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Abstract
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Department of Environmental and Occupational Health Sciences

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.



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.



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.”” 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% ClI, 1.46 — 3.92)).> 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 - 4.8‘I)).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.’

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. ®'°

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.’ 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.‘I5—1.76)).7 Furthermore, Norwegian drivers using opium alkaloids, tranquilizing

benzodiazepines, and hypnotic benzodiazepines were at 2.0 (SIR 2.0 (95%Cl, 1.7-2.4)), 2.9 (SIR 2.9



(95% Cl, 2.5-3.5)), and 3.3 (SIR 3.3 (95%Cl, 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."’
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.® 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%
Cl, 1.14-1.29)) during the 30 days before the fall.”> 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% Cl, 2.46—2.99)."

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.'* "

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% Cl, 1.27 — 2.47))."* 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." 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 %Cl: 1.12-2.69)) times greater than individuals who drank no alcohol.” 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



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." 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.'"

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

decade.?®?’

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.”’ 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).?* 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%.% There has also been an increase in use of prescription

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

potent than morphine significantly increased from 17.0% in 1999-2002 to 37.0% in 201 1-2012.%

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 Il
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 Il 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 Il opioid prescription, while 18% filled prescriptions for scheduled Il 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%.%°



With regards to prescription benzodiazepine use, in 2008, approximately 5.2% of adults in the United
States aged 18 to 80 years used benzodiazepines.”’ 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.”” 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%. *°

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.?®

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



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:

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.

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.***’

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

3031 Given the

compared with the same subject’s exposure during other times (control or referent periods).
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. * This self-matched design however



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.*' 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 lliness 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’.®® A
traumatic injury or disorder typically results from a single incident or event, or exposure over the course of
a single shift.> 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.%** The PMP is a prescription review database to which dispensers submit data on Schedules I,
lll, 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

34,35

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

than a 24-hour supply of a controlled substance for immediate use.***°

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

36,37

between short-acting and long-acting opioids. 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.*®*" F

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

often lasting several hours thereafter.®

11



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.

13,3941

Nonetheless, based on prior case crossover studies, the pharmacokinetics and pharmacodynamics

of opioids and benzodiazepines,**

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.*®
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 pres,criptions.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.** 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.*

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

13



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.*’
The occupations with incidence rates greater than 100 injuries/iliness 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.*® 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.

14



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 I, I, 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

15



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

i. 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.

16



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):
LogitP(X) = a+BE+ X5y Vi
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: g = 0, or ef = 1,where OR = ef

Alternate Hypothesis:  # 0, or e# # 1,where OR = ef

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(Xy) = a + BiEy + X1 vy Vi
where Logit P(X)is the log odds ratio, E; is the change in opioid or benzodiazepine dose between
hazard and control periods,V,; are matched dummy variables and n

is the number of matched pairs

Null Hypothesis: 8, = 0, or ef1 = 1,where OR = ef1

Alternate Hypothesis: B, # 0, or eft # 1,where OR = ef1

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% ClI).

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&l
claims data for fiscal years 2013, 2014, 2015 combined, there were 237,606 claims filed under injury
nature ‘Traumatic Injuries and Disorders’.* 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&l 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.% 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&l 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 S6éb).

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%Cl, 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

30,31,41,50

compared to exposure at other times (control or referent periods) . The case crossover design

31,41,51

assumes that there is no exposure trend across the control periods. Control period selection can
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41,50

however introduce bias in the statistical determination of risk measures. 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

41,51

consequently biased effect estimates. 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. 4151

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

41,51

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

41,51

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

the controls periods are usually selected close to or on the same day of the week as the index day.*"’

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

31,41,50

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

distribution of exposure within subjects may be more globally exchangeable.’"*

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.”® 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.” 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.®’ Time trend bias refers to trends in either exposure or outcome that may introduce non-
exchangeability between the hazard and control periods.” 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.*’

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.* 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.*” 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, lll, IV, V drugs

34,35

dispensed in Washington state since October 2011. 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 I, lll, 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.”’
However transient indications for a drug can result in lack of exchangeability between hazard and control
periods thereby impacting effect estimates.’’ 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.>’ 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.*' 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.’’

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.®’ 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.>' 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. 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, %1416:17%3

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
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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 lliness 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, Ill, 1V, 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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KEY TABLES AND FIGURES

Table 1. Characteristics of Claims with Prescriptions Before Injury Compared to Claims without Any Prescriptions

Varizble Claims with Any Prescription |Cleimswithout Any Prescriptions Claims with Any O picid Before |Clasims with Any Benzodiezepine
Before Injury (%) Before or After Injury (%) Injury (%) Before Injury (%)
Age [yesrs)
18 -24 13376 (13.5) 21570 (20.1) 12081(13.2) 2176(85)
5-28 12,182 (123) 16832 (15.7) 11237(12.3) 2520(S.8)
30-24 12,284{12 3) 15018 (14.0) 11474(125) 3076(11.9)
35-38 11326{11.3) 12050(11.2) 10524(115) 3201(12.4)
0-4 11182 (113) 11002 (10.3) 10882(113) 3203(12.4)
45-42 1082 (11.0) S617(9.0) 10012(10.5 3366(13.1)
30-34 11875(12.0) 01334 10s81(12.0 3554(13.8)
55-59 9,852(99) 7311(6.8) 2054 (9.5 2903(113)
0-65 6,325(6.40 4328(4.6) 5785 (6.3) 1756(6.8)
Total S5251(100) 107341 (100 S1587 (100 25755(100)
Sex
Female 34340(3735) 32,246(30.0 34340(37.5) 12853(50.3)
MNale 57,245 (82.3) 75,092(70.0 57246(62.5) 12802(48.7)
Total 91,586 (100 107 341 (100 S1586(100y 25755(100)
Injury Year
¥r 2013 27992(282) 36035 (33.6) 25650(28.0) 7639(25.7)
¥r 2014 34640(349 35844 (33.4) 31885(34.8) 9016(35.0)
¥r 2015 36652(369) 35438 (33.0) 34052(37.2) 9100(35.3)
Total SS251(100) 107341 (100 S1587 (100 25755(100)
Claim Status
Non compensable 70184(70.7) 20155 (84.0) 63552(62.4) 16428(63.5)
Compensable 23575(23.7) 128009 (11.9) 22715(24.8 7915(30.7)
Fatal 23(0.02) £2(0.05 20({0.Q) 8(0.(8)
Total permanent disabiity 87(0.09 24(0.02) 87(0.1) 43(0.2)
Kepton Salary 4858(4.53) 3566(3.7) 4708 (5.1) 1178(4§
Lossof earning power 524(0.5) 278 (0.3 505(0.6) 182(0.7)
Total SS251(100) 107341 (100 S1587 (100 25755(100)
Injury Neture
Traumaticinjuries and disorders, 430(0.9 378 (0.4) 408(0.5) 121(05
unspecified
Traumaticinjuries to bones, nervesspinal |6829(7.0 5531(5.2) 6576 (7.2) 1757(6.8
cord
Traumaticinjuries to muscles, tendons, 43068 (43.4 37024 (345) 39524(43.§ 12308(47.5
figaments jointsetc
Open wounds 18533(187) 30824 (23.7) 16644(182) 3765(14.6)
Surface wounds and bruises 14168(143) 18053 (16.9) 13027(142) 3171(123)
Burns 1868(2.0 2560(2.4) 1817 (20 415(1§
Intracranialinjuries 1340(19 1841(1.7) 168(15 587(2.3)
Multiple traumaticinjuries and disorders 7659(7.7) 7250(6.8) 7154 (7.8 2258(88)
Other traumatic injurie sand disorders 4E686(4.7) 3800(3.5) 4378 (43 1378(5.9)
Total 55251 (100) 107341 (100 21587 (100 25755(100)
Occupetional Classifiation
Monagement Occupations 3174(3.2) 2488(2.3) 2851 (3.3 1R&6(40
Busine ss and Financial Operations 653(0.7) 24(0.4 572(0.6) 257({10
Com puter and mathematical occupations 241(0.2) 284 (0.3 219(0.2) 71(03)
Architecture and engineering cccupations |385(0.4) 377 (0.9 333(04) 114(049
Life, physicland sodsl science oxupations |385(0.4) 342 (0.5 331(0.4) {0y
Community and sodal services occupations |1030(1.0 82 (0.6 911(1.0) 382(15)
Legal occupations 100({0.1) 77(0.1) 88(0.1) 38(0.2)
Education, training and library cupations |1295(13) 1145(1.1) 1130(12) 472(1§
Arts, design, entertasinment, sports, media  |685(0.7) 778(0.7) 605(0.7) 161{0.§
Healthcare practitioners and technical 3437(3.5) 3502(3.3) 3007 (3.3) 1327(5.2)
Healthcare support occupations 6127(6.2) 2215(4.6) 5845 (82) 2167(89
Protective services oxupations 3256(3.3) 2189(2.1) 2979 (3.3) 963(3.7)
Foocd preparation and serving related 8062(81) 10622 (2.9 7378 (81) 2043(4y)
Building and grounds cleaning 4443(4.5) 5840(5.4) 4147 (45 1060(4.1)
Personal care and service occupations 3733(3.5 2589(2.8) 3434 (3.5 1280(5.0
Sales and related occupations 4266(4.3) 3610(3.4) 3855 (42 1347(5.2)
Office and administrative support occup 4958(5.0 3520(3.7) 4520(49 1613(6.3)
Farming, fishing and forestry oupations 3067(3.1) SR29(9.0) 2830(3.3) 455(1§
Construction and extraction ccoupations 114354(115 13316 (12.4) 10819(11.5) 2413(2.9
instaliation, maintenance and repair 9165(2.2) 8562(8.0) 8353 (8.3) 15€0(7.§
Production cccupations 10103{10.2) 11172 (10.9) 9437 (103) 2004(7.5
Transportation and material moving 13168(13.3) 13586 (12.7) 12347(13.5) 2855(11.1)
Military specific ccaupations 3(0.0 1{0.0 3{0.C5) 1(00
Not Classified 6040(6.1) 6687 (6.2) 5585 (6.1) 188(6.3)
Total SS251(100) 107341 (100 51587 (100 25755(100)




Table 2a. Characteristics of Claims with Acute and Chronic Opioid or Benzodiazepine use Before Injury

