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Abstract

This study aimed to assess the temporal trends in opioid-involved overdose deaths in New
York City (NYC) from 1999 to 2020 overall, and by age, sex, race/ethnicity, county, opioid
type, and intent. Using data from the Centers for Disease Control and Prevention’s WON-
DER database, opioid overdose fatalities were identified by referencing the multiple cause
of death files, utilizing codes from the International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision. Joinpoint regression assessed temporal
trends, with annual percentage changes and average annual percentage changes calculated
using the permutation method. 95% confidence intervals were estimated using both the
empirical quantile method and the parametric method. From 1999 to 2020, New York City
recorded a total of 14,371 opioid-involved overdose deaths. In recent years, overall deaths
have increased by 14.5% per year (95% CI, 10.7-20.8) from 2011 to 2020. Contemporary
trends have worsened across the subcategories of age, sex, race/ethnicity, and opioid type.
The findings of this study offer specific metrics for areas within NYC, facilitating targeted
interventions and establishing baselines to underpin the sustainability of these efforts.
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Opioid-involved overdose deaths represent a pressing public health concern in New York
City. In 2020 alone, the city witnessed a total of 2062 drug overdose deaths, marking a
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38% increase in fatalities since 2019 and a 42% increase since 2018 (NYC Health 2020).
Fentanyl, a synthetic opioid known for its extreme potency—50 to 100 times more deadly
than morphine—remains the most common opioid involved in overdose fatalities for the
fifth consecutive year (NYC Health 2023).

Between 2000 and 2012, fentanyl was implicated in only 2% of drug overdose
deaths in New York City (Colon-Berezin, 2019). However, by 2017, at least 57% of all
drug overdose deaths in the city were attributed to fentanyl (Colon-Berezin, 2019). By
2021, this proportion has risen to 80% (NYC Health 2023). The emergence of fentanyl
in New York City’s illicit drug scene highlights a significant escalation in the ongoing
battle against opioid misuse. Initially utilized as a potent adulterant in heroin, fenta-
nyl’s prevalence surged notably around the mid-2010s (Colon-Berezin, 2019). Alarm-
ing reports began to surface, documenting the direct sale of fentanyl in various forms,
including counterfeit pills and clandestine mixtures with other substances, unknown to
users (Klobucista and Ferragamo, 2023). This illicit infiltration led to a surge in over-
dose fatalities, as fentanyl’s heightened potency and unpredictability surpassed that of
heroin, inflicting a devastating toll on individuals throughout the city (Colon-Berezin,
2019).

Analyses of opioid mortality trends in New York City over the years have revealed
distinct patterns. Between 1990 and 2006, there was a substantial seven-fold surge in
analgesic-associated deaths, with rates escalating from 0.39 to 2.7 per 100,000 individ-
uals (Cerda et al., 2013). In a more recent examination from 2000 to 2015, predating
the introduction of fentanyl into the illicit drug market, overdose deaths involving her-
oin exhibited increases across multiple demographic subgroups, including men, Black
and White individuals, and those aged 15 to 54 years (Tuazon et al., 2019). Addition-
ally, the broader spectrum of opioid overdose mortality, including both heroin and
non-heroin-related incidents, displayed an upward trajectory from 2000 to 2015 across
all demographic subgroups (Tuazon et al., 2019).

Despite the elevated rates of opioid overdose deaths in New York City, surpass-
ing national estimates (Dinapoli, 2022), empirical studies on the contemporary trends
of opioid-involved overdose deaths in the city remain scarce. Previous investigations
heavily relied on Epi Data reports (NYC Health, 2017; NYC Health 2019; NYC Health
2020). These reports are based on annual data, omitting the essential multi-year data
required for valid temporal assessments. Some studies were outdated, such as those
based on data spanning 1990 to 1998 or 1990 to 1996 (Cerdi et al., 2013; Galea
et al., 2003), while one study that used more recent data was limited to 2000 to 2015,
a period preceding the introduction of fentanyl into the illicit opioid market (Tuazon
et al., 2019). Allen et al. (2019) conducted a study on opioid overdose deaths; how-
ever, their analysis solely relied on 2017 data and was limited to assessing racial and
ethnic differences rather than examining temporal trends. Given the public health sig-
nificance of opioid overdose deaths, along with changes in the opioid landscape from
the introduction of synthetic opioids like fentanyl and the official declaration of the
opioid epidemic, it is imperative to update the literature on overdose death trends in
New York City. This will provide essential insights for evidence-based public health
interventions. The aim of this study is to assess the temporal trends in opioid overdose
deaths in New York City by age, sex, race/ethnicity, opioid type, intent, and county,
from 1999 to 2020. We hypothesize a worsening in opioid overdose death trends in
recent years, especially post-2015, following the introduction of synthetic opioids like
fentanyl. Additionally, we anticipate observing variations in trends across regional and
demographic groups.
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Methods
Data Sources

