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Abstract

Background: China has introduced a series of stricter policies to criminalize drunk driving and increase penalties
since May 2011. However, there is no previous study examining the time-varying impacts of drunk driving
regulations on road traffic fatalities based on daily data.

Methods: We collected 6536 individual data of road traffic deaths (RTDs) in Guangzhou from 2008 to 2018. The
quasi-Poisson regression models with an inclusion of the intervention variable and the interaction of intervention
variable and a function of time were used to quantify the time-varying effects of these regulations.

Results: During the 11-year study period, the number of population and motor vehicles showed a steady upward
trend. However, the population- and motor vehicles- standardized RTDs rose steadily before May 2011, the
criminalizing drunk driving intervention was implemented and gradually declined after that. The new drunk driving
intervention were associated with an average risk reduction of RTDs (ER = -9.01, 95% eCI: − 10.05% to − 7.62%)
during the 7.7 years after May 2011. On average, 75.82 (95% eCI, 54.06 to 92.04) RTDs per 1 million population
annually were prevented due to the drunk driving intervention.

Conclusion: These findings would provide important implications for the development of integrated intervention
measures in China and other countries attempting to reduce traffic fatalities by stricter regulations on drunk driving.

Keywords: Road traffic deaths, Drunk driving regulations, China, Interrupted time-series analysis, Quasi-Poisson
regression model

Background
Road safety is a major public health issue [1]. Approxi-
mately 1.35 million people are killed in road traffic
crashes each year [2]. The road traffic crashes are the
eighth leading cause of death for the entire population
and top one cause of death among children and young

adults under 30 years [1]. Drunk driving is a major risk
factor of road traffic crashes globally [3, 4]. It is esti-
mated that nearly 5–35% of all road traffic deaths
(RTDs) are alcohol-related [1]. Compared with high-
income countries, the incidence of drunk driving is even
higher in low- and middle-income countries, with ap-
proximately 33–69% of fatally injured drivers drinking
before their crash [5].
Previous studies have shown that regulations related

to drunk driving reduced the number of road traffic in-
juries and deaths in some countries, such as Canada,
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Chile, and United States and China [6–9]. These previ-
ous studies commonly used the autoregressive integrated
moving average with exogenous variable (i.e. ARIMAX)
model [6, 7, 10] or generalized additive model [11–13]
to evaluate the impact of drunk driving laws. The gener-
alized additive model is a more flexible alternative to
ARIMAX. For instance, various distributions that are ap-
propriate for counts data can be chosen, such as quasi-
Poisson distribution and negative binomial distribution
[11, 14]. In addition, existing studies often examined the
time-invariant intervention effect based on weekly/
monthly/annual instead of daily road traffic-related data
[7, 8, 15]. However, the effect of drunk driving regula-
tions is very likely to change over time as relevant regu-
lations may be introduced successively and the strength
of regulation enforcement might vary across time. To
our knowledge, there is no previous study examining the
time-varying impacts of drunk driving regulations on
road traffic fatalities based on daily data for a long
period. Estimating the intervention effect using the mor-
tality data for a whole population rather than surveil-
lance points may reduce selection bias [16]. Moreover,
the impact of drunk driving regulation on mortality may
differ in subpopulations by gender and age group [12],
while the disparities by educational attainment, occupa-
tional group, and type of road user are lack of investiga-
tion. Previous studies commonly used excess risk (ER) to
reflect the impact of drunk driving regulation [11, 12],
while the indicator only reflects the relative risk of RTD
after the intervention compared with pre-intervention
period. Excess road traffic mortality rate (EMR) of RTD
attributable to drunk driving regulation can present the
absolute impact of the intervention.
As the largest developing country, China is experien-

cing rapid urbanization and motorization. Mainland
China recorded approximately 262,000 RTDs in popula-
tion of about 1.4 billion in 2017, accounting for approxi-
mate 21% of global RTDs [17]. That is, the road traffic
mortality in China was slightly higher than the global
average level (17.8 vs 16.7 per 100,000 population).
Therefore, China’s progress in reducing RTDs would
have a substantial impact on achieving global road traffic
safety targets. To effectively reduce the adverse conse-
quences of drunk driving, the Chinese government has
adopted increasingly strict regulations and the regulation
enforcement has been enhanced significantly. The land-
mark amendment of criminalizing driving after drunken-
ness (blood alcohol concentration (BAC) ≥ 0.08%) and
increasing penalties for drunk driving (0.02% ≤ BAC <
0.08%) beginning on May 1, 2011, was one of the most
important interventions to combat drunk driving in
China [8, 18]. Evaluation of the effectiveness of drunk
driving regulations is of great significance for policy
making and adjustment in China and other countries.

We conducted an interrupted time-series (ITS)
study in Guangzhou. Guangzhou is one of the fastest-
growing economies in China, with a high population
density of 1248/km2 in 2018 and the total number of
civil motor vehicles has surged up from 1.2 million in
2008 to 2.6 million in 2018. Based on daily data of
RTDs for the whole population from 2008 to 2018 in
Guangzhou, China, this study aimed to quantitatively
evaluate the effects of the new drunk driving regula-
tions implemented since May 2011 on road traffic fa-
talities. To better present the public health
significance of the regulations, we used excess risk
and excess road traffic mortality rate of RTDs. The
main aim was to estimate the intervention effect for
the whole population with secondary aims being the
explorations of subpopulation stratified by individual
characteristics (i.e., sex, age group, educational attain-
ment, occupational group, and type of road user).

