All rights reserved; printed in U.S.A.

o American Journal of Epidemiology
M Copyright © 2006 by the Johns Hopkins Bloomberg School of Public Health

Vol. 164, No. 2
DOI: 10.1093/aje/kwj167
Advance Access publication June 14, 2006

Original Contribution

Association of First- and Second-Generation Air Bags with Front Occupant
Death in Car Crashes: A Matched Cohort Study

Carin M. Olson'2, Peter Cummings??3, and Frederick P. Rivara®3*

1 Department of Medicine, School of Medicine, University of Washington, Seattle, WA.

2 Department of Epidemiology, School of Public Health and Community Medicine, University of Washington, Seattle, WA.
3 Harborview Injury Prevention and Research Center, University of Washington, Seattle, WA.

4 Department of Pediatrics, School of Medicine, University of Washington, Seattle, WA.

Received for publication October 4, 2005; accepted for publication January 23, 2006.

First-generation air bags entail a decreased risk of death for most front seat occupants in car crashes but an
increased risk for children. Second-generation air bags were developed to reduce the risks for children, despite the
possibility of decreasing protection for others. Using a matched cohort design, the authors estimated risk ratios for
death for use of each generation of air bag versus no air bag, adjusted for seat position, restraint use, sex, age, and
all vehicle and crash characteristics, among 128,208 automobile occupants involved in fatal crashes on US road-
ways during 1990-2002. The authors then compared adjusted risk ratios (aRRs) between the two generations of
air bags. Among front seat occupants, the aRR for death with a first-generation air bag was 0.90 (95% confidence
interval (Cl): 0.86, 0.94); the aRR with a second-generation air bag was 0.89 (95% CI: 0.79, 1.00) (p = 0.83 for
comparison of aRRs). Among children under age 6 years, the aRR with a first-generation air bag was 1.66 (95% Cl:
1.20, 2.30), while the aRR with a second-generation air bag was 1.10 (95% CI: 0.63, 1.93) (p = 0.20 for comparison
of aRRs). The differences in aRRs between first- and second-generation air bags among other subgroups were

small and not statistically significant.

accidents, traffic; air bags; automobiles; motor vehicles; protective devices

Abbreviations: Cl, confidence interval; FARS, Fatality Analysis Reporting System.

Front air bags reduce injury and death for most drivers
and right front seat passengers in vehicle crashes (1). First-
generation air bags were designed to protect an unbelted
adult male at the 50th percentile of body height and weight
in a severe frontal crash (2). To meet this requirement, first-
generation air bags were designed to deploy within 0.05
seconds at 140-200 miles per hour (224-320 km/hour) (3).
These first-generation air bags have been lethal for children
and small adults in some crashes (4, 5).

Second-generation air bags were developed to mitigate this
problem; most passenger vehicles of model year 1998 and
virtually all passenger vehicles of later model years have
second-generation air bags (5, 6). Second-generation air bags

include advanced air bags and depowered air bags. Advanced
air bags may have any of several features, including different
deployment thresholds or forces depending on crash severity
or on the occupant’s weight, position, or use of restraints
(2, 7-9). A few manufacturers introduced advanced air bags
in model year 2000 vehicles. Depowered air bags inflate 20-35
percent less aggressively than first-generation air bags and
were permitted in passenger vehicles by model year 1998 (6).
Concern has been expressed that large unrestrained occu-
pants propelled at high force might overwhelm such air bags
(6, 10, 11). Thus, depowered air bags may represent a tradeoff
between decreasing the risk of death for some occupants and
increasing the risk for others, such as unrestrained adults.
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In this study, we estimated risk ratios for death associated
with the presence of a first-generation air bag versus no air
bag and the presence of a second-generation air bag versus
no air bag for front seat occupants in a car crash. We investi-
gated how these associations varied according to occupant’s
seat position (driver’s seat or right front passenger seat),
restraint use, sex, and age and the direction of impact. We
then compared estimated risk ratios between the two gen-
erations of air bags. We used a matched cohort design, which
compares occupants in the same vehicle, thereby controlling
for all measured and unmeasured characteristics of the vehi-
cle and crash (12-15).