Vanable Components Any Acute Opioid Any Chronic Opioid | Total (%) AnyAcute Benzo |AnyChronicBenzo [Totd (%)
Before injury (%) Before njury (%) Before Injury(%) |Before Injury (%)
Age (years)
18 -24 3383 (13.2) 57(1.7) 3470 (11.3) 514(9.6) 105 (3.7) 512 (7.6)
25-29 3365 (13.1) 219(43) 3584 (11.7) 584(10.8) 122 (7.1) 783 (2.5)
30-24 3357 {13.1) 453 (2.0) 3810(12.4) 609(114) 250 (9.9) 552 (10.9)
35-39 3112 (12.1) 524 (10.4) 3535 (11.5) §75(12.5) 325 (11.5) 1000 (12.2)
40-44 2880 (11.2) 631 (12.5) 3511 (11.4) 638(119) 357 (12.7) 255 (12.2)
45-49 2731 (10.6) 788 (15.6) 3519 (11.5) 669(12.5) 205 (14.4) 1075 (13.2)
50-54 2959 (11.5) oR2 (19.5) 3941 (12.§) 714(13.3) 452 (15.3) 1173 (14.4)
55-52 2414 (9.4) 518 (15.3) 3233 (10.5) 572(10.8) 422 (15.0) 1001 {12.3)
60-65 1474 (5.7) 538 (10.7) 2012 (6.6) 352(6.3) 257 (9.5) 636 (7.8)
Total 25675 {100} 5041 {100) 30716 {100} 5351 {100) 2820 {100) 5171 (100)
Sex
Femae 10367(40.4) 2173 (43.1) 12540 (40.8) 3113 (58.2) 1562 (55.6) 4682 (57.3)
Male 15308 (52.6) 2868 (56.5) 18176 (59.2) 2238 (41.8) 1251 (44.4) 3482 (42.7)
Total 25675 [100) 5041 {100) 30716 {100} 5351 {100) 2520 {100) 5171 (100)
Injury Year
Yr 2013 8327 (32.4) 1602 (31.9 20356 (32.4) 1704 (31.8) 952 (33.8) 2656 (32.5)
Yr 2014 5788 (34.3) 1685 (33.5) 10474 (34.1) 1886 (35.3) 285 (34.8) 2571 (35.1)
Yr 2015 8560 (33.3) 1745 (34.6) 10305 (33.5) 1761 (32.9) 883 (31.3) 2644 (32.4)
Total 25675 {100} 5041 {100) 30716 {100} 5351 {100) 2820 {100) 5171 (100)
Claim Status
Non compensable 17757 (82.2) 2985 (59.3) 20755 [57.5) 3715 (£8.4) 1715 (£0.5} 5431 965.5)
Compenszable 6539 (25.5) 1752 (35.0) 8301 (27.0} 1357 (25.9) 951 (33.7) 2338 (28.6)
Fatal 3 (0.01) 1{0.a) 4{0.01) 3{0.1) 1{0.04) 4{0.1)
Total permanent disability 27(0.1) 15{0.3) 2({01) 4(0.1) 8{0.3) 12{02)
Kept on Salary 1184 (4.6) 244 (4.8) 1428 (4.7) 209(3.9) 121(4.3) 330(4.0)
Loss of earning power 155(0.6) 31(05) 1856 (0.6) 32 (0. 24(0.3) 56(0.7)
Total 25675{100) 5041 {100) 30716 {100} 5351 {100) 2820 {100) 5171 (100)
Injury Nature
Traumaticinjuries and disorders, unspecified 105(0.4) 26(05) 131 (0.4) 31(0.§ 17(0.6) 48(0.6)
Traumaticinjuries to bones, nerves,spinal cord 1692 (6.6) 381 (7.6) 2073 (6.8) 335(63) 192 (6.8) 527 (6.5)
Traumaticinjuries to musdes, tendons, igaments, [11205 (53.6) 2395 (47.5) 13600 (44.3) 2415 (45.2) 1334 (47.3) 3753 (45.9)
lioints etc
Open wounds 4527 (17.6) 644 (12.8) 5171 (16.8 8657(16.2) 385 (13.7) 1252 (15.3)
Surface wounds and bruises 3713 (14.5) 681 (13.5) 4384 (14.3) 745(13.9) 324 (11.5) 1070 (13.1)
Bumns 554 (22) 65(13) 612 (2.0) 54 (1.5 44(16) 128({18)
Intracranial injuries 472 (18) 85(1.7) 557 (1.5) 122(23) 7(28) 201 (25)
Multiple traumaticinjuries and disorders 2120(8.3) 477 (2.5) 2557 (8.5) 472(83) 300 (10.6) 772(8.5)
Other traumaticinjuries and disorders 1287 (5.0) 2587 (5.7) 1574 85.1) 275(5.1) 145(5.1) 420 (5.1)
Total 25675 [100) 5041 {100) 30716 {100} 5351 {100) 2820 {100) 5171 (100)
Occupational dassification
Management Occupations 778 (3.0) 185(3.3) %3 (3.1) 267(5.0) 119(4.2) 386 (4.7)
Business and Financal Operations 183 (0.6) 48(1.0) 211(0.7) 63(1.2) 32 (14) 102(13)
Computer and mathematical occupations 55(02) 17{03) 72(02) 14(0.3) 12 (04) 26(03)
Architecture and engineering occupations 83(03) 18(04) 102 (0.3) 27 (0.5) 12 (04) 38(05)
Lfe, physical and socal soence occupations 75(03) 15{03) w0 (03) 21(0.4) 12 (04) 33(04)
Communityand socd services occupations 267 (10) 57(1.1) 324(1.1) 87 (1.6 71(25) 158 (19
Lezal occupations 23{0.1) 6{0.1) 2(01) 11(0.2) 3(0.1) 14(02)
Education, trainingand library occupations 344 (13) 57{1.1) 201 (1.3) 117(22) 56(20) 173(21)
Arts, design, entertainment, sports, media 167(0.7) 27(05) 184 (0.6) 22 (0.5 24(0.9) 53(0.6)
Hedthcare practitioners and technicad 854 (3.4) 222 (4.4) 1086 (3.5) 345(65) 187 (6.6) 533 (&5)
Hedthcare support occupations 1783 (6.9) 371(7.8) 2154 (7.0) 457(83) 254 (5.0) 751 (8.2)
Protective services occupations 740 (283) 160(3.2) 00 (2.8) 188(3.5) 4 (3.3) 282 (3.5)
Food preparation and serving related 2158 (5.4) 335(5.7) 2503 (5.2) 440(82) 243 (8.5) 653 (84)
Building and grounds deaning 1156 (4.5) 121 (3.5) 1347 (4.4) 202(3.5) 123 (4.4) 325(4.0)
Personal care and service occupations 1038 (4.0) 230 (4.6) 1268 (4.1) 298(5.6) 162 (5.7) 480 (5.6)
Sales and related occupations 1120(4.4) 266 (5.3) 13865 (4.5) 295(5.5) 185 (7.0} 4s1 (8.0)
Office and administrative supportoccupations 1325(5.2) 308 (&1) 1634 (5.3) 358(63) 206 (7.3) 574 (7.0)
Farming, fishing and forestry occupations 637 (6.7) 72{14) 78 (2.5) 78(1.5) 2(10) 107 (13)
Construction and extraction occupations 2855 (11.1) 581 (11.5) 3440(11.2) 401(75) 212 (7.5) 613 (7.5)
Installation, maintenance and repair 2120 (5.5) 497 (2.9) 2587 (5.8) 340(54) 185 (5.9) 535 (5.6)
Production occupations 2727 (10.6) 471 (2.3) 3198 (10.4) 385(7.2) 185 (5.6) 571(7.0)
Transportation and material moving 3415 (13.3) 565 (11.2) 3580 (13.0) 521(9.7) 27 (8.1) 748 (8.2)
Military specficoccupations 3 (0.01) 0 (0.0} 3({0.01) 1{0.02) 0{0.0) 1{o0.01)
Not Classified 1835 (5.4) 380 (7.1) 1295 (5.5) 354(5.56) 153 (5.5} 513 {6.3)
Total 25675 {100) 5041 {100) 30716 {100} 5351 {100) 2820 {100) 5171 (100)
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Table 2b. Summary of Distribution of Opioid and Benzodiazepine Prescriptions Before Injury

All Claims Claims In Safety Sensitive Flelds
Varlable N % Of Claims with Prescriptions [N % of Claims with Prescriptions
before Injury before Injury
Claims with Any Prescriptions before Injury §5261 100.0 6794 100.0
Claims with Any Opioid Before Injury 91587 922 63158 93.0
Claims with Any Benzodiazepine Before 25755 25.9 16488 243
Injury
Claims with Any Other Prescription (notan 38956 352 25648 37.7
Opioid or Benzodiazepine) Before Injury
Oplolds (Acute and Chronlc)
Claims with An Acute Opioid Prescription 25675 25.9 17465 25.7
Before Injury
Claims with A Chronic Opioid Prescription 5041 5.1 3360 48
Before Injury
Benzodlazepines (Acute and Chronlic)
Claims with An Acute Benzodiazepine 5351 5.4 45350 7.2
Prescription Before Injury
Claims with A ChronicBenzodiazepine 2820 28 1668.0 25
Prescription Before Injury

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

Analysis
Claims With Acute Opioid Prescriptions | Claims with Acute Prescriptions Opioid Before Injury
Before Injury (N = 25,675) in Safety Sensitive Fields (N = 17,469)
Prescription (Hazard & Control |OR 95% Cl OR 95% Cl
Period Le ngth)
Opioid (7-day) 0.84* 0.80-0.89 0.82* 0.76-0.87
Opioid (14-day) 0.87* 0.82-0.89 0.85* 0.80-0.89
Opioid (28-day) 0.83* 0.80-0.86 0.83* 0.79-0.86

*p <0.05

Table 3b. Association between Acute Benzodiazepine Use and Occupational Injury Risk using Conditional Logistic

Regression Analysis

Claims With Acute Prescriptions Before Claims with Acute Prescriptions Before Injury in Safety
Injury (N =5351) Sensitive Fields (N =3257)
Prescription (Hazard & Control OR 9525 Cl OR 95% Cl
Period Length)
Benzodiazepine (7-day) 103 093-114 1.05 091-1.20
Benzodiazepine (14-day) 0.97 09-105 0.98 0.88-1.08
Benzodiazepine (28-day) 0.97 091-104 0.96 083-1.04

Table 4a. Association between Dose Change among Chronic Opioid Users and Occupational Injury Risk using

Conditional Logistic Regression Analysis

Claims With Chronic Opioid Prescriptions Before
Injury (N =11,213)
Prescription (Hazard & Control OR 95% ClI
Period Length)
Opioid (7-day) 1.02 0.96- 1.08
Opioid (14-day) 1.01 0.96- 1.06
Opioid (28-day) 0.99 0.94-1.04
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Table 4b. Association between Dose Change among Chronic Benzodiazepine Users and Occupational Injury Risk using

Conditional Logistic Regression Analysis

Claims With Chronic Prescriptions Before Injury
(N =6261)
Prescription (Hazard & Control OR 95%Cl
Period Length)
Benzodiazepine (7-day) 0.99 0.91-1.07
Benzodiazepine (14-day) 1.04 0.97-1.12
Benzodiazepine (28-day) 1.04 0.97-1.13

Figure 1. Etiologically Relevant Hazard and Control Periods for Occupational Injury Risk Measure Assessment.

Part I: Hazard period = 1 week, Control period = 1 week

|Control 4|Control 3 |Control 2 [Control | | Hazard |"""’|NJURY’"”'r

I I I I I I I I I
-8 -7 -6 -5 -4 -3 -2 -1 0 weeks

Part Il: Hazard period = 2 weeks, Control period = 2 weeks

|Control 4 |Control 3 |Control 2 |Control | | Hazard [***INJURY***

| I I I | | I I |
16 14 12 10 8 6 4 2 0 weeks

Part lll: Hazard period = 4 weeks, Control period = 4 weeks

|Control 4 |Control 3 |Control 2 [Control | | Hazard [***INJURY***

I | I | | | I | I
36 32 24 20 16 12 8 4 0 weeks
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Figure 2. Distribution of Time of Prescription Use Relative to Injury for all Claims

Figure 2. Distribution of Time of Prescription Use Relative
to Injury for All Claims
(N =238,172)

u Any Prescription Before Injury m Any Prescription After Injury Only = No Prescriptions

Figure 3. Use of Opioid, Benzodiazepines and Other Prescriptions Before Injury

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

Figure 4. Distribution of Number of Claims Per Claimant Among Claimants with
Prescriptions Before Injury (%)

:

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

=]

"2 E
3
=3

3 g

) o
—
()

"4 )
3
w

n5

Distribution of Days of Prescription Supplied Among Acute Opioid Users

e | —
=
)
c
@
(]
L
=
(=) o T T _‘_‘_I—!
0 40 60

20
Days of Prescription Supplied



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

Distribution of Days of Prescription Supplied Among Acute Benzodiazepine Users
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Figure 5c¢. Distribution of Days of Prescription Supplied Among Chronic Opioid Users
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Figure 5d. Distribution of Days of Prescription Supplied Among Chronic Benzodiazepine Users

Distribution of Days ofPrescription Supplied Among Chronic Benzodiazepine Users
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ADDITIONAL TABLES

