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 ABSTRACT

OBJECTIVE  To determine and compare the prevalence of alcohol, drugs 
of abuse and medicines in fatal road traffic injuries (RTIs) in Thailand from 
2018 through 2023.

METHODS  A retrospective study was conducted of fatal RTI cases sent 
for autopsy at the Department of Forensic Medicine, Siriraj Hospital,  
Mahidol University from 2018 through 2023. Subject data, including sex, 
age, type of RTI case, blood alcohol concentration (BAC), and urine drug 
profile, were collected. Descriptive statistics, Chi-square tests, Mann–
Whitney U tests, and Kruskal–Wallis H tests were performed as appropriate.

RESULTS From 2018 through 2023 a total of 1,979 fatal RTI cases were 
included in this study. Of those cases, 1,649 were male (83.3%) and the 
mean subject age was 37.3 years. The yearly prevalence of driving under 
the influence (DUI) of alcohol (BAC > 50 mg/dL) during the study period  
was between 45.80% and 53.40% with the exception of 2022, which showed 
a significant increase at 57.10% (p < 0.05). The prevalence of drugs in 2023 
was 21.00%, a significant difference compared with the prevalence in 2018 
of 13.70% (p < 0.05). The prevalence of cannabis use showed an increasing  
trend, with a statistically significant increase in 2023 (p < 0.05). The preva- 
lence of multiple drug use also significantly increased over the study period, 
particularly in 2023 (p < 0.05). 

CONCLUSIONS The prevalence of drugs of abuse and medication in fatal 
RTI cases markedly increased over the study period, particularly in 2023. 
There was a significant increase in cannabis use and poly-drug use in fatal 
RTI cases over the period, especially in 2023.  
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INTRODUCTION
Road traffic injuries (RTIs) are among the lead-

ing causes of death worldwide. In Thailand, RTIs 
were reported to be among the top five causes of 
death (1). The annual number of RTI deaths from 
2011 through 2021 ranged from 18.7 to 34.3 per 
100,000 per year, with an average number of RTI 
deaths of 30.3 per 100,000 population per year (1). 
Driving under the influence (DUI) of alcohol and 

drugs has been well-studied as one of the major  
causes of RTI, other than roadway geometric  
features, light, and weather conditions (2). A pre-
vious study suggested that an increased blood  
alcohol concentration (BAC) was associated with 
a higher risk of fatal RTIs, and the odds ratio (OR) 
for a BAC of 20 and 80 mg/dL was estimated to 
be 3.64 and 13.0, respectively (3). A meta-analysis  
study indicated that a BAC above 20 mg/dL was 
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associated with impairment of driving perfor-
mance when assessed on a simulated driving 
platform (4). Among DUIs involving drugs, alcohol- 
drug combinations were found to be strongly 
correlated with severe RTIs (adjusted OR = 39.15), 
followed by drug-drug combinations (adjusted 
OR = 7.02) (5).

The prevalence of DUI of alcohol and drugs 
and the drug types in the RTI population can be 
different in each country. In Thailand, Sribandit-
mongkol et al. reported that the alcohol-positive 
rate in autopsied fatal RTI cases during the pe-
riod 2007-2019 was 48.47% and the median BAC 
among those alcohol-positive blood samples was 
192 mg/dL (6). Another study in Thailand found 
that the prevalence of psychoactive drugs present  
in urine samples from drivers in Thailand tested  
between 2005 and 2006 was 9.70%, and the 
most common drugs found were antihistamines,  
amphetamine, and cannabis (7). These figures 
differ from those reported in some European  
countries. For example, in Italy, it was reported  
that the average prevalence of BAC > 50 mg/dL  
for all driver types from 2011 to 2018 was 16.2% 
(13.80%-17.30%) (8). Similarly, the overall preva- 
lence of BAC > 50 mg/dL in Norway between 
2011 and 2020 was found to be 14.40% (9). For  
cases of DUI of drugs, the prevalence of drug-  
positive injured drivers ranged from 16.80%- 
24.10% in Italy (8), while the overall prevalence 
of drug-positive drivers and illicit drug-positive 
fatal driver cases in Norway were 15.80% and 
10.70%, respectively (9).

