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Objective: To assess the effect of a demerit points system,
introduced in ltaly in July 2003, on the prevalence of seat belt
use (intermediate outcome) and the number of road traffic
deaths and injuries (health outcomes).

Design: Pre- and post-intervention regional observational study
for seat belt investigation (April 2003, October 2004); national
time-series analysis of road traffic deaths and injuries between
1999 and 2004 for health outcomes.

Setting: Veneto region, ltaly.

Participants: 19 551 drivers, 19 057 front passengers and 8123
rear passengers estimated to be aged over 11 years were included in
the investigation info seat belt use. 38 154 fatalities and 1 938 550
injured subjects were examined for the time-series analysis.
Interventions: Demerit points system.

Main outcome measures: The proportions of drivers and front and
rear passengers observed fo be using seat belts before and after the
intervention; estimates of lives and injuries saved through the
implementation of a penalty points system.

Results: The demerit points system was followed by an increase in
observed seat belt use of 51.8% (95% confidence inferval 48.7% to
54.9%) among drivers, of 42.3% (95% confidence interval 39.2% to
45.5%) among front passengers and of 120.7% (95% confidence
interval 99.4% to 144.3%) among rear passengers. ltis estimated that
1545 (95% confidence inferval 1387 to 1703; p<<0.0001) deaths
and 91 772 (95% confidence inferval 67 76210 115 783;
p<0.0001) injuries were prevented in the 18 months after the
introduction of the legislation, i.e. an 18% reduction (1545/8570) in
fatalities and a 19% reduction (91 772/473 048) in injuries.
Conclusions: The demerit points system is effective both in
encouraging drivers and passengers to adhere to the law and in
terms of health outcomes, substantially contributing to road safety.
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on the world’s roads and up to 50 million are
injured or disabled as a result of traffic
accidents.' The global picture of the phenomenon
is projected to worsen, with road traffic events
estimated to become the sixth leading cause of
death worldwide and to take third place as a cause
of disability by 2020.2
The majority of preventative strategies and
interventions that have been implemented to

E very year around 1.2 million people are killed
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prevent road accidents are based on the theoretical
foundation of Haddon’s matrix, in which human,
vehicle and environmental factors are supposed to
interact in the pre-crash, crash and post-crash
phases of a collision.””

Traffic law enforcement is mainly focused on
human factors and, among the different strategies
that have been implemented in this area, the
demerit points system is a widely used punitive
and educational measure.® In this system, specific
infractions of traffic regulations by drivers incur
one or more licence penalty points in addition to a
fine. When the number of points reaches a certain
level, or if a driver commits certain severe offences,
the driver’s licence is suspended.

Despite their widespread use, the overall effect
of penalty points systems on traffic safety in the
short and long term remains controversial.”"
Some authors claim that, paradoxically, traffic
law enforcement may induce more risk-taking
behaviours,' and that the effect of a penalty system
greatly varies depending on the context, sometimes
leading to effects opposite to those intended."

Furthermore, the evaluation of penalty points
systems is associated with some major methodo-
logical difficulties. For example, any analysis needs
to consider previous time trends and seasonal
patterns. Furthermore, it is difficult to include a
control group as such schemes are usually intro-
duced at a national scale and it is rarely possible to
attribute a clear causal role to these interventions.
Nevertheless, there is an urgent need to fill this
gap in our current knowledge as demerit points
systems nay have important preventative benefits.

Among the different types of laws that can be
implemented to increase traffic safety, most
attention has been paid to seat belt legislation
because of the huge potential benefits of such a
safety measure. Various approaches have been
taken to increase seat belt use. One of the most
effective tools is to pass a law that makes the
wearing of seat belts compulsory, with law
enforcement being achieved by various means."’

Penalty points legislation was introduced in Italy
in July 2003, with the goals of changing targeted
behaviours, including seat belt use (intermediate
outcome), and consequently reducing traffic-
related deaths and injuries (health outcomes)."
Under the new legislation, not wearing a seat belt
is punishable by the imposition of licence penalty
points and a fine (double that previously
imposed). In addition, other offences, such as
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exceeding the speed limit by 40 km/h or more, driving while
impaired by alcohol or drugs, street racing and reversing on
highways, incur a range of penalities up to immediate
revocation of the driving licence."”

The new demerit points system received considerable
attention in the national media. In addition, police officers
were asked to be particularly vigilant to increase the perceived
threat of being caught in case of an infringement.

In this study, we aimed to assess the level of compliance with
the new law as regards seat belt use and to investigate whether
introduction of new law was followed by a reduction in road
traffic fatalities and injuries.

