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INTRODUCTION 
 

Road traffic accidents (RTAs) remain a major public health challenge worldwide, causing substantial mortality, long-

term disability, and significant economic burden. According to the World Health Organization (WHO), approximately 

1.19 million people lose their lives each year due to RTAs, while millions more sustain non-fatal injuries that often result 

in lasting physical, psychological, and social consequences. Alcohol-impaired driving is recognized as one of the leading 

contributors to road crashes and fatalities. Safe driving depends on several complex functions, including attention, vision, 

coordination, reaction time, judgment, and decision-making, all of which are adversely affected by alcohol consumption. 

Numerous studies have demonstrated that the likelihood of a road traffic accident increases progressively with rising 

blood alcohol concentration (BAC) levels. [1–5] Blood alcohol concentration (BAC) is the primary scientific measure used 

to assess alcohol intoxication in forensic and legal investigations. Accurate BAC determination provides objective 

evidence of alcohol impairment and plays a critical role in the investigation of drink-driving offences and judicial 

proceedings. Modern analytical techniques, particularly headspace gas chromatography (HS-GC), have greatly improved 

the precision, sensitivity, and reliability of ethanol analysis and are widely regarded as the gold standard for BAC 

measurement in forensic toxicology laboratories. To reduce alcohol-related road accidents, most countries have 

established legal BAC limits for drivers, although these thresholds vary internationally, generally ranging from 0.02 g/dL  
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Alcohol-impaired driving is a prime cause of road traffic accidents (RTAs), and its 

consequences. Many countries use blood alcohol concentration (BAC) to examine the level 

of alcohol intoxication for legal purposes. However, for different countries, the legal BAC 

limit varies, which leads to differences in road safety outcomes. This review examines the 

relationship between BAC, alcohol influenced driving, and legal BAC limit using the peer-

reviewed studies, international reports, and policy documents across different regions of 

the world. Further, this review study aims to provide current findings on alcohol 

pharmacokinetics, effects of BAC on body, global legislation, and prevention strategies 

used by law enforcement agencies. The literature reviewed from different countries show 

that alcohol affects driving even below the legal BAC limits. It is also observed that the 

countries implementing low BAC limits along with strict enforcement measures such as 

frequent breath testing and awareness campaigns generally have fewer alcohol-related road 

accidents and fatalities. On the other hand, driving under the influence of alcohol is still a 

major challenge for low and middle-income countries where drink-driving laws are often 

inconsistent. Overall, the data show that effective legislation, consistent enforcement, 

reliable forensic practices, and continued public awareness can help reduce alcohol-related 

RTAs. 
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to 0.08 g/dL. Research consistently indicates that stricter 

BAC limits, combined with effective law enforcement and 

public safety measures, contribute to a reduction in 

alcohol-related crashes. This review examines the 

scientific basis of BAC, its influence on driving 

performance, and the legal BAC limits adopted in different 

countries. By integrating evidence from forensic 

toxicology, epidemiology, and road safety research, it 

highlights the effectiveness and limitations of current BAC 

regulations and emphasizes the importance of evidence-

based policies in improving road safety [3,5–9] 

 

Blood Alcohol Concentration and Alcohol Metabolism: 

Blood alcohol concentration (BAC) represents the amount 

of ethanol present in the bloodstream and serves as the 

standard indicator of alcohol intoxication in forensic 

toxicology, traffic law enforcement, and road safety 

investigations. Although BAC provides a quantitative 

estimate of alcohol exposure, its interpretation should also 

consider individual physiological characteristics, drinking 

behaviour, and environmental factors that influence 

alcohol absorption, distribution, metabolism, and 

elimination. [10] The pharmacokinetic pathway of ethanol 

in the human body, from absorption to excretion, is 

illustrated in Figure 1  

 

 
Figure 1. Absorption, Distribution, Metabolism, and 

Excretion of Ethanol. Courtesy: Adapted from Wilkinson 

G. Pharmacokinetics of ethanol: A review. Alcoholism: 

Clinical and Experimental Research. 1980. 