MATERIALS AND METHODS
Study sample

We used data from the Fatality Analysis Reporting Sys-
tem (FARS), a publicly available data set maintained by the
National Highway Traffic Safety Administration (16). This
data set includes information about all motor vehicle crashes
occurring on public roadways in the United States in which
at least one person dies within 30 days. Information for
FARS is obtained from many sources, including police ac-
cident reports, state vehicle registration files, state driver li-
censing files, state highway department data, vital statistics,
death certificates, coroner/medical examiner reports, hospi-
tal medical records, and emergency medical service reports
(16). We obtained additional data from the Vindicator soft-
ware program (Highway Loss Data Institute, Arlington,
Virginia), which contains information provided by manu-
facturers on vehicle characteristics according to vehicle
identification number. The data sets were linked through
the partial vehicle identification number provided by FARS.
This study was certified as being exempt from review by the
University of Washington’s human subjects review board.

Subjects were occupants of passenger cars (including
convertibles) of model years 1987-2003 that crashed during
the period 1990-2002. Subjects in cars that crashed during
a year and in a state missing more than 25 percent of data on
restraint use were excluded. Occupants of pickup trucks,
large trucks, sport utility vehicles, minivans, vans, and buses
were excluded. Cars had to have two, three, or four occu-
pants (including a driver) in the left front (driver’s), right
front, left rear, or right rear seats, at least one of whom died;
cars with occupants in middle seats or with two occupants
in the same seat were excluded. Subjects who died from
events other than crashes (e.g., fires, explosions, immer-
sions, gas inhalations, or falls from the car) were excluded.
A total of 151,297 occupants of 62,333 cars met these criteria
(figure 1).

Outcome and exposure variables

The study outcome was occupant death within 30 days of
the crash. The exposure of interest was having a functional
front air bag present, whether or not it deployed. Air bag
presence was based primarily on Vindicator data. However,
Vindicator data on air bag presence were missing for 1,012
(0.7 percent) of 151,297 occupants. For them, we assumed

that front seat occupants in cars of model year 1998 or
newer had an air bag present (3, 17); for those in older-
model cars, we used FARS data on air bag presence. We
further classified air bags as second-generation on the basis
of the vehicle’s model year being 1998 or newer (5, 6).
Model year was based on Vindicator data unless it was miss-
ing. In that case, FARS data were substituted for 2,396
(1.6 percent) of the 151,297 occupants in 978 (1.6 percent)
of the 62,333 cars. Finally, if the FARS database listed
air bags as being “off,” ‘“not replaced,” or “disabled,” we
assumed this information to be correct. Thus, we excluded
the 76 (0.05 percent) occupants in the 30 (0.05 percent) cars
with such air bag information (figure 1).

Missing data

Among the remaining 151,221 occupants of 62,303 cars,
219 (0.1 percent) had missing data on death; 1,183 (0.8 per-
cent) had missing data on air bags; 12,382 (8.2 percent) had
missing data on restraints; 309 (0.2 percent) had missing data
on sex; and 1,135 (0.8 percent) had missing data on age.
Some occupants had missing data on more than one charac-
teristic; 136,751 (90.4 percent) had no missing data on any
characteristic. However, if any occupant had missing data on
any of these characteristics, we excluded all of the occupants
in the car. The final study sample included 128,208 occupants
of 53,249 cars (figure 1). We compared the known character-
istics of occupants who were excluded with the character-
istics of occupants who were included and found them to be
similar: The proportions of excluded and included occupants
with an air bag were 28.6 percent and 29.6 percent, respec-
tively; the proportions of those who died were 49.1 percent
and 51.4 percent; the proportions of those who were re-
strained were 56.8 percent and 55.0 percent; the proportions
of those who were male were 57.8 percent and 54.5 percent;
and the median ages were 25 years and 27 years.

Statistical methods

We used a matched cohort design. Matching on a charac-
teristic (and accounting for the matching in the analysis)
removes any association between that characteristic and the
exposure, eliminating potential confounding (14, 15). By
matching occupants within a vehicle in a crash, any associ-
ation between vehicle or crash characteristics and the expo-
sure is eliminated. In this way, the design controls for all
characteristics of the vehicle as well as the crash, including
vehicle age, speed, size, intrusion due to the crash, and di-
rection of impact (12, 13). We assigned a unique vehicle
number, derived from the data year, state code, crash num-
ber, and vehicle number within the crash, to each occupant
of a car. We then used a conditional fixed-effects Poisson
regression model, matching on the sets defined by the
unique vehicle number. Matching allows estimates of inter-
action between the exposure and the characteristics on
which subjects are matched. Thus, we were able to explore
whether the effect of air bags varied according to character-
istics of the vehicle or the crash, such as the direction of
impact. In matched analyses, matched groups that are dis-
cordant for an exposure contribute to the estimate of the
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326,150 occupants
117,117 vehicles