Methods
Data collection
Guangzhou has a unified and unique death registra-
tion system that records all of the deaths from the
whole population. And the death data were regularly
cross-checked with the vital registration system oper-
ated by Guangzhou Municipality Public Security Bur-
eau to update some delayed or unreported death
registration. From Guangzhou Center for Disease
Control and Prevention, we collected individual death
data for all permanent residents of Guangzhou during
2008–2018, including cause of death, sex, date of
birth, date of death, educational attainment, and oc-
cupational group. The annual numbers of permanent
residents and motor vehicles were obtained from the
statistical yearbook of the Guangzhou statistics bur-
eau. The surface meteorological information of daily
temperature was derived from the China Meteoro-
logical Administration (http://data.cma.cn/). We used
the International Statistical Classification of Diseases
and Related Health Problems 10th Revision to classify
the road traffic death and considered five types of
road user: pedestrian (V01-V04, V06-V09), pedal cyc-
list (V10-V19), motorcyclist (V20-V29), occupant
(V30-V79, V87) and other or unspecified road user
(V80, V82, V89). All death records were aggregated
into daily counts of RTDs and stratified by sex, age
group (< 16 years, 16–64 years, and ≥ 65 years), educa-
tional attainment (primary school or below, and sec-
ondary school or above), occupational group
(unemployed, blue-collar workers, and white-collar
workers), and type of road user. The study proposal
was approved by the Ethics Committee of Guangzhou
Center for Disease Control and Prevention.
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Statistical methods
We standardized RTDs, accounting for the changes in
population size and number of motor vehicles, to obtain
the RTDs per 1 million population and 1 million motor
vehicles (sRTD represents standardized RTDs in the
remaining of the paper). The mainbody of the new
drunk driving intervention were implemented in May
2011 and other subsequent detailed measures have been
taken after 2011 to enforce the implement of the inter-
vention. Here, we examined the effects of a series inter-
vention measures which were implemented since May
2011. We used the ITS design to explore the association
between sRTD and the drunk driving regulations. We
modeled daily RTDs using quasi-Poisson regression
models, with an adjustment of long-term and seasonal
trends and a covariate of ambient temperature. The
model (I) formula was specified as follows:

Log E Y t½ �ð Þ ¼ offset Log Popð Þ þ Log Carð Þð Þ þ β0

þ
Xk

θ¼1

β1θ sin
2θπt
T

� �
þ β2θ cos

2θπt
T

� �� �

þns tempt; 3ð Þ þ β3Dowt þ β4Holidayt þ β5Xt þ β6t þ β7Xtt

where Yt is the number of RTDs in day t (t = 1, 2, …,
4018); the regression coefficients of the logarithm of
population and motor vehicles were forced to be 1, so
that the fitted model was used to explore the influential
factors of sRTD; the paired sine and cosine functions
were used to fit the seasonality of sRTD; T is 365.25 and
k was chosen by the mass spectrogram (k = 1); ns(tempt)
denotes the natural cubic spline of daily temperature
with three degrees of freedom (dfs) and the dfs were
chosen by minimizing the value of Akaike’s Information
Criterion for the quasi-Poisson regression model. Dowt

is the indicator of the day of the week and Holidayt is a
categorical variable of public holiday (i.e., 0 for non-
holiday, 1 for Spring Festival, and 2 for other holidays),
Xt takes values of 0 and 1 indicating the period before
and after May 1, 2011, respectively, Xtt denotes the
interaction term of Xt and time to consider the time-
varying effects of drunk driving regulations.
To better understand the public health significance of

the new drunk driving intervention, we estimated ER
and EMR to reflect the impacts of the intervention. The

ER of sRTD at time t was estimated as: ERt ¼ ð exp ðβ̂5
þβ̂7 � tÞ‐1Þ � 100% , where t represents the value of
time in the Model (I). In addition, we provided the esti-
mates of ERs at three time points: November 19, 2013,
June 10, 2016, and December 31, 2018 which were the
ending dates of the three equal-time intervals of the
post-intervention period. ER represents the percentage
change in the relative risk of sRTD associated with the
drunk driving intervention. The EMR was estimated as:

ðPt¼4018
t¼1217ðDt−D0tÞ=PopÞ � 1; 000; 000=N , where Dt is the

predicted number of RTDs under the factual scenario in
post-intervention time t; D0t is the predicted number of
RTDs under the counterfactual scenario that the inter-
vention was not implemented, and N is the number of
post-intervention years under study. EMR represents the
average annual number of RTDs that were changed per
1 million individuals due to the drunk driving interven-
tion. We used Monte Carlo simulation to estimate the
95% empirical confidence intervals (eCIs) of regression
coefficients which were assumed to follow a multivariate
normal distribution. And then ER and EMR were esti-
mated accordingly.
Furthermore, we conducted the subgroup analyses by

sex, age group, educational attainment, occupational
group, and type of road user. Plots of partial autocorrel-
ation functions of residuals of the fitted models are pre-
sented for checking the adequateness of the model
fitting.
We conducted two sensitivity analyses to evaluate the

robustness of the main results. First, we fitted the model
using the monthly number of RTDs, in which day t in
the Model I was replaced with month t (t = 1, 2, …, 132),
and the Dowt and Holidayt variables were removed. Sec-
ond, we explored the potential nonlinear pattern of
intervention effect over time, the interaction term of
intervention variable Xt and a natural cubic spline func-
tion of time were added into the Model (I) to obtain the
following Model (II):

Log E Y t½ �ð Þ ¼ offset Log Popð Þ þ Log Carð Þð Þ þ β0

þ
Xk

θ¼1

β1θ sin
2θπt
T

� �
þ β2θ cos

2θπt
T

� �� �

þns tempt ; 3ð Þ þ β3Dowt þ β4Holidayt þ β5Xt þ β6t þ β7Xt � ns t; 6ð Þ

Where Xt × ns(t,6) denotes the interaction term of
intervention variable and the natural cubic spline func-
tion of time. Six is the dfs for the natural cubic spline.
All statistical analyses were completed in R 4.0.3 (R

Foundation for Statistical Computing). The main pack-
age used was “mgcv”. Statistical significance was set at
P < 0.05 (two-sided). The R code for the main model was
available in Additional file 1.

