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Background: Naloxone distributed to people at risk for opioid overdose has been associated
with reduced overdose death rates; however, associations of retail pharmacy-distributed naloxone
with overdose mortality have not been evaluated.

Methods: Our analytic cohort uses retail pharmacy claims data; three health departments’
community distribution data; federal opioid overdose data; and American Community Survey
data. Data were analyzed by 3-digit ZIP Code and calendar quarter-year (2016Q1-2018Q4),
and weighted by population. We regressed opioid-related overdose mortality on retail-pharmacy
and community naloxone distribution, and community-level demographics using a linear model,
hypothesizing that areas with high overdose rates would have higher current levels of naloxone
distribution but that increasing naloxone distribution from one quarter to the next would be
associated with lower overdose.

Results: From Q1-2016 to Q4-2018, the unadjusted naloxone distribution rate increased from
97 to 257 kits per 100,000 persons, while the unadjusted opioid overdose mortality rate fell from
8.1 to 7.2 per 100,000 persons. The concurrent level of naloxone distribution (both pharmacy and
community) was positively and significantly associated with fatal opioid overdose rates. We did
not detect associations between change in naloxone distribution rates and overdose mortality.

Conclusion: Naloxone distribution volumes were correlated with fatal opioid overdose,
suggesting medication was getting to communities where it was needed most. Amid high rates
of overdose driven by fentanyl in the drug supply, our findings suggest additional prevention,
treatment, and harm reduction interventions are required—and dramatically higher naloxone
volumes needed—to reverse the opioid overdose crisis in the US.

Keywords
Naloxone; Distribution; Opioid overdose

1. Introduction

Opioid overdose rates are increasing at alarming rates in the United States, especially given
the increased presence of fentanyl in the illicit drug supply (Colon-Berezin et al., 2019;
Gladden et al., 2016; Jalal et al., 2018). Naloxone distribution plays an important role in
opioid overdose prevention (Bagley et al., 2017). While prior research has demonstrated
the effectiveness of community-based opioid education and naloxone distribution (OEND)
programs to reduce opioid overdose in some settings (Walley et al., 2013), less is known
about the population effectiveness of pharmacy-distributed naloxone, especially in areas
where longstanding OEND programs exist (Oliva et al., 2016). Systematic reviews of
naloxone distribution that include non-US jurisdictions are similar, in which effectiveness
of general distribution is greatest for populations most at risk (Cherrier et al., 2022), while
studies of pharmacy distribution specifically are less common and lack large implementation
studies that could demonstrate effectiveness (Nielsen and Van Hout, 2016). Pharmacy
distribution of naloxone is supported by standing orders (e.g., dispensed to anyone who
requests it, without need of a prescription) and other local policies, and appears to be a
successful mechanism to increase the naloxone supply in the community (Abouk et al.,
2019; Murphy et al., 2019). One study found the adoption of pharmacy naloxone access
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laws (NALs) was associated with about 10% decreased opioid-overdose mortality, while
another indicated 14% lower incidence of opioid-overdose mortality (McLellan et al., 2000;
Rees et al., 2019). However, we are not aware of any research that examines the marginal
effect of both pharmacy and community distributed naloxone on opioid overdose mortality.

Additionally, a bidirectional relationship between naloxone distribution and overdose rates
at the community level creates a complex methodological challenge that must be addressed
when isolating the impact of naloxone distribution on opioid-related overdose mortality.
Specifically, while higher availability of naloxone would be expected to reduce opioid
overdose deaths, a worsening opioid overdose epidemic and rising mortality rates (whether
due to increased prevalence of use or a more dangerous supply), may prompt public agencies
and OEND programs to ramp up distribution, or may encourage more individuals to seek
naloxone. This issue is known in the health economics literature as simultaneity bias, a
form of endogeneity in which an explanatory variable of a regression model is determined
simultaneously with the dependent variable of interest. To our knowledge, there have been
no identified studies that grappled with this challenge or tested for such a relationship
(Naumann et al., 2019).

