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Abstract

Introduction—Obstructive sleep apnea (OSA) is common among commercial drivers and
associated with health/safety risks, leading several trucking firms to mandate OSA screening.

Methods—19,371 commercial drivers were screened for OSA with an on-line questionnaire
(Somni-Sage®) through employer mandates. Questionnaire and polysomnography results were
analyzed retrospectively.

Results—Screening categorized 5,908 (30%) drivers as higher risk. To date, employers have sent
2,103 higher risk drivers for polysomnography, demonstrating that 68% of high risk drivers tested
had an apnea hypopnea index (AHI) >10 and 80% had an AHI >5. A conservative prevalence
estimate for OSA (AHI >10) was 21% among the drivers studied.

Conclusion—Online screening followed by polysomnography for high-risk drivers
demonstrates as many as 21% of commercial drivers may have OSA. Mandatory screening can
have a high yield among commercial drivers.
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Introduction

Obstructive sleep apnea (OSA) is common among commercial motor vehicle (CMV)
operators with prevalence estimates ranging from 13-28%. (1-3). According to the Federal
Motor Carrier Safety Administration, in 2010 there were 14 million commercial driver
license (CDL) holders(4). Thus, using estimates of OSA prevalence among drivers (3, 5, 6)
1.8 to 3.9 million CDL holders are expected to have OSA - most of them undiagnosed and
untreated. Untreated OSA is recognized to increase the risk of motor vehicle crashes (MVC)
in drivers (7-11). Recent systematic reviews have found that OSA on average increases the
risk of MVC by 1.2 to 4.9-fold (12-14).
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Additionally, untreated OSA is associated with poor cardiovascular and metabolic health
(15-23), added healthcare costs (24-26), and lost workdays (27). In general, it is estimated
that untreated OSA doubles health care utilization and expenditures compared to those
without OSA (28). However, effective treatment of OSA with positive airway pressure
(PAP) significantly mitigates health expenditures (28, 29) and reduces elevated vehicular
crash risk to close to that of drivers without OSA (30). Therefore, identifying commercial
drivers with OSA and treating them effectively should decrease crash-related injuries and
fatalities and improve drivers’ health.

On the basis of its accident investigations, the National Transportation Safety Board has
urged the Federal Motor Carrier Safety Administration (FMCSA), the Federal Railroad
Administration, US mass transit authorities and the Federal Aviation Administration to
adopt mandatory OSA screening regulations for transportation operators (31). In parallel,
efforts to educate occupational and sleep-related medical professionals have come through
an extensive review published by the Joint Task Force (JTF) of the American College of
Chest Physicians, the American College of Occupational and Environmental Medicine, and
the National Sleep Foundation (32). This same review by the JTF also promulgated expert
consensus guidelines for OSA screening (combining both self-reported symptoms, as well as
a reliance on objectively measured criteria) during commercial driver medical examinations
in the absence of federal guidelines. A 2008 study, however, demonstrated that while most
occupational physicians performing commercial driver medical examinations (CDME) feel
screening drivers for OSA is important, the majority of these physicians were not utilizing
the consensus or other rigorous criteria for screening (33). In the absence of a Federal OSA
screening mandate and with most CDME providers not screening on their own, some
trucking companies have voluntarily implemented their own driver screening programs.

While most experts agree OSA screening of drivers is necessary, considerable disagreement
over screening methods and criteria for triggering a sleep study referral remain (32, 34, 35).
Moreover, the CMV operator population presents unique and specific challenges to the
successful identification and treatment of those with OSA. These challenges include: high
driver turnover, extreme driver mobility and driver fear and/or resistance to an OSA
diagnosis because of the potential consequences on medical certification and employment.
Inadequate health insurance coverage and confusion over employer and/or regulatory
requirements also complicate this picture. Several investigations have demonstrated
screening based on simple driver self-reports of OSA, snoring or excessive daytime
sleepiness are unreliable and have low yields in conjunction with a commercial drivers’
medical examinations (CDME) or other occupational setting. (1, 34, 35)

Most prior studies concerning active OSA screening programs for commercial drivers have
come from occupational medicine clinics conducting screening using the JTF consensus
criteria during CDME or similar certification exams (1, 34, 36). This article describes a
distinct approach. A patented computer-based screening instrument (Somni-Sage® Precision
Pulmonary Diagnostics, Houston, TX, US 7,720,696 B1) was administered on-line to over
19,000 drivers at three major trucking firms through an employer-driven program.