Death records were obtained from the Centers for Disease Control and Prevention’s Wide-
ranging Online Data for Epidemiologic Research (CDC WONDER) for the years 1999
through 2020 (Centers for Disease Control and Prevention, 2023a). We identified decedents
of opioid-involved overdoses in New York City using the International Statistical Classifi-
cation of Diseases and Related Health Problems, Tenth Revision (ICD-10), for the underly-
ing cause of death: X40-X44; X60-X64; X85; and Y10-Y14, and T40.0-T40.4 and T40.6 as
the multiple causes of death. A compilation of the ICD-10 codes, including their descrip-
tions, can be found in eTable 1 within the online supplement. Crude and age-adjusted mor-
tality rates were extracted, stratified by age (<25, 25 to 44, 45 to 64), sex (male, female),
race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander,
American Indian/Alaska Native), type of opioid (methadone, heroin, non-heroin), county
(Bronx, Kings, New York, Queens, Richmond), and intent (unintentional, suicide).

As the CDC WONDER data are de-identified and publicly available, the current study
was exempt from Institutional Review Board review.

Statistical Analysis

We assessed the temporal trends in opioid-involved overdose deaths using a Joinpoint
regression model. This technique accounts for interannual variation in rates and estimates
both the annual percentage change (APC) and the average annual percentage change
(AAPC) in Age-Adjusted Mortality Rates (AAMR) over the study period (Kim et al.,
2000). The APC measures the trend over short-term, piecewise periods, while the AAPC
estimates the average trend across the entire study period (Kim et al., 2000).

The Joinpoint regression model begins by assuming that AAMR follows a linear trend
across the entire study period. Subsequently, a Joinpoint is introduced, signifying an inflec-
tion point or a change in the trend. A permutation test is then conducted to assess the sta-
tistical significance of this model relative to the null model. If the model with a Joinpoint
is deemed significant, the Joinpoint is retained; otherwise, it is excluded. Additional Join-
points are incorporated, and the process is repeated, with adjustments for multiple testing
using Bonferroni correction, until a final model is derived with an optimal number of Join-
points (National Cancer Institute, 2023a, 2023b).

To estimate the 95% confidence intervals for the final selected model, we utilized the
Empirical Quantile Method. For the other models, their 95% confidence intervals were
derived using the parametric method.

Model Specification/Parameter Settings

The outcome variable, the log-transformed AAMR, was modeled against the independent
variable, the year of death. The variance of the standard errors was determined to be con-
stant; thus, the homoscedastic option was selected, and an uncorrelated error model was
fitted. For the interval type, the default option of “annual” was chosen to permit yearly
trend estimations. The method employed for analysis was “grid search,” with a range of
joinpoints set from 0 to 4. Model selection was based on the permutation test, with an over-
all significance level set at P <0.05. A total of 4499 default permutations were conducted.
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Supplemental Analysis

To determine if the opioid-involved overdose trends observed in New York City are reflec-
tive of regional patterns, we analyzed the data across each of the US census regions- the
Northeast, Midwest, South, and West. Additionally, we assessed trends within individual
states located in the Northeastern region, including New York, Connecticut, New Jersey,
Pennsylvania, Massachusetts, Rhode Island, Vermont, New Hampshire, and Maine.

