from the belt restraint
webbing/ buckle. The injury analysis stated that “the severe delta V and age of
this occupant resulted in the fracture patterns to the ribs in the location of the
safety belt across the chest.”

0 The case of a 63-year-old female driver restrained in a lap/shoulder belt in a fron-
tal crash who suffered clavicle fracture (certain) and rib cage fractures of two or
three ribs (probable) from the belt restraint webbing/ buckle. The injury analysis
stated that “due to the older age of the driver the safety belt loading on the chest
resulted in the injuries.”

0 The case of a 69-year-old male driver restrained in a lap/shoulder belt in a frontal
crash who suffered chest arteries laceration (probable) and vertebral artery inti-
mal tear (probable) from the belt restraint webbing/ buckle. The injury analysis
stated that “as the vehicle rolled onto its side the restrained occupant fell to the
right but was held by the safety belt. The inertial load on his neck in conjunction
with the occupant’s arthritic changes in his neck, were the cause of the vessel in-
juries.”

0 The case of a 72-year-old female driver restrained in a lap/shoulder belt in a fron-
tal crash who suffered rib cage fractures of more than three ribs on one side and
at least three ribs on the other side (possible) from the belt restraint webbing/
buckle. The injury analysis stated that “with this driver being elderly it is common
to see the rib fractures due to the significant loading on the safety belt.”

0 The case of a 75-year-old female driver restrained in a lap/shoulder belt in a
side-impact crash who suffered cervical spine cord damage (certain) from the
belt restraint webbing/ buckle. The injury analysis stated that “the occupant was
only 5’ 5” tall indicating that the safety belt was rather high. When the occupant’s
body moved left toward the door, the safety belt acted as a pivot point, resulting
in her neck and head rotation over the safety belt.”
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0 The case of a 64-year-old male driver who was not restrained in a seat belt in a
frontal crash and who sustained several head and brain injuries from contact with
the windshield and deploying steering wheel air bag. The injury analysis stated
that “this case is an example of a heavy unbelted elderly driver sustaining severe
and fatal chest and head injuries in a severe offset frontal crash because of
overpowering and getting over a pre-deployed air bag. Had the driver been using
the available three-point belt it is very likely that his head would not have con-
tacted the windshield header and his chest would not have loaded through the air
bag into the steering wheel, thereby significantly increasing the likelihood that he
would have survived this crash. The limited number and decreased severity of in-
juries sustained by the belt only restrained elderly female in the right front pas-
senger seat provide an interesting comparison with regard to the importance of
using a three-point belt in a severe frontal crash.”

In spite of the fact that older adults are more vulnerable to injuries from seat belts in a
crash, seat belts have a significant impact on the survivability of crashes regardless of age. A
study reviewing the medical charts of 382 older patients involved in motor vehicle crashes from
a Level 1 Trauma Center, the Rhode Island Hospital Department of Emergency Medicine, re-
vealed that while belted individuals were more likely to suffer neck strain and chest contusions,
unbelted occupants were more likely to suffer more severe injuries such as open head wounds.
In addition, the unbelted patients had higher hospital admission rates, higher hospitalization
charges, and increased mortality (Coley et al., 2002).

In 2002, Khattak et al. studied crash data from lowa from 1990 to 1999 to examine the
factors that contribute to more-severe traffic injuries among older drivers. Traffic injuries were
rated on the KABCO scale: Killed, A-Type (incapacitating), B-Type (visible), C-Type (complaint
of pain), and PDO (property damage only). A majority of the crash victims in their sample were
between 65 and 75. Their findings indicated that advancing age increases the propensity of
more severe injury on the KABCO scale. However, unrestrained older drivers incurred more se-
vere injuries relative to those older drivers that were restrained.

5.2 Vehicle Design Issues

In order to reduce fatality rates it is important to address fragility in older adults via vehi-
cle modifications such as improvements in vehicle crashworthiness and restraint systems. Key
issues that affect the usability of vehicles for drivers of any age group are entry/egress, seating
position and comfort, perception of the environment, navigation, obtaining external information,
and occupant safety (Steinfield, 2001).

Marketing is a high priority in decision-making among vehicle manufacturers. Vehicle
designers have begun to take ergonomics and older drivers into account as this population will
account for more than half of future car buyers. A recent Wall Street Journal article “Marketing
Surprise: Older Consumers Buy Stuff, Too” describes the strength of this fast-growing consumer
group. In 2001, the Federal Reserve identified Americans over 50 as controlling 67% of the
country’s wealth (Greene, 2004).
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As a general rule, manufacturers are focused on safe and comfortable vehicles that may
be specifically packaged and marketed to the general population rather than one segment (older
adults). Universal design is an approach used by human factors engineers to design vehicles for
people who are older as well as for the general population. lllustrations of this approach are lar-
ger knobs and instrument panels. Universal design can improve the usability of automobiles for
frail older adults and have benefits for other age groups as well (Steinfeld, 2001). Ford is one of
the first vehicle manufacturers to adopt this outlook. Ford designers are currently working on
models that will be good for all occupants, not just older adults. Marketing strategies also target
all age groups, since Baby Boomers are not interested in vehicles marketed as user-friendly for
older adults. Ford sees this design and marketing strategy as more useful in the long term. De-
sign requirements for older drivers are not necessarily unique; many people occasionally ex-
perience difficulty with the same vehicle features that challenge older adults, especially people
with a variety of needs such as pregnant women, small drivers, and those with temporary inju-
ries (Nicolle, 1995).

In collaboration with Loughborough University, Ford developed the “Third-Age Suit” that
enables vehicle designers to experience the limitations in performance that are normally associ-
ated with aging. By wearing the suit, designers can better understand the decreased mobility,
vision, and tactical sensations that come with old age and other physical conditions. This suit
adds bulk and restricts movement in the knees, elbow, stomach, and back. The earliest Ford
Focus is the first vehicle model to benefit from this research (Broge, 2001). The Focus comes
with features such as a higher seating position, extra-wide doors, large controls and nonreflec-
tive interior surfaces to reduce glare. In 2002 Ford’s Mobility Motoring Program unveiled a Ford
Focus ZX3 with power-swivel driver and passenger seats, and hand controls with simultaneous
one-hand control of both throttle and brake. More recently, Ford has also designed the 500, a
sedan that will appeal to Baby Boomers. The 500 has some popular SUV features including
raised seating for easier ingress and egress, and all-wheel drive. Neither the Focus nor the 500;
however, are marketed as vehicles for the aging population because Ford believes that Baby
Boomers do not like to hear that they are aging (Greene, 2004).

General Motors has teamed with the Beckman Institute at the University of lllinois for a
multiyear study on driver distractions and how older adults interact with in-vehicle technologies.
The Cadillac DeVille currently has an optional night vision system that uses infrared technology
to provide additional visual information during nighttime driving (Ehrenman, 2003). GM has also
incorporated some additional convenience features that are easier for older adults. The Chevro-
let Impala has a dashboard ignition switch so that the driver doesn’'t have to twist around the
steering wheel, oversized knobs for climate control, bigger inside door latches, large outside
mirrors, and an inside gauge that reports tire pressure. GM also raised the popular Corvette's
opening height 2 inches to make rising up and out of the low-slung car easier (Ford, 2000).

Lear Corporation also conducted an 18-month study on aging Baby Boomers to under-
stand the physical limitations of this group, and identify how best to meet their needs. Lear
polled a panel of men and women 50 to 70 on methods of ingress and egress, four-point seat
belts, seating adjustments, controls and display colors. The study consisted of five focus groups
and a two-day seminar on “Designing Vehicle Interiors for the Mature Driver.” Based on the re-
sults of the study, Lear designed the “TransG” or transgenerational concept vehicle for aging
Baby Boomers. The TransG automotive interior is designed so its features can accommodate
the needs of any passenger. The vehicle includes a variety of features specially designed to ac-
commodate maturing Baby Boomers (PRNewswire.com, 2000). The powered rotation seats
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swivel outwards at a 45-degree angle and were identified by the study participants as the most
comfortable for ingress and egress. The TransG incorporates four-point seat belts that are easy
to reach and buckle. Occupants slide their arms through the belts positioned on either side of
the seat and latch the front buckle using both hands. The belt also includes an air collar that in-
flates to protect the head and neck in the event of a crash. Lear found that the four-point belt
met the consumers’ desire for extra safety, was easy to use, and because of the similarity to the
race cars, did not make them feel old (Ehrenman, 2003). Additional older-friendly features in-
clude high-contrast displays, larger controls, air curtains, and cushion restraints in the seats.

5.3 Seat Belt Designs

In recent years various improvements have been made to the traditional three-point
lap/shoulder belt including more comfortable materials, buckles that are easier to use, stronger
webbing, and emergency locking retractors that lock the belt in position during a crash, but allow
the occupant to sit comfortably in the seat belt. Vehicle and seat belt manufacturers are now
working on a variety of innovative seat belt systems. These newer designs have the potential to
enhance the safety of older adults, decrease the current level of injuries and fatalities, and in-
crease older adults’ use of occupant restraints. These new seat belt designs must be tested
both for their ability to prevent injuries and for their acceptability to the consumer.

There are a number of factors that are important when designing an acceptable seat belt
(Natalani et al. 2001). Three are described below:

o Ease of use -- Traditional seat belts require that occupants twist their torsos in one
direction to reach the belt and then twist their torsos in another direction to fasten the
belt. This motion can be difficult for older people with a limited range of motion and
may discourage them from using their seat belts.

o Fit -- Differences in torso height and weight can cause the traditional seat belt to fit
awkwardly across the necks, stomachs, and chests of some occupants.

o0 Comfort -- When a belt does not fit correctly it can be uncomfortable, which may
cause an occupant to adjust the belt in a way that may compromise safety. For ex-
ample, a small-statured woman may move the shoulder belt under her arm so that it
does not cut across the neck.