Study Population

The study population was constituted exclusively by commercial motor vehicle drivers who
completed an employer-mandated OSA screening questionnaire and were employees of one
of three national trucking firms during the study period (April 1, 2006 through April 10,
2010). Retrospective analyses of anonymous de-identified data from these drivers were
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approved as an exempt research protocol by the Institutional Review Board of the
Cambridge Health Alliance.

OSA Screening Instrument

Precision Pulmonary Diagnostics, LLC (PPD) developed a self-report, on-line screening
questionnaire from a review of the available medical literature and an unpublished pilot
study of 100 drivers using their complete medical records and polysomnogram (PSG)
results. None of those drivers are included in the present data. The goal was to provide
trucking companies with a simple, cost-effective tool for identifying drivers with an
increased likelihood of having OSA. Higher risk drivers would then be candidates for PSG
for diagnostic confirmation. This OSA screening instrument is trademarked as Somni-
Sage®; and it has been awarded a US Patent (US 7,720,696 B1). A copy of the SomniSage
component questions is provided in the Appendix (see Appendix Table 1,
http://links.lww.com/JOM/A98).

During the study period, drivers were told the screen was mandatory and strongly
encouraged to complete the SomniSage questionnaire form on-line. However, no penalties
were administered for failing to complete the questionnaire. The questionnaire was
completed online by each driver independently. There were no “helpers” assigned to assist
the drivers in the process. The SomniSage questionnaire was exclusively done as an
employer-based, on-line program and was not performed as part of the CDME or coupled
with the drivers’ CDME.

The self-report, computerized screening instrument has mostly mandatory fields that must
be completed (cannot be skipped). Non-mandatory fields were neck size for men and
women (because most drivers don’t know their collar size) and for women whether or not
they were on hormone replacement therapy. In addition to questions on symptoms,
SomniSage also includes reliable surrogate measures of objective data (self-reports of height
and weight and medical conditions) for formulating a prediction for OSA in any given
driver. SomniSage incorporates weighted values for body mass index (BMI), presence of
hypertension, presence or absence of heavy snoring, witnessed apneas, other symptoms and
medical co-morbidities, and neck circumference, as well as excessive daytime sleepiness
(EDS). The latter was considered positive if a driver had an Epworth Sleepiness Scale (ESS)
>10 (37) and/or answered “often” to the following question: “Do you become drowsy while
driving?”

Based on a patented statistical algorithm derived from all the questionnaire responses,
drivers are then categorized as higher priority for PSG testing (Class 1) or lower priority for
further testing with PSG, (Non-Classl). These SomniSage categorizations of OSA
likelihood are referred to as “Higher Risk” and “Lower Risk” throughout the manuscript.

Diagnostic Confirmation

CMV drivers in the employer programs were not taken out of service in order to undergo
confirmatory diagnostic testing, which was conducted within the PPD network of sleep
clinics located near major participating long-haul carrier operating centers. Drivers received
sleep studies for diagnostic confirmation by one of two largely independent mechanisms
(See Figure 1). The vast majority was referred for PSG based on being categorized as
Higher Risk on the SomniSage screening instrument (see above). Drivers’ risk status was
communicated to the employers, and the employers had the sole discretion to refer Higher
Risk drivers for PSG. These decisions were usually based on the driver’s schedule
availability, participating network testing center (sleep lab) availability and proximity to a
driver’s route, the employer’s budget (how many drivers/month could be tested) and the
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driver’s continued employment with the firm. A smaller number of drivers received PSG
testing independent of their SomniSage risk status at the specific request of a physician
performing a CDME. These sleep studies were also performed within the PPD network and
therefore, their results were also available for the present study.

