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 Abstract 

 

Objective: To evaluate the effect of an employer-mandated obstructive sleep apnea (OSA) 

diagnosis and treatment program on non-OSA-program trucker medical insurance claim costs. 

Methods: Retrospective cohort analysis; cohorts constructed by matching (randomly, with 

replacement) Screen-positive Controls (drivers with insurance screened as likely to have OSA, but 

not yet diagnosed) with Diagnosed drivers (n=1,516; cases=1,224, OSA Negatives=292), on two 

factors affecting exposure to medical claims: experience level at hire and weeks of job tenure at 

the Diagnosed driver’s polysomnogram (PSG) date (the “matching date”). All cases received 

auto-adjusting positive airway pressure (APAP) treatment, and were grouped by objective 

treatment adherence data: any “Positive Adherence” (n=932) versus “No Adherence” (n=292). 

Bootstrap resampling produced a difference-in-differences estimate of aggregate non-OSA-

program medical insurance claim cost savings for 100 Diagnosed drivers as compared to 100 

Screen-positive Controls before and after the PSG/matching date, over an eighteen-month period. 

A two-part multivariate statistical model was used to set exposures and demographics/-

anthropometrics equal across sub-groups, and to generate a difference-in-differences comparison 

across periods that identified the effect of OSA treatment on per-member per-month costs of an 

individual driver, separately from cost differences associated with adherence choice.  

Results: Eighteen-month non-OSA-program medical claim costs savings from diagnosing 

(and treating as required) 100 Screen-positive Controls: $153,042 (95% CI: -$5,352, $330,525). 

Model-estimated effect of treatment on those adhering to APAP: -$441 per-member per-month 

(95% CI: -$861, -$21).  

Conclusions: Results suggest a carrier-based mandatory OSA program generates substantial 

savings in non-OSA-program medical insurance claim costs.  

 

 

Keywords: OSA, OSA - PAP Therapy, commercial motor vehicle operator, healthy worker 

selection, medical insurance costs, truckload motor carrier, treatment adherence, mandatory OSA 

program 

 

Clinical Trials: Not Applicable  
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Statement of Significance 

Industry cost concerns contributed to the USDOT’s 2017 withdrawal of a regulatory process 

on mandatory screening of truckers for obstructive sleep apnea (OSA).  We analyze the non-OSA-

program medical insurance claim cost savings that resulted from the first large-scale mandatory 

motor carrier program to screen, diagnose, and treat OSA. We estimate that OSA treatment lowers 

other medical insurance costs for those adhering to treatment by $441 per-member per-month and 

that diagnosing and treating 100 drivers screened as likely to have OSA saved $153,042 over the 

course of eighteen months in non-OSA-program medical insurance claims. One of these results is 

clearly statistically significant and the other is borderline; together they suggest that a mandatory 

OSA program can generate savings that offset a substantial portion of its costs.  
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1. Introduction 

Obstructive sleep apnea (OSA) is associated with specific neurocognitive deficits in 

attention/working memory, vigilance, and executive functioning1-3 and is one of the most common 

medical causes of excessive daytime sleepiness or fatigue.4  Untreated OSA is associated with 

many adverse health conditions, including cardiovascular events in males,5 systemic hypertension 

and pulmonary hypertension,6,7 depression,8-10 insomnia,11-13 Type II Diabetes,14-16 obesity,16-19 

and mortality.20 Accordingly, untreated OSA has been implicated in higher healthcare utilization 

and higher healthcare costs.21-24 

Among the 1.87 million U.S. commercial drivers estimated by the Bureau of Labor Statistics 

to be operating non-farm-based heavy trucks (gross weight ≥ 26,000 lbs.),25 17-28% or 318,00 to 

524,000 are expected to have at least mild OSA based on prevalence studies on commercial 

drivers.26-30 If the larger population of the 4.0 million drivers estimated by the Federal Motor 

Carrier Safety Administration to be using commercial driver’s licenses in interstate and intrastate 

transportation31 is considered, 0.68 to 1.1 million drivers may have OSA. The majority of these 

drivers are thought to be undiagnosed and untreated.26,32 There is thus considerable scope for 

healthcare cost savings through treatment of OSA among commercial drivers.  

 Indeed, in a 2010 retrospective analysis of health care costs of OSA in commercial motor 

vehicle (CMV) drivers at a large U.S. fleet,33 estimated savings from OSA treatment were on the 

order of $6,000 per driver over 24 months (or $250 per-member per-month (PMPM)). A 2013 

study examined the cost savings of an education campaign on the diagnosis and treatment of OSA 

in the medical plan of a large railroad,34 and found that positive airway pressure (PAP) therapy 

was associated with a cost decrease on the order of $150 to $200 PMPM. However, both studies 

were small and were based on voluntary participation, limiting their generalizability to larger 
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populations and mandated settings.  And although both analyzed the costs of individuals with 

OSA receiving therapy in comparison to those with OSA not receiving therapy, neither study 

deployed the differences-in-differences analytic framework that has since become generally 

accepted.35 

Among non-CMV drivers, untreated OSA increases the risk of motor vehicle crashes by 1.2- 

to 4.9-fold, while adherence to treatment with PAP significantly reduces this excess crash risk; 

similar results have been found for CMV operators.36 Because of the potential excess crash risk 

associated with untreated OSA36-39 the Federal Motor Carrier Safety Administration’s (FMCSA) 

Medical Expert Panel (in 2007) and Medical Review Board (in 2008 and 2011), and the National 

Transportation Safety Board (in 2009), all recommended that safety regulations should require 

comprehensive screening and diagnosis of commercial drivers for OSA during their required 

biennial commercial vehicle operator’s medical examination.40,41 That recommendation was 

renewed by the Medical Review Board and FMCSA’s Motor Carrier Safety Advisory Committee 

in November, 2016.42  

However, the financial costs of OSA screening, diagnosis, and treatment have been a 

significant concern among elements of the trucking industry, and have generated resistance to the 

potential for mandated OSA screening standards. Indeed, industry lobbying is credited with the 

passage by Congress of a law signed in 2013 that prevented the FMCSA from issuing guidance on 

OSA screening to CMV medical examiners in the absence of a full rulemaking on the topic.43 

More recently, the US Department of Transportation (USDOT) issued an Advance Notice of 

Proposed Rulemaking on March 8, 2016 on the topic of sleep apnea screening,44 but withdrew it 

on July 27, 2017 after negative comments from industry, on the grounds of “insufficient 

information.”45,46 
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The present study analyzes medical insurance claim costs incurred by CMV drivers in the 

context of an employer-mandated OSA program, the first and largest internal OSA program to 

date operated by a motor carrier, and the largest employer-based program to date in the US, as far 

as the authors are aware. The program included screening, diagnosis, auto-adjusting positive 

airway pressure (APAP) treatment for those with OSA, and APAP treatment adherence 

monitoring.26,47 Two hypotheses are addressed. Hypothesis 1: diagnosing and treating the subset 

of drivers screened as likely to have OSA lowered their aggregate medical insurance claim costs, 

as compared to not doing so. Hypothesis 2: OSA treatment lowered medical insurance claim costs 

of those individuals with OSA who adhered to treatment. Hypothesis 2 is addressed from two 

perspectives, on the basis of “those who adhered to treatment,” and also on the basis of “those to 

whom treatment was offered” (or an “intention to treat”) basis.   

