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BACKGROUND: Opioids and benzodiazepines are central nervous system (CNS) depressants with 

sedating effects that can adversely impact cognitive as well as motor performance thereby potentially 

increasing the risk of occupational injury. To date, few studies have assessed the relationships between 

acute and chronic opioid or benzodiazepine use and occupational injury risk across multiple occupations. 

 

METHODS: The primary objective of this study was to examine the risk of occupational injury associated 

with acute (60 or fewer prescription days supplied in the 180 days preceding injury) opioid or 

benzodiazepine use across various occupations and in safety sensitive fields. The secondary aim was to 

determine whether dose escalation (a dose increase of greater than 10%) among workers who 

chronically use opioids or benzodiazepines was associated with an increased risk of occupational injury. 

A case crossover study design, employing injury data from the Washington State Department of Labor 

and Industries workers' compensation claims database paired with the Washington State Prescription 

Monitoring Program database, was used to examine the study hypotheses. Each hazard period was 

matched to four control periods. Statistical analyses were performed for 7-day, 14-day, and 28-day 

hazard and control periods. Conditional logistic regression was used to calculate odds ratios. 
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RESULTS: For acute opioid users, there was a statistically significant decreased risk of occupational 

injury for 7-day, 14-day and 28-day hazard and control period analyses (OR 0.84, 95%CI 0.80 – 0.89; OR 

0.87, 95%CI 0.82 – 0.89; and OR 0.83, 95%CI 0.80 – 0.86 respectively). Similar results were obtained 

when the analyses were restricted to claims among workers in safety sensitive fields. There was no 

statistically significant association between acute benzodiazepine use and occupational injury risk even 

among claimants in safety sensitive fields. Among chronic opioid or benzodiazepine users, increase in 

opioid or benzodiazepine dose was not associated with an increase in occupational injury risk. 

 

CONCLUSION: Acute opioid use was associated with a decreased risk of occupational injury, which was 

unexpected. This association was similar among claimants in safety sensitive occupations compared to 

claimants in all occupations. Acute benzodiazepine use was not associated with a statistically significant 

change in occupational injury risk. Among chronic opioid and benzodiazepine users, increase in 

medication dose was not associated with a statistically significant change in occupational injury risk. 

Possible explanations for these findings are explored. These results should be interpreted with caution 

particularly given potential biases and confounding introduced because of unidirectional control period 

selection, and opioid prescribing time trends. 
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INTRODUCTION: 

Opioids and benzodiazepines are central nervous system (CNS) depressants with sedating effects that 

can adversely impact cognitive as well as motor performance thereby contributing to increased injury 

risk.1,2 There have been few studies showing an association between opioid or benzodiazepine use and 

risk of occupational injury. Howard et al demonstrated an increased risk of self-reported accidents in the 

preceding 3 years among Australian commercial vehicle drivers using opioid analgesics regularly or 

occasionally compared to drivers who did not (OR 2.40 (95% CI, 1.46 – 3.92)).3 Among male commercial 

motor vehicle drivers involved in fatal crashes, though the yearly prevalence of opioid analgesic use 

between 1993 and 2008 was low (0.1-0.46%), opioid analgesic use as evidenced by postmortem testing 

was associated with an increased risk of crash responsibility (OR 2.80 (95% CI, 1.64 - 4.81)).4 In a case 

control study by Gilmore et al in which the association between prior usage of medication and traumatic 

occupational injuries was investigated, there was no significant association between narcotic medication 

purchased during the 30 days prior to injury and acute traumatic occupational injury risk.5  

 

Numerous studies have however demonstrated an increased risk of non-occupational injuries among 

individuals taking opioids and benzodiazepines compared to those who do not. The majority of these 

studies have examined the impact of opioid analgesic and benzodiazepine use on the risk of motor 

vehicle accidents among drivers. 6–10 Bachs et al showed that Norwegian drivers using codeine in 

combination with other impairing drugs were more likely than drivers not using codeine or other impairing 

drugs to be involved in a motor vehicle accident resulting in personal injury (SIR 1.9 (95% CI, 1.6−2.2)).6 

Among Canadian drivers prescribed opioids, Gomes et al found a significant positive relationship 

between opioid dose and risk of road trauma.7 Compared with very low opioid doses, drivers prescribed 

low doses (20 – 49 MED (morphine equivalent dose)) had a 21% increased odds of road trauma (OR 

1.21 (95% CI, 1.02-1.42)); those prescribed moderate doses (50 – 99 MED), a 29% increased odds (1.29 

(95% CI, 1.06-1.57)); and those prescribed high doses (100 – 199 MED), a 42% increased odds (1.42 

(95% CI, 1.15-1.76)).7 Furthermore, Norwegian drivers using opium alkaloids, tranquilizing 

benzodiazepines, and hypnotic benzodiazepines were at 2.0 (SIR 2.0 (95%CI, 1.7−2.4)), 2.9  (SIR 2.9 
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(95% CI, 2.5−3.5)), and 3.3 (SIR 3.3 (95%CI, 2.1−4.7)) times greater risk respectively of being involved in 

a road traffic accident with associated personal injury compared to drivers not taking these medications.11 

There have also been studies demonstrating an association between opioid or benzodiazepine use and 

increased fall risk particularly among elderly individuals. A national Veterans Health Administration cross-

sectional study showed that more patients aged 65 and older with fall-related outpatient clinical health 

encounters used opioid analgesics and narcotics (11.21% vs 9.09%), and benzodiazepines (7.60% vs 

5.96%) compared to their age- and sex-matched counterparts.9 Furthermore, in a matched case control 

study performed by Kuschel et al, there was an increased risk of falls leading to hospitalization among 

individuals 65 and older who had used opioids (Men OR 2.30 (95% CI, 2.09–2.53); Women OR 2.00 

(95% CI, 1.87–2.12)) or hypnotics/sedatives (Men OR 1.76 (95% CI, 1.61–1.93); Women OR 1.21 (95% 

CI, 1.14–1.29)) during the 30 days before the fall.12  Additionally, in a Swedish case crossover study 

performed to assess the short-term effects of newly prescribed opioids on the risk of fall-related injuries in 

the general adult population, there was a significant increase in fall risk observed early after treatment 

initiation particularly among younger adults (Age 18 – 29 years old: OR 7.17 (95% CI, 5.04–10.2)) 

compared to older adults (Age 70 – 79 years old: OR 2.71 (95% CI, 2.46–2.99).13 

 

Alcohol, like opiates and benzodiazepines, is a CNS depressant. There is a greater body of literature 

supporting the association between alcohol use and risk of work-related injury than for opioids and 

benzodiazepines.14–19 Wang et al showed that the risk of agricultural occupational injury among Chinese 

farmers was greater among current alcohol users, defined as having used alcohol within the preceding 30 

days, compared to alcohol non-users (OR 1.77 (95% CI, 1.27 – 2.47)).14 This study also demonstrated 

that workers consuming greater than 50ml/day of pure alcohol were 2.07 (OR 2.07 (95% CI, 1.37 – 3.14)) 

times more likely to sustain a work related injury compared to non-drinkers.14 Among Chinese 

construction workers who drank greater than 30ml/day of pure alcohol, the risk of work related injury was 

1.73 (OR 1.73, (95 %CI: 1.12–2.69)) times greater than individuals who drank no alcohol.15 There was 

also an increased risk of self-reported occupational injury among manual workers in Taiwan who 

consumed alcoholic energy drinks compared to their counterparts who did not (OR 1.48 (95% CI, 1.14–

1.93))16; among high school workers in Texas who drank in the preceding 30 days compared to their 
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counterparts who did not (OR ranging from 1.52 (95% CI, 1.21, 1.91) to 11.77 (05% CI, 5.29, 26.20))18; 

and among farm workers in Colorado who drank 3 or more drinks when they did drink compared to 

alcohol non-users.17 In all these studies, there appeared to be a dose-response relationship such that 

increasing frequency of alcohol use was associated with increased risk of work related injury.14–19  

Prescription opioid analgesic use among adults in the United States has increased over the past 

decade.20,21 In 2006, 47 million prescriptions were dispensed per quarter in the United States for the 

following opioid analgesics: oxycodone, hydrocodone, hydromorphone, fentanyl, morphine, and 

tramadol.21 According to the Medical Expenditure Panel Survey (MEPS), total expenses for outpatient 

prescription opioids among the U.S. civilian non-institutionalized population more than doubled between 

2002 and 2012, increasing from $4.1 billion to $9.0 billion respectively (in 2012 dollars).22 The National 

Health and Nutrition and Examination Survey (NHANES) demonstrated that from 1999–2002 to 2011-

2012 , the proportion of adults aged 20 and over who had used a prescription opioid analgesic in the 

preceding 30 days increased from 5.0% to 6.9%.20 There has also been an increase in use of prescription 

opioid analgesics with higher potency than morphine.20 The proportion of adults who used opioids more 

potent than morphine significantly increased from 17.0% in 1999–2002 to 37.0% in 2011–2012.20  

