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Abstract
Introduction: Sleepiness may predispose drivers to road traffic accidents. Obstructive Sleep Apnea
Syndrome is the most common medical cause of sleepiness. Hence increased neck circumference (NC) and
obesity are known as obstructive sleep apnea syndrome risk factors, meanwhile NC has been known as an index
for such an adverse risk factor. This study was conducted to assess OSAS role in occurrence of road traffic
accidents in sleeping drivers of commercial heavy vehicles.
Materials and Methods: Seven hundred sixteen truck and bus drivers randomly selected who referred to
occupational medicine clinic for routine annual examination. In addition, drivers who had one road accident
during study period consists case and other drivers consists control group, respectively. Subjects also completed
demographic and driving variables (e.g. type of vehicles) and Epworth Sleepiness Scale questionnaire. We
measured Neck Circumference and chance of road accident by Receiver Operating Characteristic Curve (ROC).
Results: Mean of NC in sleepy drivers and drivers who had road accidents was significantly higher than
other drivers (P< 0.05). Drivers who had night driving had significantly higher road accident in comparison with
others (odds: 3.83; CI: 1.36-10.77; P=0.01). Marital status (P< 0.05) and road accident (P< 0.001) had significant
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association with sleepiness occurrence. According to ROC curve analysis, 43.18 centimeters as cut off point for
positive results, was higher sensitivity and specificity for prediction of road accidents.
Conclusion: Drivers who have sleepiness and especially OSAS have more chance to involve an accident. By
measuring of NC as OSAS, predictor may be able to reduce the risk of road accidents between commercial
drivers.
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Introduction
Sleepiness is one of the major causes of traffic
road accidents and crashes

accidents

[1-2]

assumed

great

importance.

. Sleepiness and

Therefore this study was designed to investigate

sleep disorders prevalence had been considered

the role of neck circumference in road traffic

in recent epidemiological studies
common

medical

cause

[1, 3-4]

of

. The most

sleepiness

accidents of commercial bus and truck drivers.

is

Obstructive Sleep Apnea syndrome (OSAS)

Materials and Methods

which is known with transient cessation of

Study samples

breathing during sleep, excessive daytime

Seven hundred sixteen truck and bus drivers

sleepiness being one of its major symptoms and

between June 2009 and February 2011 were

[5]

is diagnosed with polysomnography . Increased

included respectively into the present case-

neck circumference (NC) and obesity had been

control study. Study was approved in ethical

reported as OSAS risk factors [6-7].

research

of

Shahid

Sadoughi

services. All drivers signed consent informs and

OSAS in drivers who had accidents was higher in
comparison with other drivers

committee

University of medical sciences and health

In previous studies had been reported that

fully understand about the study purpose and

[8-12]

. Another

methods. Study participants were male, lived in

studies reported that sleep disorders such as

Yazd province, and were randomly selected from

OSAS have also been shown to increase the

drivers who referred to occupational medicine

crash risk of motor vehicle drivers by two to

clinic for routine annual examination. Drivers

seven fold [13]. OSAS had high prevalence among

were excluded from the study if they have

commercial drivers and estimated that between

narcolepsy,

12% and 28% of them were affected [14-17]. Most

Insomnia,

epilepsy,

depression,

history of opium, alcohol and psychotropic

of studies reported that OSAS cause impairments

drugs. Drivers who had one road accident during

in attention/ vigilance, executive function, and

study period (2 years of study) consists case and

memory and psychomotor function [18]. This is an

other drivers consists control group, respectively.

obvious concern to driving, which is a complex
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has

task requiring simultaneous or divided attention

We classified driving accidents into the three

to multiple spheres such as the roadway, other

groups: Mild (less than 100 dollars damage),

vehicles, acceleration, deceleration, steering, and

Moderate (more than 100 dollars) and Sever

navigation of the overall trip route, etc. [19].

accidents (more than 100 dollars damage with
driver damage). Accident damages were divided

The precise measure of crash risk related to a

into the own vehicle, opponent vehicle and both

diagnosis of sleep apnea or other measures of

vehicles.

daytime sleepiness and driver sleep health, has
yet to be quantified. Recently, the relationship
between role of neck circumference and traffic
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Driver interview and sleep apnea testing
A questionnaire was made by researchers for

calculations, the Chi square and student t-test

gathering demographic and driving related

were used for qualitative and quantitative results,

variables of study participants. The questionnaire

respectively. We classified drivers into the two

collects

driver’s

groups: with and without road accident and odds

characteristics including demographics, sleep

ratio were calculated for detection role of each

quantity and quality. Primary we screened

variable in accident occurrence. Multivariate

sleepiness

self-reported

logistic regression analysis was performed for

standardized, validated sleepiness questionnaire

assessment impact of study variables on driving

information

drivers

about

the

with

the Epworth Sleepiness Scale

[20]

. The ESS is

accident in study participants. Cigarette smoking,

now the most commonly tools for assessment

driver place, night driving, BMI, sleep duration

sleepiness in studies, which were performed in

were included into the model. Variables that

subjects with sleep disorders

[21-23]