The most promising seat belt systems currently in the design phase include four-point
seat belts and inflatable restraints (see Section 8.3 for photographs). A number of manufactur-
ers, including Daimler-Chrysler, Ford-Volvo, GM, Lear, Saab, and TRW are developing different
versions of four-point seat belts that have the potential to distribute crash forces across more of
the body, and thus minimize the impact of the seat belt on the body during a crash.

5.4 Seat Belt Design Acceptability

Since the 1990s both General Motors and Ford have been investigating the safety of
Indy race car drivers involved in high-speed frontal crashes using double shoulder harnesses.
They found few chest injuries. Based on these studies Ford began to study and design a four-
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point seat belt in which the belt system is anchored to the seat or vehicle at four different points
(Rouhana, 2003). Researchers examined both the effectiveness of the four-point design in
crash tests and its acceptability by the public.

The initial system geometry of the four-point system developed by Ford is based on re-
search conducted by Ford and Lear Corporation. Researchers recruited 44 coworkers of varying
height and weight; the participants fit anthropometric extremes that were thought to limit the ef-
fectiveness of the belt system. They participated in a 30-minute evaluation in which they were
exposed to eight different shoulder belt configurations while sitting in a test seat simulating a
driver’s position in a vehicle. Participants rated each belt configuration. The results of this study
suggested that avoiding interaction between the shoulder belt and the participant’s neck im-
proved the overall acceptability of the system. Participants preferred belts that lay flat across
their shoulders as long as the belts do not interfere with the neck (Natalani et al., 2001).

In 2001 Ford conducted clinics at the Detroit Auto Show and the Frankfurt Auto Show to
gauge customer acceptance of the four-point belt designs. Two thousand people varying in age,
size, and demographics tried on three belt systems:

o0 three-point seat-integrated belt,
o four-point V-belt (V-4), a suspender style with a buckle in the front,
o four-point X-belt (X-4), a criss-cross design with buckles on the side

Researchers used a laser scanner to record body dimensions and also recorded weight,
height, and age. The V-4 style was overwhelmingly preferred by about 80% of the participants in
the U.S. show and by 75% of the participants in the European show. Older adults especially
liked the V-4 because they found it to be comfortable and felt safer. The V-4 is easy to use be-
cause it is donned similar to a back pack with occupants leaning sideways (rather than twisting)
to pull on each of the suspender like straps, the buckle is easily accessible in front on the ab-
domen, and the straps rarely cut across the neck.

As mentioned above, the Lear Corporation incorporated integrated seat belts with a four-
point V-style design in its Trans G concept vehicle for older drivers. The center positioned
buckle is easy to see and latch, making the act of fastening the belt much easier for people with
limited dexterity or limited range of head motion. This four-point style is also more comfortable
because it does not cut across the chest on a diagonal (Steinfeld, 2001).

At TRW, internal experiments were conducted with employees regarding four-point seat
belt designs. The results were somewhat different from those cited above. TRW found that while
older adults appreciated visible buckles, they had difficulty donning the belts. Specifically, they
had difficulty getting the straps over their shoulders. In recent meetings with NHTSA personnel,
GM also indicated that its research shows that people found the four-point belts to be uncom-
fortable.

5.5 Seat Belt Design Crash Testing

Following the assessments of customer acceptability, Ford conducted comparative crash
tests on three designs: the three-point belt, the four-point V-belt (V-4), and the four-point X-belt
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(X-4). The crash tests were of frontal impacts using FMVSS 208 procedures to measure the risk
of thoracic injury.

In the first stage of crash tests with the V-4 system, the Test Device for Human Occu-
pant Restraint (THOR) dummies showed evidence of negative chest deflection in the lower part
of the ribcage, and marked reductions in chest deflection compared to both the X-4 and the
three-point belts. These results indicated a reduction in the chances of chest injury to the occu-
pant (Rouhana, 2003). The V-4 system reduced chest deflection by a factor of 2 for both the
50" percentile male and the 5™ percentile female dummy. On the other hand, the X-4 increased
chest deflection, and the risk of chest injury, for both the 5™ percentile and 50" percentile dum-
mies.

Cadaver tests were then run on 79-, 75-, 72-, and 40-year-old bodies for the three-point
and V-4 belts. Four of the V-4 cadaver tests resulted in negative chest deflection measurements
and the other tests also achieved very low results (lower than for the three-point belt), indicating
a zero or very low risk of injury from the V-4 belt in a frontal crash (Rouhana, 2003). The V-4
design is easier on the body due to its use of vertical shoulder belt webbing from shoulders to
pelvis. This design allows the belt webbing to behave like a flexible cable, minimizing stress
transmitted to the chest. The load from the belt is shifted to the clavicles and pelvis, reducing
chest compression. Additional tests are currently underway at Ford assessing the potential for
neck injuries in a far-side impact (for occupants seated on the side opposite from the struck
side) and the risk of fetal injury in pregnant occupants due to the buckle situated in front of the
abdomen.

Current occupant restraint standards are based on the 95" percentile male from the
1960-70s. For new seat belt features and designs to become standard, benefit analyses indicat-
ing the positive effect of these designs for a large population will need to be conducted. At this
time, four-point seat belts are not within the FMVSS standards and are still considered to be in
the research and development phase. Experts believe that if the additional tests for pregnant
females and far-side crashes are positive and the new design is shown to have the potential to
save many lives, United States, Canadian, and European authorities may be agreeable to
changing the standards.

An additional innovative seat belt design that may affect older occupants is the inflatable
belt. These belts use sensors similar to those in air bags and would need to be replaced follow-
ing a crash. The inflatable belt distributes forces more evenly across the chest. Ford is currently
working on a prototype for rear-seat passengers, where the frontal air bag is unavailable. The
design is especially beneficial to children and older adults. Designing an inflatable belt that will
be comfortable to wear is considered a challenge by most manufacturers.

5.6 Additional Design Features

There are a number of additional developments in vehicle design that may affect seat
belt use in the older population. Some of these features may be found in many of the new vehi-
cles on the market while others are still in the development phase. These design features
should improve safety without impairing comfort or the ability to market the vehicle. Photographs
of some of these features are included in Section 8.3.
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Belt Force Limiters

The belt force limiter feature is an energy management device, also termed load limiter.
It is intended to reduce the risk of rib fractures due to shoulder belt forces. Load limiters were
designed to optimize restraining forces while taking into account the broadest possible popula-
tion, including older adults (Bendjellal, 1998). Load limiters have been shown to benefit a rela-
tively large number of individuals in specific crash scenarios. Data from the New Car Assess-
ment Program (NCAP) crash tests demonstrate that load limiters result in a reduction in chest
acceleration and chest deflection scores for right-front passengers (Walz, 2003). NHTSA en-
courages manufacturers to incorporate load limiters and identifies vehicle models with this fea-
ture in the NCAP ratings.

Belt Pretensioners

Belt pretensioners retract the seat belt to remove excess slack in a crash. A pretensioner
is a one-time-use device similar to an air bag, and needs to be replaced after a crash. NCAP
crash tests show that pretensioners are effective in reducing Head Injury Criterion (HIC) scores
for front-seat occupants as well as chest acceleration and chest deflection scores for right-front
passengers (Walz, 2003). Numerous vehicle models include pretensioners as standard equip-
ment because they are among the safety features listed in the NCAP crash ratings, but are not
required in the FMVSS standards.

While pretensioners have the capability to reduce injuries, reversible “hypertensioners”
that retract the seat belt pre-crash and even reposition the occupant prior to impact, may cause
rib fractures in older adults. These hypertensioners are part of the Advanced Safety Interior
(ASI) portfolio of advanced technologies currently advertised by Delphi Automotive Systems.

Dynamic Optimization

Dynamic optimization systems use sensors to fit the restraint system to the occupant in
the event of a crash. They are older-friendly because they minimize forces applied to the body,
minimize local forces, and control the kinematics to avoid contact with hard vehicle components
such as the B-pillar. Dynamic optimization systems include force limiting (load limiting) and pre-
tensioner components of seat belts, multistage inflators that deploy less forcefully in moderate
crashes than in very severe crashes, and additional relevant occupant safety technologies (Fair-
fax CIREN, 2001).

Identification Technologies

Identification technologies, an additional possibility for sensing, use a type of keyless en-
try transmitter or fingerprint identification programmed with information about the occupant re-
garding age, sex, physical conditions, and size. This technology may be difficult to put into prac-
tice for reasons of cost, the advanced nature of this type of system, and the issue of privacy of
the driver and passengers.
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Integrated Seat Belt Systems

This system incorporates the restraint into the body of the seat so that it allows the seat
belt to move with the occupant when the seat is moved. The belt is easier to reach relative to
belts that are attached to the floor or pillar, but it is more costly to implement.

Seat Belt Height Adjustors

The seat belt height adjustor is a D-ring mechanism located on the B-pillar on the side of
the vehicle allowing the occupant to adjust the shoulder belt to a comfortable height. Many older
drivers are unaware of this feature although it is now available on many vehicle models. At Del-
phi they are trying to think of methods to increase awareness of this feature.

Seat Belt Presenters

Ford's work with the Third Age Suit has helped designers better understand how aging
can affect various sensory and motor abilities, including the ability to see, reach, and feel seat
belts. Some work has been done in the past on belt presenters that use electronics and robotics
to automatically present the seat belt when the occupant sits in the vehicle. This type of design
would be especially suitable with pivoting seats that are also comfortable for older drivers. Ford
consulted on this with an outside design team who conducted tests with older adults, showing
positive results. The system was never adopted and tested by Ford, possibly due to the positive
results found for the V-4 belts.