4,180 occupants

1,548 vehicles

>25% by state/year missing data
on seatbelts

321,970 occupants

115,569 vehicles

124,405 occupants
41,295 vehicles
Not a passenger car

197,565 occupants

74,274 cars

45,892 occupants

11,786 cars

Wrong number or position
of occupants

151,673 occupants

62,488 cars

376 occupants
155 cars
Not a crash

151,297 occupants

62,333 cars

76 occupants

30 cars
Air bag off, not replaced, or
disabled

151,221 occupants

62,303 cars

23,013 occupants

9,054 cars
Anyone in car missing data on
death, air bag, restraint, sex, or age

128,208 occupants
53,249 cars

FIGURE 1. Derivation of a data set on occupants of passenger cars in which at least one person died within 30 days of a crash occurring on US

roadways during 1990-2002.

effect of that exposure. In our study, occupants within each
car who were discordant on air bag status contributed to the
estimate of the effect of air bags; occupant discordance on
other characteristics allowed adjustment for occupant char-
acteristics and contributed to the estimates of how air bag
effects varied by occupant characteristics. For estimation of
associations, the matched cohort design requires informa-
tion only from cars in which at least one occupant died.
Nevertheless, the estimated associations apply to occupants
of all cars with two, three, or four occupants that crashed,
even if no one died (13).

We estimated risk ratios and 95 percent confidence inter-
vals for an occupant with an air bag of each generation
versus a similar occupant without an air bag by comparing
occupants within the same vehicle (12, 13). All risk ratios
were adjusted for seat position (driver’s, right front passen-
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ger’s, or rear), use of restraints (yes or no), sex, and age
(using quadratic splines with knots at 5, 10, 15, 20, 30,
40, 50, 60, 70, 80, and 90 years) (18). Occupants were
classified as restrained if FARS listed them as using a lap,
shoulder, or three-point seat belt (manual or automatic) or
a child safety seat. For crashes in which at least one front
occupant dies, restraint use reported by police agrees sub-
stantially (19) (x = 0.79) with restraint use reported by
trained investigators (20). By using an analysis matched
on vehicle, we also adjusted our risk ratio estimates for all
vehicle and crash characteristics (12-15).

We estimated adjusted risk ratios for death for each air
bag generation among subgroups defined by occupant char-
acteristics (seat position, sex, restraint use, and age) and
crash characteristics (frontal or nonfrontal direction of im-
pact). To generate unbiased estimates for the association of
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air bags with death for children in the right front passenger’s
seat, we needed children in other seat positions for compar-
ison; then we could adjust for children’s ages and include
interactions between children’s ages and air bags. Therefore,
we included rear seat occupants, since few drivers were chil-
dren. However, this introduced other sources of potential
confounding (12). Estimates for the effect of restraints vary
between front seats and rear seats (17, 21), so we included an
interaction term for the interaction between restraints and
sitting in the rear seat. Estimates for the effect of seat position
on the risk of death vary with age (17, 21), so we included
interaction terms for the interaction between seat position
and age. For this adjustment term, we modeled age as linear
splines with knots at 6, 13, and 50 years. Although we ad-
justed for seat position, using a single term for the rear seat
would have confounded the effects of air bags with the effects
of sitting in the rear seat, because there were no air bags in
rear seats. Therefore, we included three terms for the rear
seat: one for cars with no air bag, one for cars with only
a driver’s air bag, and one for cars with dual air bags.

We defined frontal crashes as those in which the principal
impact on the car was between 11:00 and 1:00 (with 12:00
being the center front). For estimates of effect by frontal or
nonfrontal impact, we also included interaction terms for the
interaction between seat position and direction of impact.
However, we did not include those terms in other models,
since they had little effect on other estimates. Because
crashes of this severity may not be purely frontal or non-
frontal and because air bags are present regardless of the
direction of impact, most of our adjusted risk ratio estimates
were for crashes with any direction of impact.

