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Abstract
Background: The human factors are of great importance, especially Motorcycle Rider Behavior 
Questionnaire (MRBQ) and attention deficit hyperactivity disorder (ADHD) in motorbike 
riders in road traffic injuries. This study aimed to predict MRBQ score by ADHD score and the 
underlying predictors by the logistic quintile regression (LQR), as a new strategy.
Methods: In this cross-sectional study, 311 motorbike riders were randomly sampled by a 
clustering method in Bukan, northwest of Iran. The data were collected by MRBQ and ADHD 
standard surveys. To assess the relationship at all levels of MRBQ distribution, LQR in 5th, 25th, 
50th, 75th and 95th quantiles of MRBQ score was utilized to assess the predictability of ADHD 
score and its subscales in addition to the underlying predictors of MRBQ score. To do this, an 
unadjusted and as well as adjusted 4-step hierarchical modeling was used. 
Results: Almost in all quantiles of MRBQ scores, direct and significant relationships were 
observed between MRBQ score and ADHD score and its subscales (coefficients: 0.02 to 0.10, 
all P < 0.05). Besides, the driving period (coefficients: -0.58 to -0.95, P < 0.05) and hour driving 
(coefficients: 0.42 to 0.52, P < 0.05) also came to be the significant predictors of MRBQ score. 
Conclusion: ADHD score and driving parameters can be taken into the consideration when 
planning actions on the motorcycle rider behaviors at all levels of the MRBQ. 
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Introduction
Road traffic injury is a global problem. Based on a report 
by the World Health Organization (WHO), road traffic 
injuries kill 1.27 million individuals annually and 20-
50 million people are injured subsequently.1 As well; the 
accidents are the ninth causes of mortalities in the world 
and the first cause of mortalities among youth aged 15 to 
29.2 It is predicted that the accidents would be the seventh 
cause of mortality in 2030.3 According to the WHO 
reports, the mortality rate of traffic accidents is higher than 
Iran in only 4 countries. Iran has less than 1% of world’s 
population whilst it has more than 2.5% of world traffic 
accidents.4 Although, in recent years, the mortalities by 
road traffic injury have decreased in Iran, still it has been 
ranked as the third cause of mortality after cardiovascular 
disease and stroke.5 The reports showed that death rate 
from road accidents in Iran is 20 times higher than the 
global average.6

Motorcycle drivers are among vulnerable groups in 
road accidents,7 in a way that, compared with car drivers. 
They have 8, 4 and 2 times higher risk of death, the risk 
of injury and risk of having an accident by the pedestrians 
respectively.8 A motorcycle has 9.3 times more possibilities 
of an accident than the cars.9 Compared to high-income 
countries. In low- and middle-income countries, the 
great parts of the population are pedestrians, bicycle and 
motorcycle riders and 90% of happened mortalities from 
traffic accidents in these countries.10 In Iran, more than 
51% of traffic accidents are involving motorcyclists.11

According to the WHO, road deaths comprise 25% of 
all deaths caused by injuries. Human agent is the main 
cause in 60% of vehicle accidents.12,13 Among the human 
agents, cognitive attention, as one of the most important 
aspects, is the main causes of traffic accidents in a way 
that it comprises 20%-50% of accidents.14 In this regard, 
one factor that contributes to road traffic injuries and 
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accidents are attention deficit hyperactivity disorder 
(ADHD) which is a developmental chronic nervous 
disorder. Those individuals with this disorder experience 
significant difficulties in various aspects to their lives. As 
a factor, motorcyclist driving behavior is the last link to 
the chain of human causal and psychological factors to 
the accident.15,16 When examining the undeniable role of 
humans in the chain of events leading to the accident, the 
identification of this factor can be one valuable action in 
traffic safety.17 The first study about hyperactive drivers 
and road safety was carried out by Weiss et al.18 The 
landmark of the studies about ADHD and road safety, was 
taken place by Barkley et al.19 They showed that drivers 
with ADHD had three to 4 times higher odds of an accident 
than drivers without ADHD.19 Sadeghi-Bazargani et al 
studied the relationship between motorcyclists’ behavior 
and ADHD with motorcycle traffic injuries by common 
binary logistic model. They showed that riding behavioral 
scale and ADHD subscale B scored by age, educational 
degree, and the reason for motorcycle riding could be 
considered as potential determinants of motorcycle 
injuries.20