Among workers filing workers’ compensation claims, there is also a high prevalence of opioid analgesic 

prescription and use after injury, but not much in the literature about prevalence of opioid prescription and 

use prior to injury.  In the Washington State Workers’ Compensation System, prescriptions for schedule II 

opioids increased from 23,000 annually in 1996 to 57,000 annually in 2002, despite a decrease in 

workers’ compensation claims filed during that period.23 Among claimants with acute back injuries who 

filed compensable claims with the Washington State Workers’ Compensation System between July 2002 

and April 2004 and were therefore out of work for over 3 days, 34.1% were prescribed schedule II opioids 

in the first 6 weeks following injury.24 In the Utah Workers’ Compensation Fund, 52.2% of claimants with 

compensable lost-time claims for non-specific lower back pain between January 2002 and Jun 2005 filled 

at least one schedule II opioid prescription, while 18% filled prescriptions for scheduled II opioids for at 

least 90 days continuously.25 In Ohio, the prevalence of opioid use among workers’ compensation 

claimants between fiscal years 2008 and 2009, was 19.2%.26 
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With regards to prescription benzodiazepine use, in 2008, approximately 5.2% of adults in the United 

States aged 18 to 80 years used benzodiazepines.27 The percentage of adults using benzodiazepines 

increased with age from 2.6% (18-35 years) to 5.4% (36-50 years) to 7.4% (51-64 years) to 8.7% (65-80 

years).27 Benzodiazepine use was nearly twice as prevalent in women as men.27 The proportion 

of chronic benzodiazepine users increased with age from 14.7% (18-35 years) to 31.4% (65-80 years), 

while the proportion that received a benzodiazepine prescription from a psychiatrist decreased with age 

from 15.0% (18-35 years) to 5.7% (65-80 years). In all age groups, roughly one-quarter of individuals 

receiving benzodiazepines were prescribed long-acting benzodiazepines.27 Among workers with lost time 

injury claims between 1999 and 2012 in the Louisiana Worker’s Compensation System, the prevalence of 

benzodiazepine use during the year of injury was 4.9%. 28 

 

We can postulate, given the data supporting the increased risk of work related injury with alcohol use, 

non-occupational motor vehicle accidents and falls with opioid or benzodiazepine use, and the high 

prevalence of opioid or benzodiazepine use among the general US population and the population of 

workers’ compensation claimants, that opioids and benzodiazepines are likely to be associated with an 

increased risk of occupational injuries.  In fact, based on data supporting the association between opioid 

use and non-occupational motor vehicle crash risk, the American College of Occupational and 

Environmental Medicine (ACOEM) recently updated their practice guidelines for opioid use and safety 

sensitive work. ACOEM recommended against the use of acute or chronic opioids for patients performing 

safety-sensitive jobs.29 They extended this recommendation beyond operation of motor vehicles to 

include other modes of transportation, forklift driving, overhead crane operation, heavy equipment 

operation, work with sharps, work with risk of injury e.g. from heights, and tasks involving high levels of 

cognitive function.29  

 

To date, there have been few studies in which the relationships between opioid or benzodiazepine use 

and overall occupational injury risk have been assessed.  The primary purpose of this study was to 

determine if acute opioid or benzodiazepine use is associated with an increased risk of occupational 

injury, particularly in safety sensitive occupations.  The secondary aim of this study was to determine 
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whether there is an increased risk of occupational injury with dose escalation among workers who 

chronically use opioids or benzodiazepines. This study is one of the first studies to use the case 

crossover design to assess the relationship between opioid or benzodiazepine use and occupational 

injury risk.  

 

METHODS: 

Study Aims: A case crossover study design, employing data from the Washington State Department of 

Labor and Industries workers’ compensation claims database paired with the Washington State 

Prescription Monitoring Program database, was used to examine the following study aims: 

 

i. To determine the association between acute opioid or benzodiazepine use and occupational injury 

risk among workers in all occupations, and in safety-sensitive fields. The working hypothesis was 

that acute opioid or benzodiazepine use increases the risk of occupational injury among workers in 

all occupations, but more so among workers in safety-sensitive occupations. 

 

ii. To determine the association between an increase in opioid or benzodiazepine dose and 

occupational injury risk among workers in all occupations who use opioids or benzodiazepines 

chronically. The working hypothesis was that an increase in opioid or benzodiazepine dose 

increases the risk of occupational injury. 

 

Study Design: A case-crossover study design was used. The case crossover study design is useful for 

assessing the effects of transient or intermittent exposures on acute events.30,31  In this study design,  

individuals within a cohort who experience the outcome event (cases) are first identified. Information 

about each subject’s exposure during a time period preceding the outcome event (hazard period) is 

compared with the same subject’s exposure during other times (control or referent periods).30,31 Given the 

nature of the case-crossover study design, individuals without any exposure data during the hazard or 

control periods are dropped out of the study analysis. The self-matching feature of case-crossover studies 

eliminates confounding from time-invariant individual characteristics. 31 This self-matched design however 
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prevents examination of exposures that do not change within the individual over the course of the study.31 

Furthermore confounding can still occur if there are characteristics that vary over time within the 

individual.31 For the primary aim of this study, the transient exposure was acute opioid or benzodiazepine 

use and the acute outcome event was occupational injury.  For the secondary goal of this study, the 

transient exposure was a change in opioid or benzodiazepine dose and the acute outcome event was 

occupational injury. 

 

Case Ascertainment: Data from the Washington State Department of Labor and Industries State Fund 

Workers’ Compensation claims database was used to obtain the cohort of occupational injury cases for 

this study.32 Cases comprised the claims of claimants ages 18 through 65 with ‘traumatic injuries and 

disorders’ as defined by version 1.01 of the Occupational Injury and Illness Classification system 

(OIICS)33, who filed one or more workers’ compensation claims during fiscal years 2013, 2014 and 2015. 

The OIICS version 1.01 categorizes injuries as follows: nature of injury, injured body part, source of injury, 

and event/exposure (accident type).33 ‘Traumatic injuries and disorders’ are classified under ‘nature of 

injury’ and defined as the ‘acute effects of external agents, and acute poisoning and toxic effects’.33 A 

traumatic injury or disorder typically results from a single incident or event, or exposure over the course of 

a single shift.33 Examples of traumatic injuries and disorders include spinal cord injuries,  fractures, 

strains/sprains, cuts/lacerations, burns, concussions, and injuries resulting from effects of environmental 

conditions e.g. hypothermia.33 Sub-categories under traumatic injuries and disorders include: traumatic 

injuries to bones, nerves, spinal cord; traumatic injuries to muscles, tendons, ligaments, joints, etc.; open 

wounds; surface wounds and bruises; burns; intracranial injuries; effects of environmental conditions; 

multiple traumatic injuries and disorders; and other traumatic injuries and disorders. 

 

Exposure ascertainment: The workers’ compensation claims data were paired with data from the 

Washington State Prescription Monitoring Program (PMP), which has been collected since October 7, 

2011.34,35  The PMP is a prescription review database to which dispensers submit data on Schedules II, 

III, IV and V controlled substances dispensed to patients throughout the state of Washington. Licensed 

pharmacies and practitioners that dispense controlled substances in the state of Washington, or to an 
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address in the state, are required by law to electronically report this prescription data; these data are 

collected at the point of sale.34,35 For the purposes of the PMP, ‘dispensing’ is defined as providing more 

than a 24-hour supply of a controlled substance for immediate use.34,35 These data do not include hospital 

inpatient dispensing data, data from pharmacies operating in the Department of Corrections or 

pharmacies providing medications to offenders who are in state or county correctional institutions, 

dispensing for immediate one day use, or data from the administration of controlled substances. 34,35 

 

Exposure to opioid or benzodiazepine use was ascertained from the paired PMP data. Of note, only 

claimants with paired PMP data were included in the analysis of measures of excess risk for this study.  

This was because individuals without any PMP data and therefore without any exposure data would 

essentially be dropped out of the conditional logistic regression analysis. All opioids were included except 

narcotic anti-tussive agents and opioid withdrawal agents such as buprenorphine and its associated 

combination drugs. Sedative non-benzodiazepine agents primarily used as sleep aids such as zolpidem, 

suvorexant, eszcopicolone, and zaleplon were not included in this study.  

 

Acute Opioid or Benzodiazepine Use: 

Acute use of prescription opioids and benzodiazepines can result in CNS depression, characterized by 

impaired psychomotor abilities and cognitive function, which hypothetically increases the risk of 

occupational injury.  An important part of ascertaining exposure status in the case-crossover design was 

determining the etiologically relevant time periods for the effects of the exposures of interest. The 

etiologically relevant time period is the period of time over which opioids and benzodiazepines are most 

likely to exert their CNS depression effects. For opioids, half-lives and duration of analgesic effects vary 

between short-acting and long-acting opioids.36,37 The half-lives of short acting opioids range between 2 – 

6 hours, while duration of analgesic effect varies from 3 – 8 hours on average. For long acting opioids, the 

half-lives range between 4 – 13 hours, while duration of analgesic effect varies from 8 – 72 hours.36,37 For 

benzodiazepines, time to mean peak plasma concentration occurs over a few hours with sedative effects 

often lasting several hours thereafter.38  
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Ideally for this study, the etiologically relevant time period would have been on the scale of hours. 

However, the opioid and benzodiazepine exposure data available through the WA state PMP were not 

sufficiently granular to allow determination on an hourly basis of how and when claimants are using these 

medications prior to injury occurrence. The PMP data only provides information about when prescriptions 

are dispensed. As such, determining an etiologically relevant time period of risk was challenging. 

Nonetheless, based on prior case crossover studies,13,39–41 the pharmacokinetics and pharmacodynamics 

of opioids and benzodiazepines,36–38 and the proposed pathophysiologic mechanism of injury, etiologically 

relevant time periods of 1 week, 2 weeks and 4 weeks preceding injury were chosen for this study. Each 

individual claim therefore had three separate risk measure assessments based on varying lengths of the 

hazard and control periods. For each risk measure assessment, there were 4 control periods matched to 

1 hazard period, as depicted visually in Figure 1. 

