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Abstract
Background Obstructive sleep apnoea (OSA) is common in commercial drivers, and associated with
increased risk of crashes if untreated, making diagnosis and effective treatment crucial in this population.
Study design and methods This is a retrospective summary of a clinical programme based on
telemedicine and remote treatment monitoring developed with a national trucking company to screen new
hires in the USA for OSA and implement positive airway pressure (PAP) management. New hires were
informed of the programme and consented as part of their employment. Drivers who did not comply with
the evaluation or with PAP after diagnosis were removed from driving commercial vehicles by the
company or did not pursue further employment.
Results A total of 975 drivers were enrolled. Among screened drivers, 35.5% were cleared without a sleep
study, 15.0% were cleared following a sleep study (apnoea–hypopnoea index (AHI) <5 events·h−1), 22.1%
had mild OSA (AHI 5–15) and 27.4% had moderate–severe OSA (AHI ⩾15). Those with moderate–severe
OSA were more obese (body mass index 36.2±6.3 kg·m−2) and had more comorbidities. Of 269 drivers
starting PAP, 160 (59.5%) maintained participation in a care management programme, 80 (29.7%) resigned
or were terminated, 23 (8.6%) were cleared to discontinue PAP and six (2.2%) were complex cases
requiring transfer of care. Illustrating effectiveness, those that maintained participation had excellent PAP
adherence (5.27±1.61 h·night−1; 88.5±12.9% days used; 79.7±17.7% days used ⩾4 h).
Interpretation Remote assessment of OSA and PAP management in commercial drivers is feasible and
effective. This approach has wide-ranging applications, particularly in populations and areas with a lack of
sleep medicine providers.

Introduction
Obstructive sleep apnoea (OSA) is a prevalent condition characterised by complete or partial breathing
pauses during sleep. Primary risk factors for OSA include male sex and obesity [1, 2]. Consequently, OSA
is estimated to affect over 2.4 million commercial drivers in the USA [3], a workforce made up primarily
of men and in which many drivers have obesity [3–13]. OSA is particularly salient for commercial drivers,
since untreated moderate–severe disease is associated with greater risk of falling asleep at the wheel and
vehicular crashes [14], greater medical care costs [15] and adverse health consequences [14–21]. Vehicular
crashes, in particular, are an immediate danger to drivers with untreated or undiagnosed OSA; accidents
from falling asleep at the wheel have a fatality rate similar to that of alcohol-related crashes [22]. Studies
have shown an association between likelihood of OSA and increased rate of crashes in commercial vehicle
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drivers [23, 24], and a systematic review and meta-analysis showed increased rate of crashes in individuals
with OSA [25]. Many countries, but not the USA, have regulations to address this issue [26, 27].

Fortunately, there is an established and effective therapy for OSA, namely, treatment with positive airway
pressure (PAP). PAP therapy has been shown to improve health outcomes and excessive sleepiness, thus
mitigating the risk of crashes to a level similar to drivers without OSA [22, 28–34]. Thus, for their health
and safety on the road, it is imperative to improve the diagnosis and treatment of OSA in commercial
drivers. Towards this end, employer-sponsored and employer-mandated sleep apnoea screening
programmes have been shown to improve crash rates and reduce overall healthcare spending [15, 33].
Reductions in crash rates only occur, however, in drivers who are adherent to therapy [33]. Thus, focusing
on ensuring adherence to PAP, rather than on simply identifying OSA in commercial drivers, is crucial;
this was the goal of the programme described herein.

Telemedicine-based sleep care is an effective alternative to the conventional in-laboratory-based and
in-person clinic-based sleep apnoea care strategy [35]. In general, telemedicine refers to remote electronic
clinical consultations, including the use of video-teleconferencing applications available on smartphones,
tablets or computers, and/or via telephone call or reviewing wirelessly downloaded data [36]. Given its
geographical flexibility and timely access to effective care, telemedicine is in prime position to meet the
needs of commercial drivers [37–41]. Technology also exists for remote monitoring of PAP adherence and
efficacy (e.g., mask leaks and residual apnoea–hypopnoea index [AHI]) [39, 41]. This facilitates remote
management of PAP therapy in drivers to ensure compliance [42–44].

Here, we demonstrate the feasibility of an employer-mandated telemedicine-based programme for OSA
screening and ongoing PAP care management. This programme was conducted at the University of
Pennsylvania in partnership with a national trucking company in the USA. Drivers being hired by the
company were informed of the necessity of being screened for OSA as a condition of employment. If
found to have OSA, they had to maintain adherence to PAP therapy to continue driving a company truck.
The specifics of this programme and its effectiveness in promoting adherence are described. As the present
programme was developed within the constraints of the US healthcare system, specific details may differ in
other countries, but the general principles are broadly applicable.

Study design and methods
The present report is a retrospective summary of a clinical programme based on telemedicine and remote
treatment monitoring developed with a national trucking company to screen new hires across multiple
states in the USA for OSA, diagnose OSA presence and severity, and implement active PAP management.
Additional methodological details and protocols for reviewing remote data and incorporating education/
interventions are presented in supplementary e-Appendix 1 and e-Appendix 2.

Drivers
All newly hired commercial drivers in eligible states between 14 April 2015 and 1 February 2020 (n=975)
participated in the programme. Drivers were initially located in five states (FL, GA, NJ, NC and PA), with
the programme expanded to include 10 additional states over time (AL, AR, CA, CO, LA, NM, NY, OH,
SC and VA). Figure 1 illustrates the driver disposition from screening to care management enrolment. In
consultation with the institutional review board (IRB) at the University of Pennsylvania, it was determined
that IRB approval was not required for the retrospective reporting of outcomes of the clinical programme;
formal documentation of this determination (via e-mail from IRB Reliance Review Manager) was obtained.

