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Objective: Opioid overdose is a public health epidemic adversely impacting individuals
and communities. To combat this, California passed a law mandating that prescribers
offer a naloxone prescription in certain circumstances. Our objective was to eval-
uate associations with California’s naloxone prescription mandate and emergency
department (ED) overdose visits/hospitalizations, opioid and naloxone prescribing, and
30-day mortality.

Methods: This retrospective cohort study included data from January 1, 2018, to
December 31, 2019, and included all Kaiser Permanente Southern California (KPSC)
members aged >10 years across 15 KPSC EDs. Exposure was defined as presenta-
tion to the ED within the study period. The primary outcome was ED visits for opioid
overdose pre- and post-implementation of California’s naloxone prescription mandate.
Results: A total of 1.1 million ED visits (534K pre/576K post) were included in the
study population. ED opioid overdose visits were 344 (6.4/10,000) pre-policy and
351 (6.1/10,000) post-policy implementation, while non-opioid overdose visits were
309 (5.8/10,000) pre-implementation and 411 (7.1/10,000) post-implementation. The
unadjusted rate of visits with opioid prescriptions decreased significantly (14.9%
pre to 13.5% post) after implementation. ED naloxone prescriptions increased sub-
stantially (104 pre vs. 6031 post). Primary adjusted interrupted time series anal-
ysis found no statistical difference between monthly opioid overdose visits pre
versus post (odds ratio 1.02, 95% confidence interval [CI] 0.98-1.07). Difference-
in-differences analysis revealed no significant changes in hospitalization (coefficient
[CE] =-0.05,95% Cl =-0.11 to 0.02) or 30-day mortality (CE =-0.01, 95% Cl = -0.03
to 0.01).
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1 | INTRODUCTION

1.1 | Background

The proliferation of opioid-related harm was declared a public health
emergency in the United States in October 2017. From 1999 to 2008,
there was a fourfold increase in opioid overdose-related mortality,
and the number has since continued to rise.! From October 2020 to
September 2021, there were over 100,000 drug overdose deaths in the
United States, most of which (>70%) involved opioids.? Additionally,
opioid misuse cost over $1 trillion in 2017 alone,>* while the minor-
ity of those with an opioid use disorder (OUD) receive treatment for
their condition.>¢ For these reasons, there have been recent efforts to
mitigate the opioid epidemic in a variety of ways, and although these
interventions are promising, the effectiveness of many efforts is not
well known.”8

1.2 | Importance

One key strategy to reduce opioid overdose mortality has been
increasing access to naloxone. Naloxone is an opioid antagonist given
intravenously, intramuscularly, or intranasally to quickly reverse the
effects of opioid overdose.? Similar to many states, California has modi-
fied its laws to provide civil and criminal immunity to medical providers
that prescribe and dispense naloxone, to permit the medication to be
prescribed to “third parties” such as the friends and family members
of a person at risk of overdose, and to permit it to be distributed
under non-patient-specific orders.2%-13 To further bolster naloxone
access, California passed a law, effective January 1, 2019, mandating
prescribers offer naloxone (or another FDA-approved opioid reversal
agent) to any patient who is (1) taking >90 morphine milligram equiv-
alents (MME) of an opioid medication per day; (2) prescribed an opioid
while taking a concurrent benzodiazepine; and (3) at increased risk for

overdose, including patients with a history of overdose.1*

1.3 | Goal of this investigation

The primary objective of this study was to assess and quantify asso-
ciations of this California co-prescription mandate on emergency
department (ED) opioid overdose visits. The secondary objectives were
to evaluate any associations with ED naloxone prescribing, opioid
prescribing, hospitalizations, and 30-day mortality.

Conclusion: This study revealed that the implementation of California’s naloxone pre-
scription mandate was associated with significantly increased naloxone prescribing
and decreased opioid prescribing, but no significant change in ED opioid overdose
visits, hospitalizations, or 30-day mortality. This indicates that increasing naloxone

prescribing alone may not be sufficient to lower opioid overdose rates.