Results
Table 1 presents the basic descriptive information of
RTDs in Guangzhou, China. A total of 6536 RTDs were
recorded from January 1, 2008 through December 31,
2018. During the 11-year study period, the number of
population and motor vehicles showed a steady upward
trend. However, the sRTD changed over time, rising
steadily in the pre-intervention period and gradually de-
creasing after May 2011 (Fig. 1). The annuals RTDs in-
creased from 42.8 in 2008 to 52.2 per 1 million
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population and 1 million vehicles in 2010 and then de-
creased markedly to 20.2 per 1 million population and 1
million vehicles in 2018.
Table 2 shows that males (74.6%), people aged 16–64

years (72.9%), residents with education of secondary
school or above (71.9%) accounted for the majority of
RTDs. Blue-collar workers represented 53.2% of the
RTDs, while around 70% of the RTDs were pedestrians
(33.8%) and motorcyclists (37.5%).
Table 3 presents the estimates of ERs of sRTD associ-

ated with drunk driving intervention at three time
points: November 19, 2013, June 10, 2016, and Decem-
ber 31, 2018. Compared with the predicted counterfac-
tual, the ERs of sRTD on the three time points were −
38.21% (95% eCI, − 50.07% to − 23.67%), − 59.90% (95%

eCI, − 71.44% to − 43.95%) and − 73.98% (95% eCI, −
83.75% to − 58.23%), respectively. We further evaluated
the effects of drunk driving intervention on RTDs by in-
dividual characteristics. It was found that the ERs of
sRTDs were statistically significant for both of males
(ER: − 76.18% to − 38.52%) and females (ER: − 66.24% to
− 37.42%). The relative risk of sRTDs among residents
aged < 16 years and those aged 16–64 years decreased by
62.29 to 93.87% and 39.35 to 76.15% respectively. When
stratified by educational attainment, the ERs of sRTDs
were statistically significant for education of primary
school and below (ER: − 97.94% to − 72.82%). Mean-
while, the effects among the unemployed (ER: − 64.26%
to − 26.81%) and blue-collar workers (ER: − 83.55% to −
49.09%) were statistically significant. For different road

Table 1 Descriptive statistics of road traffic deaths, population and motor vehicles in Guangzhou, China, 2008–2018

Year Annual
number of
RTDs

Registered
population
(× 1 million)

Number of
motor vehicles
(× 1 million)

Annual rate of RTDs (per 1
million population)

Annual standardized RTDs (per 1 million
population and 1 million vehicles)

2008 391 7.8 1.2 50.1 42.8

2009 532 7.9 1.3 67.2 50.1

2010 671 8.0 1.6 83.4 52.2

2011 705 8.1 1.9 86.7 46.7

2012 731 8.2 2.0 89.1 43.7

2013 674 8.3 2.1 81.2 37.8

2014 677 8.4 2.2 80.6 36.2

2015 553 8.5 2.2 64.7 28.9

2016 544 8.7 2.3 62.5 27.2

2017 575 9.0 2.4 64.0 26.7

2018 483 9.3 2.6 52.1 20.2

RTDs road traffic deaths

Fig. 1 Standardized monthly road traffic deaths in Guangzhou, China, 2008–2018. RTDs: road traffic deaths. The solid vertical line shows the
timing of draft amendment to Criminal Law came into force in May 2011
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users, a statistically significant ER was observed in pe-
destrians (ER: − 82.53% to − 46.91%) and motorcyclists
(ER: − 91.00% to − 58.53%).
It was estimated that a total of 649.52 RTDs were pre-

vented due to the drunk driving intervention annually,
which corresponded to 75.82 (95% eCI, 54.06 to 92.04)
per 1 million population (Fig. 2). We estimated that an
average of 118.72 (95% eCI, 80.43 to 145.39) RTDs per 1
million males per year were averted due to the introduc-
tion of drunk driving regulations since May 2011,
greater than in females (EMR: − 32.76, 95% eCI, − 47.16
to − 6.70). The annual EMR was − 68.41 (95% eCI, −
80.18 to − 25.35) and − 77.64 (95% eCI, − 94.86 to −
54.06) for people aged under 16 years and those aged
16–64 years respectively, while the effects for those aged
65 years and older were statistically non-significant (Fig.

2). More details on the baseline trend, level, and slope
parameters were provided in Additional file 1.
The result of sensitivity analysis showed that the esti-

mation using the monthly road traffic deaths modeling
were roughly the same as the daily data, but with a wider
95% eCI (see Additional file 1). Model I and Model II
were used to capture the linear and potential non-linear
change in intervention effect over time, respectively.
They did not make very much difference, confirming
that the change was generally linear (see Additional file
1). Visually inspection of the partial autocorrelation
function plots of the residual of the fitted models sug-
gested that the absolute value of partial autocorrelation
coefficients lied within the two dashed lines or were less
than 0.1 in the first two lag days [19], indicating that the
models are appropriate (see Additional file 1).