Table S1a. Characteristics of All Claims with and without Prescription Data

Variable Variable Components Prescription Before |Prescription No prescription |Total (%)
Injury (%) After Injury (%] |{%)
All 99291 (41.7) 31540(13.2) 107341 {45.1) 238172 (100)
Prescription Any prescription 99291 ( 75.9) 31,540 (2.1) * 130831 {100)
Any Opioid 91587 (5.3) Po0(AT |* 121667 {100)
Opioid Alone 47830 (66.1) 25,664 (31.9) * 73503100
Any Benzodiazepine 5755 (89.5) 3,022 (105]) * 28,777(100)
Benzodiazepine Alone 1604 (77.4) 469(22.6) * 2073 (100)
Any Cther Rx 38956 (91.8) 383(8.2 * 42439(100)
Cther Rx Alone 5138(24.9) 916(15.1) * 6064 (100)
AcutePrescriptions {<=60  |Any Opioid 5675 (23.0) * * 91,587 (beforeinjury)
days suppliedin 180 days 5676(2.0) 121667 {all)
beforeinjury])
Any Benzodiazepine 5351(21.0) * * 25,755 {beforeinjury)
5351(186) 28777 (all)
ChronicPresciptions (=60  |Any Opioid 5041(5.5) * * 91587 {beforeinjury)
days suppliedin 180 days 5041(5.2) 121667 (all)
beforeinjury)
Any Benzodiazepine 2320(10.9) * * 25,755 (beforeinjury)
2820(9.8 28777(all)
Age {years) 18 - 2 13,376 (13.5) 4,453114.1) 21570(D0.1) 3405 (165)
5-2 12,182(12.3) 4,050(128) 16832(15.7) 33064 {13.9)
0-A4 12,284(12.4) 3,951 {125} 15018 {14.0} 31253(131)
- 11,326(11.4) 3,603(11.4) 12050 (11.2) 26979(11.3)
40- 44 11,192(11.3) 3,604 {11.4) 11002 {10.3) 25793{10.8)
45- 49 10,879 (11.0) 3,557(11.3) 9617(9.0) 240653{10.1)
50-54 11,875 (12.0) 3,610{11.5) 013 8.4) 24498(10.3)
55- 59 9,852(9.9) 2,899(9.2) 73111(6.8 20062(8.4)
€- 6 6,35 (6.40) 1,807 (5.7) 4928(4.6) 13060(5.5)
Total 93291 {100} 31540 {100) 107341 {100} 233172 {100)
Sex Female 34,310(37.5) 7,650(25.4) 32,46(30.0) 73185(328)
Male 57,246 (62.5) 22,429(74.6) |75,092{70.0) 159,95 (67.2)
Total 91,586 {100} 30,079 {100} 107,341 {100) 238,172 (100}
Injury Year r 2013 27992(28.2) 13308 (43.8) 36069 (33.6) 77859(32.7)
r 2014 34640 (34.9) 106558 (33.5) 35844 (33.4) 81042(34.0)
Yr 2015 36659 (36.9) 7174{228) 35433(33.0) 79271{33.3)
Total 99291 {100} 31540 { 100} 107341 (100} 238172 (100}
Claim Status Non compensable 7014 (0.7 17718(56.2) 90156 (34.0) 173097 (74.8)
Compensable 2BB(R7) 10931 (3.7} 12808 (11.9) 47315(19.9)
Fatal 23{0.02) 5{0.02) 69 {0.06) 97{0.04)
Total permanent disability 37 1(0.09) 53(0.2) 24 (0.02) 163 (0.07)
Kept on Salary 4898(4.93) 2611(8.3 3966(3.7 11475{4.8
Loss of earning power 524 (0.5) 217(0.7) 2738(0.3) 1013 (0.4)
Total 99291 {100) 31540 {100) 10731 {100) 238172 {100)
Injury Nature Traumaticinjuries and disorders, 440(0.4) 93(0.3) 373(0.4) 911{0.4)
unspecified
Traumaticinjuriesto bones, 6929(7.0) 3932(125) 5531(5.2 16392{6.7)
nerves,spinal cord
Traumaticinjuriesto musdes, 43063 (43.4) 13065 (41.4) 3702 (3.5) 93161(39.1)
tendons, lizaments, joints etc
Open wounds 18533(18.7) 5114 {16.2) 3084 (23.7) 54471(22.9)
Surface wounds and bruises 14168(14.3) 3653(11.6) 18093(16.9) 35919(15.1)
Burns 1968(2.0) 732(2.5) 560(2.4) 5310(2.2)
Intracranial injuries 1840(1.9 418(1.3) 1841(1.7 4003 (1.7)
Multipletraumaticinjuries and 7669(7.7) 3044 (9.7 7290(6.8 17993{7.6)
disorders
Cther traumaticinjuries and 4686(4.7) 1430(4.5) 3800(3.5) 93916 (4.2)
disorders
Total 99291 {100} 31540 { 100) 107311 {100) 238172 {100)
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Injury Source Chemical and Chemical Produds 153(0.2) 53(0.2 26303 469{0.2)
Containers 10022(10.1) 3133(99) 10810{10.1) 23966 (10.1)
Fumitureandfixtures 4024 {4.1) 1048(33) B0(34) 852(37)
Machinery 5113(5.2) 1976(63) 5937(5.5) 1026(5.5)
Parts and materials 10645 (107 3867123 12813(11.9 (11.5)2735
Persons, plants, animals, and M8 (5.1) o223 21409{19.9 53315 9224)
minerals
Structures and surfaces 17406(17.5) 59% (13.0) 16281 (15.2) 616 T
Tools, instruments and equipment  |11516(11.6) 3297(10.5) 17823(16.6) 3IXBB(137
Vehides 7158(7.2 M18(7.7) 7114 (6.6) 16690(7.0)
Other Sources & Nond assifiable 830(34) 2732(87) 11211 (10.4) 22313(9.4)
Total 99291 (100) 31540(100) 107341 (100) 233172(100)

Accident Type Contact with objeds andequipment |2373(24) 732(25) 4357(4.1) D173
Falls MB715.2 952(5.3 273661 5.5) 60815 (25.3)
Bodily reaction and exertion 53723(54.1) 16772(53 2 55289(51.5) 15734 (528
Exposure to hammful substancesor  |6039{61) 2620(83) 7267(6.8) 15926(6.7)
environments
Transportation accidents 353(38 1224 (4.1) BA3(3.4) 2601(37)
Fires and explsions XB3(27 746(24) 4049(3.8) 7453(31)
Assaults andviolent ads 5173(5.2 109 (35) 4625 (4.3) 10897 (4.6)
Cther events/exposures & 539{0.6) 260(0.8) 740(0.7) 1583(0.7)
nonclassifiable
Total 99291 (100) 31540 {100) 107311 {100) 2331721100}

Bodly Part Head F63(3.6) 073(38) 8319(8.2) 21466{9.0)
Neck, induding throat 446314.5) 1089(35) 4635 (4.3) 10182{4.3)
Trunk 3463{30.7) 10189{323  |26406(24.6) 67064 (28 2)
Upper extremities BB (366) 11060(5.1) 49214 (45.9) 26639(40.6)
Lower extremities 18337 (185) 6119{194) 18232(167 42733(17.9)
COther body part, 8 nondassifiable  |33(0.03) 5(0.02 45 (004 23(0.03)
Total 95291 (100) 31540 (100) 107341 (100) 233172(100)

Occupational Classification |Manazement Occupations 37432 01 (25) 483(2.3) GA63(27
Business and Financial Operations B3(07 133(0.4) 424(0.4) 1210({0.5)
Computer and mathematical M1(02) 02 264103 563{0.2)
occupations
Architecture and engineering 35 (04) 104 {0.3) 377(04) 266(04)
occupations
Life, physical and sodial science 35 (04) 113{04) 542(0.5) 140(0.4)
occupations
Community and social services 100(1.0) 196{0.6) 632{0.6) 1908(0.8)
occupations
Legal ocoupations 100{0.1) 23(0.1) 77(01) 20(0.1)
Education, training andlibrary 125(L3 279(0.9) 1145(1.1) 2719(L.1)
occupations
Arts, design, entertainment, sports, |65({07) 236(0.8) 77807 17209(0.7
media
Healthcare pradtitioners and AN37(35) 581(1.8 H02(3.3) B20(32
technical
Health care support occupations 6127162 1164 (37) 4919(4.6) 12210(5.1)
Protective services ocaupations 356(33 g5(2.6 293(2.1) 6230(26)

L62(31) 27(7.2) 10622(9.9) A963(8.8)
Food preparation and serving related
Building anderounds deaning 4449(4.5) 155(4.8) 5840(5.4) 11814 (5.0)
Personal care and service FB(3§ 832{2.6) 2983(2.8) 754(32
occupations
Sales and related occupations 4266(4.3 1070(34) 3B10(34) SH6(38
Office and administrative support ~ |4938{5.0) 1156(37) PD(3.7) 10074 {4.2)
occup
Farming, fishing and forestry 067(31) 09%6(67) 625(9.0) 14792(6.2)
occupations
Construction and extraction 11454 {11.5) 4344 {15.7) 13316{124) 29714 (125)
occupations
Installation, maintenance and repair |9163{3.2) 0E0(37) HE62(8.0) 20791 (38.7)
Production occupations 10103{10.2 56(11L.0) 11172(10.4) M731{10.4)
Transportation and material moving |13169{13 3 4661 (14.8) 13%(127 3426(132
Military specific occupations 3(0.0) 1{0.0) 1{0.0) 5(0.0)
Not Classified 6M40(61) 1341(62) 6687 1(6.2) 14663(6.2)
Total 99291 (100) 31540 {100) 107311 {100) 233172100}
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Table S1b. Characteristics of Claims with Opioid Prescriptions

Variable Varisble Components Any Opicid Before |Any Opicid After Injury |Total (%) ny ChronicOpiad  [Total (%)
Injury (%) (%) elnjury (%)
Al - 91587 (75.3) 30080(247) 121667 (100 5041 (184 30716(100y
- - * - 5041 {5.5) S1587 (100
Aze (years) 1B5-24 12051(13.2) 271142 1882(135) B7{17) 3470(113)
25-29 11237(12.3) 3872(185) 15109129 212(43) 3584(117)
30-24 11474(12.5) 3753(12.5) 15227 (125) 1453 (20 3810(124
35-35 10524(115) 326(1Lg 13950(115) 524(104) 3636(118)
0-4 10882(11L3) 3415(1Ly 13757 (113) 31(125) 3511(114
45- 43 10015(10.9 3411113 13430(110 88(15.6) 3519(115)
30-34 10581(12.0 3432(1Ly 1420115 82(185) 3241(128)
55-39 084(25 2776(92) 11570(9.5) 19(163) 3233(105)
€0- & 5785(63) 1717(53) 732 (6.2) 538(10.7) 2012(6.6
Total S1587 (100} 30080 (100 121667 (100 5041 (100 16,4 30716(100
Sex Female 34340(37.5) 7650(25.4 41930(343) 2173(48.1) 12340(205
Male 57246(62.5) 22422(748) 79675(65.5) 2868 (36.9) 18176(58.2)
Total 51536 (100} 30072 (100 121665 (100 5041 (100 30716(100
Injury Year ¥r 2013 25650(28.0 13134(87) 3874(315 1602(3L9 9536(32.4)
¥r 2014 31885(34.8) 10033(334) 41833(34g 1686(33.5) 1074341
¥r 2015 34052(37.2) 6883 (22.5) 40535(337) 1745(34.§ 10806(33.
Total S1587 {100 30030 (1004 121667 (1004 5041 (100} 30716(100
Claim Status Noncompe nsable &3552(88.49) 16650(55.4) 80202 (659 2988 (55.3) 2055(67.8
Compensable 22715(245 10583(352) 33308(27.4 1762(35.04 8301(27.0
Fatal 20(0.02) 4{0.01) 24(002) 1(0.02) 4(001)
Total permane ntdi sbilkity 87(0.1 58(0.2) 145(01) 15{03) £2(01
Kept on Salary 4708(5.1) 2566(8.5) 7274(6.0 244(45) 14238(4.7)
Loss of earning power 505(0. 209(0.7) 714(0.8 31(08 186(0.§
Total 91587 {100} 30080 (100 121667 (100 5041 (100} 30716(100)
Injury Nature Traumaticinjuriesand disorders, 08(03 89(0.3) 42704 26(05) 151(0.9)
unspec fied
Traumaticinjuriesto bones, &576(7.2) 3340(125) 10416(8. 381(7. 2073(6.8
nerves spinal cord
Trauma tici njurie s to muscle s, tendons, |39924(43.6 12357 (411) 52281(43.0 2395 (47.5) 156800(443)
ligaments, jointsetc
Openwounds 16644(18.2) 2301(183) 21545(17.7) (12.8) 5171(1658
Surface wounds and bruises 13027 (142) 3a24(11§ 1852113 (135) 4334143
Burns 1817(20 758(2.5) 2576(2.1) 5(13) 619(2.0
Intracranial injuries 1659(18) 388(1.3) 2047 (L7) 5({17) 557(18
Muitiple traumatic injurie s and 7154(7.8 2308(2.7) 10062 883) 477 (2.5) 2557 (8.5)
disorders
Othertraumaticinjuriesand disorders |4578(438) 1344(45) 5722(47) 287 (5.7) 1574251
Total 21587 (100 30080 (100 121667 (1004 5041 (100 30716(100
Injury Source Chemical and Che mical Products 133(02) 51(0.2) 134(0.2) 3(0.1) 50(0.2)
Contasiners S249(101) 2341(25 12190{100 474(2.4) 3121(102)
Furniture and fixtures 3&72(40 S82(3.3) 4554(3.5 202(42) 1272(4.3)
Machinery 4778(5.2) 1906(63) 8684(5.5) 234(48 1583(5.2)
Partsand materials 9902 (10.8) 3728(129 13630(112) 443 (85 3142(103)
Persons, plants animals and minerals |22890(25.0 6828(22.0 29518(243) 1335(26.6 7883(25.
Structure sand surfaces 1818(17.7) 5772(182) 21900(181) 1127(22.9) 5752(187)
Tools, instrumentsand equipment oasz(1Ly 3148(105) 15600(112) 482 (27) 3350(109
Vehicles 6582(7.2) 2308(7.7) 8830(7.3) 367 (73) 2153{7.0
Other Sources & Nonclass fiable 7711(84 2616(87) 10827 (8.5) 330(65) 2423(78
Total S1557 {100y 30030 (100 121667 (1004 5041 (100 30716(100
Accdent Type Contact with cbjectsand equipment  |2147(23) 752({2.5) 288(2.4) 112(22) 89(2.3)
Falls 23055(25.2) 7658(255) 713(25.2) 1457 (22.9) 79686(260
Bodily reaction and exertion 42521(34.2) 15816(529) 65507 (53.8) 2663 (52.8) 16475(539
Exposure to harmfu substancesor 5821(61) 2555(85) 8176(6.7) 217 (43) 1835(6.0
enviconments
Transportation accidents 3462(35 1205(40 4578(3.8 195(39 1167 (3.8
Fires andexplsons 2480(2.7) 72424 3184(2.§ ei({1g 729(2.4)
Assaultsand vident acts 4885(5.1) 1016(3.4) 5711(47) 263(5.2) 1638(53)
Otherevents/exposures& 382(08 250(0.8) 725(0.7) 33(07) 156(0.6
noncla ssifiable
Total 91587 (100 30030 (100 121667 (1004 5041 (100 30716(100
Sody Part Head 8858(2.7) 2213(87) 11771(8.7) 598(119) 3153(104
Ne e, including throat L6449 998(3.3) 3064(4.2) 232 (48 565144
Trunk 28408(3L0 9630(32.04 38032(313) 1766(35.04 S748(317)
Upperextremities 33176(36.2) 10620(353) 45736(380 1478(22.3) 107401350
Lower extremities 17047(12.§ 5214(127) 22561(189 (18.1) 5660(184)
Otherbody part, & nonclass fiable 31(0.C5) 5(0.02) 36(003) F?JOM 10(0.65)
Total S1587 {100} 30080100y 121667 (100 5041 {100y 30716(100)
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M rent O