We compared adjusted risk ratio estimates for first-
generation air bags with adjusted estimates for second-
generation air bags. To test whether adjusted risk ratio
estimates by air bag generation varied between subgroups,
we used the likelihood ratio test for heterogeneity (22). To
compare second-generation air bags with first-generation air
bags within subgroups, we used the ratio of their risk ratios
(23). Comparisons were considered statistically significant
at a two-sided o of 0.05. All analyses used Stata 8.2 (Stata
Corporation, College Station, Texas).

RESULTS

Restraint use was greatest among occupants with a
second-generation air bag and least among those with no
air bag. The smallest proportions of right front passengers in
the youngest age groups were among those with a second-
generation air bag; the greatest proportions were among
those with no air bag. Right front passengers (median age,
29 years) were older than rear passengers (median age, 18
years). Occupants with a first- or second-generation air bag
were less likely to be involved in a fatal crash with frontal
impact than were occupants with no air bag (table 1).

Among all front seat occupants, the adjusted risk ratio for
death in any crash with a first-generation air bag compared
with a similar occupant with no air bag was 0.90 (95 percent
confidence interval (CI): 0.86, 0.94); the adjusted risk ratio
for a front seat occupant with a second-generation air bag

Characteristics of 128,208 occupants in 53,249 cars in which at least one person died within 30 days of a crash occurring on US roadways during 1990-2002*
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Air Bag Generation and Occupant Death in Car Crashes 165

TABLE 2. Adjusted* risk ratio for death among front seat occupants with an air bag
compared with similar occupants without an air bag, according to air bag generation,
among 128,208 occupants in fatal car crashes occurring on US roadways during

1990-2002
First-generation Second-generation
air bag air bag p valuet
aRRt 95% Clt aRR 95% ClI

All front seat occupants 0.90 0.86, 0.94 0.89 0.79, 1.00 0.83

Seat position 0.92
Driver's 0.91 0.87, 0.96 0.91 0.80, 1.03
Front passenger’s 0.87 0.82, 0.92 0.86 0.76, 0.97

Sex 0.69
Male 0.93 0.88, 0.98 0.93 0.82, 1.06
Female 0.86 0.81, 0.91 0.83 0.74, 0.95

Restraint use 0.71
Restrained 0.87 0.82, 0.91 0.84 0.74, 0.95
Unrestrained 0.94 0.89, 1.00 0.97 0.84, 1.11

Age (years) 0.37
0-5 1.66 1.20, 2.30 1.10 0.63, 1.93
6-12 0.93 0.74,1.17 0.71 0.48, 1.05
13-49 0.92 0.87, 0.97 0.93 0.82, 1.05
>50 0.86 0.81, 0.92 0.80 0.68, 0.96

Direction of impact 0.60
Frontal 0.79 0.75, 0.85 0.74 0.62, 0.87
Nonfrontal 1.00 0.94, 1.06 1.03 0.89, 1.19

* Adjusted for seat position (driver’s, right front passenger’s, or rear), restraint use, sex, age
(as quadratic splines), and all vehicle and crash characteristics. Includes terms for interaction
between restraints and rear seat; seat position and age (as linear splines); rear seat and cars with
no air bags; rear seat and cars with only a driver’s air bag; and rear seat and cars with dual air
bags. Models for frontal and nonfrontal impact also include interaction terms for the interaction

between seat position and direction of impact.

t aRR, adjusted risk ratio; ClI, confidence interval.
¥ p value for likelihood ratio test for heterogeneity of second-generation aRRs compared with

first-generation aRRs between subgroups.

compared with a similar occupant with no air bag was 0.89
(95 percent CI: 0.79, 1.00) (p = 0.83 for comparison of
adjusted risk ratios) (table 2). The adjusted risk ratio for
death in any crash with a first-generation air bag compared
with the adjusted risk ratio for death with a second-generation
air bag did not differ significantly between subgroups by
seat position, sex, restraint use, age, or direction of impact
(table 2). Among children under age 6 years, the adjusted
risk ratio for death in any crash with a first-generation air
bag compared with no air bag was 1.66 (95 percent CI: 1.20,
2.30); the adjusted risk ratio with a second-generation air
bag was 1.10 (95 percent CI: 0.63, 1.93) (p = 0.20 for the
comparison of these adjusted risk ratios). There was no large
or statistically significant increase in the adjusted risk ratio
for death with a second-generation air bag as compared with
the adjusted risk ratio for death with a first-generation air bag
for any subgroup characterized by combinations of seat po-
sition, sex, restraint use, age, and direction of impact (table 3).
The adjusted risk ratio for death with an air bag of either
generation was decreased only in frontal crashes; it was not

Am J Epidemiol 2006;164:161-169

significantly different from 1 in nonfrontal crashes (tables 2
and 3).