Providers
The programme involved two interdisciplinary teams at the University of Pennsylvania – a medical team
and a care management team. The medical team (both physicians and nurse practitioners) managed
consultations, diagnostic orders and treatment implementation. The care management team (trained sleep
technologists) worked with the employer and medical team to facilitate care, monitor treatment compliance
and provide education/interventions. Care management pathways were developed and applied using a
multi-tiered system to support compliance.

Initial evaluation
Individuals were informed about the requirement to be evaluated for OSA as part of their hiring offer, and
consented to participate in the programme as part of their employment. Evaluations included in-person
pre-employment history and physical examinations through an occupational medicine company and
telemedicine evaluation by sleep medicine providers. Drivers completed web-based questionnaires about
their medical history, sleep history and symptoms, and the Epworth Sleepiness Scale (ESS) [45]. During
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the initial evaluation with sleep providers, drivers were assessed for risk factors for OSA and given
information on risks and recognition of drowsy driving. Drivers at elevated risk for OSA were
recommended for and educated on how to perform a home sleep apnoea test (HSAT), which was
interpreted by a sleep provider upon completion to determine treatment recommendations. The decision
about whether or not to perform a sleep study was made by the clinical provider evaluating a particular
driver; providers generally had a low threshold for recommending a sleep study.

Care management
Hardware and software for PAP usage
Drivers starting PAP treatment were set up with auto-adjusting PAP (ResMed S9 or S10) devices provided
by the national trucking company through a designated Durable Medical Equipment (DME) company.
Hours of usage and effectiveness (residual AHI, mask leak) from the PAP device were sent daily to
ResMed’s AirView cloud-based server and reviewed by the care management team using standardised
protocols.

Care management introductory period
The first 60 days of PAP therapy were defined as the Introductory Period. Interventions in this period
involved proactive outreach by the care management team within 2 days of the driver receiving the PAP
device, data-driven outreach based on reviews of remote PAP data, and possible repeat telemedicine visits
to identify and resolve challenges. By the end of this period, drivers had to obtain compliance with PAP
therapy.

PAP efficacy management
Data from the most recent 7 days were reviewed daily (6 out of 7 days) to determine if criteria were met
for specific interventions for management of PAP efficacy (supplementary e-Appendix 1), including: large
mask air leak, defined as 95th percentile air leak ⩾24 L·min−1 (from programme initiation until 11 April
2018) or ⩾30 L·min−1 (after 11 April 2018) for ⩾3 days; high residual AHI, defined as AHI

All registered drivers

n=975

Consult scheduled

n=957

Quit programme

n=18

Quit programme

n=50

Consult completed

n=907

HSAT completed

n=534

Quit programme

n=39

Already diagnosed

n=15

Cleared without

HSAT

n=294

Conditionally cleared

n=25

HSAT ordered

n=573

Mild OSA (AHI 5–15)

n=183

Cleared for OSA (AHI <5)

n=124
Moderate/severe OSA 

(AHI ≥15)

n=227

PAP started and enrolled

in care management

n=277

Declined optional PAP or 

quit programme

n=148

Recent sleep study

and/or already on PAP

n=15

FIGURE 1 Diagram of driver flow through the management programme. PAP: positive airway pressure; HSAT: home sleep apnoea test; OSA:
obstructive sleep apnoea.
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⩾10 events·h−1 with PAP usage for ⩾3 days; and presence of central apnoea, defined as central apnoea
index >5 events·h−1 for ⩾1 day.

PAP compliance management
PAP compliance was defined as usage ⩾4 h·day−1 for ⩾70% of days within a 30-day window. If usage
was <4 h·day−1 for ⩾2 days within a 7-day period, a care intervention and outreach was triggered (see
supplementary e-Appendix 2). Standardised care management interventions were provided to all drivers
calibrated to their level of compliance. After the Introductory Period, drivers with persistent low
compliance (despite best efforts of study staff ) were referred to the company programme director and
appropriate company manager. The company was responsible for determining if subsequent reassignment
to non-driving activities or employment termination was warranted. This decision was made by employees
of the company, who had oversight of this programme, and the potential for employment termination due
to lack of adherence was made clear within the consent provided by drivers as terms of employment.

Statistical methods
Continuous data are summarised using mean±SD or median and interquartile range (IQR). Categorical data
are summarised using frequencies and/or percentages. Analysis of variance (ANOVA) was used to compare
continuous data among groups, followed by pairwise comparisons if ANOVA p<0.05. Changes in
compliance/efficacy over time were evaluated using linear mixed effects models. The total number of
interventions and percentage of drivers with ⩾1 intervention, as well as the mean number of interventions
per driver, per 30 days of participation in the programme (e.g., 30 “driver days”), and per 1 year of
participation are summarised. Where calculated, p<0.05 was considered statistically significant.

Results
Driver characteristics and matriculation
The clinical programme enrolled 975 drivers who were middle-aged (mean±SD age 43.9±11.2 years), obese
(mean±SD body mass index BMI) 31.8±6.3 kg·m−2) and nearly all male (99.0%) (figure 1 and table 1).
Despite the high proportion of males and obesity, both risk factors for OSA, only 7.6% had a previous
OSA diagnosis, 11.6% reporting frequent snoring, 6.4% frequent loud snoring, 1.2% choking or gasping,
and 1.9% witnessed apnoeas. Only 15 (1.5%) drivers reported ever falling asleep while driving, and
2 (0.2%) reported sleep-related motor vehicle accidents. The mean ESS was 2.65±3.09, well below clinical
thresholds for excessive daytime sleepiness.

Initial consults with sleep medicine physicians were scheduled for 957 (98%) drivers and completed in
907 (93%) (figure 1); 50 (7%) did not complete the consult and did not pursue employment. Among these
907 drivers, 294 (32%) were determined to be low risk for OSA and did not require further testing. 25
(3%) drivers were “conditionally cleared”; a diet and weight loss regimen was recommended, with
reassessment in 6–12 months. 15 (2%) drivers were already using PAP or had a recent sleep study
with OSA diagnosis, and were entered into care management. An HSAT was ordered in drivers with a
reported OSA diagnosis but no recent sleep study (n=59; table 1).