MATERIALS AND METHODS

The study was structured in two parts: a regional observational
study to investigate the prevalence of seat belt use before and
after the introduction of the penalty points system (on 1 July
2003) and a national time-series analysis to detect a change
over time in the number of road traffic fatalities and injuries.

Observational study

Seat belt investigation was carried out in the Veneto region of
north-east of Italy, which has a population of about 4.6 million,
more than 3.5 million motor vehicles and a motorway/highway
network of 10 000 km, and accounts for approximately 10% of
all victims of road traffic accidents in Italy.

A pre- and post-intervention observational study (carried out
in April 2003 and October 2004 respectively) assessed the
prevalence of safety restraint use before and after the
introduction of the demerit points system among drivers and
front/rear passengers apparently aged over 11 years in cars,
light trucks and vans. A multistage stratified sample was
extracted following the sampling procedures established by the
National Highway Traffic Safety Administration (NHTSA)."

The 580 municipalities of the region constituted the primary
sampling units and were first grouped by the seven regional
provinces. In the first stage of the sample selection, we included
the seven provincial capitals plus a random selection of 15
municipalities with probability proportional to province popu-
lation size. In the second stage, 20 road segments were
randomly selected for each of the 22 sample municipalities,
giving a total of 440 road segments. In the third stage, convenience
sampling, guaranteeing the safety of observers and reliability of
observations, was used to select observation sites within each road
segment. Intersections regulated by traffic lights and highway
tollbooths were chosen as observation locations, as at these
locations it was possible to follow vehicles as they slowed or
stopped, permitting accurate data collection.

Two observers were assigned to each observation site and
recorded seat belt use in all vehicles passing the intersection or
tollbooth until the number of predefined observations was
achieved (21 drivers, 21 front passengers and eight rear
passengers for each site).

The sample size was chosen to guarantee a margin of error of
+1% at a 95% level of confidence (expected proportion of
safety belt use 60%, 60% and 10% for driver, front and rear
passenger respectively).

Emergency vehicles, such as ambulances and police cars,
heavy trucks, buses and all vehicles with foreign number plates
were excluded from the study.

The survey was carried out on weekdays from 08:00 to 18:00 h.

Observers participated in an intensive training, including
classroom reviews of data collection procedures; a recording
protocol was developed and given to each observer. Once a
consistent standard of recording procedures had been achieved,
as assessed by practical observation in different locations and
settings, the observers were divided into pairs and each pair
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was assigned to one of the selected observation sites, where
simultaneous observations were made.

To avoid recording information on the same vehicle more
than once in each time period, observation periods were short
and were carried out simultaneously in locations reasonably far
away one another.

For each eligible vehicle, the observers recorded occupant
position and safety belt use of subjects estimated to be aged
over 11 years. Age could not be accurately determined without
stopping vehicles and interviewing drivers and passengers,
which would have posed potential risks to the observers as well
as affecting the validity of the data collection by giving
occupants time to fasten their seat belts.

Differences in the percentage of vehicle occupants who wore
seat belts before and after the intervention were assessed using
the chi-squared test.

Time-series study

We utilised data on road traffic crashes routinely collected by
the police for the purpose of informing the Italian National
Institute of Statistics. This data collection covers all crashes
involving at least one vehicle and resulting in injury or death
(within 30 days) of at least one person.” We selected
information on crashes occurring in Italy from 1 January
1999 to 31 December 2004, and considered fatalities and
injuries to all road users, as it is hoped that any safety benefits
will affect all road users and not just drivers and passengers
directly affected by the new legislation.

We studied monthly time series through an autoregression
integrated moving average (ARIMA) Box-Jenkins model."
Such a technique takes into account any seasonal pattern, the
downward/upward historical trend and related autocorrela-
tions.

We analysed the time series to test the hypothesis that the
enactment of the law would have a statistically significant
impact on road traffic deaths and injuries by adding to the
model an intervention variable dichotomised into the pre- and
post-enactment period. Annual fuel consumption and the
number of motor vehicles on the roads each year were
introduced in the model as measures of traffic volume."”

We used the intervention parameter estimates to compute
the number of deaths and injuries that would have occurred in
the absence of the adoption of penalty points system.

We performed all analyses on SAS software, version 9-1.

RESULTS

Observational study

We observed a total of 19 551 drivers, 19 057 front passengers
and 8123 rear passengers. Table 1 presents the distribution of
vehicle occupants observed to be wearing seat belts by occupant
position and by year.

Between 2003 and 2004, a change in seat belt use was
observed among all categories of vehicle occupants (p<<0-001),
with an increase of 51.8% (95% confidence interval (CI) 48.7%
to 54.9%) for drivers, 42.3% (95% CI 39.2 to 45.5) for front
passengers and 120.7% (95% CI 99.4% to 144.3%) for rear
passengers.