To account for the potential impact of the COVID-19 pandemic on opioid-involved
overdose fatalities, we excluded data from the year 2020 and replicated the analysis.

All statistical analyses were performed using Joinpoint Regression Program, version
5.0.2 (Calverton, MD) and Stata 17.0 (College Station, Texas).

Results

Between 1999 and 2020, a total of 14,371 individuals died from opioid-involved overdose
in New York City, resulting in an AAMR of 7.7 per 100,000 (95% CI, 7.6, 7.9). The highest
mortality burden was observed among men (AAMR=12.; 95% CI, 11.9-12.4), non-His-
panic White individuals (AAMR =9.8; 95% CI, 9.5-10.0), residents of Richmond County
(AAMR=12.7; 95% CI, 12.0-13.4), individuals aged 45 to 64 years (AAMR=15.5; 95%
CI, 15.2-15.9), and deaths attributed to Heroin (AAMR =2.5; 95% CI, 2.4-2.6) and unin-
tentional causes (AAMR =7.3;95% CI, 7.2-7.4). (Table 1).

Temporal Trends

Overall, opioid-involved overdose death trends remained stable from 1999 to 2011 but
increased at an annual rate of 14.5% per year (95% CI, 10.7-20.8) from 2011 to 2020.

When examining rates by race/ethnicity, the most recent trend showed an increase of
9.5% per year (95% CI, 6.1-20.8) from 2011 to 2020 among non-Hispanic White individu-
als, 28.8% per year (95% CI, 16.0-71.3) from 2013 to 2020 among non-Hispanic Black
individuals, and 20.2% per year (95% CI, 14.4-30.1) from 2012 to 2020 among Hispanic
individuals. Trends for Asian/Pacific Islander individuals and American Indians/Alaska
Natives were not estimated due to low and unreliable counts (Fig. 1).

Analysis by sex revealed that contemporary mortality trends increased in both sexes,
with higher rates among men (15.8% per year from 2011 to 2020) than women (13.4% per
year from 2013 to 2020).

When stratified by county, an increase in recent mortality trends was observed across
all five counties in New York City. The Bronx County had the highest rate, increasing at
an annual rate of 24.9% (95% CI, 18.6-34.9) from 2013 to 2020, followed by New York
County with an annual increase of 17.7% (95% CI, 0.6-32.2) from 2010 to 2020. Queens
County experienced an increase of 15.4% annually (95% CI, 8.5-40.5) from 2012 to 2020,
Kings County recorded an annual increase of 12.7% (95% CI, 8.8-19.5) from 2012 to
2020, while Richmond County saw an increase of 8.2% per year (95% CI, 7.0-9.5) from
1999 to 2020.

Recent mortality trends increased across all age groups during the study period, with
the highest rate observed among individuals aged 45 to 64 years, where the trend increased
at an annual rate of 19.8% (95% CI, 12.4-41.6) from 2014 to 2020. The 25 to 44-year age
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Table 1 Demographic Characteristics of Opioid Overdose Decedents, New York City, 1999-2020

Variable Opioid overdose death n (%)  Age-adjusted annual rate per
100,000 persons (95% CI)

Overall population 14,371 7.7 (7.6-7.9)
Sex
Female 3602 (25.1) 3.7 (3.6-3.8)
Male 10,769 (74.9) 12.1 (11.9-12.4)
Race
Non-Hispanic White 6222 (43.3) 9.8 (9.5-10.0)
Non-Hispanic Black 2911 (20.3) 6.4 (6.2-6.7)
Asian/Pacific Islander 197 (1.37) 0.7 (0.6-0.8)
Hispanic 4383 (30.5) 8.8 (8.5-9.1)
County
Bronx 3444 (24.0) 11.6 (11.2-12.0)
Kings 3968 (27.6) 7.2 (6.9-7.4)
New York 2895 (20.1) 7.7(7.4-7.9)
Queens 2752 (19.1) 5.3(5.1-5.5)
Richmond 1312 (9.1) 12.7 (12.0-13.4)
Age (years)
<25 888 (6.2) 1.5(1.4-1.6)
25-44 6240 (43.4) 10.8 (10.6-11.1)
45-64 6639 (46.2) 15.5 (15.2-15.9)
>65 604 (4.2) 2.6(2.4-2.8)
Type
Methadone 3188 (22.2) 1.7 (1.7-1.8)
Heroin 4755 (33.1) 2.5(2.4-2.6)
Other 6428 (44.7) -
Intent
Unintentional 13,568 (94.4) 7.3(7.2-74)
Suicide 519 (3.6) 0.3 (0.3-0.3)