Considering the importance of human health in 
medical and epidemiologic studies, the accuracy of the 
results is more important, therefore; those statistical 
models that have the minimum bias and error should be 
utilized. Applying statistical models without this criterion 
may not be tailored to such data and may lead to bias in 
results and decision making.21 All previously analyzed 
data done on MRBQ were based on generalized linear 
models (GLMs).20,22,23 which did not take into the account 
the limitation of the bounded nature of variable, and 
may lead to bias in findings.24 Specific statistical methods 
are required to comprehensively address the causes and 
risk factors of major road traffic accidents and their 
consequences. Therefore, the present investigation aimed 
to utilize logistic quintile regression (LQR) to investigate 
the predictors of motorcycle behaviors (assessed by 
MRBQ). Unlike partial/average partial/average partial/
average view of the relationship that classical statistical 
models present and as an advantage, this model provides 
a description of the relationship at different points of the 
outcome. Using various quantiles in response instead 
of just mean response and implementing the bounded 
nature of the outcome, the LQR could provide more 
comprehensive projections of risk factors of MRBQ. 

Materials and Methods
Participants and procedures
A total of 311 Iranian motorcycle ridermen recruited in 
this cross-sectional study based upon a cluster sampling 
scheme in Bukan, northwest Iran in 2016. Bukan is located 
in west Azerbaijan province. The population of this city 
consists of 224 628 persons according to the general 
census of Iranian statistical center in 2011. Bukan city was 
divided into 14 homogeneous clusters, and then 7 clusters 
were randomly chosen. Afterward, enough samples were 
collected in each cluster to achieve the determined sample 

size. Data were collected through referring homes and 
motorcycles shops. Some adaptations were done with 
sampling design and sample selection for feasibility to 
perform sampling. The inclusion criteria were used 
motorcycle (at least 3 times per month), age +15 years, 
residing in Bukan and being conscious and alert when 
filling out the questionnaire. The exclusion criteria were 
a lack of motivation to participate and to complete the 
questionnaires in a self-descriptive manner. 

The study size was determined using primary 
information obtained from the study by Sadeghi-
Bazargani et al20 on the main outcome of this study, the 
relation between MRBQ and ADHD. Considering 95% 
confidence level and 80% power, the sample was estimated 
to be 227 subjects according to odds ratio (OR) about 1.4 
as the effect size. Taking into account the cluster design, 
the sample size was increased to 296 cases by a design 
effect of 1.3 and then increased to 311 for more precision.20

Study variables and measurements
The study main variables included Motorcycle Rider 
Behavior Questionnaire (MRBQ) as the outcome and 
ADHD as the predictor of MRBQ. Data were collected in 
a self-descriptive manner using MRBQ (with 48-items) 
and Conner’s short-form ADHD questionnaires to assess 
the motorcycle riders’ behaviors and ADHDs respectively. 

In the present investigation, the MRBQ was utilized 
to assess motorcycle riders’ behavior as the outcome 
variable. MRBQ was first built in 2007 by Elliott et al25 
and developed by Ozkan et al.26 In this study the internal 
consistency reliability, as assessed by Cronbach’s alpha, was 
supported for MRBQ (α = 0.896). The respondents were 
asked to report the frequency of their behaviors during 
last year by selecting one of the 5 points scales (0 = never, 
1 = hardly ever, 2 = occasionally, 3 = quite often, and 
4 = nearly all the time). The MRBQ score was computed 
by summing over the items. The score ranged over 0-192 
where in the higher scores indicate the less attention to the 
traffic rules.

