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INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is a common 
disease in general population that seriously reduces the 
quality of life. OSAS is defined as a clinical syndrome 
characterized by recurrent partial or complete airway 
obstruction episodes during sleep in the 3rd edition 
of International Classification of Sleep Disorders (1). 
Recurrent oxyhemoglobin desaturation and arousals 
occur because of upper airway collapse during sleep. This 
causes disruption in sleep structure and also results in 
adverse conditions such as daytime sleepiness, headache, 
cognitive dysfunction and reduced ability to concentrate 
(2). BMI rise has been showed to be associated with a 
significant increase in the prevalence of sleep apnea (3). 

Because the symptom of daytime sleepiness might be 
a cause of traffic accidents, detecting the patients with 
OSAS among the applicants of driving license is crucial. 
For this purpose, Turkish official regulation (4) strictly 
requires a whole- night polysomnography (PSG) on the 
applicants of driving license with a BMI greater than 33. In 
this study, we aimed at evaluating the PSG results of the 

applicants of driving license by reference to the BMI, and 
investigating the accuracy of this cutoff value of BMI on 
detecting the patients with OSAS among the applicants of 
driving license.

MATERIALS and METHODS 
This study was conducted in line with the dictates of 
the World Medical Association Declaration of Helsinki 
and approved by the local ethic committee. Among the 
driving license applicants, the individuals with a BMI 
<33 constituted the control group, the individuals with 
a BMI ≥33 constituted the study groups. The group A 
consisted of the individuals with a BMI between 33 and 
36; and the group B consisted of the individuals with a BMI 
>36. Excluded from the study were the patients with any 
history of pulmonary or cardiac surgery and with a chronic 
obstructive pulmonary disease. All patients underwent 
whole- night PSG test and their results were evaluated. 
Patients diagnosed with moderate and severe apnea were 
re-titrated and treated with a proper PAP device. The AHI 
values of the groups were compared. 
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Abstract
Aim: This study aimed at evaluating the PSG results of the applicants of driving license by reference to the BMI, and investigating the 
accuracy of this cutoff value of BMI (33) on detecting the patients with OSAS among the applicants of driving license
Materials and Methods: Driving license applicants with a BMI <33 constituted the control group, with a BMI =33-36 constituted the 
group A and with a BMI >36 constituted the group B. The AHI levels of the groups were compared, and ROC analyzes were performed 
to detect accurate BMI values. 
Results: Median AHI values did significantly differ among three groups (p<0.001). median AHI was statistically significantly higher in 
group A (median AHI: 12.5) and in group B (median AHI: 12.9) compared to the control group (median AHI: 2.4) (p<0.001). However, 
there was no significant difference between the median AHI of the group A and B (median AHI: 12.5 vs. 12.9) (p= 0.336). Additionally, 
34 was found to be the cut-off value for BMI suggesting that AHI could be 15 and/or above; and 34.8 was found to be the cut-off 
value for BMI suggesting that AHI could be 30 and/or above. 
Conclusion: Patients with a BMI over 33 had a greater AHI compared to the patients. Additionally, 34.8 value was found to be the 
cut-off value for BMI suggesting that AHI could be 30 and/or above.
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Statistical Analysis
Results are presented as mean ± standard deviation 
median (min-max). The distribution pattern of the 
data was investigated using the Kolmogorov- Smirnov 
normality test. The age data did distribute normally, thus, 
compared using the one-way analysis of variance. AHI 
values did not distribute normally, thus compared using 
the Kruskal- Wallis test. Mann Whitney U test was used 
as the post hoc test for advanced comparisons of median 
AHI values between two groups. The gender distribution 
of the groups was compared using the Chi-square test. All 
statistical analysis was performed using SPSS 23 software 
for Windows (SPSS Inc., Chicago, IL, USA). A p-value under 
0.05 was considered statistically significant. However, 
Bonferroni correction rule was taken into consideration for 
post hoc comparisons and it was considered significant 
when p-value was under 0.05/3=0.017.

