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Abstract

Strategies are needed to identify at-risk patients for adverse events associated with prescription
opioids. This study identified prescription opioid misuse in an integrated health system using
electronic health record (EHR) data, and examined predictors of misuse and overdose. The sample
included patients from an EHR-based registry of adults who used prescription opioids in 2011 in
Kaiser Permanente Northern California, a large integrated health care system. We characterized
time-at-risk for opioid misuse and overdose, and used Cox proportional hazard models to model
predictors of these events from 2011-2014. Among 396,452 patients, 2.7% were identified with
opioid misuse and 1,044 had an overdose event. Older patients were less likely to meet misuse
criteria or have an overdose. Whites were more likely to be identified with misuse, but not to have
an overdose. Alcohol and drug disorders were related to higher risk of misuse and overdose, with
the exception that marijuana disorder was not related to opioid misuse. Higher daily opioid
dosages and benzodiazepine use increased the risk of both opioid misuse and overdose. We
characterized several risk factors associated with misuse and overdose using EHR-based data,
which can be leveraged relatively quickly to inform preventive strategies to address the opioid
crisis.
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1. Introduction

The misuse and abuse of prescription opioid medications and related overdose is a critical
U.S. public health issue. While opioid prescribing has decreased nationally since 2012,1:2
opioid misuse and overdose continue to increase.3 In 2016, nearly half of all U.S. opioid
overdose deaths involve a prescription opioid.3 Approximately 2 million people had a
prescription opioid use disorder in 2015,4 and more than 15,000 people had a fatal overdose
related to prescription opioids,® higher than in 2014.% In addition, misuse of prescription
opioids is a risk factor for heroin use, which is a key contributor to the increasing rate of
overdoses.” It is essential that policymakers and healthcare providers can identify factors
that predispose some individuals to misuse of prescribed opioids and overdose in order to
address the opioid crisis.®

Data from large health systems allow for optimal study of opioid misuse, abuse, and related
overdose, given that these events are relatively infrequent. While much of this research has
been conducted with administrative data and has used varying definitions and algorithms to
identify prescription opioid misuse,® similar risk factors have emerged (i.e., male sex,
younger age, substance use disorder, medical and psychiatric comorbidities, and using
opioids >100 milligrams/day in morphine equivalents).10-13 Individuals at risk for opioid
misuse are also likely to have multiple complex health needs, which not only increase the
risk of medical harms associated with opioid misuse but also result in substantial burdens on
society and health systems.®

Several studies have shown opioid-related overdose deaths increase proportionally with the
prescribed dose, with significant increases at doses >100 mg/day in morphine equivalents.
14.15 Other factors placing patients at high risk of overdose include long-term opioid use,
concurrent benzodiazepine use,16:17 depression, substance use diagnoses, and poor overall
health 11-13

Understanding predictors of misuse and overdose is critical so that health policy and
healthcare systems can effectively target high risk opioid prescribing practices, and identify
at-risk patients, as recommended by the Centers for Disease Control Guidelines.18 Using
electronic health record (EHR) data can provide clinicians and health systems with timely
clinical information and drive health system prevention strategies, such prescribing
initiatives,’ naloxone distribution, surveillance, and disease management approaches to
prevent misuse and overdose.

We build on previous literature by developing an EHR-based prescription opioid registry to
examine misuse and overdose within a large, integrated health care system. EHR data based
on encounters have been found to have more comprehensive diagnostic data relative to
claims data, 1922 particularly in integrated systems where specialty care is provided
internally. In addition, some data elements available in EHR data are not available in claims
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data (e.g. smoking status). We characterize individuals at risk of misuse and overdose among
patients prescribed opioid medications from 2011 to 2014. Specifically, we (1) identify
opioid misuse using EHR data; (2) describe time-at-risk for patients identified with misuse
and overdose; and (3) examine the socio-demographic, clinical (e.g. medical and mood/
anxiety comorbidity, alcohol and other drug use disorder), and pharmacological risk factors
(e.g. concurrent benzodiazepine use) associated with misuse and overdose (non-fatal and
fatal).

2. Methods
2.1. Study setting

Kaiser Permanente Northern California (KPNC) is a nonprofit, integrated healthcare system
with approximately 4 million members. The population represents the region; however, as an
insured population, it underrepresents those with low levels of education and income.23 Al
patients were selected from the KPNC membership, and approval was obtained from the
Kaiser Foundation Research Institute Institutional Review Board.