The ADHD questionnaire was also translated, and the 
validity and reliability were assessed and confirmed in a 
study by Sadeghi-Bazargani et al.27 In this research, the 
internal consistency reliability was supported for ADHD 
scale (α = 0.891) and for all ADHD subscales (0.643-
0.899). ADHD has 4 subscales; subscale A measuring 
inattention (I1 +I9 +I13 +I14 +I19 +I21 +I26 +I29 +I30), 
subscale B measuring hyperactivity, impulsivity (I2 + 
I4 + I6 + I8 + I16 + I18 + I22 +I25 +I27), subscale C (A 
+B), and subscale D measuring ADHD index (I3 +I5 +I7 
+I10 +I11 +I12 +I15 +I17 +I20 +I23 +I24 +I28). The 
symptomatology of the scale is based on the DSMIV 
(Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition), which the diagnostic criteria for ADHD 
are similar to those in the DSMV.28 Rating scales will ask 
the respondents to score behaviors on a 4-point frequency 
scale ranging from 0 = never/rarely to 3 = very often. 
ADHD scale and all subscales scores were computed by 
summing over the items (ranges over 0-90 for total score 
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0-27 for A and B subscales, 0-54 for C subscale and 0-36 
for D subscale). The higher the score, the more severe the 
symptom is.

The predictors of MRBQ in this study were considered 
to be: age, marital status, educational level, job status, 
income level, house price level, car price level, hygiene 
cost level, motorcycling aim, using helmet, having driving 
license, driving license period, driving period, hour 
driving, number of days used, sub-accident, vehicle type, 
cell phone answering.

To completely take into the account the above-
mentioned predictors, both trend effect, and effect 
compared to a reference category were considered as the 
LQR models. When a complete set of quintiles showed 
a significant relationship with outcome variable MRBQ, 
then the effect considered to be significant. The missing 
values were deleted listwise and since they were less than 
5%, the effect of missing values was ignorable. 

Statistical Analyses
Data were summarized and presented using the mean (SD) 
or the median (percentile 25 - percentile 75) along with 
(Minimum-Maximum) for numeric and the frequency 
(percent) for categorical variables, respectively. 

The data on MRBQ outcome (ranged over 0-192) was 
projected by LQR via the following equation:
Logit(MRBQ) = log[(MRBQ + Ɛ)/(192 – MRBQ + Ɛ)]

We considered Ɛ = 0.001. And finally our model was:
Qlogit(MRBQ)(P) = βP,0 + βP,1ADHD

ADHD is a predictor of MRBQ in this model. The 
bounds were set as ymin = -0.001 and ymax= 192.001 and 
the 5 quantiles of P = 0.05, 0.25, 0.5, 0.75 and 0.95 were 
considered. Furthermore, the standard error and P values 
were estimated using 1000 bootstrap samples. The model 
parameters were estimated using lqreg package in Stata, 
utilizing the codes lqreg, lqregpred and lqregplot and then 
the bootstrap standard errors are estimated.24,29 Based 
on LQR model and considering P < 0.1 in the univariate 
analyses for all quantiles, the variables were chosen to 
enter into the multivariate model which includes age, 
income, marital status, car price, using a helmet, years of 
driving records, days driving, driving hours, answering a 
cell phone, number of cars, ADHD and ADHD subscales. 
In the multivariate modeling strategy, 4 models were fitted 
taking considering P < 0.05. In model 1, the MRBQ was 
modeled with significant background variables in the 
univariate analyses. In the model 2, the ADHD score was 
added in the model 1. In model 3, the subscales of BSS 
and ASS of ADHD were added in the model1. Finally, in 
the model 4, the subscale DSS was added in the model 
1. In each model confidence interval and P values were 
computed for P = 0.05, 0.25, 0.50, 0.75, and 0.95. In 
addition to the analyses done by indicator categorical 
variables, trend analyses were done by directly entering 
the ordinal categorical variables to the models. All 
analyses were performed using STATA 14 software (Stata 
Corp., College Station, Texas 77845 USA).

Results
A total of 311 subjects participated in this study. A 
number of 104 persons had age between 25 to 28 years. 
21.22%, 45.34% and 33.34% of samples had primary, 
diploma and university degree, respectively. Most of the 
subjects (81.03%) had not a driving license. 71. 38% had 
more than 2 years of driving record, and 77.49% had not 
an accident in their driving lifetime. Other information on 
background variables are presented in Table 1.

The summarized measure of MRBQ outcome and the 
main predictor, i.e. ADHD and its subscales are presented 
in Table 2. The results show that in MRBQ and ADHD 
scores and their subscales were less than the possible 
average score could be obtained as showed in Table 2.