RESULTS
A total of 103 patients were included in the study. The 
group A (driving license applicants with a BMI between 
33 and 36) consisted of 24 individuals (20 males and 4 
females, mean age: 46 ±17 years), the group B (driving 
license applicants with a BMI over 36) consisted of 26 
individuals (20 males and 6 females, mean age: 42 ±15 
years), and the control group consisted of 53 individuals 
(34 males and 19 females, mean age: 44 ±12 years). The 
groups were age (p= 0.55) and gender- matched (p= 0.17, 
X2 =3.45).

The Kruskal Wallis test revealed that, median AHI values 
did significantly differ among three groups (p<0.001). The 
median AHI value was statistically significantly higher in 
group A (median AHI: 12.5) and in group B (median AHI: 
12.9) compared to the control group (median AHI: 2.4), 
(p<0.001). However, there was no statistically significant 
difference between the median AHI values of the group A 
and B (median AHI: 12.5 vs 12.9) (p= 0.336).

Figure 1. The sensitivity and 1 – specificity ranking resulting 
from the ROC analysis performed to determine the cut-off value 
suggesting that AHI could be 15 and above

Figure 1 presents the sensitivity and 1 – specificity ranking 
obtained from the ROC analysis performed to determine 
the cut-off value suggesting that AHI might be 15 and/

or above. Accordingly, 34 value, which is between the two 
most ideal sensitivity and specificity values (sensitivity: 
75-85%, specificity: 70-72%), was found to be the cut-
off value for BMI suggesting that AHI could be 15 and/or 
above. 

Figure 2 presents the sensitivity and 1 – specificity ranking 
obtained from the ROC analysis performed to determine 
the cut-off value suggesting that AHI might be 30 and/or 
above.  Accordingly, 34.8 value, which is between the two 
most ideal sensitivity and specificity values (sensitivity: 
82%, specificity: 73%), was found to be the cut-off value 
for BMI suggesting that AHI could be 30 and/or above. 

Figure 2. The sensitivity and 1 – specificity ranking resulting 
from the ROC analysis performed to determine the cut-off value 
suggesting that AHI could be 30 and above

DISCUSSION
According to the Disease Control and Prevention Center 
2016 data, one of the most important causes of death 
in the world is motor vehicle accidents. Sleepiness 
during driving session is closely related to motor vehicle 
accidents. The rate of sleep-related traffic accidents has 
been reported between 3% and 33% in studies conducted 
in various countries in recent years (5-9).

Patients with OSAS might have significant daytime- 
sleepiness, as an important risk factor for motor vehicle 
accidents and according to the prior literature, patients 
diagnosed with OSAS are more likely to be involved in 
traffic accidents than in normal population(10).  Moreover, 
obesity is known as one of the most important risk factors 
for OSAS, and the prevalence of OSAS increases as the 
prevalence of obesity increases (11).

In various studies, the risk of traffic accidents in OSAS has 
been more closely associated with daytime sleepiness 
rather than apnea hypopnea index (AHI), the objective 
parameter for measuring the severity of sleep- disordered 
breathing (12-15). However, in studies conducted by 
Terán-Santos et al. and Mulgrew et al., AHI was found to be 
a better predictor factor for assessment of traffic accident 
risk in OSAS patients than the Epworth Sleepiness Scale 
(ESS), which is a subjective test for evaluating OSAS(10, 
16). In our study, we aimed to investigate the importance 
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of the level of BMI on predicting the presence of OSA, 
in association with the AHI. Our results suggested that, 
the patients with a BMI over 33 have an increased risk of 
having OSAS. However, as BMI increases, the prevalence 
of OSAS may also increase. Because the median AHI levels 
did not significantly differ between the patients with a BMI 
=33-36 and the patients with BMI>36, we performed two 
different ROC analyzes, considering BMI as a predictor of 
the level of AHI.  

In a study conducted by Howard et al. excessive daytime 
sleepiness, sleep disordered breathing and obesity 
prevalence were found to be higher in commercial vehicle 
drivers (17). In another study Pack et al. showed that OSAS 
prevalence in commercial vehicle drivers was 28.2%(18). 
Accordingly, in a study including 282 commercial vehicle 
drivers in Turkey, performances of obese drivers were 
significantly poor in simulator vision test(19).