2 | METHODS

2.1 | Study design

An interrupted time series design was used to evaluate changes in
the monthly rates of opioid overdose, non-opioid overdose, opioid
prescribing, and naloxone prescribing after implementation of the
California co-prescription law in January 2019, while controlling for
pre-policy trends. We used the interrupted time series approach
because it is a recommended study design for these types of obser-
vational policy evaluations (REFS), and additionally included a control
group for comparison (non-opioid overdoses or poisonings) to assist
with accurate interpretations of potential changes.’>1¢ In additional
analyses, adifference-in-differences design was used to assess changes
in hospitalization and 30-day mortality between opioid and non-
opioid overdose groups before and after the naloxone prescription
law took effect. This was done as it is the recommended analysis
for observational studies in order to mitigate background changes in

outcomes.17:18

2.2 | Study setting

This study was based on a retrospective cohort of all ED visits from
January 1, 2018, to December 31, 2019, at 15 hospitals in the Kaiser
Permanente Southern California (KPSC) system. KPSC is an integrated
health care delivery system currently providing care to more than
4.6 million members throughout the southern California region. KPSC
members’ socioeconomic and racial/ethnic characteristics are gener-
ally reflective of the local and statewide population.!? EDs vary in size,
ranging from approximately 25,000 to 90,000 annual visits. All facil-
ities use an electronic medical record system for patient encounters,

including the ordering and dispensing of prescription medications.

2.3 | Selection of participants

The initial sample included 1,201,233 ED visits from 688,358 KPSC
members in 2018-2019 (Figure 1). Non-KP members were excluded
due to their incomplete information on past medical and medication
records. For members with multiple visits, each visit was treated as
a separate encounter. After excluding visits in which patients were
under 10 years of age (n = 90,943) or were discharged to a hos-
pice facility (n = 138), the primary sample consisted of 1,110,152 ED
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The Bottom Line

This study evaluated California’s naloxone co-prescription
law’s impact on opioid-related health outcomes. Looking at
over 1 million emergency department visits from 2018 to
2019, this study found that while this law led to over a 50-
fold increase in naloxone prescribing, there was no change
in emergency department visits, hospitalizations, or 30-day
mortality related to opioid overdose. While improved nalox-
one access is a great step in the right direction, this change,
in isolation, may not be sufficient to reduce opioid overdose

rates and mortality.

patient visits. These visits were further categorized into three mutually
exclusive overdose-type groups based on the International Classifi-
cation of Diseases, tenth revision (ICD-10) diagnosis codes recorded
during their encounter, including opioid overdose and non-opioid over-
dose (Table A1). The primary sample was used to analyze changes in
opioid and non-opioid overdose rates before and after policy imple-
mentation. For analyses of opioid and naloxone prescribed/filled at
discharge, this study used a secondary sample (n = 1,089,234) that fur-
ther excluded 20,918 visits from the primary sample in which patients
were transferred to another facility, discharged against medical advice,
or deceased (Figure 1).

The institutional review board of KPSC approved this study with a
waiver of informed consent due to its retrospective nature and use of
de-identified data.

24 | Measurements and outcomes

Opioid and non-opioid overdose visits were identified using the ICD-
10 diagnosis codes (Table A1). Opioid (oral) and naloxone (nasal and
intramuscular) discharge prescriptions were determined using KPSC
pharmacy order records (regardless of whether the prescription was
filled). Opioid and naloxone prescriptions dispensed to patients within
2 days of discharge were ascertained using outpatient pharmacy
records. Hospitalizations and ED visits were obtained from inpatient
records and out-of-network claims. Thirty-day mortality status was
assessed from multiple sources, including the KPSC inpatient records,
KPSC membership system, California state death master files, Social
Security Administration death master files, and out-of-network claims
(Figure 1).

2.5 | Covariates

Self-reported demographic characteristics extracted from the elec-
tronic health records included age at the time of ED visit (categorized
in this study as 10-15 [reference group], 16-22, 23-34, 35-50, and

>50), sex (female [reference group] and male), and race/ethnicity

(non-Hispanic White [reference group], non-Hispanic Black, Hispanic,
non-Hispanic Asian/Pacific Islander, and others). Charlson comorbidity
index (none [reference group], 1, 2, and 3+) was calculated using ICD-
10 diagnosis codes from all encounters within the past 12 months prior
to the ED visit.20

2.6 | Statistical analysis

Descriptive statistics were used to compare characteristics (e.g., age,
sex, race/ethnicity, and Charlson comorbidity index) and outcomes of
interests among opioid overdose visits, non-opioid overdose visits, and
other non-overdose visits pre- and post-implementation. The signifi-
cance of differences pre- and post-implementation was assessed using
the chi-squared test (for categorical variables) and the Kruskal-Wallis
test (for continuous variables).