Based on published accounts and other availa-
ble data, it  is noteworthy that there has seemingly  
been a critical transformation in the world in  
recent years, and especially in Thailand, the focus 
of this study, since the COVID-19 pandemic out-
break in 2020 and since the implementation of new 
drug policies in Thailand. Specifically, the Thai 
government-initiated endorsement of a legalized 
medical cannabis policy in 2019 and subsequent-
ly enacted legislation that allowed cannabis and  
mitragynine to be used legally by the general pop-
ulation beginning in 2020 and 2021, respectively 
(10). It has been suggested that the effects of the 
COVID-19 pandemic on changing Thai people’s 
behaviors and the decriminalization of cannabis 
and mitragynine as official Thai government policy 
may have had an impact on alcohol and drug use 

trends in RTI cases in Thailand. The objective of 
this study was to determine the prevalence of  
alcohol, drugs of abuse, and medicines in fatal RTI 
cases in Thailand from 2018 through 2023 to test 
this hypothesis. Our findings provide essential  
insights which are important for achieving greater 
awareness of current alcohol and drug use trends 
in fatal RTI cases in Thailand for forensic patholo- 
gists which will be fundamental for informed con-
sideration of Thailand’s public policies on drugs 
and traffic accident prevention.

METHODS
A retrospective study was conducted on fatal 

RTI cases sent for autopsy at the Department of 
Forensic Medicine, Faculty of Medicine, Siriraj 
Hospital, between 2018 and 2023. The inclusion 
criteria were Thai people who were 15 years old 
or over at death, and who had died within 3 hours 
of sustaining an RTI. The exclusion criteria were 
cadavers that had signs of decomposition and 
RTI cases of vehicles hitting pedestrians. Femo-
ral blood samples were obtained for analysis of 
the BAC following the Thai legislation Ministerial 
Regu-lations B.E. 2567 (2024) by virtue of the pro-
visions of Section 5 of the Road Traffic Act B.E. 
2522 (1979). In addition, urine samples were col-
lected for analysis of illicit drugs and medications 
based on the relevant statement in the Thai legis-
lation in Ministerial Regulations B.E. 2548 (2005) 
for urine analysis in RTI cases. 

The subjects’ data, including sex, age, type of 
RTI case, BAC, and urine drug profile, were col-
lected by year of death from 2018 through 2023 
for assessing annual statistics. Analysis of the 
BAC was performed using headspace gas chro-
matography with a flame ionization detector  
(HS-GC-FID). The method used for alcohol analy-
sis was adapted from previous studies performed 
elsewhere (11). The limit of detection (LOD) and 
lower limit of quantitation (LLOQ) for blood etha-
nol analysis were 2.5 mg/dL and 10 mg/dL,  
respectively. The definition of alcohol-positive 
cases (following the new Thai legislation) applies 
to subjects with a BAC ≥ 20 mg/dL. The urine drug  
profiles were obtained by a drug screening panel  
using liquid chromatography quadrupole time-of-  
flight mass spectrometry (LC-QTOF/MS) and 
gas chromatography triple quadrupole tandem 
mass spectrometry (GC-MS/MS). Urinary drug 
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profiles obtained from LC-QTOF/MS analysis 
had a LOD and a LLOQ of 10 ng/mL and 20 ng/
mL, respectively. Urinary cannabis profiles were 
analyzed by GC-MS/MS and LOD and LLOQ 
of delta 9-tetrahydrocannabinol (THC), 11-hy-
droxy-delta 9-tetrahydrocannabinol (11-OH-THC)  
and 11-Nor-9-carboxy- delta 9-tetrahydrocan- 
nabinol (THC-COOH) set at 0.1 ng/mL and 0.2   
ng/mL, respectively (12). All analytical methods 
used in the present study were validated using 
the Standard Guidelines in Forensic Toxicology 
(13).

Statistical analysis was conducted using IBM 
SPSS® Statistics for Windows version 25. Descrip-
tive statistics were used for the descriptive data, 
including mean, median, and standard deviation 
(SD). Comparisons between the prevalence of DUI 
of alcohol and drug use were performed using the 
chi-square test. Comparisons of the BAC over the 
six-year study period were performed using the 
Mann-Whitney U test and Kruskal-Wallis H test.

