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Abstract  1 
 2 
Background 3 
Xylazine is a fentanyl contaminant which has been increasingly detected in drug overdose 4 
deaths in Maryland. This study explored risk factors and Lme trends of xylazine-related 5 
overdose deaths (XRODs) in Maryland from 2020-2023. 6 
 7 
Methods 8 
This serial cross-secLonal study uLlized data from the Maryland Office of the Chief Medical 9 
Examiner on fentanyl overdose deaths that occurred from 2020-2023. XROD was defined as 10 
someone who died from overdose and had a posiLve postmortem blood xylazine test. 11 
MulLvariable logisLc regression modeled associaLons between demographic variables and 12 
presence of co-occurring substances with XROD. Annual populaLon-based XROD rates were 13 
calculated for the overall sample and by race, age group, and sex.  14 
 15 
Results 16 
There were 8,721 fentanyl overdose deaths in Maryland between 2020 and 2023. Among these, 17 
1,798 (20.6%) were XRODs. Annual XROD rates peaked in 2021 and have declined since then. 18 
Although Black Marylanders experienced the highest overall burden of overdose, xylazine was 19 
significantly more likely to contribute to fentanyl overdose deaths among White individuals 20 
compared to Black individuals (aOR 1.18) and those aged 31-40 years compared to those 60 or 21 
older (aOR 1.25). Morphine (aOR 1.36), methadone (aOR 1.41), benzodiazepines (aOR 1.20), 22 
and tramadol (aOR 2.12) were associated with higher odds of XROD.  23 
 24 
Conclusions 25 
XRODs are a major problem in Maryland, and there are significant differences in XROD mortality 26 
by race, age, and co-occurring substance use. Efforts to reduce xylazine-related mortality in 27 
Maryland should provide overdose prevenLon educaLon and harm reducLon services to the 28 
most vulnerable populaLons. 29 
 30 
 31 
 32 
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1. Introduc*on  1 
 2 
 The opioid overdose epidemic conLnues to be one of the greatest public health 3 
challenges of our Lme, resulLng in significant morbidity and mortality in the United States. 4 
Overdose deaths have steadily increased since 2015, and 2022 marked the deadliest year yet, 5 
with over 109,000 esLmated deaths.1,2 In this fourth wave of the overdose crisis, polysubstance 6 
use involving fentanyl and sLmulants (e.g. methamphetamine and cocaine) and an increasingly 7 
toxic drug supply have driven the increase in overdose deaths.3,4 8 
 Xylazine is a non-opioid veterinary tranquilizer that is structurally similar to the alpha-2 9 
adrenergic agonist clonidine. Xylazine is oden added to illicit opioids such as fentanyl in order to 10 
prolong their sedaLng effects, and it has been linked to an increasing number of overdose 11 
deaths naLonwide.5,6 Xylazine, also known as "tranq," is a central nervous system depressant 12 
that can slow breathing, heart rate, and blood pressure to dangerously low levels.7 Taking 13 
xylazine in combinaLon with other depressants such as opioids, alcohol, or benzodiazepines can 14 
increase the risk of fatal overdose.5 Xylazine use has also been associated with skin ulcers and 15 
abscesses.6 Because xylazine is not an opioid, its physiological effects cannot be reversed with 16 
the opioid reversal medicaLon naloxone, further increasing the risk of life-threatening 17 
overdose.6  18 
 Illicitly manufactured-fentanyls (IMFs) are present in 98.4% of xylazine-present-19 
overdose-deaths, as well as cocaine (45.4%), benzodiazepines (28.4%), heroin (23.3%), and 20 
alcohol (19.7%).6 Other substances involved in overdose deaths linked to both xylazine and 21 
fentanyl include gabapenLn, methadone, and prescripLon opioids.7  22 
 Across the U.S., overdose deaths involving xylazine increased 34-fold from 2018 to 2021. 23 
During this Lme, males were twice as likely as females to die from overdose involving xylazine, 24 
and the rate of drug overdose deaths involving xylazine was highest among those aged 35-44.8 25 
Previous studies have found that males and non-Hispanic White and Black populaLons have 26 
been disproporLonately impacted, with Black individuals experiencing the highest mortality 27 
rate.3,8 The Northeast and Mid-AtlanLc U.S. have been the epicenter of the xylazine overdose 28 
crisis. In 2020, the proporLon of reported overdose deaths with xylazine present was highest in 29 