“o L

Bus nessand Financial Operations
Comprter and mathem atical

Architecture andengineering

Life, physal andsodal scence

Community and socal services

Lezal occupations
Educ tion, training and Ebrary

Arts, design, eneertainment, sports,
media

Heslthare pract tionersand technical
Healthare supportocaupations
Protective services cxupations
Food pre paration and serving related
Building and grounds deaning
Personal care and service occupations
Salesand related ccoupations

Office and admi ni strative support
oxup

Farming, fishing and forestry

k=

Constructionand extraction

k=

il stion, mai

and repair
Production occupations
Transportationand material moving
Miftary specficocaspations

Not Cassfied

Total

2851(3.9)

572{0.9
219({02)

333(0.4
331(0.4
911(1.0

83(0.1)
1130(12)

502(0.7)

3007 (33)
5645(62)
2572(33)
7373(81)
4147 (45)
3434(35
3852(42)
4520(45

2830(3.9)
10818(115)

8353(23)
2437(103)
12347 (13.5)
31003
5585(6.1)
51587 (100

743(2.5)

120(0.4)
52(0.2)

22(0.3)
105(0.3)
173(0.9

2(0.1
257({09)

214{0.7)

518(17)
1076(3.9
775(2.6
2170(7.2)
154(45)
775(2.9
200(33)
1078(3.6

243(85
4812 (160

2535(25
3317110
4487 (149)
1(0.03)

1843(61)

30080(100 |

35439 165(33) 13(3.1)
632(0.6 43(10) 211(07)
278(0.2) 17(03) 72(0.2)
432(0.4) 12(0.4) 102(0.3)
434({0.9) 15(03) 20(0.3)
1085(0.9) 57(11) 324(11)
110(0.1) g0 2(0.1)
1387(11) 57(1y 0113
823(0.7) 27(05) 124(0.6
3525(2.9 222(4.9) 1086(3.5)
6721(5.5) 371(7.4) 2154(7.0
3755(3.1 160(3.2) 200(2.9)
2548(7.9) 335(67) 2503(8.2)
5601(4.6) 191(33 1347(4.9)
24208(3.5) 23046 1268(4.1)
4358(4.0 266(5.3) 1385(4.5)
S38(49 305(6.1) 1634(5.3)
4873(4.0) 72(14) 782(2.5)
15631(129 581 (115) 340(112)
11488(2.4) 457 (29 2687 (8.8)
12754(105) 471(23) 3198(10.4)
16834(135) 565(112) 3280(130)
4(003) - 3(001)
7433(6.1) 360(7.1) 1955(6.5)
121667 {100} 5041 {100, 30716(100
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Table S1c. Characteristics of Claims with Benzodiazepine Prescriptions

Varisble Variable Components Any Benzo Beforeinjury  |Any Benzo After Injusry (3¢) [Towl (%) Any Acute BerzoBefore  |Any ChronicBenzo  |Toml (3)
AN - 25755(885) 3022(105) 28777 (1M 5351 (&.5) 220(345) 8171(100
* * - * 5351 (20.8) 220(109 25755 (100
Aze (years) 18-24 2176(85) 236(25) 2472|288 514(2.§ 15(37) 619(7.
25-28 2520(9.8) 334{111) 2854(25 584 (105 1:|(7.Y) 783(9§
30-24 37E(1Le 6612y 42120 (1Lg 2D(25 823(10%
35-39 3201{12.9) 385{12.7) 3586(12.5) (12§ 35(115) 100022
20-4 3208({12.9) 379{12.5) 3582 (125) (115 33 (127) 995(122)
45-42 3366{13.1) 367(12.1) 3733(13.0 (125) AE (144 1075(8.2)
30-34 3554135 00(15.2) 3954(137) 714(133) 4D (163) 173 (Kny
55-59 2905({113) 316{105) 3219(112) 579(10.8) 42 (150 1001({R2.3)
50-65 1756(65) 175(55 1835(67) 562 (65 25 (25 &36(7.8)
Tom 25755{100) 3022(100) 25777 (1@ | |5351(100y 2820(100 8171 ({100
Sex Femsle 12953(503) 1110{367) 1063 (489 | p113(382) 158(556 4582 (5.3
Nale 12802(427) 1512(833) 14714511 | |2238(4Ly 1=1(44y 3432 (L7)
Tosl 25755100 3022100y 28777 (10 | |5351(100) 2820100 8171 ({100
Injury Year ¥r 2013 7838(227) 1580(51§ 198 (320 1704(318) 92(335) 2656(2.5)
¥r 2014 9016{35.0/ S85({32.6) 10001(345) | |1888(353) S5 (349 2871(35.1)
¥r 2015 S100y353) 477(158) 9577(333) 1761 (329 88(313) 242y
Total 25755100y 3022( 100y 28777 {1My 5351 {100y 280(100) 8171 (100
CamStatus Non compensble 16428(83.8) 1455(4583) 17887 (&2) ||5716(62.4) 1715(60.8) 543156635)
Compenzble 7215(307) 1356(445 S271(322) 1387 (255 951(33.7) 2333(B.§
Fatal 8{0.&) 1{005) 2(0.05) 3(0.1) 1(009 4(01)
Total pemmanent dissbility 43(02) 12(04 55(02) 4(0.1) 8{03) 12(02)
Kepton Salary 1175(4§ 170{5. 1343(47) 205(35 121(43) 330(40
Loss of earning power 182(07) 24{08) 206(07) 32(0.§ 23{08 56(07)
Total 25755100y 3022( 100 28777 (1M 5351 {100y 280(100) 8171 (100
Injury Nature Traumaticinuriesand disorders, 121{05) 7(02) 128({04) 31(0§ 17(08 42(0§
unspecfied
Traumaticinuiestobones, 1757(65) 268(89) 225(7.0 335(63) 12(65 527 (&5)
nervesspinal cord
Traumaticinuriestomusdes, 12305(47.5 1558529 15201 (483 | [2415(452) 1=24(473) T3B(8.9
tendons, igaments, jointsetc
Openwounds 3765{14§ 301({100 066 (111) (162) 35(13.7) 2R(5.3)
Surface wounds and bruises 3171{123) 282(87) 3433(119 E(B.Q 331(115) 100(8.1)
Burns a15(1§ 34(11) a(1§ (18 431§ 128(1§
Intracanial injuries 587(23) 55(18) 842(2.2) 122(23) 7325 201(25)
M tige traumaticinjuries and 2258{88) 313(107) 2571(89 1472 (2.8) 3D(106 772(95)
disorders
Othe rtraumaticinjurie s and disorders|1378(5.4) 18461) 1582(54 275(5.1) 15(5y 420(5.9)
Tos 25755{100) 3022(100) 25777 (1@ | |5351(100) 220(100 8171 {100
Injury Source Che mical and Chemi l Products 33(0.1) 00 33(0.3) 50.1) 00 5(03)
Contsiness 2566(10.4) 354{117) 3020(105) 539(10.1) 271(5§ 810(S9)
Furniture and fixtue s 1157(47) 11835 1316(4§ 267 (40 121(43) 388(45
Machinery 1111(43) 13048 1251(49 237 (4.4} 1®(35 345(42)
Partsand materials 2137(83) 295(95) 2432(85) 363 (6.8) 25(80 588(7.2)
Persons, plants, animals, and mine =l 5| 7424{23.8) 796({263) 8220(28§) 1545 (289 88X (224 574(&8.9)
Structures and surface s 5051{18.§ 575{18.0 5826(12§ 1062 (155 SE(230 1710(D.5
Tools, instrumentsand equipment | 25682(10.0 256{85) 2818(S.8) 556(11.1) 2D(92) 856(105)
Vehicles 1828{7.1) 243(82) 2077(7.2) 568 (65 18(67) 556(68)
Other Sourees&Nondass fiable 1745(65) 238(79 1584(69 568 (65) 18(60 537(6§
Total 25755{ 100y 3022( 100 28777 (1M 5351 (100 280(100) 8171 (100
AccidentType Contact withobectsandequipment  |454{15) 8421) S558(19 113(2.1) 58{2.1) 1712y
Falls &724{26.4) &4 223) 7458 (260 1453(27.2) 34(300 2257(81)
Bodily reaction and exertion 14028(345) 1738(55.5) 15824(550) | |2834(53.0 185(309 REE(R3
Exposure toharmful substnaesor 1212(47) 138(4§ 1330(47) 247 (48§ 15(40 360(44
environments
Transportat onaccdents 1027(40 155(53) 1135(41) 215 (41) D38 318(39
Firesand explsons 05(1§ 313 a43(18 (15 34{12) 116(14)
Asultsand vdentacts 182(84 121{40 1763(6.) (65 22(79 582(73)
Otherevents/exposures & 151{08 2(10 180(0§ (0§ 1305 47(08§
nondassfisble
Total 25755{ 100y 3022(100 25777.001 |5351 (100 220 (100 8171 (100
Sody Pat Head 2955{115) A00(15.2) 3355(117) (120 3 (141 1083(22.7)
Neck, indud ng throst 1417(55) 155(53) 1576(5.5) (55 1060 455(57)
Trunk 2062(35.2) 1371(45.4) 10330(363) | |1734(328 @ (344) 713(8.2)
Upperextremities 7220(30.4 &83{22.6 8503(25. 1714(320 7D(280 254(30.§
Lowerextremities 4333174 A08({13.5) 4332 (17.0 (17.8) AB(17.5) pEL RS riy]
Othe rbody part, & nondassfiable 100).09 1{005) 11(009 ((+51] 1{009 4(0.1)
Total 25755{100y 3022(100 28777 (1M 5351 {100y 220100} 8171 (100
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Ccoumstions! Marage ment Occupations placicfte ) 0{3.0 1116(39 18(42) 386(47)