. In it, the

were remained into the model were known as

subject is asked to rate their likelihood of falling

independent

asleep in eight everyday situations over the

occurrence.

predictor

of

road

accident

previous month on a scale of 0–3 (0 = no chance
ROC curve calculation

of dozing, 1 = slight chance of dozing, 2 =
moderate chance of dozing, 3 = high chance of

In the present study, we measured Neck

dozing). The ESS score is the sum of the eight

circumference (NC) and for calculating of

item scores and ranges from 0 to 24. Higher ESS

sensitivity and specificity of this measurement,

scores indicate greater daytime sleepiness

[21-22]

.

we used having road accident as gold standard
and try to find better NC to have suitable

Driving related variables such as type of

prediction for next road accidents in other

vehicle, driving in city or out of the city and in

drivers. The areas under the receiver operating

the night time, driving and sleep duration per
day, driving distance per week

characteristic curve (ROC) were calculated as a

mean and

measure of predictive chance of road accident in

maximum of driving speed were collected. Neck

participated drivers. An index of 0.5 indicates no

circumference (NC) was measured for study

discrimination ability, whereas a value of 1
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participants.

indicates perfect discrimination. The cut-off
points of NC increase and decrease were

Statistical analysis

identified according to the corresponding plotted
We used SPSS ver16.0 for statistical analysis

curves. The difference between proportions was

and all two tailed P-values less than 0.05 were
considered

as

significant.

For

evaluated by the chi-square test with Yates’

statistical

correction, when necessary.
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drivers

Results

had

significant

association

with

occurrence of traffic accidents. Mean of NC in
Demographic variables

patients involved in road accident (38.01±1.79)
was not significantly higher than other drivers

Mean of driving experiences and EES score in
drivers

who

had

traffic

accident

(37.75±2.83, P=0.19). Details of study variable

were

comparison were presented in Table 1.

significantly higher than other drivers. Marital
status and cigarette smoking in participated

Table 1: Comparison of demographic and basal variables between all of participated drivers
Single

15 (5.9%)

59 (12.8%)

Married

239 (94.1%)

403 (87.2%)

than

183 (72%)

331 (71.6%)

than

71 (28%)

131 (28.4%)

Yes

106 (41.7%)

121 (26.2%)

No

148 (58.3%)

340 (73.8%)

Camion

238 (93.7%)

420 (90.9%)

Bus

16 (6.3%)

42 (9.1%)

Driving experience

16.22±6.92

14.58±9.15

0.01**

Body Mass Index

25.94±3.06

25.81±4.03

0.65**

Age

40.43±9.43

39.02±9.82

0.06**

Sleep time per day

7.94±0.88

7.93±0.88

0.86**

EES score

6.13±3.33

4.29±3.09

0.00**

Neck circumference

38.01±1.79

37.75±2.83

0.18**

Marital

education

Lower

0.00*

0.49*

diploma
Higher
diploma
Smoking
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Drivers

*p-value calculated with Chi-square test
**p-value calculated with student sample t-test
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0.00*

0.12*
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road accident had significant association with

Driving related variables among drivers

sleepiness occurrence. Mean of age, BMI, NC

with and without sleepiness

and driving experience in sleepy drivers had
Finally, amongst 716 drivers, 91 drivers had

significantly higher than other drivers.

more than 10 EES score. Marital status and
Table 2: Comparison of driving related variables between drivers with and without sleepiness
Marital status

70 (11.2%)

4 (4.4%)

Married

555 (96.9%)

87(100%)

0.04*

Lower
diploma

than

449 (71.8%)

65 (71.4%)

Diploma
higher

and

176 (29.2%)

26(28.6%)

Yes

192 (30.8%)

35(38.5%)

No

432 (69.2%)

56(61.5%)

Mild

51(25.4%)

11(20.8%)

Moderate

96(47.8%)

28(52.8%)

Moderate and

54(26.8%)

14(27.4%)

Camion

574(91.8%)

84 (92.3%)

Bus

51(8.2%)

7 (7.7%)

City

79(12.6%)

12(13.2%)

Roads

543(87.4%)

79(86.8%)

Yes

481 (77%)

70 (76.9%)

No

144 (23%)

21(23.1%)

Yes

201(32.2%)

53(58.2%)

No

424(67.8%)

38(41.8%)

Age

38.86±9.62

44.11±9.44

0.00**

Driving experience (year)

14.51±8.18

19.62±9.16

0.00**

Body Mass Index

25.70±3.73

26.93±3.37

0.00**

Driving time per day (hours)

8.81±1.90

8.62±2

0.38**

Sleep time per day

7.93±0.8

7.94±1.27

0.93**

Driving distance per week (Km)

3606.8±1967.3

3450.5±1236.1

0.46**

Neck Circumference

37.77±2.55

38.36±2.12

0.04**

education

Cigarette smoking

Type of accident

Type of vehicle

Driving place

Driving at night

Road accident

[ Downloaded from jhr.ssu.ac.ir on 2023-01-07 ]

Single

*p-value calculated with Chi-square test
**p-value calculated with student sample t-test
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0.93*

