
620  |  www.epidem.com	 Epidemiology  •  Volume 27, Number 5, September 2016

Brief Report

Background: As a phased approach to initiating driving, graduated 
driver licensing restricts driving by young drivers with the aim of 
reducing crashes. It might increase riding with parents or on buses, 
which might be safer, or walking or biking, which might be more 
dangerous. We examined whether it increases nondriver injuries, and 
whether it reduces total injuries combining drivers and nondrivers.
Methods: We conducted longitudinal analyses of 1995–2012 traf-
fic injuries from 43 states. Using Poisson mixed regression, we esti-
mated adjusted rate ratios for visible, incapacitating, and fatal injury.
Results: Among 16 year olds, graduated driver licensing was associ-
ated with reduced passenger injuries (adjusted rate ratio 0.93, 95% 
confidence interval: 0.89, 0.97). It was not associated with increased 
injuries as bus riders, pedestrians, or bicyclists among 16- or 17-year 
olds. It was associated with a 10% reduction in total injuries among 
16-year olds, but not 17-year olds.
Conclusion: Graduated driver licensing was associated with reduced 
passenger injuries and total injuries.

(Epidemiology 2016;27: 620–623)

Traffic crashes, the leading cause of teenager deaths in the 
US, accounted for 26% (2,163) of 2013 deaths among 16- 

to 19-year olds.1 Florida implemented graduated driver licens-
ing in 1996, and by January 2012, all states and the District 

of Columbia had implemented some form of graduated driver 
licensing.2,3 It typically requires drivers under 18 to proceed 
through phases: extended learner permit (supervised driving 
for 3 to 12 months); intermediate (unsupervised driving in 
daylight, but restricted nighttime driving and, in many states, 
limited passengers); and full licensure (unlimited unsuper-
vised driving).4

State-3,5–13 and national-level14–20 studies have reported 
10%–40% reductions in crash rates for 16-year-old drivers after 
the implementation of graduated driver licensing. However, few 
have considered injury rates of 16- and 17-year-old passengers, 
bicyclists, pedestrians, and bus riders, as a result of graduated 
driver licensing.10,18,21 Restricted driving may increase use of 
alternative transportation. Riding with parents or on buses may 
be safer;22,23 however, walking and biking may be more dan-
gerous.24 Previous national studies used fatalities;14–20 however, 
injuries, more common than fatalities, produce a sample size 
adequate to detect moderate associations. We conducted lon-
gitudinal analyses of traffic injuries in 43 states to estimate the 
association of graduated driver licensing with injuries among 
16- and 17-year-old passengers, bus riders, bicyclists, and 
pedestrians; and with total injuries (including in drivers).

METHODS

Counts of Visible Injuries in Crashes
We used crash data from 1995 to 2012 from 43 states 

to obtain counts of injuries (eTable, http://links.lww.com/
EDE/B55, which presents crash data year and graduated 
driver licensing status by state). Data were obtained from 
police accident reports from National Highway Traffic Safety 
Administration’s State Data System25 and from states. Data 
from the remaining seven states were not available because of 
no response, cost to acquire, and data format/quality issues. 
Police accident reports record crashes involving at least one 
motor vehicle traveling on a road customarily open to the pub-
lic that result in injury or major property damage.25 To ensure 
consistent reporting across states, we included visible, inca-
pacitating, and fatal injuries, and excluded possible injuries 
and property-damage-only crashes.

Classifying Graduated Driver Licensing
The presence of graduate driver licensing was deter-

mined for systems with a learner permit phase ≥3 months, 
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plus an intermediate phase restriction on nighttime driving or 
number of young passengers.2

Population Estimates
Midyear population estimates by state, age, and year 

were obtained from the US Census Bureau; quarterly values 
were linearly interpolated.26

Other Traffic Laws
The presence of other traffic safety laws may confound the 

relationship between graduated driver licensing and outcomes. 
We obtained states’ impaired driving laws (minimum blood 
alcohol concentration, zero tolerance, and mandatory suspen-
sion for driving under the influence) and maximum speed limits.

Economic Indicators
We obtained state-specific quarterly per capita income 

estimates from the US Bureau of Economic Analysis.27 The 
national annual consumer price index was used to adjust for 
inflation.28 Each state’s annual unleaded gasoline price was 
obtained from the Energy Information Administration,29 then 
adjusted for inflation.

Statistical Analysis
We estimated per person-year injury rates for passen-

gers, bus riders, bicyclists, pedestrians, and drivers by divid-
ing counts of visible, incapacitating, and fatal injuries by 
population estimates.