RESULTS
From 2018 to 2023, the total number of fatal 

RTIs sent for autopsy at the Department of Fo-
rensic Medicine, Faculty of Medicine, Siriraj Hos-
pital and were recruited into this study was 1,979, 
divided into study years as follows: 348 (2018), 366 
(2019), 316 (2020), 325 (2021), 314 (2022), and 310 
(2023). Among the total cases, 330 were female 
(16.70%) and 1,649 were male (83.30%). The average  
ages of the female and male subjects at death 
were 42.12 and 36.37 years old, respectively. The 
most frequent category of RTI subject was mo-
torcycle riders (72.06%), followed by pedestrians 
(13.44%), and car drivers (6.01%). The three types 
of RTI cases classified by each year are provided 
in Table 1.

The average BAC levels for all RTI cases and for 
the driver-only cases (motorcycle riders and car 
drivers) in each of the years of the study period  
(2018-2023) are shown in Figure 1. The annual 
mean BAC in both the total RTI cases and rider/
driver-only cases did not show any significant 
difference, except in 2022 (p = 0.008). The overall 
results for the alcohol-positive cases are shown 
in Table 2. The majority of the DUI of alcohol cases  
were men and most were motorcycle riders.  
Overall, the male subjects had a significantly 
higher BAC than the female subjects (p < 0.001). 
When considering BAC > 50 mg/dL, however, the 
BAC of the male subjects was not significantly dif-
ferent from that of the female subjects (p = 0.344). 
Overall, pedestrians had a significantly lower BAC 
than motorcycle riders and car drivers (p = 0.031). 
However, when considering cases with BAC > 50 
mg/dL, the pedestrians had a significantly higher  
BAC than both the motorcycle riders and car drivers  
(p < 0.001). Comparing cases of only alcohol use  
and cases with a combination of alcohol and drug  
use, subjects who were positive only for alcohol 
had a significantly higher BAC than subjects who 

Table 1. The three main types of RTI cases (motorcycle 
riders, car drivers, and pedestrians) classified by year

Year
Motorcycle 

rider
Car driver Pedestrian

2018
2019
2020
2021
2022
2023
Total

238 (68.39)
256 (69.95)
229 (72.45)
243 (74.77)
227 (72.29)
233 (75.16)

1426 (72.06)

33 (9.48)
20 (5.46)
9 (2.85)
18 (5.54)
20 (6.37)
19 (6.13)
119 (6.01)

50 (14.37)
52 (14.21)
51 (16.14)
44 (13.54)
39 (12.42)
30 (9.68)

266 (13.44)

RTI, road traffic injury

Figure 1. Mean blood alcohol concentration levels of all road traffic injury cases and rider/driver cases over the study 
period 2018-2023
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had used alcohol with drugs in both the alcohol- 
positive cases (p < 0.001) and BAC > 50 mg/dL 
cases (p = 0.002).

 The most frequent drug substance found in 
the RTI cases was methamphetamine (4.80%), fol-
lowed by cannabis (3.80%), and benzodiazepines 
(3.50%). Diazepam (2.90%) was the dominant 
drug in the benzodiazepine group. Mitragynine 
(3.10%) was another drug frequently found in this 
study. Tramadol and antihistamine were found at 
similar rates (2.50%). Chlorpheniramine (0.90%) 
and diphenhydramine (0.80%) were frequently 
found drugs in the antihistamine group. The other  
drugs that were detected, albeit at a relatively low 
rate, were ketamine (1.30%), heroin (0.90%), anti- 
depressants (0.70%), and 3,4 methylenedioxy- 
N-methamphetamine (MDMA) (0.40%). 