Interrupted times series and segmented logistic regression were
used to estimate changes in the monthly rates of opioid overdose, non-
opioid overdose, opioid prescribing, and naloxone prescribing after pol-
icy implementation, controlling for pre-existing trends, and seasonal
effects.’>1¢ The model included terms for the pre-implementation
monthly trend, change in monthly trend, and change in level of out-
come post-implementation. Change in monthly trend indicated the
difference in trends pre- and post-implementation. Change in the
level of outcome referred to the immediate difference in the out-
come between the last month of the pre-implementation period
(December 2018) to the first month of the post-implementation
period (January 2019). Difference-in-differences and a linear regres-
sion model were used to examine the differences in hospitalization
and 30-day mortality between opioid and non-opioid overdose groups
pre- and post-implementation.!”*® The model included terms for
time trend among the control group (eg, non-opioid overdose), dif-
ference in the outcome between two groups pre-implementation,
and differences in the outcome between two groups between pre-
and post-implementation (eg, difference-in-differences estimate). All
models controlled for age, sex, race/ethnicity, and Charlson comor-
bidity index.2! Robust standard errors were clustered at the patient
level to account for correlation across multiple ED visits made by
the same patient. All analyses were conducted in July 2021 using
SAS 9.4.

3 | RESULTS

3.1 | Characteristics of study subjects

There were 1,110,152 encounters (533,860 pre- and 576,292 post-
intervention) from a total of 622,829 patients included in the primary
analysis. Study patients were 57.2% female (57.1% pre- and 57.2%
post-intervention) and had a mean age of 55.2 years (standard devi-
ation [SD] +22.56) with a range of 10-108.1 (Table 1). Of these,
there were 695 encounters for opioid overdose, with a mean age of
48.1 years (SD +19.19), and 720 encounters for poisoning from other
substances with a mean age of 35.7 years (SD +22.13).
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KPSC ED visits by KP members (Jan 1, 2018 —
Dec 31, 2019)
Encounters: 1,201,233
Unique Patients: 688,358

Patients < 10 years of age at ED visit

Encounters: 90,943
Unique patients: 65,703

Patients went to hospice
Encounters: 138

N

Study Cohort for Primary Outcome
Encounters: 1,110,152
Unique Patients: 622,629

[

\\%

Unique patients: 26

Opioid poison
Encounters: 695
Unique patients: 637

Non-opioid poison
Encounters: 720
Unique patients: 706

Non-poison
Encounters: 1,108,737
Unique patients
622,155

FIGURE 1 Inclusion criteria for study population.

3.2 | Main results

For opioid overdose, there were 344 (6.4/10,000) encounters in 2018,
and 351 (6.1/10,000) encounters in 2019 (Table 2). Among this group,
63.3% of patients had a history of substance use disorder within 12
months prior to ED visit (65.4% pre- and 61.3% post-intervention),
41.3% had active opioid and concurrent benzodiazepine prescrip-
tions within 12 months prior to ED visit (42.4% pre- and 40.2%
post-intervention), and 6.8% had an opioid prescription greater than
90 MME within 12 months (9% pre- and 4.6% post-intervention;
p = 0.0002). Hospital admission rate for those presenting to the ED
for opioid overdose changed from 30.2% prior to the intervention to
21.9% afterward (p = 0.0127). The mean length of stay was 3.9 days
(SD +3.44) in 2018 and 5.7 days (SD +6.98) in 2019 (p = 0.1793).
Thirty-day mortality changed from 2% prior to the intervention to 1.4%
post-implementation (p = 0.5368).