Cx=sfation
Busine ssand Financial Operatons 257{10 18({0§ 275(109 321y (13
Computer and mathematical 71{03) 8{03) 72(03) 12(04 26(03)
ocupatons
Architecture andengineering 11304 8{03) 122(04 12(04 38(05)
ocupatons
Life, physicl and soc 3l scence 10404 8{03) 112(04 12(04 3304
ocupatons
Community and social services 382(15) 38{13) 430(15 71{25) 158(19
ocupatons
Legal oxupmtions 38/02) 2(0) 20(03) 301 1(02)
Educaton, t=ining and library 472(18 2(10 501{17) 56(20 173(21)
ocupatons
Arts, design, entertainment, sports,  |161{0.6) 15(08 180(0§ 24{05 33(0§
media
He sithcare pract tioners and technical | 1327(5.2) 8309 1415(45 iT(6§ 533(63)
He althcare support occupetions 2167(84) 19566 2366(82) 234(20 751(92)
Protective services ocupat ons 963(3.7) 10434 1067 (3.7) 4335 282(3.5)
Food preparat on and servingrelated |2043(41) 20465 247(78 28(8§ 683 (84)
Bulding and gounds deaning 1060(4.1) B44y 1154(42) 1349 325(40
Personal care and senvice ocupations | 1280(5.0) 113(37) 1353(45 12(57) 450(59
Sale sand relste d cccupstions 1347(52) 13143 14785 1%(709 251(60
Offi @ and administratve support 1613(63) 135(4§ 1752(61) 2B(73) 574{7.0)
ocup
Farming fishing and forestry 433(18) 135{447) (2 23(10 107(13)
ocupatons
Construction and extraction 241324 3013.2) 2812 (S5 2R2(75) 613(7.5)
ocupatons
Install stion, mainte rance andrepeir | 196047.6 272(90 2232(7.8 1569 535(69
Product on caupations 200475 285(2.4 2289(80) 15(69 571{7.0
Transportat onand material moving  |2855(111) 415(13.7) 3270(1Ly 27 (81 748(92)
Military speGficomupations 1j0q 0/00) 1{00 = 1{o0y
Net O sz fied 1628(63) 183(61) 1811(63) 13(5§ 513(63)
Tesl 25755{100) [3022(100 25777 1y 220(100) B171{100)
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Table S2. Characteristics of Opioid Prescriptions

Variable Variable Components Any Opioid R |Any Opioid Rx Total (%) Acute Opioid Rx Chronic Opioid Rx Total (%)
Before Injury (%) |After Injury (%) Before Injury (%) Before Injury (%)
Presaiption All 535020 {44.5) 666987 (55.5) 1202007 {100) * *
Rxwithin130days Aoute 114195 (99.7) * 114193 (99.7) * *
before injury
Chronic 29(0.3) * 299(0.3) * * Pk
Total 114492 (100) * 114492 (100) 114193 (99.7) 299 (0.3) 114492 (100)
Rx arwy time before Aoute (ary time before) 533536 (99.8) * 533536 (99.8) * *
injury
Chronic {arty time befaore) 1154 (0.2) * 1154 (0.2) * had
Total 535020 (100) * 535020 (100) 533536 (99.8) 1184 (0.2) 535020 (100)
Age (years) 15 - 24 3BIB4(6.3) 37876 (5.7) 74230(6.2) 306 (7.3) 1{0.33) 5306 (7.3)
5-29 48545 (9.1) 56924 (85) 105472 (8.8) 10964 (9.6) 0{0.0) 10964 (9.6)
30-24 63113 (11.8) 76877 (11.5) 139990 (11.7) 13865 (12.1) 15(5.0) 13380 (12.1)
B-39 64194 (12.0) 77905 (11.6) 141699 (11.8) 13303 (11.7) 30(10.0) 13333 (11.7)
40-44 65627 (12.3) 85483 (13.0) 152110 (12.7) 13808 (12.1) 15(5.0) 13523 (12.1)
45-49 70661 (13.2) 96212 (14.4) 166373 (13.9) 15151 (13.3) %i(8.7) 15207 (13.3)
0-54 81672 (15.3) 11089 (16.6) 192565 (16.0) 17286 (15.1) 73024.4) 17359 (15.2)
5-59 5772(12.3) 2615 (12.4) 145320 (12.4) 13483 (11.8) §30294) 13571 (11.9)
60-65 /079 (7.3) 41596 (6.2) 806751(6.7) 7998 (7.00 S1(171) 5049 (7.0)
Tatal 535020 (100) 666987 (100) 1202007 {100) 114195 {100) 299 {100) 114492 {100)
Sex Femde 21567 (41.4) 231514 (34.8) 453381 (37.70 45736 (42.7) 153(51.2) 45389 (42.7)
Iale 13451 (58.6) 435165 (65.2) 748519 (62.3) 65457 (57.3) 146 (45.8) 65603 (57.3)
Unknown 2(0.0) 5({0.0) 7 (0.0) * * Pk
Total 535020 {100) 666987 (100) 1202007 {100) 114155 (100) 299 {100) 114432 {100)
Injury ¥ ear ‘¥r2012 52275 (9.8) 238600 (35.8) 290575 (24.2) 2097 (5.5) &5(284) 29182 (25.5)
¥r2013 112102 (21.0) 185892 (27.9) 297994 (24 .3) 28084 (24.6) 60(201) 25144 (24.6)
¥r2014 166502 (31.1) 146107 {21.9) 312609 (26.0) 28966 (25.4) 65 (21.7) 29023 (25.0)
¥r2015 204135 (38.2) 96335 (14.5) 300626 (25.0) 28064 (24.6) 89 (29.8) 28143 (25.0)
Total 535020 (100) 666957 (100) 1202007 {100) 114153 (100) 299 {100) 114492 (100}
Rx Dispense Year ¥r2011 77784 (14.5) 0.00(77784(6.5) 6173 (5.0 24(8.0) 6197 (5.0)
¥r2012 205274 (38.4) 73523 (11.0) 278797 (23.2) 30077 (26.0) 77 (26.0) 30154 (26.0)
¥r2013 137210 (26.7) 117885 (17.7) 255095 (21.2) 27901 (24.0) 57(19.1) 27553 (24.1)
¥r2014 6725 (16.2) 160997 (24.1) 247722 (0.6) 29639 (26.0) 73024.4) 29712 (26.0)
¥r2015 28027 (5.2) 179972 (27.0) 207999 (17.3) 20803 (15.0) 63(22.7) 20571 (18.2)
Y¥r2016 0.00(119112 {17.9) 119112 (9.9) 0{0.0) 0{0.0) 0(0.0)
¥r2017 0.00(15495 (2.3) 15495(1.3) 0{0.0) 0{0.0) 0{0.0)
Tatal 535020 (100) 666987 (100) 1202007 {100) 114155 (100) 299 {100) 114492 {100)
Clam Status MNon compensable 3B (64.3) 00473 (45.1) 644,371 |73335 (64.3) 165 (55.2) 73590 (64.2)
Cormpensable 161131 (30.1) 318511 (47.8) 479,742 34958 (30.6) 127 (42.5) 35085 (30.6)
Fatd 125 {0.02) 114 {0.02) 239| |24 (0.02) 0{0.0) 24 (0.02)
Tatal permanent disability 5(0.2) 5691 (0.9) 6,496( |287 (0.3) 0{0.0) 287 (0.3)
Kept on Salary 25902(4.3) 37152 (56) 63,064 |4953 (4.3) 7(23) 4965 (4.0)
Loss of earning power 3159 (0.6) 4946 (0.7) 8,105( |S81 (0.5) 0{0.0) SEL (1.0)
Total 535020 (100} 6656257 (100) 1202007 {100) 114195 {100) 299 (100) 114492 {100)
Injury Nature Traumaticinjuries and disorders, |2553 (0.5) 3506 (0.5) 6394 (0.5) 65 (0.5) 0(0.0) SE5 (0.5)
unspedfied
Traumaticinjuriestobones B3 (6.7) 63774 (96) 99777 (8.3) 7247 (6.6) 2(9.7) 7576 (6.6)
nerves,spinal cord
Traumaticinjuries tomuscles, 243326 (46.4) 3B (499) S8096L (48.3) 52033 (45.6) 146 (43.8) S2179 (45.7)
tendons, ligaments, joints etc
Openwounds 80904 (15.1) €5240(9.3) 146144 (12.2) 16908 (14.8) 370124) 16945 914 .8)
Surfacewounds and bruises 74727 (14.0) 70947 (10.6) 145674 (12.1) 16200 {14.2) %i(8.7) 16226 (14.2)
Burns §979(1.7) 05 (1.3) 17787(1.5) 2000(1.8) 3(1.0) 2003 (1.8)
Intradanial injuries 9641 (1.8) 8687 (1.3) 18228(1.5) 1916 {1.7) 2(0.7) 1918 (1.7)
Multiple traumaticinjuriesand  |45199 (85) 74040 (11.1) 119239 (9.9) 10924 (9.6) 34011.4) 10955 (9.6)
disorders
Other traumaicinjuries and 28453 (5.3) 39350(5.9) 67803 (5.6) 6100 {5.3) 2i(7.4) 6122 (5.4)
disorders
Total 535020 (100) 6656957 (100) 1202007 {100) 114155 (100) 299 (100) 114492 (100)
Injury Source Chernicd and Chernicd Products [669 (0.1) 70910.1) 1375 (0.1) 146 (0.1) 0(0.0) 146 (0.1)
Conta ners 4512 (10.2) 66375 (10.0) 120887 (10.1) 11139 {9.8) 2(9.7) 11165 (9.5)
Furniture and fixtures 231304.2) 24993 (3.8) 47306(3.9) 4735 (4.2) 10(3.3) 4746 (4.2)
Machinery 26896 (5.0) 33168 (5.0) 60064 (S.0) 5633 (4.9) S(17) 5643 (4.9)
Parts and materids 53046 (9.9) A1 (96) 117307 (9.8) 10764 (9.4) 19(6.4) 10783 (9.4)
Persons, plants, anima s and 138135 (25.8) 174590 (26.2) 312728 (26.0) 2674 (26.0) 103 (34 5) 29777 (26.0)
minerd s
Structures and surfaces 105167 (19.7) 135604 (20.3) 240771 (20.0) 28758 (20.0) 66(221) 22944 (20.0)
Tools, instruments and 5762 (10.4) 56945 (8.5) 112310 (9.3) 11600 {10.2) 24(8.0) 11624 (10.2)
equiprment
Yehicles 37089 (6.9) S0285(7.5) 57374(7.3) 7839(6.9) %i(8.7) 7855 (6.9)
Other Sources & Nonclassifiable (41428 (7.7) 680454 (9.1) 101382 (8.5) 9779 (8.6) 17 (5.7) 9796 (8.6)
Total 535020 (100) 666957 (100) 1202007 {100) 114195 {100) 299 {100) 114492 {100)
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Accident Type Contact with objects and 11582(2.2) 12618 (1.9) 24200(2.0) 2732(2.4) 2(0.7) 2734(2.4)
equipment
Falls 142302(26.6) 171869 (25.8) 314171(26.1) 30922(27.1) 52(27.4) 31004 (27.1)
Bodily reaction and exertion 289969 (54.2) 371591 {55.7) 661560 (55.0) 60228(52.7) 165 (55.2) 60393 (52.8)
Exposure to harmful substances |28629(5.4) 33891 (5.1) 62520(5.2) 6177(5.4) 8(2.7) 6185 (5.4)
orenvironments
Transportation accidents 19179({3.6) 25827 (3.9) 45006({3.7) 4058({3.6) 15(5.0) 4073 (3.6)
Fires and explsions 11134({2.1) 12424 (1.9) 23558(2.0) 2555(2.2) 11(0.3) 2556 (2.2)
Assaults and violent acts 28497 (5.3) 28373(4.3) 56870(4.7) 6358(5.6) 25(8.4) 6383 (5.6)
Otherevents/exposures & 3728(0.7) 10394 {1.6) 14122(1.2) 1163{1.0) 1(0.3) 1164 (1.0)
nonclassifiable
Total 535020(100) 666987 (100) 1202007 {100) 114193(100) 299 (100) 114492 {100)
Body Part Head 57866(10.8) 86967 (13.0) 144833(12.1) 13147(11.5) 51(17.1) 13198 (11.5)
Neck, includingthroat 24558 4.6) 26249 (3.9) 50807 (4.2) 4952{4.4) 12(4.0) 4994 (4.4)
Trunk 177912(33.3) 257860 (38.7) 435772(36.3) 37860(33.2) 106 {35.5) 37966 (33.2)
Upper extremities 173135(32.4) 170204 (25.5) 343339(28.6) 36697 (32.1) 86(28.8) 36783 (32.1)
Lower extremities 101402(19.0) 125532 (18.8) 226934(18.9) 21462(18.8) 44(14.7) 21506 (18.8)
COtherbody part, & 147(0.03) 175(0.03) 322(0.03) 45(0.04) 0(0.0) 45(0.04)
nonclassifiable
Total 535020(100) 666957 (100) 1202007 (100) 114193(100) 299 (100) 114492 {100)
Occupational IManage ment Occupations 17110(3.2) 19566 (2.9) 36676(3.1) 3602(3.2) 11(3.7) 3613(3.2)
dassification
Business and Financial 4283(0.8) 3862 (0.6) 8145(0.7) 840(0.7) 0(0.0) 840(0.7)
Operations
Com puter and mathe matical 1511(0.3) 1256 (0.2) 2767(0.2) 306(0.3) -0.3(307 (0.3)
occupations
Architecture and engineering 2115(0.4) 2524 (0.4) 4639(0.4) 456(0.4) 0(0.3) 456 (0.4)
occupations
Life, physical and social science |1562(0.3) 1950(0.3) 3512(0.3) 351(0.3) 0(0.0) 352(0.3)
occupations
Community and social services  |5991(1.1) 7027 (1.1) 13018(1.1) 1356(1.2) 7(2.3) 1363(1.2)
occupations
Legal occupations 758(0.1) 806(0.1) 1564(0.1) 157(0.1) 0(0.0) 157 (0.1)
Education, trainingand library 6671(1.3) 6383 (1.0) 13054(1.1) 1454(1.3) 5(1.7) 1459(1.3)
occupations
Arts, design, entertainment, 2933(0.6) 3376 (0.5) 6309(0.5) 604(0.5) 0(0.0) 604 (0.5)
sports, media
He althcare practitioners and 19772(3.7) 22151 {3.3) 41923(3.5) 2476(3.9) 20(6.7) 2496 (3.9)
te chnical
Healthcare support occupations | 36501 (6.8) 40378 (6.1) 76879(6.4) 8227(7.2) 41(13.7) 8268(7.2)
Protective services occupations |17694(3.3) 22110(3.3) 39804(3.3) 3621(3.2) 11(3.7) 3632(3.2)
Food preparation and serving 41526(7.8) 40734 (6.1) 82260(6.8) 8752(7.7) 20(6.7) 8772(7.7)
related
Building and groundscleaning 23030(4.3) 28857 (4.3) 51857 (4.3) 4706(4.1) 4(1.3) 4710(4.1)
Personal care and service 22723(4.3) 23946 (3.6) 46669(3.9) S066(4.4) 10(3.3) 5076 (4.4)
occupations
Salesandrelated occupations 26324(4.9) 27460 {4.1) 53784(4.5) 5583(4.9) 13(4.4) 5596 (4.9)
Office and administrative support| 29341(5.5) 29907 (4.5) 59243(4.9) 6701(5.9) 25(8.4) 6726 (5.9)
occup
Farming, fishing and fore stry 9700{1.8) 17287 (2.6) 26957 (2.3) 1939{1.7) 0(0.0) 1939 (1.7)
occupations
Construction and extraction 60111({11.2) 90059 (13.5) 150170({12.5) 12104 {10.6) 15 (6.0) 12122 (10.6)
occupations
Installation, maintenance and | 50003(9.4) 66104 (.9) 116107 (9.7) 10126(8.9) 34(11.4) 10160 (8.9)
repair
Production occupations 51435(9.6) 65340 (9.8) 116775(9.7) 11172(9.8) 15(5.0) 11187 (9.8)
Transportation and material 63108(12.7) 94714 (14.2) 162822(13.6) 13581(11.9) 40(13.4) 13621 (11.9)
moving
Military specific occupations 8(0.0) 21(0.0) 29(0.0) 7(0.01) 0(0.0) 7(0.01)
Mot Classified 35810(6.7) 51169 (7.7) 86979(7.2) 9,006|23(7.7) 9029 (7.9)
Total 535020(100) 666987 (100) 1202007 {100) 114193(100) 299 (100) 114492 (100)
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Table S3. Characteristics of Benzodiazepine Prescriptions