ICD-10 codes: T40.0-T40.4 and T40.6 (multiple cause); X40-X44; X60-X64; X85; and Y10-Y 14 (underly-
ing cause)

group saw an increase of 14.5% per year (95% CI, 10.0-22.6) from 2011 to 2020, and indi-
viduals aged less than 25 years experienced an increase of 5.7% per year (95% CI, 3.5-8.1)
from 1999 to 2020.

When categorized by opioid type, the most recent trend indicated the highest increase
from non-heroin causes, at 28.8% per year (95% CI, 20.9-40.9) from 2014 to 2020. Heroin-
related deaths increased at an annual rate of 22% (95% CI, 19.6-24.5) from 1999 to 2020,
while methadone-related deaths initially increased from 1999 to 2006 (APC=7.9; 95% CI,
1.9-31.3) but declined by 5% per year (95% CI,—23.4 to— 1.0) from 2006 to 2015, and
subsequently increased at an annual rate of 14.2% (95% CI, 2.5-48.7) from 2015 to 2020.

When stratified by intent, unintentional opioid overdose deaths increased at an annual
rate of 15.7% (95% CI, 11.2-24.2) from 201 1 to 2020, while opioid suicide rates initially
increased from 1999 to 2010 (APC=5.8; 95% CI, 2.3-25.3) but remained stable from 2010
to 2020 (APC = —3.8; 95% CI, - 18.5 to 0.0) (Table 2).
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Fig.1 Temporal trends in opioid-involved deaths by race/ethnicity, USA

Regional and State-Level Trends

Our analysis revealed an increase in contemporary opioid-involved overdose trends
across all four US census regions. Specifically, within the Northeastern region,
these trends exhibited an increasing pattern from 1999 to 2020, with the most recent
increase occurring at an annual rate of 10.1% (95% CI, 1.3-15.5) from 2016 to 2020.
In the Midwestern region, we observed a sustained annual increase of 12.4% (95% ClI,
11.6-13.1) from 1999 to 2020. The Southeastern region also experienced a significant
rise, with contemporary trends surging at a rate of 13.5% per year (95% CI, 9.9-24.8)
from 2013 to 2020. Meanwhile, the Western region saw the most recent trend increase
at an annual rate of 37.7% (95% CI, 0.9-88.0) from 2018 to 2020. (Table 3).

Upon further disaggregation of trends within the Northeastern region, we discovered
that contemporary rates increased across all nine states in the region, except for Mas-
sachusetts (APC=0.9; 95% CI,—11.9 to 15.7) and New Hampshire (APC=—-9.4; 95%
CI,—28.2 to 14.4), where the trends stabilized from 2016 to 2020 (Table 3).

COVID-19 Sensitivity Analysis

Upon excluding the data from the year 2020, the results remained robust, consistently
indicating an increase in contemporary trends across the subcategories of age, sex,
race/ethnicity, county, opioid type, and intent. However, when compared to 2019, the
rate of trend increase in 2020 was higher across all the specified subcategories.

For instance, the overall opioid-involved overdose death trend showed an annual
increase of 14.5% from 2011 to 2020, whereas the increase from 2011 to 2019 was
slightly lower at 13.4% (95% CI, 9.8—18.7). The most substantial rate of increase in

@ Springer



International Journal of Mental Health and Addiction

Table 2 Annual percentage changes (APC) and average annual percentage changes (AAPC) in opioid over-
dose mortality rates, New York City, 19,992,020

Variable Trend segment Segment endpoints APC (95% CI) AAPC (95% CI)
Lower Upper
Overall 1 1999 2011 -1.8(-4.7,04) *4.9(3.7,6.1)
2 2011 2020 *14.5 (10.7, 20.8)

