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subjects, independent of cultural differences, traffic 
density, and geographical area.[2‑4] A recent multicentric 
study demonstrated that a treatment with continuous 
positive airway pressure (CPAP) in patients with OSA can 
solve EDS.[5] Therefore it is important to evaluate sleepiness 
in these subjects. Currently the most used screening test 
for the evaluation of sleepiness is the Epworth Sleepiness 
Scale (ESS).[6] This is a validated operator‑independent 
test, conceived for the assessment of the symptom of 
sleepiness independently from the undergoing pathology.[7] 
It is based on eight self‑administered questions designed 

INTRODUCTION

Sleepiness is a complex phenomenon characterized by 
both neurovegetative and cognitive aspects. Sleep‑related 
disorders (SRD) and in particular obstructive sleep apnea 
(OSA) are the most frequent causes of excessive daytime 
sleepiness (EDS) in the presence of adequate sleeping 
time.[1] Falling asleep behind the wheel is one of the most 
relevant consequences of OSA. A number of studies 
throughout the world showed a significant increase of road 
accidents among patients with OSA compared to healthy 
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to discern the possibility that a patient may fall asleep in 
eight different situations. An ESS score ≥10 is considered 
as the cutoff for pathologic sleepiness.[6,8] However, only 
one question out of eight on the ESS investigates sleepiness 
behind the wheel (12.5% of the total ESS score). Moreover, 
the ESS has no explicit mention of falling asleep behind 
the wheel, which is the worst consequence of  daytime 
sleepiness. Based on the above, our center created a new 
operator‑dependent screening questionnaire named the 
Driver Sleepiness Score (DSS), with the aim of assessing 
sleepiness in drivers with suspected OSA and to detect 
in this specific group of individuals those with OSA, 
regardless of the presence of other symptoms.

Therefore the  primary aim of our study was to evaluate 
sleepiness in drivers with a suspicion of OSA by the DSS 
in order to assess its correlation with the apnea‑hypopnea 
index (AHI), oxygen desaturation index (ODI) and total sleep 
time with oxyhemoglobin saturation below 90% (TST90). 
We also aimed to assess the diagnostic accuracy of DSS for 
three different cutoffs of AHI (AHI = 5, AHI = 15, AHI = 30), 
which allowed stratification of the severity of sleep apnea.[9]

MATERIALS AND METHODS

Patients
A total number of 73 patients volunteered to participate 
in the study. Patients were selected from among those 
attending the sleep outpatient clinic of the Pulmonology 
Unit of the Ospedale Policlinico, Bari, Italy in the period 
from January 2012 to April 2013. All patients had a 
positive  medical history  for the presence of OSA‑related 
symptoms, including sudden arousals with the sensation 
of suffocation, snoring, nycturia/ and worsening of daytime 
performance. Moreover, the anthropometric data, body 
mass index (BMI), neck circumference, and Mallampati 
score were measured. We considered patients to be at 
risk for OSA if they had at least two of the symptoms 
above and at least one of the following conditions: Neck 
circumference >43 cm in men and >41 cm in women, 
BMI >28, Mallampati score ≥2. Moreover, all patients had 
driving licenses and were regular drivers. The study was 
approved by the local Ethics Committee and all patients 
were asked to sign their informed consent.

Study design
We conducted a prospective longitudinal study. The 
measurements were performed in 2 days within a 10‑day 
period. On day 1 the patients were screened for the 
presence of OSA‑related symptoms. The DSS and the ESS 
were both administered in operator‑dependent modality. 
Questionnaires were administered by the same medical 
operator, and patients were randomized into two groups 
for the sequence of administration: One group of 36 
patients first received the DSS and then the ESS, whereas 
the other group of 37 patients first received the ESS and 
then the DSS. On day 2 the patients were admitted to 
our ward and undertook cardiorespiratory nocturnal 
monitoring.