The northeastern region of the United States, including the jurisdictions of Massachusetts,
Rhode Island, and New York City, has struggled with high rates of opioid-related overdose
mortality for more than a decade. These three jurisdictions, two of which share a border,
have been deeply affected by the rapid increase in fentanyl-related opioid overdoses, and
thus have invested heavily in both community- and pharmacy-based naloxone distribution.
Two New York City boroughs (Bronx and Staten Island), Massachusetts, and Rhode
Island have age-adjusted opioid overdose death rates that are significantly higher than the
national average (28.1, 31.8, 33.0, and 30.8 per 100,000 respectively versus a national
average of 19.8 per 100,000) (NYC Health, 2017). In response to this epidemic, New
York City launched “Healing NYC” in 2017 with a goal to distribute 100,000 naloxone
kits per year (Paone et al., 2017). Massachusetts and Rhode Island intend to increase
naloxone availability by: continuing to support OEND programs; training first responders;
encouraging pharmacy-based naloxone access; dispensing naloxone at community health
centers, emergency departments, opioid treatment programs, and correctional centers; and
distributing naloxone through street outreach and syringe service programs (Massachusetts
Department of Public Health, 2021; Raimondo, 2016). Research that compares the effect
of naloxone distribution levels across distinct contexts and programs that differ in their
approach is urgently needed to inform future policy.

The objective of this study was to estimate the role that retail pharmacy and community
naloxone distribution has on preventing opioid-related overdose deaths in Massachusetts,
Rhode Island, and New York City. This study leverages a nationally-representative, detailed,
and comprehensive prescription claims data set containing naloxone prescriptions dispensed
in a majority of pharmacies, and is the first study we are aware of to use prescription

claims data of pharmacy naloxone distribution to estimate its impact on opioid overdose
fatalities at the community level. We match these data with comprehensive local community-
based naloxone, administrative, and overdose surveillance data, capturing opioid overdose
fatalities and OEND activities. We hypothesized that concurrent naloxone distribution will
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be positively correlated with opioid overdose rates, while changes in naloxone distribution
volume over time will predict fewer opioid-related overdoses in subsequent quarters.

2. Methods

Assessing the role of pharmacy and community naloxone distribution in preventing fatal
opioid-related overdoses required merging several datasets from local, federal, commercial,
and public sources. We then characterized the change in pharmacy and community naloxone
distribution over time alongside the change in fatal opioid overdose rates in Massachusetts,
Rhode Island, and New York City. Finally, we measured the association between naloxone
distribution—including the absolute number of Kits distributed and the quarter-to-quarter
change in kit distribution rate—and fatal overdose with a multivariable regression approach.
This study was approved and considered exempt by governing Institutional Review Boards
as this work involved analysis of aggregate and/or publicly available data.

2.1. Exposure

Our primary exposure was pharmacy and community naloxone distribution, which we
obtained from two distinct data sources. First, we used outpatient pharmacy claims from
Symphony Health to capture pharmacy-distributed naloxone in the three jurisdictions. The
Symphony database captures over 80% of all pharmacies, and 90% of all prescriptions,
nationally, has been shown to have good coverage in Massachusetts, Rhode Island, and
New York City (work by our team currently under review), and provides dispensing counts
by calendar-quarter and 3-digit ZIP Code of the patient (Murphy et al., 2019). Next, we
measured community naloxone volume as operationalized by naloxone distributed through
Overdose Education and Naloxone Distribution (OEND) programs based on location of the
program. These data were provided by the Massachusetts, Rhode Island, and New York
City health departments. We measured the per-capita rate of naloxone kits provided through
pharmacy and community sources, and aggregated all data to the 3-digit ZIP Code in each
calendar quarter by either rolling up from 5-digit ZIP Code in Massachusetts and Rhode
Island or mapping borough to 3-digit ZIP in New York City. The 3-digit ZIP was the

most granular unit of analysis available following merging the distinct data sources, and
we believe using this level of analysis (versus based on state or region of the country) was
important to account for local heterogeneity in naloxone distribution and overdose. We had
data for 2016-2018 for Massachusetts and Rhode Island and 2017-2018 for New York City.
There were 18 3-digit ZIP Code areas in Massachusetts, 2 in Rhode Island, and 10 in New
York City (we excluded codes 108 and 110 as they are only partially in the city), yielding
120 ZIP-quarter observations in a given year for which we had data from all three sites.