Philadelphia (25.8%), Maryland (17.1%), and ConnecLcut (10.2%).6  30 
 Overdose decedents in Maryland in 2020 were significantly more likely to be White 31 
(18.7% vs. 15.9% Black), living in BalLmore City (19.3% vs. 16.1% for all other counLes 32 
combined), and 25-55 year olds (19% vs. 11.4% for those >55).9 Among decedents who were 33 
xylazine-posiLve, >99% had IMF or heroin as a cause of death and 14.7% had prescripLon 34 
opioids as a cause of death.10 Xylazine has been a pervasive adulterant in Maryland: 80% of 35 
syringe samples collected that tested posiLve for fentanyl were also contaminated with xylazine 36 
between July 2020 and June 2021.11 37 
 More work is needed to understand which communiLes in Maryland have been most 38 
vulnerable to xylazine-related overdose deaths and how these trends have changed over Lme. 39 
Our partnership with the Maryland Office of the Chief Medical Examiner (OCME) has enabled 40 
near real-Lme data collecLon to evaluate a rapidly evolving xylazine crisis. In this study, we 41 
explored the associaLon between demographic variables, manner of death, and toxicology 42 
results among fentanyl overdose decedents with and without XROD in Maryland between 2020 43 
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and 2023. We then assessed temporal trends in XRODs by year, and by age group, race, sex, and 1 
manner of death. 2 
 3 
2. Methods 4 
2.1. Dataset 5 
 This analysis uLlized data from the Maryland OCME on fentanyl-posiLve overdose 6 
deaths that occurred in Maryland between 2020 and 2023. The OCME is a statewide medical 7 
examiner system designated by law to invesLgate deaths that are sudden and unexpected, 8 
result from injury, occur under unexplained or suspicious circumstances, or when a person is 9 
not alended by a physician in the state of Maryland.  Along with the medicolegal responsibility 10 
to determine cause and manner of death, OCME serves a criLcal public health role by 11 
idenLfying injury trends and emerging infecLous diseases that may pose risks to Marylanders.12 12 
OCME data includes demographic informaLon (e.g., race, age), cause and manner of death, and 13 
blood and urine toxicology. The OCME rouLnely conducts blood tests for xylazine as part of a 14 
standard autopsy, and Maryland is one of the few states with a centralized OCME, with 15 
consistent autopsy and toxicology protocols across all counLes.13 Fewer than 5% of decedents 16 
were missing conclusive bloodwork due to decomposiLon. These were excluded from analysis.  17 
 18 
2.2 Variables 19 
 Xylazine-related overdose death (XROD) was defined as an individual who died from a 20 
fentanyl posiLve overdose and had a posiLve xylazine blood test at the Lme of autopsy. Five age 21 
groups were used to represent all adults in our sample: 18-30, 31-40, 41-50, 51-60, and >60. 22 
Race was categorized as White, Black, and other. Sex was categorized as male or female. Sex 23 
was derived from the medical examiner's characterizaLon of the decedents' body, and therefore 24 
gender idenLty was not available. Manner of death was classified by the medical examiners as 25 
accident, suicide, or undetermined. The presence of a substance was defined as an individual 26 
having a posiLve blood test for that substance at Lme of autopsy and was coded as a binary 27 
variable. 28 
 29 
2.3 Analy3c Methods 30 
 We explored the associaLon between the outcome variable of XROD and explanatory 31 
variables including demographics (e.g. age, race, sex), manner of death, and presence of co-32 
occurring substances in blood toxicology (e.g. other illicit drugs, psychiatric medicaLons) among 33 
all fentanyl-posiLve overdose decedents. First, we examined the means/distribuLon of each 34 
variable, straLfied by XROD, and used chi-square or two sample t-tests to test for significant 35 
differences by group. Then, we used mulLvariable logisLc regression models to esLmate odds 36 
raLos for the adjusted associaLons between XROD and these explanatory variables. Year was 37 
included as an adjustment covariate. 38 
 We then assessed temporal trends in XROD by creaLng a histogram of XROD counts by 39 
month. We examined yearly XROD rates by race, age group, and sex. The most recent U.S. 40 
Census Bureau data from 2020 were used to calculate rates by race,14 and data from 2022 to 41 
calculate rates by age and sex.15  42 
 43 
 44 