Seat Belt Reminder Systems

Safety belt reminder systems are designed to remind drivers (and in some models, pas-
sengers) to put on their seat belts. The system usually uses some combination of a lighted dis-
play and audio chime. The reminder systems have been found to be most effective for part-time
users, and therefore, may be especially effective for older adults. NHTSA, the American Society
on Aging, and the Academy for Educational Development conducted a series of focus groups
with older adults in 2002. Focus group participants identified seat belt reminder systems as a
reason why they use their seat belts.

Sensors

As a result of FMVSS 208, sensors are being installed in new vehicle models as part of
the air bag system. The sensors currently are tailored to identify weight and height; and there-
fore, inflate the air bags in a variable manner for large occupants in high speed crashes or
smaller occupants in low speed crashes. Current sensor technologies will identify a 5", 50", or
95™ percentile adult, but will not identify the age of the driver or the driver’s physical condition. It
is possible to connect these same systems to the seat belt mechanism.
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5.7 Aftermarket Devices

There are a number of aftermarket devices that may increase seat belt use among older

adults. These devices offer a better fit or promote ease of use in pulling the seat belt out or in
buckling the latch plate. Many of these devices are readily available in auto supply stores, medi-
cal supply stores, or catalogues mailed to the general public. NHTSA does not advocate or ad-
vertise aftermarket devices. The following aftermarket devices were mentioned by the experts
Westat contacted:

(0]
(0]

Seat belt pad or sheepskin cover -- provides more padding and comfort for the user.
Seat cushion -- raises the upper body for a better fit by the belt across the shoulder
and hips.

Pivoting seat -- raised disk that allows for easy egress, raises the upper body, and
results in a better fit for the lap/shoulder belt.

Ribbon or plastic loop- used to pull the seat belt latch plate towards the body.

Seat belt adjusters -- position the latch plate so that it is easier to reach for fastening
(should be installed by dealership).

Seat belt extender -- extends the buckle so that it is easier to fasten the seat belt
(should be installed by dealership, not available in all vehicle models).

The University of Massachusetts Gerontology Institute developed a video, Keep Moving

Longer: Features for Safe Driving, which models various inexpensive aftermarket devices to in-
crease comfort and safety for older adults in vehicles. The video identifies a number of features
that may increase ease and comfort using seat belts:

O O0OO0OO0Oo

Seat belt pad
Ribbon on seat belt
Seat cushion

Seat belt extender
Seat belt adjuster

In addition, occupational therapists and driver rehabilitation therapists teach older adults

about these adaptive devices. They are an inexpensive way for older adults to get a better and
more comfortable fit with their seat belts in their currently owned vehicles.
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6.0 Media and Education Campaigns

Successful implementation of a safety program will require an effective campaign to in-
form the public of the program, heighten awareness of the expected benefits, and encourage
compliance with the State’s seat belt law. The theory is that with a more comprehensive under-
standing of the rational basis and safety benefits of wearing a seat belt, vehicle occupants will
be more likely to comply with the law. The material for such a program must inform the public in
a manner that reflects the community’s societal goals and objectives. Accomplishing the public
information and education objective requires that key public agencies and public figures buy into
the program and implement it in an effective manner.

Effective public information and education campaigns focused on safety are often multi-
pronged efforts. A number of public information and education campaigns have been developed
and successfully implemented in conjunction with strict enforcement. Buckle Up America (BUA)
is a national campaign to increase the correct use of seat belts and child safety seats in an ef-
fort to save lives and prevent injuries. It includes the Click It or Ticket campaign which is de-
signed to encourage motorists to fasten seat belts. The Click It or Ticket enforcement and
awareness campaign is typically conducted in the spring. In addition, NHTSA has developed
and implemented national crackdown campaigns to prevent impaired driving crashes and fatali-
ties.

Through discussions with experts and extensive Internet searches, Westat identified a
number of media and education campaigns that concern older drivers or seat belts. While none
of these programs specifically promote seat belt use among older adults, many of them refer to
the importance of seat belt use or offer information that may influence seat belt use by older oc-
cupants. The following section identifies these various media and educational programs.

6.1 Media Campaigns

GrandDriver is a media campaign developed by the American Association of Motor Ve-
hicle Administrators (AAMVA) in partnership with AARP, AAA, NHTSA, and other organizations
to increase knowledge among older adults about changes in driving ability with age and to pro-
mote discussion with their adult children or caretakers. The program was piloted in the greater
Washington DC area. Pulitzer-Prize-winning author and gerontologist Dr. Robert Butler served
as the GrandDriver spokesperson on radio and television spots. The program includes a speak-
ers’ bureau, a Web site, and a toll-free telephone line. The GrandDriver brochure includes basic
rules of driving including Always, always wear a seat belt, and recommends vehicle features
such as height-adjustable seats and seat belt anchors. References to seat belts are also made
in the speeches presented by the speakers’ bureau. However, there are no tips on how to in-
crease comfort and seat belt use among older vehicle occupants. The GrandDriver program is
now being offered to the States in the form of a media kit. Opinions as to the success of this
campaign are mixed. Although GrandDriver had a great amount of exposure in the area, the
actual percentage of older adults who were affected by the program is unknown. Material from
the GrandDriver Campaign is included in Section 8.4.A.

The Buckle Up America (BUA) program is a national initiative that began in 1997. Its
main focus is to increase the use of seat belts and child restraints. BUA includes four compo-
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nents: building partnerships, enacting new legislation, conducting strong enforcement, and ex-
panding public information and education directed at the general public. BUA does not have any
component that is directed specifically at older drivers; however, it may be possible to conduct a
campaign for older adults under the auspices of BUA similar to current programs that serve
other specific demographic groups (see Section 8.4.B and 8.4.C). The BUA contact mailing list
is comprised of many entities and individuals who deal with older drivers on a regular basis, in-
cluding health professionals, hospitals, law enforcement, and fire personnel.

The National Conference of Black Mayors works in cooperation with NHTSA on the
Mayors’ Challenge to Buckle Up America, specifically geared towards Black communities na-
tionwide. The program provides funding for local communities to conduct traffic safety programs
along with a pre- and post-observational seat belt survey. The programs target schools, civic
groups, churches, and law enforcement in a campaign to increase seat belt and child restraint
use. Currently there are no local programs geared specifically towards older adults; most of the
emphasis is on teen drivers and child restraints. It may be possible to conduct public awareness
campaigns for older Black adults via faith-based programs or refresher driver courses within the
framework of the Mayors’ Challenge.

6.2 Driver Assessment

CarFit is a program under development as a partnership between the American Society
on Aging (ASA), AAA, AARP, and American Occupational Therapy Association. CarFit is a 20-
minute assessment of the older driver in a motor vehicle. The assessment tool is a checklist de-
veloped by occupational therapists and experts in the field of older driver research. One item on
the checklist is seat belt use. The assessor checks for use versus misuse and ease of use.

Various material will be provided to the older driver after the checklist is completed. This
material will be tailored to each community. The draft of the material includes a section on seat
belts and can be found under Follow Safety Procedures. Topics included in the section are:

Crash statistics for people over 75 who do not wear seat belts;
Strategies to remain safe in a car;

Directions on how to use a seat belt; and

A Web site for additional information at
www.aarp.org/life/drive/safetyissues/Articles/a2004-06-22-carsafety.html

O O0OO0Oo

Ten national sites have been selected for the pilot program, commencing in January
2005. CarFit will train volunteers from law enforcement agencies, aging agencies, social service
agencies, and other concerned organizations to conduct the assessments. In addition, there will
be driving rehabilitation specialists at each site. The driving rehabilitation specialists will not be
paid for their time but they will have the opportunity to have their programs referred to in the ad-
ditional material and a chance to meet with potential clients. The CarFit program will be con-
ducted at public venues such as senior centers. The goal of the CarFit program will be to oper-
ate in a variety of community-based settings, and it will be used in the framework of programs
such as driver refresher courses. A recent draft of the CarFit checklist is included in Section
8.4.D.
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6.3 Brochures

NHTSA has brochures available on its Web site. One brochure specifically targets seat
belt use, How Wearing Seat Belts Can Help You Save Money, Time, and Your Life. This bro-
chure provides details on correct usage including:

0 Adjust the lap belt to fit low and tight across your hips/pelvis, not your stomach area;
0 Place the shoulder belt snug across your chest, away from your neck; and
0 Never place the shoulder belt behind your back or under your arm.

Another useful source of information on seat belt design and safety features relevant to
older adults can be found in NHTSA’s brochure and Web site Buying a Safer Car. This annual
brochure provides the crash test performance results on new vehicle models as well as informa-
tion on safety features. Older adults who are considering purchasing a new vehicle will be able
to learn more about features that will make seat belts easier to use and may provide them with
additional protection in the event of a crash. Explanations are provided for the following seat belt
features: adjustable upper belts, belt extenders, pretensioners, energy management features
(load limiters), and seat belt reminder systems.

AAA has developed a brochure titled Crash Protection: For People Who Enjoy Living.
This brochure describes the need for crash protection, how to choose a safer vehicle, and pro-
vides details on seat belts including the parts of the belt and correct use of the lap and shoulder
belt. AAA also has recently updated a brochure series called Straight Talk for Mature Drivers
geared towards older adults. The series covers topics such as vision, prescriptions, and vehicle
maintenance. One brochure in the series titled Buying a Vehicle emphasizes the need for seat
belts that fit, and encourages use of seat belt adjustors that will allow the belt to fall across the
shoulders properly.