Based on LQR model, considering P < 0.1 in the 
univariate analyses for all quantiles of MRBQ score, the 
significant variables went back to ADHD score, and all 
ADHD subscales score beside the marital status, using 
a helmet, years of driving records, driving hours, days 
driving, cell phone answering. Furthermore, ADHD all its 
subscales scores besides the age, income, car price, years 
of driving records, driving hours, and the number of cars, 
were significant in the trend analyses (Table 3).

The modeling results in the multivariate analyses 
are presented in Table 4. In model1, considering the 
background variables in the predicting MRBQ, the marital 
status, driving period and driving an hour were significant. 
In model 2, considering the relationship of ADHD with 
MRBQ, controlling for the variables in the model 1, the 
ADHD score was significantly related with MRBQ in 
the adjusted model for almost all levels (quantiles) of 
MRBQ score. In model 3, controlling for the variables in 
model 1, the relationship of BSS and ASS subscales were 
significant for some levels of MRBQ score. In model 4 
the relationship of the DSS subscales was significant in 
the adjusted model for almost all levels of MRBQ score, 
controlling for variables in model 1. 

Discussion
The present research demonstrated the predictive ability of 
underlying factors of motorcycle rider behavior utilizing 
LQR. Regarding the MRBQ prediction by ADHD and 
the other underlying factors, the findings showed that in 
univariate modeling decrease in age, income and driving 
days were related to increasing in MRBQ while increasing 
in ADHD and its subscales and driving hours were related 
to increasing in MRBQ. Besides that, marital status, 
income, driving, cell phone answering were significant 
and entered into the multivariate model. 

In the multivariate modeling for previously mentioned 
variables in the univariate modeling, it can be said that 
increase in ADHD and all its subscales went back to 
the increase in MRBQ. The results showed a stronger 
relationship between DSS subscale compared with 
BSS and ASS subscales, in which DSS was significantly 
related in more quantiles compared to BSS and ASS. 
Our results were in the line with Sadeghi-Bazargani and 
colleagues’ study that by multivariate analysis; they found 
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the relationships between ADHD and MRBQ and then 
with motorcycle injuries were significant with a different 
pattern for ASS and BSS subscales Sadeghi-Bazargani et 
al, in their study, found a relationship between ADHD 
and MRBQ. They showed that BSS and ASS subscales 
were significantly related to MRBQ in various modeling.20 
The similarity between two studies may be due to similar 
study population in which the Iranian drivers show the 
same behaviors. The Canadian driving center obliged 
controlled ADHD as an item to pass the driving test.30 
Another study showed that training safe driving behavior, 
training driving techniques and skills and how to drive 
vehicle in different situations and utilization of planned 
behavior approach theory can change the people’s attitude 
and can be regarded as a very influential variable on 
safety driving. This issue eventually provides a setting to 
decrease traffic risks and physical injury by using safety 
equipment. Behavioral training is necessary to control 
dangers caused by the beginners and those drivers with 
ADHD.31 As researches say, those with ADHD are usually 
more willing to take risks while most of these risks are 
conscious. This subject should be considered as a risky 
behavior because it is responsible for about 25% to 30% of 
road accidents in Iran.20

 Furthermore, we found that MRBQ distribution in 
single and married individuals was identical except for 
95th quantile of MRBQ, which was significantly greater in 
married than single participants in the adjusted models. 
Also, nearly in all models, the driving period showed 
a significant and direct relationship with almost all 
quantiles of MRBQ score. Besides that, by considering the 
relationship between MRBQ and using a cell phone and 
some behavioral violations, the results of our study can 
be in the line with other studies.20,27 Moreover, significant 
relationships between injury outcome and age, education 
level, marital status and the type of intention to drive 
motorcycles.20

Our rationale in the application of LQR in describing the 
relationship between underlying predictors of a bounded 
outcome MRBQ were:
1. The LQR represents a useful methodology to 

extrapolate the conditional distribution of bounded 

Table 1. Descriptive characteristics of study’s participants and frequency 
and percent of MRBQ in each level of predictive variables

Variables No. (%)
Job status

Worker 90 (28.94)
Market 29 (9.32)
Service 45 (14.47)
Free 132 (42.44)
Government 15 (4.42)