DISCUSSION

First-generation air bags were associated with a 10 per-
cent decrease in the risk of death for an average front seat
occupant; second-generation air bags were associated with
an 11 percent decrease. For most front seat occupants, there
was no large or statistically significant difference in the
adjusted risk ratio for death with first-generation air bags
and the adjusted risk ratio for death with second-generation
air bags. However, while first-generation air bags were as-
sociated with a statistically significant increase in the risk of
death for children under age 6 years (adjusted risk ratio =
1.66, 95 percent CI: 1.20, 2.30), second-generation air bags
were not (adjusted risk ratio = 1.10, 95 percent CI: 0.63,
1.93) (p = 0.20 for comparison of adjusted risk ratios). There
was no large or statistically significant increase between the
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TABLE 3. Adjusted* risk ratio (aRR) for death among front seat occupants with an air bag compared with
similar occupants without an air bag, according to combinations of characteristics, and ratio of second-
generation aRR to first-generation aRR among 128,208 occupants in fatal car crashes occurring on US
roadways during 1990-2002

First-generation Second-generation .
air bag air bag ofR:Ig% . 95% Clt
aRR 95% Cl aRR 95% Cl
Restrained drivers
Sex
Male 0.90 0.85, 0.96 0.89 0.78, 1.02 0.99 0.87,1.13
Female 0.85 0.80, 0.90 0.81 0.70, 0.94 0.96 0.83, 1.10
Age (years)
13-49 0.89 0.84, 0.95 0.89 0.77, 1.02 0.99 0.87,1.14
>50 0.86 0.80, 0.92 0.79 0.66, 0.94 0.92 0.77,1.10
Direction of impact
Frontal 0.77 0.72, 0.83 0.71 0.59, 0.85 0.92 0.77,1.10
Nonfrontal 0.98 0.91, 1.04 1.00 0.85, 1.18 1.02 0.88, 1.19
Unrestrained drivers
Sex
Male 0.97 0.92, 1.04 1.02 0.88, 1.18 1.04 0.90, 1.20
Female 0.92 0.85, 0.98 0.92 0.79, 1.08 1.01 0.86, 1.18
Age (years)
13-49 0.97 0.91, 1.03 1.01 0.87, 1.18 1.04 0.90, 1.21
>50 0.93 0.86, 1.01 0.90 0.74, 1.09 0.96 0.79, 1.18
Direction of impact
Frontal 0.85 0.79, 0.91 0.82 0.68, 0.99 0.97 0.81, 1.17
Nonfrontal 1.07 1.00, 1.15 1.16 0.98, 1.38 1.18 0.91, 1.28
Restrained right front passengers
Sex
Male 0.87 0.81, 0.94 0.86 0.74, .99 0.98 0.85, 1.13
Female 0.82 0.77, 0.88 0.78 0.68, 0.90 0.95 0.83, 1.09
Age (years)
0-5 1.63 1.18, 2.26 1.07 0.61, 1.89 0.66 0.35, 1.24
6-12 0.91 0.72, 1.14 0.68 0.46, 1.01 0.75 0.49, 1.16
13-49 0.84 0.78, 0.91 0.84 0.73, 0.97 1.00 0.87, 1.15
>50 0.81 0.75, 0.88 0.74 0.62, 0.89 0.92 0.77,1.10
Direction of impact
Frontal 0.74 0.68, 0.80 0.66 0.55, 0.80 0.90 0.75, 1.08
Nonfrontal 0.93 0.87, 1.00 0.94 0.80, 1.10 1.01 0.86, 1.17
Unrestrained right front passengers
Sex
Male 0.94 0.88, 1.01 0.98 0.84, 1.14 1.04 0.89, 1.20
Female 0.89 0.82, 0.96 0.89 0.76, 1.04 1.00 0.86, 1.17
Age (years)
0-5 1.77 1.28, 2.46 1.22 0.69, 2.17 0.69 0.36, 1.31
6-12 0.98 0.78, 1.24 0.78 0.52, 1.16 0.79 0.51, 1.23
13-49 0.92 0.85, 0.98 0.96 0.82, 1.11 1.05 0.90, 1.21
>50 0.88 0.81, 0.96 0.85 0.70, 1.03 0.96 0.79, 1.18
Direction of impact
Frontal 0.81 0.75, 0.88 0.77 0.64, 0.93 0.95 0.79, 1.15
Nonfrontal 1.02 0.95, 1.11 1.09 0.92, 1.29 1.06 0.90, 1.26