 

RESULT AND DISCUSSION  

 

The findings of this review are summarized in Tables 1–3. 

The included studies revealed three major observations: (i) 

legal blood alcohol concentration (BAC) limits vary 

considerably across countries, (ii) impairment of cognitive, 

psychomotor, and driving performance increases 

progressively with rising BAC levels, and (iii) 

implementation of lower legal BAC limits together with 

effective enforcement strategies is consistently associated 

with reductions in alcohol-related road traffic accidents 

(RTAs). Table 1 presents a comparison of legal BAC limits 

and enforcement measures adopted in different countries. 

Considerable international variation was observed, with 

Sweden, Norway, and Poland enforcing one of the strictest 

legal limits (0.02 g/dL) for all drivers. India and Japan 

apply a legal limit of 0.03 g/dL, whereas Australia, 

Germany, France, Italy, Spain, the Netherlands, and New 

Zealand generally enforce a 0.05 g/dL limit. In contrast, 

Canada and the United States permit a higher legal BAC 

limit of 0.08 g/dL for the general driving population, 

although lower or zero-tolerance limits are applied to 

novice and commercial drivers. Despite these differences, 

most countries employ roadside breath alcohol testing, 

licence suspension, financial penalties, and other legal 

sanctions to discourage drink-driving. 

 

Table 1. Comparison of Legal Blood Alcohol 

Concentration (BAC) Limits and Enforcement 

Measures in Selected Countries 
Country Gener

al 

BAC 

Limit 

Young/Begin

ner Drivers 

Commerc

ial 

Drivers 

Key 

Enforceme

nt 

Measures 

Sweden 0.02 

g/dL 

0.02 g/dL 0.02 g/dL Random 

breath 

testing, 
licence 

suspension 

Norway 0.02 
g/dL 

0.02 g/dL 0.02 g/dL Strict 
enforcement

, roadside 

breath 
testing 

Poland 0.02 

g/dL 

0.02 g/dL 0.02 g/dL Roadside 

alcohol 

testing, legal 

penalties 

India 0.03 

g/dL 
(30 

mg/10

0 mL) 

Same as 

general limit 

Same as 

general 
limit 

Breath 

analysers, 
fines, 

imprisonme

nt, licence 
suspension 

Japan 0.03 

g/dL 

Near-zero 

tolerance 

Stricter 

regulations 

Severe 

penalties, 
roadside 

testing 

Australia 0.05 

g/dL 

0.00–0.02 

g/dL (state-
dependent) 

0.00–0.02 

g/dL 

Random 

Breath 
Testing 

(RBT), 

licence 
suspension 

New 

Zealand 

0.05 

g/dL 

Lower legal 

limit 

Lower 

legal limit 

Random 

breath 
testing 

Germany 0.05 

g/dL 

0.00 g/dL Lower 

operationa

l limits 

Roadside 

testing, 

administrati
ve penalties 
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France 0.05 
g/dL 

0.02 g/dL Lower 
operationa

l limits 

Random 
breath 

testing, fines 

Italy 0.05 

g/dL 

0.00 g/dL Lower 

legal limits 

Administrati

ve and 
criminal 

penalties 

Spain 0.05 
g/dL 

0.03 g/dL 0.03 g/dL Breath 
testing, 

licence 

suspension 

Netherlan
ds 

0.05 
g/dL 

0.02 g/dL Lower 
operationa

l limits 

Random 
roadside 

testing 

Canada 0.08 
g/dL 

Regional 
restrictions 

apply 

0.04 g/dL Administrati
ve sanctions 

from 0.05 

g/dL in 
several 

provinces 

United 

States 

0.08 

g/dL 

Zero tolerance 

(<21 years) 

0.04 g/dL Sobriety 

checkpoints, 
roadside 

enforcement 

 

Table 2 demonstrates the relationship between BAC levels 

and driving performance. No measurable impairment is 

observed at a BAC of 0.00 g/dL; however, even low BAC 

levels (0.01–0.029 g/dL) may reduce divided attention in 

some individuals. At 0.03–0.049 g/dL, impairments in 

attention, information processing, and judgement become 

evident. Driving performance deteriorates further at 0.05–

0.079 g/dL, with slower reaction times, reduced 

coordination, and impaired psychomotor function, leading 

to an increased risk of traffic collisions. At BAC levels of 

0.08 g/dL and above, marked impairment of cognitive and 

motor functions substantially compromises vehicle 

control, while concentrations exceeding 0.15 g/dL are 

associated with severe intoxication and an extremely high 

risk of serious or fatal crashes. 

