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Fatal vehicle crashes (FVCs) are among the leading causes of death worldwide. Professional drivers often drive under dangerous conditions; however, knowledge of the risk factors for FVCs among professional drivers remain scant. We investigated whether professional drivers have a higher risk of FVCs than non-professional drivers and sought to clarify potential risk factors for FVCs among professional drivers. We analyzed nationwide incidence rates of FVCs as preliminary data. Furthermore, by using these data, we created a 1:4 professionals/non-professionals preliminary study to compare with the risk factors between professional and non-professional drivers. In Taiwan, the average crude incidence rate of FVCs for 2003–2016 among professional drivers was 1.09 per 1,000 person-years; professional drivers had a higher percentage of FVCs than non-professional drivers among all motor vehicle crashes. In the 14-year preliminary study with frequency-matched non-professional drivers, the risk of FVCs among professional drivers was significantly associated with a previous history of involvement in motor vehicle crashes (adjustment odds ratio [OR] = 2.157; 95% confidence interval [CI], 1.896–2.453), previous history of benzodiazepine use (adjustment OR = 1.385; 95% CI, 1.215–1.579), and speeding (adjustment OR = 1.009; 95% CI, 1.006–1.013). The findings have value to policymakers seeking to curtail FVCs.
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INTRODUCTION

Fatal vehicle crashes (FVCs) are one of the major health and social problems worldwide, causing many deaths and economic losses (1, 2). Globally, more than 1.27 million people die in motor vehicle crashes each year, and 20–50 million people sustain injuries in vehicle crashes. Motor vehicle crash injuries were estimated to be the ninth leading cause of death worldwide in 2004 and are predicted to rise to the fifth leading cause by 2030 (3). The risk of FVCs in all drivers is attributable to a variety of factors, including human factors (e.g., male sex, age [novice or elderly driver], low educational level, physical diseases, alcohol use, illicit or prescription drug use, excessive speeding, distracted driving, driver fatigue, and careless driving), equipment factors (e.g., unsafe vehicle design and air bags), environmental factors (e.g., adverse weather, rural or wet roads, poor lighting, and unsafe road infrastructure), enforcement (e.g., seatbelt use, cell phone use while driving, previous history, of traffic offenses or involvement in motor vehicle crashes, swerving, inadequate traffic laws, and poor law enforcement powers), and medical response (e.g., slow emergency medical response time in remote areas) (3–8).

Road transport is the principal form of transport in most countries and is an important driver of social and economic development. Compared with water, air, and rail transports, road transport has a significantly higher risk of fatal crashes (9). Professional drivers face a challenging work environment due to increasing road travel by non-professional and increased road transport of goods due to economic expansion; thus, the working conditions of professional drivers are dangerous and carry the risk of FVCs (10). To date, few epidemiological studies have been published on FVCs among professional drivers (7, 11–13). In addition, data specifically regarding risk factors for FVCs among professional drivers remain scant.

The present study investigated whether professional drivers have a higher risk of FVCs than non-professional drivers. We analyzed nationwide incidence rates of FVCs for the two populations as preliminary data. Furthermore, by using these data, we created a preliminary study to compare the related characteristics and potential risk factors between professional and non-professional drivers in FVCs. Moreover, we suggest some measures for preventing FVCs among professional drivers.



METHODS


Data Source and Ethics

This study used seven nationwide databases retrieved from the Road Accident Registry of Injurious Crashes maintained by the National Police Agency, Ministry of the Interior (14, 15); the Taiwan National Health Insurance Research Database (NHIRD) (15, 16); and five Taiwanese population-based administrative registries, namely the management information system of substitution maintenance therapy (Ministry of Health and Welfare) and four information management systems concerning illicit drugs that are maintained by the Ministry of Justice (10). The four information systems concerning illicit drugs were the case management system of the Drug Prevention and Control Center, the criminal records processing system, the drug case prosecution case system, and the punitive administration system for illicit drug users (category 3 or 4 narcotics) (Supplementary Table 3). Preliminary data were independently collected by the aforementioned governmental departments and managed by the Health and Welfare Data Science Center, Ministry of Health and Welfare. All data from the various systems were linked using the unique national identification numbers assigned to each resident in Taiwan. Personal identifiers were removed after linking and before the analysis. The study was approved by the relevant institutional review boards (TSMH IRB No.: 17-010-B1 and 18-049-B), and written informed consent was waived because the data we obtained were de-identified.