Race/ethnicity

Non-Hispanic White 1 1999 2011 1.1(-4.7,3.2) *4.7(3.3,5.8)
2 2011 2020 *9.5 (6.1, 20.8)
Non-Hispanic Black 1 1999 2013 -3.0(-9.1,0.8) #6.6 (3.8,9.3)
2 2013 2020 #28.8 (16.0, 71.3)
Hispanic 1 1999 2012 -1.7(-4.9,0.9) #6.1(4.6,7.7)
2 2012 2020 #20.2 (14.4,30.1)
Sex
Male 1 1999 2011 -2.6(-6.7,0.2) *4.9(3.4,6.4)
2 2011 2020 *15.8 (11.1,25.4)
Female 1 1999 2013 1.3(-1.8,3.1) *5.2(3.9,6.4)
2 2013 2020 *13.4 (8.2,29.0)
County
Bronx 1 1999 2013 -0.3(-25,1.7) *7.5 (6.1, 8.9)
2 2013 2020 *24.9 (18.6, 34.9)
Kings 1 1999 2012 *—-1.9(-4.3,-0.2) *3.4(2.4,4.5)
2 2012 2020 *12.7 (8.8, 19.5)
New York 1 1999 2006 -0.5(-7.0,24.3) *47(2.4,7.1)
2 2006 2010 —14.6 (-27.0, 34.6)
3 2010 2020 *17.7 (0.6, 32.2)
Richmond 1 1999 2020 *8.2(7.0,9.5) #8.2(7.0,9.5)
Queens 1 1999 2012 -0.1(-7.3,2.8) *5.5(3.4,7.4)
2 2012 2020 *15.4 (8.5, 40.5)
Age (years)
<25 1 1999 2020 *5.7(3.5,8.1) *5.7(3.5,8.1)
25-44 1 1999 2011 *—44(-8.0,—1.9) *3.3(1.9,4.7)
2 2011 2020 *14.5 (10.0, 22.6)
45-64 1 1999 2014 2.1(-04,3.9) #6.9 (5.4, 8.3)
2 2014 2020 *19.8 (12.4,41.6)
Type
Methadone 1 1999 2006 *#7.9 (1.9, 31.3) *3.6 (1.5, 6.3)
2 2006 2015 *—-5.0(-23.4,-1.0)
3 2015 2020 *14.2 (2.5, 48.7)
Heroin 1 1999 2020 #22.0 (19.6, 24.5) #22.0 (19.6, 24.5)
Non-heroin 1 1999 2014 *#-2.3(-4.2,0.6) *5.7(4.3,7.1)
2 2014 2020 #28.8 (20.9, 40.9)
Intent
Unintentional 1 1999 2011 —-2.2(-6.0,0.4) *#5.1 (3.7, 6.5)
2 2011 2020 *#15.7(11.2,24.2)
Suicide 1 1999 2010 *5.8(2.3,25.3) 1.1 (-1.3,3.7)
2 2010 2020 -3.8(-18.5,0.0)

*Significant at p <0.05; confidence interval does not include zero
ICD-10 codes: T40.0-T40.4 and T40.6 (multiple cause); X40-X44; X60-X64; X85; and Y10-Y 14 (underly-
ing cause)
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recent trends was observed among non-Hispanic Blacks, with a significant annual
increase of 28.8% from 2013 to 2020. Similar findings were obtained for the period
1999-2019, with the highest rate of increase also occurring among non-Hispanic
Blacks, but at an annual rate of 27.1% (95% CI, 13.4-67.5) from 2013 to 2019

(eTable 2).