Sleep studies were ordered on 573 (63%) drivers, 534 (93%) of whom completed an HSAT; the remaining
39 (7%) discontinued the programme and were employed in a non-driving position or did not pursue
employment. Despite the initial lack of self-reported symptoms, there was a high rate of OSA among
drivers who completed an HSAT, with 124 (23%) negative for OSA (AHI <5), 183 (34%) with mild OSA
(AHI 5–15) and 227 (43%) with at least moderate OSA (AHI ⩾15). Drivers diagnosed with OSA were
older, more obese and had higher rates of comorbidities than those cleared with or without HSAT
(table 2). A total of 277 drivers with OSA agreed to use prescribed PAP therapy and were initiated
into care management. These drivers were middle-aged (47.3±9.8 years) and significantly obese
(35.9±6.2 kg·m−2), and all 277 were male (table 3).

Overall treatment outcomes, adherence and efficacy
Treatment-related outcomes among drivers initiated into care management are summarised in table 4.
Remotely monitored compliance and efficacy data were available on 269 (97%) of the 277 drivers initiated
into the programme: 160 (58%) maintained participation in care management for their entire eligible
follow-up; 23 (8%) were cleared to discontinue PAP during follow-up; six (2%) had a transfer of care to
an accredited sleep centre near where the driver lived due to a complex sleep disorder (e.g., suspicion of
narcolepsy); and 80 (29%) resigned or were terminated from the company. Demonstrating efficacy, those
who maintained participation had high nightly usage (5.3±1.6 h·night−1), percentage of days used
(89±13%) and days used ⩾4 h·night−1 (80±18%), and low residual AHI (1.8±1.7 events·hour−1) and 95th
percentile leak (18.2±11.4 L·min−1). All adherence and efficacy measures were significantly better in those
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who maintained participation in the programme compared to those who resigned or were terminated (see
table 4).

Longitudinal treatment compliance and efficacy
Drivers in care management were followed for a median (IQR) of 320 (153–677) days. Table 5 and figure 2
summarise temporal compliance patterns relative to drivers’ enrolment date. Measures of PAP compliance
and efficacy improved with longer durations of programme participation, including statistically significant
increases in mean hours per night on all nights (p=0.042) and nights used (p<0.0001) and in days used
⩾4 h·night−1 (p<0.0001) over time, as well as decreases in residual AHI (p<0.0001) and 95th percentile leak

TABLE 1 Demographic characteristics of all registered drivers (n=975)

Age years
N 975
Mean±SD 43.9±11.2
Median (IQR) 44.3 (34.9–52.6)

Male, n (%) 965 (99.0)
BMI kg·m−2

N 975
Mean±SD 31.8±6.3
Median (IQR) 30.7 (27.3–35.9)

Collar size ins
N 855
Mean±SD 16.4±1.9
Median (IQR) 16.5 (15.0–17.5)

Race, n (%)
American Indian/Alaska Native 4 (0.41)
Asian 6 (0.62)
Native Hawaiian or Other Pacific Islander 3 (0.31)
Black or African American 129 (13.23)
White 633 (64.92)
More than one race 30 (3.08)
Unknown/not reported 39 (4.00)
Missing 131 (13.44)

Past diagnosis of high blood pressure, n (%) 277 (28.4)
Past diagnosis of diabetes, n (%) 83 (8.5)
Past diagnosis of high cholesterol, n (%) 93 (9.5)
Past diagnosis of OSA, n (%) 74 (7.6)
Smoking status, n (%)
Current 115 (11.8)
Former 185 (19.0)
Never 674 (69.2)

Have a regular bed partner, n (%) 740 (76.5)
Snoring ⩾3 times·week−1, n (%) 113 (11.6)
Loud snoring ⩾3 times·week−1, n (%) 62 (6.4)
Choking or gasping ⩾3 times·week−1, n (%) 12 (1.2)
Breathing pauses during sleep ⩾3 times·week−1, n (%) 18 (1.9)
Ever fallen asleep while driving, n (%) 15 (1.54)
Ever had a motor vehicle accident due to falling asleep, n (%) 2 (0.21)
Epworth Sleepiness Scale
N 973
Mean±SD 2.65±3.09
Median (IQR) 2.0 (0.0–4.0)

AHI events·h−1

N 544
Mean±SD 20.6±21.5
Median (IQR) 12.7 (5.5–27.8)

O2 desaturation nadir %
N 542
Mean±SD 80.2±8.2
Median (IQR) 82.0 (77.0–86.0)

IQR: interquartile range; BMI: body mass index; OSA: obstructive sleep apnoea; AHI: apnoea–hypopnoea index.
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TABLE 2 Demographic characteristics of home sleep apnoea test (HSAT)-related subsets of drivers

Characteristic Cleared without
HSAT

Cleared with HSAT
(AHI <5)

Mild OSA
(AHI 5–15)

Moderate/severe OSA
(AHI ⩾15)

Overall p-value

Drivers n 294 124 183 227
Age years
N 294 124 183 227 <0.0001¶,+,§,ƒ,##

Mean±SD 40.4±10.7 40.5±11.3 45.0±10.5 48.1±9.7
Median (IQR) 39.4 (32.4–47.7) 39.2 (31.6–48.6) 46.0 (36.3–53.4) 49.0 (41.6–54.9)

Male, n (%) 290 (98.64) 123 (99.19) 182 (99.45) 227 (100.00)
BMI kg·m−2

N 294 124 183 227 <0.0001#,¶,+,ƒ,##

Mean±SD 26.6±3.5 32.6±5.3 33.7±5.7 36.2±6.3
Median (IQR) 26.6 (24.4–28.5) 32.5 (28.5–36.4) 33.1 (29.2–37.6) 35.6 (31.8–40.2)

