


Background

Obstructive sleep apnea (OSA)

Highly prevalent in obese populations (45%)

Problematic for CMV drivers

¢ Excessive daytime sleepiness

e Impacts vigilance, judgement, and cognitive and executive
functions

e Impairs attention, concentration, and memory

90% of people with OSA undiagnosed

Estimated to affect ~1 million CMV drivers surks et al.
2016)




o Medical Examination
Report for Commercial
Driver Fithess
Determination

o Untreated OSA is a
disqualifying medical
condition

o Drivers hesitant to disclose
symptoms

» 85% of CMV drivers that
screened high for OSA

answered negatively (arsetal

2009)

>

o Positive Airway Pressure (PAP)

Treated drivers not disqualified
m 4 hrs/night for 70% of nights

Dose-response effect between use and
therapeutic response

Medical community recommends use for
most/all of sleep period



Study Purpose

 To support findings of
Burks et al. (2016)

* Retrospective cohort
analysis

e N=1613 OSA;
n = 2,016 control drivers

« OSA drivers who did not
adhere to PAP had 5x
greater crash rates vs.
controls

 PAP-adherent drivers
had similar crash rates
to controls
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Research Objectives

Evaluate the safet
benefits of two OSA
programs for CMV drivers

» Collaborate with _
FusionHealth®, a population
sleep health provider

« OSA diagnostic and tx data

« Work with two leading U.S.
carriers with OSA programs

* Driver and safety data
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Methods: Recruitment

e Recruited two for-hire fleets
e Clients of FusionHealth®

e Sleep health programs in
place for at least 2 years

e Documented programs
* Screening
* Testing and diagnostics
* Treatment
e Compliance
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Methods: Data Sources

 OSA Screening, Diagnostic, Treatment * Carrier crashes
e OSA and cohort drivers

* Screening, testing, and treatment .
& 5 e Date, crash narrative

dates * Injuries, fatalities
* Symptomology, risk factors » Reviewed by research team, assigned
e AHI, PAP daily usage crash types:

e Claims-only
* Property damage, off-road,

e Hire and term (if applicable) dates minimal damage
e On-road

e Driver Employment

* OSAand cohort drivers e On primary or secondary roads

* Preventable (fleet determined)
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Methods: Driver Variables

* Treatment adherence
e Usage in minutes/day

e Scored as full, partial, no adherence

* % days with > 4 hrs PAP usage of
treatment period days

* Matched Cohort Drivers
Not diagnosed with OSA

Matched with OSA drivers within 1
month of hire date

All matches randomized

* Full: >70% e U :
. _ p to four cohort drivers matched
e Partial: >0%, <70% of treatment period ; i
days with one OSA driver
* No: 0%

O ® © ®

) Up to four Control
05A-treated drivers are Matched . control drivers drivers can be
matched to control drivers control drivers

. . randomly matched to
hired within +/- 1 month of are randomly
treated driver hire date ordered selected for other treated
treated driver. drivers
Control Driver ID 7 Control Driver /D 2 Control Driver [Ds 2,
Control Driver ID 2 Control Driver ID 3 3 5, & Iselected as
Control Driver ID 3 Control Driver ID 5 matched controls
Control Driver [D 4 Control Driver /D 1
Controf Driver ID 5 Control Driver ID 6
Controf Driver ID 6 Control Driver ID 4



Methods: Driver Exposure
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Methods: Analyses

SCULLAUCIUCUESSAN « Negative binomial regression model
PAP adherence and

usage e Poisson regression models

N LAl « Negative binomial mixed-effect

model

and during treatment for
drivers with prior crash

Matched cohort analysis

. : : : :
of safety performance Negative binomial regression model




Carrier A

RESULTS
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Descriptives and Crash Counts

n = 633 OSA drivers

97% of drivers had
full PAP adherence

Mean AHI = 35.2
events/hr

Mean BMI = 35.7

kg/m?

Mean company
tenure = 11.13 yrs

Table 7. Crash counts by adherence group and study phase for Carrier A.