 5 

3. Results  1 
3.1. Risk Factor Analysis  2 
 3 
Table 1: Fentanyl PosiLve Overdose Deaths in Maryland, by Presence of Xylazine, 2020-2023 4 
(N=8,721) 5 

    Total Xylazine 
Absent (%) 

Xylazine 
Present (%) 

X2 Test 

    8,721 (100) 6,923 (79.4) 1,798 (20.6)   
Age 18-30 1,380 (15.8) 1,100 (15.9) 280 (15.6) 0.14 

  
  
  
  

31-40 2,081 (23.9) 1,621 (23.4) 460 (25.6) 
41-50 1,787 (20.5) 1,416 (20.5) 371 (20.6) 
51-60 2,209 (25.3) 1,754 (25.3) 455 (25.3) 
>60 1,264 (14.5) 1,032 (14.9) 232 (12.9) 

Sex Male 6,405 (73.5) 5,100 (73.7) 1,305 (72.6) 0.33 
Female  2,316 (26.5) 1,823 (26.3) 493 (27.4) 

Race White 4,414 (50.6) 3,404 (49.2) 1,010 (56.2) <0.001 
  
  

Black 3,808 (43.7) 3,074 (44.4) 734 (40.8) 
Other 495 (5.7) 441 (6.4) 54 (3.0) 

Manner of 
Death 

Undetermined 5,225 (59.9) 4,106 (59.3) 1,119 (62.2) 0.04 
  
  

Suicide 43 (0.5) 38 (0.5) 5 (0.3) 
Accident 3,453 (39.6) 2,779 (40.1) 674 (37.5) 

Co-
occurring 
Substances 

Oxycodone 353 (4.0) 269 (3.9) 84 (4.7) 0.13 
Heroin 233 (2.7) 164 (2.4) 69 (3.8) <0.001 
Morphine 1,325 (15.2) 956 (13.8) 369 (20.5) <0.001 
Methadone 732 (8.4) 524 (7.6) 208 (11.6) <0.001 
Buprenorphine 2 (0.0) 2 (0.0) 0 (0.0) 0.47 
Cocaine 4,097 (47.0) 3,261 (47.1) 836 (46.5) 0.65 
Benzodiazepines 853 (9.8) 622 (9.0) 231 (12.8) <0.001 
Tramadol 568 (6.5) 349 (5.0) 219 (12.2) <0.001 
Alcohol (>0.08) 3,030 (34.7) 2,581 (37.3) 449 (25.0) <0.001 
Que*apine 147 (1.7) 114 (1.6) 33 (1.8) 0.58 

 6 
 There were 8,721 fentanyl overdose deaths in Maryland between 2020 and 2023 (Table 7 
1). Among these decedents, 1,798 (20.6%) tested posiLve for xylazine and were categorized as 8 
an XROD. The majority of XROD decedents were white (56.2%) and male (72.6%), with 9 
undetermined manner of death (62.2%) being more common than clear accidents or suicides. 10 
The most commonly co-occurring substances were cocaine (46.5%), alcohol (25.0%) and 11 
morphine (20.5%). 12 
 There were staLsLcally significant differences in the distribuLon of race, manner of 13 
death, and toxicology results between XROD and non-XROD decedents. A greater proporLon of 14 
XROD decedents were white compared to non-XROD decedents (56.2% vs. 49.2%), and 15 
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undetermined manner of death was more common among XROD decedents (62.2% vs. 59.3%). 1 
XROD decedents tested posiLve for morphine, methadone, benzodiazepines, tramadol, and 2 
heroin with significantly greater frequency than non-XROD decedents. 3 
 4 
Table 2: Risk Factors Associated with Xylazine Presence in Fentanyl PosiLve Overdose Deaths 5   

Unadjusted OR p-value Adjusted OR  p-value 

Age 18-30 1.13 (0.93, 1.37) 0.21 1.17 (0.95, 1.43) 0.14 
31-40 1.26 (1.06, 1.51) 0.01 ** 1.25 (1.04, 1.51) 0.02 * 
41-50 1.17 (0.97, 1.40) 0.10 1.16 (0.96, 1.41) 0.13 
51-60 1.15 (0.97, 1.38) 0.11 1.16 (0.97, 1.40) 0.10 
>60  1 Ref 1 ref 