The greatest absolute difference was registered for drivers,
with the proportion wearing a seat belt increasing from 54.5%
(95% CI 53.5% to 55.5%) in 2003 to 82.8% (95% CI 82.0% to
83.5%) in 2004. Among rear passengers, the prevalence of
compliant behaviour more than doubled over the observation
period but was still three times lower than that reported for
front passengers in 2004.

Time-series study
The number of people killed and injured showed different
temporal trends from 1999 to 2004. Until 2003, the annual
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Table 1 Absolute and relative distribution of vehicle Table 2 Autoregression infegrated moving average
occupants observed to be wearing seat belts by occupant (ARIMA) Box—Jenkins analysis of number of people killed
position in the vehicle and year, Veneto region, Italy, 2003- and injured in road traffic accidents in Italy, 1999-2004
047

Parameter  Standard
Occupant 2003 2004 value error p-value
position in the ~ Wearing D -
" o o ead subjects: ARIMA(2,1,0)
vailes cziilel * n * 3 Seasonal autoregressive, lag 12 —0.492 —3.456 0.001
Brfivar Yes 5300 545 8137 828 p<0.0001 Seasonal autoregressive, lag 24 —0.468 —3.251 0.002
No 4419 455 1695 17.2 Fuel consumption parameter 5.4x107¢ 0.894 0.375
Front passenger Yes 5032 533 7301 759 p<0.0001 Vehicle on the road parameter ~ —6.9x107*  —0.491 0.625
No 4404 467 2320 241 Intervention parameter —85.835 —4.482 <0.0001
Rear passenger Yes 458 112 1004 248 p<0.0001 Model variance 1683.968 -
No 3617 888 3044 752 Akaike information criterion 460.54 — —
Injured subjects:
ARIMA(2,0,0)(1,0,0)
Autoregressive, lag 1 0.604 0.108  <0.0001
Autoregressive, lag 2 0.218 0.107 0.045
Seasonal autoregressive, lag 12 0.903 0.038  <0.0001

number of fatalities recorded was stationary, but after the Fuel consumption parameter 51x10*  51.9x10* 0.010

adoption of the demerit points system it showed a dramatic Vehicle on the road parameter 54x10*  50x10™ 0.285

downward trend (figure 1) Intervention parameter —5098.463 680.567 <0.0001

X 8 . . Model Variance 1.1x10° - -

According to the ARIMA model (2,1,0) reported in table 2, Nefle ifameiton @imitan 106G _ -
the intervention potentially saved the lives of 1545 people (95%
CI 1387 to 1703; p<0-0001) in 18 months, which, as a

proportion of the 8570 subjects killed in the same period,
represents an 18% reduction in fatalities.

The time-series for the 1 938 550 injured subjects showed an
upward trend before 2003 and a downward trend thereafter
(figure 2). The latter finding was statistically consistent with
the hypothesis that an exogenous intervention introduced in
July 2003 effectively reduced the number of injured victims
afterwards.

According to our ARIMA model (2,0,0)(1,0,0), reported in
table 2, injury was prevented in 91 772 subjects (95% CI 67 762
to 115 783; p<0-0001) during the 18-month period after the
new legislation came into force, which, as a proportion of the
473 048 injuries observed over the period, corresponds to a
reduction of 19%.

Both outcomes show a seasonal pattern, with peaks usually
in the summer and troughs consistently recorded during
February.

DISCUSSION

Statement of main findings

The adoption of the penalty points system had an effect on
both the intermediate ooutcomes and the health outcomes.
The overall prevalence of seat belt use among all vehicle
occupants increased in the region under study from 46% to

700 —

600 —

N deaths

500 —

400 —

70%, with more than four in five drivers complying with the
new law.

The number of road traffic fatalities and injuries significantly
declined after the adoption of the penalty points system, with a
nationwide reduction in the first 18 months of 18% and 19%
respectively.

Comparison with other studies

The demerit points system is a relatively new topic within the
substantial body of scientific research on the evaluation of
different types of law enforcement to make the roads safer.

Specifically, its effect on seat belt use has not been previously
evaluated. Nevertheless, many studies have established that
primary law, i.e. enabling police officers to impose penalties for
not wearing a seat belt even when no other violation of traffic
law has occurred, is the most effective measure in increasing
the prevalence of seat belt use, resulting in an associated
decrease in fatalities."” ** *'

Our finding of a 25% increase in seat belt use among drivers
and front passengers is consistent with figures observed in
countries that have intoduced primary law from a state of
having no law regarding seat belt use,” despite the fact that in

Figure 1 Number of people killed in road
traffic crashes in ltaly, by month, 1999-
2004 (n=38 154).