We parameterized naloxone distribution in the pharmacy and community settings in two
ways: 1) quarterly naloxone distribution rate, and 2) the change in naloxone distribution
between the prior and current quarter. We hypothesized that the first effect—same quarter
naloxone distribution—would reflect the severity of the overdose epidemic (places with
more naloxone distribution likely had higher rates of opioid overdose mortality), and that
the change variable would capture the strength of the response, where we expected a larger
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response in terms of increased distribution of naloxone from one quarter to the next to have a
larger effect on curbing opioid-related overdose.

2.2. Outcome

Our primary outcome was the rate of fatal opioid-related overdose in each 3-digit ZIP
Code, by calendar quarter. We derived these counts from the Multiple Cause of Death
national mortality data from the National Center for Health Statistics (NCHS) within

the Centers for Disease Control and Prevention (CDC). These data report the underlying
cause of death from death certificate data of US residents, based on the 10th revision

of the International Statistical Classification of Diseases and Related Health Problems
(ICD-10 codes). We used an algorithm developed by the Substance Abuse and Mental
Health Services Administration to derive opioid-related overdoses using both underlying
and multiple cause fields (Substance Abuse and Mental Health Services Administration,
2018). As these data are reported at the county level, we used ZIP-county cross-walks from
the United States Department of Housing and Urban Development (HUD) to calculate the
number of opioid-related overdoses by 3-digit ZIP Code.

2.3. Weighting strategy

Our exposure and outcome variables were reported as counts in the source data, leading to
large differences across ZIP areas given that our data cover both high and low population
density areas, such as New York City and Western Massachusetts, respectively. To address
this, we weighted both exposure and outcome variables using annual resident population
estimates from the Census Bureau (Census.gov, 2020). Like the mortality data, these data
were converted from county to 3-digit ZIP level using the HUD crosswalk.

2.4. Demographic characteristics

We used publicly-available data from the American Community Survey (ACS) to include
detailed information on age, gender, race, ethnicity, income, and health insurance status

by 3-digit ZIP Code for Massachusetts, Rhode Island, and New York City. The values

were time-varying by year and 3-digit ZIP Code, and are specific to a community not tied

to individuals who received naloxone or those who experienced overdose. Specific ACS
datasets used were the “Selected Economic Characteristics, ACS Demographic and Housing
Estimates, and Selected Social Characteristics of the United States.” We measured the ACS
variables per 10 percentage point change in value.

2.5. Statistical approach

We estimated the association between naloxone distribution and opioid-related overdose
using a linear model with 3-digit ZIP Code fixed effects and a linear time trend. The linear
model approach best fit our modeling strategy of including a level (current quarter naloxone
distribution) and change (first difference of naloxone distribution from one quarter to the
next) and allowed us to correctly distinguish these two measures and interpret their effect on
overdose. We tested the association using naloxone distribution and distribution stratified
by pharmacy or community source. In our regression model, opioid-related overdose

per 100,000 persons in a given quarter was a function of: the level of pharmacy and
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community naloxone distribution in a given quarter; the change in pharmacy and community
naloxone distribution between the current quarter and prior quarter; the opioid-overdose
rate in the prior quarter; a time trend (1-12 depending on the quarter and year); a fixed
effect for each 3-digit ZIP code, and; ACS community characteristics (the effect of a 10
percentage point increase of the proportion of a given 3-digit ZIP Code that is female,
between 25 and 65, non-white, Hispanic, enrolled in public insurance or uninsured, and
with a household income under $25,000/year). We tested the robustness of our results by
conducting three supplemental analyses: 1) a set of sensitivity analyses using a lag-based
approach (incorporating lagged levels of quarterly naloxone distribution); 2) estimating
variance inflation factors (VIF) to test for multicollinearity, and 3) performing a regression
measuring the associating between non-stratified aggregate naloxone distribution and opioid
overdose.