Sex Male 1 Ref 1 ref 
Female 1.06 (0.94, 1.19) 0.33 1.00 (0.89, 1.13) 0.977 

Race White 1 Ref 1 ref 
Black 0.80 (0.72, 0.90) <0.001 *** 0.85 (0.75, 0.95) 0.005 ** 
Other Race 0.41 (0.31, 0.55) <0.001 *** 0.47 (0.35, 0.64) <0.001 *** 

Manner of 
Death 

Accident 0.89 (0.80, 0.99) 0.03 * 1.01 (0.90, 1.13) 0.90 
Suicide 0.48 (0.19, 1.23) 0.13 0.44 (0.17, 1.15) 0.10 
Undetermined 1 Ref 1 ref 

Co-
occurring 
Substances 

Oxycodone 1.21 (0.94, 1.56) 0.13 1.02 (0.79, 1.32) 0.87 
Heroin 1.64 (1.24, 2.19) 0.001 *** 1.17 (0.85, 1.61) 0.35 
Morphine 1.61 (1.41, 1.84) <0.001 *** 1.36 (1.17, 1.59) <0.001 *** 
Methadone 1.60 (1.35, 1.89) <0.001 *** 1.41 (1.18, 1.68) <0.001 *** 
Cocaine 0.98 (0.88, 1.08) 0.65 1.03 (0.92, 1.15) 0.62 
Benzodiazepines 1.49 (1.27, 1.75) <0.001 *** 1.20 (1.01, 1.42) 0.04 * 
Tramadol 2.61 (2.19, 3.12) <0.001 *** 2.12 (1.76, 2.56) <0.001 *** 
Alcohol (>0.08) 0.56 (0.50, 0.63) <0.001 *** 0.67 (0.58, 0.79) <0.001 *** 
QueVapine 1.12 (0.76, 1.65) 0.58 0.96 (0.64, 1.44) 0.85 

*≤0.05, **≤0.01, ***≤0.001 6 
 7 
 The results of univariate and mulLvariable logisLc regression are shown in Table 2. 8 
Fentanyl overdose deaths had higher odds of being XRODs among white individuals (aOR 1.18, 9 
1.05-1.33) compared to Black individuals, and those aged 31-40 years (aOR 1.25, 95% CI: 1.04-10 
1.51) compared to those aged 60 years or greater. The presence of morphine (aOR 1.36, 1.17-11 
1.59), methadone (aOR 1.41, 1.18-1.68), benzodiazepines (aOR 1.20, 1.01-1.42), and tramadol 12 
(aOR 2.12, 1.76-2.56) were associated with higher odds of XROD. High blood alcohol content 13 
was associated with lower odds of XROD (aOR 0.67, 0.58-0.79). While there was a significant 14 
associaLon between the presence of heroin and XROD in the univariate model, this associaLon 15 
became insignificant in the mulLvariable model. There was no significant difference in odds by 16 
sex, manner of death, or presence of oxycodone, cocaine, or queLapine in the mulLvariable 17 
model.  18 
 19 
 20 
 21 
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3.2. Time Trend Analysis 1 
Table 3: Annual XROD Rates (per 100,000) and ProporLon of Fentanyl Deaths 2 

Year XRODs XROD Rate Fentanyl Deaths XROD as 
Propor*on of 
Fentanyl Deaths 

2020 434 6.94 2360 18.4% 
2021 699 11.32 2372 29.5% 
2022 379 6.17 2048 18.5% 
2023 286 4.66 1941 14.7% 