The non-opioid overdose group did not display any significant
changes among all measured parameters pre- and post-intervention.
Non-opioid overdose encounters went from 309 in 2018 to 411 in
2019. Of the total non-opioid overdose encounters, 17.5% had a his-
tory of substance use disorder within the previous year (21.7% pre-
and 14.4% post-intervention), 21.3% had been prescribed both opioids
and benzodiazepines within the previous year (20.7% pre- and 21.7%
post-intervention), and 0.3% had a prescription for opioids greater
than 90 MME (0.3% pre- and 0.2% post-intervention). Hospital admis-
sion went from 11.3% in 2018 to 12.4% in 2019 (p = 0.6577). Length
of stay remained similar over the course of the study with a mean
of 2.8 days (SD +1.88) in 2018 and 2.5 days (SD +2.88) in 2019
(p = 0.1881). Thirty-day mortality changed slightly from 0% pre- to
0.5% post-intervention (p = 0.2851; Table 3).

Interrupted time series analysis showed no significant changes in
the rate of ED visits for opioid overdose (odds ratio [OR] = 1.02,
95% confidence interval [CI] = 0.98-1.07) and non-opioid overdose
(OR = 0.97, 95% Cl| = 0.93-1.01) (Table 4). Difference-in-differences
analysis revealed no significant change in hospitalizations (coefficient
[CE] = -0.05, 95% CI = —0.11 to 0.02), 30-day mortality (CE = —0.01,
95% Cl=-0.03t00.01), or length of stay when hospitalized (CE =1.77,
95% Cl = —1.92 to 5.46) when comparing opioid and non-opioid
overdose in the pre- versus post-intervention period (Table 5).

Data from 2019 revealed a substantial increase in the frequency
of naloxone prescription from the previous year. Naloxone orders
increased from 104 in 2018 to 6031 in 2019 (p < 0.0001). Of those
who were prescribed naloxone, 77.8% (74% pre- and 77.8% post-
implementation) filled the prescription within 2 days of discharge from
the ED. There was also a significant decrease in opioids ordered within
the study period. In 2019, 13.5% of the study population received an
opioid prescription within 2 days of ED discharge, a decrease from
14.9%in 2018 (p < 0.0001). Furthermore, the daily MME dispensed per
order also decreased from 34.7 (SD +27.66) to 32.1 (SD +26.24) post-
intervention (p < 0.0001). There was also a corresponding decrease
in dispensed opioids greater than 90 MME (0.5% pre- and 0.3% post-
intervention, p < 0.0001). An immediate decreasing trend in the rate
of monthly opioid prescription at discharge also took place (OR = 0.90,
95% Cl =0.88-0.92).

3.3 | Limitations

The main limitation of our study is its retrospective study design.

To address this, we used an interrupted time series that included
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TABLE 1 Demographics and clinical characteristics of 15 Southern California Kaiser Permanente emergency department (ED) encounters for
patients before (January 1, 2018-December 31, 2018) and after (January 1, 2019-December 31, 2019) implementation of a California naloxone

2018 (N =533,860) 2019 (N =576,292)

mandate.
Total (N=1,110,152)

Age group

10-15 46,504 (4.2%)

16-22 61,589 (5.5%)

22-34 149,306 (13.4%)

35-50 185,300 (16.7%)

>50 667,453 (60.1%)
Sex

Female 634,792 (57.2%)
Race/ethnicity

Hispanic 456,078 (41.1%)

White 385,835 (34.8%)

Black 150,152 (13.5%)

Asian 92,094 (8.3%)

Pacific Islander 8029 (0.7%)

Other 8036 (0.7%)

Unknown 4200 (0.4%)

Multiple 3408 (0.3%)

Native American/Alaskan 2320 (0.2%)
Disposition

Admission 233,304 (21%)
Charlson comorbidity categories

0 417,145 (37.6%)

1 230,103 (20.7%)

2 141,499 (12.7%)

3+ 321,405 (29%)
Length of stay (among hospitalized patients)

N 120,870

Mean (SD) 4.3(6.13)
Died within 30 days after ED visit

Yes 20,377 (1.8%)

History of substance use disorder in the past 12 months before ED visit

Yes

Opioid and benzodiazepine prescriptions in the past 12 months before ED visit

Yes

85,508 (7.7%)

175,344 (15.8%)

Daily MME >90 in the past 12 months before ED visit

Yes

7266 (0.7%)