 

2. Methods 

 Carrier OSA Program Protocol 

The OSA screening, diagnosis, and treatment program was implemented by Schneider 

National, Inc., a major North American trucking firm.48,49 A pilot in 2005 was followed by full 

implementation beginning in April, 2006.26,47 The Somni-Sage® screening questionnaire was used, 

assigning drivers to one of four classes ranging from “High Priority” to “Low Priority,” for 

receiving polysomnogram (PSG) diagnostic testing.26 Due to the startup process in the presence of 

turnover, about one-half (n=17,098) of the drivers employed from 2006 to the study end date 

(December 31, 2009) were screened. The carrier selected who to refer from those screened as 

High Priority for an overnight, multi-channel, laboratory, technician-attended PSG (“Type 1” PSG 

as defined by the American Academy of Sleep Medicine)50 at a national network of sleep 
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laboratories. Referral was based on factors such as the driver’s schedule, route, continuing 

employment, and sleep lab availability. PSG records show 5 conducted in 2005, 493 in 2006, 370 

in 2007, 632 in 2008, and 662 in 2009. Diagnosis and treatment were covered without co-pays as 

preventive medicine for drivers enrolled in the firm’s voluntary medical insurance plan. 

PSGs were interpreted immediately using standard criteria with diagnostic clinical evaluations 

the morning after the overnight tests.50 Drivers who were diagnosed as “positive” for OSA by 

board-certified sleep physicians (generally with an apnea-hypopnea index (AHI) ≥5) were given 

first-line treatment: an APAP machine, heated humidifier, and mask interface, usable both in the 

truck sleeper berth while on the road and at home. For the first 14-90 days, and longer if 

necessary, drivers’ adherence to APAP therapy was monitored using wireless data transmission. 

After APAP adherence was initially demonstrated, periodic batch downloads from the APAP 

machine’s internal adherence memory maintained monitoring. Adherence trouble-shooting, 

education, and monitoring used follow-up phone and face-to-face contacts. Drivers with OSA 

who remained non-adherent as demonstrated by objective APAP monitoring, despite this 

multifaceted process of remediation, were eventually terminated after the remediation process 

failed.47  

 Retrospective Matching of Diagnosed Drivers to Screen-positive Controls 

To address Hypothesis 1, Diagnosed drivers (both those with OSA and those without OSA) 

must be compared to otherwise similar control drivers who were not diagnosed.  This required 

considering how drivers entered the OSA program. The study firm is engaged in long distance 

for-hire trucking in which driver turnover rates at large firms are very high (averaging 94% per 

year between 1996 and 2018).48,51 Though the study firm had many long-term drivers and 

turnover rates lower than industry averages, many drivers joined and departed the firm in a 
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continuous process during the study period.48,52 The screening and diagnosis process, plus a 

significant group of high-priority drivers already employed at the study start date (January 1, 

2005), created a time lag between initial employment and the PSG for those drivers sent to be 

diagnosed. This created the potential for “healthy worker survivor” selection effects—drivers who 

became sick enough to be unable to work did not enter the study, and the extent of this selection 

process was correlated with the time drivers had been able to file a medical insurance claim.53,54 In 

addition, prior work in this setting has shown the existence of a substantial safety-selection 

effect—untreated OSA is associated with the risk of having a serious, preventable crash (a 4-to 5-

fold increase compared to drivers who don’t have OSA),36 which in turn is associated with the risk 

of discharge (specifically, a 30-fold increase in the hazard of discharge after a serious preventable 

crash).55 Thus, the study implemented a retrospective cohort approach through the process of 

matching each Diagnosed driver (a potential case) with a driver designated as a “Screen-positive 

Control,” who had a similar length of exposure for a medical insurance claim, and also equal 

exposure to selection into the participant pool of currently employed drivers.  

The potential for having a medical insurance claim required enrollment in the study firm’s 

employee insurance program. Since the data only included medical insurance enrollment during 

the study period (January, 2005-December, 2009), and because a significant fraction of the study 

firm’s workforce had longer tenure than the entire study period, enrollment was not a statistically 

appropriate exposure measure for the matching process. (That is, two drivers with insurance 

observed to start in January of 2005 could have been on the job for very different lengths of time 

prior to 2005, and therefore could have had different lengths of exposure to selection.) However, 

job tenure could be identified for all drivers. In addition, while some employed drivers were not 

enrolled in the firm’s medical insurance program, employment for a specific minimum period 
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(generally, 3 months for inexperienced-at-hire and 1 month for experienced-at-hire drivers) was a 

necessary condition for enrollment. As a result, job tenure and experience-at-hire were appropriate 

proxies for the length of exposure to the potential for a medical claim for the purpose of matching 

Screen-positive Controls to Diagnosed drivers, in order to ensure both had been subjected to equal 

amounts of safety and healthy worker selection. (Length of insurance enrollment was still the 

appropriate measure of exposure to the chance of costs during the 2005-2009 study period, when 

medical claims can be observed, and is used thus in the statistical model described below.) 

The positive predictive value of a “High Priority” designation from Somni-Sage® is 80% for 

mild OSA (AHI ≥5).26 The study firm’s OSA program was designed to diagnose all drivers 

screened at High Priority, but due to driver turnover, the study end date, and the fact that the data 

include the startup period of the OSA program, when diagnostic examinations were not 

necessarily available in large numbers quickly, there were sufficient potential Screen-positive 

Controls (n=1,573).  

Each driver diagnosed with OSA who had medical insurance enrollment data (potential cases, 

n=2,186) was matched with a Screen-positive Control driver who also had medical insurance 

enrollment (a factor which further restricted potential matches). Screen-positive Controls were 

drawn randomly under two conditions: that the control had the same experience-at-hire as the 

Diagnosed driver, and that the control’s job tenure in weeks was the same (±1 week) as the 

Diagnosed driver’s on the week of the PSG (the “matching date” for the control). Drivers used as 

controls were replaced in the pool of potential Screen-positive Controls; some were thus used 

more than once (775 unique drivers), but in this event were matched to a new Diagnosed driver on 

that driver’s PSG date. The following sub-groups were thus created.   
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 Screen-positive Controls: drivers screened as likely to have OSA but who had not yet 

had a PSG (matched n=1,516).  

 Diagnosed: drivers who received a PSG (matched n=1,516; this group was compared 

as a whole to Screen-positive Controls to address Hypothesis 1). 

 OSA Negative: drivers whose PSG showed AHI <5 (matched n=292). 

 Cases: OSA-diagnosed drivers who were clinically judged to have the disease 

(PSG showed AHI ≥ 5 and treatment recommended by a board certified sleep 

physician interpreting the sleep study, matched n= 1,224), and who were then 

provided with APAP and instructions on usage.  Treatment adherence was a 

condition of continued employment.  

 For use in addressing Hypothesis 2, cases were further subdivided based upon 

treatment adherence, which was not assigned randomly, but chosen by drivers.  

 Positive Adherence: cases who recorded some level of APAP treatment adherence 

(matched n= 932) in two additional sub-groups (distinguished here but combined 

in the presentation of results as their costs were never statistically different): 

i. Full Adherence: cases who always met or exceeded the minimum 

consensus standard of 4 hours/night mean APAP usage56 (matched 

n=510). 

ii. Partial Adherence: cases who recorded treatment, but did not meet 

the minimum requirements for full adherence (matched n=422). 

 No Adherence: cases who never recorded any adherence with APAP treatment 

(matched n=292).  
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 Medical Cost Identification and Data Synthesis 

Data from the study firm’s human resource system provided driver demographics, such as age, 

gender, racial or ethnic category, hiring date, and separation date and type (if applicable). These 

were merged with operational data that provided information such as home terminal, weekly 

miles, and job type; then records from the sleep medicine services provider were added, including 

the results of the Somni-Sage® screening questionnaire and, when applicable, PSG results and 

APAP adherence data. Finally, records for all periods of medical insurance enrollment and of all 

claims made through the medical insurance manager, United Health Care (UHC), by the study 

carrier’s employee drivers during the study period were assembled and added.  It should be noted 

that these data reflect the general medical expenses incurred by relevant employee drivers through 

the study carrier’s voluntary medical insurance program, but do not include the direct costs of 

diagnosing and treating OSA (and also do not include pharmaceutical claims). Only some of the 

OSA expenses flowed through UHC as a medical insurance manager, and the proportion of costs 

not included could not be determined. Thus, since the total costs of the program could not be 

accumulated, those costs that were identified were removed (see Online Supplement, Section II). 