DSS
The new operator‑dependent DSS questionnaire has 
a total of five questions. The operator assigns a score 
between 0 and 3 for each of the questions [Table 1]. The 
DSS questionnaire has been specifically designed to 
evaluate sleepiness in drivers. In fact, two questions out 
of five (40% of the total score) investigate the presence 
of sleepiness behind the wheel and their circumstances 
in detail – DSS question number 1 investigates with a 
semiquantitative criterion the likelihood of the patient 
falling asleep during a monotonous situation in 1 week. 
DSS question number 2 assigns a semiquantitative score 
according to the likelihood of falling asleep in specific 
time frames (10–12 AM and 4–6 PM). This choice was 
due to the circadian rhythm that has led to the concept of 
“sleep gates” preceded by the “forbidden zones.”[10] DSS 
question number 3 investigates the probability of falling 
asleep during a conversation. This is a severe condition 
of sleepiness because all the attentive stimuli that inhibit 
sleep are active when one is talking. For this reason we 
applied a different semiquantitative criterion from that of 
questions 1 and 2, and falling asleep more than two times 
in total during a conversation was sufficient for assigning 
a score of 3. In the DSS the presence of only one instance 
of nodding off at the wheel assigned to question number 
4 a minimum score of 2 instead of 1, due to the severity 
of the occurrence. Moreover, we assigned a score of 2 if it 
occurred at night and a score of 3 if during daytime, which 
reflects the higher severity of the disturbances. Similarly, 
DSS question number 5 assigns a score of 1 if sleepiness 
occurred after 1 h of driving in absence of traffic, a score of 
2 if it occurred between 30 min and 60 min without traffic, 
and a score of 3 if it occurred before 30 min without traffic 
or in heavy traffic conditions. This is due to the fact that 
sleepiness after a short time driving and/or in heavy traffic 
is a more severe condition.

Cardiorespiratory nocturnal monitoring
Cardiorespiratory nocturnal monitoring was done in 
ambient air and spontaneous breathing using a portable 
4‑channel/8‑track polygraph (Somnea, Assago, Italy). 
Oxyhemoglobin saturation, heart rate, body posture, 
oronasal air flow, snoring sounds, and thoracic and 
abdominal movements were recorded in detail. AHI, 
ODI, and TST90 were calculated. OSA was defined by 
AHI ≥5 in the presence of hypnagogic symptoms or by 
AHI ≥15 without symptoms.[9] We further divided our 
study population into three groups according to their AHI 
(mild OSA: 5≥AHI≥15; moderate OSA: 15≥AHI≥30; 
severe OSA: AHI ≥30) [Table 2].[9]

Data analysis
The correlation between each of the nocturnal 
cardiorespiratory indices (AHI, ODI, TST90) and the ESS 
and the DSS was calculated. The Spearman correlation 
coefficient was used to assess the correlation between 
the DSS and the ESS in the entire study population and 
in different risk groups. Moreover, a correlation between 
ESS and DSS values was assessed.
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Subsequently, a receiver‑operator characteristic curve 
(ROC curve) was created for determining the accuracy of 
both the DSS and the ESS, assuming AHI ≥5, AHI ≥15, 
and AHI ≥30, respectively as values of positivity for the 
test, according to the OSA severity grading. Finally, we 
detected the cutoff value of the DSS, which predicts the 
presence of AHI ≥5, AHI ≥15, and AHI ≥30, respectively, 
with the highest accuracy.

We calculated sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) of both 
the ESS and the DSS for the presence of AHI ≥5, AHI ≥15, 
and AHI ≥30. We used a ESS ≥11 for cutoff[6,8] as well as 
the DSS cutoff detected in the previous statistical analysis. 
Moreover, in order to determine whether the DSS improved 
the screening ability of the ESS, we calculated sensitivity, 
specificity, PPV, and NPV of the combination of the two 
questionnaires (positivity for ESS or DSS). According to 
the parallel strategy, the combination is positive if at least 
one test is positive. It is negative if all tests are negative.[11]

Furthermore, a separate bivariate logistic regression model 
was used to determine the odds ratio (OR) in predicting 
OSA.