Collar size ins
N 242 108 167 201 <0.0001#,¶,+,§,ƒ

Mean±SD 15.4±1.5 16.4±1.4 16.8±1.6 17.0±2.0
Median (IQR) 15.5 (14.5–16.5) 16.5 (15.5–17.0) 17.0 (16.0–18.0) 17.0 (16.0–18.0)

Race, n (%)
American Indian/Alaska Native 1 (0.3) 0 (0.0) 2 (1.1) 1 (0.4) 0.0633
Asian 2 (0.7) 0 (0.0) 1 (0.6) 2 (0.9)
Native Hawaiian or Other Pacific
Islander

0 (0.00) 0 (0.0) 1 (0.6) 2 (0.9)

Black or African American 31 (10.5) 29 (23.4) 24 (13.1) 22 (9.7)
White 196 (66.7) 73 (58.9) 115 (62.8) 157 (69.2)
More than one race 9 (3.1) 6 (4.8) 5 (2.7) 5 (2.2)
Unknown/not reported 10 (3.4) 1 (0.8) 10 (5.5) 13 (5.7)
Missing 45 (15.3) 15 (12.1) 25 (13.7) 25 (11.0)

Past hypertension diagnosis, n (%) 10 (3.4) 39 (31.5) 70 (38.3) 116 (51.1) <0.0001#,¶,+,ƒ,##

Past diabetes diagnosis, n (%) 3 (1.0) 12 (9.7) 16 (8.7) 40 (17.6) <0.0001#,¶,+,ƒ,##

Past high cholesterol diagnosis, n (%) 14 (4.8) 5 (4.0) 25 (13.7) 38 (16.7) <0.0001¶,+,§,ƒ

Past OSA diagnosis, n (%) 1 (0.3) 5 (4.0) 13 (7.1) 28 (12.4) <0.0001#,¶,+,ƒ

Smoking status, n (%)
Current 50 (17.0) 6 (4.8) 21 (11.5) 25 (11.1) 0.0006#,¶,+,§

Former 40 (13.6) 23 (18.6) 48 (26.2) 48 (21.2)
Never 204 (69.4) 95 (76.6) 114 (62.3) 153 (67.7)

Regular bed partner, n (%) 222 (76.0) 99 (80.5) 135 (74.6) 178 (79.1) 0.5410
Snoring ⩾3 times·week−1, n (%) 9 (3.1) 10 (8.1) 26 (14.2) 47 (20.7) <0.0001#,¶,+,ƒ

Loud snoring ⩾3 times·week−1, n (%) 4 (1.4) 4 (3.2) 11 (6.0) 31 (13.7) <0.0001¶,+,ƒ,##

Choking/gasping ⩾3 times·week−1,
n (%)

0 (0.0) 1 (0.8) 2 (1.1) 8 (3.5) 0.0055+

Breathing pauses ⩾3 times·week−1,
n (%)

0 (0.0) 0 (0.0) 3 (1.6) 10 (4.4) 0.0004¶,+,ƒ

Fallen asleep driving, n (%) 0 (0.0) 4 (3.2) 4 (2.2) 5 (2.2) 0.0474#,¶,+

Motor vehicle accident due to falling
asleep, n (%)

0 (0.0) 1 (0.8) 1 (0.6) 0 (0.0) 0.3077

Epworth Sleepiness Scale
N 294 124 183 225 0.0025¶,+

Mean±SD 2.11±2.09 2.57±3.07 2.85±3.27 3.05±3.59
Median (IQR) 2.0 (0.0–3.0) 2.0 (0.0–4.0) 2.0 (1.0–4.0) 2.0 (1.0–4.0)

AHI events·h−1

N 124 183 227 <0.0001§,ƒ,##

Mean±SD 2.5±1.4 9.6±3.0 38.8±21.2
Median (IQR) 2.5 (0.0–4.9) 9.4 (5.0–15.0) 32.3 (15.1–106.3)

O2 desaturation nadir %
N 122 183 227 <0.0001§,ƒ,##

Mean±SD 86.1±5.1 81.9±6.0 76.0±8.4
Median (IQR) 87.0 (53.0–93.0) 84.0 (54.0–95.0) 78.0 (51.0–91.8)

AHI: apnoea–hypopnoea index; IQR: interquartile range; OSA: obstructive sleep apnoea; BMI: body mass index. #: p<0.05 comparing Cleared without
HSAT to Cleared with HSAT (AHI <5); ¶: p<0.05 comparing Cleared without HSAT to Mild OSA (AHI 5–15); +: p<0.05 comparing Cleared without HSAT
to Moderate/Severe OSA (AHI ⩾15); §: p<0.05 comparing Cleared with HSAT (AHI <5) to Mild OSA (AHI 5–15); ƒ: p<0.05 comparing Cleared with HSAT
(AHI <5) to Moderate/Severe OSA (AHI ⩾15); ##: p<0.05 comparing Mild OSA (AHI 5–15) to Moderate/Severe OSA (AHI ⩾15).
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(p=0.0005). Drivers participating in the programme at 1 year had mean PAP use of 5.2±2.1 h·night−1, any
PAP use on 88% of days and ⩾4 h·night−1 of PAP use on 83% of days in the 30 days prior.