All costs have been adjusted to 2018 dollars using the Personal Consumption Expenditures index 

for medical services,57 which includes medical expenses paid on behalf of the consumer, such as 

payments from a medical insurance program.  

 

3. Statistical Analysis 

The primary response variable, calculated separately for each study participant, was the 

medical insurance claim costs (excepting the costs of the OSA program itself) paid by the study 

firm per member (PM), separately for the periods before and after the PSG (each Diagnosed 

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/advance-article-abstract/doi/10.1093/sleep/zsz262/5606928 by guest on 29 January 2020



Acc
ep

te
d 

M
an

us
cr

ipt

 

 Page 12 of 49 

 

driver) or matching date (each Screen-positive Control).  Week-by-week data on participants’ 

operational characteristics and claim-by-claim information on participants’ medical insurance 

claims were cumulated appropriately to provide relevant summary information about driver 

characteristics, claims costs, and the diagnoses involved in claims, in one observation per 

participant in each period. To address Hypothesis 1, aggregate results over the 18 months before 

and after were considered. To address Hypothesis 2, model estimated cost savings over 18 months 

of enrollment were divided by 18 to generate per-member per-month (PMPM) cost savings for an 

average treatment-adherent driver in each period.  

 Evaluation of Hypothesis 1: Bootstrapped Difference-in-Differences 

Because the study retrospectively analyzes observational data, drivers were not randomly 

assigned into the subgroups whose results were to be compared to test the two hypotheses. As a 

result, there may be differences in costs between the relevant study sub-groups that arose from 

reasons other than the hypotheses that are addressed by the study’s statistical tests.  

More specifically, testing Hypothesis 1 requires an estimate of the aggregate medical claim 

cost differences between Screen-positive Controls and all Diagnosed drivers. Although the 

selection of Screen-positive Controls to be diagnosed was primarily based on operational 

characteristics, it cannot be ruled out that the way drivers were selected for diagnosis led to 

medical cost differences between undiagnosed Screen-positive Controls and Diagnosed drivers 

that were due to reasons that were not related to Hypothesis 1.47  

The appropriate correction for such a potential bias is a difference-in-differences approach. 

Specifically, the costs of Diagnosed drivers were subtracted from those of Screen-positive 

Controls in the period before the PSG/matching date. This provides a measure of initial 

differences between the two sub-groups, before the drivers selected for diagnosis received their 
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PSG. Then the medical costs of Diagnosed drivers were subtracted from those of Screen-positive 

Controls in the period after the PSG/matching date, providing a measure of the effect of the OSA 

program combined with that of any initial differences. Finally, the difference in the before-period 

was subtracted from that in the after-period. Conditional on the assumption that the initial cost 

differences were persistent through both periods (also called the “parallel trends” assumption),35 

this procedure provides an estimate of the effect of the OSA program on medical costs for 

Diagnosed drivers as compared to undiagnosed Screen-positive Controls, isolated from any initial 

differences between the two sub-groups.35  

The estimated cost savings and associated 95% empirical confidence intervals are formed 

using the bootstrap method.58 This method permits the calculation of realistic estimates and 

confidence intervals without making any assumptions about the nature of the underlying data 

distribution. The bootstrap method resamples the existing matched case-control pairs repeatedly to 

produce an empirical probability distribution for the statistics of interest. The statistics that were 

calculated were the aggregate costs of Screen-positive Control and Diagnosed drivers in the 

periods before and after the PSG/matching date, along with the appropriate cost differences 

between the sub-groups, and the final difference-in-differences estimate. The process was 

repeated 10,000 times to produce the empirical distributions of the statistics.  This method 

produces estimate distributions that closely reflect the variation in the underlying population for 

samples that adequately represent that population, and the study sample size is large enough to 

provide confidence that population characteristics are well-represented in the sample, and thus are 

also well-represented in the bootstrap distribution. 

One iteration of the bootstrap was conducted by obtaining a simple random sample of 1,516 

matched pairs drawn (with replacement) from among the original 1,516 pairs constructed for the 
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study.  (Since sampling was with replacement, almost all the bootstrap samples contain many 

duplicated pairs, and omit some of the original pairs, and hence have different costs than those of 

the original data set.) For every selected pair, the actual PM cost in the 18 month period before, 

and the 18 month period after, the PSG/matching date was calculated for both drivers. While not 

all drivers were observed for a full period of 18 months, observed costs were accrued for drivers 

who entered or exited within the 18 month observation windows, reflecting the fact that driver 

turnover affected the medical insurance costs incurred by the study firm.   

However, some drivers were observed for fewer than 18 months before or after not because of 

entry or exit, but because the driver’s observation was truncated by the beginning or end of the 

study period. In this case the actual costs the driver incurred during the period of observation were 

scaled up to reflect the expected period of observation for his/her study subgroup. The expected 

observation period was 18 months or longer in the before-period for all sub-groups, and 18 

months for all drivers in the after-period except No Adherence drivers, for whom the expected 

observation period was 6.23 months (27 weeks).  The expected insurance enrollment duration in 

the after-period was based on the Kaplan-Meier survival function for each sub-group, which 

correctly accounts for exits and censoring (see Figure 1; details in Section XIV of the online 

supplement).   

The total costs were then divided by 1,516 and multiplied by 100 to produce cost and cost 

difference estimates based on 100 Screen-positive Control and 100 Diagnosed drivers.  The mean 

of each distribution for a cost, or for a cost difference, is reported as the point estimate, and the 2.5 

and 97.5 percentiles of each distribution are identified to form an empirical 95% confidence 

interval.  
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 Evaluation of Hypothesis 2: Model-based Difference-in-Differences Treatment Effect 

Evaluating Hypothesis 2, which addresses the existence of an individual treatment effect, also 

faces a challenge from non-random subgroup assignments. Drivers diagnosed with OSA were 

divided into those who exhibited no treatment adherence and those showing positive treatment 

adherence. However, these subgroup memberships were self-selected, and so it is likely there 

were also differences in medical costs between the two groups that were independent of treatment. 

For instance, it might be conjectured that drivers who refuse mandated treatment were generally 

higher in risk taking and lower in “self-care” than those who attempted treatment.   

This issue can be addressed with the same difference-in-differences approach used for 

Hypothesis 1, on the same assumption that the differences between subgroups are maintained over 

time (the “parallel trends” assumption).35  This method can be applied using observed PMPM 

costs computed for the two subgroups in each period (see Supplemental Online Material, Section 

IV). However, while the difference-in-differences approach adjusts for persistent differences 

between the No and Positive Adherence subgroups, an analysis done with observed PMPM costs 

fails to address other important potential biases: those due to unequal average values of important 

demographic characteristics, and to unequal periods of observation, across the two subgroups. 

Testing Hypothesis 2 is best addressed by creating an analysis based upon the average driver, and 

on equal periods of observation across all drivers. This calls for the use of a multivariate 

regression model, and the two-part model used is described in detail in the following section. (It 

may be noted that the concerns just noted are not directly relevant to Hypothesis 1, which is about 

aggregate savings for the Diagnosed subgroup, as compared to the Screen-positive Controls; there 

it is sufficient that the study subgroups are typical of those who would screen positive in the driver 

population as a whole.)   
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 It is important to note how the model, once selected, is deployed to provide a difference-in-

differences estimate of the treatment effect. An underlying idea is that once the model has been 

estimated on the entire data set, the coefficient estimates capture, conditional on the specification 

of the model, the systematic relationship between the covariates (i.e. the independent variables 

denoting such features as age or body mass index (BMI), as well as time period and study 

subgroup membership) and the dependent variable, medical costs. (This creates the averaging of 

covariate effects across subgroups that would have been the result of randomization in a 

prospective trial.) Once these estimates are in hand, they can be used to compute predicted values 

of costs using any set of covariate values selected, not just the ones that individual subjects 

actually possess. A typical use is to compute the effect on predicted costs of a change of one unit 

in the value of any one covariate (or related set of covariates when one covariate interacts with 

another): just compute the prediction twice, once each for the initial and the changed values of the 

selected covariate, holding all else equal. It also permits the computation of counterfactual cost 

predictions, that is, predictions based on covariate values no subjects actually possess.  

