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Supplementary Methods

Identification of Fatal and Nonfatal Overdose Events

Fatal opioid-involved overdose was identified using International Classification of Diseases (ICD-10) underlying cause of death codes X40-X44, X60-X64, X85, and Y10-14 paired with a multiple cause-of-death codes indicative of opioids (i.e., opium [T40.0]; heroin [T40.1]; natural opioid analgesics [T40.2]; methadone [T40.3]; synthetic opioid analgesics other than methadone [T40.4]; or other and unspecified narcotics [T40.6]).1 Multiple cause-of-death codes were also used to identify overdoses involving opioids combined with a stimulant (i.e., cocaine [T40.5]; and psychostimulants with abuse potential, which includes methamphetamine [T43.6]). Nonfatal overdose events were identified using ICD-10-Clinical Manifestation (ICD-10-CM) codes that identified an initial encounter involving an opioid-involved overdose (which utilize the aforementioned T codes) by any manner (i.e., accidental, intentional, assault, or undetermined). 


Supplementary Table 1. Underlying causes of death for decedents who did not die of overdose

	Cause of death
	Number of non-overdose deaths (N=22)
	ICD codes
	Diseases included in the ICD code descriptions

	Suicide
	7 (31.8)
	U03, U039, X64-X84, Y870
	Intentional self-poisoning and intentional self-harm

	Major cardiovascular diseases
	3 (13.6)
	I00-051
	Acute rheumatic fever, hypertensive heart disease, renal disease, ischemic heart diseases, acute and subacute endocarditis, diseases of pericardium and acute myocarditis, heart failure, all other forms of heart disease

	Malignant neoplasms
	2 (9.1)
	C00-C97
	Leukemia, multiple myeloma and immunoproliferative neoplasms, all other and unspecified malignant neoplasms

	COVID-19
	1 (4.5)
	U071, U072, B342, U079
	COVID-19

	Septicemia 
	1 (4.5)
	A40, A41
	Streptococcal sepsis, sepsis due to: Staphylococcus aureus, other or unspecified staphylococcus, Hemophilus influenzae, anaerobes, other Gram-negative organisms

	Unspecified infection
	2 (9.1)
	A00, A05, A20-A99, B01-B99
	Other and unspecified infections and parasitic diseases and their sequelae

	Metabolic disease
	1 (4.5)
	E00-E07, E15-E89
	Congenital iodine-deficiency syndrome, iodine-deficiency related thyroid disorders, iodine-deficiency hypothyroidism, other hypothyroidism, other nontoxic goiter, Thyrotoxicosis hypothyroidism, thyroiditis, other thyroid disorders,

	Mental and behavioral disorders
	1 (4.5)
	F01-F99
	Organic dementia, mental and behavioral disorders due to psychoactive substance use, schizophrenia, schizotypal and delusional disorders, mood disorders, neurotic disorders, stress-related and somatoform disorders, mental retardation, other and unspecified mental and behavioral disorders

	Diseases of the digestive system
	1 (4.5)
	K00-K99
	Diseases of the oral cavity, salivary glands, and jaws, diseases of other parts of the digestive system, gastritis and duodenitis, dyspepsia and other diseases of the stomach and duodenum, diseases of the appendix, hernia, Crohn’s disease and ulcerative colitis, diseases of peritoneum, diseases of liver, cholelithiasis and other diseases of the gallbladder, disorders of the biliary tract and pancreas, all other diseases of the digestive system

	Undetermined overdose
	2 (9.1)
	Y14
	Poisoning by and exposure to other and unspecified drugs, medicaments, and biological substances 

	Vehicle accident
	1 (4.5)
	V01-V99
	All unintentional transport accidents





Supplementary Table 2. Annual and cumulative incidence rates for nonfatal opioid-involved overdoses, fatal opioid overdoses, and all-cause mortality per 100,000 person-years

	Year
	Nonfatal Overdose 
Weighted Incidence Rate (95% CI)
	Fatal Overdose 
Weighted Incidence Rate (95% CI)
	All-Cause Mortality
Weighted Incidence Rate    
(95% CI)a

	2018
	5,105.7 (3,714.7 - 6,496.7)
	152.1 (0 - 392.3)
	697.3 (183.3 - 1,211.4)

	2019
	1,182.2 (847.5 - 1,516.8)
	473.6 (261.7 - 685.7)
	1,174.3 (840.2 - 1,508.4)

	2020
	4,980.9 (4337.4 - 5624.3)
	1,726.3 (1,347.3 - 2,105.3)
	1,994.8 (1587.0 - 2,402.6)

	2021
	4,403.4 (3793.4 - 5013.4)
	323.1 (158.0 - 488.3)
	912.2 (634.4 - 1,189.9)

	2022
	554.1 (246.2 - 862.0)b
	895.3 (618.9 - 1,171.6)
	1,506.7 (1148.1 - 1,865.4)