2.6. Endogeneity

Endogeneity occurs when an exposure variables is correlated with the error term in a

model: this can happen when both exposure and outcome can affect the other over time
(simultaneity or reverse causality) or a variable that is associated with both outcome and
exposure is omitted (for example, because it cannot be measured). We expect that our
coefficient estimates of naloxone distribution may be subject to both of these endogeneity
concerns: simultaneity and omitted variable bias. While we expect that higher availability
of naloxone should reduce opioid overdose deaths, a worsening opioid overdose epidemic
may prompt a concurrent increase in naloxone demand and supply via both pharmacies and
community programs. These effects imply that naloxone distribution and overdose mortality
are potentially co-determined, introducing simultaneity bias in the coefficient estimate of
interest. In addition, naloxone dispensing rates do not fully account for the existing supply
of naloxone in the community, which is a function of past naloxone rates, the utilization

of existing naloxone, program catchment area, and rate of disposal over time. The existing
supply of naloxone is likely correlated with both overdose mortality and current naloxone
distribution rates, thereby introducing omitted variable bias in the regression model.
Consequently, it is difficult to distinguish the lifesaving effects of naloxone for individual
overdoses from overall increases in naloxone and overdoses that may be occurring in the
community. We have attempted to isolate the effect of the response to increasing overdose
by modeling the quarter-over-quarter change in naloxone kits distributed, as well as the level
of kits distributed. However, absent the use of a good instrument, we may not be completely
addressing endogeneity concerns (see Limitations). We attempted to be parsimonious in our
variable selection process to exclude “bad controls” that could be in principle affected by the
exposure as well (Cinelli et al., 2020). In our example we do not believe that, for example,
naloxone distribution would affect community-level demographics. We assess the potential
severity of endogeneity by running a reverse regression predicting aggregate naloxone
distribution as a function of overdose mortality and relevant control variables. While this

is not a “solution” to endogeneity, it allows us to test the hypothesized bidirectional
relationship between naloxone distribution and overdose rates.
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3. Results

The final analytic dataset included over 10,000 opioid-related deaths and 275,000 naloxone
kits distributed between 2016 and 2018. Fig. 1 shows the quarterly rate of opioid-related
mortality and pharmacy and community naloxone distribution. Overall, the quarterly
unadjusted opioid-related mortality rate fell from an average of 8.1 per 100,000 persons

in Quarter 1 of 2016 to 6.8 per 100,000 persons in Quarter 4 of 2018. Over that same period,
the unadjusted community and pharmacy naloxone distribution rates more than doubled
from 74 community-distributed kits and 23 pharmacy-distributed kits per 100,000 persons
to 172 community-distributed and 71 pharmacy-distributed kits per 100,000 persons. We
graphed the change in naloxone distribution per 100,000 persons as well, although this did
not display a consistent pattern over time (Supplemental Figure 1). In the secondary analysis
stratifying by site, we observed a higher opioid overdose mortality rate in Massachusetts and
Rhode Island relative to New York City, and found that the rate of naloxone distribution
increased the fastest in New York City and Rhode Island relative to Massachusetts (Fig. 2).