In the predictions presented here, the exposure variable was first set to 18 months, thus 

making the period of exposure equal for all participants. Second, the values of all the covariates 

except exposure, study subgroup, and time period, were set to the mean values observed in the 

Positive Adherence subgroup, to create an estimated cost for the typical driver that accepted 

treatment. Finally, time period was set to “after” and subgroup identity was set first to Positive 

Adherence (giving predicted costs in the after-period for a Positive Adherence driver who 

accepted treatment), and then subgroup identity is set to No Adherence (giving the counterfactual 

predicted cost for a Positive Adherence driver who did not accept treatment). The difference 

between the two predictions is the predicted effect of treatment, in the after-period, for a driver 
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with characteristics typical of the Positive Adherence subgroup. When this is repeated for the 

before-period, the final estimate of the treatment effect (on those who accepted treatment) is the 

difference between the two within-period differences. As a variation, to create an “intention to 

treat” estimate of the treatment effect, this entire process is repeated, but using mean covariate 

values (other than exposure, subgroup, and time period) derived from all drivers offered treatment 

(i.e. both Positive and No Adherence drivers, instead of just the Positive Adherence drivers). (For 

further details, see Online Supplement, Section V.2). 

 Hypothesis 2: Structure of the Two-part Multivariate Statistical Model 

The model selected for the estimation of Hypothesis 2 has a complex structure, which reflects 

several specific features of the study data.  First, the response variable is a pair of per-member 

costs, one cost value for the before PSG/matching date and the other for the after-period.  Because 

these represent two measurements for the same individual over time, they are likely to be 

correlated. Second, as discussed above, there is variation across study subgroups in demographic 

and work characteristics that may be associated with differences in health care expenditures, such 

as age, BMI, type of job, and length of time observed. And third, health care cost data has some 

particular distributional features. Specifically, there is a substantial portion of zero cost 

observations (which vary across subgroups), and the distribution of positive costs is right-skewed 

with many small costs, and a tail of less frequent but much larger costs.  

The approach taken here to address these issues is a standard one: a multivariate model with 

two parts that are jointly estimated.59-61 The first part of the model used a logistic specification for 

the binary response of zero versus positive costs, and is appropriate for modeling the probability 

of positive costs.  The second part used a gamma generalized linear specification for the total 

value of costs over the observation period, when this total was positive, which is appropriate for 
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the skewed distribution of such costs. Both parts of the model were estimated simultaneously, 

using the same covariate list. While the matching of Diagnosed drivers to Screen-positive 

Controls was based on the length of tenure and experience at hire, the months of observed 

insurance enrollment were used as an “offset” variable in both parts of the two-part model; this 

feature adjusted model parameter estimates for the observed length of exposure to the risk of 

medical insurance claims that each driver actually incurred during the study period.59  

The initial set of covariates was specified based upon extensive prior work with similar data, 

and a resulting background understanding of important aspects of the data generating process.36 

An examination of residuals, likelihood ratio tests, and the Akaike Information Criterion (AIC) 

were used to examine fit and determine the model. “Testing down” by dropping covariates that 

were not statistically significant was not employed for two reasons: the fact that there were prior 

empirical grounds for the set of initial covariates, and to avoid the enhanced risk that such a 

procedure carries of overfitting or “modeling sample noise,” i.e. of finding spurious effects that 

are due to random sampling variation.62  

 Covariate (Independent Variable) Specifications for Two-part Model 

 Time Period, Demographic, Anthropometric, and Work Covariates 

 Time Period: in the form of indicator variables for “Before PSG/matching date,” “After 

PSG/matching date”.  “Before PSG/matching date” is the base (omitted) category 

Personal characteristics that are used in all models and may be associated with variation in 

medical costs include:   

 Sex: One indicator variable for “Female”; the base (omitted) category is “Male.” 

 Age at PSG/matching: Age at PSG (Diagnosed drivers) or at comparison date (Screen-

positive Controls) specified as indicators for the ranges of “40 ≤ Age < 50”, and “Age ≥ 
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50”; the lowest range “21 ≤ Age < 40” is the base (omitted) category. The minimum age 

for a commercial driver’s license in interstate transportation is 21.  

 Race: Race/ethnicity is in the form of indicator variables for “African-American”, and 

“Other.” “Other” subjects are neither African-American nor White. The base (omitted) 

category is “White”. 

 Marital Status:  Marital status over the study period is a binary indicator variable for 

“Married” if the status of the driver was “married” during the majority of the observation 

period.  Drivers not classified as married were classified as single, the base (omitted) 

category. 

 Geographic Location:  The geographic location of the driver’s home is in the form of 

indicator variables for “Northeast”, “South”, and “West.”  The base (omitted) category is 

“Midwest”. 

 Body Mass Index:  Body Mass Index (recorded at the PSG date for Diagnosed drivers, and 

as a screening result for Screen-positive Controls) specified as a set of indicator variables: 

“25 ≤ BMI < 35”, and “BMI ≥ 35”; the base (omitted) category was “BMI < 25”. 

 Type of Work: in the form of indicator variables for “System,” “Local,” “Regional,” 

“Team,” and “Other.” “Dedicated” is the base (omitted) category.   

 Exposure, Sub-group Identifiers, and Interactions 

 Exposure to medical costs was measured in months of enrollment in the health insurance 

program before or after the PSG date, whichever was relevant.   

 Study Sub-groups: As defined above, in the form of indicator variables for OSA 

Negatives, Positive Adherence, and Screen-positive Controls.  No Adherence drivers are 

the base (omitted) category.  
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 Time interacted with Type of Work (five additional indicator variables). 

 Time interacted with Race (two additional indicator variables). 

 Time interacted with Geographic Region (three additional indicator variables). 

 Age interacted with Study Sub-groups and Time Period: This formulation produces six 

indicator variables for the combinations of Age category (above) and Study Sub-group, 

two indicator variables for the combinations of Time and Age category, three indicator 

variables for the combinations of Time and Study Sub-group, and six indicator variables 

for combinations of Time, Study Sub-group, and Age category.   

All indicator variables are binary, coded as “1” if the driver had the characteristic, and “0” 

otherwise. Three discrete categories were used for Age and BMI to allow for non-linear effects 

without the complexity of a polynomial specification.  

Note that the size and statistical significance of each specific coefficient estimate from each 

part of the model enters into the calculation of the size and statistical significance of every cost 

and cost difference estimate. However, the coefficient estimates are intermediate, and not final, 

results. That is, neither the size nor the statistical significance of any of the individual coefficient 

estimates are directly informative about either the size or the statistical significance of any 

specific cost or cost difference estimate. Thus the estimated coefficients from both portions of the 

two-part model are presented only in the Online Supplement, and the focus herein is on the 

model-adjusted predictions. 

As previously noted, the coefficient estimates capture the systematic part of the relationship 

between each covariate and costs, simultaneously adjusting for the other covariates. Conditional 

on the structure of the model, the model-adjusted predictions thus account for the following 

aspects of the underlying data: a) variations across study sub-groups with respect to the propensity 
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to have positive (versus zero) costs, b) variations across study sub-groups in the level of costs 

incurred when costs were positive,63 c) variation in costs across time periods, d) variations across 

study sub-groups in the risk of exposure to a medical claim (the number of medical insurance 

enrollment months observed in each period), and e) variations across study sub-groups in the 

distributions of potentially confounding demographic, anthropometric, and work type covariates.  

 Supporting Analyses 

Several supporting analyses were undertaken. Some relevant results are presented below, and 

all details are reported in the Online Supplement.  