22,342 (4.2%) 24,162 (4.2%)
30,121 (5.6%) 31,468 (5.5%)
70,875 (13.3%) 78,431 (13.6%)
88,904 (16.7%) 96,396 (16.7%)
321,618 (60.2%) 345,835 (60%)

304,875 (57.1%)

329,917 (57.2%)

217,908 (40.8%) 238,170 (41.3%)
187,322 (35.1%) 198,513 (34.4%)
72,838 (13.6%) 77,314 (13.4%)
43,870 (8.2%) 48,224 (8.4%)
3832(0.7%) 4197 (0.7%)
3594 (0.7%) 4442 (0.8%)
1742 (0.3%) 2458 (0.4%)
1656 (0.3%) 1752 (0.3%)
1098 (0.2%) 1222 (0.2%)
114,038 (21.4%) 119,266 (20.7%)
195,941 (36.7%) 221,204 (38.4%)
110,275 (20.7%) 119,828 (20.8%)
67,838 (12.7%) 73,661 (12.8%)
159,806 (29.9%) 161,599 (28%)
60,113 60,757
4.3(6.04) 4.3(6.21)
9971(1.9%) 10,406 (1.8%)
42,513 (8%) 42,995 (7.5%)
90,947 (17%) 84,397 (14.6%)
4327 (0.8%) 2939 (0.5%)

Abbreviations: MME, morphine milligram equivalents; SD, standard deviation.

an extended preintervention period and emphasized changes that
occurred in the period immediately following the intervention as
well as the 12 months following the intervention. Segmented regres-
sion analysis of an interrupted time series is an accepted powerful
study design that allows us to distinguish the effects of the interven-
tion from secular change.’1¢ However, because of the retrospective
study design, we cannot account for all other confounding factors

that may have contributed to the rates of overdose during this time
period. Our retrospective study design relied on data abstraction using
the electronic medical record, and identifying cohorts for the sub-
group analysis using ICD-10 codes, which are potentially subject to
inaccuracy.

Furthermore, while this has become a state-wide mandate with

an additional level of implementation into our electronic medical
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TABLE 2 Descriptive statistics of patients presenting for an opioid
overdose encounter within the 15 Southern California Kaiser
Permanente emergency departments (EDs) before (2018) or after
(2019) California naloxone law was implemented.

Total (N=695) 2018 (N=344) 2019 (N=351)

Age group (years)
10-15 2(0.3%) 1(0.3%) 1(0.3%)
16-22 57 (8.2%) 19 (5.5%) 38(10.8%)
22-34 157 (22.6%) 76(22.1%) 81(23.1%)
35-50 139 (20%) 71(20.6%) 68 (19.4%)
>50 340 (48.9%) 177 (51.5%) 163 (46.4%)
Sex
Female 349 (50.2%) 175 (50.9%) 174 (49.6%)
Race/ethnicity
White 358 (51.5%) 166 (48.3%) 192 (54.7%)
Hispanic 214 (30.8%) 113(32.8%) 101 (28.8%)
Black 96(13.8%) 51(14.8%) 45 (12.8%)
Asian 11(1.6%) 6(1.7%) 5(1.4%)
Other 7 (1%) 1(0.3%) 6(1.7%)
Multiple 4(0.6%) 3(0.9%) 1(0.3%)
Pacific Islander 3(0.4%) 2(0.6%) 1(0.3%)
Native 2(0.3%) 2(0.6%) 0(0%)
American/Alaskan
Disposition
Admission 181 (26%) 104 (30.2%) 77 (21.9%)
Charlson comorbidity categories
0 251(36.1%) 110(32%) 141 (40.2%)
1 151(21.7%) 78(22.7%) 73(20.8%)
2 91(13.1%) 45 (13.1%) 46 (13.1%)
3+ 202 (29.1%) 111(32.3%) 91(25.9%)

Length of stay (among hospitalized patients)

N 120 76 44

Mean (SD) 4.6 (5.08) 3.9(3.44) 5.7 (6.98)
Died within 30 days after ED visit

Yes 12(1.7%) 7 (2%) 5(1.4%)

History of substance use disorder in the past 12 months before ED visit
Yes 440 (63.3%) 225 (65.4%) 215 (61.3%)