 

The following prescription information was obtained for opioid or benzodiazepine exposure during the 

hazard and control periods: date prescription was dispensed, last date of service (completion date), drug 

name, dose per tablet, number of tablets, number of days supplied, drug therapeutic class code (First 

Data Bank Hierarchical Ingredient Code (HIC3)).42 For this study, definitions of acute and chronic opioid 

use were based on the 2017 Bree Collaborative Opioid prescribing metrics, with minor modifications.43 

The Bree Collaborative metrics define chronic opioid use as greater than 60 days  of opioid prescription in 

the a calendar quarter, with days supplied calculated from the total of all opioid prescriptions during the 

quarter including overlapping prescriptions.43 For this study, claims with opioid or benzodiazepine 

prescriptions filled for a cumulative period of 60 or fewer days within the 180 days preceding the injury 

date were characterized as acute opioid or benzodiazepine users. Claims with opioid or benzodiazepine 

prescriptions filled for a cumulative period of greater than 60 days within the 180 days preceding the 

injury date were characterized as chronic opioid or benzodiazepine users. The rationale for defining acute 

and chronic use within 2 quarters as opposed to 1 quarter was primarily because the combined length of 

the consecutive 28-day control and hazard periods was greater than 90 days.   
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Risk of occupational injury was calculated for claims with acute opioid or benzodiazepine use. It was 

assumed that the opioids and benzodiazepines were taken exactly as prescribed and dispensed. The 

dispensation dates and completion dates were determined for opioid or benzodiazepine prescriptions 

dispensed over the hazard and control periods. These dates were overlaid over the hazard and control 

periods to accurately determine acute opioid or benzodiazepine exposure status during these periods.   

Exposure to acute opioids or benzodiazepines during the hazard periods 1 week, 2 weeks and 4 weeks 

immediately preceding injury were compared to their respective control periods. Matched odds ratios 

were then calculated, and the analysis repeated for safety sensitive occupations. 

 

Dose Escalation Among Chronic Opioid/Benzodiazepine Users: 

Claims with opioid or benzodiazepine prescriptions filled for a cumulative period of greater than 60 days 

within the 180 days preceding the injury date were characterized as chronic opioid or benzodiazepine 

users. For chronic opioid users, the average daily morphine equivalent doses (MEDs) for hazard and 

control periods were calculated by dividing the total MED prescribed by the total number of days supplied. 

The morphine equivalent dose (MED) was calculated using the Agency Medical Director’s Group Opioid 

Dose Calculator.44 For chronic benzodiazepine users, the average daily diazepam equivalent doses 

(DEDs) for hazard and control periods was calculated by dividing the total DED prescribed by the total 

number of days supplied. The diazepam equivalent dose was calculated using the Equivalent 

Benzodiazepine Calculator.45  

 

Among claims with chronic opioid or benzodiazepine use, the MED or DED over the hazard period and 

control periods was calculated. The difference in MED or DED between consecutive control periods was 

compared to the difference in MED or DED between the hazard period and the first control period. If the 

MED or DED in the hazard period was 10% greater than the MED or DED in the first control period, then 

the claim was categorized as having been exposed. If the MED or DED in the hazard period was less 

than 10% greater than the MED or DED in the first control period, then the claim was categorized as 

being unexposed.  This same metric was used to categorize exposure status between the preceding 

consecutive control periods. The change in dose status between control periods 4 and 3, 3 and 2, and 2 
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and 1 were then compared to the change in dose status between control period 1 and the hazard period. 

Matched odds ratios were calculated based on these exposure status comparisons.  

 

Safety Sensitive Occupations: A safety sensitive occupation can broadly be defined as one in which the 

worker is responsible not only for his or her own health and safety but also for the health and safety of 

others.  From the perspective of the federal drug-free workplace executive order, all federal employees 

involved in ‘law enforcement, national security, the protection of life and property, public health or safety, 

or other functions requiring a high degree of public trust’ work in safety and security sensitive industries 

and are thus subject to mandatory drug testing.46 In this study, safety sensitive occupations were chosen 

based on the 2014 Bureau of Labor Statistics non-fatal occupational injury and illness incidence rates.47 

The occupations with incidence rates greater than 100 injuries/illness per 10,000 full-time workers were 

characterized as safety-sensitive occupations. The Standard Occupational Classification (SOC) system is 

used by federal statistical agencies to classify workers into occupational categories for the purpose of 

data collection, analysis and dissemination.48 There are 2000 (SOC2K) and 2010 versions of the SOC; 

SOC2K is used by the Washington State Department of Labor and Industries for occupation 

classification. There are 23 major occupation classification groups, 97 minor groups and 461 broad 

occupations.49 For this study, safety sensitive occupations were limited to the following SOC2K major 

occupation classification groups: healthcare practitioner and technical occupations; healthcare support 

occupations; protective service occupations; farming, fishing, and forestry occupations; construction and 

extraction occupations; installation, maintenance and repair occupations; production occupations; 

transportation and material moving occupations; building and grounds cleaning and maintenance 

occupations; personal care and service occupations. 

 

Study Subjects: Each claim meeting the inclusion and exclusion criteria was considered a case for the 

purposes of this study. There were therefore claimants with multiple claims included in the study. Given 

the case-crossover study design, each claim in the workers’ compensation claims database served as 

their own case and control.  
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Inclusion criteria: 

i. Each claimant was between the ages of 18 and 65 on the date of injury indicated on the claim. This 

is to capture individuals most likely to be working consistently. 

ii. Each claimant had paired PMP data. Of note, claimants who had never filled prescriptions for any 

Schedule II, III, IV or V controlled substances did not have paired PMP data. 

iii. Each claimant had a date of injury occurring in fiscal years 2013, 2014 or 2015. 

iv. Claimants with injuries that were categorized in the ‘Traumatic injuries and disorders’ division under 

the ‘Injury Nature’ category of the OIICS version 1.01 code tree were included. 

 

Exclusion criteria: 

i. Claimants with injuries that were sub-categorized as follows in the OIICS version 1.01 code tree, 

were excluded as they did not occur as a consequence of acute effects of external agents, or are 

poorly defined: 

a. Nature of Injury: diseases and disorders of body systems; infectious and parasitic disease; 

neoplasms, tumor and cancers; symptoms, signs and ill-defined conditions; other disease, 

conditions and disorders; exposure to disease – no illness incurred; multiple diseases, 

conditions, and disorders; non-classifiable.  

 

Data Analysis: All statistical analyses were performed using STATA (version 14.1, StataCorp, College 

Station TX, USA).  

 

Descriptive Analyses: 

 

Characteristics of the study population:  

Claims with paired PMP data were compared to claims without paired PMP data to determine if there 

were any significant differences between the distribution of demographic, and injury-related variables. 

Among claims with paired PMP data, the distribution of frequency and daily dose of opioid or 



 16 

benzodiazepine use during hazard and control periods was also characterized. Descriptive analyses were 

performed for the following variables: 

i. Demographic variables: sex, age at time of injury 

ii. Injury-related variables: SOC2K occupational class, year of injury nature of injury, source of injury, 

body part affected, accident/event type, claim status. 

iii. Exposure-related variables: distribution of acute prescription use, distribution of chronic prescription 

use; opioid use during hazard and control periods; MED/day distribution during hazard and control 

periods; benzodiazepine use during hazard and control periods; DED/day distribution during hazard 

and control periods; proportion with opioid or benzodiazepine use within 56 days, 84 days and 168 

days prior to injury. 

 

Inferential Analyses: 

Primary Study Objective: To determine the association between newly acute opioid or benzodiazepine 

use and occupational injury risk among workers in all occupations, and in workers in safety-sensitive 

fields.  

 

The outcome variable was occupational injury. The exposure variables were acute opioid or 

benzodiazepine use. The exposure variables were coded as binary, either 0 (unexposed) or 1 (exposed) 

for the presence of exposure in the hazard and control periods. Potential confounding variables could 

have included seasonal variation in occupational injuries as well as variation over time in opioid or 

benzodiazepine prescribing practices. These confounding variables were not controlled for in this study, 

given significant statistical challenges associated with ascertaining and controlling for such trends over 

time. Effect modification by quarters of the year was however assessed. Effect modification by sex and 

age was also assessed. The working hypothesis was that acute opioid or benzodiazepine use increases 

the risk of occupational injury among workers in all occupations, but more so among workers in safety-

sensitive occupations. Since this was a case-crossover study, each case served as its own control, 

therefore all individual time-invariant characteristics were matched and as such controlled for. 
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As part of this analysis, claimants with opioid or benzodiazepine prescriptions filled for a cumulative 

period of 60 days or greater within the 180 days preceding the injury date were characterized as chronic 

opioid or benzodiazepine users. Risk of occupational injury was calculated for acute opioid or 

benzodiazepine users in all occupations, then repeated for acute opioid and benzodiazepine users in 

safety sensitive fields combined. 