First, additional details about the removal of the partial OSA program costs from the medical 

insurance claim costs are presented (Online Supplement, Section II). Second, additional details are 

presented about the characteristics of the medical insurance cost distributions (differences across 

sub-groups in zero costs, and an outlier description; Online Supplement, Section III). Third, 

PMPM cost estimates from the observed data are presented for main study sub-groups in both 

time periods (Online Supplement, Section IV).  Fourth, details about model development and 

estimating predicted PMPM costs for Hypothesis 2 are presented (Online Supplement, Section V). 

Fifth, the individual coefficient estimates for both parts of the two-part model are presented 

(Online Supplement, Section VI).  Sixth, to complement the cost differences highlighted in the 

evaluation of Hypothesis 2, the underlying PMPM cost estimates derived from the two-part model 

are presented for main study sub-groups in both periods (Online Supplement, Section VII).  

Seventh, PMPM cost estimates derived from the model are presented for smaller subsets of the 

main study sub-groups, broken out by age for both periods (Online Supplement, Section VIII).  

Eighth, two robustness checks on the use of the multivariate two-part model are presented: the 

main results are re-done with AHI ≥15 as the threshold for a positive OSA diagnosis (Online 
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Supplement Section IX), and without a large outlier cost value  (Online Supplement, Section X). 

Ninth, evidence is offered on the reason two adherence sub-groups have been collapsed into one 

(Online Supplement, Section XI).  Tenth, evidence is provided on how costs break out by major 

diagnostic category (MDC) and by whether a claim was associated with some selected 

comorbidities of OSA or not (Online Supplement Section XII). Eleventh, details on the pattern of 

exits from employment across study sub-groups are presented (Online Supplement, Section XIII). 

Twelfth, details on the process of estimating the aggregate cost savings are presented (Online 

Supplement Section XIV).  Finally, a robustness check is presented for the estimate of the 

aggregate cost savings: removing a large outlier (Online Supplement Section XV).  

The data synthesis and analysis were performed by the University of Minnesota, Morris 

Truckers & Turnover Project (S.V. Burks, Principal Investigator, J.E. Anderson and B. Panda, Co-

Investigators). Retrospective analysis of individually identified protected health information was 

approved by the Institutional Review Board of the University of Minnesota. All analyses were 

conducted with Stata Version 14.2 software.  

 

4. Results 

 Participant Characteristics 

Two statistical profiles of the study participants are presented in Tables 1 and 2. Table 1 

breaks out participants into Screen-positive Controls versus all Diagnosed drivers. As is to be 

expected from the method of matching of controls to Diagnosed drivers, mean job tenure before 

the PSG/matching date is the same, as is the mean number of observed months of enrollment.  

Screen-positive control drivers have, overall, slightly higher BMI than Diagnosed drivers 

(considering the BMI category variable; Fisher’s exact test, p=.04).  Table 2 breaks out 
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participants into Screen-positive Controls versus the three Diagnosed driver sub-groups: OSA 

Negative, any Positive Adherence, and No Adherence. In particular, demographic factors (age, 

marital status, geographic location, and BMI), and exposure characteristics (months of medical 

insurance enrollment and of job tenure) vary across study sub-groups, which made accounting for 

such differences with a multivariate model appropriate for assessing Hypothesis 2.  

The participant characteristics reflect that participants were all screened, from among 

employee drivers of the study firm, as at High Priority for an OSA diagnosis (by the Somni-Sage® 

self-report questionnaire). As a result, they were older and more obese than the overall driver 

population. For comparison, among a stratified random sample of drivers interviewed by the 

National Institute of Occupational Safety and Health at truck stops across the US (a population 

likely to be similar to the study firm’s drivers), 69% were found to be obese (BMI ≥ 30),64 while 

among study participants 83.6% of Screen-positive Controls, 61.6% of negatives, 82.8% of 

Positive Adherence drivers, and 82.5% of No Adherence drivers fell in this category. Since the 

full driver population at the study carrier can be expected to reflect the characteristics of the long-

haul driver population in the US,64,65 the selection of drivers from that population for OSA 

diagnosis through any method analogous to that of the Somni-Sage® screening tool is likely to 

identify a group with similar age and obesity characteristics.26  

 Hypothesis 1: Aggregate Medical Cost Savings from Diagnosis and Treatment of 

Screen-positive Drivers 

Table 3 shows cost estimates derived from 10,000 bootstrap samples rescaled to show non-

OSA-program medical insurance claim costs per 100 drivers over a period of 18 months before 

and 18 months after the PSG/matching date.  Subtracting the difference between Screen-positive 

Controls and Diagnosed drivers before the PSG/matching date from the same difference 
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calculated in the after-period produces the values in the lower right cell, a difference-in-

differences estimate of the aggregate cost savings in non-OSA-program medical insurance claims: 

$153,042.  A 95% bootstrap confidence interval formed from the 2.5 and 97.5 percentiles of the 

cost difference distribution is (-$5,352, $330,525).  This range for the aggregate cost savings 

contains a negative lower bound, showing that it is not statistically significant at the conventional 

standard of p=.05. However, the range includes primarily positive values, and the estimate is 

statistically significant at the p=.06 level, providing suggestive evidence for aggregate cost 

savings in non-OSA-program medical insurance costs from the OSA program. 

The costs of the OSA program itself are not estimated due to data limitations. But for 100 

drivers to be diagnosed, and treated as required, they would consist of: (1) the costs of screening 

enough drivers to find 100 at high priority for an OSA diagnosis (approximately 333 drivers),26 

(2) the cost of diagnosing 100 drivers, and (3) the costs of providing 81 drivers found to have 

OSA with APAP, along with any needed follow-up and maintenance.  

 Hypothesis 2:  Effect of OSA Treatment on the Medical Costs of a Driver with OSA  

Table 4 presents the results of the estimation process described in Methods using the two-part 

multivariate model. The top rows display the findings when the process is applied using mean 

covariate values computed only from the drivers who showed positive evidence of APAP 

treatment adherence. The predicted differences in PMPM non-OSA-program medical insurance 

claim costs associated with accepting treatment, as opposed to refusing it, are shown for both 

periods, and the treatment effect (the difference in the predicted differences) is in the rightmost 

column: -$441 PMPM 95% CI: (-$861, -$21). The bottom rows provide the same display but 

using mean covariate values calculated from all drivers offered treatment (i.e. including both the 

Positive and the No Adherence subgroups, or an “intention to treat” analysis). In both cases, the 
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estimated PMPM costs savings associated with accepting APAP treatment are substantial, and in 

both cases the results are statistically significant by conventional standards.  

 Supplementary Results: Robustness Check on the Aggregate Cost Savings 

As described in Methods, a robustness check was performed by repeating the analysis without 

the matched pair (Diagnosed driver and Screen-positive Control) containing an outlier, a Screen-

positive Control participant with an observed PM cost over $250,000.  The main results include 

this outlier, as high variance and outliers are characteristics of medical insurance data. The impact 

of removing the high-cost Control is noticeable; estimated mean savings become $107,106 (a 

$45,936 reduction; 95% CI is -$29,697, $252,323; see Online Supplement, Section XV).  

 Supplementary Results: Two Robustness Checks on the Two-part Model 

As described in Methods, two robustness checks were performed. First, the analysis of Table 4 

is repeated, but under the new assumption that the threshold for a positive OSA diagnosis is 

increased from AHI ≥5 to AHI ≥15. The reclassification causes changes in sub-group sizes, and in 

particular, the Positive Adherence subgroup is 27% smaller, and the No Adherence subgroup is 

37% smaller, since the number of OSA positives is smaller. Under this modification, the 

difference-in-differences estimate of the OSA treatment effect on medical insurance costs is 

lower, and is now not statistically significant: -$318 PMPM (95% CI: -$934, $298, for drivers 

who accepted treatment), as compared to the value of -$441 in Table 4. However, the qualitative 

pattern of the results is similar to that in Table 4 (see Online Supplement Section IX).  