Driver Adherence Group and

Claims-only

On-road

Preventable

Study Phase

Crash Count

Crash Count

Crash Count

Treatment

All AdherenceL Before Treatment 2,834 955 1,104
All Adherence, During Treatment 1,318 375 454
Full Adherence, Before Treatment 2,782 938 1,082
Full Adherence, During Treatment 1,30 374 450
Partial Adherence, Before Treatment 52 17 22
Partial Adherence, During 10 1 4

*crash categories not mutually exclusive




Safety Performance for Drivers with Crash

Prior to Treatment
e n =559

e Drivers with full PAP
adherence reduced

Table 8. Negative binomial model results comparing before and during treatment phases

th E| I rl S k Of OoNn-roa d for Carrier A drivers with at least one crash in the before treatment phase.
C ra S h e S a n d Comparison Crash Type RR 95% CI
Full Adherence: Before vs. During Treatment | On-road 0.80% | (0.69. 0.93)
g
Full Adherence: Before vs. During Treatment | Claims-only | 0.92 | (0.84, 1.00)
rom perore g y
tre at m e nt t O d U I’I n g Full Adherence: Before vs. During Treatment | Preventable | 0.80% | (0.71, 0.90)

* indicates statistically significant result

treatment phase



Safety Performance Before and During Treatment by
Usage

 Reduced crash rates
during PAP treatment for

on-road and preventable

Cl‘aSheS for‘ d rivers Table 11. Crash rates before and during PAP treatment for drivers averaging 6 hours to 8
hours of PAP usage in a 24-hour period.

averaging 6-8 hrs

PAP / 7 ht Pre-treatment Durinl,-‘q;1 Treatment
Ni : ) Average Crash Average Crash
g Crash Type Rate per 1,000 Rate per 1,000 95% CI
' ' Days (SD) Days (SD)

[ p J
NO dlﬁe rence In Cra‘Sh On-road 0.65 (0.95) 0.58 (1.91) 0.7867* (0.66606, 0.9284)
rates before VS durmg Claims-only 1.99 (2.19) 2.03 (2.82) 0.9428 (0.8604, 1.0331)

Preventable 0.75(0.99) 0.67 (1.76) 0.7529% (0.6419, 0.8830)

tre atm e nt fo r any cras h * indicates statistically significant result

type for other PAP usage
sessions



Carrier B

RESULTS
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Descriptives and Crash Counts

n =382 OSA drivers

Table 24. Crash counts by adherence group and study phase for Carrier B.

91% of drivers had full PAP

Claims-only On-road Crash  Preventable Crash

Driver Adherence Group and Study Phase

a d h erence Crash Count Count Count
All Adherence, Before Treatment 305 223 212
All Adherence, During Treatment 249 142 130

Mean AHI = 394 eventS/hr Full Adherence, Before Treatment 278 207 194
Full Adherence, During Treatment 224 124 109
Partial Adherence, Before Treatment 27 16 18
Partial Adherence, During Treatment 25 18 21

Mean BMI = 36.7 kg/m?

*crash categories not mutually exclusive

Mean company tenure = 8.9 yrs




Comparing Full and Partial Adherence Crash

Rates

e Full and partial
adherence OSA
drivers had similar
crash rates before
beginning PAP

* During treatment,
full adherence
drivers had lower
rates of on-road and
preventable crashes

Table 25. Carrier B average crash rates per 100,000 days exposure, with negative binomial
regression models comparing full and partial adherence groups for the before treatment
phase by crash categories.

Full Adherence Driver Partial Adherence
(SD) (SD)
Claims-only 82.09 (298.51) 114.95 (244.55) 0.73 (0.47,1.15)
On-road 52.09 (113.71) 41.90 (101.97) 0.97 (0.55,1.70)
Preventable 48.95(102.54) 44.13 (79.14) 0.81 (0.46, 1.41)

Table 26. Carrier B average crash rates per 100,000 days exposure, with negative binomial
regression models comparing full and partial adherence groups for the during treatment

Crash Category

phase by crash categories.

Full Adherence Driver

Average Crash

Rate/100,000 Days
(SD)

Partial Adherence

Driver Average Crash

Rate/100,000 Days
(SD)

95% CI

Claims-only 136.58 (402.51) 194.92 (480.53) 0.66 (0.39, 1.11)
On-road 50.62 (117.75) 171.54 (487.65) 0.50% (0.27.0.91)
Preventable 80.74 (367.20) 273.74 (664.99) 0.36* (0.21, 0.63)

* indicates statistically significant finding



Safety Performance for Drivers with Crash

Prior to Treatment
* n=248

e Preventa b | e cras h Table 27. Negative binomial model results comparing before and during treatment phases
for Carrier B drivers with at least one crash prior to beginning treatment.

rates reduced

. Comparison Crash Type 95% CI
during treatment for
fu | | 3 d h erence OSA All Adherence: Before vs. During Treatment On-road 0.89 (0.70, 1.13)
d er ers All Adherence: Before vs. During Treatment Claims-only 1.01 (0.83,1.22)
All Adherence: Before vs. During Treatment Preventable 0.71% (0.54.0.93)
¢ N O d lffe rence In on- Full Adherence: Before vs. During Treatment On-road 0.88 (0.68, 1.14)
rod d or Cl alms Full Adherence: Before vs. During Treatment Claims-only 1.05 (0.86, 1.29)
Cras h es b efo re vs. Full Adherence: Before vs. During Treatment Preventable 0.71% (0.54.0.93)
d urin g tre at me nt fo r Partial Adherence: Before vs. During Treatment | On-road 1.10 (0.44, 2.74)
d ny d d h erence | eve | Partial Adherence: Before vs. During Treatment | Claims-only 0.48 (0.19,1.21)
Partial Adherence: Before vs. During Treatment | Preventable 0.78 (0.28,2.16)