The adjusted rate ratio (aRR) for injury under graduated 
driver licensing compared with no graduated driver licensing 
was estimated using Poisson mixed regression. The outcome 
was the quarterly count of injuries with an offset equal to the 
log of the population for that quarter. Random intercepts were 
used to account for the repeated measures from each state over 
the study period, and robust variance estimation was employed 
to account for potential model misspecification (e.g., overdis-
persion).30 Regression models included terms for year (linear 
spline terms with knots at 2002 and 2005), quarter (three indi-
cator variables for four quarters), age (0 for 16, 1 for 17), and 
graduated driver licensing (0 for absence, and 1 for presence), as 
well as an interaction for age and graduated driver licensing to 
examine age variation. We further adjusted for traffic laws and 
state economic factors. In sensitivity analysis of model choice, 
we examined whether inclusion of random time trends for each 
state would change estimates for drivers and passengers. The 
study was approved by West Virginia University’s IRB.

RESULTS
There were 2,400 state quarters from 43 states; grad-

uated driver licensing was absent for 37% of quarters. Two 
states (Indiana and Wyoming) did not adopt graduated driver 
licensing during the study period (eTable, http://links.lww.
com/EDE/B55, which presents crash data year and gradu-
ated driver licensing status by state). Among 16- to 17-year 
olds, 383,724 passengers, 3,526 bus riders, 24,808 bicyclists, 
35,003 pedestrians, and 565,602 drivers were injured from 

crashes (Table). Graduated driver licensing was associated 
with reduced total injuries for age 16 (aRR: 0.90, 95% con-
fidence interval [CI]: 0.87, 0.93), but not age 17 (aRR: 1.03, 
95% CI: 0.98, 1.08). It was associated with reduced injury 
rates for 16-year-old but not for 17-year-old drivers (age 16: 
aRR: 0.87, 95% CI: 0.83, 0.92; age 17: aRR: 1.05, 95% CI: 
0.98, 1.12). It was associated with reduced injury rates for 
16-year-old passengers (aRR: 0.93, 95% CI: 0.89, 0.97) but 
not 17-year olds (aRR: 1.02, 95% CI: 0.97, 1.07). The associa-
tions between graduated driver licensing and bus riders, bicy-
clists, and pedestrians were all near null (Table). There was a 
distribution of state-specific estimates of association between 
graduated driver licensing and bicyclist, pedestrian, and bus 
rider injuries. This distribution was centered on the null, and 
no geographic region or state characteristic was particularly 
common among states at the low or high end of the distribu-
tion. The inclusion of random time trends for each state in the 
model did not change the aRR for passengers. The aRR was 
0.85 (95% CI: 0.81, 0.89) and 1.02 (95% CI: 0.96, 1.09) for 
16- and 17-year-old drivers, similar to the main analysis.

DISCUSSION
Graduated driver licensing was associated with reduced 

driver and passenger injuries for adolescents particularly 
those aged 16 years. A New York study reported the rate ratio 
of fatal and incapacitating passenger injuries before and after 
graduated driver licensing was 1.19 (0.77, 1.84) for age 16 
and 0.93 (0.61, 1.43) for 17;10 CIs were wide due to small 
sample sizes. A study of 1995–2012 Fatality Analysis Report-
ing System data reported an aRR of 0.96 (0.90, 1.03) for age 
16 and 1.00 (0.93, 1.09) for age 17.31 With 191,619 injuries, 
relative to 6,047 fatalities among 16-year-old passengers, the 
injury analysis had an adequate sample size to detect moder-
ate effects. Restricted driving under graduated driver licensing 
could increase instances of adolescents riding with parents, 
and subsequently increase passenger fatalities. However, rid-
ing with parents is much safer than riding with adolescents.22 
In addition, graduated driver licensing restrictions likely 
reduce the number of passengers riding with high-risk ado-
lescent drivers. Some evidence exists that graduated driver 
licensing may not cause adolescents to ride more frequently 
as passengers.32 California adolescents surveyed said that 
they drove earlier (58%), rescheduled an event (45%), or had 
parents or other adults as passengers (59%), to adapt to the 
nighttime driving restriction. Others walked or rode a bus or 
bicycle (31%). Forty-four percent reported that they drove at 
night despite the restriction.32

In this study, graduated driver licensing did not appear 
to be associated with more injuries to adolescent bicyclists or 
pedestrians. In another study of Upstate New York adolescents 
post- and pregraduated driver licensing, rate ratios of incapac-
itating injuries were 1.53 (0.89, 2.62) and 1.75 (0.91, 3.34) for 
16- and 17-year-old pedestrians and bicyclists, respectively,10 
although the study population might not be representative 
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of 16- to 17-year olds in the 43 states studied. Potential rea-
sons for no increase in bicyclist or pedestrian injuries after 
graduated driver licensing may include adolescents forgoing 
or rescheduling trips;32 walking rather than riding a bus or 
bicycle, or simply violating the law.32