Second, the as noted in the description of the Hypothesis 1 robustness check (above), the data 

contained one notable cost outlier in the control group in the after-period. The Table 4 analysis is 

re-run omitting the matched pair containing this driver (Online Supplement Section X).  The 

pattern of results is very similar to that in Table 4 – the estimated treatment effect drops by only 
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$9, and the estimate remains statistically significant by conventional standards.  

 Supplementary Model Results: Age Breakout 

Model specification selection methods revealed a significant interaction of age with study sub-

groups across time period. Breakout tables of model-predicted PMPM costs by age for the both 

periods show that while the pattern of cost estimates across sub-groups is similar overall, the 

oldest age category has the largest cost point estimate for every sub-group in both periods except 

for drivers with Positive Adherence in the after-period (Online Supplement Section VIII).  

 Supplementary Results: Breakouts by MDC and OSA Comorbidity Status 

 Findings by MDC are limited by the fact that positive costs for non-OSA-program medical 

claims are sparse when broken out into smaller categories. Online Supplement Section XII shows 

(model-unadjusted) per-member per-month costs within each of the 18 MDCs available in the 

clinical classification software system, by period and study sub-group; most costs are small.66  

In addition, versions of Table 4 (estimates from the two-part model by sub-group and period 

using mean values of individual characteristics computed from relevant subgroups and 18 months 

exposure) are displayed for all costs associated with a selected list of commonly identified OSA 

comorbidities, and also for its complement, all costs which are not in this list (Online Supplement 

Section XII).  Because each estimate utilizes (only) a subset of all non-OSA-program medical 

costs, statistical significance is less likely. The difference-in-differences point estimate of the 

OSA treatment effect for selected OSA comorbidities is higher than the estimate for the group of 

conditions not in the list of selected comorbidities; while it is not statistically significant by 

conventional standards, it is close (-$313, 95% CI: -$687, $60, when calculated for drivers that 

accepted treatment). The estimate of the treatment effect for diseases not in the selected 

comorbidities list is statistically significant by conventional standards when calculated for the 
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drivers that accepted treatment: -$184 (95% CI: -$366, -$3).  

 

5. Discussion 

 Two Primary Findings are Substantive and together are Significant 

This study examines the first large-scale employer-mandated OSA program undertaken in the 

US trucking industry, and the largest employer-based program in the US as far as the authors are 

aware. It analyzes a unique data set, the medical insurance and operational records of 3,032 truck 

driver participants, and provides tests of two hypotheses. Hypothesis 1 is that the non-OSA-

program medical costs for Screen-positive Controls who went through the OSA program were 

smaller than those of Screen-positive Controls who did not, given the characteristics of the actual 

driver participants. The savings for 100 drivers over an 18-month period is estimated to be 

$153,042 (95% CI: -$5,352, $330,525). Hypothesis 2 is that OSA treatment lowered the non-

OSA-program PMPM medical costs of drivers with OSA who adhered to APAP treatment, as 

compared to drivers with OSA who did not accept treatment. The estimated PMPM saving for 

those who accepted treatment is -$441 (95% CI: -$861, -$21). The analysis result for Hypothesis 1 

is near statistical significance at the conventional standard (p=.06), and reaches the conventional 

standard (p=.035) for Hypothesis 2.  Taken together, this is substantial evidence that OSA 

treatment is associated with savings in non-OSA-program medical insurance claim costs.  

It may be asked why the estimated effect of APAP treatment on the medical insurance costs of 

a typical driver does not translate into a larger aggregate savings level (as, for example, a simple 

multiplication of the treatment effect by 100 drivers and 18 months might suggest). The main 

reason is the effect on the estimated aggregate savings of the continuing flow of entries into and 

exits from employment experienced by the study firm, a process that is typical of firms in its 
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business segment.51 Specifically, the benchmark reference against which the aggregate cost of 100 

Diagnosed drivers over 18 months was measured was that of 100 Screen-positive Controls over 

the same time period. But this cost is substantially reduced by the significant number of Screen-

positive Controls who exited employment before the observation period ended; these exits 

lowered the benchmark cost, and thus lowered the estimated cost savings (see Figure 1).  

Consideration of the turnover process does, however, lead to two considerations which 

strongly suggest that the estimated value of aggregate savings is a lower bound on the actual value 

in a continuing OSA program. First, the most relevant control group is drivers who would have 

been screen-positive in the absence of an OSA program, as these drivers would be accumulating 

continuing medical insurance costs paid by the firm employing them. Screen-positive Controls 

who were aware of the OSA program, but who had not yet been sent for a diagnosis, are a natural 

proxy. However, it is reasonable to speculate that knowledge of the OSA program caused some 

Screen-positive Control drivers in the study to accelerate their exit from employment, in order to 

avoid being sent for a PSG diagnostic test, with the consequent likelihood of being diagnosed with 

OSA.47 To the extent this occurred, the aggregate costs of the study’s Screen-positive Controls 

would have been lower than those of the most relevant control group, a similar set of drivers who 

did not expect to be sent for diagnosis if they stayed on the job. Holding the cost of Diagnosed 

drivers constant, raising the reference benchmark would in turn raise the estimated aggregate cost 

savings. The finding that Screen-positive Controls had statistically higher BMI than Diagnosed 

drivers is consistent with this speculation.  

Second, the aggregate cost of the Diagnosed drivers includes the costs of the No Adherence 

subgroup.  These drivers were very expensive, and while they exited quickly compared to other 

subgroups, their mean observation length in the after-period was 27 weeks, and a majority quit, 
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because discharging those who were not adherent to treatment took time. Thus, their aggregate 

costs are a substantial contribution to the aggregate costs of the Diagnosed drivers. It was a goal 

of the study firm to shorten the remediation process for No Adherence drivers. To the extent this 

occurred (and this began to occur during the study period), it would lower the costs of No 

Adherence subgroup, which would lower the aggregate cost of the Diagnosed drivers. Holding the 

costs of Screen-positive Controls fixed, this would increase the estimated aggregate cost reduction 

for the Diagnosed as compared to Controls. Both of these considerations suggest the true savings 

from an ongoing OSA program may be higher than the estimated value.   

It must be noted that a standard randomized prospective controlled trial for the evaluation of 

these two hypotheses was not feasible (and never will be), because it was neither ethical nor legal 

to randomly assign some drivers with OSA either to no treatment or to a sham treatment, since an 

effective treatment exists, and since untreated OSA is associated with higher commercial vehicle 

crash risk.36,55  As a result, a retrospective analysis of the data from an OSA program designed by 

managers for a business purpose (improving fleet safety performance) was required.  A 

retrospective analysis in this context has both advantages and challenges, and these are discussed 

in the following sections.  

 Advantages of this Study 

This study has several advantages over prior work.  

1) It is a retrospective analysis of the actual non-OSA-program medical insurance claim 

expenses incurred by 3,032 employees in an employer-based program to screen, diagnose, and 

treat employees for OSA, covered with no out-of-pocket cost for employees enrolled in the study 

firm’s voluntary medical insurance.  

2) Because employee participation (and treatment adherence for those with OSA) was 
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mandated (on vehicle safety grounds) by the study firm as a condition of continued employment, 

it provides a unique estimation of the medical cost benefits of an OSA program when failure to 

adhere to treatment was minimized by comparison with the magnitude of this issue in a general 

patient population.  

3) Because prescribed treatment was by APAP, objective treatment adherence data recorded 

by APAP units was available.   

4) OSA diagnosis was by an in-lab overnight polysomnogram, a benchmark for diagnostic 

quality.  

5) The well-established pattern of driver turnover in the part of for-hire motor freight in which 

the study firm operates,51 together with the potential for healthy worker selection and safety 

selection,36,53,55 implied that many drivers with poor health and high medical costs, both of which 

were likely to have been due to OSA, were prevented from entering the participant pool, because 

they left employment before the study began. A consequence was the potential for different levels 

of such selection between Diagnosed drivers and Screen-positive Controls. This issue was 

addressed effectively by matching each Diagnosed drivers with a Screen-positive Control on job 

tenure and experience-at-hire, to ensure both subgroups had the same exposure both to the 

selection processes as well as to the chance of filing a medical insurance claim.   