Next, we assessed the association between naloxone distribution and opioid-related
mortality controlling for geographic-level indicators of sex, age, race, ethnicity, poverty, and
insurance status. We found a contemporaneous positive association between same quarter
pharmacy and community distributed naloxone and opioid overdose (pharmacy distribution
coefficient 0.007 95% confidence interval [CI] 0.001-0.013 and community distribution
coefficient 0.005 95% CI1 0.002-0.008). Our measure of the change in naloxone distribution,
a relatively exogenous measure of the impact of naloxone on mortality, had the hypothesized
negative sign, but was not statistically significant at the 5% alpha level (Table 1). The linear
time trend was significantly associated with lower mortality, indicating that opioid-related
overdose decreased slightly over our study period. We also found that the proportion of a
community that was female or Hispanic was associated with higher overdose mortality. Each
10-percentage point increase in the proportion of the population that was female or Hispanic
was associated with 19-20 more overdoses per 100,000 person years in each model (Table
1).

Our sensitivity analyses support the robustness of our results. First, our reverse regression
found that overdose was significantly associated with naloxone distribution (Supplemental
Table 1). This further supports the positive correlation between naloxone distribution and
fatal overdose. Second, including lagged indicators of naloxone distribution did not change
the interpretation of the results, with the level of naloxone in the current quarter positively
associated with overdose death rates: 1 and 2 quarter lagged values were not statistically
significant (Supplemental Table 2).

In the model testing the effect of combined naloxone distribution, we found a statistically
significant relationship between same quarter distribution and mortality, confirming

the contemporaneous positive correlation with mortality and same quarter naloxone
(Supplemental Table 3). While not statistically significant, we found the change in naloxone
to have a negative sign as hypothesized and as we found for change in community naloxone
distribution. Finally, the VIF analysis did not show evidence of severe multicollinearity in
our naloxone distribution measures.
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4. Discussion

Our novel, multi-jurisdiction assessment of naloxone distribution and overdose mortality
includes over 10,000 overdoses and 275,000 naloxone Kits distributed, and is among the
first attempts to assess the distinct relationships between both pharmacy and community
distributed naloxone on opioid overdose mortality in the United States. Between 2016—
2018, we observed little change in opioid-related overdose deaths in the three jurisdictions,
compared to a rapid increase in naloxone distribution over the same time period.

When modeled in a regression analysis, these trends translated to a significant, positive
association between same-quarter naloxone distribution and opioid overdose mortality, and
no detectable effect of the change in naloxone distribution from one quarter to the next.

These results have several potential explanations. First, our parameterization of naloxone
as two functional forms (concurrent volume and quarter-over-quarter change) was meant

to represent both the severity of the overdose epidemic generally (we expect places with
high overdose rates to have relatively high naloxone distribution), as well as the effect

of specific naloxone infusions (the change from one quarter to the next). Based on this,

we first hypothesized a positive association between current-quarter naloxone and fatal
overdose rates, which was borne out in the regression analysis and bolstered by our finding
in the analysis separating pharmacy and community naloxone. We further hypothesized a
negative association between the change in naloxone distribution and overdose, which did
not materialize in the regression analysis. The descriptive graphs of naloxone distribution
and mortality — in which distribution increases rapidly with very small corresponding
changes in mortality — speak to this finding. However, including changes in the distribution
of naloxone decreases the sample size, and subsequently lowered the statistical power of
the analysis. A study at the national level may provide further insight on the impact of

the change in pharmacy- and community-based naloxone distribution on mortality rates.
Second, we may not expect a large effect at the population level of naloxone distribution on
opioid overdose mortality; for example, it is possible we would have seen a stronger effect in
a more targeted population. This expectation is consistent with prior work demonstrating the
cost-effectiveness of naloxone distribution specifically among those at high risk (Acharya
et al., 2020), rather than the population at large. While naloxone is pharmacologically
effective for reversing opioid overdoses and saving lives, previous research suggests that
interventions addressing the underlying cause of the overdose, such as medications for
opioid use disorder, are necessary and effective in the long term (Linas et al., 2021). Unless
interventions are in place to support those who were rescued from a fatal overdose in
managing their use disorder, the risk of a subsequent overdose remains (Morgan et al.,
2020a, 2020b).