Income level
<600 40 (12.86)
600-1000 72 (23.15)
1000-1500 81 (26.05)
1500-2000 91 (29.26)
2000-5000 27 (8.68)

House Price level
Not have 146 (46.95)
<100 63 (20.26)
100-200 72 (23.15)
>200 30 (9.65)

Car price level
Not have 235 (75.56)
<10 48 (15.43)
>10 28 (9.00)

Hygiene cost level
<10 94 (30.23)
10-20 135 (43.41)
20-40 64 (20.58)
>40 18 (5.79)

Motorcycling aim
Recreation, journey, recreation & journey 219 (70.42)
Work & profession, work journey recreation 92 (29.58)

Using helmet
Always 47 (15.11)
Often 59 (18.97)
Sometimes 59 (18.97)
Seldom 91 (29.26)
Never 55 (17.685)

Having driving license
Have 89 (28.62)
Not have 222 (71.38)

Driving license period
<1 year 10 (11.36)
1-3 years 24 (27.27)
3-5 years 21 (23.86)
>5 years 33 (37.50)

Driving period
<1 year 59 (18.97)
< 2 days 252 (81.03)

Hours driving 
< 2 hours 29 (9.32)
2-5 hours 247 (79.42)
> 5 hours 35 (11.25)

Sub accident
Have 70 (22.51)
Not have 241 (77.49)

Vehicle type
Pedestrian 5 (7.25)
Motorcycle 9 (13.04)
Car 34 (49.28)
Lorry 21 (30.43)

Cell phone answering
Always 49 (15.76)
Often 77 (24.76)
Sometimes 68 (21.86)
Seldom 63 (20.26)
Never 54 (17.36)

Number of days used
<4 days 100 (32.16)
4-6 days 130 (41.80)
≥7 days 81(26.05)

Table 2. Summary statistics of main study variables (n = 311)

Mean SD Minimum Maximum

MRBQ score 63.3 22.8 0 126

ADHD score 27.8 12.6 0 66

ASS score 7.6 4.2 0 21

BSS score 9.1 4.1 0 19

CSS score 16.7 7.7 0 36

DSS score 11.1 5.4 0 30

Abbreviations: MRBQ, Motorcycle Rider Behavior Questionnaire; ADHD, 
Attention Deficit Hyperactivity Disorder; ASS score, subscale A measuring 
inattention; BSS score, subscale B measuring hyperactivity, impulsivity; 
CSS score,  subscale C the sum of A and B subscales; DSS score, subscale 
D measuring ADHD index.
MRBQ ranges over (0, 192) and ADHD ranges over (0, 90); ASS and BSS 
ranges over (0, 27); CSS ranges over (0, 54); DSS ranges over (0, 36).
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Table 3.  Relationship between underlying predictors of MRBQ and ADHD with MRBQ Outcome variable by LQR

Variables

Percentiles

5 25 50 75 95
B (90 CI), P B (90 CI), P B (90 CI), P B(90 CI), P B(90 CI), P

Age -0.09, (-0.31 to 0.14), 
0.524

-0.07, (-0.13 to -0.01), 
0.083

-0.11, (-0.17 to -0.05), 
0.003

-0.17, (-0.29 to -0.05), 
0.019

-0.36, (-0.52 to -0.21), 
<0.001

Marital status 
(married)