Study Population and Design

The rate of FVCs in Taiwan from 2003 to 2016 was estimated first. FVCs were defined as vehicle crashes in which the major perpetrators died within 24 h of the incident; major perpetrators excluded pedestrians, cyclists, or motorcyclists. The preliminary study mainly used the Road Accident Registry of Injurious Crashes to identify the study population involved in FVCs from January 1, 2003, to December 31, 2016. The date (year) of the FVC was defined as the index date (year). From the FVCs, those in which the major perpetrators were professional drivers were selected as professional group. Moreover, professional drivers were defined as drivers with government-issued business driver licenses in Taiwan, including all drivers of trailer, trunk, bus, delivery, taxi, etc. To enhance the precision of the comparison, we used frequency-matched to select the comparing non-professional driver. Those with non-professional drivers were randomly selected as non-professional group after frequency-matching with the professional group at a ratio of 1:4 according to age, sex, and the index year. The flowchart of the descriptive study is depicted in Figure 1. In addition, potential covariates, including history of alcoholism, cardiovascular diseases, benzodiazepine use, involvement in motor vehicle crashes, and illicit drug abuse, as well as physical condition (Charlson comorbidity index score [CCI score]) before the index date, were included in the analysis (Supplementary Table 1) (6, 11, 12, 17–22).


[image: Figure 1]
FIGURE 1. Flowchart of the descriptive study. *The four information systems were the case management system of the Drug Prevention and Control Center, criminal records processing system, criminal case system of drug case prosecutor briefed the transfer of information, and punitive administrative system for illicit drug users (category 3 or 4 narcotics). MVC, motor vehicle crash; NHIRD, Taiwan National Health Insurance Research Database.




Comparing Related Factors Between Professional and Non-professional Drivers for FVCs

The data concerning conditions surrounding FVCs (collected in instances when the police immediately arrived at the scene and recorded the conditions after the FVC) were mainly retrieved from the Road Accident Registry of Injurious Crashes. The registry in-formation includes the demographic characteristics of involved parties, weather conditions, lighting conditions, car details, road conditions, and driving conditions (7, 11–13). A previous history of involvement in motor vehicle crashes was defined as the major perpetrators having had a motor vehicle crash prior to the FVC, as determined by the data collected from the Road Accident Registry of Injurious Crashes. A previous history of benzodiazepine use was defined as such use for at least 1 month within 1 year before the FVC as indicated in the NHIRD (Supplementary Table 1). In our study, we try to compare the related characteristics and to estimate interactions between professional/non-professional driver and these factors.



Statistical Analysis

We used the chi-square test to compare the distributions of sociodemographic characteristics and potential confounding factors between the professionals and non-professionals. Logistic regression models were used to analyze the effects of single and multiple covariates on the comparison of the risk of FVCs among professional drivers. All statistical analyses were performed using SAS (version 9.3, SAS Institute, Cary, NC). A two-tailed p value of < 0.05 was considered statistically significant.




RESULTS


Crude Incidence Rates of FVCs

Figure 2 displays the crude incidence rates of FVCs in Taiwan between 2003 and 2016. The crude incidence rates of FVCs among professional drivers slightly increased from 1.30 per 1,000 person-years in 2003 to a peak of 1.53 per 1,000 person-years in 2004 and then substantially decreased to 0.78 per 1,000 person-years in 2016 (Figure 2A). Over the 14-year follow-up period, the average crude incidence rate of FVCs among professional drivers was 1.09 per 1,000 person-years; decreasingly, the average crude incidence rate of FVCs among non-professional drivers was 0.16 per 1,000 person-years. Moreover, for professional drivers, the percentages of FVCs among all motor vehicle crashes decreased from ~4% in 2003 to 1.5% in 2016; among non-professional drivers, a similar trend was observed, with a decrease from ~2–0.5% (Figure 2B). During the follow-up period, the percentages of FVCs was higher for professional drivers than for non-professional drivers. The decrease in the percentage of FVCs for professionals was approximately 1.5 times less than that for non-professional drivers.
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FIGURE 2. (A) Crude incidence rates of fatal vehicle crashes among professional drivers from 2003 to 2016. (B) Percentage of fatal vehicle crashes among all motor vehicle crashes from 2003 and 2016. *Fatal vehicle crashes: major perpetrators died within the first 24 h after the accident.