Compliance and efficacy interventions
A number of interventions were utilised to help improve and maintain compliance to PAP (supplementary
e-Appendix 1). Table 6 summarises interventions classified as Alerts/Warnings, PAP Care & Therapy
Support, Escalation or Removed from Truck due to Lack of Compliance. During the programme, there
were 2283 Alerts/Warnings interventions, with 80.7% of drivers requiring at least one; drivers experienced

TABLE 3 Demographic characteristics of drivers initiated into positive airway pressure care management
(n=277)

Age years
N 277
Mean±SD 47.3±9.8
Median (IQR) 48.6 (40.2–54.7)

Male, n (%) 277 (100.0)
BMI kg·m−2

N 277
Mean±SD 35.9±6.2
Median (IQR) 35.6 (31.8–39.3)

Collar size ins
N 246
Mean±SD 17.2±2.1
Median (IQR) 17.0 (16.0–18.0)

Race, n (%)
American Indian/Alaska Native 1 (0.4)
Asian 3 (1.1)
Native Hawaiian or Other Pacific Islander 2 (0.7)
Black or African American 27 (9.8)
White 198 (71.5)
More than one race 5 (1.8)
Unknown/not reported 12 (4.3)
Missing 29 (10.5)

Past diagnosis of high blood pressure, n (%) 141 (50.9)
Past diagnosis of diabetes, n (%) 47 (17.0)
Past diagnosis of high cholesterol, n (%) 49 (17.7)
Past diagnosis of OSA, n (%) 44 (15.9)
Smoking status, n (%)
Current 30 (10.8)
Former 73 (26.4)
Never 174 (62.8)

Regular bed partner, n (%) 214 (77.5)
Snoring ⩾3 times·week−1, n (%) 62 (22.4)
Loud snoring ⩾3 times·week−1, n (%) 38 (13.7)
Choking or gasping ⩾3 times·week−1, n (%) 11 (4.0)
Breathing pauses during sleep ⩾3 times·week−1, n (%) 15 (5.4)
Ever fallen asleep while driving, n (%) 7 (2.5)
Ever had a motor vehicle accident due to falling asleep, n (%) 0 (0.0)
Epworth Sleepiness Scale
N 276
Mean±SD 3.31±3.77
Median (IQR) 2.0 (1.0–5.0)

AHI events·h−1

N 277
Mean±SD 32.6±22.8
Median (IQR) 25.1 (14.9–44.2)

O2 desaturation nadir %
N 277
Mean±SD 77.1±8.6
Median (IQR) 79.0 (74.0–83.0)

IQR: interquartile range; BMI: body mass index; OSA: obstructive sleep apnoea; AHI: apnoea–hypopnoea index.
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a mean of 8.49 alerts/warnings during their participation in care management, including 0.54 interventions
per 30 driver days of participation and 6.59 interventions per driver year of participation. Similarly, 2889
PAP Care & Therapy Support interventions were performed among 81.4% of drivers, including 10.74 per
driver, 0.68 per 30 days of participation and 8.33 per 1 year of participation. Nearly half (45.7%) of
participating drivers required the company manager to be alerted about non-compliance/poor PAP use (473
total interventions). During the programme, just 16 (5.9%) drivers were removed from driving due to PAP
non-compliance. The incidence rates of both PAP Care & Therapy Support (incidence rate ratio (IRR)
0.86, 95% CI 0.84–0.88) and Escalation (IRR 0.90, 95% CI 0.85–0.94) interventions decreased with
longer participation in the programme (see figure 3).

Discussion
In commercial drivers, identifying OSA and then achieving PAP compliance reduces the risk of crashes
[33]. Towards this end, we describe the implementation and outcomes of a comprehensive programme to not
only screen for and diagnose OSA in commercial drivers, but, importantly, to also ensure PAP compliance
among those prescribed therapy. The programme used modern technological approaches, including
education via web-based videos, web-based questionnaires, telemedicine for assessment, and remote
monitoring of PAP adherence and efficacy. For successful implementation, the programme required a strong
collaborative approach between the national trucking company, who had a dedicated, knowledgeable
programme manager, and the University of Pennsylvania. It also required a clear set of information provided
in advance to drivers, who consented to participate in the programme as part of their employment.
Individuals understood that the programme was mandatory to be employed as a driver in this company.
Ultimately, the programme was able to monitor drivers in multiple states, identify and diagnose new cases of
OSA, and both initiate and maintain high adherence to PAP therapy in a large proportion of drivers.

TABLE 4 Overall summary of adherence and efficacy among participating drivers

Characteristic Total Transfer of care Cleared to
discontinue PAP

Maintained
participation in
programme

Resigned or
terminated

Overall p-value

Drivers n 269 6 23 160 80
Days in programme
N 269 6 23 160 80 0.0001#,+

Mean±SD 471±411 398±480 338±229 566±451 324±299
Median (IQR) 320 (153–677) 251 (129–353) 267 (138–577) 401 (194–860) 239 (82–512)

Mean hours per night (all nights)
N 269 6 23 160 80 <0.0001#,¶,+

Mean±SD 4.50±2.04 3.60±1.79 2.52±2.09 5.27±1.61 3.60±2.07
Median (IQR) 4.55 (3.33–6.08) 3.78 (2.96–4.72) 1.96 (0.46–4.30) 5.22 (4.02–6.66) 3.57 (2.19–5.04)

Mean hours per night (nights used)
N 269 6 23 160 80 <0.0001#,+

Mean±SD 5.41±1.62 4.68±1.00 4.33±1.64 5.92±1.25 4.77±1.89
Median (IQR) 5.42 (4.60–6.53) 4.76 (4.52–5.16) 4.68 (3.06–5.48) 5.88 (5.06–6.94) 4.88 (3.91–6.28)

Days used %
N 269 6 23 160 80 <0.0001#,+

Mean±SD 0.840±0.170 0.827±0.128 0.721±0.261 0.885±0.129 0.785±0.182
Median (IQR) 0.903 (0.752–0.967) 0.837 (0.721–0.949) 0.795 (0.581–0.948) 0.931 (0.819–0.980) 0.810 (0.701–0.939)