 

Table 2. Blood Alcohol Concentration (BAC) Levels 

and Their Effects on Driving Performance 
BAC 

(mg/100 

mL) 

Equivalent 

(g/dL) 

Physiological and 

Cognitive Effects 

Impact on 

Driving 

Performance 

0 0.00 Normal alertness, 

coordination, and 
psychomotor 

function. 

No alcohol-related 

impairment. 

1–29 0.01–0.029 Mild relaxation 
with subtle 

reduction in 

divided attention in 
some individuals. 

Slight decline in 
attentiveness; 

impairment may 

not be clinically 
noticeable. 

30–49 0.03–0.049 Reduced attention, 

slower information 

processing, and 
early impairment 

of judgment. 

Delayed hazard 

perception and 

increased 
likelihood of risky 

driving behaviour. 

50–79 0.05–0.079 Impaired 
judgment, reduced 

coordination, 

slower reaction 
time, and 

diminished 

psychomotor 
performance. 

Difficulty 
maintaining lane 

position and 

vehicle control, 
with an increased 

risk of road traffic 

crashes. 
 

 

80–99 0.08–0.099 Marked 
impairment of 

cognitive and 

psychomotor 
abilities, poor 

balance, and 

impaired decision-
making. 

Significant 
reduction in 

driving ability and 

a substantially 
higher crash risk. 

100–149 0.10–0.149 Poor coordination, 

slurred speech, 

reduced 
concentration, and 

delayed responses. 

High probability 

of serious road 

traffic accidents. 

150–199 0.15–0.199 Severe impairment 
of motor 

coordination, 

judgment, and 

visual function. 

Extremely unsafe 
driving with a very 

high risk of severe 

or fatal crashes. 

≥200 ≥0.20 Severe 

intoxication, 

confusion, 
inability to 

perform complex 

tasks, and possible 
loss of 

consciousness. 

Driving ability is 

profoundly 

impaired; driving 
should not be 

attempted under 

any circumstances. 

 

The evidence summarized in Table 3 consistently supports 

the effectiveness of lower legal BAC limits in improving 

road safety. Landmark studies by Borkenstein et al. first 

established a dose-dependent relationship between BAC 

and crash risk, while subsequent investigations 

demonstrated that measurable driving impairment begins 

at BAC levels as low as 0.02–0.05 g/dL. Several 

epidemiological studies further reported that reducing the 

legal BAC limit from 0.08 g/dL to 0.05 g/dL, when 

combined with strong enforcement measures such as 

random breath testing, sobriety checkpoints, and 

administrative licence suspension, significantly decreases 

alcohol-related crashes, injuries, and fatalities. 

Collectively, these findings indicate that evidence-based 

BAC legislation, supported by consistent enforcement, 

remains one of the most effective public health strategies 

for reducing alcohol-impaired driving and improving road 

traffic safety worldwide. 

 

Table 3. Landmark Studies on the Association Between 

Legal Blood Alcohol Concentration (BAC) Limits and 

Alcohol-Related Road Traffic Accidents (RTAs) 
Study Country/Regio

n 

Key Findings Major 

Contribution 

Borkenstein 
et al. (1964) 

USA Crash risk 
increased 

progressively 

with 
increasing 

BAC levels. 

Established the 
dose–response 

relationship 

between BAC 
and crash risk. 

Moskowitz 
& 

Fiorentino 

(2000) 

USA Driving-
related skills 

were impaired 

at BAC levels 
as low as 

0.02–0.05 

g/dL. 

Demonstrated 
that measurable 

impairment 

begins below 
many current 

legal BAC 

limits. 