Opioid and benzo prescriptions in the past 12 months before ED visit

Yes 287 (41.3%) 146 (42.4%) 141 (40.2%)
Daily MME >90 in the past 12 months before ED visit
Yes 47 (6.8%) 31(9%) 16 (4.6%)

Abbreviations: MME, morphine milligram equivalents; SD, standard
deviation.

record, it is possible that there is still some variation in compli-
ance on the individual provider level. Therefore, it is possible that
this intervention may not necessarily produce the same results in
all different settings, depending on the level of its adoption. Also,

despite our trends indicating significant changes in prescription rates

TABLE 3 Descriptive statistics of patients presenting with
non-opioid overdose encountered within the 15 included Southern
California Kaiser Permanente emergency departments (EDs) stratified
by 1-year interval pre-intervention and post-intervention.

Total (N=720) 2018(N=309) 2019(N=411)

Age group (years)

10-15 110(15.3%) 49 (15.9%) 61(14.8%)

16-22 197 (27.4%) 91(29.4%) 106 (25.8%)

22-34 124 (17.2%) 66(21.4%) 58(14.1%)

35-50 105 (14.6%) 39(12.6%) 66 (16.1%)

>50 184 (25.6%) 64 (20.7%) 120 (29.2%)
Sex

Female 461 (64%) 201 (65%) 260 (63.3%)
Race/ethnicity

Hispanic 324 (45%) 140 (45.3%) 184 (44.8%)

White 224 (31.1%) 99 (32%) 125(30.4%)

Black 80(11.1%) 37 (12%) 43(10.5%)

Asian 56 (7.8%) 19 (6.1%) 37 (9%)

Other 15(2.1%) 6(1.9%) 9(2.2%)

Multiple 8(1.1%) 5(1.6%) 3(0.7%)

Pacific Islander 7 (1%) 2(0.6%) 5(1.2%)

Unknown 6(0.8%) 1(0.3%) 5(1.2%)
Disposition

Admission 86 (11.9%) 35(11.3%) 51(12.4%)
Charlson comorbidity categories

0 455 (63.2%) 201 (65%) 254 (61.8%)

1 129 (17.9%) 62(20.1%) 67 (16.3%)

2 54(7.5%) 18 (5.8%) 36 (8.8%)

3+ 82(11.4%) 28(9.1%) 54(13.1%)
Length of stay (among hospitalized patients)

N 35 20 15

Mean (SD) 2.7 (2.33) 2.8(1.88) 2.5(2.88)
Died within 30 days after ED visit

Yes 2(0.3%) 0(0%) 2(0.5%)

History of substance use disorder in the past 12 months before ED visit
Yes 126 (17.5%) 67 (21.7%) 59(14.4%)

Opioid and benzo prescriptions in the past 12 months before ED visit

Yes 153(21.3%) 64 (20.7%) 89 (21.7%)
Daily MME >90 in the past 12 months before ED visit
Yes 2(0.3%) 1(0.3%) 1(0.2%)

Abbreviations: MME, morphine milligram equivalents; SD, standard devia-
tion.

and subtle trends in improvement of overdose deaths, it is impor-
tant to acknowledge the limited duration of our study. This included
the post-intervention period of only 12 months, which may limit
interpretation of sustaining the outcome over a longer period of

time.
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TABLE 4 Adjusted odds ratio (OR) from interrupted time series logistic regression for emergency department (ED) encounters before
(January 1, 2018-December 31, 2018), immediately after (January 1,2019-31, 2019), and 1 year after (February 1, 2019-December 31, 2019)
implementation of California naloxone law.

Any naloxone prescribed

Any opioid poison Any non-opioid poison at discharge

OR LCI ucli OR LCI UclI OR LCI UCl
Pre-policy trend 0.99 0.96 1.02 1.02 0.98 1.05 1.60 1.45 176
Immediate change in level post-policy 0.93 0.69 1.27 1.21 0.91 1.62 13.23 10.26 17.06
Change in trend between pre- and 1.02 0.98 1.07 0.97 0.93 1.01 0.62 0.56 0.68
post-policy
No. of observations 1,110,127 1,110,127 1,089,211

Note: All analyses controlled for age group (10-15 [reference group], 16-22, 23-34, 35-50, and >50), sex (female [reference group] and male), race/ethnicity
(NH White [reference group], NH Black, Hispanic, NH Asian/Pacific Islanders, and others), and Charlson score (none [reference group], 1, 2, and 3+). The first
two analyses for opioid poison and non-opioid poison excluded 25 visits, while last analysis for naloxone prescribed at discharge excluded 23 visits due to
missing data on sex.