Table 3 Annual percentage changes (APC) and average annual percentage changes (AAPC) in opioid over-
dose mortality rates across US census region and select states, 1999-2020

Variable

Trend segment

Segment endpoints

APC (95% CI)

AAPC (95% CI)

US census region

Northeast

Midwest
South

West

Northeast region

New York

New Jersey

Connecticut

Massachusetts

New Hampshire

Pennsylvania

Rhode Island

Vermont

Maine

W N = W= =W N =

LW N = W = =R = W= W= W =N =N

Lower Upper
1999 2012
2012 2016
2016 2020
1999 2020
1999 2003
2003 2013
2013 2020
1999 2008
2008 2018
2018 2020
1999 2004
2004 2020
1999 2009
2009 2020
1999 2012
2012 2015
2015 2020
1999 2012
2012 2016
2016 2020
1999 2013
2013 2016
2016 2020
1999 2012
2012 2020
1999 2020
1999 2003
2003 2010
2010 2020
1999 2002
2002 2011
2011 2020

5.8 (4.4,7.0)
#26.8 (19.4, 36.4)
#10.1 (1.3, 15.5)
#12.4 (11.6, 13.1)
#23.1 (15.8, 36.8)
43(=3.0,62)
#13.5 (9.9, 24.8)
6.6 (3.6,9.7)
1.0(—1.8,3.9)
#37.7 (0.9, 88.0)

0.3 (-19.1, 10.4)
#12.6 (10.4, 24.2)
—6.6(—34.5,4.7)
#27.2 (15.8, 71.7)
#3.3 (1.5, 4.9)
*46.4 (28.9, 55.4)
#10.4 (0.4, 15.4)
4.6 (2.3,7.0)
#27.5 (2.8, 58.3)
0.9 (-11.9, 15.7)
#10.2 (6.5, 14.1)
41.0 (-32.6, 194.9)
—9.4(=282, 14.4)
7.9 (3.7, 10.4)
234 (17.8, 36.8)
%92 (7.4, 11.0)
#28.3 (15.5, 63.3)
0.0 (-16.2,5.7)
#14.0 (10.1, 29.5)
*53.4 (19.3, 97.3)
0.7 (-4.7, 6.4)
#19.2 (13.8, 24.8)

*10.3 (9.5, 11.0)

#12.4 (11.6, 13.1)
#10.7 (9.8, 12.0)

*6.5 (3.2,9.9)

9.6 (7.9, 12.0)

*0.8(4.9,15.4)

*10.4 (9.2, 11.3)

*7.9 (3.0, 13.0)

10.0 (—1.1,22.4)

*¥13.5(11.9,15.1)

%92 (7.4, 11.0)

*11.6 (10.1, 14.4)

*15.0 (10.1, 20.0)

* p-value <0.05; 95% confidence interval (CI) does not include 0
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Discussion

This study presents insights into opioid-related mortality trends in New York City, utilizing
national death certificate records for the past two decades. The analysis reveals a deterio-
ration in contemporary trends of opioid-involved overdose fatalities across diverse demo-
graphic and geographic subgroups, including age, sex, race/ethnicity, county, and opioid
type. The hypothesis driving this investigation is rooted in understanding the evolving
landscape of opioid-related fatalities, particularly in light of shifting demographic profiles
and emerging synthetic opioids like fentanyl.

Non-Hispanic White individuals exhibit the highest mortality burden, but temporal
trends have increased the largest among non-Hispanic Black individuals, followed by
Hispanics, and then non-Hispanic White persons. The elevated mortality burden among the
non-Hispanic White population could be attributed to their higher cumulative (historical)
rate of opioid-related mortality, particularly originating from prescription opioids during
the initial wave of the opioid epidemic (Alexander et al., 2018; Pletcher et al., 2008;
Singhal et al., 2016). Regarding contemporary trends, non-Hispanic Black and Hispanic
communities in the USA have faced systemic inequities, including limited access to
quality healthcare, educational opportunities, and economic stability, which can lead to
an increased risk of opioid addiction as a means of coping with environmental stressors
(Cano, 2021; Khan et al., 2023). Additionally, illicitly manufactured opioids, including
the potent synthetic opioid, fentanyl, may be more widely available in these communities,
which has contributed to the worsening trend among Non-Hispanic Black persons (Cano,
2021). In the earlier stages of the opioid crisis, opioid overdose deaths were predominantly
reported among Non-Hispanic White persons, largely driven by the misuse of prescription
opioids (Alexander et al., 2018; Pletcher et al., 2008; Singhal et al., 2016). However, the
trend has now shifted, with other racial/ethnic subgroups being more likely to record a
higher mortality, especially from synthetic opioids (Alexander et al., 2018).