To date, all sleep studies have been full, multi-channel, in sleep laboratory, technician-
attended PSGs or “Type 1” PSGs as defined the American Academy of Sleep Medicine
(AASM). During the study period 1433 tests (68%) were performed in AASM accredited
facilities and the remaining tests were performed in facilities whose applications for
accreditation were pending during the study period. All sleep studies were interpreted by
Board Certified sleep medicine physicians (84% of studies), or physicians qualified to sit for
the certifying exam in sleep medicine (16% of studies).

Data Analysis

Results

Retrospective analysis of the screening results was performed using a comprehensive
database derived by merging the results of the on-line sleep apnea screening instrument
(Somni-SageR) with records of overnight diagnostic sleep studies when they were
performed. For comparisons considering self-reported values for age, BMI (calculated from
height and weight self-reports) and neck circumference, we created acceptable ranges based
on reasonably expected ranges for biologic plausibility and/or employer hiring practices
(minimum age of 21 years). Individual values were considered potentially valid and
included in the analyses within the following respective ranges: age- 21-75 years old, BMI-
17-65 kg/m2, and neck circumference- 14-23 inches. Age, BMI and Neck Circumference
values falling outside of these ranges were defined as missing, but the driver’s remaining
valid data for other SomniSage responses were included in the analyses of those variables.

The presence of OSA was defined on the basis of the apnea-hypopnea index (AHI) recorded
at PSG, which provides the average humber of apnea and hypopnea episodes per hour of
sleep time during the recording. Definite OSA diagnoses were assigned to drivers with an
AHI >10 and possible OSA to drivers with an AHI of 5-10.

All analyses were conducted using Stata version 11.1/SE (Stata Corp., College Station, TX).
Statistical significance was defined as a two-sided p-value <0.05 for all tests. Comparisons
between groups were performed with the Kruskal-Wallis test for continuous variables and
the Fisher exact test for nominal variables, on the more conservative assumption that some
data were not normally distributed.

From April 1, 2006 through April 10, 2010, a total of 19,371 CMV operators have each been
screened once for OSA risk characterization using SomniSage. The self-reported
demographic and anthropometric characteristics of the study participants are presented in
Table 1. The vast majority of participants (19,055 or 98%) reported both their age and BMI
within the designated acceptable valid ranges (age 21-75 years and BMI 17-65 kg/m?). In
contrast, many drivers skipped the neck circumference question or provided biologically
implausible responses. Potentially valid responses for neck circumference were reported by
67% of male drivers and only 0.13% of female drivers. The driver population was over 90%
male and half of both male and female drivers were obese (BMI =30 kg/m?). Increased neck
circumference (=17 inches) was also common among male drivers (53% of valid responses).

Comparisons of self-reported health conditions on the screening questionnaire according to
OSA risk status are presented in Tables 2 (males) and 3 (females). Self-reported excessive
daytime sleepiness (EDS), witnessed apneas, hypertension and diabetes were more prevalent
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in Higher Risk drivers (males and females) than Lower Risk drivers. Furthermore, Higher
Risk drivers were significantly more obese than Lower Risk drivers.

Among all participating drivers, 5,908 were categorized as Higher Risk for OSA and 13,463
were classified as being Lower Risk for OSA. From the 5,908 Higher Risk drivers,
employers sent 2,103 drivers for overnight PSGs during the study period with definite OSA
(AHI>10/h) diagnosed in 1,424, possible OSA (5<AHI<10/h) in 253 and negative OSA
(AHI<5/h) in 426. An additional 326 PSGs were performed on Lower Risk drivers based on
concerns of medical providers conducting their commercial driver medical examinations
(CDME) with definite OSA diagnosed in 156, possible OSA in 38 and negative OSA in 132
drivers (Figure 1). PSG tested and non-tested Higher Risk drivers were quite similar in terms
of major clinical OSA predictors (age, BMI, hypertension and neck circumference). In
contrast, Lower Risk drivers who underwent PSG were not representative of the much larger
group of non PSG tested Lower Risk drivers. They were significantly older, more obese and
had on average larger neck circumferences (please see Table 4 comparing PSG tested and
non-tested drivers).