-0.17, (-0.78 to 0.43), 
0.636

-0.23, (-0.41 to -0.06), 
0.030

-0.29, (-0.44 to -0.14), 
0.002

-0.27, (-0.55 to -0.01), 
0.100

-0.32, (-0.87 to 0.23), 
0.338

Education level

Illiterate Referent Referent Referent Referent Referent

Primary -0.91, (-1.70 to -0.10), 
0.058

-0.20, (-0.57 to 0.16), 
0.361

0.25, (-0.19 to 0.69), 
0.333

0.69, (0.24 to 1.15), 
0.012

1.09, (-7.72 to 9.90), 
0.838

Diploma -0.49,(-0.78 to -0.20), 
0.006

-0.13, (-0.37 to 0.10), 
0.341

0.22, (0.01 to 0.44), 
0.097

0.52, (0.20 to 0.84), 
0.008

0.68, (0.05 to 1.31), 
0.076

Diploma+ -0.14, (-0.67 to 0.39), 
0.660

-0.03, (-0.24 to 0.17), 
0.789

0.13, (-0.16 to 0.38), 
0.391

0.19, (-0.21 to 0.59), 
0.434

0.68, (-0.53 to 1.89), 
0.353

BSC+ -0.81, (-5.69 to 4.34), 
0.796

<0.01, (-0.25 to 0.25), 
0.999

0.06, (-0.16 to 0.29), 
0.635

0.66, (0.32 to 1.00), 
0.001

0.58, (-0.09 to 1.26), 
0.155

Job status

Worker Referent Referent Referent Referent Referent

Market -0.61, (-1.80 to 0.59), 
0.403

0.10, (-0.25 to 0.45), 
0.629

0.03, (-0.38 to 0.44), 
0.898

-0.07, (-0.47 to 0.34), 
0.778

-0.39, (-4.04 to 3.26), 
0.860

Service 0.40, (-0.06 to 0.87), 
0.156

0.10, (-0.19 to 0.38), 
0.548

-0.03, (-0.35 to 0.29), 
0.870

-0.33, (-0.79 to 0.12), 
0.228

-0.16, (-3.80 to 3.49), 
0.943

Free Job 0.32, (-0.25 to 0.89), 
0.355

0.14, (-0.08 to 0.35), 
0.295

-0.03, (-0.29 to 0.23), 
0.841

-0.17, (-0.47 to 0.12), 
0.341

-0.11, (-3.81 to 3.60), 
0.962

Government -0.05, (-0.70 to 0.60), 
0.898

-0.25, (-0.84 to 0.34), 
0.481

-0.13, (-0.46 to 0.20), 
0.523

-0.40, (-0.78 to -0.02), 
0.083

0.11, (-3.53 to 3.76), 
0.959

Income 0.16, (-0.01 to 0.31), 
0.103

0.05, (-0.03 to 0.12), 
0.306

-0.06, (-0.15 to 0.02), 
0.208

-0.14, (-0.23 to -0.05), 
0.012

-0.14, (-0.31 to 0.03), 
0.181

House price 0.11, (-0.81 to 1.02), 
0.848

0.07, (-0.03 to 0.16), 
0.259

0.06, (-0.03 to 0.15), 
0.246

-0.02, (-0.2 to 0.1), 
0.817

-0.03, (-0.2 to 0.1), 
0.733

Car price -0.72, (-3.65 to 2.21), 
0.685

0.16, (-0.06 to 0.39), 
0.224

0.35, (0.16 to 0.54), 
0.002

0.32, (0.14 to 0.50), 
0.004

<0.01, (-0.16 to 0.16), 
0.999

Hygiene cost -0.20, (-0.48 to 0.07), 
0.214

<0.01, (-0.12 to 0.12), 
0.999

0.10, (-0.07 to 0.26), 
0.344

0.12, (-0.01 to 0.25), 
0.137

<0.01, (-0.18 to 0.18), 
0.999

Motorcycling aim 0.22, (-0.21 to 0.66), 
0.402

<0.01, (-0.15 to 0.15), 
0.999

0.03, (-0.16 to 0.22), 
0.785

-0.24, (-0.52 to 0.04), 
0.164

-0.15, (-3.88 to 3.58), 
0.948

Using helmet

Always Referent Referent Referent Referent Referent

Often 1.13, (-5.05 to 7.30), 
0.764

0.42, (0.01 to 0.84), 
0.098

0.33, (-0.11 to 0.78), 
0.222

0.30, (-0.20 to 0.80), 
0.327

-0.27, (-0.97 to 0.43), 
0.523

Sometimes 1.68, (-4.48 to 7.85), 
0.653

0.76, (0.34 to 1.18), 
0.003

0.58, (0.20 to 0.96), 
0.013

0.51, (0.10 to 0.92), 
0.041

-0.11, (-1.12 to 0.89), 
0.851

Seldom 1.64, (-4.53 to 7.85), 
0.661

0.69, (0.36 to 1.02), 
0.001

0.52, (0.18 to 0.86), 
0.013

0.13, (-0.28 to 0.54), 
0.604

-0.37, (-3.21 to 2.50), 
0.831

Never 1.76, (-4.45 to 7.96), 
0.641

066, (0.32 to 0.99), 
0.001

0.52, (0.18 to 0.85), 
0.011

0.10, (-0.49 to 0.68), 
0.783

-0.22, (-0.92 to 0.48), 
0.603

Having driving 
license

1.09, (-2.54 to 4.71), 
0.621

0.24, (-0.07 to 0.55), 