 

Model 1 (Primary Goal):  

𝐿𝑜𝑔𝑖𝑡	𝑃 𝑋 = 	𝛼 + 𝛽𝐸 +	 𝛾/012
/32 𝑉/, 

𝑤ℎ𝑒𝑟𝑒	𝐿𝑜𝑔𝑖𝑡	𝑃 𝑋 𝑖𝑠	𝑡ℎ𝑒 log 𝑜𝑑𝑑𝑠	𝑟𝑎𝑡𝑖𝑜, 𝐸	𝑖𝑠	𝑡ℎ𝑒	𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒	𝑡𝑜	𝑜𝑝𝑖𝑜𝑖𝑑	𝑜𝑟	𝑏𝑒𝑛𝑧𝑜𝑑𝑖𝑎𝑧𝑒𝑝𝑖𝑛𝑒,

𝑉/	𝑎𝑟𝑒	𝑚𝑎𝑡𝑐ℎ𝑒𝑑	𝑑𝑢𝑚𝑚𝑦	𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠, 𝑎𝑛𝑑	𝑛	𝑖𝑠	𝑡ℎ𝑒	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑚𝑎𝑡𝑐ℎ𝑒𝑑	𝑝𝑎𝑖𝑟𝑠	 

 

Null Hypothesis: 𝛽 = 0,	or 𝑒M = 1, 𝑤ℎ𝑒𝑟𝑒	𝑂𝑅 = 𝑒M	 

Alternate Hypothesis: 𝛽 ≠ 0,	or 𝑒M ≠ 1, 𝑤ℎ𝑒𝑟𝑒	𝑂𝑅 = 	 𝑒M 

 

Secondary Study Objective: To determine the association between an increase in opioid or 

benzodiazepine dose and occupational injury risk among workers in all occupations who use opioids or 

benzodiazepines chronically.  

 

The outcome variable was occupational injury. The exposure variable was change in opioid or 

benzodiazepine dose between hazard period and control period 1, and between consecutive preceding 

control periods. A dose increase between control period 1 and the hazard period, and between preceding 

consecutive controls periods of greater than 10% categorized as exposed and coded as ‘1’. Any change 

in dose less than this was categorized as unexposed, and coded as ‘0’. The working hypothesis was that 

an increase in opioid or benzodiazepine dose among chronic opioid or benzodiazepine users increases 

the risk of occupational injury. 
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Model 2 (Secondary Goal): 

𝐿𝑜𝑔𝑖𝑡	𝑃 𝑋2 = 	𝛼 + 𝛽2𝐸2 +	 𝛾2/012
/32 𝑉2/, 

𝑤ℎ𝑒𝑟𝑒	𝐿𝑜𝑔𝑖𝑡	𝑃 𝑋 𝑖𝑠	𝑡ℎ𝑒 log 𝑜𝑑𝑑𝑠	𝑟𝑎𝑡𝑖𝑜, 𝐸2	𝑖𝑠	𝑡ℎ𝑒	𝑐ℎ𝑎𝑛𝑔𝑒	𝑖𝑛		𝑜𝑝𝑖𝑜𝑖𝑑	𝑜𝑟	𝑏𝑒𝑛𝑧𝑜𝑑𝑖𝑎𝑧𝑒𝑝𝑖𝑛𝑒	𝑑𝑜𝑠𝑒	𝑏𝑒𝑡𝑤𝑒𝑒𝑛 

ℎ𝑎𝑧𝑎𝑟𝑑	𝑎𝑛𝑑	𝑐𝑜𝑛𝑡𝑟𝑜𝑙	𝑝𝑒𝑟𝑖𝑜𝑑𝑠, 𝑉2/	𝑎𝑟𝑒	𝑚𝑎𝑡𝑐ℎ𝑒𝑑	𝑑𝑢𝑚𝑚𝑦	𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠	𝑎𝑛𝑑	𝑛 

𝑖𝑠	𝑡ℎ𝑒	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑚𝑎𝑡𝑐ℎ𝑒𝑑	𝑝𝑎𝑖𝑟𝑠 

 

Null Hypothesis: 𝛽2 = 0,	or 𝑒MR = 1, 𝑤ℎ𝑒𝑟𝑒	𝑂𝑅 = 𝑒MR	 

Alternate Hypothesis: 𝛽2 ≠ 0,	or 𝑒MR ≠ 1, 𝑤ℎ𝑒𝑟𝑒	𝑂𝑅 = 	 𝑒MR 

 

Standard conditional logistic regression methods for matched case-control studies was used to estimate 

odds ratios. Mcnemar’s test was used to further corroborate results obtained from the standard 

conditional logistic regression analyses. The results are presented as odds ratios with 95% confidence 

intervals (95% CI).   

 

i. Injury risk associated with acute opioid or benzodiazepine exposure: analyses were performed with 

all opioids or all benzodiazepines combined. For all opioids or benzodiazepines combined, odds 

ratios for injury risk after exposure to acute opioids in the 4 weeks, 2 weeks and 1 week immediately 

preceding injury were determined. Additional analyses were conducted for the following safety 

sensitive SOC2K major occupation classification groups combined: healthcare practitioner and 

technical occupations; healthcare support occupations; protective service occupations; farming, 

fishing, and forestry occupations; construction and extraction occupations; installation, maintenance 

and repair occupations; production occupations; transportation and material moving occupations; 

building and grounds cleaning and maintenance occupations; personal care and service occupations. 

 

ii. Injury risk associated with increase in opioid or benzodiazepine dose among chronic opioid or 

benzodiazepine users: among identified chronic opioid or benzodiazepine users, analyses were 

performed with all opioids or benzodiazepines combined to determine the odds ratio of injury risk after 
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an increase in opioid or benzodiazepine dose in the 4 weeks, 2 weeks and 1 week immediately 

preceding injury compared to control periods.  

 

Study Power and Sample Size Calculations 

An unpublished review and analysis of combined workers’ compensation claims data and PMP data 

suggests that at least 3% of all claimants were on opioids prior to filing a claim, and 1.5% of claimants 

were on opioids chronically (i.e. for a period of greater than 12 weeks) prior to filing a claim. From L&I 

claims data for fiscal years 2013, 2014, 2015 combined, there were 237,606 claims filed under injury 

nature ‘Traumatic Injuries and Disorders’.32 As such, the potential number of workers exposed to opioid 

analgesics acutely during this period of time was 3564, while the potential number exposed chronically 

was also 3564 (assuming 1.5% of claimants were on opioids acutely, and 1.5% on opioids chronically 

prior to filing a claim). Using the STATA ‘Test of association in 1:M matched case control study’ power 

and sample size analysis, the needed sample size for both primary and secondary study goals and 

analyses is at least 3153. This calculation is based on a 1:4 matched case control study with a power of 

0.80, alpha (significance) level of 0.05, odds ratio of opioid exposure during the hazard period relative to 

the control period of 1.5 (estimated based on background literature review), and probability of acute or 

chronic opioid exposure during the control period of 1.5%. The L&I workers’ compensation claims data 

paired with the PMP data should therefore provide enough cases to detect a statistically significant 

difference in injury risk between hazard and control periods for opioid exposure.  

 

Assuming, based on general population prevalence of benzodiazepine use, that approximately 5.2% of 

workers were taking benzodiazepines prior to filing a claim, and that a quarter of them were on 

benzodiazepines chronically: the potential number of workers exposed to benzodiazepines acutely prior 

to injury from fiscal year 2013 through 2015 is 9267, while those potentially exposed chronically is 

approximately 3089.32 Using the STATA ‘Test of association in 1:M matched case control study’ power 

and sample size analysis, the needed sample sizes for primary and secondary study goals and analyses 

respectively is approximately 2189 and 3768. This calculation is based on a 1:4 matched case control 

study with a power of 0.80, alpha (significance) level of 0.05, odds ratio of opioid exposure during the 
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hazard period related to the control period of 1.5, and probability of acute benzodiazepine exposure 

during control period of 3.75%, and chronic benzodiazepine exposure during the control period of 1.25%. 

The L&I workers’ compensation claims data paired with the PMP data should therefore provide enough 

cases to detect a statistically significant difference in injury risk between hazard and control periods for 

acute benzodiazepine exposure, but possibly not for injury risk with chronic benzodiazepine dose 

escalation. 

 

RESULTS:  

Characteristics of All Claimants, Claims and Prescriptions:  

Of a total of 238,172 claims, 45.1 % did not have PMP data, 99,291 (41.7%) had prescriptions for 

controlled substances before injury, while 31,540 (13.2%) had prescriptions for controlled substances 

after injury only (Figure 2). Of note, 72,569 (30.4%) had prescriptions before injury alone, while 26,722 

(11.2%) had prescriptions both before and after injury. The prevalence of opioid and benzodiazepine use 

did not differ significantly between all workers and workers in safety sensitive occupations (Figure 3). 

Among claimants with prescriptions before injury, 71.8% had 1 claim, 20.6% had 2 claims and the 

remainder had 3 or more claims (Figure 4). Claims with prescriptions before injury had a larger proportion 

of women (37.5%) compared to claims with prescriptions after injury alone (25.4%), and claims without 

any prescriptions (30.0%) (Table 1, Table S1a). The average age of claimants with prescriptions before 

injury was 40.1 ± (0.04) years. Claims without paired PMP data had the lowest proportion of compensable 

claims (11.9%) compared to those with prescriptions before injury (23.7%) or after injury alone (34.7%) 

(Table1, Table S1a). Among claims with prescriptions before injury, the most prevalent injury nature 

category was ‘traumatic injuries to muscles, tendons, ligaments, joints, etc’ (43.3%); injury source was 

‘persons, plants, animals and minerals’ (25.1%); accident type was ‘bodily reaction and exertion’ (54.1%); 

and affected body part were the ‘upper extremities’ (36.6%). The occupational classification group with 

the highest proportion of claims was the ‘transportation and materials moving’ (13.3%) category (Table 1, 

Table S1a).  
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Characteristics of Opioid Prescriptions & Claims with Opioid Prescriptions:  

Of the 1,202,007 opioid prescriptions dispensed to claimants between 2011 and 2017, 44.5% were 

prescribed before injury and 55.5% prescribed after injury (Table S2). 99.8% of the 535,020 opioid 

prescriptions dispensed before injury met study criteria for acute use any time before injury, while 0.2% 

met the criteria for chronic use any time before injury (Table S2). Of the 114,492 opioid prescriptions 

dispensed within the 180 days preceding injury, 99.7% of them met study criteria for acute use, while 

0.3% of them met criteria for chronic use (Table S2). The most commonly prescribed opioid before injury 

was hydrocodone-acetaminophen, which accounted for 58.3% of all opioids dispensed before injury 

(Table S4). The mean daily morphine equivalent dose (MED) per claim was 43.4 (± 39.5) mg (Table S6b). 