 3 
 The annual number of XRODs in Maryland increased from 434 in 2020 to 699 in 2021, 4 
then decreased to 379 in 2022 and 286 in 2023 (Fig. 1, Table 3). The XROD rate also increased to 5 
11.32 per 100,000 in 2021, then decreased over the next two years to 4.66 per 100,000 in 2023. 6 
Lastly, XROD as a proporLon of fentanyl overdose deaths reached a peak of 29.5% in 2021, then 7 
declined to 14.7% in 2023. XRODs per month reached a peak of 83 deaths in January 2021, and 8 
monthly numbers have trended down since then. 9 
 Annual XROD rates increased from 2020 to 2021 and then declined in 2022 and 2023 10 
across most race, age, and sex sub-groups. Black individuals experienced the greatest increase 11 
in XROD rate in 2021, reaching 15.9 deaths per 100,000 and surpassing the rate for White 12 
individuals that year (Fig. 2a). Black individuals conLnued to have the highest rates in 2022 and 13 
2023 and did not experience the same decrease as White individuals and individuals of other 14 
races in 2023. 15 
 People aged 51-60 years experienced the largest growth in XROD rate between 2020 and 16 
2021, increasing from 11.9 to 22.7 per 100,000 and surpassing the rates for those aged 31-50 17 
(Fig. 2b). While XROD rate decreased for all age groups between 18-60 years, people over 60 18 
years of age experienced an increase in XROD rate in 2023.  Males consistently had XROD rates 19 
that were 2 to 3 Lmes greater than females across all years (Fig. 2c).  20 
  21 
 22 
4. Discussion 23 
 24 
 This is the first study to analyze the risk factors and Lme trends associated with XRODs in 25 
Maryland from 2020 through 2023. Our results demonstrate that XRODs conLnue to be a major 26 
burden in Maryland compared to the rest of the country, and there are significant differences in 27 
XROD mortality by race, age, and co-occurring substance use.  28 
 There were 8,721 fentanyl overdose deaths in Maryland between 2020 and 2023, and 29 
20.6% of these decedents had an XROD. Annual XROD rates increased from 6.9 per 100,000 in 30 
2020 to 11.3 in 2021, then decreased in subsequent years. The increase in XROD rates in 2021 31 
may be related to the overall spike in overdose mortality during the COVID-19 pandemic, which 32 
resulted in greater psychological stress and isolaLon, disrupLons to substance use and mental 33 
health treatment, and disrupLons in the illicit drug supply.16 The Maryland Xylazine Workgroup 34 
published a report in 2023 which noted a slight decrease in the percentage of xylazine-posiLve 35 
drug samples tested at 15 syringe service programs across the state from May 2022 to April 36 
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2023.10 Our findings confirm this drug supply contaminaLon trend is also reflected in decedent 1 
toxicology. 2 
 This decrease may also be a result of focused efforts by public health agencies and 3 
community-based organizaLons to address xylazine morbidity and mortality over the past few 4 
years. The Maryland Overdose to AcLon program established the Maryland Xylazine Workgroup 5 
to specifically monitor xylazine trends in the state, share data, and make recommendaLons.10 6 
Maryland's Office of Overdose Response and Center for Harm ReducLon Services (CHRS) have 7 
created public awareness campaigns about xylazine and expanded xylazine tesLng services at 8 
syringe service programs and community organizaLons across the state.17,18 9 
   10 
4.1. Racial Dispari3es 11 
 The increasing and decreasing trend in XROD rate was observed across most race, age, 12 
and sex subgroups, although not to the same extent. Black Marylanders experienced the 13 
greatest increase in XROD rate in 2021, reaching 15.9 deaths per 100,000 and surpassing the 14 
rate for White Marylanders. Black individuals did not experience the same decrease in XROD 15 
rate as White individuals in subsequent years. This disparity was previously noted in the 16 
Maryland Overdose to AcLon Xylazine Report published in 2023, which stated that most 17 
xylazine-involved overdose deaths occurred in the greater BalLmore area, and a 18 
disproporLonate percentage of XROD decedents were Black.10 Across the U.S., Black, White, 19 
and Hispanic people experienced an increase in XRODs from 2020 to 2021, with the highest rate 20 
also seen among Black individuals at 1.82 per 100,000 in 2021. Whites had the second-highest 21 
rate at 1.21 per 100,000.8  22 
 The growing disparity in XROD rates between Black and White Marylanders mirrors 23 
trends in fentanyl overdose death rates, which have been steadily declining for White 24 
Marylanders but remained relaLvely constant for Black Marylanders over the past 4 years (data 25 
not shown). These findings are also part of a broader trend in all drug overdose deaths across 26 
the U.S. By 2022, the overdose death rate among Black Americans had reached 1.4 Lmes the 27 