Self-reported health conditions and anthropometric characteristics according to OSA
diagnostic categories for drivers who received PSG testing are summarized in Tables 5
(males) and 6 (females). Both male and female drivers with definite OSA were on average
older and more obese and the men had larger neck circumference. While obesity was highly
prevalent in the definite OSA category (85%), 15% of the drivers in whom OSA was
diagnosed were not obese. In the definite OSA category there were 231 participants with a
BMI <30 kg/m? (non-obese). Of those only 22 (9.5%) had a BMI <25 kg/m? (normal) and
209 (90.5%) were in the overweight category.

With regard to symptoms and medical co-morbidities, no significant differences in
prevalence were found in female drivers receiving a PSG based on AHI. For both men and
women, there were no meaningful differences in the mean Epworth scores of drivers testing
negative or positive for OSA as shown by non-parametric tests for trend. Similarly, there
was also no evidence that daytime sleepiness as assessed by other questions on the OSA
screening instrument was more prevalent in any OSA diagnostic category among those
receiving diagnostic testing. Notably, the highest AHI recorded thus far in the program was
164/hour, yet that particular driver an Epworth score of 2. On the other hand, male drivers
who tested positive for definite OSA were significantly more likely to report witnessed
apneas, nocturia and hypertension.

Based on PSG confirmation, yield (number and proportion of all definite and definite plus
possible OSA cases detected) and mean AHI observed in those with OSA cases identified
using the OSA screening instrument categorization of High-risk (Class 1) and for various
individual predictors are presented in Table 7. Notably, almost half (47.7%) of drivers
diagnosed with OSA were found to have clinically severe OSA (AHI >30).

The overall positive predictive value for definitive OSA among those deemed Class 1
(Higher Risk) by the OSA screening instrument was point-estimated at 68%, and point-
estimated at 80% for AHI =5. This estimate assumes that the High-risk drivers who were not
yet tested also have the same OSA prevalence as those who were tested. This is a reasonable
assumption given that 90% of the High-risk drivers who were yet to be tested had a self-
reported BMI >29 kg/m? and 75% had a BMI > 32 kg/m2. Assuming the unlikely worst case
scenario that none of the yet to be tested High-risk drivers would have OSA, the PPV
estimates fall to 24% and 28%, respectively for AHI>10 and AHI=5. Assuming another
unlikely scenario where all yet to be tested High-risk drivers would have OSA, the PPV
estimates reach 88% and 93%, respectively for AHI>10 and AHI=5. Because Class 1
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(Higher Risk) drivers who had PSGs were similar in terms of major OSA predictors than
other Class 1 drivers (Table 7), the true PPV is likely close to the point estimates.

Because Class 1 (Higher Risk) drivers who had PSGs were similar in terms of major OSA
predictors than other Class 1 drivers (Table 4), we derived conservative estimates of definite
OSA (AHI >10) prevalence of 21% using the total number of Higher Risk drivers (n=5,908)
(30%) and the best estimate for positive predictive value for Higher Risk status (68%).

Finally, we explored the question of whether drivers could learn over time to answer
SomniSage in such a way as to avoid high risk classification by stratifying and examining
the study data for each year of the program (see Table 8). These data suggest that while
drivers may have “learned” to avoid a positive answer to excessive daytime sleepiness and
witnessed apneas after the first two years of the program, nonetheless, the proportion of
drivers being classified as high risk did not decrease over time. Moreover, the estimated
positive predictive value of the instrument and the estimated OSA prevalence also did not
decrease over time.