 

Among claims with prescriptions for controlled substances before injury, 92.2 % had opioid prescriptions 

(Table 2b, Figure 3). Of the 121,667 claims with opioid prescriptions, 75.3% had prescriptions before 

injury while 24.7% had prescriptions after injury alone. Of the 91,587 claims with opioid prescriptions 

before injury, 28% met study criteria for acute opioid use while 5.5% met study criteria for chronic opioid 

use in the 180 days preceding injury (Table 2a); 66.5% of these claims had opioids dispensed prior to 180 

days before injury and therefore did not meet study criteria for acute or chronic opioid use. Claims with 

any opioid use before injury had a higher proportion of women (37.5%) compared to claims with opioid 

prescriptions after injury alone (25.4%) (Table S1b). Claims with any opioid prescriptions before injury 

were less likely be compensable (24.8%) compared to claims with opioid prescriptions after injury alone 

(35.2%) (Table S1b). Claims with chronic opioid use before injury, and claims with opioid prescriptions 

after injury only had the highest proportion of compensable claims (35.0% and 35.2% respectively) (Table 

S1b).  Within the 28 days preceding injury: 8.9% of all claims with opioid prescriptions before injury used 

an opioid, 5.3% used an opioid acutely, and 0.7% used an opioid chronically. Within the 56 days 

preceding injury: 15.3% of all claims with opioid prescriptions before injury used an opioid, 9.8% used an 

opioid acutely and 1.2% used an opioid chronically. Within the 86 days preceding injury: 28.4% of all 

claims with opioid prescriptions before injury used an opioid, 15.9% used an opioid acutely and 5.4% 

used an opioid chronically. 
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Characteristics of Benzodiazepine Prescriptions & Claims with Benzodiazepine Prescriptions: 

Of the 239,178 benzodiazepine prescriptions dispensed to claimants between 2011 and 2017, 54.7% 

were prescribed before injury and 45.3% prescribed after injury (Table S3). Of the 130,893 

benzodiazepine prescriptions dispensed before injury, 95.1% met the criteria for acute use any time 

before injury while 4.9% met the criteria for chronic use any time before injury (Table S3). Of the 29,993 

benzodiazepine prescriptions dispensed in the 180 days preceding injury, 98.1% met criteria or acute use 

while 1.9% met criteria for chronic use (Table S3). The most commonly prescribed benzodiazepines 

before injury were alprazolam, clonazepam and lorazepam, which accounted for 33.3%, 25.6% and 

24.7% of all benzodiazepines dispensed before injury respectively (Table S5). The mean daily DED per 

claim was 11.1 (± 9.5) mg (Table S6b). 

 

Among claims with prescriptions before injury, 25.9 % had benzodiazepine prescriptions (Table 2b, 

Figure 3). Of the 28,777 claims with benzodiazepine prescriptions, 89.5% had prescriptions before injury 

while 10.5% had prescriptions after injury alone (Table S3). Of the 25,755 claims with benzodiazepine 

prescriptions before injury, 20.8% met study criteria for acute opioid use while 10.9% met study criteria for 

chronic benzodiazepine use (Table 2a); 68.3% of these claims had benzodiazepines dispensed prior to 

180 days before injury and therefore did not meet study criteria for acute or chronic benzodiazepine use. 

Claims with any benzodiazepine use before injury had a higher proportion of women (50%) compared to 

claims with benzodiazepine prescriptions after injury alone (36.7%) (Table S3).  Claims with any 

benzodiazepine prescriptions before injury were less likely be compensable (30.7%) compared to claims 

with benzodiazepine prescriptions after injury alone (44.9%) (Table S3). Claims with chronic 

benzodiazepine use before injury, and claims with benzodiazepines prescriptions after injury only had the 

highest proportion of compensable claims (33.7 and 44.9% respectively) (Table S3).  Within the 28 days 

preceding injury: 13.3% of all claims with benzodiazepine prescriptions before injury used a 

benzodiazepine, 5.0% used a benzodiazepine acutely, and 2.1% used a benzodiazepine chronically. 

Within the 56 days preceding injury: 22.2% of all claims with benzodiazepine prescriptions before injury 

used a benzodiazepine, 8.2% used a benzodiazepine acutely, and 3.2% used a benzodiazepine 

chronically. Within the 84 days preceding injury: 45.7% of all claims with benzodiazepine prescriptions 
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before injury used a benzodiazepine, 14.5% used a benzodiazepine acutely, and 10.9% used a 

benzodiazepine chronically. 

 

Relationship between Acute Opioid Use and Risk of Occupational Injury: 

Among acute opioid users with 60 or fewer days of opioid prescriptions supplied in the 180 days 

preceding injury there was a statistically significant decreased risk of occupational injury reproduced 

across analyses with the 7-day, 14-day and 28-day hazard and control periods; the odds ratios obtained 

using conditional logistic regression were 0.84 (95%CI, 0.8 – 0.89), 0.82 (95%CI, 0.8 - 0.89), and 0.83 

(95%CI, 0.80 – 0.86) respectively (Table 3a). This statistically significant decreased risk of occupational 

injury among acute opioid users persisted when the conditional logistic regression analysis was repeated 

for all safety sensitive fields combined (Table 3a). Similar odds ratios, also reaching statistical significance 

were obtained for each hazard period-control period pair using Mcnemar’s test (Table S8a). 

 

In terms of effect modification, there was no significant difference in odds ratios between males or 

females (Table S7a). Claims which were filed during the last 4 months of the year had slightly less 

protective odds ratios compared to claims that were filed during the first 4 months of the year (Table S7a).  

 

Relationship between Acute Benzodiazepine Use and Risk of Occupational Injury: 

Among acute benzodiazepine users with 60 or fewer days of benzodiazepine prescriptions supplied in the 

180 days preceding injury, there was no statistically significant increase or decrease in occupational injury 

risk, even with claims filed by claimants in working in safety sensitive fields (Table 3b).  In terms of effect 

modification, there was no clear difference in odds ratios in the association between acute 

benzodiazepine use and occupational injury risk between males or females, or between different times of 

the year (Table S7b). 
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Relationship between Change in Opioid Dose and Occupational Injury Risk among Chronic opioid 

users: 

Increase in opioid dose of 10% among chronic opioid users was not associated with a statistically 

significant change in occupational injury risk (Table 4a). 

 

Relationship between Change in Benzodiazepine Dose and Occupational Injury Risk Among 

Chronic Benzodiazepine users: 

Increase in benzodiazepine dose of 10% among chronic benzodiazepine users was not associated with a 

statistically significant change in occupational injury risk (Table 4b). 

 

DISCUSSION: 

This study is one of the first studies to use the case crossover design to assess the relationship between 

opioid or benzodiazepine use and occupational injury risk. The observed association of decreased 

occupational injury risk with acute opioid use was unexpected, particularly given the mechanism of action, 

CNS effects of opioids, and prior literature demonstrating an increased risk of occupational and non-

occupational injury associated with opioid use. No statistically significant effect was observed for the 

association between acute benzodiazepine use and occupational injury risk. Furthermore, dose change in 

opioids or benzodiazepines did not have a statistically significant association with occupational injury risk. 

Various elements of the study design, databases used, as well as confounding and misclassification of 

exposures and outcome may help explain the observed effects.  

 

Study Design: 

The case crossover study design may partially explain the association observed between opioid use and 

occupational injury risk due to biases introduced because of how the control periods were selected. This 

study design is useful for determining the effects of transient or intermittent exposures on acute events, 

using only cases. For each individual case, exposure just before the event (hazard or index period) is 

compared to exposure at other times (control or referent periods)30,31,41,50. The case crossover design 

assumes that there is no exposure trend across the control periods.31,41,51 Control period selection can 
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however introduce bias in the statistical determination of risk measures.41,50  For this study we employed 

a unidirectional approach to selecting the control periods.  