A study of 1992–2002 Fatality Analysis Reporting Sys-
tem data reported that graduated driver licensing reduced total 
traffic fatalities (drivers, passengers, bicyclists, and pedestri-
ans) by 6% among 15- to 17-year olds.18 Previous studies have 
suggested heterogeneity between ages 16 and 17.14,31 Our study 
showed that for total injuries (passengers, bicyclists, pedestri-
ans, bus riders, and drivers), graduated driver licensing was 
associated with a 10% reduction for age 16, but not for age 17. 
Adult supervision and restrictions on nighttime driving and 
number of underage passengers are likely common among 
16-year olds. As adolescent’s age and restrictions are removed, 
the influence of graduate driver licensing should decrease. An 
analysis of 2006–2009 Fatality Analysis Reporting System 

data found that the nighttime driving restriction was in effect 
for 84% of 16-year old, and 30% of 17-year-old drivers in 
fatal crashes.33 In 36 of 50 states, 17-year olds could have full 
licensure (unlimited unsupervised driving), particularly after 
taking a driver education course.4

Strengths of this study include examination of nondriv-
ers and drivers, which increases understanding of the broader 
impacts of graduate driver licensing; longitudinal analysis of 
injuries from 43 states; examination of injuries, which pro-
duces a sample size adequate for analysis of injuries to bus 
riders; and adjustment for temporal trends, seasonal factors, 
traffic laws, and economic factors. Limitations include not 
having licensure status to estimate the effects of individual 
graduated driver licensing components; and calculations of 
adjusted economic factors included all ages, not just adoles-
cents. Also, our use of population estimates to calculate rates 
did not account for exposure to driving, bus riding, bicycle 
riding, or walking.

TABLE.   Counts, Rates, and Rate Ratios for Injuries by Person Type, Age, and Graduated Driver Licensing Exposurea

Person  
Type

Age  
(yr)

Graduated Driver 
Licensing Exposureb

No. of  
Injuriesc

Rate Per 100,000 
Person-yeard

Crude Rate Ratio Per  
Quarter-person-year (95% CI)

Adjusted Rate Ratio Per  
Quarter-person-year (95% CI)e

Passenger 16 Absent 79,721 531

Present 111,898 291 0.55 (0.54, 0.55) 0.93 (0.89, 0.97)

17 Absent 73,309 514

Present 118,796 308 0.60 (0.59, 0.60) 1.02 (0.97, 1.07)

Bus rider 16 Absent 682 5

Present 1,251 3 0.72 (0.65, 0.79) 0.99 (0.75, 1.32)

17 Absent 550 4

Present 1,043 3 0.74 (0.67, 0.82) 1.03 (0.77, 1.37)

Bicyclist 16 Absent 4,019 27

Present 9,599 25 0.93 (0.90, 0.97) 0.97 (0.90, 1.04)

17 Absent 3,229 22

Present 7,961 21 0.96 (0.92, 1.00) 0.99 (0.92, 1.07)

Pedestrian 16 Absent 5,217 35

Present 13,029 34 0.97 (0.94, 1.01) 0.99 (0.92, 1.06)

17 Absent 4,701 31

Present 12,056 31 1.00 (0.97, 1.03) 1.01 (0.96, 1.07)

Driver 16 Absent 105,139 700

Present 136,486 355 0.51 (0.50, 0.51) 0.87 (0.83, 0.92)

17 Absent 126,720 843

Present 197,257 511 0.61 (0.60, 0.61) 1.05 (0.98, 1.12)

All 16 Absent 194,778 1,298

Present 272,263 707 0.54 (0.54, 0.55) 0.90 (0.87, 0.93)

17 Absent 212,509 1,414

Present 337,113 874 0.62 (0.61, 0.62) 1.03 (0.98, 1.08)

aData from the Police Crash Reports from 1995 to 2012 from 43 states (see eTable, http://links.lww.com/EDE/B55, which presents crash data year and graduated driver licensing 
status by state).

bExposure to graduated driver licensing means living in a state that has graduated driver licensing systems with a learner permit phase of at least 3 months, plus an intermediate 
phase restriction on night driving or the number of young passengers.

cInjuries include visible, incapacitating, and fatal injury.
dThe numerator is the number of injuries. The denominator is the population estimates per year.
eAdjusted rate ratios compare the rates per quarter-person-year for persons exposed to graduated driver licensing with those not exposed, adjusted for changes in rates over year 

and quarter within each state (Poisson mixed regression), rural interstate speed limits, blood alcohol concentration limit for driving, zero-tolerance laws for persons under age 21 years, 
immediate administrative license suspension for driver with a blood alcohol concentration that exceeds the legal limit, quarterly per capita income, and annual gasoline price.
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