Discussion

This report demonstrates that a carefully constructed on-line screening instrument can have
a high positive predictive value and lead to a large number of OSA diagnoses independent of
commercial driver medical examinations. It also demonstrates that such programs are
possible within the trucking industry despite high rates of driver turnover, as well as driver
resistance to and suspicion of OSA screening. Another challenge is presented by business
operational needs exact pressures when drivers are pulled out of service for testing. The
model presented here allows drivers to complete screening on-line and have testing
performed when indicated along their driving routes without service interruptions.
Nonetheless, 64% of Higher Risk drivers had not received diagnostic confirmatory testing
by the end of the study period, which is a significant limitation.

Major Results and Comparison to Previous Studies

The major results of our study regard the estimated positive predictive value of Somni-
Sage® and its diagnostic yield and hence, estimated OSA prevalence. A Higher Risk
categorization on Somni-Sage® was demonstrated to have an estimated 68% positive
predictive value for definite OSA (AHI >10) and an 80% positive predictive value for an
elevated AHI (for AHI =5). In comparison, the Israeli Traffic Ministry’s screening strategy
reported by Dagan et al (35) of sending all drivers with a BMI >32 kg/m? for a PSG, has a
positive predictive value of 78%. That study did not report on drivers with a BMI <32 kg/m?
and estimates of OSA prevalence among all drivers were not reported. Studies reporting on
the JTF screening criteria have demonstrated that screening tool to have a high positive
predictive value =295% (1, 34); however, it has a considerably lower diagnostic yield with
OSA prevalence estimates based on the screening yield of 12-13%. In the present study,
conservative prevalence estimates of definite OSA (AHI >10) were 21% and 24% for
AHI>5, respectively. These findings are in agreement with two population-based OSA
screening studies in drivers. Howard et al (2) estimated a 16% prevalence of OSA and
Gurubhagavatula et al (5) a 28% prevalence for AHI =5, respectively. In further agreement
with the latter study, which sampled both low and high-risk drivers, roughly 50% of all
drivers were obese and few apnea cases (<4%) were identified among drivers with a normal
BMI (<25 kg/m?) (5).

Another important finding relates to the limitations of the self-report with regard to the neck

circumference, an important clinical OSA predictor. Many drivers either skipped this
question or gave answers that were likely to be incorrect. Possible reasons for this weakness

J Occup Environ Med. Author manuscript; available in PMC 2013 August 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Berger et al.

Limitations

Page 7

include the following. Most women do not know their collar size, because women’s clothes
are not purchased using neck or collar size as a parameter for correct fit. Thus, few data
were available for women. While a majority of male drivers reported collar sizes that were
biologically plausible, a third provided no response or an implausible report. Because male
drivers do not typically wear dress shirts to work, thus, many of them probably did not know
their neck circumference.

An additional important finding with implications for attempts to implement more
widespread screening among drivers was the employers’ limited ability to obtain PSGs on
Higher Risk subjects. Specifically, among roughly 30% of drivers screened and categorized
as Higher Risk for OSA, only 36% have received confirmatory diagnostic PSGs to date. We
discuss this further below (see Limitations). With regard to loss to follow-up (defined here
as failure to obtain diagnostic confirmation (PSGs) on drivers screened at High Risk),
studies using the JTF screening guidelines(1, 34) also have documented that a large
proportion of drivers refused or did not comply with PSG referrals.

Our data and those of previous studies (1, 34, 35) regarding the low yield of driver self-
reported sleepiness should cast doubt on the reliability of using commercial driver reported
daytime sleepiness as a stand-alone screen for sleep apnea risk or as a criterion for
determining whether or not a commercial driver with OSA should be qualified to drive. The
latter question will be best informed by future studies of commercial drivers analyzing crash
risk as a function of AHI and other parameters in order to define which drivers are truly at
elevated risk of crashes.