Table 2 Summary statistics of road traffic deaths by individual characteristics in Guangzhou, China, 2008–2018

Category 2008–2018 Before May 1, 2011 After May1, 2011

Annual
number of
RTDsa

Standardized annual
RTDs(per 1 million
population and 1 million
motor vehicles)

Annual
number of
RTDsa

Standardized annual RTDs
(per 1 million population
and 1 million motor
vehicles)

Annual
number of
RTDsa

Standardized annual
RTDs(per 1 million
population and 1 million
motor vehicles)

All 594.2(100.0) 37.5 546.7(100.0) 48.1 614.8(100.0) 32.9

Sex

Male 443.2(74.6) 55.3 404.7(74.0) 69.9 459.9(74.8) 49.0

Female 151.0(25.4) 19.3 142.1(26.0) 25.6 154.9(25.2) 16.6

Age, years

< 16 26.6(4.5) 11.4 28.5(5.2) 16.4 25.8(4.2) 9.2

16–64 432.9(72.9) 37.4 415.5(76.0) 48.9 440.5(71.6) 32.4

≥ 65 134.6(22.7) 75.1 102.7(18.8) 90.0 148.5(24.2) 68.6

Educational attainmentb,c

Primary
school or
below

134.0(22.6) 9.5 200.7(36.7) 17.6 105.1(17.1) 6.0

Secondary
school or
above

427.5(71.9) 25.6 293.8(53.7) 25.8 485.4(79.0) 25.4

Occupational groupb,c

Unemployed
165.9(27.9) 10.7 165.2(30.2) 14.7 166.2(27.0) 9.0

Blue-collar 316.0(53.2) 19.9 291.4(53.3) 25.4 326.7(53.1) 17.5

White-collar 38.5(6.5) 2.5 37.6(6.9) 3.4 39.0(6.3) 2.1

Type of road userb,c

Pedestrian 200.7(33.8) 13.0 209.1(38.2) 18.4 197.1(32.1) 10.7

Motorcyclist 222.9(37.5) 13.7 177.8(32.5) 15.3 242.5(39.4) 12.9

Pedal cyclist 51.0(8.6) 3.1 37.0(6.8) 3.3 57.1(9.3) 3.0

Occupant 64.9(10.9) 4.0 49.3(9.0) 4.3 71.7(11.7) 3.8

RTDs road traffic deaths
aThe numbers in brackets represent the corresponding proportions
bWe used the total number of residents in Guangzhou to standardize the RTDs for subgroups of different educational attainment, occupational group and type of
road user, since the data on population size for these subgroups were not available
cThe unspecified causes in the educational attainment, occupational group and type of road user were 5.5, 12.4 and 9.2%, respectively
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Discussion
Our study comprehensively assessed the time-varying ef-
fects of drunk driving intervention on road traffic deaths
in Guangzhou, China based on interrupted time-series
analysis. We estimated that the relative risk of sRTD de-
creased by 73.98% at the end of the study period due to
the enforcement of new drunk driving regulations since

May 1, 2011, correspondingly, 650 RTDs (i.e. 76 RTDs
per 1 million population) were averted annually. Our
analysis presents strong evidence in support of these leg-
islations as a successful public-health intervention that
have greatly improved road safety. The estimate of effect
of drunk driving laws differs geographically. Our effect
estimate of ER of sRTD (− 73.98%) was greater than the
estimates for 3.7-year post-intervention period in two
other Chinese cities, Ningbo (− 20.0%) [11] and Tianjin
(− 11.1%) [12]. The discrepancy in the estimate may be
due to the disparities in population density, traffic condi-
tion, legal technicality, the degree of regulation enforce-
ment, and the length of post-intervention period
investigated.
We observed an apparent continuous decrease in

sRTD after the implementation of drunk driving inter-
vention in Guangzhou during the study period. The in-
creasingly strong impacts of drunk driving regulations
can be attributable to the introduction of a series of
amendments of the drunk driving regulations imple-
mented since May 2011. For instance, the Law on Road
Traffic Safety was promulgated in 2011, which detailed
the extent of punishment for the drink drivers [20]. The
government provided more details on how to define
driving after drunkenness, drunk driving and penalties

Table 3 Excess risks of road traffic deaths attributable to drunk driving intervention in Guangzhou, China

Category ER% (95% eCI)

November 19, 2013 June 10, 2016 December 31, 2018

All −38.21(− 50.07 to −23.67) −59.90(−71.44 to −43.95) −73.98(− 83.75 to − 58.23)

Sex

Male −38.52(−51.63 to −21.68) − 61.73(−74.01 to −43.24) −76.18(−86.11 to − 58.56)

Female −37.42(− 58.80 to − 5.96) −54.03(−76.49 to −11.36) −66.24(− 86.73 to −15.42)

Age, years

< 16 −62.29(−85.18 to − 5.60) − 84.79(−96.71 to −32.89) −93.87(−99.27 to − 51.92)

16–64 −39.35(− 52.23 to − 23.31) −61.97(− 74.08 to −44.57) − 76.15(− 85.99 to − 59.97)

≥ 65 −26.60(−53.58 to 17.37) − 40.23(− 71.35 to 25.10) − 51.33(− 82.28 to 34.99)

Educational attainment

Primary school or below −72.82(−81.08 to − 61.02) −92.52(− 95.83 to − 86.55) −97.94(− 99.09 to − 95.4)