2.2. Data sources and study population

The study population was adult members from a prescription opioid registry developed
using KPNC’s EHR data. The registry represents all patients with an opioid fill from a
KPNC outpatient pharmacy during 2011 (n=396,452), with follow-up data through 2014.24
The patient’s index date was the first opioid fill made during 2011. Encounters outside of
KPNC were captured through claims. More than 90% of enrollees obtain their prescription
medications through KPNC pharmacies.2> We excluded patients diagnosed with cancer. The
detailed methodology used to create the opioid registry has been reported elsewhere.24

2.3. Data elements

The registry contains patient demographics (age, sex, race/ethnicity: Asian, African
American, Hispanic, Native American, Multi-racial, white, and other/unknown), KPNC
membership status, health service utilization, clinical International Classification of
Diseases, Ninth Revision, Clinical Madification (ICD-9-CM) diagnoses, pharmacy data, and
mortality. As a proxy for socio-economic status (SES), it includes a neighborhood
deprivation index (NDI) based on home address and census tract variables (e.g. households
in poverty) from the U.S. Census Bureau’s 2006-2010 American Community Survey.26:27

2.3.1. Comorbid health conditions and mortality—The registry contains baseline
comorbidities for each patient, based on all ICD-9-CM diagnoses documented during
healthcare encounters. As in prior research with complex patient populations,28 we
identified whether persons received a diagnosis for any of the following chronic medical
conditions in the year prior to their index date: arthritis; hypertension; chronic pain; diabetes
mellitus; asthma; ischemic heart disease; congestive heart failure; stroke/cerebrovascular
accident; epilepsy; Parkinson’s Disease; end-stage renal disease; osteoporosis; chronic
obstructive pulmonary disease.24 We categorized the number of conditions into 4 groups: 0,
1-2, 3-4, and >5. Based on their prevalence in this population,22-30 we also created a
combined dichotomous indicator for mood/anxiety disorder diagnoses representing
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depression, anxiety, and bipolar disorder.28 Substance use disorder measures were
dichotomous, reflecting ICD-9-CM abuse/dependence diagnoses for: alcohol, opioid,
marijuana, and other non-opioid drug disorders (e.g. cocaine, methamphetamine). Smoking
status indicated current tobacco smoker, former, or neither, gathered through annual
universal screening in primary care.

Non-fatal opioid overdoses were identified by ICD-9-CM codes of opioid overdose or
poisoning (Supplemental Table 1). Fatal overdoses were identified by state death certificates
(underlying cause of death was listed as opioid overdose or poisoning).

2.3.2. Daily opioid and benzodiazepine use—All outpatient prescriptions of opioid
and benzodiazepine (Supplemental Tables 2 and 3) fills from 1/1/11-12/31/14 are included.
The registry contains one record/person/day from 1/1/11-12/31/14. For each day, variables
indicate: 1) whether an opioid prescription was filled, 2) days supply; 3) the prescribing
provider; 4) whether the person was assumed to be using opioids that day; 5) short- or long-
acting opioid, and; 6) the morphine daily dose equivalent (MDDE) categories of: 0, 1-<20,
20—<50, 50—<100, 100+ milligrams. We assumed persons used according to provider
instructions (for additional detail, see Ray, 2016).24 If a person had =7 days remaining on a
prior fill at dispensation time, the new fill was assumed to be used concurrently, otherwise,
the new fill was assumed to be used consecutively. We also created number of days of
benzodiazepine use in six groups: 0, 1-<30, 30-<60, 60-<120, 120-<180, and 180 days.

2.3.3. Opioid misuse algorithm and score—Our measure of opioid misuse followed
the method developed by Sullivan and Edlund.12 First, opioid misuse scores were computed
using three variables: days supplied of short-acting opioids, days supplied of long-acting
opioids, and number of prescribers. (We did not include the number of different pharmacies,
as originally done by Sullivan and Edlund,12 since within the closed KPNC system,
pharmacies are electronically connected and all dispensations are observable across the
system. In addition, most patients fill their prescriptions at 1-2 KPNC pharmacies and
would have received a “0” for this component). Scores were computed for each 180-day
period between the patient’s index date and 12/31/2014.12:31 For long-acting and short-
acting days supplied, 186-240 days = “1”, and >240 days = “2” for 6-month periods.
Prescribers were categorized as: 3—4 prescribers = *1’, and > 4 prescribers = “2’; Scores for
days supplied of short- and long-acting opioids, and number of prescribers were summed,
with a possible range from 0-6. Higher misuse scores reflect a greater probability of misuse.
Similarly, for each 180-day period, we created an indicator for whether the person received
an ICD-9 opioid use disorder diagnosis (Supplemental Table 1). A period was classified as a
misuse period if the misuse score was =3, (suggesting “possible” misuse)2 or if the person
had an ICD-9 opioid use disorder diagnosis during that 180-day period. Patients were
censored at the time of their first misuse period.