	2023
	Not collectedb
	592.7 (365.8 - 819.6)
	970.4 (680.1 - 1,260.7)

	Cumulative
	3,291.6 (3014.6 - 3568.6)
	784.5 (670.4 - 898.5)
	1,291.1 (1,144.7 - 1,437.5)

	Year
	Nonfatal Overdose 
Unweighted 
N (Incidence Rate)
	Fatal Overdose 
Unweighted 
N (Incidence Rate)
	All-Cause Mortality
Unweighted 
N (Incidence Rate)a

	2018
	13 (6,881.9)
	1 (530.8)
	3 (1,592.5)

	2019
	22 (3,368.2)
	6 (933.1)
	9 (1,401.8)

	2020
	30 (4,079.1)
	5 (691.9)
	10 (1,385.8)

	2021
	40 (5,532.9)
	5 (703.6)
	10 (1,409.2)

	2022
	9 (2,528.8)b
	5 (712.9)
	10 (1,426.5)

	2023
	Not collectedb
	4 (578.9)
	6 (868.4)

	Cumulative
	114 (4,292.5)
	26 (765.7)
	48 (1,291.1)


aIncludes fatal overdose events.  bNonfatal overdose data ends June 30, 2022.



Supplementary Table 3. Other substances involved in 140 opioid-involved overdose events

	Substance
	Overdoses 
N (%)
	ICD-10 Codes
	Substances Included in Codes

	Opioids
	
	
	

	     Heroin/Opium
	91 (65.0)
	T40.0, T40.1
	Heroin, opium

	     Semisynthetic
	20 (14.3)
	T40.2
	Natural and semisynthetic opioids

	     Methadone
	6 (4.3)
	T40.3
	Methadone

	     Synthetic
	29 (20.7)
	T40.4
	Fentanyl or fentanyl analogs, tramadol, and other synthetic narcotics

	     Undetermined 
	11 (7.9)
	T40.6
	Unknown opioid

	Stimulants
	
	
	

	     Cocaine
	0 (0)
	T40.5
	Cocaine

	     Psychostimulants
	23 (16.4)
	T43.6
	Unspecified psychostimulants, amphetamines, ecstasy, methamphetamines

	Cannabis
	1 (0.7)
	F12.1, F12.2, F12.9, T40.7
	Cannabis and derivatives, synthetic cannabinoids

	Alcohol
	2 (1.4)
	T51.0-T51.9, X45, X65, Y15
	Ethanol, methanol, 2-propanol, fusel oil, other alcohols, unspecified alcohol, alcohol 

	Non-Opioid Analgesics
	1 (0.7)
	T39.0-T39.4, T39.8, T39.9
	Salicylates, 4-aminophenol derivatives, pyrazolone derivatives, nonsteroidal anti-inflammatory drugs, antiheumatics, other nonopioid analgesics 

	Muscle Relaxants
	1 (0.7)
	T48.0-T48.9
	Oxytocic drugs, skeletal muscle relaxants (neuromuscular blocking agents), antitussives, expectorants, anti-common-cold drugs, antiasthmatics, other and unspecified agents acting on the respiratory system

	Hematologics
	3 (2.1)
	T45.0-T45.9
	Antiallergic and antianemics, antineoplastic and immunosuppressive drugs, vitamins, enzymes, iron and compounds, anticoagulants and antithrombotic drugs, fibrinolysis-affecting drugs, anticoagulant antagonists, vitamin K, other coagulants, systemic and hematological agents, immune checkpoint inhibitors and immunostimulant drugs

	Sedatives
	7 (5.0)
	T42.0-T42.9
	Hydantoin derivatives, iminostilbenes, succinimides and oxazolidinediones, barbiturates, benzodiazepines, mixed antiepileptics, other antiepileptic and sedative-hypnotic drugs, antiparkinsonism drugs and other central muscle-tone depressants 

	Antidepressants 
	2 (1.4)
	T43.0, T43.1, T43.2
	Tricyclic and tetracyclic antidepressants, monoamine-oxidase-inhibitor antidepressants, other and unspecified antidepressants 







Supplementary Table 4. Bivariate and multivariable Cox regression model of time to first overdose among 557 PWID who use opioids with complete covariate data 

	Variable
	Bivariate Hazard ratio (95% Confidence Interval)
	Adjusted Hazard ratio (95% Confidence Interval

	MOUD in the past 30 days
	0.40 (0.17, 0.94)
	0.29 (0.13, 0.67)

	Outpatient SUD counseling in the past 30 days
	1.16 (0.65, 2.06)
	1.19 (0.59, 2.38)

	Residential SUD treatment in the past 30 days
	1.88 (0.75, 4.73)
	2.17 (0.73, 6.45)

	Mutual help group participation in the past 30 days
	1.18 (0.70, 2.0)
	0.91 (0.39, 2.17)

	Recovery housing in the past 30 days
	1.27 (0.54, 2.99)
	1.27 (0.47, 3.39)

	Age
	0.96 (0.93, 0.98)
	0.96 (0.93, 0.98)