rate seen among White Americans, at 49.5 per 100,000 compared to 34.6 per 100,000.16 In 28 
2022, deaths among White Americans decreased relaLve to 2021, while rates among all other 29 
groups conLnued to rise. There are many factors contribuLng to the racial disparity in XROD and 30 
fentanyl overdose death rates, including decreased access to harm reducLon services and 31 
medicaLons for opioid use disorder, as well as higher rates of incarceraLon and post-release 32 
overdose deaths for Black individuals compared to White individuals.16  33 
 While Black Marylanders experienced the greatest burden of xylazine-related mortality 34 
overall, corresponding to higher rates of fentanyl overdose mortality, we also found that among 35 
fentanyl overdose decedents only, xylazine was more likely to be detected at the Lme of fatal 36 
overdose among White individuals compared to Black individuals. Geographic variaLons in the 37 
drug supply and in demographic composiLon may explain these results. Geographic factors 38 
influence the social and economic condiLons that individuals experience, which in turn affect 39 
their social networks, drug supply sources, access to harm reducLon educaLon and services, 40 
and individual substance use behaviors.3,19,20 Rural areas, in parLcular, have faced unique 41 
challenges including economic decline, barriers to substance use treatment and recovery 42 
services, and varying levels of sLgma towards drug use.21 43 
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 Geographic, socioeconomic, and urban-rural factors likely play a major role in the XROD 1 
trends observed in Maryland. Although our limited data set precluded formal analyses of the 2 
relaLonships between these factors, we have several hypotheses for how they may explain our 3 
results. Racial composiLon varies drasLcally by county in Maryland. The populaLon of BalLmore 4 
City is 57.8% Black and 27.8% White, while the populaLon of rural Garrel County is over 95% 5 
White.22 White Marylanders may be more frequently exposed to fentanyl mixtures that contain 6 
xylazine. Indeed, the statewide CHRS drug tesLng program found that xylazine-posiLve samples 7 
have been most prevalent in Calvert, Cecil, Frederick, Howard, and Wicomico counLes, all of 8 
which are considered rural and have predominantly White populaLons, with the excepLon of 9 
Howard County.10 AddiLonally, residents of these rural counLes may experience barriers to 10 
accessing harm reducLon services such as xylazine tesLng, naloxone provision, and substance 11 
use treatment. 12 
 At the same Lme, Black Marylanders had greater overall rates of XRODs. In 2023, the 13 
fentanyl overdose death rate for Black Marylanders increased (data not shown), while the XROD 14 
rate decreased. This suggests that Black individuals may be exposed to more potent fentanyl 15 
mixtures or non-xylazine adulterants which are contribuLng to overdose deaths. BalLmore's 16 
drug market has been known for "scramble," which refers to a mixture of substances that may 17 
include fentanyl, benzodiazepines, crushed pills, xylazine, and other adulterants.23 Thus, it is 18 
possible that Black individuals who live in urban areas such as BalLmore are exposed to a more 19 
contaminated drug supply than people living in rural or suburban areas, potenLally including 20 
other dangerous contaminants aside from xylazine.  21 
 Unfortunately, the dataset we used did not include geographic data, so geographic 22 
associaLons between demographic characterisLcs and XROD could not be assessed. Geographic 23 
locaLon is a key variable and possible confounder that should be studied in the future, as it may 24 
reveal important associaLons and potenLal hotspots for targeted intervenLons. 25 
 26 
4.2. Age Dispari3es 27 
 Middle-aged adults were most significantly impacted by XRODs compared to those aged 28 
18-30 and those older than 60 years old over this Lme period, but the increasing rates in those 29 
older than 60 warrant special alenLon. Overdose deaths among Black Marylanders aged 55 30 
and older have increased by 119.7% percent since 2016.24 Across the U.S., fatal overdoses have 31 
quadrupled among older adults in the past 20 years, and the highest overdose rates have 32 
emerged among older Black adults in the 55-64-year-old age group, represenLng 2.4 Lmes the 33 
rate of White adults of the same age.16,25 Previously, overdose deaths have tended to affect 34 
younger individuals, but the data show that older adults are increasingly at risk of fatal drug 35 
overdose, including those which involve xylazine or other adulterants. One reason for this is 36 
because many older adults began using opioids decades ago, when heroin was more common 37 
than fentanyl.26 Their unique health and social needs must be considered in overdose 38 