The Bronx stands out with the highest trend in opioid-involved deaths among New York
City’s counties. Historically, the Bronx has grappled with elevated levels of poverty, unem-
ployment, and housing instability, conditions closely linked to opioid misuse (Kaplan et al.,
2006). Limited access to quality healthcare and addiction treatment services in the county
further complicates the situation, discouraging timely intervention for opioid addiction
(Kaplan et al., 2006; Nolan et al., 2019). Additionally, the Bronx may experience higher
availability of opioids, both prescription and illicit, potentially due to factors such as drug
trafficking routes or a greater prevalence of prescription opioids (Nolan et al., 2019). The
demographic composition of the Bronx, with a significant minority population, can influ-
ence substance use patterns and disparities in opioid-related outcomes (Kaplan et al., 2006;
Nolan et al., 2019).

The most recent trend exhibited the highest rate of worsening among individuals aged
45 to 64 years, with an annual increase of 19.8% documented from 2014 to 2020. This find-
ing aligns with previously documented reports. For example, in both 2019 and 2020, the
highest mortality rates were reported among individuals aged 55 to 64 years (NYC Health
2019; NYC Health 2020). Several potential explanations may account for this observation.
First, many individuals in this age group could have been exposed to prescription opioids in
the late 1990s and early 2000s for pain management, which could have increased their risk
of opioid use disorder and death. Further, relative to the younger generation, individuals in
this age group are more likely to experience chronic pain conditions, including arthritis and
back pain (Chang, 2018; Cochran et al., 2017; Oh et al., 2019). These conditions result in
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prolonged opioid use and increased risk of addiction and death. It is also possible that these
individuals compared to the younger generation, may be less likely to seek help for opioid
addiction due to the stigma associated with substance abuse (Kuerbis et al., 2014; Sahker
et al., 2015; Zullo et al., 2020). Undiagnosed or untreated mental health conditions in this
age group can also contribute to self-medication with opioids (Lin et al., 2011; Post et al.,
2006). Further studies are needed to identify the determinants of opioid-involved overdose
mortality among individuals aged 45 to 64 years to facilitate the planning and provision of
targeted public health interventions.

The higher prevalence of opioid-involved deaths among men compared to women is
also consistent with the literature and can be attributed to a complex interplay of biologi-
cal, social, and behavioral factors. Men and women may exhibit differences in pain per-
ception and tolerance, with men often less inclined to seek medical help for pain, poten-
tially leading to self-medication with opioids (Hoopsick et al., 2021; Lynch et al., 2002).
Historically, healthcare providers have also been more likely to prescribe opioids to men,
increasing their exposure to these drugs and contributing to higher rates of addiction and
overdose (Coleman et al., 2022). Socially, men may engage in riskier behaviors, including
illicit substance use, and societal norms may foster a greater acceptance of substance use
among men (Bagley et al., 2020; Hoopsick et al., 2021).

The analysis of opioid-involved deaths, categorized by opioid subtype, reveals the highest
rate from non-heroin opioids, followed by heroin, and methadone. This trend signifies a shift
in the opioid crisis, predominantly influenced by the surge in potent synthetic opioids such
as fentanyl (Centers for Disease Control and Prevention 2023b; Manchikanti et al., 2018).
Fentanyl’s potency, significantly surpassing that of traditional opioids, presents a challenge
in combating the crisis. Its heightened strength not only escalates the risk of unintentional
overdoses but also magnifies the potential for addiction due to its powerful effect on
p-opioid receptors, particularly p2 receptors (Bird et al., 2023). Furthermore, fentanyl’s
pervasive presence extends beyond its legitimate medical use, with instances of clandestine
mixing with other illicit opioids and drugs becoming increasingly common (Jannetto et al.,
2019; Manchikanti et al., 2018; Volkow, 2021). This adulteration practice poses dangers for
users, as even minuscule, undetected amounts of fentanyl in a drug mixture can lead to fatal
overdoses (Jannetto et al., 2019; Volkow, 2021). Overall, the potency of synthetic opioids
like fentanyl contributes to the worsening trends in opioid-involved mortality by increasing
the risk of overdose and addiction (Jannetto et al., 2019; Volkow, 2021). Addressing this
aspect of the crisis requires comprehensive strategies aimed at curtailing the proliferation
of synthetic opioids, improving surveillance efforts and detection mechanisms, new and
specific strategies to fentanyl reversal, and expanding access to evidence-based treatment
and harm reduction services (Thevathasan et al., 2020).