Days used ⩾4 h %
N 269 6 23 160 80 <0.0001#,+

Mean±SD 0.730±0.234 0.723±0.162 0.596±0.296 0.797±0.177 0.633±0.271
Median (IQR) 0.781 (0.610–0.914) 0.759 (0.591–0.822) 0.687 (0.338–0.876) 0.845 (0.677–0.943) 0.687 (0.450–0.886)

Residual AHI events·h−1

N 269 6 23 160 80 0.0003+

Mean±SD 2.46±3.56 5.32±4.37 2.54±2.28 1.77±1.67 3.60±5.64
Median (IQR) 1.36 (0.79–2.75) 4.44 (1.44–9.86) 1.31 (0.81–4.25) 1.26 (0.78–2.18) 1.58 (0.75–3.55)

95th percentile leak L·min−1

N 269 6 23 160 80 0.0275+

Mean±SD 19.8±13.5 29.7±11.9 19.2±11.5 18.2±11.4 22.6±17.0
Median (IQR) 17.8 (9.9–26.3) 28.6 (20.9–39.9) 17.7 (8.3–26.9) 16.8 (9.3–24.1) 19.5 (10.3–29.0)

PAP: positive airway pressure; IQR: interquartile range; AHI: apnoea–hypopnoea index. #: p<0.05 comparing Cleared to Discontinue PAP to
Maintained Participation; ¶: p<0.05 comparing Cleared to Discontinue PAP to Resigned/Terminated; +: p<0.05 comparing Maintained Participation to
Resigned/Terminated.
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Our study found a high prevalence of moderate–severe OSA in new hires by a national trucking company,
consistent with previous studies in commercial drivers [6, 8, 9, 18]. This is not surprising since commercial
drivers are predominantly male and have a high prevalence of obesity, including recent estimates of 53.3%
having BMI >30.0 kg·m−2 and 26.6% having BMI >35.0 kg·m−2 [46]; our sample characteristics were
consistent with this literature. As commercial driving generally results in a lifestyle with less physical
activity and more sedentary time [47, 48], the occupation itself contributes to these higher obesity levels,
and by extension the increased risk for OSA and associated cardiometabolic conditions [46, 49, 50]. To
mitigate this occupation-specific risk, consideration needs to be given to the industry adopting weight
management strategies among drivers; rapidly emerging drugs such as GLP-1 agonists [51] and
combination therapies [52] markedly reduce body weight and might be one such approach. The costs of
these therapies, however, will be a major barrier to their broad use in this population.

All drivers in this programme were screened by telemedicine visits and filled out detailed questionnaires prior
to their assessment by a physician. Some individuals were cleared by the physician without the need for
testing; this group was younger and much less obese. For those being tested, studies were done at home with
standard equipment and subsequently interpreted by a sleep physician, who determined treatment
recommendations. Once diagnosed with OSA, drivers entered a programme to monitor and manage their
PAP adherence; after a 60-day introductory period, compliance with therapy was required to continue
driving. The care management programme leveraged remote tracking of PAP usage (hours and days of use,
etc.) and efficacy (residual AHI and mask leak). These data were used to determine the need for specific
interventions by the care management team. The frequency of interventions was highest during the
introductory period and dropped off as PAP adherence was established. Once adherence was established, it
remained high throughout the period of participation in the programme, with mean nightly use of over 5 h

TABLE 5 Compliance and efficacy metrics in 30-day windows over driver follow-up

Characteristic 0–30 days 30–60 days 60–90 days 150–180 days 335–365 days Change over time period

β (95% CI)# p-value

Drivers n 269 263 238 204 128
Days in programme
N 269 263 238 204 128 n/a
Mean±SD 29.8±1.7 58.7±5.0 89.1±4.4 178.4±5.7 364.4±3.0
Median (range¶) 30 (11–30) 60 (33–60) 90 (61–90) 180 (152–180) 365 (341–365)

Mean hours per night (all nights)
N 269 263 238 204 128 0.05 (0.002–0.10) 0.042
Mean±SD 4.44±2.21 4.63±2.01 4.81±1.96 4.92±2.09 5.23±2.08
Median (IQR) 4.70 (2.88–6.18) 4.76 (3.33–6.09) 4.90 (3.64–6.22) 5.14 (3.70–6.51) 5.39 (3.95–6.81)

Mean hours per night (nights used)
N 266 253 232 193 122 0.12 (0.09–0.15) <0.0001
Mean±SD 5.17±1.91 5.39±1.55 5.53±1.55 5.89±1.31 6.15±1.26
Median (IQR) 5.33 (4.15–6.55) 5.44 (4.56–6.53) 5.54 (4.58–6.62) 5.88 (4.91–6.86) 5.99 (5.25–7.05)

Days used %
N 269 263 238 204 128 −0.002 (−0.01–0.01) 0.566
Mean±SD 0.851±0.206 0.863±0.187 0.877±0.167 0.856±0.203 0.882±0.177
Median (IQR) 0.933 (0.800–1.00) 0.933 (0.800–1.00) 0.933 (0.800–1.00) 0.933 (0.767–1.00) 0.967 (0.833–1.00)

Days used ⩾4 h %
n 269 263 238 204 128 0.021 (0.013–0.029) <0.0001
Mean±SD 0.693±0.305 0.727±0.273 0.761±0.246 0.791±0.231 0.826±0.197
Median (IQR) 0.767 (0.533–0.933) 0.800 (0.567–0.933) 0.833 (0.667–0.967) 0.867 (0.700–0.967) 0.867 (0.733–1.00)

Residual AHI events·h−1

N 266 253 232 193 122 −0.31 (−0.40– −0.22) <0.0001
Mean±SD 3.21±4.16 2.56±3.86 1.98±1.97 1.73±1.96 1.56±1.47
Median (IQR) 1.96 (0.93–3.83) 1.50 (0.72–2.85) 1.28 (0.69–2.28) 1.25 (0.60–2.01) 1.16 (0.65–2.03)