0.14*

0.77*

0.88*

0.74*

0.93*

0.00*
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Among 91 drivers, had more than 10 EES

participated drivers (P=0.01). Drivers who had

score, 53 drivers involved in one accident and

night driving had significantly higher road

38 drivers had no history of accident in study

accident in comparison with others (odds: 3.83;

period. Driving in the nighttime had significant

CI: 1.36-10.77; P=0.01).

association with road accident occurrence in
Table 3: Comparison of driving related variables between sleepy drivers of case and control groups
Single

2 (3.8%)

2 (5.3%)

Married

51 (96.9%)

36(100%)

than

37 (69.8%)

28 (73.7%)

Diploma and
higher

16 (30.2%)

10(26.3%)

Yes

24 (45.3%)

11(28.9%)

No

29 (54.7%)

27(71.1%)

Camion

48(90.6%)

36 (94.7%)

Bus

5(9.4%)

2 (5.3%)

City

7(13.2%)

5(13.2%)

Roads

46(86.8%)

33(86.8%)

Yes

46 (86.8%)

24(43.2%)

No

7(13.2%)

14(56.8%)

Yes

16(30.2%)

10(26.3%)

No

37(69.8%)

28(73.7%)

43.45±9.83

45.03±9.16

Marital status

education

Lower
diploma

Cigarette smoking

Type of vehicle

Driving place

Driving at night

OSAS

Age (year)

0.7 (0.9-5.25)

0.74*

0.83 (0.33-2.09)

0.69*

2.03 (0.8-4.92)

0.13*

0.53 (0.1-2.9)

0.45*

1.01 (0.29-3.44)

0.15*

3.83 (1.36-10.77)

0.01*

0.83 (0.32-2.09)

0.69*

-

0.44*
*

Driving experience (year)

18.96±7.31

20.53±11.28

-

0.43*
*

Body Mass Index

26.81±3.05

27.09±3.82

-

0.24*
*

Driving time per day (hours)

8.71±2.12

8.5±1.86

-

0.70*
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*
Sleep time per day (hours)

7.73±1.44

8.23±0.91

-

0.06*
*

Driving distance per week (Km)

3537.7±123.58

3450.5±123.61

-

0.43*
*

Driving speed (Km/hours)

79.52±7.02

78.89±7.22

-

0.28*
*

Neck Circumference

38.52±2.22

38.13±2.01

-

0.38*
*

*p-value calculated with Fisher Exact test. **p-value calculated with student sample t-test
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We considered road accident as final and

we determined that if we consider 43.18

gold standard result for assessment of NC

centimeters for NC as cut off point for positive

measurements. For ROC curve analysis, we

results,

considered NC of drivers with and without

specificity for predicting of road accidents.

we

had

higher

sensitivity

and

road accident. According to our ROC curves,

Figure1: ROC curve analyses of NC measurements in a population of 91 drivers involved in accident versus 625 drivers
without road accident

Discussion
Mean of NC in sleepy drivers and drivers who

19% of tractor-trailers drivers had fallen asleep at

had road accidents was significantly higher than

the wheel at least once during the previous month

other drivers. Sleep disorders is one of the main

[29]

sources of sleepiness and even daytime fatigue

short-haul drivers had problems staying alert on

and drivers with OSAS had excessive symptoms

at least 20% of their drives [30].

. Near to 40% of long-haul drivers and 21% of

[4, 24]

. Sleepiness increased the risk of road
In our study, mean of ESS scores in drivers
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accidents. In one study on Ontario more than
58% of study drivers had sleepiness

[25]

developed

crashes

countries,

sleep-related

that involved with accident was significantly

. In

higher than other drivers. Similar studies reported
that ESS fails to identify drivers with higher

represent up to 20% of all road accidents [1, 26-27].

accident risk

Generally sleepiness is common phenomena
between drivers

[31-32]

. Our study had similar

findings. ESS is a validate tool for sleepiness

[28]

. Our study showed that

assessment

frequency of OSAS was higher among drivers

[33-34]

but its questions were not

enough related to evaluate driving performance [8,

that were involved in accident. Similar with other

31-32]

.

studies, sleepiness was one of the main accident
causes in our study. In one study reported that
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In ROC curve analysis, 43.18 centimeters was

between participated drivers. Next study with

determined as cut-point for NC and this cut point

controlling

confounding

variables

will

better predict road accident in drivers. Previous

recommend. Secondly, our study were not

studies reported that sleep specialist must

multicentre or national study and our findings

examined each of commercial drivers separately

were limited into the research environment and it

and drivers who had past sleep disorders such as

is hard to enterprise them into the global

OSAS and NC higher than 43.18 cm in men and

community of drivers. National or multicenter

40.64 cm with BMI more than 35 kg/m2 were

study will be recommended.

considered as at risk population for road

Conclusion

accidents [35].

Drivers who have sleepiness and especially

NC and obesity were two more common
OSAS risk factors

OSAS had more chance to involve an accident.

[6-7]

. It seemed that obesity

Measuring of NC as OSAS predictor might have

might reduce the size of the pharynx and

role in reducing risk of road accidents between

increases its collapsibility. NC is better marker of

commercial drivers.

central fat deposit in comparison with BMI and
in recent studies had been reported as an
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