 

In the air pollution literature in which the case crossover design has been widely used, studies on 

potential biases associated with the choice of control periods suggest that time-stratified and full-stratum 

bidirectional control period selection schemes are the least likely to introduce bias, while the (restricted) 

unidirectional control period selection scheme has a high likelihood of introducing time trend bias and 

consequently biased effect estimates.41,51 In time-stratified control period selection, time is divided into 

separate strata, and the index time used to determine which stratum a given case falls into; all or a 

sample of the remaining times in the stratum then serve as control or referent periods for the case. 41,51 

The full-stratum bidirectional referent selection strategy involves choosing control periods both before and 

after the index time, such that the control periods encompass all days in the exposure series other than 

the index day.41,51 Bidirectional sampling is valid only if cases remain at risk after an event; it cannot for 

instance be used if cases die as a result of an event of interest.41,51 With restricted unidirectional design, 

the controls periods are usually selected close to or on the same day of the week as the index day.41,51  

 

In case crossover studies investigating the effects of ambient air pollution, the exposure i.e. air pollution is 

exogenous or produced independently of the case being investigated.31,41,50 As such, the short-term 

distribution of exposure within subjects may be more globally exchangeable.31,50 In this study, the 

prescription opioid and benzodiazepine exposures of interest can be considered endogenous exposures 

since they are influenced by individual indications, behavior and choices. Consequently, the marginal 

probability of being similarly exposed in the hazard compared to the control periods may differ 

considerably, particularly since the exposure distribution may not be stationary over time.50 The 

unidirectional control period selection approach employed in our study may therefore have introduced 

both control time selection bias as well as time trend bias.  

 

Control period selection bias occurs when the control period is not selected independently of the 

exposure; the exposure distribution in the control period therefore does not represent the exposure 
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distribution of the person-time giving rise to the cases.31 For instance, selecting a control period when the 

case is more likely to be exposed can lead to a downward bias in the effect estimate,  while selecting a 

control period when the case is less likely to be exposed can lead to a upward bias of the effect 

estimate.31 Time trend bias refers to trends in either exposure or outcome that may introduce non-

exchangeability between the hazard and control periods.31 In this study, there was an observed trend 

towards a decrease in the number of opioid prescriptions used moving chronologically forward from the 

fourth control period to the hazard period (Table S6). Based on this observation, it is possible that among 

opioid users, there is a behavioral tendency towards decreasing opioid use prior to return to work perhaps 

because of knowledge of opioid side effects. This trend may partly explain the odds ratio obtained for the 

association between acute opioid use and occupational injury risk. No exposure trend was observed for 

the distribution of acute benzodiazepine prescriptions across the control and hazard periods (Table S6).  

An additional critical issue with control period selection in this study was the absence of information on 

employment status among the cases.  Without these data, it was not possible to ascertain whether cases 

had a similar probability of sustaining an occupational injury across the control and hazard periods. It was 

only possible to say for certain that they were at work on the date of injury. As such, the control periods 

selected may have included person-times that did not truly represent the probability of exposure at times 

when an occupational injury could occur, thereby further introducing bias.31 

 

For the secondary goal of the study, change in opioid or benzodiazepine dose between the first control 

period and hazard period was compared to dose changes between consecutive control periods moving 

forward chronologically.  No statistically significant association was observed between an increase in 

opioid or benzodiazepine dose of 10% or greater among chronic users and occupational injury risk. 

Control period selection and time trend biases may have contributed to the absence of statistically 

significant effect estimates. The chosen size of the difference in opioid or benzodiazepine dose between 

hazard and control periods may also have been too small to allow a statistically significant effect measure 

to be observed. Furthermore, it may not have been statistically appropriate to assess for an association 

between change in dose in only one direction and occupational injury risk. 
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Based on the biases potentially introduced because of control period selection, and time trends in 

exposure, repeating the conditional logistical regression analyses using the time-stratified approach for 

selecting the control periods may help to eliminate these biases. The full-stratum bidirectional approach 

may however not be appropriate for the study aims, primarily given difference in the prevalence of opioid 

and benzodiazepine prescriptions use before and after injury.  

 

Completeness and Reliability of Data Sources: 

The Washington State Department of Labor and Industries claims database is an administrative database 

generated as a byproduct of clinical care received by injured workers covered by worker’s compensation 

benefits through the Washington State Fund.32 This database was used to characterize occupational 

injuries among cases included in the study analyses. Much of the data in the claims database is obtained 

from documents such as the ‘report of accident’ and ‘activity prescription form’ typically completed at the 

time the injured worker seeks medical care.32 Since this data is administrative in nature, and therefore not 

necessarily developed to support epidemiologic research, it is prone to both random and systematic 

errors. For instance, the injury dates provided in this dataset are typically based on the report of the 

injured worker and may as such be subject to recall bias, particularly if medical care is sought some-time 

after an injury occurs or if the injured worker does not immediately report the injury incident to their 

employer. Furthermore, systematic errors may be introduced in the process of transferring data from 

paper records to electronic form, and again in its preparation and de-identification for use in this study. 

The injury data provided is also incomplete in that it does not include injured workers employed by self-

insured companies in Washington state, or workers who may have been injured but did not file a claim, 

including those who may have been taking opioids or benzodiazepines prior to injury. The injury types, 

occupations, as well as opioid or benzodiazepine use profiles represented in self-insured claims data or 

among injured workers who did not file claims may differ from those in the state-funded claims, and could 

thereby affect effect estimates if included in the study.  

 

The Prescription Monitoring Program (PMP) database provides data on all Schedule II, III, IV, V drugs 

dispensed in Washington state since October 2011.34,35 The PMP data was merged with the 
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administrative claims data prior to performing statistical analyses.  In this study, it was assumed that 

claimants without PMP data had not been prescribed or dispensed any Schedule II, III, IV or V 

medications after October 2011. This was primarily because populations served by dispensers excluded 

from reporting e.g. incarcerated populations, populations receiving inpatient care, and populations 

receiving immediate one day use such as in methadone clinics, are unlikely to be working and therefore 

at very low risk of sustaining occupational injuries. In terms of completeness of the data for dispensers 

required to report, review of data and statistical reports available through the Washington State 

Department of Health did not yield information from which the negative predictive value of not having 

paired PMP data could be inferred. However, given that licensed dispensers are required by law to report 

this data and may be subject to disciplinary action for non-compliance, it is likely that the dispenser 

reporting compliance rates are relatively high. 

 

Confounding: 

Because each case serves as their own control in the case crossover study design, self-matching 

eliminates confounding from time-invariant characteristics. However, there are potential other sources of 

confounding not controlled for in this study which could have contributed to the effect measures observed. 

These include confounding by transient or acute indication, transient co-exposure, time trends and 

unknown or unmeasured time-variant individual characteristics. 

 

In case crossover studies that examine the impact of transient changes in drug use, self-matching 

removes confounding by indication for chronic health factors, including factors that cannot be measured.31 

However transient indications for a drug can result in lack of exchangeability between hazard and control 

periods thereby impacting effect estimates.31 In this study, an opioid or benzodiazepine prescription may 

have been dispensed for a transient indication that made individuals less likely to be working and 

therefore at decreased risk of sustaining an occupational injury. In this instance, the person-time 

represented by the hazard and control periods is not exchangeable; an individual is more likely to be 

exposed during lower risk of the outcome than during other times leading to a biased estimate of the 

associations of interest.31 The likelihood of an individual being dispensed an opioid or benzodiazepine for 
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a transient indication that made them more likely to return to work is probably much lower, but could also 

lead to biased effect estimates.  

 

Confounding by transient co-exposures refers to transient co-exposures that may also trigger the 

outcome.31 In this study, exposure to other sedating medications such as muscle relaxants, anti-seizure 

medications, and sedative hypnotic sleep aids which may be associated with opioid or benzodiazepine 

use and occupational injury risk were not controlled for. Such co-exposures could occur at different 

levels/frequencies between hazard and control periods thereby yielding biased effect estimates of the 

association between opioid or benzodiazepine use and occupational injury risk. Additional analyses in 

which these co-exposures are controlled for, including simultaneous exposure to both opioids and 

benzodiazepines, could yield more accurate effect estimates for the association between opioid or 

benzodiazepine use and occupational injury risk.31 

 

Confounding by time trends in both exposure and outcome can occur if time trends introduce non-

exchangeability between the hazard and control periods.31 Since the release of the Washington State 

Interagency Guideline on Opioid Dosing for Chronic Pain in 2007, a decrease in opioid prescribing has 

been demonstrated among certain populations.52 This decrease in opioid prescribing practices over time, 

could potentially explain the observed protective effect between opioid use and occupational injury risk. 

However, this is somewhat unlikely since the time trend in opioid prescribing has occurred over years, 

while the hazard and control periods in this study are weeks in length. The change in opioid prescribing 

practices should therefore not significantly impact the measures of risk. Time trends related to 

occupational injury risk, such as work seasonality, should yield valid results if the probability of exposure 

remains stable.31 However, if the distribution of exposure and outcome risk changes between hazard and 

control periods, as is the likely case in this study, non-exchangeability may arise resulting in biased 

measures of risk.31 This type of non-exchangeability between hazard and control periods could be 

decreased by conditioning on time, selecting control periods that occur on the same day as the index or 

event day, or comparing control period exposure at the same time of day as the hazard period.31 There is 

also the possibility of within-individual time trend bias introduced by the unidirectional selection of the 
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control periods. 41,51 This type of time trend bias could be addressed by again choosing the time-stratified 

control period selection approach.41 

 

There is also the possibility of confounding by unknown time-variant individual characteristics. The data 

used in this study did not include information on alcohol or recreational drug use, fatigue-related factors 

such as restricted sleep duration, or duration of employment or experience on the job. It is possible that 

such time-variant individual behaviors could be associated with the likelihood of being prescribed an 

opioid or a benzodiazepine and with occupational injury risk, thereby serving as uncontrolled 

confounders. 9,14,16,17,53 Furthermore, since individuals with multiple claims were included in the study, 

there was also the possibility for confounding related to already having an occupational injury; sustaining 

one occupational injury may be associated with an increased likelihood of being prescribed an opioid or 

benzodiazepine, as well as increased risk of having subsequent injuries. That said, prior analyses 

performed (data not shown), in which individuals with more than one claim were excluded, yielded similar 

effect measures to the present study analyses in which claimants with more than one claim were 

included.  Finally, there may also be autocorrelation, which occurs when the exposure or outcome risk in 

one time period is correlated with exposure levels in other time periods leading to non-independence.31 

This is again more likely to be an issue in claimants with more than one claim. 