In total, 1,188 cases (60.03%) were positive 
for alcohol, drugs of abuse and/or medicines, 
of which 1,010 (51.04%) were motorcycle riders 
or car drivers. The positive RTI cases were pre-
dominantly males, with 1,096 cases (92.26%). The 
prevalence of alcohol (BAC over the legal limit of 
50 mg/dL) and drugs in the total RTI cases and 
in the rider/driver cases during the study period, 
2018-2023, are summarized in Figure 2. The num-
ber of RTI cases and DUI cases who had a BAC 
greater than 50 mg/dL was significantly higher 
in 2022 than in the other five years (p = 0.033), 
whereas the prevalence of RTI and DUI cases that 
had a BAC greater than 50 mg/dL in the other 
five years did not show any statistically signifi-
cant difference. Urine analysis revealed that 

14.70% of the samples were positive for drugs of 
abuse or medication. The trend of RTI subjects 
who tested positive for drugs of abuse or medi-
cation escalated from 2018 to 2023, with a signifi-
cant increase noted in 2023 (p = 0.023). Similarly, 
the riders and drivers cases also showed a similar 
increasing trend of drug use, with a significantly 
higher number observed in 2023 (p = 0.017). Fig-
ure 2A and 2B shows the trends in the prevalence 
of alcohol and drugs found in all RTI cases and 
for driver cases, both of which showed a similar 
trend over the study period.

Methamphetamine and benzodiazepine in fa-
tal RTI cases did not show significant differences 
over the six-year study period. The average posi-
tive rates (range) for methamphetamine and ben-
zodiazepines were 4.84% (2.53-6.69%) and 3.50% 
(2.46-4.75%), respectively. Cannabis use gradually 
increased over the same period, with statistical 
significance only in 2023 (p = 0.012), as shown in 
Figure 3A. Mitragynine, tramadol, and ketamine 
use also gradually increased, although the figures 
were still not significantly different over the six 
years (Figure 3A and 3B). The number of antihista-
mine and 3,4 methylenedioxy-N-methampheta- 
mine (MDMA) users significantly increased, par-
ticularly in 2022 and 2023 (p = 0.002) (Figure 3A 
and 3B).

The most common pattern of drug use in the 
fatal RTI cases remained single drug use (9.30%), 
a pattern which was relatively stable over the six-
year study period. However, use of more than 
one drug was also reported in many cases, with 

Table 2. Prevalence of alcohol-positive cases and BAC by sex, type of RTI case, and patterns of drugs 
found in subjects

Parameters
Alcohol positive

N (%)
Alcohol > 50 mg/dL

N (%)
BAC

Mean, SD
BAC > 50 mg/dL 

Mean, SD

Total (N = 1979)
Sex

Male
Female

Types of RTI case
motorcycle rider
Car driver
Pedestrian

Pattern
Alcohol only
Alcohol and drugs

994 (50.23)

920 (92.56)
74 (7.44)

780 (78.47)
68 (6.84)
90 (9.05)

897 (90.24)
97 (9.76)

907 (45.83)

848 (93.50)
59 (6.50)

715 (78.83)
59 (6.50)
85 (9.37)

822 (90.63)
85 (9.37)

95.01, 114.01

106.77*, 115.89
36.20, 81.95

101.53, 111.78
102.08, 108.59
83.02*,130.76

102.24*, 89.14
53.05, 90.98

204.35, 78.69

205.03, 78.43
194.50, 82.34

198.50, 75.56
200.66, 64.93
258.73*,89.47

207.14*, 77.84
177.32, 82.14

BAC, blood alcohol concentration; RTI, road traffic injury
*at each parameter indicated that the parameter was significantly different from the other parameter(s) 
in the other row(s) at p < 0.05
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(A) (B)

Figure 2. Prevalence of alcohol and drug use in fatal road traffic injury (RTI) cases over the study period 2018–2023 (Figure 
2A: all RTI cases, Figure 2B: riders/drivers) *significant at p < 0.05

Figure 3. Prevalence of specific drugs of abuse and medication in the fatal rider/driver cases over the study period 2018–
2023 (Figure 3A: cannabis, ketamine, and MDMA; Figure 3B: mitragynine, antihistamine, and tramadol) *significant at p < 0.05

Figure 4. Prevalence of single and multiple drug use in fatal road traffic injury (RTI) cases over the study period 2018-2023 
(Figure 4A: all RTI cases, Figure 4B: riders/drivers) *significant at p < 0.05

(A) (B)

(A) (B)

combinations of two or more drugs becoming 
increasingly prevalent. The maximum number of 
drugs found per case was nine in 2020; however, 
the number of cases with multiple drug use (two 
or more drugs) significantly increased, particu-
larly in 2023 (p = 0.027), as shown in Figure 4A. A 
similar trend of multiple drug use was also found 
in riders and drivers, and it also significantly in-
creased in 2023 (p = 0.013) (Figure 4B).