2.4. Data analysis

2.4.1. Descriptive analyses—We examined demographics, medical and mood/anxiety
comorbidities, and substance use disorders (alcohol, opioid-, marijuana-, non-opioid drug
disorder, smoking status) for patients taking prescription opioids in 2011. We also examined

Prev Med. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Campbell et al. Page 5

time-at-risk for opioid misuse by dose level for: person years, average days of opioid use/
180-day period, average days of benzodiazepine use/180-day period, and percent of 180-day
periods classified as misuse periods. Similarly, we examined time-at-risk for opioid overdose
by dose level for: person years, average days of benzodiazepine use in prior 90 days, and
overdoses/1000 person-years.

2.4.2. Predictors of opioid misuse—We identified characteristics from a prior 180-day
period that predicted opioid misuse in the subsequent 180-day period. Given the length of
follow-up, each person could have up to eight 180-day periods. Only periods during which
the person died or had continuous KPNC membership were retained. Individuals whose first
180-day period met misuse criteria were excluded (since there were no “prior period”
characteristics to use as predictors).

We conducted an extended Cox hazard model (SAS PHREG, version 9.3) with the
dichotomous misuse indicator for the 180-day period as the dependent variable, and days
since index date as the time scale. The models included time-invariant independent variables
for each 180-day period (age at index date; sex; race; NDI in quartiles; number of chronic
medical conditions; and psychiatric-, alcohol-, marijuana-, or non-opioid drug disorders;
smoking status in year prior to the index date), and time-changing variables (MDDE and
days of benzodiazepine use) from the prior 180-day period.

2.5. Predictors of opioid overdose

We predicted overdose using an extended Cox hazard model, with days since index date as
the time scale. Patients were followed from their index date until any of the following
occurred: 1) fatal or non-fatal overdose or poisoning; 2) death from other causes; 3)
disenrollment from KPNC; or 4) December 31, 2014 (the last three events were treated as
censoring events.). Fatal and non-fatal overdoses were analyzed together; there were not
enough fatal overdoses (n=37) to be analyzed separately. Baseline time-invariant measures
were the same as those in the misuse model. The two time-varying variables were the mean
MDDE and number of days of benzodiazepine use, both measured in the prior 90 days. The
start and stop variables in the SAS PHREG procedure represented days since index date.

3. Results

3.1. Opioid registry characteristics

The registry was 59% female, 57% white, and on average 52 years old (Table 1). A majority
had at least 1 medical condition, and 23% had a mood/anxiety condition. Two percent had
an alcohol, 0.8% had an opioid, 0.6% marijuana, and 1.3% had a non-opioid drug disorder
diagnosis. About three percent (2.7%) of patients met the criteria for opioid misuse (hot
shown), and there were 1,044 overdoses (0.28%) in the study period.

3.2. Time-at-risk for misuse and overdose

Time-at-risk for misuse analyses demonstrated there were fewer person years at higher
opioid dose levels; more days of opioid use in each period at higher dosages; and a higher
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percent of misuse periods at the 100+mg level (7.4%) (Table 2). More days of
benzodiazepine use occurred at the highest dose level (43 days).

Time-at-risk for overdose analyses (Table 2) showed fewer person years at higher opioid
dosages. Average days of benzodiazepine use in the prior 90 days was higher at higher
opioid dosages, as were overdoses/1000 person years. There were 161 overdoses without a
dispensed opioid in the prior 90 days.