Our study does have some limitations. The first is common to several previous smaller
studies (1, 34, 35) in that we could not determine the true sensitivity and specificity of the
screening instrument and individual predictors because we could not systematically evaluate
the performance of the test in drivers with a lower probability of OSA against the gold
standard PSG. In the present study, drivers who underwent PSG at the request of medical
examiners, despite being categorized as Lower Risk on the screening instrument were not
typical of the larger group of Lower Risk drivers and, in fact, were significantly older and
more obese. Furthermore, because all High-risk drivers were not tested during the study
period and some differences in symptom reporting existed between tested and non-tested
High-risk drivers, some uncertainty regarding our estimates of positive predictive value
exist. It is likely that the employers, CDME physicians and even drivers themselves could
exert some differential selection that might result in earlier testing for some drivers who
might be more likely to have OSA or are more symptomatic from their OSA, thus, biasing
our PPV estimate towards an over-estimate. Nonetheless, given the very high mean BMI and
high proportion of obesity among the untested High-risk drivers and other similarities
between tested and un-tested High-risk drivers, we believe the true PPV to be close to our
point estimates.

Second, the OSA screening instrument is a self-report instrument and we lacked medical
examination data to corroborate drivers’ reports against objectively measured data and
insurance claims for co-morbid conditions. Also many drivers, especially most female
drivers, did not know their neck circumference and either skipped this item or entered a
value likely to be invalid. Linking the OSA screening questionnaire to the medical history
and the objectively measured components obtained at the time of the CDME would likely
improve the accuracy of the OSA screening instrument and OSA screenings in general.
However, given the high estimated positive predictive value of the screening instrument for
confirmation of an elevated AHI (80% for AHI =5), and assuming we may have missed
some drivers who under-reported weight or related conditions biases our results towards
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underestimates of the actual OSA prevalence. Future studies that are able to examine
randomly selected lower risk drivers and those with other single predictors such as obesity
will be able to refine more accurately screening instruments and strategies to balance
sensitivity with predictive value.

Finally, another important limitation was that only 36% of Higher Risk drivers have
received confirmatory diagnostic PSGs to date. It is important to put this issue in perspective
and to understand the possible explanations for this finding. As discussed above, high loss to
follow-up was also an issue in papers reporting on the JTF Consensus criteria in those cases,
presumably due to drivers’ doctor-shopping. In the present study, multiple other challenges
existed in addition to drivers seeking to avoid OSA diagnoses who may have quit driving
with the index employer to avoid testing. One is the cost and availability of
polysomnograms for employers, which limited the number of tests each trucking firm was
able to obtain in any given year. Another likely contributing explanation derives from the
high turnover rates in this industry. Depending on the strength of the economy, trucking
firms can experience 40->100% turnover among drivers on an annual basis (38-40).
Fortunately, Higher Risk drivers who were tested were similar on clinical OSA predictors to
non-tested Higher Risk drivers allowing one to reasonably expect similar OSA prevalence
between the two subgroups (see Table 4).

Strengths of the present study relate primarily to the large sample size, which provided
robust statistical power for most comparisons. Additionally, despite the limits of self-
reports, the vast majority of subjects reported data conforming to medically expected ranges.
For example, the total number of subjects who reported both their age and BMI within the
designated ranges (age 21-75 years and BMI 17-65 kg/m2) was over 19,000 or 98% of the
total number of drivers studied.
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Total number of drivers screened
with Somni-Sage®: 19,371

—

High Risk Category (Class 1): 5908

(30.5%)
l

Low Risk category (Non-Class 1):

13,463 (69.5%)

Tested with polysomnography as directed by
the employer based on High Risk SomniSage
Screening Status:

2103 (35.6% of Higher Risk)*

Tested with polysomnography at the request of
CDME Physicians independent of SomniSage
Status:

326 (2.4% of Lower Risk)**

|

!