DISCUSSION
This study investigated the prevalence of al-

cohol, drugs of abuse, and medicines in fatal RTI 
cases corresponding to a study period covering 
the COVID-19 pandemic outbreak and the recent 
legalization of certain drugs in Thailand. The first 
positive COVID-19 case in Thailand was reported  
in January 2020, resulting in the government  
declaring a state of emergency in March 2020 and 
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an intense lockdown. This period coincided with 
a decrease in the number of fatal road traffic in-
juries from 348 (2018) and 366 (2019) prior to the 
COVID-19 outbreak to 316 (2020) during the COV-
ID-19 lockdown period. Interestingly, the number 
remained relatively constant from 2020 through 
2023. However, looking at the finer details, it was 
found that the number of motorcycle rider RTI 
fatalities, which were the majority of our subjects,  
remained relatively constant throughout the 
study period of 2018-2023 (Table 1). This suggests 
that the government measures did not have an 
obvious impact on motorcycle use in Thailand.

The prevalence of BAC > 50 mg/dL cases 
among the total fatal RTI cases and rider/driver 
cases from 2018 to 2023 ranged from 41.70% to 
52.90% and from 45.80% to 57.10%, respectively. 
These figures are consistent with the findings of 
Sribanditmongkol et al., who studied Thai medico-  
legal cases and reported an overall prevalence 
of alcohol-positive RTI cases of 48.47% (6). In 
addition, a previous study reported a similar 
prevalence of DUI of alcohol in Brazil of 43.00%-
48.00% (14). However, our figures differ from 
trends of DUI of alcohol in European countries, 
Australia, and USA, which have reported preva-
lences ranging from 2.90% to 19.30% (14). More-
over, most of the trends of DUI of alcohol in the 
aforementioned developed countries have shown 
a decline in recent years (14), whereas the trend in 
Thailand for the period 2018-2023 was relatively 
stable with the exception of 2022. A spike we ob-
served in DUI of alcohol in 2022 after the COVID- 
19 lockdown in Thailand which corresponds with 
the findings of Mehranbod et al., who reported 
an increasing proportion of DUI of alcohol cases 
after lockdown (15). Sribanditmongkol et al. re-
ported that the median BAC in alcohol-positive 
cases in RTI cases was 192 mg/dL (6). Walters et 
al. also reported mean BAC levels in DUI of alco-
hol cases (BAC cut-off > 80 mg/dL) ranging from 
151 to 199 mg/dL over the period 2019-2021 (16). 
These figures were consistent with our study, 
where the mean BAC levels among motorcycle 
riders and car drivers who had BAC > 50 mg/dL  
were 198.41 and 200.66 mg/dL, respectively. 
These findings show that although the BAC levels  
in those subjects were much higher than the legal  
limit in Thailand, they were not significantly dif-
ferent from the levels found in other studies. 

However, the proportion of cases that had a BAC 
greater than the legal limit in Thailand was signifi- 
cantly higher than in other developed countries. 
Thus, further law enforcement might be required 
to reduce the fatal RTI cases associated with DUI 
of alcohol.

Regarding the prevalence of drug use in RTI 
cases in Thailand, a previous study stated that 
the proportion of drug-positive urine samples 
in drivers in Thailand was 9.70% in 2005-2006 
(7). This figure was slightly lower than the prev-
alence of drug-positive urine samples in drivers 
in 2018 and 2019 found in this study (13.70% and 
12.00%, respectively). However, we did find an 
increasing trend from 2019 to 2023, with a signi- 
ficant increase to 21.0% in 2023. The prevalence 
of drug-impaired drivers in fatal RTI cases in 
Norway, Australia, and USA were reported to be 
15.80%, 26.70%, and 27.70%, respectively (9, 17, 
18). However, care should be exercised when 
comparing the figures related to DUI of drugs 
as our study concentrated on the detection of 
drugs in urine, whereas in most previous studies 
the figures were based on the detection of drugs 
in blood (9, 17, 18). Our results thus only suggest 
that the prevalence of drug-positive drivers in 
Thailand has shown an increasing trend recently 
compared with the trend observed in 2005-2006 
(7). Although the latest recommendation for the 
toxicological investigation of DUI cases suggests 
blood or oral fluid collection as specimens of 
choice (19), the current Thai legislation still re-
quires the use of urine samples for the detection 
of drugs in DUI cases, especially for methamphe- 
tamine. Thus, further study should be conducted 
related to the detection of drugs in blood or oral 
fluids in DUI cases to bridge this gap.