prevenLon policies and outreach efforts. InformaLon about xylazine and overdose prevenLon 39 
may be more effecLvely disseminated to older adults through partnerships with faith-based 40 
organizaLons and senior centers, as well as printed media and radio channels.  41 
 42 
 43 
 44 
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4.3. Sex Dispari3es 1 
 Males consistently had XROD rates that were 2-3 Lmes greater than females. This aligns 2 
with the findings of a naLonal study which found that men had a 2-3 Lmes greater rate of 3 
overdose mortality from opioids and psychosLmulants.27 While men are known to use drugs at 4 
higher rates than women, this alone did not explain the gap in overdose deaths. The researchers 5 
hypothesized that a combinaLon of behavioral (e.g. men may use drugs in a riskier way than 6 
women), biological (e.g. men may be more vulnerable to the toxicity of drugs than women), and 7 
other social- and gender-related factors contribute to this observed difference.28 More research 8 
is needed to understand the unique risk factors that men experience and to develop targeted 9 
prevenLon and harm reducLon intervenLons for men. 10 
 11 
4.4. Co-occurring Substance Use  12 
 XROD was associated with the co-occurrence of morphine, methadone, 13 
benzodiazepines, and tramadol among fentanyl decedents. Benzodiazepines, methadone, and 14 
opioids are known to be present in a significant porLon of overdose deaths involving both 15 
xylazine and fentanyl.6,7  16 
 Tramadol is an opioid analgesic which is FDA-approved for the treatment of moderate to 17 
severe pain.29 It has been reported to be present in illicit fentanyl products.30 While the only 18 
published reports about the combinaLon of xylazine and tramadol come from veterinary 19 
journals where this mixture was used as a novel anestheLc in animals, it is possible that drug 20 
distributors are combining xylazine and tramadol with opioids such as fentanyl and heroin for 21 
their comparable psychoacLve properLes at a lower price point.31,32  22 
 The staLsLcally significant associaLon between heroin and XROD in the univariate model 23 
became insignificant ader adjusLng for other covariates included in the mulLvariable model. 24 
We hypothesize that this could be due to collinearity between heroin and morphine in 25 
toxicology tesLng.  26 
 In general, these findings show that higher odds of XROD were associated with the 27 
presence of these specific other substances in blood toxicology, which may or may not indicate 28 
simultaneous consumpLon. Data from drug tesLng services such as the Rapid Analysis of Drugs 29 
program in Maryland can provide valuable informaLon about the composiLon of local drug 30 
supplies and should be used to corroborate toxicology data. 31 
 32 
4.5. Policy and Public Health Implica3ons 33 
 Our results highlight the increased odds of XROD among fentanyl decedents who were 34 
middle-aged, White, or used morphine, methadone, benzodiazepines, or tramadol. We also 35 
found that, overall, older adults, Black individuals, and males have experienced an increasing 36 
burden of xylazine-related overdose deaths compared to other populaLons in Maryland over 37 
the study period. Efforts to reduce xylazine-related mortality in Maryland should focus on 38 
providing overdose prevenLon educaLon and harm reducLon services tailored to the most 39 
vulnerable populaLons.33 It is important to acknowledge that the following intervenLons will 40 
not automaLcally address dispariLes in overdose risk; thus, it is criLcal to formally direct 41 
programmaLc funding for substance-use related services towards marginalized communiLes 42 
who face the greatest barriers to accessing these services.16 Leadership and peer services from 43 
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individuals who belong to minoriLzed communiLes should be incorporated into all overdose 1 
prevenLon efforts. 2 
 Community-based organizaLons and public health departments should increase access 3 
to xylazine test strips and other drug checking services to people who use drugs (PWUD) and 4 
uLlize this opportunity to educate the community about the increasing presence of xylazine and 5 
harm reducLon strategies. Overdose prevenLon training and take-home naloxone should also 6 
be made available to PWUD. Although naloxone does not directly reverse the effect of xylazine, 7 
it should be given in the case of any suspected overdose to reverse any possible opioid effects. 8 
Lastly, community organizaLons should link people at risk for overdose with healthcare and 9 
social services, especially Lmely wound care for xylazine-related skin infecLons. In addiLon to 10 
increasing access to harm reducLon and treatment services for PWUD, it is important for 11 
healthcare providers and first responders to increase their own knowledge of the risks of 12 