6) The potential for bias resulting from non-random selection of which Screen-positive 

Controls were sent for an OSA diagnosis (an issue relevant to Hypothesis 1) was addressed 

effectively with a difference-in-differences approach. The cost difference from the period before 

the PSG/matching date was subtracted from that observed in the period after the PSG/matching 

date, to remove the effects of any initial differences.35  

7) A bootstrap approach was used to generate the difference-in-differences Hypothesis 1 
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aggregate cost savings estimate and its confidence interval, which effectively utilized the 

information contained in the data about the actual costs incurred by the actual drivers in the study 

sample.67   

8) As noted above, all drivers diagnosed with OSA were necessarily offered effective 

treatment, which implies they then self-selected into treatment adherence sub-groups. This created 

the challenge in that drivers choosing to avoid mandated APAP treatment may have had other 

behavioral differences from those accepting treatment that affected their costs. This was also 

effectively addressed with a difference-in-differences approach.35 

9) The two-part model used for Hypothesis 2 not only applied the difference-in-differences 

methodology through the use of model-predicted values, it also effectively addressed two other 

features of the data. One was the distributional properties of medical insurance expenses, which 

contained different proportions of zero costs and of a smaller number of high costs across the 

study sub-groups. The second was differences across study sub-groups in anthropometric and 

work/related driver characteristics, along with differences in exposure in the after-period (which 

occurred because No Adherence drivers departed quickly compared to other subgroups).  

 Limitations of this Study 

1) As noted above, medical and safety selection differentially removed high cost drivers 

before they could enter the study, and is likely to have especially affected drivers with serious 

OSA and/or serious complications. The potential effect of the return of these drivers to the study 

data set cannot be definitively determined, though it can be speculated that costs associated with 

OSA comorbidities would be particularly affected, and that the aggregate cost savings of 

Diagnosed drivers as compared to Screen-positive Controls might cross the threshold of statistical 

significance.  
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2) The evidence suggests that medical costs for all drivers who had untreated OSA rose over 

time, as might be expected due to the progression of the disease. This does not pose a challenge 

for the test of Hypothesis 1, which used actual costs during the period of observation, with a 

conservative approach to cost inflation for drivers whose observations were censored. However, 

while using the two-part model to address Hypothesis 2 has multiple advantages, and while it 

correctly accounts for differences in exposure, it also has the limitation that it implicitly treats 

PMPM costs as constant for all months when used to compute the predicted values used in the 

difference-in-differences estimates.   

3) The inability to randomly assign participants to a sham versus real treatment means that 

placebo effects, if present, cannot be separately identified from the effect of OSA treatment.  The 

difference-in-differences approach used can separate out only the “total” effect of OSA treatment 

(i.e. including any placebo effect) as distinct from all unmeasured effects on medical costs 

associated with driver self-selection into treatment groups. This is remediated to a degree by the 

fact that even though the estimated result is not the treatment effect most of interest to medical 

science, it is nonetheless a treatment effect of central interest to motor carrier managers and safety 

policy makers, who need to know the total effect of OSA treatment on medical insurance costs.35  

4) The difference-in-differences methodology gives an accurate answer conditional on the 

assumption that the differences between study subgroups observed in the first period are 

maintained in the second period, an assumption which cannot be directly tested.35 This is partly 

remediated by the fact that the model used to estimate the treatment effect accounts directly for 

any changes in the covariates, and more generally by the fact that difference-in-differences is the 

best feasible statistical methodology, given the prohibition of a randomized prospective trial due 

to ethical and legal liability issues.    
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5) Due to data limitations, the medical insurance claims costs presented here do not include 

those for pharmaceutical claims, and the costs of the OSA program itself are not included in the 

analysis.  

6) Limitations in the way the APAP adherence data was recorded required the categorization 

of drivers into adherence sub-groups with limited differentiation, except for that between those 

showing no adherence versus any positive level of adherence. This is reflected in the fact that 

statistical differences in medical insurance costs between drivers with different levels of positive 

adherence were not found.  

d. Medical and Policy Implications 

The study firm, like many large motor carriers, was self-insured for most medical claims, and 

so benefited directly from these savings: a study firm executive was quoted in 2016, “We can fund 

the expense of OSA diagnosis and treatment just by generating savings on the medical side.”68  

Medical insurance providers to smaller carriers may expect similar benefits to those of the study 

firm, if they organize and manage an OSA program for their trucking firm customers that is 

similar to that of the study firm. The evidence presented suggests that medical insurance firms 

might lower their net costs by offering such customers an OSA program for their driver 

employees with screening, diagnosis, and treatment as preventive care at low or no charge, as long 

as the motor carrier makes the program mandatory (which is separately justifiable on safety 

grounds).36   

Further, the estimates of aggregate cost savings omit some parts of the cost savings to the 

firm, to drivers, and to society, that are associated with a mandatory OSA program. The potential 

savings in pharmaceutical insurance costs are not included here, nor is the value of injuries, lost 

work time, or disability days associated with untreated OSA,69-71 nor the savings from avoided 
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preventable crashes. It is also likely that the Positive Adherence drivers, who had lower medical 

insurance expenses as a result of the program, experienced better health.  Additionally, the data 

show starting with 100 Screen-positive Controls and 100 Diagnosed drivers at the PSG/matching 

date, after 18 months the study firm retained on average 13 more Diagnosed drivers than Screen-

positive Controls (see Online Supplement Section XIII; the result is driven by the longer retention 

of Positive Adherence and OSA Negative drivers as compared to Controls). This shows that the 

OSA program also improved driver retention and lowered the study firm’s turnover costs.  

Trucking firm managers and their medical insurance providers should consider these findings 

on cost savings, along with earlier findings on the reduction in the risk of serious preventable 

truck crashes,36 when considering OSA programs. Trucking safety regulators should consider 

them with respect to mandating OSA screening standards for commercial motor vehicle operators.  
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233-240. 

71. Sullivan JP, O'Brien CS, Barger LK, Rajaratnam SM, Czeisler CA, Lockley SW. 

Randomized, Prospective Study of the Impact of a Sleep Health Program on Firefighter Injury and 

Disability. Sleep. 2017; 40 (1). 
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Figure captions list 

Figure 1. Retention on the Job After the PSG/matching Date by Study Sub-Group (Kaplan-

Meier Survival Curves) 
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Table 1. Characteristics of Participants:  

Screen-Positive Controls and Diagnosed Drivers 

Category Screen-Positive 

Controls 

Diagnosed Drivers 

 N % N % 

Total 1,516 1,516 

Gender     

  Female 40 2.6% 83 5.5% 

  Male 1,476 97.4% 1,433 94.5% 

Age     

  Under 40 583 38.5% 533 35.2% 

  40 - 49 409 27.0% 484 31.9% 

  50 or more 524 34.6% 499 32.9% 

Race     

  White 1,126 74.3% 1,158 76.4% 

  African-American    230 15.2% 202 13.3% 

  Other 160 10.6% 156 10.3% 

Marital Status*     

  Married 729 48.1% 667 44.0% 

  Single 787 51.9% 849 56.0% 

Geography     

  Midwest 529 34.9% 567 37.4% 

  Northeast 170 11.2% 100 6.6% 

  South 662 43.7% 727 48.0% 

  West 155 10.2% 122 8.0% 

BMI     

  Under 25 39 3% 61 4% 

  25 - 34.9 682 45.0% 702 46.3% 

  35 or more 795 52.4% 753 49.7% 

Mean AHI NA 27.3 

Mean Enrolled 

Months 

  

  Before PSG 18.3 17.7 

  After PSG 11.4a 13.9a 

Mean Tenure 

Months 

  