The AAA Foundation for Traffic Safety designed two self-administered tests for drivers
55 and older who are interested in evaluating their own driving abilities. These self-assessment
tools are titled Drivers 55 Plus: Test Your Own Performance and Roadwise Review. Both as-
sessment tools are Web-based, and allow drivers to assess their abilities privately from their
own homes.

Drivers 55 Plus: Test Your Own Performance is also available as a free brochure. The
rating form includes a test question on seat belts. Under suggestions for improvement there is
information on seat belts, an explanation of the need for a seat belt to prevent injuries, and a
recommendation to consult with a mechanic about adjusting the seat belt if it is uncomfortable.
The brochure also includes a diagram to show the correct position of the seat belt on the occu-
pant. The test in its brochure format is included in Section 8.4.E.

6.4 Web Sites - Information Sources

The American Occupational Therapy Association (AOTA) is currently working with
NHTSA to increase the involvement of occupational therapists in older driver safety. Under the
auspices of the Older Driver Initiative, AOTA recently designed a comprehensive older driver
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Web site, www.aota.org/olderdriver. The site is directed toward occupational therapists, older
drivers, and caregivers for older adults. The site has a number of helpful tools including a Read-
ing Room with a bibliography that consists of topic areas like occupational therapy, older driv-
ers, motor vehicle crash injuries, and mobility. There are links to various online resources such
as AOTA'’s library and Medline. A section for consumers and caregivers addresses driver safety
tips that include information on the correct use of seat belts: “Wear your seat belt — and wear it
correctly. (It should go over your shoulder and across your lap.)” The site also has links to a di-
rectory for purchasing aftermarket adaptive equipment that can be used to enhance comfort
when wearing a belt. At this time there is no link or brochure that is devoted exclusively to older
drivers’ use of seat belts. Excerpts from the AOTA older driver Web site are in Section 8.4.F.

AOTA'’s Older Driver Initiative has developed a curriculum on Older Driver Safety for oc-
cupational therapy programs. The Older Driver Education Module is in its final stages of revi-
sion. Preliminary copies have been sent out for review. The curriculum format is a 1- or 2-day
module. The module includes information on seat belts and how occupational therapists can
teach clients to buckle up appropriately. NHTSA and AOTA are seeking to include the module
on older drivers in the requirements for professional licensing so that all the programs will be
required to teach the material.

The National Association for Area Agencies on Aging (N4A) is developing a Web site
clearinghouse on older driver safety with a grant from NHTSA. The project is being conducted in
stages. N4A will be reviewing literature and compiling a list of best practices. Area Offices on
Aging will be sent a brochure encouraging them to apply for seed grants to set up local driver
safety programs. Based on the success of these programs, and the information collected from
other sources, N4A will set up a Web site with information about older drivers. At this time there
is no definite plan regarding the material content that will be included on the web site.

The American Medical Association (AMA) completed work on a Physician's Guide to Assessing
and Counseling Older Drivers. The Older Drivers Project at AMA did not focus on seat belt use
by older adults; however, the project identified various physical conditions that may affect seat
belt use. These conditions include arthritis, reduced muscle strength, obesity, and kyphosis
(curvature of the spine). The last chapter in the Physician’s Guide gives a series of recommen-
dations on research and planning for safe transportation for older people, including a recom-
mendation regarding vehicle design. Vehicle manufacturers are encouraged to explore and im-
plement enhancements in vehicle design that address and compensate for physiological
changes that occur in older drivers. In particular, the AMA encourages the development of vehi-
cle designs based on the anthropometric parameters of older people. Certain add on features,
such as padded steering wheels and seat adjuster handles could make current vehicle designs
safer (Wang 2003).

Additional Web sites with useful information on older driver safety include:

www.seniordrivers.org This Web site is sponsored by the AAA Foundation for Traffic
Safety. The Web site design is directed at the older driver. Under the heading “Getting Ready”
there is a video and text on mirrors and head restraints. However, no information is presented
regarding seat belts, or their proper usage.

www.aarp.org/life/drive/ AARP has devoted a section of its Web site to driving and driv-
ing safety. The Web site includes car safety tips for buying a motor vehicle. The first listed
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safety feature is seat belts. AARP also provides links to other organizations' Web sites for addi-
tional information on safe driving.

6.5 Driver Education

Researchers at the Gerontology Institute of the University of Massachusetts, Boston, are
working on a study “Promoting Safe Mobility among Elders by Increasing Awareness of Vehicle
Modifications.” This project includes focus groups with older adults, a video demonstrating after
market vehicle modifications, and a pre- and post-survey to assess changes in awareness of
the vehicle modifications as well as the likelihood of using such features (Silverstein et al.,
2005).

The video titled Keep Moving Longer: Features for Safe Driving models the use of low-
cost modifications designed to increase safe driving among older adults. Specific features that
enhance ease and comfort when using seat belts are seat belt pads, ribbons attached to the
seat belt, seat belt extenders, and seat belt adjusters. Other features demonstrated in the video
include: visor extenders, a seat cushion, convex mirrors, pedal extenders, and support handles.
Older adults are also provided with information on the cost of the various features and sugges-
tions on where to find them, Web resources on older drivers, and features to look for in a new
car. Copies of these documents are included in Section 8.4.G.

A number of organizations offer Driver Refresher Courses. The most widely available
are: AAA Safe Driving for Mature Operators Program, AARP Driver Safety Program (formerly
referred to as 55 Alive), and the National Safety Council’s Defensive Driving: Coaching the Ma-
ture Driver. All these education programs include information about seat belts. The basic mes-
sage is to make sure to wear a lap and shoulder belt at all times because a seat belt is the best
way to avert injury in the event of a crash.

The AAA program’s Driving Emergencies video (Module 6) includes an explanation
about restraint systems. Although the video shows the proper positioning of the seat belt, it does
not go into detail about adjustable shoulder restraints. The AARP Driver Safety Program in-
cludes a video clip that demonstrates different methods of adjusting the seat and belt so that it
will fit properly. AARP conducted a survey of its graduates and 86% reported changing their
driving habits following the driver refresher training (Milton, 2002).

6.6 Law Enforcement

NHTSA’s A Compendium of Law Enforcement Older Driver Programs documents strate-
gies used by law enforcement agencies across the United States to reduce crashes involving
older drivers. This resource guide of older driver programs includes contact information as well
as ideas on positive community policing methods. The majority of the local efforts on behalf of
older drivers consisted of law enforcement officers teaching or presenting the various drivers’
training courses, such as the AARP or AAA courses. Another common program is TRIAD.
TRIAD is a cooperative effort between local law enforcement and older adults in the community
to reduce senior victimization.
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Law enforcement officers conduct outreach programs that address the use of seat belts,
but it is not the focus of any specific program for older adults. For example, lowa State Patrol
education officers and lowa driver license examiners are available to talk to older adult groups.
They include seat belt use in their talks.

NHTSA will be funding a curriculum for law enforcement on how to approach older driv-
ers when they are pulled over for a traffic offense, and in their daily contact with older adults in
the community. The training will be developed via the Transportation Safety Institute (TSI). The
course will be composed of six to eight modules, each around 30 minutes long, and will include
instructor as well as student material. Training will take place at police departments in their
States. Otherwise the curriculum will be promoted through the TSI catalog and forwarded as
requested to departments as a stand-alone training course. The curriculum will include informa-
tion on the importance of seat belts and how to react when you pull over an older driver who is
not using a seat belt. It is important to ticket older adults but also to teach them about the impor-
tance of seat belts.

Some experts believe that laws will not be enough to convince Baby Boomers of the im-
portance of seat belts. Media and education programs will be needed to explain why seat belts
are important.

6.7 Local Programs

The Florida Department of Highway Safety and Motor Vehicles received a grant to print
a brochure for older adults on driver-vehicle fit. The brochure will include information on how to
use a seat belt properly and how to make seat adjustments. The brochure will also contain de-
scriptions of different adaptive equipment. In addition, the Safe Communities Lifelong Mobility
Center at Florida Atlantic University developed an assessment program of driver-vehicle fit for
healthy older adults in South Florida as part of a local Safe Communities program. One instruc-
tor at the Pasco Pinellas Area Agency on Aging in Florida adds an additional component to the
National Safety Council Mature Driver course that she teaches in the area. She conducts
hands-on “car fit” assessments with the students. Older adults can then model this behavior in
their own vehicles. The hands on component includes: correct use of a seat belt, adjusting seat
belts, appropriate distance from the seat to the steering wheel, and information on adjusting
seats. Seniors enjoy this portion of the course, and in most cases she finds older adults do not
know how to adjust the fit in their vehicle. She also informs older drivers about aftermarket
adaptive equipment including lambskin covers for the shoulder belt, seat belt adjustors, seat belt
extenders, and adjustable gas and brake pedals.

The lowa DOT Office of Driver Services has a “Choices Not Chances” lowa-specific
video for older drivers. It addresses lowa licensing and safe driving including use of occupant
restraints. lowa State Patrol education officers and lowa Driver License examiners are available
to talk to older adult groups. Their presentations include information about the importance of
seat belt use for crash protection. Generally, they see the most active and competent portion of
the older adult population.

Many of the programs and campaigns identified in Chapter 6 have undergone further
development and expansion since this report was originally developed in 2004. In order to
obtain current information for the various programs and campaigns one may refer to the
various websites referred to throughout this chapter as well as the NHTSA Web site
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7.0 Key Research Gaps and Recommendations

There are a number of methods that may be used to increase seat belt use among older
adults. In consulting with experts and examining existing data and literature Westat has identi-
fied a number of key research gaps and identified recommendations for future study. The issues
that need to be addressed are examined in detail in this section and include:

e Improved vehicle designs that will result in higher rates of seat belt use by allow-
ing for more comfortable access and fit, and by providing better protection to this
fragile population in the case of a motor vehicle crash;

¢ Media programs developed and tailored to older age groups and subgroups,
possibly using existing programs and trusted resources; and

e Additional research examining the seat belt use patterns of older adults and Baby
Boomers to forecast future scenarios and develop additional programs.