Secondary school or above −16.85(− 37.00 to 10.70) −34.00(−57.63 to 4.17) −47.62(− 72.01 to − 1.90)

Occupational group

Unemployed −26.81(− 49.98 to 7.95) −48.85(− 71.79 to −5.14) −64.26(− 84.35 to − 15.73)

Blue-collar −49.09(− 61.84 to − 31.79) − 71.07(− 81.73 to − 53.39) −83.55(− 91.22 to − 68.14)

White-collar −13.92(− 59.97 to 86.49) −25.45(− 77.92 to 157.4) −35.44(− 87.99 to 259.22)

Type of road user

Pedestrian −46.91(−61.75 to − 26.66) − 69.55(− 82.06 to − 48.98) −82.53(− 91.63 to − 64.30)

Motorcyclist −58.53(− 71.02 to − 40.37) −80.68(− 89.11 to − 65.48) −91.00(− 95.98 to − 79.59)

Pedal cyclist −24.62(− 65.62 to 65.81) −42.23(− 83.90 to 103.18) −55.73(− 92.53 to 148.30)

Occupant −27.12(− 64.41 to 48.77) − 50.09(− 84.06 to 55.99) −65.82(− 92.92 to 66.04)

eCI empirical confidence interval; ER Excess risk

Fig. 2 Average annual excess road traffic mortality rate associated
with drunk driving intervention in Guangzhou, China. EMR: excess
mortality rate. Points and vertical solid lines are point estimates and
95% empirical confidence intervals of EMRs. Young, middle and old
represents people aged < 16, 16–64, and≥ 65 years, respectively
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on January 1, 2013 [21]. In addition, the public security
bureau and relevant government departments have taken
a lot of measures to reduce drunk driving behaviors, in-
cluding educating the public through TV, radio, newspa-
pers, Internet and other media and platforms,
announcing the violations and traffic deaths caused by
drunk driving on roadside billboards and electronic
screens. Enhanced regulation enforcement after May
2011 further contributes to the increasingly significant
impacts of drunk driving regulations. The success of
new drunk driving intervention depends not only the de-
tailed descriptions of the definition and the punishment
of drunk driving regulations, but also the strict regula-
tion enforcement, such as more frequent and systematic
random breath testing of drivers and the cooperation of
residents which can be achieved by public education,
propaganda, and awareness campaigns [8, 11, 14]. Our
findings highlight the importance of integrated interven-
tion measures and strict enforcement for achieving the
expected effects.
Previous studies have commonly only used population

denominator to standardize road traffic injuries or
deaths or even used unstandardized data, and rarely con-
sidered the impact of the number of motor vehicles [11,
12, 15, 22, 23]. In Guangzhou, the number of car had an
obvious increasing trend during the study period. There-
fore, we accounted for both the number of population
and motor vehicles as the denominator. In fact, the
number of kilometers driven by vehicles would be the
ideal denominator for the traffic death rates [15], but
these data were generally not available [11, 13]. Haghpa-
nahan et al. [14] used traffic flow as an alternative de-
nominator for the vehicle traveling kilometers. However,
multiple imputation with large proportions of missing
data in this variable may lead to some bias in the results.
Our findings revealed that the impacts of drunk driv-

ing intervention were greater in males (ER = -9.76, 95%
eCI: − 10.89% to − 8.29%) than in females (ER = -6.70,
95% eCI: − 8.76% to − 1.75%), which was in accordance
with previous studies [12, 22]. This phenomenon might
be due to the higher driving and drinking rate among
males [24, 25]. As for the age difference, the significant
effects of the intervention were observed among people
aged < 16 years and 16–64 years, but not among resi-
dents aged 65 years and older. Xiong et al. [12] only ob-
served the effect among people aged 16–64 years. The
difference in the finding for those aged under 16 years
could be due to the higher statistical power from a lon-
ger post-intervention period (7.7 years vs. 3.7 years) and
the time-varying effects investigated in our study.
It is worth noting that more reductions in RTD associ-

ated with drunk driving intervention were observed
among those with the education of primary schools or
below (ER = -12.60, 95% eCI: − 15.27% to − 10.46%). This

might be due to the differential drinking behavior. One
study found that the mean consumption of people with
the education of primary schools or below was greater
than those with higher education (318 g/week vs 241 g/
week), and the heaviest drinkers tended to have poorer
education [24]. Factor et al. [26] also reported that the
probability of involving in severe and fatal accidents in-
creased as drivers’ education level decreased.
Our study also suggested that the impacts of drunk

driving intervention differed by occupational groups. It
seemed that the intervention effects were higher in blue-
collar workers (ER = -9.52, 95% eCI: − 10.68% to −
8.24%) than in the unemployed (ER = -8.99, 95% eCI: −
11.28% to − 4.53%). It is possible that blue-collar workers
typically enjoy a better socio-economic status, so they
generally choose not to violate traffic laws, which may
result in a more favorable response to the intervention
[26, 27]. However, There was a low baseline of RTDs
and a downward trend before the intervention among
white-collar workers. Non-significant intervention effect
was found among white-collar workers.
We observed statistically significant effects of drunk

driving intervention on road traffic mortality for pedes-
trians and motorcyclists but not for pedal cyclists or oc-
cupants. It could be due to the higher BAC levels and a
much higher proportion of alcohol influence among pe-
destrians and motorcyclists than occupants [28]. In
addition, pedestrians and motorcyclists were the most
vulnerable to injuries and deaths due to severe head in-
juries [29, 30].
Our study has three strengths. First, we presented the