  Before PSG 43.9 44.0 

  After PSG 12.4b 14.4b 

Abbreviations “AHI” for “Apnea Hypopnea Index”, ”BMI” for “Body Mass Index,” 

“PSG” for “polysomnogram.” All characteristics not labeled as "before" or "after" reflect data 

after the PSG/matching date except Age and AHI, which are recorded on the PSG/matching 

date. *Marital Status is the most frequent status within the after period. Within a row, 
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columns containing the same superscript(s) are significantly different (t-tests, p ≤ .05, not 

adjusted for multiple comparisons).  
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Table 2. Characteristics of Participants:  

Screen-Positive Controls and Sub-groups of Diagnosed Drivers 

Categor

y 

Controls OSA 

Negative 

Any 

Adherence 

No 

Adherence 

 N % N % N % N % 

Total 1,51

6 

100.0

% 

29

2 

19.3

% 

93

2 

61.5

% 

29

2 

19.3

% 

Gender         

  Female 40 2.6% 26 8.9% 43 4.6% 14 4.8% 

  Male 1,47

6 

97.4% 26

6 

91.1

% 

88

9 

95.4

% 

27

8 

95.2

% 

Age         

  Under 

40 

583 38.5% 12

2 

41.8

% 

28

6 

30.7

% 

12

5 

42.8

% 

  40 - 49 409 27.0% 77 26.4

% 

30

4 

32.6

% 

10

3 

35.3

% 

  50 or 

more 

524 34.6% 93 31.9

% 

34

2 

36.7

% 

64 21.9

% 

Race         

  White 1,12

6 

74.3% 22

2 

76.0

% 

71

7 

76.9

% 

21

9 

75.0

% 

  

African-

American    

230 15.2% 36 12.3

% 

12

5 

13.4

% 

41 14.0

% 

  Other 160 10.6% 34 11.6

% 

90 9.7% 32 11.0

% 

Marital 

Status* 

        

  

Married 

729 48.1% 13

7 

46.9

% 

41

9 

45.0

% 

11

1 

38.0

% 

  Single 787 51.9% 15

5 

53.1

% 

51

3 

55.0

% 

18

1 

62.0

% 

Geograp

hy 

        

  

Midwest 

529 34.9% 11

9 

40.8

% 

33

3 

35.7

% 

11

5 

39.4

% 

  

Northeast 

170 11.2% 23 7.9% 67 7.2% 10 3.4% 

  South 662 43.7% 13

2 

45.2

% 

45

1 

48.4

% 

14

4 

49.3

% 

  West 155 10.2% 18 6.2% 81 8.7% 23 7.9% 

BMI         
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  Under 

25 

39 3% 38 13% 17 2% 6 2% 

  25 - 

34.9 

682 45.0% 16

9 

57.9

% 

40

3 

43.2

% 

13

0 

44.5

% 

  35 or 

more 

795 52.4% 85 29.1

% 

51

2 

54.9

% 

15

6 

53.4

% 

Mean 

AHI 

NA 1.8a 34.3a 30.2a 

Mean 

Enrolled 

Months 

    

  Before 

PSG 

18.3b 17.9c 19.5b 11.6bc 

  After 

PSG 

11.4a 12.9a 17.0a 5.2a 

Mean 

Tenure 

Months 

    

  Before 

PSG 

43.9a 41.7d 50.3ad 26.5ad 

  After 

PSG 

12.4b 13.7c 17.2bc 6.0bc 

Abbreviations “AHI” for “Apnea Hypopnea Index”, ”BMI” for “Body Mass Index,” “PSG” for “polysomnogram.” 

All characteristics not labeled as "before" or "after" reflect data after the PSG/matching date except Age and AHI, 

which are recorded on the PSG/matching date. *Marital Status is the most frequent status within the period.  Within a 

row, columns containing the same superscript(s) are significantly different (t-tests, p ≤ .05, not adjusted for 

multiple comparisons). 
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Table 3. Testing Hypothesis 1: Aggregate Costs, Cost Differences, and  

Difference-in-Differences Savings Estimate for a Pool of 100 Drivers over 18 Months 

Study Subgroup Estimated Cost 

for 100 Drivers 

BEFORE 

Estimated Cost 

for 100 Drivers 

AFTER 

Cost Difference 

(After - Before) 

Controls $344,231 $530,925  $186,694  

95% CI (291,465, 

404,707)  

(411,120, 

676,368)  

(56,153, 

339,195)  

Diagnosed $324,409  $358,061  $33,652  

95% CI (265,927, 

391,084)  

(292,625, 

430,829)  

(-54,686, 

122,784)  

Cost Difference 

(Controls - Diagnosed) 
$19,822  $172,864  $153,042  

95% CI (-62,337, 

100,716)  

(31,722, 

331,151)  

(-5,352, 

330,525)  
Abbreviation: “PSG” for “polysomnogram.” Table reports results from 10,000 empirical bootstrap iterations 

using costs in the 18 months before, and the 18 months after, the PSG/matching date. Costs are adjusted from dollars 

at the time of the study to 2018 dollars using the Personal Consumption Expenditure (PCE) index for health care 

expenses. The lower right table cell provides the difference-in-differences estimate of the aggregate cost savings. 

This estimate is statistically significant at the p=.06 level.  

 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/advance-article-abstract/doi/10.1093/sleep/zsz262/5606928 by guest on 29 January 2020



Acc
ep

te
d 

M
an

us
cr

ipt

 

 Page 49 of 49 

 

 

Table 4: Testing Hypothesis 2: Model-adjusted Estimates  

of the Effect of OSA Treatment on a Typical Driver   

Treatment Effect 

Estimated 

PMPM Cost 

Difference BEFORE 

Estimated 

PMPM Cost 

Difference 

AFTER 

PMPM Cost 

Difference-in-

Differences 

Effect of Treatment (on Treated 

Drivers) 
-$134  -$575  -$441  

95% CI (-$290, $22) (-$972, -$179) (-$861, -$21) 

Effect of Treatment (on All Drivers 

Offered Treatment) 
-$123  -$546  -$423  

95% CI (-$273, $27) (-$915, -$176) (-$816, -$30) 
The two-part multivariate model jointly estimates the probability of positive costs and the level of costs if positive, and 

both parts of the model adjust for the following individual driver characteristics: length of per-period exposure (observed 

insurance enrollment), sex, age, race/ethnicity, marital status, geographic location, BMI, job type, study subgroup 

membership, and time-period, along with multiple interactions (e.g. time-period with other covariates, interactions of study 

subgroup with age and time period). The treatment effect for treated drivers (Rows 1 & 2) gives the estimated total PMPM 

cost savings and 95% CI associated with treatment, for those who accepted treatment. It is generated by using the estimated 

model coefficients and the model’s two equations to calculate predicted cost values, with individual covariate values set at the 

mean for members of the Positive Adherence subgroup, and all exposures set at 18 months. The first calculation sets subgroup 

indicators for the “counterfactual” condition that the “average Positive Adherence driver” did not adhere to treatment, and the 

second calculation sets subgroup indicators for the condition that the “average Positive Adherence driver” did adhere to 

treatment, and the estimated treatment effect is the difference of the two predicted costs. The treatment effect for all drivers 

offered treatment (an “intention to treat” analysis”; Rows 3 & 4) repeats the calculations for Rows 1 & 2, except that the mean 

values for all covariates are set at the levels associated with all drivers offered treatment (i.e. including both the Positive and 

No Adherence subgroups). The difference between the after period and before period differences is the estimated treatment 

effect (difference-in-differences; last column). Stata’s “margins” command was used to generate the estimated cost differences 

and confidence intervals. Costs are in 2018 dollars, adjusted using the Personal Consumption Expenditure (PCE) index for 

health care expenses. AHI ≥ 5 is the positive OSA diagnosis threshold level. Abbreviations: “Per-member per-month” is 

“PMPM,” “polysomnogram” is “PSG,” “CI” is “confidence interval.” 
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