Study Population Characteristics

After excluding drivers who did not meet the study criteria, 28,766 drivers involved in FVCs between 2003 and 2016 were selected. Among them, 3,921 professional drivers in FVCs were enrolled as the professional group. We eventually matched 1,455 professionals to 5,820 non-professionals who were randomly selected after being frequency-matched by age, sex, and index year with the professionals at a ratio of 1:4 (Figure 1). Table 1 shows the distribution of sociodemographic characteristics and potential covariates of the professionals and non-professionals. Compared with the non-professional drivers, the professionals exhibited significantly higher percentages of residing in the north of Taiwan (p < 0.0001); residing in urban areas (p < 0.0001); having a high monthly income (p < 0.0001); history of benzodiazepine use (74.50 vs. 68.00%, p < 0.0001); and history of involvement in motor vehicle crashes (33.20 vs. 18.42%, p < 0.0001); however, significantly lower percentages of professionals had a history of alcoholism (3.16 vs. 6.00%, p < 0.0001) and history of illicit drug abuse (4.74 vs. 7.41%, p = 0.0003). For the other potential covariates, differences between both groups were non-significant.


Table 1. Baseline characteristics of the professional and non-professional groups.
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Study Outcome and Potential Covariates

Table 2 presents the risk factors for FVCs among professional drivers. After adjusting for geographic region, urbanization, monthly income, history, CCI score, and other fatal driving under the conditions, history of benzodiazepine use, history of involvement in motor vehicle crashes, and speeding were the only three factors that significantly affected FVCs among professional drivers, with adjusted odds ratio (OR) of 1.385 (95% confidence interval [CI], 1.215–1.579), 2.157 (95% CI, 1.896–2.453), and 1.009 (95% CI, 1.006–1.013), respectively. Among professional drivers, the following factors had significant negative associations with FVCs: history of alcoholism (adjusted OR = 0.543; 95% CI, 0.396–0.743), history of illicit drug abuse (adjusted OR = 0.646; 95% CI, 0.496–0.840), driving under the influence of alcohol (adjusted OR = 0.543; 95% CI, 0.396–0.743), driving without a seatbelt (adjusted OR = 0.543; 95% CI, 0.396–0.743), driving while distraction (adjusted OR = 0.756; 95% CI, 0.648–0.883), and driving under poor lighting conditions (adjusted OR = 0.543; 95% CI, 0.396–0.743).


Table 2. Risk factors for fatal vehicle crashes involving professional drivers.
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DISCUSSION

A higher percentage of motor vehicle crashes were FVCs for the professionals than for the non-professionals; additionally, the average crude incidence rate of FVCs among professional drivers from 2003 to 2016 was 1.09 per 1000 person-years. In the 14-year preliminary study with frequency-matched non-professionals, risk factors for FVCs among professional drivers were history of involvement in motor vehicle crashes, history of benzodiazepine use, and speeding.

In the preliminary analysis based on the nationwide crude FVC incidence rates, the crude incidence rates of FVCs among professional drivers slightly increased to a peak between 2003 and 2006, which was followed by a significant decline from 2016. The decreasing tend is similar to that discussed in a previous study that attributed the trend in professional driver fatality rates in the United States from 2003 to 2016 to cutting-edge technological improvements, progressive policies, and improvements connectivity and comfort for professional drivers (7). Similar reasoning can explain the trend we observed in this study. We determined that the percentages of FVCs among professional drivers were higher than those among non-professional drivers that the decreasing trend for non-professional drivers was approximately 1.5 times higher than that for professionals. It is worth further exploring potential risk factors for FVCs among professional drivers to determine more effective measures for preventing the FVCs.

In the preliminary study with 1,455 professional drivers and 5,820 non-professional drivers, the percentage of non-professional drivers with a history of alcoholism was approximately twice that of professionals (3.16 vs. 6.00%). Similarly, the rate of history of illicit abuse was ~1.6-fold higher among non-professional drivers than among professionals (7.41 vs. 4.74%). This suggests that professional drivers in Taiwan have typically been screened and excluded for having bad habits (alcohol and substance use) before becoming professional drivers. However, the professionals were more likely to have used benzodiazepine and been in motor vehicle crashes before their index date than the non-professionals were. This suggests that the professional drivers may take benzodiazepines to endure their high job stress that perceived stress could increase risky behaviors (23) and to cope with sleep disturbance as well as indicating that their occupation is inherently dangerous.