95th percentile leak L·min−1

N 266 253 232 193 122 −0.65 (−1.02– −0.28) 0.0005
Mean±SD 21.7±16.0 20.0±14.7 18.8±13.3 18.7±12.3 19.1±13.4
Median (IQR) 19.1 (9.9–28.2) 17.4 (9.2–26.5) 17.2 (8.6–25.0) 17.0 (9.4–26.3) 17.1 (9.0–26.4)

IQR: interquartile range; AHI: apnoea–hypopnoea index. #: β-coefficient and 95% confidence interval representing the estimated change in value
across time-windows, derived using a linear mixed effects regression analysis accounting for repeated measures within drivers over time; ¶: range
reported instead of IQR to provide more meaningful summary, as 25th and 75th per centiles were equal to median in all cases.
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and percentage of nights used of nearly 90%. Thus, the programme was highly effective for ensuring that
employed commercial drivers with moderate–severe OSA are compliant with PAP therapy. Notably, the
longer-term compliance achieved in this programme was similar to compliance reported in a recent
real-world study of PAP compliance in the first 90 days in over 2.5 million patients (5.1±2.5 h·night−1) [53].

There are several barriers to implementing such a programme in the USA, which may or may not
generalise to other countries. First, all providers – both physicians and nurse practitioners – are required to
obtain licences in each state in which care is provided. Obtaining a state medical licence can be expensive
and time consuming (taking up to 12 months in some states). Thus, loss of providers could result in gaps
in care while new providers obtain licences. This does not affect the innovative national programme
developed in the Veterans Affairs (VA) system [54], since any provider employed by the VA can deliver
care to VA patients in any state.

A second barrier is restrictive rules of insurance carriers regarding use of telemedicine, provision of home
studies and PAP therapy. We circumvented this with an insurance carve-out agreement in which
reimbursement was provided directly by the company, without using an insurance company as an
intermediary, thereby eliminating pre-certification requirements that differ by carrier and by driver-reported
symptoms upon initial evaluation to assess the need for testing. Thus, successful completion of this type of
care management programme will require a commitment and financial investment from the employer.
Notably, the increased use and acceptance of telemedicine during the COVID-19 pandemic is likely to
lessen this barrier [55].
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FIGURE 2 Patterns in positive airway pressure (PAP) adherence and efficacy metrics over the first 2 years of driver participation in the care
management programme, including a) usage, b) residual apnoea–hypopnoea index (AHI) and c) 95th percentile leak. Data are illustrated as
the medians and 25th to 75th percentiles of driver-specific mean values in 30-day windows.
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TABLE 6 Summary of compliance and efficacy interventions

Intervention Total
interventions

n (%)# Mean number of interventions

Per
driver¶

Per 30 driver
days+

Per 1 driver
year§

Alerts/warnings 2283 217 (80.7) 8.49 0.54 6.59
PAP Care & Therapy Support 2889 219 (81.4) 10.74 0.68 8.33
Driver education 169 106 (39.4) 0.63 0.04 0.49
DME/supply support 642 165 (61.3) 2.39 0.15 1.85
Mask support 273 121 (45.0) 1.01 0.06 0.79
Pressure support 148 63 (23.4) 0.55 0.04 0.43
Provider support (CM call) 106 68 (25.3) 0.39 0.03 0.31
High leak 1437 122 (45.4) 5.34 0.34 4.15
High AHI 30 18 (6.7) 0.11 0.01 0.09
High CAI 41 5 (1.9) 0.15 0.01 0.12
Re-evaluation 43 32 (11.9) 0.16 0.01 0.12

Escalation 473 123 (45.7) 1.76 0.11 1.36
Requested DM escalation 272 94 (34.9) 1.01 0.06 0.78
DM escalation 101 61 (22.7) 0.38 0.02 0.29
Provider escalation 100 57 (21.2) 0.37 0.02 0.29

Removed from truck due to lack
of compliance

19 16 (5.9) 0.071 0.005 0.055

PAP: positive airway pressure; DME: durable medical equipment; CM: care manager; AHI: apnoea–hypopnoea
index; CAI: central apnoea index; DM: district manager. #: number and percentage of total drivers (n=269) with
at least one of the indicated interventions during participation in the care management programme;
¶: mean number of interventions per driver over their entire time of participation; +: mean number of
interventions per driver, per 30 days of participation; §: mean number of interventions per driver, per 1 year of
participation.
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A third barrier is the perceived negative consequences of being diagnosed with OSA among commercial
drivers, which influences willingness to participate and makes self-reported symptoms, which are
commonly used to screen for OSA, more unreliable. Supporting this, almost no driver in our sample
indicated excessive sleepiness, despite a large proportion of drivers ultimately being diagnosed with OSA
and the known impact of undiagnosed OSA on sleepiness [16]. Similarly, very few screened drivers
endorsed ever falling asleep while driving or having a traffic accident due to falling asleep; no
drivers within the care management programme reported a prior sleepiness-related motor vehicle accident.
To overcome this barrier, a programme such as the one described here may be further improved by more
objectively assessing the degree of sleepiness and targeting drivers at highest risk. One strategy proposed is
to conduct tests of sleepiness such as the maintenance of wakefulness test [56]. While this may improve
the ability to identify sleepy drivers, these types of tests are somewhat laborious and time consuming.
Further reducing their value, these tests only assess the degree of sleepiness at one moment in time. An
alternative and likely more valuable approach is to assess the actual behaviour of drivers while driving
[57, 58]. There now exist multiple systems capable of this type of monitoring, although many lack validation
[59] and testing in real-world settings [57]. As these approaches mature, consideration should be given to
incorporating them into programmes like the one described here. In the absence of reliable symptom data,
these techniques could help to differentiate drivers with clinically significant sleep apnoea requiring PAP
therapy from those with isolated sleep disordered breathing, who may not require mandated treatment
[60, 61]. Future studies focused on approaches to accurately identify those with clinically significant disease
are warranted. In the absence of these studies, the lack of reliable symptom reporting among commercial
drivers and existing data showing that PAP generally reduces crash risk [30–33] necessitates a more
conservative approach in which treatment mandates are based on severity of the AHI alone.