3.3. Opioid misuse model

In the misuse hazard model, women were as likely as men to meet misuse criteria (Figure 1).
Younger patients had higher risk of misuse than older patients (HRs from: 1.21-3.42). Asian
(HR: 0.51, 95%CI: 0.45-0.59), African-American (HR: 0.91, 95%Cl: 0.85-0.98), and
Hispanic (HR: 0.92, 95%CI: 0.86-0.98) patients were less likely than Whites to have
misuse, with no difference for Native American and Multi-racial groups. Patients with more
chronic medical conditions (HRs: 1.18-1.39), and patients with a mood/anxiety disorder
(HR: 1.42, 95%CIl: 1.36-1.49) were more likely to meet misuse criteria. Patients in lower
SES neighborhoods had less risk of misuse (HR: 0.92, 95%ClI: 0.86-0.98). Those with
alcohol (HR: 1.75, 95%CI: 1.60-1.92) and non-opioid drug disorders (HR: 2.66, 95%Cl:
2.45-2.88) were more likely to have misuse, as were former (HR: 1.25, 95%Cl: 1.17-1.32)
and current smokers (HR: 1.54, 95%Cl: 1.44-1.63) than never smokers. No association was
found for marijuana disorder diagnoses and misuse. Opioid misuse risk increased with
higher MDDE, with >100mg having the highest risk (HR: 17.72, 95%Cl: 16.55-18.96)
compared to the lowest dose group, although even those on lower dosages had increased
risk. Benzodiazepine use increased risk of opioid misuse, even at 1-30 days (HR: 1.38,
95%Cl: 1.27-1.49).

3.4. Opioid overdose model

Results of the overdose hazard model indicated that women were less likely (HR: 0.83,
95%Cl: 0.73-0.95), and the youngest patients were more likely (HR: 1.67, 95%CI: 1.24—
2.25), to experience an overdose (Figure 2). We found no differences by race/ethnicity or
SES. Those with more chronic medical conditions (HR: 2.23, 95%Cl: 1.69-2.94), or a
mood/anxiety condition (HR: 2.30, 95%CI: 1.98-2.68) had higher risk. Patients with an
alcohol, opioid, marijuana, and/or other non-opioid drug use disorder were more likely to
have an overdose than those without each disorder (HRs from 1.50-2.03), as were current
(HR: 1.58, 95%CIl: 1.32-1.90) or former smokers (HR: 1.23, 95%CI: 1.04-1.46) (vs. never
smokers). Increasing risk of overdose was related to higher MDDE (>100mg) (HR: 6.16,
95%Cl: 5.01-7.58) compared to the lowest dose. Concurrent benzodiazepine use in the prior
180 days predicted roughly twice the overdose risk across all categories of use.

4. Discussion

The current U.S. policy and clinical context regarding opioid prescribing is evolving rapidly.
The prescribing environment has grown increasingly conservative in response to the ‘opioid
epidemic.”18 While the use of prescription opioids has leveled off,32 opioid abuse and

related deaths continue to increase.33-34 We used EHR data to examine detailed time-at-risk
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for opioid misuse and overdose, and predictors of these events. This has not been done
before in an integrated health care delivery system to our knowledge, as previous efforts
have focused on Medicaid and claims data.

Our estimate of patients with opioid misuse (2.7%) is in the range of recent studies, 3536
although lower than the commercially insured sample from Sullivan et al.12 Due to
pharmacy data being integrated with the EHR across different pharmacies, prescribing may
have been more tightly controlled, resulting in less opportunity for misuse behavior. Our use
of more recent data may also reflect a more conservative prescribing environment.18 Our
time-at-risk investigation showed that while relatively few individuals are at high dosages,
they had the most days of opioid and benzodiazepine use, and the most periods identified
with misuse and overdose.

Our findings for misuse suggest that younger patients and White patients may benefit from
close monitoring and education about the risks of long-term opioid use. Similarly, the
youngest age group had the highest risk of overdose, while women were less likely to
experience an overdose, consistent with studies in other populations.1415> However, we
found no association for race/ethnicity, which differs from national data that have shown
White individuals at higher risk of overdose than other race/ethnic groups.3* It could be that
disparities in overdose risk are mitigated by access to health services in an integrated
healthcare system. Findings may also differ in an insured population. We conducted ad hoc
analyses of race/ethnicity by daily opioid dosage (results not shown). Daily dose prior to
overdose event was similar for White patients relative to African American and Hispanic
patients, which also may explain the lack of race/ethnic disparities. In an integrated system
with potentially greater access to care, patients may have more opportunity to receive
intervention (e.g. substance use or psychiatric treatment), and problems may be identified
before adverse events occur. Opioid prescribing may be more amenable to standardizing and
guidelines easier to enforce, with a mature EHR that can be leveraged to manage patient care
(e.g. alerts for non-guideline concordant care).