Notably, a history of involvement in motor vehicle crashes was a major risk factor for FVCs among professional drivers in the present study. A study in Finland demonstrated that, among truck drivers, a history of involvement in a road crash during the year before the study did not have a significant effect on FVC occurrence (11). Hence, most relevant studies have suggested that driving style (inferred from histories of crashes and traffic offenses) may be a strong indicator of a driver's safety and responsibility, as evidenced in traffic offenses, motor vehicle crashes, or FVCs (2, 24–26); our results confirm this. Studies have proposed a variety of reasons to explain the aforementioned results. First, drivers who have had motor vehicle crashes may develop a tendency to intentionally take risks and recalibrate their perception of risky behavior to regard it as normal, resulting in poor self-control (27). Secondary, the drivers with a previous history of motor vehicle crashes may tend to be prone to disobeying traffic rules or speeding, deeming these as acceptable risks (28). Finally, such drivers might also become aggressive so as to escape out of fears getting along with the negative consequences of involving in the risky driving behaviors (29). The relevant authorities should carefully evaluate prospective professional drivers through qualification examinations before they become professional drivers, particularly those who have had multiple motor vehicle crashes. Professional driver education plays a crucial role in minimizing risky driving behaviors among prospective professional drivers.

Fatalities resulting from driving under the influence of drugs in the United States have been gradually increasing while, since 2000, the variety of intoxicants has shifted from illegal drugs to prescription medications, especially in benzodiazepine (30). Benzodiazepines have become one of most widely detected drugs in post mortems of drivers involved in FVCs (31). A growing body of evidence confirms that the use of benzodiazepines is significantly associated with an increased risk of injurious crashes and FVCs (32–35). We could only identify a history of benzodiazepine use before an FVC from the NHIRD. Despite lacking data on benzodiazepine use during FVCs, a history of benzodiazepine use was associated with an increased risk of FVCs among professional drivers. Moreover, several forensic research studies have found that the drivers who took two or more types of benzodiazepines have a significantly higher risk of FVCs than those who took only one such prescription (31–33). Our findings were similar; 58% of drivers in FVCs had been received at least two types of benzodiazepines and 42% had been given only one such prescription (Supplementary Table 2). The relationship between FVCs and benzodiazepine use is disputed. Several experimental studies have shown that drivers using benzodiazepines perform worse on driving simulator tests compared with those receiving a placebo (36, 37). Benzodiazepines are known to produce dose-related impairment of concentration, reaction time, and psychomotor function in human beings (37), which may partially explain the correlation. Thus, authorities, policy makers, and professional drivers should be aware of this risk, and drivers should be monitored for benzodiazepine use before driving. In addition, early intervention and treatment for underlying diseases necessitating benzodiazepine use may be more beneficial than conventional punishments for drivers who use benzodiazepine.

Driving speed is also a major factor in motor vehicle crashes (38). The relationship between speeding and FVCs has been well-researched (39, 40). For example, Bédard et al. (39) indicated that driving at a speed of 113 km/h or more resulted in an ~1.64-fold higher risk of FVCs than driving at a speed of 56 km/h or lower. Our results were in agreement with this finding. For professional drivers, speeding may be perceived as a means of increased income by minimize travel time and increase trips made or goods delivered, with the result being an increased risk of FVCs. Therefore, legislation regarding speed limits and heightened law enforcement of speeding violations may reduce speeding-related fatalities. Moreover, we suggest professional drivers regularly adjusting themselves to speeding behavior, as average speech enforcement (41).