0.202

0.10, (-0.16 to 0.35), 
0.545

-0.24, (-0.51 to 0.03), 
0.143

-0.11, (-0.59 to 0.38), 
0.718

Driving license 
period

-0.20, (-2.19 to 1.79), 
0.867

-0.12, (-0.38 to 0.14), 
0.439

-0.10, (-0.37 to 0.17), 
0.558

-0.16, (-0.41 to 0.10), 
0.307

-0.43, (-0.94 to 0.07), 
0.158

Driving period 0.23, (-0.26 to 0.73), 
0.437

-0.23, (-0.66 to 0.20), 
0.378

-0.78, (-1.10 to -0.46), 
<0.001

-0.95, (-1.26 to -0.65), 
<0.001

-0.58, (-1.03 to -0.13), 
0.034

Driving hour 0.28, (-0.23 to 0.78), 
0.366

0.45, (0.17 to 0.74), 
0.009

0.52, (0.28 to 0.76), 
<0.001

0.42, (0.16 to 0.68), 
0.009

0.22, (-0.45 to 0.89), 
0.590

Number of days used 0.18, (-0.13 to 0.49), 
0.342

<0.01, (-0.10 to 0.10), 
0.999

-0.06, (-0.24 to 0.11), 
0.541

-0.17, (-0.32 to -0.02), 
0.065

<0.01, (-0.26 to 0.26), 
0.999

Sub-accident 0.92, (-1.77 to 3.61), 
0.571

0.03, (-0.23 to 0.30), 
0.837

-0.03, (-0.35 to 0.28), 
0.868

-0.17, (-0.44 to 0.10), 
0.303

-0.22, (-3.83 to 3.39), 
0.920
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outcomes giving a set of risk factors. The results 
are valid in terms of any basic distribution, and the 
predictions for the outcome are limited within the 
bounded range.24

2. By assessing the sets of quantiles, LQR provides a 
thorough comparison of population distributions 
with respect to location, spread, and any other features. 
Generally, LQR allows more sound understanding 
than any other technique that considers the only 
single summary measures, such as median or the 
mean.24 LQR was utilized by other studies to model 
the bounded outcome.24,32,33

Study limitations
We limited the modeling by using the logit link in this 
study as used by other studies utilized the LQR in the 
modeling of bounded outcomes.24,33 The logit link function 
is a proper and simple transformation of the prediction 
curve. It also provides odds ratios. These 2 features have 
made it popular among researchers. In the future studies, 
instead, it is suggested to take into account the modeling 
of such outcomes using probit link function, predicting 
the underlying latent variable and log-log complementary 
link function for extreme asymmetric distributions.34 
Additionally, beta regression and boosted beta regression 
models can be suggested in this setting; they interpret the 
parameters in terms of the mean of bounded outcome 

and are unsurprisingly heteroskedastic and easily 
accommodate asymmetries.35,36 MRBQ has a wide range 
and despite the bounded nature which encounters the 
linear regression model with the structural problem of 
non-equity of the 2 sides of the equations. However, the 
underlying assumptions of the linear regression were 
mated in our data, and we shift to LQR because of the 
structural problem.

Other limitations were the self-descriptive nature of 
the questionnaires which are common in such studies. 
The data were limited to a sample of motorcycle riders 
in a small city in the northwest of Iran, which may not 
be generalizable to other parts of Iran due to different 
patterns of behavior. 

Additionally, the model may perform more optimally in 
the more limited bound of the outcome variable. And this 
issue is recommended to be studied in the future.