In studies conducted in patients with OSAS, an increase 
in the severity of disease was found to be associated with 
weight gain and BMI increase (20). Peppard et al. showed 
that a 10% change in BMI caused a 30% change in AHI, 
which is the major marker indicating the severity of sleep 
apnea (21). 

The European Union Directive on driving license was 
updated in 2014, accordingly, untreated moderate to 
severe OSAS with excessive daytime sleepiness leads to 
driving inabilities (22,23). The European Driving License 
Regulatory Commission Working Group agreed that when 
OSAS has been treated successfully by any effective 
therapy, and in the case of this treatment method is CPAP, 
with a compliance 4 hour per night for at least 1 month, 
drivers could be considered as safe drivers (24). Like 
European Union countries, the individuals with moderate 
or severe OSAS with excessive daytime sleepiness cannot 
receive a driving license without a sufficient treatment 
in Turkey. Considering the prevalence of OSAS in the 
community, the number of PSG tests that are required 
to make diagnosis of OSAS might be obviously high. In 
this study, we aimed to reveal the correct AHI value that 
will really cause OSAS leading to driving inabilities, thus, 
to reduce the unnecessary workload and cost- burden 
of sleep laboratories by eliminating unnecessary PSG 
requests. According to our statistical analysis, the cut-off 
value required in the Turkish official regulation (4) should 
be revised (BMI=34.8 for AHI>30), to avoid the overwork 
load and financial burden of unnecessary tests. 

The gold standard test for the diagnosis of OSAS is 
PSG test with at least seven or more channels including 
electrooculogram, electromyogram, electrocardiogram 
and respiratory channels. Given the limited number of 
sleep centers in Turkey, PSG is not easily accessible test 
and every unnecessary test causes a serious burden on 
public health sources Therefore, preventing unnecessary 
tests with some legal regulations is crucial. According 
to the current regulation (4), all driver candidates with 
a BMI of 33 and above are directed to sleep centers for 
PSG test. However, it causes an overwork load in sleep 

centers. Based on the prior literature, the current cut-off 
value of BMI>33 seems not related to any scientific basis, 
and our study could be a scientific mainstay for future 
updates of the Turkish official regulation. Additionally, 
despite effective OSAS treatment, daytime sleepiness can 
continue in cases of psychiatric disorders such as chronic 
insomnia, central sleep apnea syndrome, narcolepsy, 
depression and use of some medications, which have side 
effects. This point also should be taken in consideration 
in the treatment and evaluation of driver candidates (25).

CONCLUSION
In conclusion, the patients with a BMI over 33 had a greater 
AHI compared to the patients. Additionally, 34.8 value 
was found to be the cut-off value for BMI suggesting that 
AHI could be 30 and/or above. However, for an absolute 
requirement of any legal regulation, further multicenter 
and prospective studies conducted on larger groups are 
needed.

Competing interests: The authors declare that they have no competing 
interest.
Financial Disclosure: There are no financial supports.
Ethical approval:  All procedures performed in this study were in 
accordance with the ethical standards of local ethical committee of 
Giresun University. 

REFERENCES

1.	 AAOSM A. International classification of sleep 
disorders. New York: NY: Springer,2014.

2.	 Kuvat N, Tanriverdi H, Armutcu F. The relationship 
between obstructive sleep apnea syndrome and 
obesity: A new perspective on the pathogenesis in 
terms of organ crosstalk. Clin Respir J 2020.

3.	 Young T, Palta M, Dempsey J et al. The occurrence 
of sleep-disordered breathing among middle-aged 
adults. N Engl J Med 1993;328:1230-5.

4.	 The Regulation of the health conditions and physical 
examination rules of drivers and driving license 
applicants. The Ministry of Interior, Turkey, 2015.

5.	 Tefft BC. Prevalence of motor vehicle crashes involving 
drowsy drivers, United States, 1999-2008. Accid Anal 
Prev 2012;45:180-6.

6.	 Philip P, Taillard J, Guilleminault C et al. Long distance 
driving and self-induced sleep deprivation among 
automobile drivers. Sleep 1999;22:475-80.