Abbreviations: LCI, lower confidence interval; UCI, upper confidence interval.

TABLE 5 Adjusted difference-in-difference estimates of the impact of the implementation of California naloxone law on patient outcomes.

Outcome: admission

Outcome: 30-day mortality

Outcome: length of stay

CE LL UL p-Value CE
Year x poison type -0.06 -0.14 0.02 0.12 -0.01
No. of observations 1415 1415

LL UL p-Value CE LL UL p-Value
-0.03 0.01 0.53 1.77 -1.92 5.46 0.34
155

Note: All analyses controlled for age group (10-15 [reference group], 16-22, 23-34, 35-50, and >50), sex (female [reference group] and male), race/ethnicity
(NH White [reference group], NH Black, Hispanic, NH Asian/Pacific Islanders, and others), and Charlson score (none [reference group], 1, 2, and 3+).

Abbreviations: CE, coefficient; LL, lower limit; UL, upper limit.

4 | DISCUSSION

Overall, we found that the implementation of California’s law mandat-
ing naloxone be offered to patients at increased risk of opioid overdose
was not associated with a significant decrease in ED opioid overdose
visits. There was also no significant change in admission rates, length
of stay, or 30-day mortality of these patients. Although this was not
significant when considering the difference-in-differences analysis, we
did observe an 8.3% reduction in opioid overdose admission rates and
a rise in the length of stay post-admission by an average of 1.8 days,
potentially indicating that those who were admitted after the interven-
tion were a greater acuity subset of patients requiring a higher level of
care.

The most significant results were the effect of the policy imple-
mentation on opioid and naloxone prescribing. There were statistically
significant declines in number of opioid prescriptions (—1.4%) as well
as total MME prescribed per order (—14.1 MME). Despite not being
the intent of this policy, we found that the law was associated with
a 7.6% decrease in opioid prescriptions within the first month, with a
subsequent slow rise in opioid prescription, indicating a potential need
for continuing education on the importance of appropriate opioid pre-
scribing. This unintended consequence of the law on opioid prescribing
indicates an area of need for future studies. In contrast to the decrease
in total opioid prescriptions, we observed a 5800% increase in the
prescription of naloxone after the law came into effect. Although nalox-
one prescribing greatly increased, opioid overdose-related ED visits

remained unchanged. While this demonstrates the policy’s effective-
ness in increasing naloxone prescribing, it also shows a need for further
interventions to combat the opioid epidemic in the future.

Being within an integrated healthcare system has also allowed us
to track the dispensing rates of both opioids and naloxone. We see
that throughout the study period, 97.2% of patients filled their opioid
prescriptions (97.5% pre- and 97% post-implementation) and 77.8%
of patients filled their naloxone prescriptions (74% pre- and 78%
post-intervention) within 2 days. This demonstrates that nearly four
of five patients are actively filling their naloxone prescription, a far
greater number than in previous studies.?2 This is potentially a result of
increased medication adherence within an integrated healthcare sys-
tem that is often not affiliated with other systems, although further
research is necessary in this area.

It is important to acknowledge the impact that COVID-19 may also
have on opioid overdose as the pandemic progresses. Studies reveal
concern of increased opioid overdose as social isolation and hesita-
tion toward seeking care expand.?® Similarly, studies have already
shown negative impacts of the COVID-19 pandemic on opioid over-
dose rates.?* For this reason, further interventions are needed to
decrease opioid overdose in a more urgent fashion.

In summary, implementation of a California law mandating that
naloxone be offered to patients at increased risk of opioid-related
overdose was associated with a large increase in the prescription and
dispensing of naloxone to high-risk patients. This adoption was not
associated with a significant impact on opioid overdose-related ED
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visits, hospitalizations, or mortality. While this policy may be a step
forward in combating the opioid epidemic, future studies are needed
to understand how other supplemental interventions and policies may
decrease opioid-related mortality and overdose.
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