* Adjusted for seat position (driver’s, right front passenger’s, or rear), restraint use, sex, age (as quadratic
splines), and all vehicle and crash characteristics. Includes terms for interaction between restraints and rear seat;
seat position and age (as linear splines); rear seat and cars with no air bags; rear seat and cars with only a driver's
air bag; and rear seat and cars with dual air bags. Models for frontal and nonfrontal impact also include interaction
terms for the interaction between seat position and direction of impact.

t Cl, confidence interval.
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adjusted risk ratio for death with a second-generation air bag
and the adjusted risk ratio for death with a first-generation air
bag for any subgroup, including unrestrained adult males,
a group some researchers have suggested might receive less
protection with a depowered air bag (6, 10, 11). The number
of occupants in some subgroups became small as subgroups
were finely categorized. Although most estimates showed
that air bags were associated with a decreased adjusted risk
ratio for death, some confidence intervals included the pos-
sibility that air bags were associated with an increased ad-
justed risk ratio.

Previous studies

To our knowledge, no previous study has estimated the as-
sociation between risk of death and use of a second-generation
air bag versus no air bag. However, some studies have com-
pared the risk of death with a second-generation air bag
with the risk with a first-generation air bag. Segui-Gomez
and Baker (24) used data from the National Automotive
Sampling System—Crashworthiness Data System for drivers
involved in frontal crashes, using the car’s model year
as a surrogate for the type of air bag (as we did in our study).
They reported that significantly fewer drivers of model year
1998 and newer vehicles died (2.2 percent) than drivers of
model year 1993-1997 vehicles (2.5 percent) (24). However,
that study could not distinguish the effects of air bags from
other safety improvements in newer cars. In another study,
Braver et al. (25) selected FARS data on vehicles that did
not change design in any way other than the air bag during
1997-1999. They compared the number of driver deaths in
vehicles of model year 1998—1999 with the number expected
on the basis of death rates per registered vehicle of model
year 1997. For cars in frontal crashes, the unadjusted rate
ratio for death in newer vehicles compared with the num-
ber expected was 0.89 (95 percent CI: 0.82, 0.97) (25). In
yet another study, Arbogast et al. (26) used a sample com-
prising information about crashes from insurance claims,
telephone interviews, and on-site investigations. Among re-
strained children aged 3-15 years who had been sitting in
the front right passenger seat, those in vehicles with second-
generation air bags had an adjusted odds ratio for serious in-
jury of 0.59 (95 percent CI: 0.30, 0.97) compared with those
with first-generation air bags (26).

Mechanisms

Occupants in the path of a deploying air bag may receive
its full force and be injured by it. Women, generally being
smaller than men, may sit relatively close to the dashboard
or steering column and so be at increased risk of death from
deploying air bags (5, 6, 27). Children, too, may often be
sitting close to the dashboard, leaning forward, or riding in
a rear-facing child seat. These positions may put them in the
path of a deploying air bag, causing them to receive its full
force (3, 5, 6, 27). Second-generation air bags were designed
to hit occupants in their path with less force than first-
generation air bags. This may explain the lower adjusted
risk ratio for death we found among children under age 6
years with a second-generation air bag compared with a
first-generation air bag.
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Large occupants, such as adult males, may overpower
a deploying air bag (6, 10) and not receive adequate pro-
tection during a crash. Similarly, unrestrained occupants
may be thrown forward with great force during a crash,
not only overpowering the air bag but coming into its path
(11,27, 28). This was the basis for concern that unrestrained
occupants, particularly unrestrained adults, might have a
higher risk of death with a depowered air bag than with
a first-generation air bag (6, 10, 11, 28). We found no large
or statistically significant elevated risk of death for males or
unrestrained occupants with a second-generation air bag as
compared with a first-generation air bag.