Findings from our ACS measures indicate that communities with a higher proportion of
women and Hispanic individuals are associated with higher levels of fatal overdose. Prior
research has demonstrated that non-white individuals with OUD are less likely to access
treatment or other harm reduction services due to structural barriers and systemic racism
(Hansen et al., 2016). This may result in decreased access to and uptake of naloxone among
communities who have historically faced punitive responses to drug-related health issues,
rather than compassionate treatment and care (Chatterjee et al., 2022; Rowe et al., 2016).
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Future research should investigate how structural racism or practices that create barriers

to care for people of color or women may be a source for disparity in the distribution or
uptake of naloxone. For example, while a recent study did not find racial/ethnic inequities
in naloxone distribution in Massachusetts or Rhode Island on a community level, the study
was not able to assess whether the racial/ethnic makeup of people obtaining naloxone was
the same as those experiencing overdoses (Nolen et al., 2021). However, while we believe
this warrants future study of more effective ways to target naloxone distribution, these ACS
measure are community-level indicators, and do not prove association or causation between
ethnic or gender identity and overdose on the individual level. Rather, the community-
level demographic indicator may be acting as a proxy for other unobserved neighborhood
characteristics including socioeconomic factors. It is likely that this relationship is complex
and dynamic, and a rich area for future study.

There are several limitations to this work. First, the form of the pharmacy data required
aggregation to the 3-digit ZIP area. Smaller geographic areas may have provided us

more information with which to detect an effect of naloxone, and understanding the
community-level distribution of naloxone and overdose mortality is critical to inform
targeted, community-based naloxone distribution strategies (Zang et al., 2021). This effect
may be exacerbated by our use of quarter-year, which is broad time measure. It may be
useful to replicate this analysis with more granular geographic and time stratification should
those data become available. Second, we were limited in the variables we could include in
our analysis. Other factors, such as dual prescribing of naloxone alongside opioids, fentanyl
penetration, or others, may affect the relationship between naloxone distribution and
mortality. We attempted to address this by including both ZIP-level fixed effects to capture
between-ZIP differences, and various community-level ACS measures of the composition
of each ZIP area. Third, we were unable to capture naloxone distribution happening in
emergency departments or through programs not funded by the state/city. Additionally,
while the 3-digit ZIP associated with pharmacy distribution reflected a patient’s residence,
community distribution location was based on the location of the distributing facility. For
some community distribution we may be misclassifying the location of distribution if an
individual had to travel outside of their 3-digit ZIP to obtain community naloxone. This is
mitigated somewhat by the fact that 3-digit ZIP areas are large (for example, Rhode Island
only had two), but more granular analysis may be helpful. Fourth, we were not able to
control for endogeneity using a more robust instrumental variables approach due to the lack
of a good instrument and our short timeframe. For example, while we might expect certain
naloxone access laws (Abouk et al., 2019) to act as a good instrument (given the effect of
these laws on mortality acts via increases in naloxone distribution), all three jurisdictions
had enacted comprehensive naloxone access laws prior to our study timeframe.

5. Conclusion

Over the study period, naloxone distribution increased and was correlated with fatal
overdose in three Northeast jurisdictions, indicating that the communities hardest hit by

the opioid overdose epidemic also received relatively more naloxone, as is appropriate.
However, while naloxone distribution increased and opioid-related mortality decreased over
our observation period, we did not detect a statistically significant association between the
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change in naloxone distribution and mortality at the population level from quarter to quarter.
Itis likely that naloxone distribution alone is necessary but not sufficient to reverse the
opioid-overdose epidemic in the United States.
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Fig. 1.

Opioid-related overdose mortality and naloxone Kit distribution per 100,000 individuals
from 2016 to 2018 in Massachusetts, Rhode Island, and New York City.
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Fig. 2.
Quarterly opioid-related overdose mortality and naloxone kit distribution per 100,000
individuals from 2016 to 2018 stratified by jurisdiction.
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