Our investigation suggested patients residing in deprived areas were less likely to have
opioid misuse, although residents in lower SES environments can be at higher risk of using
chronic opioid therapy,2* which is often a risk factor for misuse. Even in an insured
population, we cannot rule out that unobserved factors may preclude these patients from
engaging with healthcare resources, thus limiting opportunities to identify misuse.
Additionally, patients with insurance from lower SES environments may not be
representative of those environments. However, studying an insured population removes a
key barrier, insurance status, from confounding analyses, providing a more complete picture
of care-seeking by the patient and of adverse health events. While other insurance
characteristics (e.g. insurance type, benefit design) and barriers to care (e.g. transportation)
exist, we nonetheless believe that the integrated health system provides an important
laboratory to study these issues. At the same time, future work will be needed to explore the
SES environments, to understand how related factors (e.g. type or lack of insurance) are
associated with opioid misuse.
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We observed the same dose-response relationship of increasing risk of misuse and overdose
with higher MDDE that has been observed in other research, including our own.14:15.37
MDDE has been a robust predictor of misuse and overdose, and although earlier research
has focused on high dosages (>100 MDDE), risk is also evident at low dosages. Our findings
suggest even dosages of 20-50 MDDE signal risk, reinforcing federal guidelines on opioid
prescribing that advise caution at >50 MDDE.18

All categories of days of benzodiazepine use demonstrated increased risk of opioid misuse,
even <30 days supply, suggesting comparable risk between sporadic and more regular use,
and this was similar for overdose, supporting the high level of concern surrounding
concurrent benzodiazepine and opioid use. Concurrent drug use continues to increase,38
despite guidelines advising against concomitant prescribing.18:39 If, as our findings suggest,
any concurrent benzodiazepine and opioid use raises risk of opioid misuse and overdose,
clinicians need to be aware such adverse events can occur even with a low days supply. Our
findings differ from a recent study of U.S. veterans which found no evidence of a
relationship between benzodiazepine dosing schedule (i.e. as needed and regular) and opioid
overdose.1” Differences in measurement, design, and sample may explain this difference, but
both studies underscore the need to evaluate the risk-benefits of prescribing benzodiazepines
at even low levels. Future investigations are needed on patterns of risky benzodiazepine use
and the relationship to overdose risk to inform policies on prescribing benzodiazepines to
patients taking prescription opioids.

Patients with medical and psychiatric comorbidities were at higher risk of misuse and
overdose, highlighting a range of complex health needs, in addition to potential opioid
problems. Our large sample also allowed us to examine different types of substance use
problems. Alcohol and non-opioid drug use disorder raised the risk for misuse and overdose,
as did smoking, with even former smokers having higher risk than those who had never
smoked. Given growing interest in the relationship of marijuana use to opioid problems,40:41
we specifically examined marijuana use disorder. Interestingly, we found no association with
opioid misuse, but higher risk of overdose. Clearly, this study is very different from state-
level analyses of medical marijuana and opioid overdose rates, but to the extent that these
patients may represent those using marijuana for pain, there was no evidence that it lessens
the risk for overdose.

Our finding that 161 (15%) overdoses occurred with no documented dispensed opioids in the
prior 90 days is concerning. There could be several reasons: patients received opioids from
external prescribers, from friends or family, illegally from other sources, or had stockpiled
opioids from previously dispensed prescriptions. These patients may be more difficult to
identify in clinical settings through pharmacy strategies since they do not exhibit the same
high dosage characteristics immediately prior to the overdose event.

4.1. Limitations

Pharmacy data represent dispensations, not actual consumption, although they are
commonly used in prescription opioid studies.1’4243 Pharmacy data also do not reflect
prescriptions filled at external pharmacies, and may underestimate opioid and
benzodiazepine consumption, and also our misuse indicator. Our misuse algorithm relies in
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part on clinical diagnoses of substance use, which likely represents a lower boundary of
identified misuse, although our estimate is similar to studies using administrative or EHR
data.® Indication for type of pain related to opioid use was not available for most of the
sample. ICD-9 codes for opioid abuse/dependence do not distinguish between type of
opioid, thus we cannot examine problems with prescribed vs. illicit opioids (e.g. heroin). As
with all observational data, associations do not indicate cause-and-effect relationships, and
may be related to unobserved population factors. The generalizability of our data is limited
to similar settings and populations, although enrollment is increasing in such health systems.