xylazine to provide appropriate treatment and referrals.  13 
 More comprehensive public health surveillance efforts are also needed across the 14 
country to monitor trends in xylazine mortality, morbidity, and presence in local drug supplies 15 
and beler inform public health intervenLons and policy development. Xylazine databases 16 
should include metrics such as racial/ethnic background, geographic region, rurality, 17 
socioeconomic status, clinical comorbidiLes, and concurrent mental health and substance use 18 
disorder diagnoses to guide intervenLons for medically underserved populaLons.3 It will also be 19 
important to understand the burden of non-fatal xylazine overdoses using data from emergency 20 
medical services and emergency departments. Drug checking data can shed light on the 21 
composiLon of local drug markets and which substances are being consumed simultaneously 22 
with xylazine. Finally, qualitaLve studies can deepen our understanding of the root causes of the 23 
xylazine crisis and how to best address it by answering quesLons like, "Where is xylazine coming 24 
from?" and "What do PWUD know about xylazine, and what are their percepLons of it?"10  25 
 26 
4.6. Limita3ons 27 
 While there are many advantages of using data from the state medical examiner's office, 28 
one limitaLon is that it can be difficult to draw conclusions about contaminants in the drug 29 
supply using solely mortality data, as there are many factors that predispose an individual to a 30 
fatal overdose that may not be fully captured by toxicology results and basic demographic 31 
characterisLcs (e.g. substance use behaviors, knowledge of adulterants, access to harm 32 
reducLon services, biological vulnerabiliLes, incarceraLon, etc.). AddiLonally, while we can 33 
assess whether xylazine and other substances were present in an individual's system at the Lme 34 
of autopsy, we cannot determine the relaLve contribuLon of each idenLfied substance to the 35 
subject's death. Moreover, toxicology only reveals which substances were consumed within its 36 
window of detecLon, but not the combinaLons of drugs consumed simultaneously. In order to 37 
accurately evaluate the risk of xylazine and other drug contaminants, it is important to 38 
supplement overdose fatality data with real-Lme drug checking data from the Maryland Rapid 39 
Analysis of Drugs program and community-level point-of-care drug checking services, 40 
emergency medical services, and hospital emergency departments.11 Finally, manner of death is 41 
the medical opinion of the medical examiner, taking into account the known circumstances, and 42 
can vary between individual medical examiners. Therefore, conclusions regarding manner of 43 
drug overdose deaths should be interpreted with cauLon. 44 
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 Another limitaLon of our data was the exclusion of geographic and socioeconomic data 1 
for each individual, which prevented us from studying how sociodemographic characterisLcs 2 
and geographic locaLon interact to influence the risk of XROD. AddiLonally, in our study, we 3 
categorized race into White, Black, and all other races due to small numbers. However, this may 4 
obscure differences in XROD mortality within other racial/ethnic groups such as Asian and 5 
Hispanic populaLons.  6 
 7 
4.7. Strengths 8 
 Despite these limitaLons, this study is the only study to analyze xylazine mortality data 9 
from 2020-2023 in Maryland, providing a Lmely picture of the magnitude of the xylazine 10 
overdose crisis and how it has evolved in the post-COVID era. Maryland is one of the few states 11 
with a centralized OCME, with consistent autopsy and toxicology protocols across all counLes, 12 
and it has performed rouLne tesLng for xylazine since the early 2000s, making this a highly 13 
reliable data source.  14 
 15 
4.8. Conclusions 16 
 Our study emphasizes the importance of having access to current overdose data in 17 
fighLng the most recent wave of the opioid epidemic. Reducing the morbidity and mortality of 18 
drug overdose and miLgaLng the harms of new drug contaminants such as xylazine will require 19 
real-Lme data as well as cross-sector collaboraLon between people who use drugs, harm 20 
reducLon organizaLons, public health departments, and healthcare providers.  21 
 22 
 23 
 24 
 25 
 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
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Figure 1: Monthly XRODs from 2020-2023 
This histogram shows the number of xylazine-related overdose deaths (XRODs) per month 
between January 2020 and December 2023.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figures 2a-c: Annual XROD Rates 
Annual xylazine-related overdose death rates per 100,000 are shown, straLfied by (a) race, (b) 
age group, and (c) sex.  
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