Finally, we calculated the sensitivity, specificity, PPV, and 
NPV for the presence of nodding off behind the wheel on 
both the ESS (cutoff ≥10) and the DSS (cutoff detected by 
previous statistical analysis). A P < 0.05 was considered 
statistically significant.

RESULTS

The subject characteristics of the two groups are described 
in Table 2. Directly proportional positive correlations 
between the DSS and the ESS (r = 0.661, P = 0.000, Figure 
1), between the ESS and the AHI (r = 0.610, P = 0.000), 
and between the DSS and AHI (r = 0.638, P = 0.000, 
Figure 2) were shown. The DSS and the ESS also positively 
correlate with both ODI (r = 0.581, P = 0.000; r = 0.610, 
P = 0.000, respectively) and TST90 (DSS: r = 0.265, 
P = 0.000; r = 0.431, P = 0.000, respectively). The DSS 
showed significantly higher accuracy in screening patients 
with mild OSA (AUC: 0.88 vs 0.74, P < 0.05, Figure 3) and 
moderate OSA (AUC: 0.88 vs 0.79, P < 0.05, Figure 4), 
whereas the ESS had higher accuracy in screening patients 
with severe OSA (AUC: 0.91 vs 0.78, P < 0.05, Figure 5). 
A DSS score ≥7 is the optimal cutoff for discriminating 
true positives from false positives for the presence of OSA 
and for its different severity levels.

Table 3 shows that sensitivity, specificity, PPV, and NPV  are 
higher in the DSS compared to ESS in predicting patients 
with mild and moderate OSA. However, the ESS is more 
powerful than the DSS in detecting patients with severe 
OSA. Therefore, the administration of both questionnaires 
increases accuracy for the detection of all OSA severity levels.

DISCUSSION

In the present study we proposed a new questionnaire 
for evaluating sleepiness specifically designed for drivers 
with a suspicion of OSA. To the best of our knowledge 
this is the first study applying such a screening method 
for this specific category of patients. The choice of drivers 
as a study group was due to the high diffusion in terms of 

Table 1: The DSS questionnaire (translated from the Italian)
Question Score
How many days in a usual week do you fall asleep in 
monotonous situations of everyday life (cinema, watching TV)? 

0 1 2 3
0 Days 1 Day 2-3 Days 4-7 Days

How many days do you fall asleep in a usual week between 
10-12 am and 4-6 pm?

0 1 2 3
0 Days 1 Day 2-3 Days 4-7 Days

Have you ever fallen asleep when talking with someone? 0 1 2 3
  Never 1 Time 2 Times >2 Times
Have you ever fallen asleep when driving? 0 2 3
  Never Yes, at night Yes, at daytime
If you answered YES to the previous, in what circumstances 
did it occur?
 

3 2 1
<30 min of driving or in 
presence of heavy traffic

<30-60 min of driving 
in absence of traffic

>60 min of driving 
in absence of traffic

Table 2: Demographic characteristics and baseline sleep 
parameters of the study population (N=73)
Parameter Value (mean±SD, 

except for sex and AHI)
Age (years) 58.37±11.76
Sex, Male (N %) 50 (68.5)
BMI kg/m2 65.80±34.09
Neck circumference cm 43.59±2.13
AHI score/h 27.83±23.62
AHI<5 vs 5≤AHI <15 vs 15 
≤AHI<30 vs AHI≥30 (N %)

13 (17.8) vs 14 (19.2) vs 
17 (23.3) vs 29 (39.7)

ODI/h 27.03±24.07
TST90% 22.82±25.66
SaO2 nocturnal % 92.25±2.72
ESS 10.25±4.90
DSS 7.86±4.20
pH 7.42±0.2
pO2 mmHg 77.53±11.33
pCO2 mmHg 43.87±6.14
HCO3

− mmHg 28.14±2.98
SaO2% 95.36±1.88

SD=Standard deviation, pO2=Partial pressure of oxygen in arterial blood, 
pCO2=Partial pressure of carbon dioxide in arterial blood, HCO3

−  = 
Bicarbonate, SaO2=Arterial oxyhemoglobin saturation, BMI=Body mass 
index, AHI=Apnea-hypopnea index, ODI=Oxygen desaturation index, 
TST=Total sleep time, ESS=Epworth Sleepiness Scale, DSS=Driver 
Sleepiness Score
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prevalence and incidence of OSA and also the relevance 
of the serious consequences of daily sleepiness, such as 
road accidents.[2‑4,12‑19] Based on our results, the DSS is 
an applicable screening tool for this category of patients. 
We calculated the DSS ≥7 as a cutoff value for the most 
accurate detection of OSA.