	Woman or transgender identity (vs. male gender)
	1.17 (0.70, 1.94)
	1.34 (0.79, 2.28)

	American Indian race (vs. white)
	1.78 (0.98, 3.24)
	1.75 (0.88, 3.48)

	African American/Black, Alaskan Native, Asian, Pacific Islander/Native Hawaiian, African, Mixed race, or Other Race (vs. white)
	1.70 (0.76, 3.83)
	2.01 (0.88, 4.60)

	Hispanic (vs. Non-Hispanic)
	1.18 (0.38, 3.66)
	1.25 (0.45, 3.46)

	High School or more education (vs. less)
	3.79 (1.20, 11.97)
	4.52 (1.48, 13.76)

	Injected once per day (vs. less than once per day)
	0.97 (0.38, 2.48)
	0.84 (0.29, 2.47)

	Injected 2+ times per day (vs. less than once per day)
	1.72 (0.91, 3.26)
	1.44 (0.65, 3.19)

	Insured or unknown health insurance status (vs. uninsured)
	0.71 (0.43, 1.17)
	0.80 (0.45, 1.40)

	Overdosed in the past 30 days (vs. not)
	2.12 (1.08, 4.20)
	1.58 (0.79, 3.17)

	Number of days incarcerated in the past 6 months
	1.00 (0.99, 1.01)
	1.00 (0.99, 1.01)

	Stopped or searched by police, arrested, or on probation in the past 6 months (vs. not)
	1.16 (0.65, 2.05)
	0.65 (0.36, 1.21)

	Heroin dependence score
	1.08 (1.03, 1.15)
	1.10 (1.01, 1.21)

	Methamphetamine dependence score
	1.00 (0.95, 1.05)
	0.99 (0.94, 1.04)

	Cocaine dependence score 
	0.95 (0.83, 1.08)
	0.95 (0.82, 1.10)

	Days used opioids to get high in the past 30 days 
	1.03 (1.00, 1.06)
	0.99 (0.95, 1.03)




Supplementary Table 5. Bivariate and multivariable Cox regression model of time to first overdose among 751 PWID who use opioids without RDS-II weights

	Variable
	Bivariate Hazard ratio (95% Confidence Interval)
	Adjusted Hazard ratio (95% Confidence Interval

	MOUD in the past 30 days
	0.42 (0.21, 0.88)
	0.33 (0.15, 0.72)

	Outpatient SUD counseling in the past 30 days
	1.08 (0.63, 1.83)
	1.10 (0.59, 2.10)

	Residential SUD treatment in the past 30 days
	1.53 (0.68, 3.40)
	2.07 (0.80, 5.37)

	Mutual help group participation in the past 30 days
	1.30 (0.82, 2.07)
	1.10 (0.56, 2.17)

	Recovery housing in the past 30 days
	0.93 (0.42, 2.10)
	0.81 (0.29, 2.26)

	Age
	0.96 (0.94, 0.98)
	0.97 (0.94, 0.99)

	Woman or transgender identity (vs. male gender)
	0.94 (0.60, 1.48)
	1.06 (0.66, 1.71)

	American Indian race (vs. white)
	1.39 (0.80, 2.43)
	1.44 (0.76, 2.72)

	African American/Black, Alaskan Native, Asian, Pacific Islander/Native Hawaiian, African, Mixed race, or Other Race (vs. white)
	1.45 (0.71, 2.96)
	1.63 (0.78, 3.37)

	Hispanic (vs. Non-Hispanic)
	1.09 (0.42, 2.86)
	1.23 (0.53, 2.84)

	High School or more education (vs. less)
	1.74 (0.88, 3.43)
	1.84 (0.90, 2.76)

	Injected once per day (vs. less than once per day)
	0.77 (0.32, 1.86)
	0.61 (0.23, 1.61)

	Injected 2+ times per day (vs. less than once per day)
	1.75 (1.01, 3.02)
	1.33 (0.69, 2.57)

	Insured or unknown health insurance status (vs. uninsured)
	0.79 (0.51, 1.23)
	0.84 (0.52, 1.36)

	Overdosed in the past 30 days (vs. not)
	2.07 (1.08, 3.96)
	1.43 (0.73, 2.81)

	Number of days incarcerated in the past 6 months
	1.00 (0.99, 1.01)
	1.00 (0.99, 1.01)

	Stopped or searched by police, arrested, or on probation in the past 6 months (vs. not)
	1.15 (0.68, 1.96)
	0.74 (0.43, 1.30)

	Heroin dependence score
	1.09 (1.04, 1.15)
	1.10 (1.00, 1.19)

	Methamphetamine dependence score
	1.00 (0.95, 1.05)
	0.99 (0.94, 1.04)

	Cocaine dependence score 
	0.91 (0.81, 1.03)
	0.91 (0.80, 1.03)

	Days used opioids to get high in the past 30 days 
	1.04 (1.01, 1.06)
	1.00 (0.97, 1.04)