Although belt use is already very high among the older adult population, a large propor-
tion of older adults continue to be involved in fatal crashes. Increasing occupant protection for
older adults can be addressed in a variety of ways. First, for older adults who are currently using
their restraint systems properly, design adjustments may be developed that deal with the
physiological changes associated with aging. To illustrate, modifications to seat belts such as
wider webbing, the introduction of inflatable seat belts, or the development of a four-point har-
ness instead of the current three-point lap/shoulder belt may provide additional protection for
this fragile population. Any one of these design features would assist in distributing restraining
forces more effectively, and limit seat belt-related injuries to older occupants. Second, efforts
must also focus on the remaining portion of the older adult population currently not using a seat
belt on a regular basis. Changes in current design, comfort, and usability as well as an in-
creased understanding regarding seat belt effectiveness in reducing injuries may persuade
nonusers to use seat belts more often.

Using injury criteria for older adults in motor vehicle crashes would provide more precise
data on the effects of seat belts on this more fragile population. NHTSA may consider revising
the injury tolerance criteria for existing dummies to replicate features of older motorists as was
stated in the NHTSA Vehicle Safety Rulemaking Priorities and Supporting Research: 2003-
2006. This data are already available in-house as the cadaver testing that has been conducted
over the years was usually on older bodies. Currently, the results from the cadaver tests are
scaled down in order to reflect the average-size 35-year-old male and smaller 50-year-old fe-
male. It is feasible to use the current data, as is, to establish new injury criteria reflecting what
happens to the older age cohort in motor vehicle crashes.

Canada is considering a proposal to make changes parallel to the provisions introduced
by NHTSA to FMVSS 208 in May 2000. These changes to Section 208 “Occupant Restraint
Systems in Frontal Impact” of the Canadian Motor Vehicle Safety Regulations are similar to the
U.S. standards with a few exceptions. In contrast to the U.S. regulations, Canada is proposing
more-stringent chest deflection limits in order to prevent and mitigate chest injuries due to the
compression by the seat belt and air bag. Transport Canada’s Draft Report Benefit and Cost
Considerations for Improving Chest Protection in Frontal Collisions in Canada states that one of
the central reasons for Canada's proposal is the increase in the number of older drivers and
their reduced tolerance to injury. In spite of a high rate of belt use by older adults in Canada, the
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United States, and Europe, older adults are experiencing a higher fatality rate per miles driven
than their younger counterparts. Canada sees improving chest protection for occupants involved
in frontal crashes as a way to protect the growing group of older occupants who display a high
rate of seat belt use but a lower tolerance to injury. Transport Canada is concerned that the new
U.S. chest deflection limits introduced recently to FMVSS 208 will not provide adequate protec-
tion for older occupants.

The current FMVSS rules do not include regulations regarding accommodations for frag-
ile older adults. Vehicle regulations regarding specific population groups are difficult to put in
place. Recognizing that the older population is rapidly growing, vehicle manufacturers have be-
gun research on this topic, to a large extent on their own initiative. Collaboration with manufac-
turers on concepts of universal design that will improve safety for older adults and will still be
marketable to the general population may lead to voluntary implementation of many of these
safety features. The IDEA Center at SUNY Buffalo houses a universal design program under
the auspices of the National Institute of Disability and Rehabilitation Research through the Re-
habilitation Engineering Research Center on Universal Design. The IDEA Center has been in-
volved in a study of older adults and passenger vehicles as well as a study on designing more
effective automobiles for older adults using the concepts of universal design. The IDEA Center
has an interest in developing universal designs for seat belts based on its research with older
adults in partnership with recognized safety organizations with crash-testing capabilities.

Given that older adults exhibit decreased range of motion, reduction in stature, and an
increased susceptibility to injuries associated with crash forces, manufacturers may be encour-
aged to explore and implement enhancements in vehicle design that address and compensate
for age-related physiological declines in addition to fragility. In particular, manufacturers might
want to concentrate on vehicle designs based on the anthropometric parameters of the older
adult population such as their physical dimensions, strength, and range of motion. They could
specifically design vehicles with easy entry/egress, seating safety and comfort, and comfortable
and effective seat belt systems (American Medical Association, 2003). In terms of improving oc-
cupant protection, data suggest that efforts to protect the chest region would likely substantially
reduce injuries. This might be accomplished with the use of air bags, as well as modifications to
seat and restraint system design to reduce belt-related injuries or to redistribute the load ab-
sorbed by the older occupant’s chest. Safety belt buckles and seating controls could be im-
proved to make it easier for older adults with arthritis, and other mobility problems to adjust.
Manufacturers could consider shape, size, location, and visibility of buckles and seating con-
trols.

The European Conference of Ministers of Transport made a recommendation encourag-
ing manufacturers to teach older drivers about adaptive devices that may allow them to com-
pensate for physical problems (arthritis, decreased mobility and flexibility). Public information on
these devices may be helpful for the older adult who is unable to purchase a new vehicle.

Current research including focus groups, telephone surveys, and observational surveys
indicate that older adults are more likely than their younger counterparts to use seat belts. There
is no media campaign or educational program specifically geared towards encouraging higher
rates of seat belt use among older adults. In fact, it may be difficult to produce a large-scale
campaign to increase seat belt use, such as those that are targeted to other demographic
groups, which will produce justifiable results when taking the cost into account.
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To date, a large portion of policy makers’ attention has focused on older drivers and the
potential risk they pose to themselves as well as to others when traveling on roadways. How-
ever, the data from the NHTS suggests that older adults do not drive as much as their younger
counterparts. Evidence suggests that older adults more often travel as passengers (NHTS,
2001), and further evidence that belt use is lower for passengers compared to drivers (NOPUS,
2003) is alarming. Given that as a Nation the majority of daily trips taken occur in personal vehi-
cles across all age groups (NHTS, 2001), older adults will likely continue to travel in passenger
vehicles whether or not they continue driving. Therefore, countermeasures to reduce vulnerabil-
ity of older adults to injury in motor vehicle crashes should be pursued. These measures can
include changes to vehicle design as discussed above and educational programs that inform
older adults of the benefits of seat belt use. The development of screening programs that turn
older drivers into older passengers will not have an effect on fatality rates for older adults in ve-
hicle crashes since they will still be in the vehicles, just not in the driver seats (Li et al., 2003).

There are many well established large-scale public information and education cam-
paigns focused on increasing restraint use. However, few target the older adult population. As
stated earlier, the most effective campaigns are those that combine a strong educational mes-
sage with enforcement. Buckle Up America and Click It or Ticket are national campaigns to in-
crease safety on the roadways. However, because older adults already have the highest seat
belt usage rate across all age groups, these campaigns might not be reaching locations and re-
sources frequented by older adults. It might be interesting to poll older adults during times when
these programs are implemented in order to assess their awareness of them. Educating older
adults on the benefits of seat belt use might simply mean adjustments in who is being targeted
and how the information is being distributed. To illustrate, Buckle Up America has numerous
contacts with organizations and people who deal, on a daily basis, with the older adult commu-
nity. This includes health professionals, hospitals, police, and fire and rescue teams. Buckle Up
America could conduct a campaign specifically targeted at the older adult community using
these professionals as a means of communicating the seat belt message.

While the evidence regarding the relationship of race and ethnicity to seat belt use is
conflicted, it is evident that each community may react differently to campaign efforts to increase
seat belt use. Any attempt to increase belt use in the different racial/ethnic communities must
consider the different customs and perceptions within that community. To illustrate, law en-
forcement concerns are very evident in both the Hispanic and Black communities. If law en-
forcement is used in conjunction with a well planned and distributed educational message re-
garding the benefits of seat belt use, it may result in higher seat belt usage in both the Black
and Hispanic communities. If the information campaign is not well thought out and communi-
cated to the public, some communities might feel as if they are targeted because of their race or
ethnicity. Older adults overwhelmingly agree that messages are more effective when real-life
situations are portrayed, and when the information comes from a trusted source such as a phy-
sician, hospital, or church pastor. The most effective way of communicating with older adults
might be to adopt more of a grass roots approach to the safety campaign.

Occupational and physical therapists and physicians have an increased opportunity to
address driving and transportation issues among older adults. Due to the physiological declines
associated with aging, many older adults make frequent and regular visits to physicians and oc-
cupational and physical therapists. Conducting assessments, providing information, and design-
ing programs to improve driving skills are all part of the occupational therapist’s role in working
with the senior community (Pierce, 2003). Physical therapists often work with older adults on
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Seat belt nonuse by older adults can fall into two categories, those older adults who do
not use seat belts for behavioral or attitudinal reasons and those who do not use seat belts be-
cause of a variety of physical challenges that prevent them from doing so comfortably. Some
older adults might elect not to use seat belts because they never used them as younger drivers.
Others might only use seat belts for long-distance trips. Given that older adults tend to make
shorter-distance trips, these occupants may spend a large proportion of their time in vehicles
unbelted. Alternatively, some older drivers might want to use seat belts, but are prevented from
doing so because of some physical limitation. Barriers including difficulty reaching around for
the belt or inserting the latch plate into the buckle may be due to a number of issues from simple
limitations in mobility that are typically associated with aging, to more serious difficulties with
mobility due to severe arthritis, or even severe hip and knee problems.