 

Misclassification of Exposure and Outcome 

In this study, the exposures were determined using PMP data on prescription dispensation dates. It was 

assumed that the medications were used as prescribed upon being dispensed. However, the data did not 

provide information about how the medications were taken and therefore reflects likely but not actual 

exposure to opioids and benzodiazepines. This likely introduced non-differential exposure 

misclassification of the control and hazard periods, and is a limitation of the study data in that it likely 

resulted in bias of the odds ratios towards the null value. Also, because the duration of CNS effects of 

opioids and benzodiazepines are typically on the order of hours, the study data and consequently the 

length of control and hazard periods chosen, may not have been granular enough to truly capture the 



 31 

injury effects of acute opioid or benzodiazepine use or of change in opioid or benzodiazepine use among 

chronic users.   

 

In terms of outcome misclassification, occupational injury cases were limited to those that were 

characterized using the Occupational Injury and Illness Classification (OIICS) system as ‘traumatic 

injuries and disorders’ under injury nature. These types of injuries were specifically selected with the goal 

of only including acutely occurring occupational injuries such as fractures, burns, abrasions, intracranial 

injuries, sprains etc.  Of all the claims with Scheduled II, III, IV, and V prescription used before injury, 

43.4% had injuries that fell under the subcategory of ‘traumatic injuries to muscles, bones, ligaments, 

joints etc.’; 43.6% of these claims with opioid prescriptions and 47.8% with benzodiazepine prescriptions 

fell into this injury nature subcategory. This subcategory includes injuries which may be acute in nature, 

but may also include injuries or occupational musculoskeletal diseases that occur as a result of repetitive 

work-related activities and are therefore more chronic in nature.  The possible inclusion of injuries that did 

not occur acutely may have introduced non-differential misclassification of the outcome, thereby resulting 

in bias of the odds ratios obtained towards the null value. 

 

CONCLUSIONS: This study is one of the first to use the case crossover study design to study the 

association between opioid and benzodiazepine use and occupational injury risk. The study 

demonstrated that acute opioid use is associated with a statistically significant decreased risk of 

occupational injury. Given current literature and mechanism of action of opioid medications, this finding 

was surprising but may have arisen because of bias introduced from unidirectional control period 

selection, as well as confounding related to observed opioid prescribing time trends. These results should 

therefore be interpreted with caution. There was no statistically significant association between acute 

benzodiazepine use and occupational injury risk. There was no statistically significant association 

between increase in opioid or benzodiazepine dose and occupational injury risk among chronic opioid 

and benzodiazepine users. Future work should include using the time-stratified approach to selecting the 

control periods, and also repeating analyses controlling for time-variant individual characteristics as well 

as time trends. 
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Table 2a. Characteristics of Claims with Acute and Chronic Opioid or Benzodiazepine use Before Injury 
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Table 2b. Summary of Distribution of Opioid and Benzodiazepine Prescriptions Before Injury 

 
 
Table 3a. Association between Acute Opioid Use and Occupational Injury Risk using Conditional Logistic Regression 
Analysis 

 
*p <0.05 
 
Table 3b. Association between Acute Benzodiazepine Use and Occupational Injury Risk using Conditional Logistic 
Regression Analysis 

 
 
Table 4a. Association between Dose Change among Chronic Opioid Users and Occupational Injury Risk using 
Conditional Logistic Regression Analysis 
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Table 4b. Association between Dose Change among Chronic Benzodiazepine Users and Occupational Injury Risk using 
Conditional Logistic Regression Analysis 

  
 
 
Figure 1. Etiologically Relevant Hazard and Control Periods for Occupational Injury Risk Measure Assessment. 
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Figure 2. Distribution of Time of Prescription Use Relative to Injury for all Claims 
 

 
 
 
Figure 3. Use of Opioid, Benzodiazepines and Other Prescriptions Before Injury 
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Figure 4. Distribution of Number of Claims per Claimant With Prescriptions Before Injury 
 

 
 
 
Figure 5a. Distribution of Days of Prescription Supplied Among Acute Opioid Users 
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Figure 5b. Distribution of Days of Prescription Supplied Among Acute Benzodiazepine Users 
 

 
 
 
Figure 5c.  Distribution of Days of Prescription Supplied Among Chronic Opioid Users 
 

 
 
 
 



 40	

Figure 5d. Distribution of Days of Prescription Supplied Among Chronic Benzodiazepine Users 
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ADDITIONAL TABLES 
 
Table S1a. Characteristics of All Claims with and without Prescription Data 
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Table S1b. Characteristics of Claims with Opioid Prescriptions 
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Table S1c. Characteristics of Claims with Benzodiazepine Prescriptions 
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Table S2. Characteristics of Opioid Prescriptions 
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Table S3. Characteristics of Benzodiazepine Prescriptions 
 

 



 50	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 51	

Table S4. Distribution of Opioid Prescriptions Included in the Study 
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Table S5. Distribution of Benzodiazepine Prescriptions Included in the Study 
 

 
 
Table S6a. Distribution of Prescriptions Among Hazard Periods and Control Periods for Opioids and Benzodiazepines 
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Table S6b. Mean Morphine Equivalent Dose (MED) and Diazepam Equivalent Dose (DED) in Hazard and Control Periods 
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Table S7a. Effect Modification by Sex and Time of Year for Association Between Acute Opioid Use and Occupational 
Injury Risk 
 

 
*p<0.05 
 



 55	

Table S7b. Effect Modification by Sex and Time of Year for Association Between Acute Benzodiazepine Use and 
Occupational Injury Risk 
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Table S8a.  Opioid Use and Risk of Occupational Injury Determined Using Mcnemar’s Test 
 

1. All Occupations  

 
 

2. Safety Sensitive Occupations 
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Table S8b. Benzodiazepine Use and Risk of Occupational Injury Using Mcnemar’s Test  
 

1. All Occupations 

 
 

2. Safety Sensitive Occupations 

 
 
 
 
 
 
 

 

  



 58	

 

REFERENCES: 

1.  Garland EL, Froeliger B, Zeidan F, Partin K, Howard MO. The Downward Spiral of Chronic Pain, Prescription Opioid 

Misuse, and Addiction: Cognitive, Affective, and Neuropsychopharmacologic Pathways. Neurosci Biobehav Rev 

2013;37(10 0 2):2597–607.  

2.  Manthey L, van Loenen-Frösch F, Giltay EJ, et al. High dose benzodiazepines prolong reaction times in chronic 

users who have major depressive and/or anxiety disorders. Br J Clin Pharmacol 2014;77(3):571–7.  

3.  Howard ME, Desai AV, Grunstein RR, et al. Sleepiness, Sleep-disordered Breathing, and Accident Risk Factors in 

Commercial Vehicle Drivers. Am J Respir Crit Care Med 2004;170(9):1014–21.  

4.  Reguly P, Dubois S, Bédard M. Examining the impact of opioid analgesics on crash responsibility in truck drivers 

involved in fatal crashes. Forensic Sci Int 2014;234:154–61.  

5.  Gilmore TM, Alexander BH, Mueller BA, Rivara FP. Occupational injuries and medication use. Am J Ind Med 

1996;30(2):234–9.  

6.  Bachs L, Engeland A, Mørland J, Skurtveit S. The Risk of Motor Vehicle Accidents Involving Drivers With 

Prescriptions for Codeine or Tramadol. Clin Pharmacol Ther 2009;85(6):596–9.  

7.  Gomes T, Redelmeier DA, Juurlink DN, Dhalla IA, Camacho X, Mamdani MM. Opioid dose and risk of road trauma 

in Canada: a population-based study. JAMA Intern Med 2013;173(3):196–201.  

8.  Gibson JE, Hubbard RB, Smith CJP, Tata LJ, Britton JR, Fogarty AW. Use of self-controlled analytical techniques to 

assess the association between use of prescription medications and the risk of motor vehicle crashes. Am J 

Epidemiol 2009;169(6):761–8.  

9.  Mura P, Kintz P, Ludes B, et al. Comparison of the prevalence of alcohol, cannabis and other drugs between 900 

injured drivers and 900 control subjects: results of a French collaborative study. Forensic Sci Int 2003;133(1–2):79–

85.  

10.  Movig KLL, Mathijssen MPM, Nagel PHA, et al. Psychoactive substance use and the risk of motor vehicle accidents. 

Accid Anal Prev 2004;36(4):631–6.  



 59	

11.  Engeland A, Skurtveit S, Mørland J. Risk of road traffic accidents associated with the prescription of drugs: a 

registry-based cohort study. Ann Epidemiol 2007;17(8):597–602.  

12.  Kuschel BM, Laflamme L, Möller J. The risk of fall injury in relation to commonly prescribed medications among 

older people—a Swedish case-control study. Eur J Public Health 2015;25(3):527–32.  

13.  Söderberg KC, Laflamme L, Möller J. Newly initiated opioid treatment and the risk of fall-related injuries. A 

nationwide, register-based, case-crossover study in Sweden. CNS Drugs 2013;27(2):155–61.  