* indicates statistically significant result



Matched Cohort Analysis

* n=1,493 matched
cohort drivers

Table 36. Carrier B treatment period crash rates per 100,000 employed days, with negative
binomial regression model results comparing treatment crash rates of control drivers and
full and partial adherence drivers.

H Control Driver .
e During treatment, full o oumver Treated Driver
Adherence _ ) iy Average Crash Control to 0
i Level Crash Type Rate per Rate per 100,000 Treated RR 5% CI
adherence drivers 100,000 ’
’  Employed Days
h 3 d | ower : Employed Days
Cl‘a‘?fleO‘lly 111.28 138.52 0.93 (0.77. 1.11)
reventable crash e
P Full Adherence | o044 Crashes 61.46 50.88 0.93 (0.74,1.18)
rates vs. m atc h € d Preventable Crashes 72.57 82.24 0.77* (0.61, 0.97)
cohort drivers Claims-only 159.40 196.29 1.17 (0.70, 1.94)
Crashes
Partial
: ] On-road Crashes 63.35 174.20 1.56 (0.92, 2.64)
* No difference before Adherence
Preventable Crashes 123.71 277.56 1.78 (0.95,3.34)
PAP treatment



Discussion

* >90% of drivers from both » Safety benefits of PAP for full-
carriers showed full PAP adherence drivers
adherence " breventable (6A%) crash ratee during
* Only 42% of drivers had full treatment vs. partial adherence
2016) _ e Benefits pronounced for drivers with
¢ |mp0r’_fant role Of te§hn0|08\/ In a crash prior to full-adherence PAP
compliance monitoring treatment

* On-road and preventable crashes
reduced 20% (Carrier A)

* Preventable crashes reduced 29%
(Carrier B)
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Discussion

* Dose-response safety benefit of

PAP use

° 6-8 hrs/ndght of PAP reduced on-road
&21% and preventable (25%) crashes
Carrier A)

* Supports eX|st|ng literature

e During PAP treatment, fully adherent
drivers showed reduced rate of
preventable crashes compared to
matched cohort (Carrier B)

e Not replicated for Carrier A

* Possible inherent differences between
OSA and control cohorts that impacted
safety (but not affected by OSA or PAP)

* Low counts of partial adherence
drivers made it difficult to investigate
safety outcomes

° 2.5% (Carrier A) and 9.2% (Carrier B)
* vs.35% in Burks et al. (2016)
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Key Takeaways

e Exceptional PAP adherence rates
are encouraging

e Full PAP adherence was associated
with reductions in on-road and
preventable crashes (Carrier B)

* Pronounced safety benefits of PAP
for drivers with prior crash

e Dose-response safety benefits of
PAP (Carrier A)

e Fleets should focus on:

* identifying OSA drivers through
effective screening programs

e providing PAP treatment
* monitoring PAP compliance

e providing support to assist drivers in
maintaining OSA compliance
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Thank you!
Questions?

Erin Mabry

emabry@vtti.vt.edu



Advancing Transportation through Innovation

EXTRA SLIDES



Matched Cohort Analysis-Carrier A

* n=2,397 matched
cohort drivers

e Before and during
treatment, OSA
drivers showed
higher crash rates
vs. control drivers



Safety Performance Before and During Treatment by
Usage-Carrier B

* On-road crashes
increased during PAP for
drivers averaging 2-4 hrs
use/night

« Claims crash rates
increased during PAP for
drivers averaging 4-6 and
6-8 hrs use/night

* Preventable crash rates
increased during PAP for
drivers averaging 4-6 hrs
use/night
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Limitations

e Inability to complete analyses and interpret meaningful results for
the partial PAP adherence group due to low driver counts

» Treatment period limited ability to explore safety benefits with long-
term PAP use

* Unable to explore factors attributed to increased crash risk with PAP
use

* sleep duration, cognitive impairment, EDS, treatment efficacy
» Matched cohort drivers not OSA-negative
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Future Research

- Evaluate a larger cohort of drivers and
longer observation period of PAP
treatment

* Explore weekly safety performance for
additional analysis options

* Investigate variation in PAP adherence
over study weeks