Due to the perceived negative consequences, it is also important to ensure that the HSAT is actually
carried out on the driver in question; a number of “chain of custody” technologies have been developed in
this regard [13]. While HSAT improves the efficiency and feasibility of a programme such as the one
described here, ambulatory studies typically underestimate OSA severity compared to overnight
polysomnography due to inclusion of periods of wake in the total recording time used to estimate the AHI.
Thus, some drivers in whom PAP was not required due to mild AHI based on the HSAT could have had
moderate/severe AHI requiring treatment based on polysomnography. To mitigate this concern, future
programmes could incorporate home-based studies with electroencephalogram (EEG), which provide
estimates of sleep and wake.

To improve the negative perceptions among drivers, it is important to emphasise the positive benefits of OSA
diagnosis and treatment, including known benefits for excessive sleepiness [62], quality of life [63, 64],
depression [65] and blood pressure [66, 67]. There are, to our knowledge, no organised educational
programmes about OSA for commercial drivers. We were able to explain OSA and the benefits of treatment
in the one-on-one sessions with sleep medicine providers. Another strategy could be to use a “peer buddy
approach” [68], where the peer buddies are commercial drivers with OSA on PAP that are able to explain
OSA and benefits of therapy to other drivers. Importantly, health promotion programmes in commercial
drivers have been shown to be effective in other areas, including for obesity [49, 69]. These approaches
could be incorporated into programmes aimed at enhancing treatment adherence with PAP among drivers,
particularly in the absence of motivations related to employment (as exists in the current programme).

During the course of the programme, we sought to develop a balanced approach to both protect the
driver’s ability to work and ensure safety on the road, which led to modifications of our treatment and
testing protocols. For example, PAP was initially required for any driver with an AHI >5 events·h−1. This
was later deemed too strict, as many patients with mild OSA do not experience severe symptoms or
consequences and, thus, denying the opportunity for drivers to continue employment due to mild OSA is
not supported by current data. Therefore, we changed the protocol so that individuals with mild OSA (AHI
>5 and ⩽15 events·h−1) had counselling and were given the choice, rather than requirement, to use PAP. If
these drivers declined PAP, we sought to re-evaluate them with another home study after 6–12 months. We
also implemented modifications to the testing protocol to ensure successful completion of the HSAT.
Initially, there was a >20% failure rate of obtaining data from a single HSAT, requiring a number of repeat
studies. In response, the protocol was modified to require 2 consecutive nights of HSAT, as well as having
available telemedicine support at night to ensure proper application of the equipment.

New strategies in this area are being driven by large companies with many drivers [7, 33, 34], including
the programme described here. There have been attempts to introduce federal regulations by the Federal
Motor Carrier Safety Administration, but despite multiple meetings and recommendations of medical
advisory groups, none have been introduced. The lack of such regulations in the USA stands in contrast to
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existing regulations in many other countries [26, 27]. Notably, there remains some uncertainty in the best
way to determine fitness to drive with respect to OSA and sleepiness [26]. An inability to accurately
identify those at risk for motor vehicle accidents can limit the effectiveness of such regulations. For
example, a recent study from Ontario showed a net benefit of medical fitness to drive policies overall, but
no meaningful benefits for sleep apnoea specifically [70]. This was in part due to net increases in crashes
among patients with sleep apnoea approved or re-instated as drivers [70]. Such regulations could also have
unintended consequences that adversely affect crash rates among commercial drivers, such as older and
more experienced drivers (who are at higher risk of OSA [2]) being replaced by younger and less
experienced drivers (who have a higher crash risk [71]). Ultimately, while data support relationships of
sleepiness and OSA with motor vehicle accident risk [22–25], such regulations should be thought of as
interventions and, like any intervention, more studies formally addressing the implementation and
effectiveness (or lack thereof) are warranted [27].

Our programme focused on what we believe is fundamentally important – effective treatment. It is not, in
our view, sufficient to introduce programmes for screening and diagnosis of OSA without actively
managing subsequent therapy. To further demonstrate the importance of ensuring adequate treatment
adherence, larger studies with robust monitoring of traffic accidents among participating drivers, as well as
objective data on previous crash history, would be beneficial. The clinical programme described here was
not designed to robustly evaluate whether there was improvement in motor vehicle accidents (which are
expected to occur at very low frequency). Encouragingly, based on the routine review of work-related
vehicle accidents by the company safety managers, none of the drivers in the programme had a motor vehicle
accident attributed to sleep apnoea.

While this programme was set up specifically for commercial drivers, it is very applicable to efforts in
sleep medicine more generally. It is feasible to implement this type of programme in closed health systems
with available telemonitoring and dedicated IT infrastructure, such as at the VA and Kaiser Permanente.
Large parts of the world that lack adequate sleep medicine services, as documented by the American
Academy of Sleep Medicine in the USA [72], could also benefit from this approach to care. While
utilising remote data from PAP machines and the remote interventions were labour intensive in the current
programme, as staff were required to evaluate data and intervene, the remotely available data and
rule-based interventions make these approaches ideal for future automation to improve scalability to these
different applications [39].

In conclusion, this employer-mandated OSA screening and management programme was successful in
diagnosing and ensuring effective treatment of OSA with PAP therapy among commercial drivers. This
programme illustrates the potential to leverage new technology to overcome the current shortage of trained
sleep medicine specialists [72]. Hopefully, there will be changes in how sleep medicine is delivered that
can take advantage of these new technological approaches.
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