time-varying effects of the drunk driving intervention on
RTDs over a 7.7-year post-intervention period based on
daily mortality data. Second, we used the whole popula-
tion data instead of sampling data or specific subpopula-
tion data to estimate the intervention effects of drunk
driving regulations in Guangzhou, avoiding the problems
of low coverage rate and representative bias. Third, we
considered the differences in intervention effects among
different subgroups (e.g. educational attainment, occupa-
tional group, and type of road user), which have been
seldom examined in previous studies.
There are some limitations of this study. First, we

assessed the effectiveness of the new drunk driving inter-
vention only in a single city because of data availability.
Further multi-city or national study would provide more
substantial evidence to support the promotion of the
regulations in other regions. Second, we examined the
overall impacts of a series of intervention measures but
not a single specific measure alone since it was ex-
tremely difficult to distinguish the effects of different
parts of an intervention. Third, some subgroups were
analyzed in broad categories (e.g., people aged 16–64
years) due to the limited number of RTDs. More data
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should be collected in the future to increase insights of
these subgroups and different subgroup combinations.
Finally, some factors, such as road quality and character-
istics of the cars possibly have an influence on the num-
ber of road traffic deaths. However, these factors were
not considered in our analysis since relevant data were
not available. More accurate estimate of the intervention
effect would be achieved with these data in the future.

Conclusions
This study conducted quasi-Poisson regression models
with an interrupted time-series design to explore the ef-
fects of new drunk driving intervention on RTDs. Our
finding presents the remarkable time-varying impacts of
enforcement of drunk driving intervention since May
2011 in Guangzhou, China. More reductions in RTDs
were observed among males, people aged under 16 years
and 16–64 years, residents with the education of primary
school and below, the unemployed and blue-collar
workers, pedestrians, and motorcyclists, compared with
their corresponding subgroups. Our findings have im-
portant implications for the development of integrated
intervention measures for targeted population in China
and other countries attempting to reduce traffic fatalities
by stricter regulations on drunk driving. In addition, the
analytical strategy of our study can be applied to assess
the time-varying effect of the intervention on the occur-
rence of various accidents which change in a linear or
non-linear form. The indicators of excess mortality rate
would be estimated to better understand the significance
of regulations from the public health perspective.

Abbreviations
ARIMAX: Autoregressive integrated Moving Average with exogenous
variable; BAC: Blood Alcohol Concentration; dfs: degrees of freedom;
eCI: empirical Confidence Interval; EMR: Excess Mortality Rate; ER: Excess Risk;
ITS: Interrupted Time-Series; RTDs: Road Traffic Deaths; sRTD: Standardized
Road Traffic Deaths

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-021-11958-4.

Additional file 1: Supplement 1. The R code for the main model.
Table S1. Regression coefficients and empirical confidence intervals of
all RTDs in Guangzhou, China. Table S2. Regression coefficients of all
RTDs and five subgroups in Guangzhou, China. Table S3. Excess risks of
monthly road traffic deaths attributable to drunk driving intervention in
Guangzhou, China. Table S4. Regression coefficients of all monthly RTDs
and five subgroups in Guangzhou, China. Fig. S1. Excess risks of road
traffic deaths over time estimated using the Model II. Fig. S2. The partial
autocorrelation coefficient plots of the residuals of Model I.

Acknowledgments
We appreciate Guangzhou Center for Disease Control and Prevention for
providing road traffic death data.

Authors’ contributions
XHX designed the study, conducted the data analyses, and drafted the
manuscript. HD, GZL lead the data collection. LL, ZY contributed to writing
the paper and provided advice. CQO initiated the study and provided
technical support and guidance. All authors read and approved the final
manuscript as submitted.

Funding
This work was supported by National Nature Science Foundation of China
[81973140].

Availability of data and materials
The data that support the findings of this study are available from
Guangzhou Center for Disease Control and Prevention but restrictions apply
to the availability of these data, and so the data are not publicly available.
We have obtained permission from Guangzhou Center for Disease Control
and Prevention to obtain these data. But we have no right to make the
original data public. If anyone wants to access the original data, please
contact Dr. Pengzhe Qin (email: petgyy@gmail.com) at Guangzhou Center
for Disease Control and Prevention. He will instruct you to apply for the
permission from Guangzhou CDC.

Declarations

Ethics approval and consent to participate
The study proposal was approved by the Ethics Committee of Guangzhou
Center for Disease Control and Prevention [GZCDC-ECHR-2020P0037]. The
consent for participants was not required because the data used in this
study were official death registration records. Moreover, daily number of
deaths instead of individual data were analyzed in this study. All procedures
were performed in accordance with relevant guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1State Key Laboratory of Organ Failure Research, Department of Biostatistics,
Guangdong Provincial Key Laboratory of Tropical Disease Research, School of
Public Health, Southern Medical University, Guangzhou 510515, China.
2Guangzhou Center for Disease Control and Prevention, Guangzhou 510440,
Guangdong, China.