Variable Varie bl e Components Any Berzodiezepine |Any Benzodiezepine [Total (%) Acute Chronic Total (%)
Rx BeforelInjury (%) [Rx After Injury (3 Benzodie zepine Rx [Benzodiszepine Rx
Beforelnjury (%) |Before Injury (%)
Prescription Al 130853 (34.7) 108285(453) 235178 (100 * - -
Rxwithin180days |Acute 29903 (%81) - 29055 (98.1) - - -
before injury
Chronic 58(1L9 - 583(19) - - -
Total 30576(100 - 30576 ( 100} 29953 (%8.1) S&83(1L9 30576(100
Rx any time before |Acute (any time before) 128420(%8.1) - 128820(S81) - - -
injury
Chronic(any time before) 2473(19 - 2473(19) - - -
Total 130853 (100 - 130853 (100 12820(981) 2473(1L9 130853 (100)
Age (years) 18-24 &R72(4.5 4437 (4.1) 10702(4.5) 1614(5.4 15(26) 189(53)
25-28 10530(80 [7761(7.2) 18251(7.7) 2653(8.9) 1382.2) 2666(87)
30-24 13455(103) 10736(2.9) 24211(10.1) 3330(111) 23(40) 3353(110)
35-3%8 15817(121) 12770(11.8) 28587 (12.0 3617(12.1) 23(5.0) 3646(119)
40-44 16258(125) 14574(13.9 BO772({12.9 3642(12.2) 66(11.3) 3715(122)
45-49 18895 (143) 16331(15.1) 35005(14.5) 4326(14.4) 72(12.9) 4398 (144)
50-54 21364(163) 19110(17.7) 30574 (155 4302(16.0 102(17.5) 4511(161)
55-59 17395(134) 15124(14.0 32719(13.7) 3816(12.7) 135(3.2) 3951(129)
60-65 10857 (83) [7532(7.Q 18389(7.7) 2179(2.3) 128(22) 2307(78
Total 130893 (100 108285 (100 235178 (100 29953 (100 583 (100) 30576(100)
Sex Female 72798(55.6) 52,183(432) 124581(523) 16825(56.1) 350(60.0y 17175(36.2)
Male S8055(44.9 56102 (51.8) 114157 (475 15188(83.9) 233(20.0 13401 (4.5
Unknown - - * * -
Total 130893 {100} 108285 {100 235178 (100} 29953 {100 583 {100) 30576 {100\
Injury Year ¥r2012 13266(101) 140504 (37 .4 53770(22.5) 7589(25.3) 180(32.6 7779(254)
¥r2013 27231(208) 31016(28.6 58247 (244 7358(247) 181(27.6 7352(247)
¥Yr2014 40521(313) 23066 (21.3) 53567 (26.5) 7884(26.2) 130(22.3 7994(261)
¥r2015 A3475(37.8) 13899(12.7) 163174(26.9 712(3.5 102 (17.5) 7244(237)
Total 150853 (100 108285 (100 235178 (100 29955 {100} 583 (100) 30575100
Rx Dispense Year ¥r2011 16796(128) 0{0.0 16796(7.0) 1537(5.1) 45(79) 1583(52)
¥r2012 28144(378) les1z(a g 55753 (24.6) 7738(25.5) 175(30.0 7213(258)
¥r2013 35484(27.1) 17952(16.6) 53436(22.3) 7526(25.1) 165(28.3) 7681(252)
¥r2014 22411(172) 27063 (25.0) las74(20.7) 7876(25.3) 125(20.§ 8002(262)
¥r2015 7058(5.4) 28422 (27.2) |36430(15.3) 5316(17.7) 71({12.2) 5387(17.6)
¥r2015 0(00) 21549(19.9) 21543(2.0) 0(00) 0(00 0(0.0
Yr2017 0(0.0) 2680(2.5) 2680(1.1) 0({00 0({00 0(0.0
Tota! 130893 (100} 108255 (100) 232178 (100) 20003 (100) 533 (100) 30576100
Claim Status Non compensble 83678(83.9) 52513 (48.5) 136151 (565 19053 (&3.5) 386(66.2) 1438(8.6
Compenmble 40544(310) 40425 (45.7) |gee73(37.9 2474(3L§ 182(31.2) 2655(316)
Fatal &(0.1) 12(001) 74(008) 16(0.1) 0{00 16(0.1)
Total permanent disabiity 263(0.2) 1247(12) 1510(0.§ 34(03) 0(00) 84(0.3)
Kept on Salary 5352(3.1) 4175(3.9) 12567 (40 1170(3.9 11(19) 1181(39
Loss ofearning power 954(0.7) lecs(03) 1553(0.5) 196(07) 4(07) 200{0.7)
Total 130853 (100 108285 (100 235178 (100 23953 (100 583 (100) 30576(100)
Injury Nature Traumatic injurie s and disorders, S72(0.7) 554(05) 1526(0.§ 202(07) 4(07) 206(0.7)
unspecified
Traumatic injuries tobones, 8247 (6.3) [8052(7.4) 16295(6.8) 1850(6.2) 34(03) 1204(62)
nervesspnal cord
Traumatic injuries tomusdes tendons, |62324(47.6) 55300(51.1) 117624(452) 13882(45.3) 286(42.1) 14175(48.9
ligaments, joints etc
Open wounds 15116(146) 10825(10.0y 29541 (12.5) 4413(147) 85(14.§ 4503(157)
Suface wounds andbruises 168222(124) 10653(2.8) 26875(11.2) 3728(12.4 61(10.5) 378%(12.4)
Burns 1570(1.5) 1101(10 3071(13) 418(14) 7(12) 225(1.4)
Intracanialinjuies 3332(2. 2488 (2.3) 5800(2.4 757(27) 11(19) 308(2.§
Muitiple traumaticinjuriesand disorders|12446(.5) 13523(12.5) 25562(105) 3217(10.7) 43(32) 3265(107)
Other traumatic injuries anddisorders  |8264(4.8) 5802(5.4) 12073(5.1) 1574149 27(46) 1501(45
Total 130853 (100 108285 (100 235178 (100 29953 (100 583 (100) 30576(100)
Injury Source Chemical and Chemicl Products 96(0.1) 147 (004) 143(01) 11(009) 0{00 11009
Contsiners 12953(29) 10751 (10.0 23744(2.9) 2386(2.6) 20(69) 2526(26
Furniture and fixtures 5682(4.4) 4585 (4.3) 10575(4.3) 1406(5.0 37(84) 1443(47)
Machinery 5435(4.2) 4250(3.9) [pEas (4.1) 1203(40 16(27) 1215(40
Parts and materials S8 (7.4 7783(7.2) 17451(7.3) 2085(7.04 45(79) 2131(70
Persons, plants, animals, andminerals  [38068(25.1) 32655(30.2) 70723(25.6) 8663 (28.9) 157(321) 8850(289)
Structures and surfaces 28555(21.8) 22335(20. 50858 (21.3) 6551(21.8) 122({209 6673(21.8)
Tools, instrume nts and e quipment 12524(28§ 21505(2.0 224425 58(10.04 3002 (25
Vehides S038(6.5 17080(7.1) 2060(8.7) 37(64) 2057 (68
Other Source s & Noncla ssifiable 8733(6.7) 17334(7.3) 2184(7.3) 20(62) 2224(73)
Total 130853 (100 108285 (100 235178 (100} 29953 {100 583 ({100) 30576(100
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Accdent Type Contactwith obects andequipment 08224 1958(1.8) AB(23) 19(33) 722(2.4
Falls 37708(288) 28431(26.3) 8752({25.2) 145(25.4 8300(25.1)
Bodily reaction andexertion &/820(517) 58378(53.9 15236(50.8) 305(52.3) 15541(30.3
Exposure to harmful substances or 5455(4.2) 3830(3.§ 1233(4.1) 21(36) 1258(41)
environments
Transportation accidents 4738(3.§ 4577 (4.2) 1084(3. 24(41) 1108(3.
Firesand explsons 1514014 1733(1.§ 472(16) 2(Lg 430(1.§
Assauits andviclentacts S561(7.3) 7641(7.1) 2253(7.5) 52(89) 2305(7.5)
Other events/exposures & 828(0.7) 1637(15) 255(09) 6(10 261(09
nond assfiable
Total 130853 (100 108285 (100 29053 (100 583 (100) 30575 (100

Sody Part Head 17318(132) 17110(15.5) 4157 (13.9) 74(12.7) 4231(138)
Neck, including throat 7633(5.8 |16835(6.3) 1834(6.1) 32(5.5) 1866(6.1)
Trunk 43584(333) 141180(38 .0y S871(32.9) 188(34.0 100688(32.9
Upper extremities 38318(283) 25417 (23.5) 8731(25.1) 181(3L1) 8912(292)
Lower extremities 24000(1583) 17704(15.4) 5351(12.0 98(16.5) 5489(180)
Other body part, & noncla sifiable 20(0.03) 9(0.05)
Tatal 130853 (100 583 {100) 30576 (100