Definite OSA cases (AHI>10): 1424 (67.7%)
Possible OSA cases (25 AHI <10): 253 (12%)
Negative OSA cases (AHI <5): 426 (20.3%)

Definite OSA cases (AHI>10): 156 (48%)
Possible OSA cases (25 AHI <10): 38 (12%)
Negative OSA cases (AHI <5): 132 (40%)

*Higher Risk cases tested with PSG were
similar to non-tested Higher Risk cases
(see Appendix for comparison table)

Figure 1.

**Lower Risk cases tested with PSG were not
representative of the larger group of non-tested
Lower Risk cases (see Appendix for
comparison table)

Participant flow chart for the 19,371 CMV operators screened for OSA risk characterization

using the OSA screening instrument
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Table 2

Comparison of self-reported health conditions on the Somni-
Sage®questionnaire, according to drivers’ Somni-Sage® prioritization category (male participants, n= 17,882)

Page 13

Somni-Sage® Parameter

Somni-Sage® prioritization™

Higher Risk Class 1*(5728 drivers) n Lower Risk Non-class 1 (12,154 drivers) p-values
(%) n (%)
EDS ** 944 (16.5) 708 (5.8) <0.001
Witnessed Apneas ™ 1085 (19) 0(0) <0.001
Urinate at night ™™ 1499 (26) 762 (6) <0.001
Hypertension ** 2423 (42) 946 (8) <0.001
Diabetes ** 991 (17) 237 (2) <0.001
Heart Problem ** 278 (5) 110 (0.9) <0.001
Heart Operation id 356 (6) 177(1.5) <0.001
Heart Burn ** 798 (14) 757 (6) <0.001
copp** 29 (0.7) 30 (0.25) <0.001
3933 drivers 11,957 drivers
Family history of Heart Disease > 408 (21) 547 (11.5) <0.001
1917 drivers 4777 drivers
Family history of Hypertension > 1059 (55) 1280 (27) <0.001
1917 drivers 4777 drivers
Family history of Diabetes ™™ 812 (42) 1103 (23) <0.001
1917 drivers 4777 drivers
Family history of Sleep Apnea ¥ 241 (13) 70 (1.5) <0.001
y fhistory o sleep Apne 1917 drivers 4777 drivers
Family history of Cancer ™ 459 (24) 779 (16) <0.001
1917 drivers 4777 drivers
Age mean [SD] 43.7 [10.7] 40.1[11.2] <0.001
5656 drivers 11985
BMI mean [SD] 36.4 [6.4] 28.3[5.0] <0.001
5718 drivers 12,109 drivers
AHI mean [SD] AAX 29 [29] 17 [23] <0.001
2014 drivers 271 drivers
ESS mean [SD] 3.9[3.3] 3.5[3.1] <0.001
5470 drivers 12,060 drivers
ESS >10 n (%) 247 (4.5) 361 (3) <0.001
mean [SD] 5470 drivers 12,060 drivers
12.8[2.0] 13.3[2.4]
Neck size mean [SD] 18.0[1.6] 16.4[1.2] <0.001
4561 drivers 8368 drivers

BMI = body mass index; COPD = chronic obstructive pulmonary disease; EDS =excessive daytime sleepiness; ESS = Epworth sleepiness scale;

Class 1= high priority for further testing (PSG); Non-class 1= lower priority for further testing (PSG)

Hok

Number and (%) of participants that answered, “yes” on the Somni-Sage® questionnaire

EDS was considered positive if a driver had an Epworth Sleepiness Scale (ESS) 210 and/or answered “often” to the following question: “Do you

become drowsy while driving?”
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Comparison of self-reported health conditions on the Somni-Sage®questionnaire, according to drivers’

Table 3

Somni-Sage® prioritization category (female participants, n= 1489)

Page 14

Somni-SageR Parameter

Somni-Sage® prioritization™

Higher Risk (Class 1) n (%) 180 Lower Risk (Non-class 1) n (%) 1309 p-values
drivers drivers