At first glance, a history of alcoholism, a history of illicit drug abuse, driving under the influence of alcohol, driving without a seatbelt, driving while distracted, and driving under poor lighting conditions were not consequential risk factors (all adjusted OR <1) for FVCs among professional drivers in our study. However, these factors have been recognized as risk factors for FVCs in all drivers (9, 11, 17–20). We compared the potential recognized risk factors for FVCs between professional and non-professional drivers in our study design. Thus, non-professional drivers had higher occurrence of FVCs underlying the afore-mentioned factors than professional drivers. That also implied that compared to non-professional derivers, professional drivers could avoid having such dangerous behaviors such as driving under the influence of alcohol with the guild demands or strict laws in our society. Overall, the factors (such as a history of alcoholism, a history of illicit drug abuse, driving under the influence of alcohol, driving without a seatbelt, driving while distracted, and driving under poor lighting conditions) still contribute to an increased risk of FVCs in both professional and non-professional populations; underlying the factors, non-professional drivers had higher risk of FVCs than professional drivers.


Strengths and Limitations

The major strength of our study is the use of a population-based sample of nation-wide FVC incidence rates and a preliminary study design for exploring the potential risk factors for FVCs among professional drivers. The findings may provide a basis for designing measures to prevent FVCs among professional drivers, particularly in ethnic Chinese populations. Moreover, the data were not subject to reporting or recall bias because we used high-quality data from six administrative registries and the NHIRD.

Nevertheless, we acknowledge several possible limitations of this study. First, based on the limitation from our databases, we only compared the related characteristics and potential risk factors for FVC between professional and non-professional drivers. That may lead to inevitable confounding effects such as driver duration, frequency of road use, and so on. For example, involvements in motor vehicle crashes may reflect a higher frequency of road uses among professional drivers than those among non-professional drivers. FVCs and motor vehicle crashes in the study were assessed using data from a police registry. Because unreported or minor motor vehicle crashes would not have been included in our analysis, the total number of motor vehicle crashes may have been underestimated; however, FVCs were accurately documented. Second, data on fatalities when driving under the influence of drugs, such as benzodiazepines and illicit drugs, were not obtained from the Road Accident Registry of Injurious Crashes. Therefore, we recorded a history of benzodiazepine use and illicit drug abuse before an FVCs in this study. Third, information on potentially significant individual confounders, such as risk-taking behaviors and poor impulse control, was not available. Fourth, accurate information regarding risk factors for FVCs may be difficult to check because we used database information. Finally, the NHIRD only provides information regarding the dispensing of prescribed medications. Because non-adherence is considered a potential confounder, caution should be exercised when comparing our findings with the results reported by other groups in which data were collected from clinical settings (3–5).




CONCLUSION

In line with previous findings, we identified compelling evidence that professional drivers have a higher risk of FVCs than do non-professional drivers and that the three major risk factors for FVCs among professional drivers are a history of involvement in motor vehicle crashes, a history of benzodiazepine use, and speeding. Relevant authorities, policy makers, and professional drivers should be aware of this risk, and appropriate measures should be implemented to prevent FVCs.
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Sociodemographic characteristics

Age, by the year 2016 4573 £ 12.41 45.73 £ 12.41 1.000
Sex

Male 1,429 98.21 5,716 98.21 1.000
Female 2 1.79 104 1.79

Geographic region**

Northern 537 36.91 1,776 3052 <0.0001*
Central 375 25.77 1,763 30.29

Southern 478 32.85 1,926 33.09

Eastern 55 378 315 5.41

Urbanization level**

Urban 780 5361 2425 41,67 <0.0001*
Suburban 59 405 347 59

Rural 606 41.65 3,008 51.68

Monthly income (NTS)

High (>80,000) 358 24.60 1,078 1852 <0.0001*
Low (<30,000) 1,097 75.40 4742 81.48

Potential covariates

Previous history of alcoholism 46 316 349 600 <0.0001"
oo 12 080 75 1.29 0.1454
BZD use 1,084 745 3957 68.0 <0.0001*
Involvernent in MVCs 483 332 1,072 18.42 <0.0001*
lliicit drug abuse 69 4.74 431 741 0.0003*
CCl score

0 1312 90.47 5157 88,61 0.1393
12 127 873 566 973

>2 16 1.10 o7 1.67

BZD, benzodiazepine; CCl, Charison comorbidity index; CVD, cardiovascular disease; MVC, motor vehicle crash; NTS, new Taiwan doliar.
*p < 0.05; **Missing data: 10 professionals and 40 non-professionals.
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OMissing data: 10 professionals and 40 non-professions.

*p <0.05.
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