Compton & 
Berning 

(2015) 

USA Crash risk 
increased 

substantially 

with 
increasing 

Confirmed the 
strong 

association 

between BAC 
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BAC, 
particularly 

above 0.05 

g/dL. 

level and crash 
involvement. 

Fell & Voas 
(2014) 

International Lowering the 
legal BAC 

limit from 

0.08 g/dL to 
0.05 g/dL 

reduced 

alcohol-
related 

crashes and 

fatalities. 

Provided 
evidence 

supporting the 

adoption of 
lower legal 

BAC limits. 

Mann et al. 

(2001) 

International Lower legal 

BAC limits 

were 

associated 

with 

significant 
reductions in 

alcohol-

related 
collisions. 

Demonstrated 

the 

effectiveness of 

legislative 

reductions in 

BAC limits. 

World 

Health 
Organizatio

n (WHO) 

(2023) 

Global Drink-driving 

remains a 
major 

contributor to 

road traffic 
deaths; 

comprehensiv

e legislation 
and 

enforcement 

are essential. 

Provided global 

recommendatio
ns for 

strengthening 

drink-driving 
policies and 

road safety. 

Elvik 
(2012) 

International Road safety 
interventions 

combining 

legislation 
with effective 

enforcement 

produced 
greater 

reductions in 

crashes. 

Highlighted the 
importance of 

integrating 

enforcement 
with BAC 

legislation. 

Shults et al. 

(2001) 

USA Sobriety 

checkpoints 

significantly 
reduced 

alcohol-

related road 

traffic crashes. 

Demonstrated 

the 

effectiveness of 
roadside 

enforcement 

strategies. 

Peek-Asa 

(1999) 

USA Lower BAC 

limits 
combined 

with 

administrative 
licence 

suspension 

reduced 
alcohol-

related 

fatalities. 

Showed the 

benefits of 
integrated 

legislative and 

administrative 
interventions. 

Wagenaar 
et al. (2007) 

International Comprehensiv
e alcohol 

control 

policies 
consistently 

reduced 

alcohol-
related harm, 

including 

RTAs. 
 

Reinforced the 
effectiveness of 

multifaceted 

alcohol control 
policies in 

improving road 

safety. 

This review demonstrates that legal blood alcohol 

concentration (BAC) limits vary considerably across 

countries despite strong scientific evidence linking alcohol 

consumption with impaired driving performance and an 

increased risk of road traffic accidents (RTAs). These 

variations reflect differences in national road safety 

policies, legal frameworks, enforcement strategies, cultural 

attitudes toward alcohol consumption, and public health 

priorities rather than inconsistencies in the scientific 

evidence. [11-14] Countries such as Sweden and Norway 

have adopted stringent BAC limits of 0.02 g/dL, whereas 

others, including the United States and Canada, continue to 

enforce higher limits of 0.08 g/dL for the general driving 

population. These differences highlight that the 

establishment of legal BAC thresholds is influenced by 

both scientific evidence and country-specific regulatory 

considerations. The findings further indicate that lowering 

legal BAC limits alone is insufficient to substantially 

reduce alcohol-related RTAs. [15-18] The effectiveness of 

BAC legislation depends largely on the strength of 

enforcement measures, including random breath testing, 

roadside sobriety checkpoints, administrative licence 

suspension, and strict legal penalties. Countries 

implementing comprehensive enforcement strategies 

consistently report greater reductions in alcohol-related 

crashes and fatalities than those relying solely on 

legislative changes. These observations support previous 

evidence that successful drink-driving prevention requires 

an integrated approach combining legislation, 

enforcement, and public compliance. [19-22] 

 

Forensic toxicology plays a central role in the 

implementation of drink-driving legislation. Accurate 

BAC determination using validated analytical methods, 

particularly headspace gas chromatography (HS-GC), 

provides scientifically reliable evidence for medico-legal 

investigations, judicial proceedings, and law enforcement. 