The findings from various studies in conjunction with the findings from the logistic re-
gressions identify a number of factors related to part-time use or nonuse among the older adult
population. Sex, race and ethnicity, level of education and income, body weight, general health,
health-related behaviors, vehicle type, and seating position in the vehicle are just a few exam-
ples of factors that relate to belt use among older adults. Older men are more likely to report
nonuse than older women, individuals on either extreme of normal weight also seem to be less
likely to use restraints than older adults who would be considered normal weight, and people
who are passengers in the second or third row are less likely to wear seat belts relative to front-
row passengers. Comfort and habit also seem to relate to belt use among older adults.

Since there are a variety of factors that might relate to nonuse among older adults, Wes-
tat plans to conduct a number of focus groups for NHTSA in order to identify those factors that
seem to significantly result in nonuse among older adults. The focus groups will recruit partici-
pants from both the general older adult population and representatives from one or two of the
target groups (overweight, physical limitations). This method will encourage thorough and de-
tailed discussion of several topics that contribute to the decision to not use seat belts by older
adults rather than discussions on a wide variety of factors.

Finally, this project will examine the relationship between seat belts, seating characteris-
tics, and user characteristics in determining comfort and convenience, and in turn relate this to
the likelihood of belt use. Westat will select a sample of older adult drivers and passengers to
operate seat belts in a variety of vehicles and in different seating positions in each vehicle. The
sample of older adults will be selected so that different groups of nonusers and part-time users
within the older adult population are represented. Vehicles will be selected to provide a variety
of belt configurations, seat types, seat adjustability, and vehicle types. The goal of this study is
to relate seat belt features and seat configuration to measures of performance, comfort, conven-
ience, likelihood of belt use, and proper belt/seating positions, as well as to identify problem ar-
eas for countermeasure design indicated as most suitable for target groups among the older
adult population. Once more detailed reasons for nonuse are identified, interventions can be
developed using the information gathered and strategic approaches will be designed for imple-
mentation by NHTSA.

It might also be interesting to explore the effect of belt use on outcomes among the older
adult population, that is, estimate the effect of belt use on crash outcomes among older adults
controlling for differences between drivers who use seat belts and drivers who do not use seat
belts. Analyses using NASS data might explore the crash outcome for older adults by type of
belt use and by air bag availability.
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Statistics on Aging

8.2 Data Analyses and Reports

A. Statistics on Aging

TABLE A.1la Number of People 65 and Older and 85 and Older, Selected Years 1900-2000 and
Projected 2010-2050*

Year 65 and older | 85 and older

Estimates In millions

1900 3.1 0.1

1910 3.9 0.2

1920 4.9 0.2

1930 6.6 0.3

1940 9.0 0.4

1950 12.3 0.6

1960 16.2 0.9

1970 20.1 1.5

1980 25.5 2.2

1990 31.2 3.1

2000 35.0 4.2

Projections

2010 40.2 6.1

2020 54.6 7.3

2030 715 9.6

2040 80.0 154

2050 86.7 20.9

TABLE A.1lb Percentage of the Population 65 and Older 1900-2000*

Year 65 and older | 85 and older

Estimates Percent
1900 4.1 0.2
1910 4.3 0.2
1920 4.7 0.2
1930 5.4 0.2
1940 6.8 0.3
1950 8.1 0.4
1960 9.0 0.5
1970 9.9 0.7
1980 11.3 1.0
1990 12.6 1.2
2000 124 15
Projections

2010 13.0 2.0
2020 16.3 2.2
2030 19.6 2.6
2040 20.4 3.9
2050 20.6 5.0

*Reference Population: These data refer to the resident population.

*Aging Statistics are from Older Americans 2004 gg



TABLE A.lc Life Expectancy, By Age and Sex, Selected Years 1900-2001

Statistics on Aging

Age and sex | 1900 | 1910 | 1920 | 1930 | 1940 | 1950 | 1960 | 1970 | 1980 | 1990 | 2000 | 2001
Years

Birth

Both sexes 49.2 | 515 | 56.4| 59.2 | 63.6| 68.1| 69.9] 70.8| 73.9] 754 | 77.0] 77.2
Men 47.9| 499 | 555| 57.7 | 61.6| 655 | 66.8| 67.0| 70.1| 71.8| 74.3| 74.4
Women 50.7 | 53.2| 57.4| 60.9| 659 | 71.0| 73.2| 746 | 776 | 788 79.7| 79.8
At Age 65

Both sexes 119] 116 125] 12.2| 12.8] 13.8| 14.4| 150 165| 17.3| 18.0 | 18.1
Men 115] 11.2| 12.2] 11.7| 121 ] 12.7| 13.0| 13.0] 14.2| 151 [ 16.2| 16.4
Women 12.2 | 12.0| 12.7] 12.8| 136 | 150 158 16.8] 184 | 19.0[ 19.3| 19.4
At Age 85

Both sexes 40| 40| 42| 42| 43| 47| 46| 53| 60| 62| 64| 65
Men 38| 39| 41| 40| 41| 44| 44| 47| 51| 53| 56| 57
Women 41| 41| 43| 43| 45| 49| 47| 56| 64| 67| 68| 6.9

Note: The life expectancies (LEs) for decennial years 1910 to 1990 are based on decennial census
data and deaths for a 3-year period around the census year. The LEs for decennial year 1900 are
based on deaths from 1900 to 1902. LEs for years prior to 1930 are based on the death registration
area only. The death registration area increased from 10 States and the District of Columbia in 1900
to the coterminous United States in 1933. LEs for 2000 were computed using population counts from
Census 2000. LEs for 2001 were computed using 2000-based postcensal estimates.

TABLE A.1d Life Expectancy, By Age and Race, 2001

Total Men Women
Age White | Black | White | Black | White | Black
Birth 77.7 72.2 75.0 68.6 80.2 75.5
At Age 65 18.2 16.4 16.5 14.4 19.5 17.9
At Age 85 6.4 6.7 5.6 5.7 6.7 7.0

Reference population: These data refer to the resident population
Source: Centers for Disease Control and Prevention, National Center for Health Statistics, Na-
tional Vital Statistics System

*Aging Statistics are from Older Americans 2004
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Table A.1f. Leading causes of death among people age 85 and over, by sex 2001

Men

Diseases of heart
Malignant neoplasms
Cerebrovascular diseases
Chronic lower respiratory diseases
Influenza and pneumonia
Alzheimer's disease
Nepbhritis, nephrotic syndrome and nephrosis
Accidents (unintentional injuries)
Diabetes mellitus

10 | Pneumonitis due to solids and liquids
Women
All races
Diseases of heart
Cerebrovascular diseases
Malignant neoplasms
Alzheimer's disease
Influenza and pneumonia
Chronic lower respiratory diseases
Diabetes mellitus
Nephritis, nephrotic syndrome and nephrosis
Accidents (unintentional injuries)
Septicemia

OO NOUAWINF

OO |N|OUARIWIN|(F

[EnY

Reference population: These data refer to the resident population.
Source: Centers for Disease Control and Prevention, National Center for Health Statistics, Na-
tional Vital Statistics System.

*Aging Statistics are from Older Americans 2004 75












Behavioral Risk Factor Surveillance System- BRFSS

B. Behavioral Risk Factor Surveillance System -BRFSS

1. Methods

11 Case selection:

The following criteria were applied to select cases for analysis:

Respondents needed to be age 65 or older and provide seat belt use information as follows:
= Responses to the seat belt use question (How often do you use seat belts when you
drive or ride in a car?) had to be one of the following: Always, Nearly always, Some-
times, Seldom, or Never.
= Those providing the following responses to the seat belt use question were not included
in the analysis: Don’t know/Not sure, Never drive or ride in a car, or Refused

1.2 Analyses

The BRFSS data was collected in each of the States using individual methods. Weights were
calculated for records to reflect the complex schemes of data collection, corrections for nonre-
sponse, and a number of other circumstances (weight = 50308*_finalwt/34778119). The primary
analysis was chosen to reflect both State-specific data collection and final weights. Specifically,
the SAS callable version of SUDAAN’s logistic regression was employed (Proc Rlogist).
SUDAAN employs Taylor-series linearization methods to estimate correct variances for data
collected with complex designs that may include PSU selection, stratification, and unequal
weights. It appears that there was no PSU selection since data had been submitted in 2002
from every State. However, final weights varied greatly, by almost a factor of 1,000.

1.3 Variables

All variables used in the SUDAAN analyses were redefined to have consecutive (e.g., without
gaps) integer values between 1 and some positive integer greater than 1. The following vari-
ables and categories were analyzed.