A previous study stated that the most com-
mon drugs found in Thai drivers were antihista-
mine, amphetamine, and cannabis (7). However, 
the present study found that the most common 
drugs detected in riders/drivers in Thai post-
mortem cases were methamphetamine, canna-
bis, and benzodiazepine. Undoubtedly, the drug 
use trends in Thailand are different from in other 
countries in Europe, Australia, and USA, because 
the common drugs found in those countries are 
relatively similar and consist mostly of cannabis,  
stimulants (methamphetamine and cocaine), 
and benzodiazepine (9, 14, 17, 18, 20). However, 
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the most common drugs found in DUI of drugs 
in Italy have been reported to be cocaine, opi-
ates/opioids, and cannabis in descending order 
(8). Meanwhile in Hong Kong, cocaine, ketamine, 
and methamphetamine (in that order) were found 
to be the most prevalent drugs in DUI of drugs 
cases (21). In contrast, our study did not identify 
cocaine use in any of the RTI cases. This finding 
suggests that the common drugs found in RTI 
cases depend on the geographical area, local drug 
prevalence and drug availability. 

An increasing trend of cannabis use was ob-
served in Thai riders/drivers in this study, and 
this trend is consistent with the initiation of 
cannabis legalization in Thailand in 2019, with a 
significant surge of 7.1% seen in 2023, a subject 
which needs further investigation. This pattern is 
consistent with a study in the USA that showed 
an increased prevalence of cannabis use in fatally 
injured drivers in 12 states in the USA after the 
implementation of legalized medical marijuana 
laws in those states (22). These findings suggest 
that legalization might result in an increase in the 
prevalence of cannabis use in the future, as well 
as in both RTI cases and other causes of death. 
This trend should be closely observed as the 
current Thai government plans to re-consider 
changing the cannabis law under pressure from 
the public sector. In addition, an increasing trend 
of multiple drug use in fatal RTI cases was found 
in this study, even though single drug use was 
still the most common pattern found in RTI cases.  
Poly-drug use in DUI drug cases is more common 
in Europe, Australia, and USA, with reported figures 
of around 20.00%-40.00% of DUI of drugs cases 
(9, 14, 18, 23, 24).

Although multiple drug use in our study was 
lower, at 10.4%, a continuously increasing trend 
was observed. This trend should be closely mon-
itored because drug-drug combinations can have 
a more significant impact on driving ability (5). 

The main limitation of this study is related to 
the area where the RTI cases were recruited in 
this study, because the Department of Foren-
sic Medicine, Siriraj Hospital is responsible for  
medico-legal cases only in the western area of 
Bangkok (western side of the Chao Phraya river). 
The trends observed in this area may not reflect 
the trends for the whole or other parts of Thai-

land as the prevalence of the use of some drugs 
may differ in other areas, leading to potentially 
different laboratory results. In addition, there 
were only a small number of female subjects 
(16.70%), so gender-related findings should be 
carefully interpreted. Therefore, we recommend 
that further study should be conducted in multi- 
centered settings and should inlcude more female 
subjects to supplement our findings. 

CONCLUSIONS
This study showed there was a relatively steady 

trend in the prevalence of DUI of alcohol over the 
study period (2018-2023) with the exception of a 
significantly higher prevalence in 2022. Addition-
ally, the prevalence of drugs of abuse and medi- 
cation in fatal RTI cases significantly increased 
over the study period, especially in 2023. In par-
ticular, a significant increase in cannabis use was 
observed which coincides with the recent legali- 
zation of cannabis in Thailand. In addition, the 
prevalence of multiple drug use in fatal RTI cases 
also significantly increased in 2023.
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