Beyond its forensic application, BAC data contribute to 

epidemiological surveillance by identifying high-risk 

populations, monitoring trends in alcohol-impaired 

driving, and evaluating the effectiveness of road safety 

interventions. [23-26] Consequently, forensic toxicological 

evidence supports both individual case investigations and 

evidence-based policymaking. Despite significant progress 

in many high-income countries, alcohol-impaired driving 

remains a major public health concern, particularly in low- 

and middle-income countries where limited roadside 

testing, inadequate enforcement, and poor public 

awareness reduce the effectiveness of existing legislation. 

An additional challenge is the increasing prevalence of 

combined alcohol and drug impairment involving 

substances such as cannabis, opioids, and benzodiazepines. 

Polysubstance use significantly increases driving 

impairment and complicates forensic interpretation, 

emphasizing the need for comprehensive toxicological 

screening and integrated road safety policies addressing 

multiple psychoactive substances. [27-35] Overall, the 

available evidence indicates that reducing alcohol-related 

RTAs requires a multifaceted strategy incorporating 

evidence-based BAC legislation, rigorous law 
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enforcement, reliable forensic toxicology services, public 

education, and continuous monitoring of road safety 

outcomes. Such an integrated framework offers the 

greatest potential for reducing alcohol-related injuries and 

fatalities worldwide. [36-38] 

 

LIMITATIONS and FUTURE DIRECTIONS 

 

Several limitations should be considered when interpreting 

the findings of this review. The included studies differed in 

study design, BAC measurement techniques, outcome 

definitions, and follow-up periods, limiting direct 

comparison across investigations. In addition, 

demographic characteristics, drinking behaviours, road 

infrastructure, traffic regulations, and national enforcement 

policies may independently influence alcohol-related crash 

rates. Other contributing factors, including driver fatigue, 

distraction, speeding, adverse weather conditions, vehicle 

characteristics, and concurrent drug use, also affect crash 

risk irrespective of BAC. Furthermore, individual 

variability in alcohol metabolism, influenced by age, sex, 

body composition, genetic factors, liver function, and 

driving experience, results in differing levels of 

impairment among individuals with similar BAC values. 

 

Future research should focus on establishing evidence-

based BAC thresholds for different driver populations, 

including novice, commercial, and elderly drivers, while 

evaluating the long-term effectiveness of legislative and 

enforcement strategies across diverse settings. Advances in 

analytical instrumentation and forensic toxicology should 

continue to improve the accuracy, sensitivity, and 

efficiency of BAC determination. Standardization of 

analytical protocols and reporting practices will facilitate 

international comparisons and strengthen collaborative 

research. Emerging technologies, including digital 

enforcement systems, real-time alcohol detection devices, 

and artificial intelligence-assisted traffic surveillance, may 

further enhance road safety. Future policies should 

integrate scientific evidence, effective enforcement, 

reliable forensic testing, public education, and regular 

policy evaluation to maximize reductions in alcohol-

impaired driving. 

 

CONCLUSION 

 

Alcohol-impaired driving remains a major contributor to 

road traffic injuries and fatalities worldwide. This review 

confirms that blood alcohol concentration (BAC) is the 

most reliable and scientifically accepted indicator of 

alcohol intoxication in forensic and legal investigations. 

Evidence consistently demonstrates that increasing BAC 

levels progressively impair cognitive function, visual 

perception, psychomotor performance, and decision-

making, resulting in a substantially higher risk of road 

traffic accidents. The review also highlights considerable 

international variation in legal BAC limits. However, 

reductions in alcohol-related crashes are consistently 

associated with evidence-based BAC legislation when 

supported by effective enforcement measures such as 

roadside breath testing, sobriety checkpoints, licence 

suspension, and public awareness programmes. Forensic 

toxicology plays a critical role by providing accurate BAC 

measurements that support judicial proceedings, road 

safety research, and evidence-based policy development.  

A comprehensive strategy combining scientifically 

justified BAC limits, robust enforcement, validated 

forensic testing, public education, and periodic evaluation 

of road safety policies is essential for reducing alcohol-

related road traffic accidents and improving global road 

safety outcomes. 
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