Received: 27 March 2021 Accepted: 11 October 2021

References
1. Global status report on road safety 2018. https://www.who.int/violence_

injury_prevention/road_safety_status/2018/en. Accessed 14 Jul 2020.
2. Road traffic injuries. https://www.who.int/health-topics/road-safety#tab=ta

b_1. Accessed 14 Jul 2020.
3. Drinking and Driving. https://www.grsproadsafety.org/wp-content/uploads/

DrinkingDriving_English.pdf. Accessed 14 Jul 2020.
4. Zhang X, Yao H, Hu G, Cui M, Gu Y, Xiang H. Basic characteristics of road

traffic deaths in China. Iran J Public Health. 2013;42(1):7–15.
5. Stewart K, Silcock D, Wegman F. Reducing drink driving in low- and middle-

income countries: challenges and opportunities. Traffic Inj Prev. 2012;13(2):
93–5. https://doi.org/10.1080/15389588.2011.634464.

6. Asbridge M, Mann R, Flam-Zalcman R, Stoduto G. The criminalization of
impaired driving in Canada: assessing the deterrent impact of Canada's first
per se law. J Stud Alcohol. 2004;65(4):450–9. https://doi.org/10.15288/jsa.2
004.65.450.

7. Nazif-Muñoz J, Batomen B, Oulhote Y, Spengler J, Nandi A. State or market?
How to effectively decrease alcohol-related crash fatalities and injuries. J
Epidemiol Community Health. 2020;74(6):502–9. https://doi.org/10.1136/
jech-2019-213191.

8. Fei G, Li X, Sun Q, Qian Y, Stallones L, Xiang H, et al. Effectiveness of
implementing the criminal administrative punishment law of drunk driving

Xu et al. BMC Public Health         (2021) 21:1885 Page 8 of 9

https://doi.org/10.1186/s12889-021-11958-4
https://doi.org/10.1186/s12889-021-11958-4
mailto:petgyy@gmail.com
https://www.who.int/violence_injury_prevention/road_safety_status/2018/en
https://www.who.int/violence_injury_prevention/road_safety_status/2018/en
https://www.who.int/health-topics/road-safety#tab=tab_1
https://www.who.int/health-topics/road-safety#tab=tab_1
https://www.grsproadsafety.org/wp-content/uploads/DrinkingDriving_English.pdf
https://www.grsproadsafety.org/wp-content/uploads/DrinkingDriving_English.pdf
https://doi.org/10.1080/15389588.2011.634464
https://doi.org/10.15288/jsa.2004.65.450
https://doi.org/10.15288/jsa.2004.65.450
https://doi.org/10.1136/jech-2019-213191
https://doi.org/10.1136/jech-2019-213191


in China: an interrupted time series analysis, 2004-2017. Accid Anal Prev.
2020;144:105670. https://doi.org/10.1016/j.aap.2020.105670.

9. Wagenaar A, Maldonado-Molina M, Ma L, Tobler A, Komro K. Effects of legal
BAC limits on fatal crash involvement: analyses of 28 states from 1976
through 2002. J Saf Res. 2007;38(5):493–9. https://doi.org/10.1016/j.jsr.2007.
06.001.

10. Campostrini S, Holtzman D, McQueen D, Boaretto E. Evaluating the
effectiveness of health promotion policy: changes in the law on drinking
and driving in California. Health Promot Int. 2006;21(2):130–5. https://doi.
org/10.1093/heapro/dak005.

11. Sheng R, Zhong S, Barnett A, Weiner B, Xu J, Li H, et al. Effect of traffic
legislation on road traffic deaths in Ningbo, China. Ann Epidemiol. 2018;
28(8):576–81. https://doi.org/10.1016/j.annepidem.2018.04.004.

12. Xiong X, Wang Z, Xu R, Li G. Evaluating the impact of criminalizing drunk
driving on years of life lost due to road traffic deaths in one megacity,
China. Traffic Inj Prev. 2019;20(4):348–52. https://doi.org/10.1080/15389588.2
019.1597269.

13. Zhao A, Chen R, Qi Y, Chen A, Chen X, Liang Z, et al. Evaluating the impact
of criminalizing drunk driving on road-traffic injuries in Guangzhou, China: a
time-series study. J Epidemiol. 2016;26(8):433–9. https://doi.org/10.2188/jea.
JE20140103.

14. Haghpanahan H, Lewsey J, Mackay D, McIntosh E, Pell J, Jones A, et al. An
evaluation of the effects of lowering blood alcohol concentration limits for
drivers on the rates of road traffic accidents and alcohol consumption: a
natural experiment. Lancet. 2019;393(10169):321–9. https://doi.org/10.1016/
S0140-6736(18)32850-2.

15. Nistal-Nuño B. Segmented regression analysis of interrupted time series
data to assess outcomes of a south American road traffic alcohol policy
change. Public Health. 2017;150:51–9. https://doi.org/10.1016/j.puhe.2017.04.
025.

16. Hernán M, Robins J. Causal inference: what if. Boca Raton: Chapman & Hall/
CRC; 2020.

17. Wang L, Ning P, Yin P, Cheng P, Schwebel D, Liu J, et al. Road traffic
mortality in China: analysis of national surveillance data from 2006 to 2016.
Lancet Public Health. 2019;4(5):e245–55. https://doi.org/10.1016/S2468-2
667(19)30057-X.

18. Road Traffic Safety Law of the People's Republic of China 2011.[In Chinese].
http://www.moe.gov.cn/jyb_xwfb/xw_zt/moe_357/jyzt_2015nztzl/2015_zt1
0/15zt10_flfg/201509/t20150914_207919.html. Accessed 14 Jul 2020.

19. Kan H, Chen B, Zhao N, London S. Part 1. A time-series study of ambient air
pollution and daily mortality in Shanghai, China. Res Rep Health Eff Inst.
2010;154(154):17–78.