Variables asked of the total sample- Core Questionnaire:

Age 65+
1:3 65-74/ 75-84/ 85+

Seat Belt Use
Four Variables include: Seatbelt, Sbltcat, Sblt2cat, and Sblt3cat

Seatbelt 1.5 Always / Nearly always / Sometimes/ Seldom /Never

Sbltcat 1:3 Always/ Nearly always, Sometimes/ Seldom, Never

Shlt2cat 1:2 Always, Nearly always/ Sometimes, Seldom, Never

Sblt3cat 1:3 Nearly always, Sometimes/ Seldom, Never/ Always
Sex 1.2 Male/Female
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Race/ Hispanic 1:4 White NH/Black NH/Hispanic/Other

Education 15 < Grade 8 (Elementary School)/
Grade 9-11 (Some High School)/
Grade 12 (High School/ GED)/
College 1-3 (Some College)/
College 4+ (College+)

Marital 1.4 Married/Divorced/Widowed/Single
Labor Status 1:4 Retired/ In labor force/ At home/ Unable to work
Income2 1:10 Less than $10,000/ $15,000/ $20,000/ $25,000/ $35,000/

$50,000/ $75,000/ $75,000+/ Don’t Know/ Refused
Income3 1:4 Less than $25,000/ $25,000-50,000/ $50,000-75,000/$75,000+
Body Mass Index  1:4 Underweight/Normal/Overweight/Obese
Smoke Risk (History)1:4 Never smoked/ Did, not now/ Did, now rarely/ Smokes now

Smoke Risk (Age) 14 First smoked before age 12/ 13-18/ 19-60/ Other

General Health 15 Excellent/ Very good/ Good/ Fair/ Poor
State 1:54 Using FIPS Identifiers for the states.
Drinking and Driving 1:4 None/ 1-2/ 3+/ Other

Variables only asked of a subset of the total sample:

Variables in the Core Questionnaire- Women Only

Mammogram 1:2 Yes/ No/ Others

Last Mammogram 1:4 Within the last year/ Within the last 5 years/ 5 or more/ Never/
Others

Variables in the Core Questionnaire- Men Only

PSA (Prostate) Test 1:2 Yes/ No/ Others

Last PSA Test 1:4 Within the last year/ Within the last 5 years/ 5 or more/
Never/ Others
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Variables in the Optional Modules (Asked in Selected States)

Last Checkup 1:3 Within the last year/ Within the last 5 years/ 5 or more/
Others

Use of Special Equipment (for Health Problem)
1:2 Yes/ No/ Others

Major Health Problem 1.4 Arthritis Rheumatism/ Back or neck Problem/

Fractures bone or joint injury/ Walking Problem/ Others
Joint Pain in Last 30 Days

1:2 Yes/ No/ Others

Seen Doctor for Joint Pain
1:2 Yes/ No/ Others

Doctor Diagnoses Arthritis
1.2 Yes/ No/ Others

Activities limited due to Joint Pain
1:2 Yes/ No/ Others
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2. Results for Variables asked of the Total Sample

Below are parameter estimates, test statistics and odds ratio estimates produced by SUDAAAN.
The model was fitted to the 2-level belt use variable, sblt2cat, and it predicts the probability of
Sometimes, Seldom, Never using seatbelts. There was no intercept in the model

2.1 Identifying variables significantly affecting seat belt use.

Table A below shows the overall significance test for the effect of the 11 variables that were en-
tered in the model. Except for the 3-way age variable, all were statistically related to the 2-way
belt use variable.

Table A. Significant tests for the effect of contrasts

Contrast Degrees of Free- | Wald F P-Value
dom

Overall Model 39 1513.00 0.0000
Sex 1 149.07 0.0000
Age (3 Categories) | 2 0.29 0.7480
Race / Hispanic 3 6.34 0.0009
Education 4 6.55 0.0002
Marital Status 3 8.91 0.0001
Labor Status 3 17.17 0.0000
Income 2 6 2.98 0.0138
Body Mass Index 3 29.75 0.0000
Smoke Risk (his- | 3 25.41 0.0000
tory)

Smoke Risk (age) 3 2.84 0.0466
General Health 4 8.83 0.0000

2.2 Odds ratio characterization of characteristics

An odds ratio greater than 1 indicates that among respondents at that level Sometimes, Sel-
dom, Never using seatbelts is more common than among respondents at the baseline level
whose odds ratio is (by definition) equal to 1. For example, males (SEX = 1) are more likely to
say that they use belts sometimes, seldom, or never than females (SEX = 2). The odds for in-
frequent belt use were different by predictor level as summarized below.

The probability of infrequent belt use is as follows:

Higher among males than females;

Higher among younger than older people (though this effect was not significant);
Lower among Hispanics than Whites, NH;

Higher among people with less education than persons with more education;
Higher among divorced and single people than among married persons;

Higher among people in the work force than among those who are retired;
Higher at the low end of the income spectrum than in the middle;

Higher among current smokers than among people who never smoked;
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e Higher among people who started to smoke young than people who started to smoke

later in life; and

e Higher among people in worse general health than among people with good general

health.

Table B. Population estimates for odds ratios of Sometimes, Seldom, Never using belts: the
ratio of such odds relative to baseline odds as function of variable level.

Independent Vari- Odds Ratio Lower 95% Limit | Upper 95% Limit
ables and Effects Odds Ratio Odds Ratio
Intercept 0.03 0.02 0.04
Sex

1 (Men) 2.23 1.95 2.56
2 (Women) 1.00 1.00 1.00
Age 3 Categories

1 (65-74) 1.04 0.93 1.17
2 (75-84) 1.00 1.00 1.00
3 (85+) 0.98 0.78 1.24
Race/ Hispanic

1 (White) 1.00 1.00 1.00
2 (Black) 0.84 0.68 1.05
3 (Hispanic) 0.39 0.24 0.65
4 (Other) 1.08 0.91 1.28
Education

1 (Elementary | 1.40 1.11 1.77
School)

2 (Some High | 1.33 1.00 1.76
School)

3 (High School/ GED) | 1.20 0.98 1.46
4 (Some College) 1.00 1.00 1.00
5 (College+) 0.99 0.77 1.26
Marital Status

1 (Married) 1.00 1.00 1.00
2 (Divorced) 1.29 1.14 1.47
3 (Widowed) 1.16 0.98 1.37
4 (Single) 1.73 1.25 2.39
Labor Status

1 (Retired) 1.00 1.00 1.00
2 (In Labor Force) 1.52 1.33 1.74
3 (At Home) 1.15 0.89 1.49
4 (Unable to Work) 0.95 0.71 1.29
Income 2

1 (Less than $10,000) | 1.39 1.02 1.89
2 (Less than $15,000) | 1.09 0.90 1.32
3 (Less than $20,000) | 1.04 0.85 1.27
4 (Less than $25,000) | 1.06 0.89 1.26
5 (Less than $35,000) | 1.00 1.00 1.00
6 (Less than $50,000) | 0.90 0.69 1.17
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7 (Less than $75,000) | 1.03 0.77 1.38
8 ($75,000 +) 0.85 0.61 1.19
9 (Don’t Know) 1.10 0.89 1.35
10 (Refused) 0.79 0.62 1.01
Body Mass Index

1 (Underweight) 1.24 0.82 1.89
2 (Average) 1.00 1.00 1.00
3 (Overweight) 1.31 1.21 1.42
4 (Obese) 1.83 1.58 2.11
Independent Vari- . Lower 95% Limit | Upper 95% Limit
ables and Effects Odds Ratio Odds Ratio Oggs Ratio
Smoke Risk (his-

tory)

1 (Never Smoked) 1.00 1.00 1.00
2 (Did, not now) 1.04 0.78 1.37
3 (Did, now rarely) 0.77 0.51 1.14
4 (Smokes now) 1.95 1.50 2.53
Smoke Risk (age)

1 (First smoked < 12) | 0.79 0.44 1.42
2 (First smoked 13- 0.80 0.68 0.94
18)

3 (First smoked 19- | 1.00 1.00 1.00
60)

4 (Other) 1.06 0.72 1.57
General Health

1 (Excellent) 0.89 0.75 1.05
2 (Very Good) 0.86 0.67 1.10
3 (Good) 1.00 1.00 1.00
4 (Fair) 1.10 0.95 1.28
5 (Poor) 1.63 1.35 1.98

2.3. Parameter estimates

Logistic regression parameter estimates are presented in Table C. These estimates are inter-
preted the same way as the odds ratios.

Table C. Estimated Regression Parameters.

glbﬁlgspzr;%egfect;/a”- Beta Coeff | SE Beta Iég\é/\ger ;Jg&er T-Test P-Value
Intercept -3.62 0.21 -4.05 -3.19 -16.90 0.0000
Sex

1 (Men) 0.80 0.07 0.67 0.94 11.84 0.0000
2 (Women) 0.00 0.00 0.00 0.00 - -
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g]bcllzszr:\%lelg}fect;/a“- Beta Coeff | SE Beta Iég\(%er gg&er T-Test P-Value
9 (Don’t Know) 0.09 0.10 -0.12 0.30 0.89 0.3800
10 (Refused) -0.23 0.12 -0.47 0.01 -1.94 0.0574
Body Mass Index

1 (Underweight) 0.22 0.21 -0.20 0.64 1.04 0.3051
2 (Average) 0.00 0.00 0.00 0.00 - -

3 (Overweight) 0.27 0.04 0.19 0.35 6.84 0.0000
4 (Obese) 0.60 0.07 0.46 0.75 8.35 0.0000
Smoke Risk (his-

tory)

1 (Never Smoked) 0.00 0.00 0.00 0.00 - -

2 (Did, not now) 0.04 0.14 -0.25 0.32 0.25 0.8036
3 (Did, now rarely) -0.27 0.20 -0.67 0.13 -1.34 0.1875
4 (Smokes now) 0.67 0.13 0.40 0.93 5.10 0.0000
Smoke Risk (age)

1 (First smoked < |-0.24 0.30 -0.83 0.35 -0.81 0.4209
12)

2 (First smoked 13- | -0.23 0.08 -0.39 -0.06 -2.70 0.0094
18)

3 (First smoked 19- | 0.00 0.00 0.00 0.00 - -

60)

4 (Other) 0.06 0.20 -0.33 0.45 0.30 0.7660
General Health

1 (Excellent) -0.12 0.08 -0.29 0.05 -1.46 0.1497
2 (Very Good) -0.15 0.12 -0.40 0.10 -1.24 0.2216
3 (Good) 0.00 0.00 0.00 0.00 - -

4 (Fair) 0.09 0.07 -0.06 0.24 1.25 0.2163
5 (Poor) 0.49 0.10 0.30 0.68 5.14 0.0000
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3. Results for Variables Asked of a Subset of the Total Sample

Below are parameter estimates, test statistics and odds ratio estimates produced by SUDAAAN.
The model was fitted to the 2-level belt use variable, sblt2cat, and it predicts the probability of
Sometimes, Seldom, Never using seat belts. There was no intercept in the model

3.1 Identifying variables significantly affecting seat belt use.

Table A below shows the significance test for the effect of the three variables that were entered
in the model and found to be statistically related to the 2-way belt use variable.