Occupational Manage ment Occupations 5544(4.2) 18(33) 1303(43)

Class fication
Businessand Firancial Operations 1a11(1.1) (2414 30(1.1
Computer and mathematicl occupations|518(0.4) 2({03) 100{03)
Architecture 3nd engineering &28(0.5) 2{03) 153(0.5)
occupations
Life, physical and social science 22104 365(03) [E36(0.4) 116(04) 0{00 115(0.9
occupations
Community and social services 2677(2.1) 2243(2.1) 1As20(2.1) 25(43) 81(2.2)
occupations
Lezal ocaupations 231(0.2) 160(02) 391(02) 2({03) 00y
Education, training and library 2806(15 1263(1.2) 3668(1.5) 21(36) 527(1.7)
cccupations
Arts, design, entertainment, sports, 1057(0.8) (06) 1719(0.7) 4(07) 241(0.8
media
Healthcare practitionersand technical  |7813(6.0 251(5.8) 140684(5.9 1854(6.2) &8(10.5) 1817(63)
Heslthcare support ocupstions 11797 (20 357 (87) 211s4(29 2761(2.2) 4(786) 2805(S.2)
Protective service s occupations 4345(33 14422 (4.2) |8838(3.7) 24(41) 999(3.3)
Food preparationand serving related 1024524 [7257(6.7) 18202 (7.6 2305|824 39(67) 234483
Buil ding and grounds cleaning 5957 (4.5) 4233 (4.§ 10530(4.§ 1285(4.3) 10(17) 1235(42)
Personal care andservice ccoupations  |B434(6.4) 5352(5. 13826(5.8) 1772(5.9 36(62) 1808(59
Salesand relsted occupations 8508(6.5) 5826(5.5) 14434(683) 1200(6.3) 25(50) 1829(63)
Office andadministrative support occup |9062(6.5) 5214(5.5) 14576(6.3) 2184(7.3) 30(8€) 2234%73)
Farming, fishing and forestry 152012 1709(1.§ 5242(14 3{05) 382(13)
occupations
Constructionand extraction occupations |S710(7.4) 10024 (2.3) 19804 (2.3) 2108(7.0 43(32) 2151{7.0
Instaliation, maintenance andrepair 8577(69 {7.5) 17067(7.1) 2088(7.0 22(48) 2116(69
Production oxupetions 8823(6.7) (7.5 16883(7.1) 20085 30(52) 2070(68)
Transportation and material moving 11732(20 11720(10.5) 23452(2.5 2535(85) 33(57) 2568(84
Mili tary spe cific cumations 2(00) (0.0 2(0.0 0{00Q 1{00
Not Class fied 8174(6.2) 70B(80 16877 (7.1) 2182(7.3) 57(28) 224274
Total 130855 (100 108285 {100 235178 {100y 29953 {100 583 ({100) 30575(100
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Table S4. Distribution of Opioid Prescriptions Included in the Study

All (Sorted) Before InjurySorted)

Opioid Name Freq. Percent Drug Name Freq. Pere@nt
HYDROCODONE-ACETAMNCOPHEN | 645,687 538 HYDROCODONE-ACETAMINOPHEN | 312,084 5833
COX YCODONE-ACETAMIN OPHEN 210,903 17.55 OXYC ODON E-ACETAMINOP HEN s1514]  17.15§
OX YCODONE HCL u7ees| 122 OXYCODON E HCL 52,307 2.75|
TRAMADOL HCL 43,415 a1 ACETAMIN OPHEN-C CDEINE 15,154 3.02]
ACETAMIN OPHEN-CODEINE 30,813 256 MOR PHIN E SULFATE ER 10514 2.02]
MORPHINE SULFATEER 24,355 203 METHADONE HCL 10,657 1ag
HYDROMDRPHON E HCL 20,717 172 HYDR OMORP HONE HCL 7551 14|
METHADONE HCL 15009 15 OXYCONTIN 5727 128
OXYCONTIN 13,835 113 TRAMADCLHCL 6,553 125|
ENDOCET 12,734 106 ENDOCET 5,484 121
FENTANYL 5,035 Y] FENTANYL 2,181 0.41]
MORPHINE SULFATE 3,771 031 HYDR OCODONE-IBUPROFEN 2,103 039
HYDROCODONE-IBUPR OFEN 3,487 020 MOR PHIN E SULFATE 1615 0.3}
ROXICET 1,510 0.15| ROXICET 1,155 0.22)
VICODIN 1,737 0.14) BUTRANS 210 0.17]
BUTRANS 1,585 013 VICODIN 730 0.14
NUCYNTA 1,305 o NUCYNTA 724 0.14)
MEPERIDINE HCL 555, 0.07, BUTORP HAN OL TARTRATE 450 0.08
OPANA ER 850 07 NORCO 445 .08
BUTCRPHANCL TARTRATE 83 0.06/ MEPERIDIN E HCL a3 0.08|
NORCO &1 005 OPANA ER 415, .08
TRAMADOL HCL ER %59 005 VICODIN ES 251 0.0
TRAMADOL HCL-ACETAMIN OPHEN 575 005 CODEINE SULFATE 207 0.04
VICODIN ES 565| 005 OXYMORPHON E HCL 155 0.03]
CX YMORP HONE HCL ER 432 .04 NUCYNTA ER 156 0.03]
NUCYNTA ER 335| 0.3 OXYMORPHON E HCL ER 151 0.03]
OX YMORP HONE HCL 380 0.03 TRAMADCLHCL ER 138 0.03]
CODEIN E SULFATE 366 003 DEMERCL B 0.02)
OX YCODONE HCL ER 335 003 KADIAN ) 0.02)
DEMERCL 121 o TRAMADCLHCL-ACETAMINOP HEN 88 0.02)
HYDROMDRPHON EER 150 001 EXALGO =) 0.02]
EXALGO 124 001 AVINZA 56 0.01]
KADIAN 104 .01 DILAUDID 51 0.01
OX YCODONE HCL-ASPIRIN 77, 001 DURAGESK 51 0.01]
HYSINGLAER 55 .01 OXYCCDON E-ASPIRIN a5 0.01]
LEVORPHANOL TARTRATE &8 0.01 OXYC ODON E HCL-ASPIRIN a5 0.01]
DILAUDID £5 0.01 LEVORPHANOL TARTRATE 37 0.01]
AVINZA 61 .01 PERCOCET 3 0.01}
OX YCODONE-ASP IRIN 55| 0 HYDR OMORP HONE ER 25 0
PENTAZOC IN E-N ALOXON E HCL 55 0 VICODIN HP 2 0
VICODIN HP 55 0 BELLADONN A-OPIUM 21 0
DURAGESIC 53 0 LORTAB 17 0
ZOHYDRO ER 53 0 CPANA 15 0
PERCOCET 47 0 ROXICODONE 15 of
XARTEMIS XR a1 0 XARTEMIS XR 13 0
BELLADON NA-OFIUM 32 0 ENDODAN g7 0
LORTAB 30 0 FENTANYL CITRATE 1 0
ROXICODONE 19 0 PENTAZOCIN E-NALCXONE HCL 1 0
OPANA 16 0 OXYCODONE HCL ER 9 0
PENTAZOC IN E-ACETAMIN OPHEN 16 0 ZOHYDROER 9 of
ENDODAN 12 0 FENTORA 6 0
FENTANYL CITRATE 11 0 PENTAZOCIN E- AC ETAMINOPHEN 6 0
ULTRAM 10 0 TYLENOL-CODEINENC.3 6 of
IBUDONE 9 0 BUPREN EX 5 0
TYLEN OL-CODEINE NO 3 9 0 IBUDONE 5 0
BUPRENEX 7 0 VICOPRCOFEN 4 0
FENTORA 5 0 PERCODAN 2 0
VICOPROFEN 6 0 CO-GESIC 1 0
SUBSYS 4 0 OXYC ODON E HCL-IBUPROFEN 1 0
METHADOSE 3 0 Tota 535,020 100)
CX YCODONE HCL-IBUP ROFEN 3 0

BELBUCA 2 0

CO-GESK 2 0

EMBEDA 2 0

PERCODAN 2 0

REPREXAIN 2 0

MS CONTIN 1 0

Totd 1,202,007 100
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Table S5. Distribution of Benzodiazepine Prescriptions Included in the Study

All (Sorted)

Benzodiazepine Name Freq. Percent
ALPRAZOLAM 77,177 32.27
CLONAZEPAM 59,407 24.84
LORAZEPAM 55,962 23.4
DIAZEPAM 42,392 17.72
ALPRAZOLAM ER 1,552 0.65
CHLORDIAZEPOXIDE HCL 1,215 0.51
CLORAZEPATE DIPOTASSIUM 492 0.21
ALPRAZOLAM XR 316 0.13
OXAZEPAM 236 0.1
ALPRAZOLAM ODT 148 0.06
KLONOPIN 99 0.04
XANAX 85 0.04
VALIUM 39 0.02
MEPROBAMATE 34 0.01
LORAZEPAM INTENSOL 12 0.01
ATIVAN 7 0
XANAX XR 3 0
DIASTAT ACUDIAL 2 0
Total 239,178 100

Before Injury (Sorted)

Benzodiazepine Name Freq. Percent

ALPRAZOLAM 43,543 33.27
CLONAZEPAM 33,530 25.62
LORAZEPAM 32,365 24.73
DIAZEPAM 18,921 14.46
ALPRAZOLAM ER 895 0.68
CHLORDIAZEPOXIDE HCL 703 0.54
CLORAZEPATE DIPOTASSIUM 347 0.27
ALPRAZOLAM XR 181 0.14
OXAZEPAM 143 0.11
ALPRAZOLAM ODT 104 0.08
XANAX 51 0.04
KLONOPIN 48 0.04
MEPROBAMATE 32 0.02
VALIUM 21 0.02
LORAZEPAM INTENSOL 3 0
XANAX XR 3 0
DIASTAT ACUDIAL 2 0
ATIVAN 1 0
Total 130,893 100

Table S6a. Distribution of Prescriptions Among Hazard Periods and Control Periods for Opioids and Benzodiazepines

Length of Hazard Period (HP) and All All All All All All All Other All Other

Hazard and Control Periods (CP) Prescriptions |Prescriptions |Opioids |Opioids |Benzos |Benzos |Prescriptions |Prescriptions

Control Periods (N) (%) (N) (%) (N) (%) (N) (36)

7 days HP 28,501 196 12,406 19.2 5372 2.0 10,723 199
CP1 29,098 200 12,888 200 5,350 2.0 10,880 201
CP2 29,218 201 13,049 20.2 5,376 20.1 10,793 200
CP3 29,131 201 13,061 20.2 5,356 2.0 10,714 199
CP4 29,260 20.2 13,104 20.3 5,345 19.9 10,811 20.1
Total (35 days before injury) 145,208 100.0 64,508 1000| 26,799 100.0 53,901 100.0

l4days HP 35,985 195 16,491 190 6,540 2.0 12,954 200
CP1 36,835 20.0 17,338 199 6,552 20.1 12, 845 199
CP2 36,950 200 17,406 200 6,547 2.0 12,997 200
CP3 37,322 20.2 17,804 205 6,473 19.8 13,045 201
CP4 37,436 203 17,918 2.6 6,553 20.1 12,965 200
Total (70 days before injury) 184,528 100.0 86,957 1000 32665 100.0 64, 906 100.0

28days HP 51,160 195 25,008 189 8918 20.1 17,233 20.2
CP1 52,758 201 26,352 199 8938 20.2 17,468 205
CP2 53,390 204 27,055 204 8,998 20.3 17,337 203
CP3 52,730 20.1 27,047 204 8831 19.9 16,852 19.8
CPa 52,108 199 27,125 205 8,600 184 16,383 19.2
Total (140 days before injury) 262,146 1000 132,588 1000 44285 100.0 85,273 100.0

52



Table S6b. Mean Morphine Equivalent Dose (MED) and Diazepam Equivalent Dose (DED) in Hazard and Control Periods