14.  Wang L, Wheeler K, Bai L, et al. Alcohol consumption and work-related injuries among farmers in Heilongjiang 

Province, People’s Republic of China. Am J Ind Med 2010;53(8):825–35.  

15.  Zheng L, Xiang H, Song X, Wang Z. Nonfatal unintentional injuries and related factors among male construction 

workers in central China. Am J Ind Med 2010;53(6):588–95.  

16.  Cheng W-J, Huang M-C, Cheng Y, Chen C-H, Chen C-J. Consumption of Alcoholic Energy Drinks Is Associated 

with Work-related Injury or Disease Among Manual Workers in Taiwan. Alcohol Alcohol Oxf Oxfs 2015;50(4):458–

62.  

17.  Stallones L, Xiang H. Alcohol consumption patterns and work-related injuries among Colorado farm residents. Am J 

Prev Med 2003;25(1):25–30.  

18.  Shipp E, Tortolero S, Cooper S, Baumler E, Weller N. Substance Use and Occupational Injuries Among High School 

Students in South Texas. Am J Drug Alcohol Abuse 2005;31(2):253–65.  

19.  Dawson DA. Heavy drinking and the risk of occupational injury. Accid Anal Prev 1994;26(5):655–65.  

20.  Frenk, SM, Porter, KS, CDC National Center for Health Statistics, Division of Health and Nutrition Examination 

Surveys. Prescripion Opioid Analgesic use Among Adults: United States, 1999 - 2012 (NCHS Data Brief, Number 

189) [Internet]. CDC Publ. Inf. Prod. 2015 [cited 2015 Dec 17];Available from: 

http://www.cdc.gov/nchs/data/databriefs/db189.htm 

21.  Dart RC, Surratt HL, Cicero TJ, et al. Trends in opioid analgesic abuse and mortality in the United States. N Engl J 

Med 2015;372(3):241–8.  



 60	

22.  Stagnitti, Marie N., Medical Expenditure Panel Survey (MEPS). MEPS Statistical Brief #478: Trends in Prescribed 

Outpatient Opioid Use and Expenses in the U.S. Civilian Noninstitutionalized Population, 2002 - 2012 [Internet]. 

[cited 2015 Dec 31];Available from: http://meps.ahrq.gov/mepsweb/data_files/publications/st478/stat478.shtml 

23.  Franklin GM, Mai J, Wickizer T, Turner JA, Fulton-Kehoe D, Grant L. Opioid dosing trends and mortality in 

Washington State workers’ compensation, 1996–2002. Am J Ind Med 2005;48(2):91–9.  

24.  Franklin GM, Stover BD, Turner JA, Fulton-Kehoe D, Wickizer TM, Disability Risk Identification Study Cohort. Early 

opioid prescription and subsequent disability among workers with back injuries: the Disability Risk Identification 

Study Cohort. Spine 2008;33(2):199–204.  

25.  Volinn E, Fargo JD, Fine PG. Opioid therapy for nonspecific low back pain and the outcome of chronic work loss. 

Pain 2009;142(3):194–201.  

26.  Dembe A, Wickizer T, Sieck C, Partridge J, Balchick R. Opioid use and dosing in the workers’ compensation setting. 

A comparative review and new data from Ohio. Am J Ind Med 2012;55(4):313–24.  

27.  Olfson M, King M, Schoenbaum M. Benzodiazepine use in the United States. JAMA Psychiatry 2015;72(2):136–42.  

28.  Lavin RA, Tao XG, Yuspeh L, Bernacki EJ. Impact of the combined use of benzodiazepines and opioids on workers’ 

compensation claim cost. J Occup Environ Med Am Coll Occup Environ Med 2014;56(9):973–8.  

29.  Hegmann KT, Weiss MS, Bowden K, et al. ACOEM practice guidelines: opioids and safety-sensitive work. J Occup 

Environ Med Am Coll Occup Environ Med 2014;56(7):e46-53.  

30.  Maclure M. The case-crossover design: a method for studying transient effects on the risk of acute events. Am J 

Epidemiol 1991;133(2):144–53.  

31.  Mittleman MA, Mostofsky E. Exchangeability in the case-crossover design. Int J Epidemiol 2014;dyu081.  

32.  Washington State Department of Labor and Industries. Workers’ Compensation Injury Data and Statistics: Injury 

Data [Internet]. [cited 2015 Dec 16];Available from: 

http://www.lni.wa.gov/ClaimsIns/Insurance/dataStatistics/WorkersCompdata/default.asp 

33.  OIICS Code Trees [Internet]. [cited 2016 Apr 5];Available from: 

http://wwwn.cdc.gov/wisards/oiics/Trees/MultiTree.aspx?Year=2012 



 61	

34.  Prescription Monitoring Program Public FAQ :: Washington State Department of Health [Internet]. [cited 2017 Apr 

29];Available from: 

http://www.doh.wa.gov/ForPublicHealthandHealthcareProviders/HealthcareProfessionsandFacilities/PrescriptionMo

nitoringProgramPMP/PublicFAQ 

35.  Washington State Department of Health, Washington State Prescription Monitoring Program. WA PMP Dispensers 

Implementation Guide [Internet]. 2013;Available from: 

http://www.wapmp.org/wapmpfiles/WA%20PMP%20Dispensers%20Implementation%20Guide.pdf 

36.  Argoff CE, Silvershein DI. A Comparison of Long- and Short-Acting Opioids for the Treatment of Chronic Noncancer 

Pain: Tailoring Therapy to Meet Patient Needs. Mayo Clin Proc 2009;84(7):602–12.  

37.  Rosenquist, EWK, Aronson, MD, Park, L. Overview of the treatment of chronic pain [Internet]. UpToDate. 2016 

[cited 2016 Feb 2];Available from: http://www-uptodate-com.offcampus.lib.washington.edu/contents/overview-of-the-

treatment-of-chronic-pain?source=preview&language=en-

US&anchor=H45602510&selectedTitle=1~150#H45602934 

38.  Bystritsky,A, Murray, BS, Hermann, R. Pharmacotherapy for generalized anxiety disorder [Internet]. UpToDate. 

2014 [cited 2016 Feb 2];Available from: http://www-uptodate-

com.offcampus.lib.washington.edu/contents/pharmacotherapy-for-generalized-anxiety-

disorder?source=search_result&search=benzodiazepines&selectedTitle=2~150#H202098356 

39.  Berry SD, Lee Y, Cai S, Dore DD. Nonbenzodiazepine sleep medication use and hip fractures in nursing home 

residents. JAMA Intern Med 2013;173(9):754–61.  

40.  Wang SV, Gagne JJ, Glynn RJ, Schneeweiss S. Case-crossover studies of therapeutics: design approaches to 

addressing time-varying prognosis in elderly populations. Epidemiol Camb Mass 2013;24(3):375–8.  

41.  Janes H, Sheppard L, Lumley T. Case-crossover analyses of air pollution exposure data: referent selection 

strategies and their implications for bias. Epidemiol Camb Mass 2005;16(6):717–26.  

42.  Drug Data | Drug Database | FDB (First Databank) [Internet]. [cited 2017 Apr 28];Available from: 

http://www.fdbhealth.com/ 



 62	

43.  The Bree Collaborative. Bree Collaborative Opioid Prescribing Metrics 2017 [Internet]. Opioid Prescr. Metr. Draft 

170209. [cited 2017 Apr 28];Available from: http://www.breecollaborative.org/wp-content/uploads/Opioid-

Prescribing-Metrics-Draft-17-0209.pdf 

44.  Agency Medical Director’s Group. Opioid Dose Calculator [Internet]. [cited 2015 Nov 23];Available from: 

http://agencymeddirectors.wa.gov/mobile.html 

45.  Sean, PK. Equivalent Benzodiazepine Calculator [Internet]. ClinCalc.com. [cited 2015 Nov 23];Available from: 

http://clincalc.com/About.aspx 

46.  garrett.ducker. Considerations for Safety- and Security-sensitive Industries [Internet]. 2015 [cited 2016 Apr 

21];Available from: http://www.samhsa.gov/workplace/legal/federal-laws/safety-security-sensitive 

47.  Bureau of Labor Statistics, US Department of Labor. BLS News Release. Non Fatal Occupational Injuries and 

Illnesses Requiring Days Away from Work, 2014. [Internet]. 2015;Available from: 

http://www.bls.gov/news.release/pdf/osh2.pdf 

48.  Standard Occupational Classification (SOC) System [Internet]. [cited 2016 Apr 21];Available from: 

http://www.bls.gov/soc/ 

49.  SOC Major Groups [Internet]. [cited 2016 Apr 5];Available from: http://www.bls.gov/soc/major_groups.htm 

50.  Vines SK, Farrington CP. Within-subject exposure dependency in case-crossover studies. Stat Med 

2001;20(20):3039–49.  

51.  Janes H, Sheppard L, Lumley T. Overlap bias in the case-crossover design, with application to air pollution 

exposures. Stat Med 2005;24(2):285–300.  

52.  Sullivan MD, Bauer AM, Fulton-Kehoe D, et al. Trends in Opioid Dosing Among Washington State Medicaid Patients 

Before and After Opioid Dosing Guideline Implementation. J Pain Off J Am Pain Soc 2016;17(5):561–8.  

53.  Lilley R, Day L, Koehncke N, et al. The relationship between fatigue-related factors and work-related injuries in the 

Saskatchewan Farm Injury Cohort Study. Am J Ind Med 2012;55(4):367–75.  

 

 