Limitations

Generalizability. Our analysis was restricted to passen-
ger cars, and our estimates of association may not apply to
other passenger vehicles. Other studies have reported that
the effect of air bags varies by vehicle size (27, 29, 30) and
body type (24, 25). Since our study design required cars to
have at least two occupants, our estimates of association
may not apply to cars in which the driver is the only occu-
pant. While the presence of unrestrained rear occupants is
associated with increased risk of death for front occupants,
that association is not confounded by the presence of an air
bag (31); in turn, any association between air bag presence
and death would not be confounded by unrestrained rear
occupants.

Missing data. We excluded 15.2 percent of potential
study occupants and 14.5 percent of potential study cars
because someone in the vehicle was missing data on impor-
tant characteristics. Our estimates may be biased if data
were not missing at random.

Possible misclassification. Estimates may also be biased
by data misclassification, to which restraint use is particu-
larly susceptible. However, in crashes so severe that some-
one dies (such as those we analyzed), misclassification of
restraint use is not great (20, 32). Second-generation air
bags included both depowered air bags and advanced air
bags. While FARS data and Vindicator software allowed
us to identify a car’s make, model, and year and the presence
or absence of an air bag, we found no comprehensive way to
determine which vehicles had advanced air bags. We used
a model year of 1998 or newer as a proxy for having second-
generation air bags, and some misclassification was possi-
ble. Since few vehicles had advanced air bags during the
years of our study (33), our estimates for second-generation
air bags were influenced more by depowered air bags than
by advanced air bags. If advanced air bags were more pro-
tective than depowered air bags, our estimates of the effect
of second-generation air bags on death would be closer to
zero than the effects of depowered air bags alone.

Other factors. We used the FARS database for infor-
mation on child restraints. FARS does not distinguish be-
tween rear-facing infant seats, forward-facing child seats,
and booster seats. Thus, we could not identify the effects
of different child restraint devices. For crashes occurring
during 1994 and more recently, the presence of a child safety
seat and improper use of a child safety seat were coded sep-
arately in FARS. We included the 438 occupants associated
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with improper use of a child safety seat as being restrained,
since the effect of improper use could not be determined.

We could estimate the effects of air bags according to
characteristics for which FARS contained data on two or
more occupants. To estimate the effect of air bags for chil-
dren in the right front seat, we needed children in the rear for
comparison. We addressed inherent differences in risk of
death for these different positions by adjusting for seat po-
sition and by including terms for interaction between re-
straint use and the rear seat, seat position and age, the rear
seat and cars with no air bag, the rear seat and cars with only
a driver’s air bag, and the rear seat and cars with dual air
bags. However, our estimates may have been biased if other
factors varied systematically with both air bag presence and
seat position within vehicles.

FARS began including data on the driver’s height and
weight in 1998. However, similar data on other occupants
were not available for comparison. Therefore, we could not
examine potentially relevant occupant characteristics, such
as body size.

Strengths

By matching occupants within each vehicle, the matched
cohort design controlled for all characteristics of the vehicle
and crash (12-15). This addressed the possibility that our
estimates were biased by vehicle or crash characteristics that
might be associated with the presence of an air bag. For
example, cars in which air bags were first introduced often
had other safety features, and the people who first bought
such cars may have been cautious drivers. Regression anal-
ysis allowed us to adjust for characteristics of the occupants
within vehicles and to estimate whether the effect of air bags
depended on certain characteristics of the occupants, the
vehicle, or the crash (12, 13).

We used the FARS data set, which includes crashes in
which at least one person died. Such crashes are typically
investigated thoroughly (16). This may have increased the
accuracy of the data we used. A matched cohort study re-
quires information only on persons who had the study out-
come. However, the estimated associations apply to all
crashes of cars with two, three, or four occupants, even if
no one died (13).

Conclusion

In this analysis, first- and second-generation air bags
were associated with similar decreases in the adjusted risk
ratio for death for most front seat occupants. However, for
children under age 6 years, first-generation air bags were
associated with a significantly increased adjusted risk ratio
for death, while second-generation air bags were not.
Second-generation air bags were not associated with a sig-
nificantly increased adjusted risk ratio for death for any
type of occupant as compared with the adjusted risk ratio
for death with first-generation air bags. Consumers, policy-
makers, and manufacturers can be assured that the in-
creased safety of second-generation air bags for children
was not offset by less protection for older occupants.
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