Table A. Significant tests for the effect of contrasts

Contrast Degrees of Free- | Wald F P-Value
dom

Overall Model 13 295.02 0.0000

Model Minus Inter- | 12 97.60 0.0000

cept

Intercept - - -

Group  Membership | 4 81.93 0.0000

Variable RBLTP5

How Long Since Last | 4 8.62 0.0000

Mammogram

PSA (Prostate) Test | 2 15.06 0.0000

Doctor Diagnoses | 2 4.95 0.0107

Arthritis
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3.2 Odds ratio characterization of characteristics

An odds ratio greater than 1 indicates that among respondents at that level Sometimes,
Seldom, Never using seat belts is more common than among respondents at the baseline level
whose odds ratio is (by definition) equal to 1.

The probability of infrequent belt use is as follows:
e Lower among women who had a mammogram within the past 5 years;
e Lower among men who had a PSA test; and
e Lower among those who were diagnosed with arthritis.

Independent Vari- Odds Ratio Lower 95% Limit | Upper 95% Limit
ables and Effects Odds Ratio Odds Ratio
Intercept 0.25 0.17 0.36
IP_Always

1 1.00 1.00 1.00
2 0.62 0.53 0.74
3 0.47 0.39 0.57
4 0.27 0.22 0.32
5 0.25 0.20 0.33
How Long Since Last

Mamogram:

Within last year 0.53 0.42 0.66
Within last 5 years 0.69 0.54 0.87
5+ years 1.01 0.76 1.35
Never 1.00 1.00 1.00
Others 0.80 0.65 0.99
PSA Test

Yes 0.66 0.55 0.80
No 1.00 1.00 1.00
Others 0.81 0.62 1.06
Doctor Diagnosed

Arthritis

Yes 0.88 0.79 0.98
No 1.00 1.00 1.00
Others 1.47 1.02 2.11
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3.3. Parameter estimates

Logistic regression parameter estimates are presented in the table below. These estimates are
interpreted the same way as the odds ratios.

g]bollsszrr]%elg;fect;/an- Beta Coeff | SE Beta | Lower 95% gg&er T-Test P-Value
Intercept -1.41 0.19 -1.78 -1.03 -7.53 0.0000
IP_Always

1 0.00 0.00 0.00 0.00 - -

2 -0.47 0.08 -0.64 -0.31 -5.71 0.0000
3 -0.75 0.09 -0.94 -0.56 -7.90 0.0000
4 -1.32 0.09 -1.51 -1.14 -14.40 0.0000
5 -1.37 0.13 -1.63 -1.12 -10.96 0.0000

How Long Since
Last Mamogram:

Within last year -0.64 0.11 -0.87 -0.42 -5.73 0.0000
Within last 5 years -0.38 0.12 -0.62 -0.14 -3.13 0.0029
5+ years 0.01 0.14 -0.28 0.30 0.08 0.9345
Never 0.00 0.00 0.00 0.00 - -
Others -0.22 0.11 -0.43 -0.01 -2.10 0.0405
PSA Test

Yes -0.41 0.09 -0.60 -0.23 -4.50 0.0000
No 0.00 0.00 0.00 0.00 - -
Others -0.22 0.13 -0.49 0.05 -1.61 0.1144
Doctor Diagnosed

Arthritis

Yes -0.13 0.05 -0.23 -0.02 -2.46 0.0171
No 0.00 0.00 0.00 0.00 - -
Others 0.38 0.18 0.02 0.75 2.11 0.0393
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C. Fatality Analysis Reporting System- FARS

Predicting Belt Use in Fatality Analysis Reporting System (FARS) from a Large Set of
Pre- and Post-Crash Variables: Draft Results

The analyses below relate seat belt use among occupants age 65 and older to selected pre-
and post-crash variables from the FARS dataset. There are important reasons why the interpre-
tation of the results from these analyses is challenging:

= First, FARS includes only those people who were involved in a motor vehicle
crash in which one or more people died within 30 days of the crash; people in
crashes with no fatal injury are not in FARS. The exclusion of crashes without a
fatal injury produces consequences that are somewhat arbitrary from the point of
view of interpretability. For example, in a crash between Vehicles A and B, seat
belt use in Vehicle B will affect the FARS inclusion probabilities of Vehicle A oc-
cupants. If B’s driver is belted, he or she has a better chance of survival than if
he or she is not belted. Hence, if all of B’s occupants survive, Vehicle A’s occu-
pants will not be in FARS, whereas if one or more among Vehicle B’s occupants
are killed, they will be. In other words, factors not relevant to Vehicle A, or to its
occupants, can determine whether or not its crash was in FARS.

= Second, in addition to pre-crash variables such as driver age and sex the analy-
ses also include post-crash variables such as injury and ejection. Because pre-
crash variables directly affect seat belt use, crash probability, and inclusion in
FARS, and also indirectly affect crash outcomes that themselves affect FARS in-
clusion, the simple relationships we estimate that relate seat belt use probability
to the model variables, all of them, pre- and post-crash, are purely descriptive.
They simply specify that in FARS this is the relation between variables and seat
belt use. Post-crash variables are not included in the model.

= Also, in FARS the race/ethnicity variable (RE) cannot be meaningfully defined.
This is because variables for race and ethnicity were available only for fatally in-
jured occupants; these items were added to police reports from the national mor-
tality tapes. For example, coding for Hispanic ethnicity was missing for occupants
with no injury, other injury, and fatal injury for 21 percent, 52 percent, and 27 per-
cent of all occupants. Hence the RE = 4 (OTHER/UNK) includes all surviving
FARS occupants and the variable is confounded with injury severity.
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1. Methods

1.1 Case Selection

Only occupants age 65 and older, in passenger vehicles (cars, vans, SUVs, and pickup trucks),
with known seat positions were included in the analysis.

1.2 Variables

The following variables were selected for analysis and re-coded as needed:

Pre-Crash Variables

Sex

Crash Year

Crash Day

Age OLDAGE Category: 3=85+; 2=75+; 1=65+

Weekend WEEKEND 1= Weekend, 0= Weekday

Vehicle Type BODY_CAT 1=Car; 2=SUV; 3=Minivan; 4=Van; 5=Pickup
Rural/ Urban RURALFLG 1=Rural; 0=Urban

Road Type ROADCAT  1=High-Level; 2= Mid-Level; 3=Minor

Light Condition LITEDARK  1=Light; 2=Dark; 3=0Other or Unknown

Weather WTHRFLAG 1=Adverse Weather; 0= Not Adverse or Unknown

Vehicle Model Year MOD_YR3 3=1997+; 2=1991+; 1= Before 1991
No. of Occupants OCCUP3 1=1 Occupant; 2=2 Occupants; 3=3+ Occupants

Night/ Day NITEFLAG  1=6pm-<6am; 0= 6am-<6pm

No. of Vehicles VEHICLE3 1=1 Vehicle; 2= 2 Vehicles; 3= 3+ Vehicles
Race/ Ethnicity RE 1=White-NH; 2=Black-NH; 3=Hispanic; 4=0ther
Seat Position SEAT3 1=Front Left, 2=Front Other, 3=Rear 2™ or 3

Restraint Type REST3 0=None; 1=0ther; 2=Lap and Shoulder
Belt Use BUSE FLG 1=Belt Used; 0=Belt Not Used or Unknown

Proper Belt Use B OK FLG 1=Proper Use; O=Improper, Other, Unknown
Air Bag Available  AV_AVAIL 1=Available; 0= Unavailable or Unknown
Body Mass Index  BMI (Weight/Height**2)
BMI4 0=Underweight and Normal (BMI less then 25)
1=Overweight (BMI 25-30)
2=0bese (BMI30+)
4=Unknown

Post-Crash Variables
Air Bag Deployed AB-DPLOY  1=Deployed; 0= Not Deployed or Unknown

Ejection Category EJECT3 2=Full; 1=Partial; 0= Not Ejected or Unknown
Injury INJURY3 2=Fatal; 1=Other; 0=None
Rollover ROLLFLAG 1=Rollover; 0=Not Rollover or Unknown

1.3 Modeling of Seat Belt Use as a Function of Pre- and Post-Crash Variables.

Stepwise logistic regression was used to estimate, by sex, the probability of the binary belt use
flag as a function of the following potential predictors:
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2.2

Table 2.2 presents OR estimates and their 95 percent confidence intervals by sex for the signifi-

Fatality Analysis Reporting System- FARS

Odds Ratio Estimates and Confidence Limits for Pre-Crash Variables

cant predictors. The male and female effects were not compared for significant difference.

Higher level belt use was associated with:

Air bag availability;

Cars, SUVs, minivans, and vans relative to pickup trucks;

In more recent model year vehicles;

In vehicles with more occupants; this effect seems to be stronger among males
than females; and

In front left and front rear seating positions relative to 2" and 3" row seating po-
sitions; a very large effect.

Lower level of belt use was associated with:

Higher Body Mass Index;

Dark and light conditions relative to unknown light conditions; for males only: the
effect was more pronounced for dark;

Older age; females only;

On more minor roads;

In rural areas, for males only;

In single vehicle crashes relative to crashes with 2 or more involved vehicles; and
In older crash years relative to more recent crash years.
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