In our study we aimed to compare the new DSS 
questionnaire with the ESS, both administered in 

operator‑dependent modality. The DSS has been designed 
to be administered by medical personnel with experience 
with sleep disturbances. In particular, DSS question 
number 2 requires active participation by the physician. 
The operator can model the questions based on the 
patient’s lifestyle or habits. It is self‑evident that the role 
of the interviewer is essential for the DSS. For a better 
comparison to the DSS, the ESS was also administered 
in the same operator‑dependent modality. Although the 

Figure 1: Correlation between DSS and ESS: r of Spearman = 0.661, 
P = 0.000

Figure 2: Correlation between DSS and AHI: r of Spearman = 0.638, 
P = 0.000

Figure 3: Accuracy of both DSS and ESS in detecting patients with 
AHI ≥5 vs AHI <5. The DSS has an accuracy of 88.30% (AUC = 0.88) 
[95% confidence interval (CI) =80.30–96.20%]. The ESS has an 
accuracy of 74.20% (AUC 0.74) (95% CI = 58.40–90.10%)

Figure 4: Accuracy of both DSS and ESS in detecting patients with 
AHI ≥15 vs AHI <15. The DSS has an accuracy of 88.80% (AUC 0.88) 
(95% CI = 81.60–96.10%). The ESS has an accuracy of 79.00% 
(AUC 0.79) (95% CI = 68.70–89.30%)

Table 3: Predictive parameters for ESS and DSS questionnaires for mild OSA (AHI ≥5), moderate OSA (AHI ≥15), and 
severe OSA (AHI ≥30)
Subgroup Mild OSA Moderate OSA Severe OSA
Questionnaire cutoff (%) DSS≥7 ESS≥11 DSS≥7 or ESS≥11 DSS≥7 ESS≥11 DSS≥7 or ESS≥11 DSS≥7 ESS≥11 DSS≥7 or ESS≥11
Sensitivity 63.33 45.00 70.00 75.55 55.55 80.00 82.76 82.76 89.65
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ESS has only been validated as self‑reported,[20] it has been 
previously shown that in operator‑dependent modality it 
correlates better with the AHI when compared to the ESS in 
operator‑independent modality.[21] Moreover, patients were 
randomized for the sequence of administration of both the 
DSS and the ESS in order to minimize the influence of one 
questionnaire on the other.

Therefore, we verified that both DSS and ESS 
(operator‑dependent) positively correlate with AHI and 
between each other.

Both questionnaires showed sensitivity and NPV lower 
than specificity and PPV for all the severity levels of OSA. 
The NPV of single tests (ESS or DSS) and combined tests 
(ESS and DSS) in detecting patients with mild OSA is lower 
than that for patients with moderate and severe OSA. This 
may be due to the fact that the symptoms are blurred in 
milder OSA – thus the likelihood of having false negatives 
is higher. Nevertheless, in our results, even for mild OSA 
the DSS showed a higher NPV compared to ESS, and the 
combined tests (ESS or DSS) further improved these data.

The ESS measures average sleep propensity across a range 
of specified situations in daily life, but it is subjective, so 
it was not surprising that the sensitivity was rather low 
and the specificity moderate in our study, similar to other 
studies.[8,22] However, DSS ≥7 showed higher sensitivity 
and NPV compared to ESS ≥11 (63.33% vs 45.00% and 
37.14% vs 23.25%, respectively). These findings could be 
due to the fact that the DSS is more accurate/better in the 
detection of patients with OSA and at least one episode 
of nodding off at the wheel. The DSS questionnaire has 
been specifically designed to evaluate sleepiness in drivers. 
In fact, two questions out of five (40% of the total score) 

investigate the presence of sleepiness behind the wheel 
and their circumstances. The ESS has only one question 
out of eight (12.5% of the total score) investigating this 
specific sleepiness and without any explicit reference to 
the presence of falling asleep behind the wheel. Indeed, 
ESS question number 8 (“in a car, while stopped for a few 
minutes in traffic”) might be somewhat confusing for the 
reader as it does not specify if it addresses the driver or 
the passenger.