Length of Hazard and Control Mean MED per  |Standard Deviation |Mean DED Per Day |Standard Deviation
Periods Day (mg/day) MED (mg/day) (mg/day) DED (mg/day)
7 day HP 42.7 49.6 11.8 11.0
CP1 42.5 49.6 11.8 111
CP2 43.1 52.4 11.6 10.9
CP3 42.9 52.2 11.8 10.8
CP4 42.8 49.8 11.7 10.8
14 day HP 42.2 48.4 11.8 11.0
CP1 42.5 50.4 11.6 10.8
CP2 42.3 48.6 11.6 10.7
CP3 42.6 50.3 11.6 10.7
CP4 42.7 48.5 11.5 10.5
28 day HP 41.6 41.6 11.7 10.8
CP1 41.7 41.7 11.6 10.7
CP2 42.0 42.0 11.6 10.5
CP3 42.3 42.3 11.6 10.8
CP4 42.6 42.6 11.6 10.6
Overall 43.4 39.5 11.1 9.5
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Table S7a. Effect Modification by Sex and Time of Year for Association Between Acute Opioid Use and Occupational

Injury Risk

Females

All Claims With Acute
Prescriptions Before Injury

(N =10,367)
Prescription (Hazard & Control OR 95% ClI
Period Length)
Opioid(7-day) 0.85* 0.78-0.93
Opioid (14-day) 0.84* 0.79 - 0.0
Opioid (28-day) 0.80* 0.76 - 0.84

Males

All Claims With Acute
Prescriptions Before Injury

(N =15,308)
Prescription (Hazard & Control OR 95% CI
Period Length)
Opioid(7-day) 0.84* 0.78- 0.90
Opioid (14-day) 0.87* 0.82-0.92
Opioid (28-day) 0.85* 0.82-0.89

Months 1-4 All Claims With Acute

Prescriptions Before Injury

(N =8,000)
Prescription (Hazard & Control OR 95% CI
Period Length)
Opioid(7-day) 0.80* 0.72-0.88
Opioid (14-day) 0.83* 0.77-0.90
Opioid (28-day) 0.80* 0.76 - 0.85

Months 5- 8 All Claims With Acute

Prescriptions Before Injury

(N =9,184)
Prescription (Hazard & Control OR 95% ClI
Period Length)
Opioid(7-day) 0.86* 0.79- 0.94
Opioid (14-day) 0.85* 0.80- 0.92
Opioid (28-day) 0.80* 0.76 - 0.85

Months 9 - 12 All Claims With Acute

Prescriptions Before Injury

(N =8,491)
Prescription (Hazard & Control OR 95% ClI
Period Length)
Opioid(7-day) 0.87* 0.79-0.95
Opioid (14-day) 0.88* 0.82- 0.95
Opioid (28-day) 0.89* 0.84-0.94

*p<0.05
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Table S7b. Effect Modification by Sex and Time of Year for Association Between Acute Benzodiazepine Use and

Occupational Injury Risk

Females

All Claims With Acute Prescriptions
Before Injury (N =3113)

Prescription (Hazard & Control Period |OR 95%Cl
Length)
Benzodiazepine (7-day) 1.01(0.88-1.15
Benzodiazepine (14-day) 0.93|0.84-1.04
Benzodiazepine (28-day) 0.98|0.90 - 1.07
Males All Claims With Acute Prescriptions

Before Injury (N =2238)
Prescription (Hazard & Control Period |[OR 95%ClI
Length)
Benzodiazepine (7-day) 1.06|0.91-1.23
Benzodiazepine (14-day) 1.04(0.91-1.18
Benzodiazepine (28-day) 0.96(0.87-1.07
Months1-4 All Claims With Acute Prescriptions

Before Injury (N =1750)
Prescription (Hazard & Control Period |OR 95%Cl
Length)
Benzodiazepine (7-day) 1.02(0.86-1.23
Benzodiazepine (14-day) 0.94(0.82-1.08
Benzodiazepine (28-day) 1.01({0.90-1.14
Months5-8 All Claims With Acute Prescriptions

Before Injury (N =1877)
Prescription (Hazard & Control Period |OR 95%Cl
Length)
Benzodiazepine (7-day) 1.1/0.93-1.31
Benzodiazepine (14-day) 0.98|0.85-1.12
Benzodiazepine (28-day) 0.94(0.84-1.05
Months 9 - 12 All Claims With Acute Prescriptions

Before Injury (N =1724)
Prescription (Hazard & Control Period |OR 95%Cl
Length)
Benzodiazepine (7-day) 0.96(0.79-1.15
Benzodiazepine (14-day) 1.00|0.99 - 1.15
Benzodiazepine (28-day) 0.97(0.87- 1.09
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Table S8a. Opioid Use and Risk of Occupational Injury Determined Using Mcnemar’s Test

1. All Occupations

Any Opioids (Acute) N = 25,675

Length of HP/CP CP1OR (95% Cl) CP2OR(95%Cl)  |CP3OR(95%Cl)  |CP4OR(95% Cl)

7 days 0.81(0.75 - 0.88)*** |0.83(0.78 - 0.88)*** |0.86 (0.81 - 0.92)*** |0.88 (0.83 - 0.94) ***
14 days 0.84 ( 0.79 - 0.90)*** |0.89 (0.85 - 0.94)*** |0.87 (0.83 - 0.92)*** |0.84 (0.80 - 0.88) ***
28 days 0.90 (0.86 - 0.94)*** |0.84(0.80 - 0.87)*** |0.83 (0.79-0.86)*** |0.80 (0.77 - 0.83)***

Any Opioids (Chronic)

N = 5041

Length of HP/CP CP1OR(95%CI)  |CP20OR(95%Cl)  |CP3OR(95%Cl)  |CP4OR(95% Cl)
7 days 0.99 (0.81-1.23) 0.94(0.80-1.11)  |0.92(0.79-1.06)  |0.81(0.69- 0.94)**
14 days 0.86(0.71-1.06)  |0.78(0.66 - 0.93)* |0.73(0.63- 0.86)*** |0.79 (0.68 - 0.92) **
28 days 0.62 (0.49- 0.79)*** |0.64(0.52-0.77)* |0.83(0.70- 0.98)* |1.09(0.93-1.28)

Any Opioids (All)

N =30,716

Length of HP/CP CP10OR (95% Cl) CP2OR(95%Cl)  |CP3OR(95%Cl)  |CP4OR(95% Cl)

7 days 0.84 (0.77- 0.90)*** |0.84(0.90- 0.90)***|0.87 (0.83- 0.92)*** | 0.87 (0.82 - 0.92)***
14 days 0.85(0.80-0.90)*** |0.88 (0.84 - 0.93)*** |0.86 (0.82 - 0.90)*** |0.84 (0.80 - 0.87)***
28 days 0.88 (0.84 - 0.92)*** |0.83(0.80- 0.87)*** |0.82 (0.79 - 0.85)*** |0.82 (0.79 - 0.85)***

2. Safety Sensitive Occupations

Any Opioids {Acute) N = 17469

Length of HP/CP CP1 OR(95% Cl) CP2OR (95% Cl) CP3 OR (95% Cl) CP4OR {95% Cl)

7 days 0.77 (0.69- 0.85)***  |0.81(0.75- 0.87)*** |0.84(0.78- 0.91)*** |0.86 {0.80- 0.92)***
14days 0.82(0.76- 0.88)***  |0.88(0.83- 0.94)*** |0.86(0.81- 0.91)*** |0.84(0.79- 0.89 }***
28days 0.89 (0.84-0.93)***  |0.85(0.81- 0.89)*** |0.81 (0.77 -0.85)*** |0.80(0.77 - 0.84)***
Any Opioids {Chronic) N =3360

Length of HP/CP CP1OR(95% Cl) |cP2 OR (95% cI) CP3 OR(95% Cl) CP4OR (95% Cl)

7 days 1.05(0.81-1.37) 0.98 (0.80- 1.20) 0.94(0.78 - 1.13) 0.80(0.66 - 0.96)*
14 days 0.89 (0.69 - 1.14) 0.73(0.59- 0.91}** |0.67 {0.55- 0.81)*** |0.70(0.58-0.84)***
28days 0.53 (0.40- 0.71)*** 0.54(0.42- 0.68)*** |0.78(0.64-0.96)* 1.05(0.87 - 1.26)
Any Opioids (All) N =20829

Length of HP/CP CP1OR(95% Cl) |cP2 0R (95% cl) CP3 OR (95% Cl) CP4OR (95% Cl)

7 days 0.80(0.73- 0.88)***  0.83(0.77- 0.89)*** |0.86 (0.80- 0.92)*** |0.85(0.79- 0.91)***
14days 0.83(0.77-0.89)*** | 0.87 (0.82- 0.92)*** |0.84( 0.79 - 0.89)*** |0.82(0.78- 0.87)***
28days 0.87 (0.82-0.92)***  |0.83 (0.80- 0.87)*** |0.81(0.77 - 0.84)*** |0.82(0.78- 0.85)***
* p<0.05

*%1<0.005

*3% 50,0005
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Table S8b. Benzodiazepine Use and Risk of Occupational Injury Using Mcnemar’s Test

1.

All Occupations

Benzos (Acute)

N =5351

Length of HP/CP

CP1OR (95% Cl)

CP2 OR (95% Cl)

CP3 OR (95% Cl)

CP4 OR (95% Cl)

7 days

1.04(0.87- 1.25)

1.04 (0.91- 1.18)

1.01(0.90- 1.14)

1.03 (0.92- 1.14)

14 days

0.95 (0.84 - 1.08)

0.96 (0.87 - 1.06)

0.96 (0.88 - 1.06)

1.01(0.92- 1.10)

28 days

0.93 (0.85 - 1.02)

0.98 (0.91- 1.06)

1.00 (0.93 - 1.08)

0.97 (0.90 -1.049)

Benzos(Chronic) N =2820

Length of HP/CP

CP1OR (95% Cl)

CP2 OR (95% Cl)

CP3 OR {95% Cl)

CP4 OR (95% Cl)

7 days

0.95(0.74 - 1.22)

0.95 (0.78 - 1.16)

1.08 (0.91 - 1.28)

1.08(0.92 - 1.28)

14 days 1.15(0.90-1.46) 1.09(0.90-1.32) 1.07(0.90-1.29) 0.98(0.82-1.18)
28 days 1.03(0.79-1.34) 0.82(0.66-1.03)  |0.98(0.80- 1.21) 1.51(1.24-1.82) ***
Benzos (All) N=8171

Length of HP/CP

CP1OR (95% Cl)

CP2 OR (95% Cl)

CP3 OR {95% Cl)

CP4 OR (95% Cl)

7 days

1.02(0.93-1.13)

1.00 (0.91-1.11)

0.95 (0.86-1.05)

0.90 (0.80 -1.01)

14 days

0.99 (0.89-1.11)

0.99 (0.91-1.08)

0.99 (0.91-1.07)

1.00 (0.92 -1.09)

28 days

0.96 (0.89 -1.03)

0.99 (0.92-1.06)

0.99 (0.92- 1.07)

0.97 (0.90 -1.04)

2. Safety Sensitive Occupations

*+*% 20,0005

Benzos (Acute) N = 3257

Length of HP/CP CP1OR(95%Cl) |[CP2OR({95% Cl) |CP3OR(95%Cl) |CP4OR (95% Cl)
7 days 1.01(0.79-1.29) 1.08(0.91-1.29) [1.05(0.91-1.22) |1.03(0.89-1.18)
14 days 0.97(0.82-1.14) [0.97(0.85-1.10) |0.96(0.85-1.08) [1.01(0.89-1.14)
28 days 0.94(0.83-1.06) [0.96(0.87-1.07) ]0.99(0.89-1.09) |0.95(0.86-1.05)
Benzos({Chronic) N = 1668

 Length of HP/CP CP1OR (95% Cl) CP2OR(95% Cl) |CP3OR(95%Cl) |CP4OR(95% Cl)
7 days 0.92(0.66-1.29) [0.88(0.68-1.15) ]0.99(0.79-1.25) [0.99(0.80-1.23)
14 days 0.96 (0.70- 1.32) 0.97(0.75-1.25) |0.97(0.76-1.24) |0.96(0.74-1.23)
28 days 1.07(0.74-1.54) |0.84(0.62-1.15) |1.08(0.82-1.43) [1.67(1.29-2.17)***
Benzos (All) N = 4925

Length of HP/CP CP1OR (95% Cl) CP2OR(95% Cl) |CP3OR(95%Cl) |CP40OR({95% Cl)
7 days 0.98 (0.80- 1.19) 1.02(0.88-1.17) [1.03(0.91-1.17) |1.02(0.91-1.14)
14 days 0.97(0.84-1.12) [0.97(0.87-1.09) |0.96(0.86-1.07) [1.0{0.90- 1.11)
28 days 0.95(0.85-1.07) [0.95(0.86-1.05) |1.0(0.91-1.10) 1.02(0.93-1.12)
* p<0.05

**5<0.005
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