Demerit points
system
enactment

—_—

1999 2000 2001 2002

Year

2003

2004 2005

www.jech.com



880

32 000

30000 —

28 000 —

N deaths

26 000 —

24 000 —

22 000 =_| \ \ \

Zambon, Fedeli, Visentin, et al

Figure 2 Number of people injured in road
traffic accidents in ltaly by month, 1999-
2004 (n=1 938 660).

Demerit points
system
enactment

e
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Italy the use of a seat belt has been mandated in primary law
since 1989.

As a result of the introduction of the demerit points system,
the prevalence of seat belt use in the Veneto region of Italy now
appears to be higher than the average European Union (EU)
rate of 76%. Some EU member states have been successful in
substantially increasing seat belt use by implementing different
measures of traffic law enforcement.”> However, in Italy there
remains considerable room for improving seat belt use among
rear passengers, as the current rate of 25% is still considerably
lower than the reported EU average of 46%.> The poor
adherence to legislation by rear passengers is of particular
concern as it has been repeatedly shown that rear passengers
who do not wear seat belts place both themselves and the front
occupants at great risk of fatal injury in the event of a crash.”

As regards the effect of the new legislation on health
outcomes, we observed a positive effect of the penalty points
system on both injuries and fatalities, in agreement with the
findings of other authors.” ** The estimated 19% reduction in
injuries observed in Italy is consistent with the 20% reduction
in non-fatal injuries observed in the first 12 months after the
introduction of the penalty points system in Ireland.”” However,
the 18% reduction in fatalaties recorded in Italy is generally
lower than reported from other countries, where reductions of
up to 25% have been observed in the first year after the
introduction of similar measures of traffic law enforce-
ment.8 26 27

Our results, however, are not exactly comparable with
previous studies evaluating the effect of a penalty points
system, which typically have not taken into account either the
historical trend or the seasonal pattern. Thus, other studies
could have overestimated the effect of the penalty points
system, as has been previously observed for seat belt legislation
effectiveness.” *

Our reduction in fatalities is consistent with the finding of
increased seat belt use,” even taking into account the fact that
the demerit points system is also used to penalise other major
traffic law infractions. For example, severe speeding violations
are punishable with licence withdrawal, and this is believed
also to contribute to a reduction in road traffic accident
mortality and injury.”*

Although we found that the new leglislation was followed by
positive effects on both the intermediate outcome and health
outcomes, we cannot infer that the former caused the latter.

However, in contrast to previous findings®, we found that the
overall reduction in fatalities and injuries was sustained in the
first 18 months after the new legislation came into force.
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Time-series analyses were also performed on a regional basis.
The regional findings were consistent with the national results
but were not statistically significant because of a high degree of
variability, a large number of outlier values and low numbers of
regional observations.

Strengths and weaknesses of the study

First, the technique used for time-series analysis overcame
concerns related to  historical trend and seasonality.’
Nevertheless, we did not control for variables other than fuel
consumption and number of vehicles on the roads. As these
variables did not change the estimated effect of the interven-
tion, it is reasonable to assume that other independent time-
varying variables, such as socioeconomic or technological
factors, would have also had no effect on our models.

Second, although the findings of a seat belt investigation
cannot be generalised to the whole of Italy, as a north—south
gradient of seat belt use prevalence has previously been
reported,” we assumed that the introduction of the demerit
points system resulted in a similar increase in the prevalence of
seat belt use throughout the whole country. The observational
study is susceptible to observer bias as the observers might
expect to find more people wearing seat belts after the new law.

Furthermore, fatality data provided by the National Institute
of Statistics, although guaranteeing homogeneity in collection
throughout the national territory, are known to constantly
underestimate the actual values; nevertheless, such a phenom-
enon should not bias temporal trends.

What is already known on this subject

® The demerit points system is a measure of traffic law
enforcement widely used in many countries throughout
the world.

e The effectiveness of the demerit points system in making
the roads safer is controversial and not well supported by
evidence.

o What this study adds

® The demerit points system significantly improves com-
pliance with tEe |egisﬁ(;tion.

® The time trend of road traffic fatalities and injuries
significantly declined after the adoption of the demerit
points system.
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Finally, no other major interventions on road safety were
carried out in the studied period, reducing history threats to
internal validity.

Implications for policy-makers
The penalty points system appears to be an important
opportunity to reduce road traffic victims, and thus calls for
an optimal use, as few other preventative policies can have such
massive and immediate consequences.

The penalty points system has important effects in terms of
response to the law, and provides a substantial contribution to
the reduction of traffic-related injury and mortality.
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