20. Li Y, Xie D, Nie G, Zhang J. The drink driving situation in China. Traffic Inj
Prev. 2012;13(2):101–8. https://doi.org/10.1080/15389588.2011.637097.

21. Wang Z, Zhang Y, Zhou P, Shi J, Wang Y, Liu R, et al. The underestimated
drink driving situation and the effects of zero tolerance Laws in China.
Traffic Inj Prev. 2015;16(5):429–34. https://doi.org/10.1080/15389588.2014.951
719.

22. Jomar R, Ramos D, Fonseca V, Junger W. Effect of the zero-tolerance
drinking and driving law on mortality due to road traffic accidents
according to the type of victim, sex, and age in Rio de Janeiro, Brazil: an
interrupted time series study. Traffic Inj Prev. 2019;20(3):227–32. https://doi.
org/10.1080/15389588.2019.1576035.

23. Byrne P, Ma T, Mann R, Elzohairy Y. Evaluation of the general deterrence
capacity of recently implemented (2009-2010) low and zero BAC
requirements for drivers in Ontario. Accid Anal Prev. 2016;88:56–67. https://
doi.org/10.1016/j.aap.2015.12.002.

24. Millwood I, Li L, Smith M, Guo Y, Yang L, Bian Z, et al. Alcohol consumption
in 0.5 million people from 10 diverse regions of China: prevalence, patterns
and socio-demographic and health-related correlates. Int J Epidemiol. 2013;
42(3):816–27. https://doi.org/10.1093/ije/dyt078.

25. Wagenaar A, Livingston M, Staras S. Effects of a 2009 Illinois alcohol tax
increase on fatal motor vehicle crashes. Am J Public Health. 2015;105(9):
1880–5. https://doi.org/10.2105/AJPH.2014.302428.

26. Factor R, Mahalel D, Yair G. Inter-group differences in road-traffic crash
involvement. Accid Anal Prev. 2008;40(6):2000–7. https://doi.org/10.1016/j.aa
p.2008.08.022.

27. Zhang G, Yau K, Gong X. Traffic violations in Guangdong Province of China:
speeding and drunk driving. Accid Anal Prev. 2014;64:30–40. https://doi.
org/10.1016/j.aap.2013.11.002.

28. Reynaud M, Le Breton P, Gilot B, Vervialle F, Falissard B. Alcohol is the main
factor in excess traffic accident fatalities in France. Alcohol Clin Exp Res.
2002;26(12):1833–9. https://doi.org/10.1111/j.1530-0277.2002.tb02490.x.

29. Blaizot S, Papon F, Haddak M, Amoros E. Injury incidence rates of cyclists
compared to pedestrians, car occupants and powered two-wheeler riders,
using a medical registry and mobility data, Rhône County, France. Accid
Anal Prev. 2013;58:35–45. https://doi.org/10.1016/j.aap.2013.04.018.

30. Törő K, Hubay M, Sótonyi P, Keller E. Fatal traffic injuries among pedestrians,
bicyclists and motor vehicle occupants. Forensic Sci Int. 2005;151(2):151–6.
https://doi.org/10.1016/j.forsciint.2005.01.014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Xu et al. BMC Public Health         (2021) 21:1885 Page 9 of 9

https://doi.org/10.1016/j.aap.2020.105670
https://doi.org/10.1016/j.jsr.2007.06.001
https://doi.org/10.1016/j.jsr.2007.06.001
https://doi.org/10.1093/heapro/dak005
https://doi.org/10.1093/heapro/dak005
https://doi.org/10.1016/j.annepidem.2018.04.004
https://doi.org/10.1080/15389588.2019.1597269
https://doi.org/10.1080/15389588.2019.1597269
https://doi.org/10.2188/jea.JE20140103
https://doi.org/10.2188/jea.JE20140103
https://doi.org/10.1016/S0140-6736(18)32850-2
https://doi.org/10.1016/S0140-6736(18)32850-2
https://doi.org/10.1016/j.puhe.2017.04.025
https://doi.org/10.1016/j.puhe.2017.04.025
https://doi.org/10.1016/S2468-2667(19)30057-X
https://doi.org/10.1016/S2468-2667(19)30057-X
http://www.moe.gov.cn/jyb_xwfb/xw_zt/moe_357/jyzt_2015nztzl/2015_zt10/15zt10_flfg/201509/t20150914_207919.html
http://www.moe.gov.cn/jyb_xwfb/xw_zt/moe_357/jyzt_2015nztzl/2015_zt10/15zt10_flfg/201509/t20150914_207919.html
https://doi.org/10.1080/15389588.2011.637097
https://doi.org/10.1080/15389588.2014.951719
https://doi.org/10.1080/15389588.2014.951719
https://doi.org/10.1080/15389588.2019.1576035
https://doi.org/10.1080/15389588.2019.1576035
https://doi.org/10.1016/j.aap.2015.12.002
https://doi.org/10.1016/j.aap.2015.12.002
https://doi.org/10.1093/ije/dyt078
https://doi.org/10.2105/AJPH.2014.302428
https://doi.org/10.1016/j.aap.2008.08.022
https://doi.org/10.1016/j.aap.2008.08.022
https://doi.org/10.1016/j.aap.2013.11.002
https://doi.org/10.1016/j.aap.2013.11.002
https://doi.org/10.1111/j.1530-0277.2002.tb02490.x
https://doi.org/10.1016/j.aap.2013.04.018
https://doi.org/10.1016/j.forsciint.2005.01.014

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data collection
	Statistical methods

	Results
	Discussion
	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