4.2. Conclusions and implications

EHR data can be used to identify several risk factors associated with misuse and overdose,
including comorbidities and benzodiazepine use, critical information for identifying at-risk
patients. Findings can inform targeted patient screening and intervention, prescribing of
medications such as buprenorphine for opioid dependence or naloxone for opioid reversal,
disease management approaches for this patient population, and guide appropriate opioid
prescribing policies which are becoming increasingly conservative and risk being applied
without an individualized approach.

Supplementary Material
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Highlights

Electronic health record data were used to create a prescription opioid
registry.

Patients with chronic conditions were at higher risk for opioid misuse and
overdose.

Younger patients and those with chronic conditions were more likely to have
an overdose.

Even low opioid dose and benzodiazepine use increases misuse and overdose
risk.
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Predictor of Opioid Misuse

Plot of Adjusted Hazard Ratio and 95% CIs

Adjusted HR (95% CI)

Gender, female (vs male) a 0.97 ( 0.93, 1.02)
Age Group (vs 80+ yrs)
19-<40 yrs —-— 3.42 ( 3.05, 3.83)
40-<65 yrs - 1.85 ( 1.67, 2.06)
65-<80 yrs - 1.21 ( 1.08, 1.35)
Race (vs white)
Asian —— 0.51 ( 0.45, 0.59)
Black - 0.91 ( 0.85, 0.98)
Hispanic - 0.92 ( 0.86, 0.98)
Native American —-— 0.95 ( 0.77, 1.17)
Multi-racial - 0.96 ( 0.88, 1.04)
NDI (vs Q1, least deprived)
Q2 L 0.99 ( 0.93, 1.04)
Q3 - 0.91 ( 0.86, 0.97)
Q4 (most deprived) - 0.92 ( 0.86, 0.98)
#Chronic conditions (vs none)
1 to 2 - 1.18 ( 1.12, 1.26)
3 to 4 - 1.23 ( 1.15, 1.32)
5+ - 1.39 ( 1.26, 1.53)
Mood/anxiety disorder = 1.42 ( 1.36, 1.49)
Alcohol disorder - 1.75 ( 1.60, 1.92)
Marijuana disorder —a— 1.08 ( 0.91, 1.27)
Other non-opioid drug disorder - 2.66 ( 2.45, 2.88)
Tobacco use (vs never used)
Current user - 1.54 ( 1.44, 1.63)
Former user - 1.25 ( 1.17, 1.32)
Morph daily dose (vs 1-<20 mg)
No use - 0.20 ( 0.19, 0.22)
20-<50 mg - 6.59 ( 6.19, 7.01)
50-<100 mg - 12.13 (11.33, 12.99)
100+ mg - 17.72 (16.55, 18.96)
Benzodiazepine use (vs no use)
1-<30 days - 1.38 ( 1.27, 1.49)
30-<60 days - 1.30 ( 1.19, 1.42)
60-<120 days - 1.31 ( 1.21, 1.42)
120-<180 days - 1.50 ( 1.40, 1.60)
180 days - 1.64 ( 1.49, 1.81)
T T T T T T
0.25 0.5 1 2 4 8 16
Adjusted Hazard Ratio for Opioid Misuse (base 2 log scale)
Figure 1.

Hazard Models of Predictors of Prescription Opioid Misuse
Notes: Persons with a prescription opioid fill in 2011, who were continuous KPNC members
in the year prior to their first opioid fill in 2011, and who did not have an opioid overdose in
the year prior to their first fill in 2011 (n=396,168); MDDE: morphine daily dose equivalent;
NDI: neighborhood deprivation index.