Conclusion
The present investigation demonstrated the application of 
LQR in describing ADHD, its subscales and underlying 
predictors of the MRBQ as a bounded outcome. 
Considering the predictive ability of ADHD and its 
subscales as well as age, income, driving, days of driving, 
hours of driving, marital status, income, driving and 
answering the cell phone for MRBQ, that potentially 
caused road traffic injury among motorcyclists, all these 

Vehicle type

Pedestrian Referent Referent Referent Referent Referent

Motorcycle (-16.4 to -2.0), 0.037 (-4.4 to 3.2), 0.789 (-1.4 to 0.5), 0.393 (-1.5 to 1.5), 0.972 (-0.1 to 2.9), 0.114

Car (-1.4 to 1.3), 0.922 (-0.8 to 0.5), 0.687 (-0.3 to 0.8), 0.393 (-0.1 to 1.2), 0.139 (-5.1 to 7.6), 0.739

Lorry (-2.3 to 0.1), 0.139 (-1.3 to 0.4), 0.373 (-0.8 to 0.4), 0.546 (-0.5 to 0.8), 0.732 (-0.5 to 0.6), 0.821

Cell phone answering

Always Referent Referent Referent Referent Referent

Often -0.24, (-9.11 to 8.63), 
0.964

-0.13 (-0.40 to 0.14), 
0.424

-0.22, (-0.51 to 0.07), 
0.206

-0.87, (-1.39 to -0.34), 
0.007

-0.90, (-7.98 to 6.19), 
0.835

Sometimes -0.35, (-9.22 to 8.51), 
0.947

-0.16, (-0.46 to 0.14), 
0.373

-0.16, (-0.45 to 0.13), 
0.371

-0.80, (-1.38 to -0.22), 
0.023

-1.27, (-8.34 to 5.81), 
0.768

Seldom -0.51, (-9.36 to 8.34), 
0.924

-0.47, (-0.79 to -0.15), 
0.017

-0.45, (-0.76 to -0.13), 
0.021

-1.00, (-1.54 to -0.46), 
0.003

-1.40, (-8.51 to 5.71), 
0.745

Never -1.97, (-10.91 to 6.98), 
0.717

-0.81, (-1.11 to -0.52), 
<0.001

-0.81, (-1.13 to -0.50), 
<0.001

-0.80, (-1.43 to -0.17), 
0.036

-1.45, (-8.46 to 5.57), 
0.734

ADHD score 0.03, (0.01 to 0.04), 
0.001

0.02, (0.01 to 0.02), 
<0.001

0.02, (0.01 to 0.03), 
<0.001

0.04, (0.02 to 0.05), 
<0.001

0.02, (-0.01 to 0.05), 
0.189

ASS score 0.07, (0.02 to 0.11), 
0.010

0.05, (0.04 to 0.07), 
<0.001

0.07, (0.04 to 0.09), 
<0.001

0.07, (0.03 to 0.12), 
0.008

0.02, (-0.06 to 0.11), 
0.679

BSS score 0.10, (0.06 to 0.13), 
<0.001

0.06, (0.04 to 0.07), 
<0.001

0.06, (0.04 to 0.08), 
<0.001

0.10, (0.06 to 0.14), 
<0.001

0.09, (0.04 to 0.13), 
0.003

CSS score 0.04, (0.02 to 0.07), 
0.002

0.03, (0.02 to 0.04), 
<0.001

0.04, (0.04 to 0.05), 
<0.001

0.05, (0.03 to 0.07), 
<0.001

0.04, (-0.01 to 0.08), 
0.142

DSS score 0.06, (0.03 to 0.10), 
0.004

0.04, (0.03 to 0.06), 
<0.001

0.05, (0.03 to 0.01), 
<0.001

0.07, (0.05 to 0.09), 
<0.001

0.04, (0.004 to 0.076), 
0.068

Abbreviations; B, Coefficient; CI, confidence interval; MRBQ, Motorcycle Rider Behavior Questionnaire; ADHD, Attention Deficit Hyperactivity 
Disorder; ASS score, subscale A measuring inattention; BSS score, subscale B measuring hyperactivity, impulsivity; CSS score,  subscale C the sum of A 
and B subscales; DSS score, subscale D measuring ADHD index.
Bold numbers represent the significant relationships.

Table 3. Continued
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factors can be useful and could be recommended for 
better planning and also designing educational programs 
by relevant organizations and policy makers.
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