7.	 de Mello MT, Narciso FV, Tufik S et al. Sleep disorders 
as a cause of motor vehicle collisions. Int J Prev Med 
2013;4:246-57.

8.	 Garbarino S, Nobili L, Beelke M et al. The contributing 
role of sleepiness in highway vehicle accidents. Sleep 
2001;24:203-6.

9.	 Connor J, Norton R, Ameratunga S et al. Driver 
sleepiness and risk of serious injury to car 
occupants: population based case control study. BMJ 
2002;324:1125.



Ann Med Res 2021;28(5):946-9

949

10.	 Teran-Santos J, Jimenez-Gomez A, Cordero-Guevara 
J. The association between sleep apnea and the 
risk of traffic accidents. Cooperative Group Burgos-
Santander. N Engl J Med 1999;340:847-51.

11.	 Ma Y, Peng L, Kou C, et al. Associations of overweight, 
obesity and related factors with sleep-related 
breathing disorders and snoring in adolescents: 
a cross-sectional survey. Int J Environ Res Public 
Health 2017;14:194.

12.	 Vaa T. Impairments, diseases, age and their relative 
risks of accident involvement: Results from meta-
analysis. Institute of Transport Economics Oslo, 
Norway, 2003.

13.	 Goncalves M, Amici R, Lucas R, et al. Sleepiness at the 
wheel across Europe: a survey of 19 countries. J Sleep 
Res 2015;24:242-53.

14.	 Arita A, Sasanabe R, Hasegawa R, et al. Risk factors 
for automobile accidents caused by falling asleep 
while driving in obstructive sleep apnea syndrome. 
Sleep Breath 2015;19:1229-34.

15.	 Karimi M, Hedner J, Häbel H, et al. Sleep apnea 
related risk of motor vehicle accidents is reduced by 
continuous positive airway pressure: Swedish traffic 
accident registry data. Sleep 2015;38:341-9.

16.	 Mulgrew A, Nasvadi G, Butt A et al. Risk and severity 
of motor vehicle crashes in patients with obstructive 
sleep apnoea/hypopnoea. Thorax 2008;63:536-41.

17.	 Howard ME, Desai AV, Grunstein RR et al. Sleepiness, 
sleep-disordered breathing, and accident risk factors 
in commercial vehicle drivers. Am J Respir Crit Care 
Med 2004;170:1014-21.

18.	 Pack AI, Maislin G, Staley B et al. Impaired performance 
in commercial drivers: role of sleep apnea and short 
sleep duration. Am J Respir Crit Care Med 2006;174: 
446-54.

19.	 Demirdogen Cetinoglu E, Gorek Dilektasli A, Demir 
NA, et al. The relationship between driving simulation 
performance and obstructive sleep apnoea risk, 
daytime sleepiness, obesity and road traffic accident 
history of commercial drivers in Turkey. Sleep Breath 
2015;19:865-72.

20.	 Dacal Quintas R, Tumbeiro Novoa M, Alves Perez MT et 
al. Obstructive sleep apnea in normal weight patients: 
characteristics and comparison with overweight and 
obese patients. Arch Bronconeumol 2013;49:513-7.

21.	 Peppard PE, Young T, Palta M et al. Longitudinal study 
of moderate weight change and sleep-disordered 
breathing. JAMA 2000;284:3015-21.

22.	 Bonsignore MR, Randerath W, Riha R et al. New rules 
on driver licensing for patients with obstructive 
sleep apnoea: EU Directive 2014/85/EU. Eur Respir J 
2016;47:39-41.

23.	 Grote L, Svedmyr S, Hedner J. Certification of fitness 
to drive in sleep apnea patients: Are we doing the right 
thing? J Sleep Res 2018;27:12719.

24.	 Rodenstein D. Driving in Europe: the need of a common 
policy for drivers with obstructive sleep apnoea 
syndrome. J Sleep Res 2008;17:281-4.

25.	 Laratta CR, Ayas NT, Povitz M et al. Diagnosis and 
treatment of obstructive sleep apnea in adults. CMAJ 
2017;189:1481-8. 