Prev Med. Author manuscript; available in PMC 2019 May 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Campbell et al. Page 14

Predictor of Opioid Overdose Plot of Adjusted Hazard Ratio and 95% CIs Adjusted HR (95% CI)
Gender, female (vs male) —- 0.83 (0.73, 0.95)
Age Group (vs 80+ yrs)
19-<40 yrs —_— 1.67 (1.24, 2.25)
40-<65 yrs E—— 0.95 (0.73, 1.23)
65-<80 yrs —_— 1.01 (0.77, 1.31)
Race (vs white)
Asian —= 0.67 (0.45, 0.99)
Black —_ 1.14 (0.92, 1.40)
Hispanic —.— 0.96 (0.80, 1.16)
Native American —_ 1.42 (0.82, 2.45)
Multi-racial — 1.17 (0.92, 1.49)

——

el

NDI (vs Q1, least deprived)

Q2 — 1.02 (0.85, 1.23)
Qa3 —— 1.07 (0.89, 1.29)
04 (most deprived) - 1.20 (0.99, 1.47)
#Chronic conditions (vs none)
.—
R

1 to 2 —_ 1.08 (0.89, 1.32)

3 to 4 1.59 (1.28, 1.98)

5+ — = 2.23 (1.69, 2.94)
Mood/anxiety disorder —— 2.30 (1.98, 2.68)
Alcohol disorder —_— 1.67 (1.30, 2.14)
Marijuana disorder _— 1.50 (1.05, 2.16)
Other non-opioid drug disorder —_— 2.03 (1.61, 2.56)
Tobacco use (vs never used)

current user  — 1.58 (1.32, 1.90)

Former user —_— 1.23 (1.04, 1.46)
Morph daily dose (vs 1-<20 mg)

No use — = 0.37 (0.30, 0.46)

20-<50 mg — 2.45 (2.02, 2.98)

50-<100 mg — 4.12 (3.33, 5.10)

100+ mg —— 6.16 (5.01, 7.58)
Benzodiazepine use (vs no use)

1-<30 days — 2.50 (2.04, 3.06)

30-<60 days — 2.01 (1.62, 2.50)

60-<90 days —. 2.08 (1.72, 2.53)

90 days —— 2.47 (1.98, 3.09)

T T T T T
0.25 0.5 1 2 4 8

Adjusted Hazard Ratio for Opioid Overdose (base 2 log scale)

Figure 2.
Hazard Models of Predictors of Opioid Overdose

Notes: Persons with a prescription opioid fill in 2011, who were continuous KPNC members
in the year prior to their first opioid fill in 2011, and who did not have an opioid overdose in
the year prior to their first fill in 2011 (n=396,168); MDDE: morphine daily dose equivalent;
NDI: neighborhood deprivation index.
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Characteristics of Patients on Prescription Opioids, 2011, Kaiser Permanente Northern California

Table 1

Patients on Opioid

Medication
Characteristic (n=396,452)
Gender, n (%)
Female 234,104 (59.0)
Male 162,348 (41.0)
Age, mean (median) 51.83 (51.8)
Age Group, n (%)
19 - <40 107,668 (27.2)
40 - <65 199,297 (50.3)
65 — <80 65,164 (16.4)
80+ 24,323 (6.1)
Race/Ethnicity, n (%)
Asian 38,428 (9.7)
Black 37,161 (9.4)
Hispanic 68,206 (17.2)
Native American 2,400 (0.6)
Multi-racial 17,700 (4.5)
Other or unknown 7,333(1.8)
White 225,224 (56.8)
Neighborhood deprivation, n (%)
Quartile 1, least deprived 90,382 (22.8)
Quartile 2 116,275 (29.3)
Quartile 3 110,873 (28.0)
Quartile 4, most deprived 73,444 (18.5)
No. of chronic medical conditions at baseline, n (%)2
None 141,736 (35.8)
1 to 2 conditions 176,492 (44.5)
3 to 4 conditions 63,599 (16.0)
5+ conditions 14,625 (3.7)
Mood/anxiety disorder at baseline, n (%)4 91,008 (23.0)
Opioid disorder at baseline, n (%)? 3,367 (0.8)
Alcohol disorder at baseline, n (%)2 8,448 (2.1)
Marijuana disorder at baseline, n (%)@ 25537 (0.6)
Other non-opioid drug disorder at baseline, n (%) 5,230 (1.3)
Smoking status at baseline, n (%)
Current smoker 41,134 (10.4)
Former smoker 81,052 (20.4)
Unknown smoking status 97,585 (24.6)
Never smoked 176,681 (44.6)
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a . L . . . . . - ] SR
Person was considered to have condition if they received a diagnosis code for it in the year prior to their index date (first opioid fill in 2011).
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