Moreover, we could explain the higher accuracy of 
predicting OSA by the DSS compared to the ESS by the 
different structure of the two questionnaires. In detail, ESS 
questions 1, 2, 3, 4, and 7 describe particular circumstances 
in which the patient has to provide qualitative judgment 
about his/her likelihood of falling asleep (mild, moderate, 
high) even if he/she does not recognize him/herself in 
those situations. Therefore he/she has to imagine being in 
that particular situation and hypothesize the likelihood of 
falling asleep – leading to a high probability of incorrect 
answers.

In the DSS, the presence of only one episode of nodding 
off at the wheel assigns to question number 4 a minimum 
score of 2 instead of 1, due to the severity of the occurrence. 
Furthermore, we assigned a score of 2 if it occurred at night 
and a score of 3 during daytime, which reflects a higher 
severity of the disturbances. Similarly, DSS question 
number 5 was assigned a score of 1 if sleepiness occurred 
after 1 h of driving in absence of traffic, a score of 2 if it 
occurred between 30 min and 60 min without traffic, and 
a score of 3 if it occurred before 30 min without traffic or 
in heavy traffic conditions. This is due to the fact that the 
presence of sleepiness after a short time driving and/or in 
heavy traffic is a more severe condition.

Nevertheless, the ESS is more effective than the DSS 
in detecting patients with severe OSA, showing higher 
accuracy (AUC = 0.910 vs 0.790, respectively). According 
to our results, the parallel administration of both 
questionnaires (positivity if DSS ≥7 or ESS ≥11) increased 
sensitivity and NPV compared to single questionnaires. 
Therefore, the combination of the results of both the 
DSS and the ESS may provide the clinician with a valid 
screening tool for all severity levels of OSA.

Our study has several limitations. First, it has a small 
sample size. Further studies applied to a large‑scale 
population are required to confirm our findings. In 
addition, it would be of interest to know if longitudinal 
reproducibility differs between the DSS and the ESS. 
Second, we did not validate the DSS with any objective 
measurement of sleepiness such as the Multiple Sleep 
Latency Test. Additional studies should also consider 
this aspect.

Third, the DSS has been designed and administered in the 
Italian language, and it was translated into English specifically 

Figure 5: Accuracy of both DSS and ESS in detecting patients with 
AHI ≥30 vs AHI <30. The DSS has an accuracy of 78.80% (AUC 0.79) 
(95% CI = 68.70–89.30%). The ESS has an accuracy of 91.00% (0.91) 
(95% CI = 84.00–97.60%)
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for this article. Although it is an operator‑dependent test, a 
largely accepted official translation for any language is 
necessary. Finally, an implicit limitation of the DSS, as well 
as the ESS and all other screening tests, is their difficult 
application in asymptomatic OSA. The main concern about 
asymptomatic patients with OSA is that they do not perceive 
themselves to have a disease and therefore do not seek 
medical advice.  Therefore, the role of general practitioners 
(who are the first observers of the population’s health) 
should be stressed. When suspecting the presence of OSA, 
they should refer a patient to specialist on the basis of 
other signs such as increased BMI and neck circumference, 
high Mallampati score, mandibular overbite, tonsillar 
hypertrophy, macroglossia, and nasal septum deviation, 
among many others.[9] In conclusion, our study provides a 
new screening tool specifically for drivers with the suspicion 
of having OSA. If validated, the DSS could be used in 
combination with the ESS for more adequate detection of 
sleep disturbances in this group of patients, attempting to 
reduce the number of road accidents due to OSA‑related EDS.
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