EDS ¥ 53 (29) 107 (8) <0.001

Witnessed Apneas ™ 92 (51) 0(0) <0.001

Urinate at night ** 71 (39) 157 (12) <0.001

Hypertension 76 (42) 94 (7) <0.001

Diabetes 32 (18) 41 (3) <0.001

Heart Problem ** 5@3) 22(17) 0.363

Heart Operation ™™ 4(2) 21(2) 0.532

Heart Burn ** 48 (27) 141 (11) <0.001

COPD el 5 (4.5) 3(0.2) <0.001
111 drivers 1272 drivers

Family history of Heart Disease * 20 (44) 99 (22) 0.002
45 drivers 448 drivers

Family history of Hypertension > 33 (73) 172 (38) <0.001
45 drivers 448 drivers

Family history of Diabetes - 20 (44) 163 (36) 0.332
45 drivers 448 drivers

Family history of Sleep Apnea 9 (20) 21 (5) 0.001
45 drivers 448 drivers

Family history of Cancer 20 (44) 136 (30) 0.064
45 drivers 448 drivers

Age mean [SD] 46.6 [8.5] 40.5[9.6] <0.001
178 drivers 1299 drivers

BMI mean [SD] 36.2 [6.4] 30.3[7.2] <0.001
180 drivers 1300 drivers

AHI mean [SD] HAA 16 [14] 17 [26] 0.143
89 drivers 55 drivers

ESS mean [SD] 481[4.2] 3.6 [3.3] <0.002
160 drivers 1287 drivers

ESS >10 n (%) 16 (10) 49 (4) 0.002

mean [SD] 160 drivers 1287 drivers
14.0[3.3] 13.8[3.1]

Neck size mean [SD]

Insufficient data

BMI = body mass index; COPD = chronic obstructive pulmonary disease; EDS =excessive daytime sleepiness; ESS = Epworth sleepiness scale;

*
Class 1= high priority for further testing (PSG); Non-class 1= lower priority for further testing (PSG)

*ok

Number and (%) of participants that answered, “yes” on the Somni-Sage® questionnaire

EDS was considered positive if a driver had an Epworth Sleepiness Scale (ESS) 210 and/or answered “often” to the following question: “Do you

become drowsy while driving?”
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Table 7

Page 18

Yield and mean AHI for OSA cases identified using various individual predictors and Somni-Sage® class for
OSA screening with polysomnography for confirmation.

Yield™™ for definite OSA cases (AHI>10) n

AHI mean [+ SD]

For those with definite OSA

(%) [n of eligible cases] diagnosis

Class 1 *(High priority for further testing with 1424 (90) 40 [28]
PSG)

Somni-Sage® parameters

EDS 369 (23) [1580] 37[28]
Witnessed apneas 369 (23) [1580] 45 [30]
Urinate at night 517 (33) [1580] 41 [29]
Hypertension 693 (44) [1580] 39 [27]
Diabetes 280 (18) [1580] 37[28]
ESS >10 99 (6) [1544] 37[28]
BMI = 30 1342 (85) [1573] 41 [29]
BMI =35 883 (56) [1573] 45 [31]
BMI = 40 446 (28) [1573] 51[32]
Neck size =17 854 (79) [1082] 40 [28]
Neck size =18 596 (55) [1082] 41 [28]
BMI =30 or Class 1 1519 (96) [1580] 39 [28]

AHI = apnea hypopnea index; BMI = body mass index; COPD = chronic obstructive pulmonary disease; EDS =excessive daytime sleepiness; ESS

= Epworth sleepiness scale;

*
Class 1= high priority for further testing (PSG); Non-class 1= lower priority for further testing (PSG)

Ak
Yield is the n (%) of drivers with AHI >10 identified by each criterion or criteria

EDS was considered positive if a driver had an Epworth Sleepiness Scale (ESS) 210 and/or answered “often” to the following question: “Do you

become drowsy while driving?”
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