The observed trends in opioid-involved mortality, marked by rising rates of uninten-
tional deaths and stabilizing rates from suicide or intentional causes, can be explained by
several factors, including the rise of counterfeit prescription medicines, which contain
fentanyl (Daniulaityte et al., 2022; Jewell et al., 2023). Further, the availability of mental
health services and suicide prevention programs may be instrumental in stabilizing opi-
oid-involved suicide rates, ensuring that individuals facing mental health issues receive the
necessary support and treatment to prevent self-harm (Olfson et al., 2019). Finally, varia-
tions in access to lethal means, such as firearms, may differentiate the patterns of uninten-
tional and intentional opioid-involved deaths, contributing to the observed trends (Karaye,
2022; Olfson et al., 2019).

Our supplementary analysis of regional and state-level trends in opioid-involved over-
dose deaths underscores the pervasive nature of worsening rates (Rudd et al., 2016).
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Recognizing that New York City is not isolated from the broader context, it becomes
imperative to emphasize that while city and state-level initiatives are vital, they must
be complemented by comprehensive national interventions to effectively address this
epidemic.

In our sensitivity analysis, we found that our results were robust to the exclusion of data
from the year 2020. However, the trends exhibited a pronounced increase in 2020 when
compared to the preceding years, which is most likely related to the COVID-19 pandemic,
including disruptions in healthcare access, heightened social isolation, increased stress and
anxiety, economic and housing instability, and changes in drug supply and use patterns
(Stephenson 2021; Friedman & Akre, 2021; Allen et al., 2021; Garcia et al., 2022).

Our findings have significant implications for policy and practice in addressing the opi-
oid crisis. Firstly, understanding the demographic and geographic disparities in opioid-
related mortality can inform targeted interventions tailored to specific communities. Efforts
to mitigate systemic inequities in access to healthcare, education, and economic stability,
particularly in underserved minority populations, are pivotal for preventing opioid addic-
tion and reducing overdose fatalities. Additionally, the identification of synthetic opioids,
especially fentanyl, as a major contributor to worsening trends highlights the urgency of
strategies aimed at interrupting the proliferation of these potent substances. Policymakers
and healthcare providers must collaborate to implement policies and practices that address
the multifaceted nature of opioid misuse and overdose, with a focus on promoting equity,
expanding access to treatment and support services, and enhancing surveillance and detec-
tion efforts to prevent further escalation of opioid-related fatalities in New York City.

Limitations

This study has several limitations. The primary endpoint, which is opioid-involved over-
dose death, represents a terminal outcome. Further studies should complement this analysis
by assessing trends in the incidence of opioid use disorder and sociodemographic patterns
of opioid use disorder and opioid-related hospitalizations. Second, due to its ecological
design, the findings presented in this study cannot be directly applied to individuals, avoid-
ing the ecologic fallacy (Piantadosi et al., 1988). Finally, the data utilized in this study
relied on death certificate records, which may occasionally result in misclassifications of
race and ethnicity, particularly among Hispanic individuals (Arias et al., 2010).

Conclusions

Opioid-involved overdose trends have worsened across all demographic and geographic
subgroups in New York City, mirroring the nationwide epidemic. Particularly concerning
are the worsening trends among individuals aged 45 to 64 years, men, non-Hispanic Black
residents, Bronx inhabitants, and accidental overdose deaths. This underscores the impera-
tive for tailored interventions targeting different age groups, the implementation of gender-
sensitive strategies, and a comprehensive approach aimed at addressing healthcare dispari-
ties and structural inequities, particularly within racial and ethnic minority populations.
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