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ARTICLE INFO ABSTRACT

Keywords: Background: Non-fatal overdose strongly predicts future fatal overdose, yet limited prior work describes the
Non-fatal overdose burden among people who inject drugs (PWID) in India. We estimated prevalence and identified correlates of
People who inject drugs non-fatal overdose among PWID from India.

India Methods: We conducted respondent-driven sampling (RDS) surveys among PWID across 6 Indian cities (n~750/
site; Amritsar, Bilaspur, Churchandpur, Delhi, Kanpur, and Ludhiana) during 2022-2024. Prevalence of non-fatal
overdose in the prior 6 months and non-mutually exclusive events following the overdose were estimated using
RDS-weighted descriptive statistics. Correlates (i.e., sociodemographics, HIV and hepatitis C status, substance use
in the prior 6 months, and psychosocial symptoms) were assessed using multilevel logistic regression.

Results: Prevalence of non-fatal overdose was 8.8% among 4495 PWID. Factors significantly associated with
overdose included daily or seasonal employment (vs. monthly or weekly wages), hepatitis C antibody positive
status, witnessing a fatal overdose, injecting 3 or more times per day (vs. 1-2 times per day), concurrent use of
heroin and stimulants (vs. buprenorphine or other prescription opioids only), hazardous alcohol use, attending a
medical facility for addiction or detoxification, and experiencing mild or depressive symptoms (vs. none).
Following the overdose, 44.7% reported help from a friend or family member, 25.5% reported nothing
happened, 12.9% went to a hospital, and 5.6% were referred to drug treatment or detoxification.

Conclusions: We observed a variable burden of non-fatal overdose associated with high injection frequency,
combination drug use, alcohol use, attending medical detoxification, and depressive symptoms. Low levels of
subsequent linkage to treatment services suggest opportunities to improve overdose prevention and
management.

Introduction non-fatal overdose increases the likelihood of cardiac and renal condi-
tions, traumatic injuries, and hypoxic brain injury (Armoon et al., 2023).

Drug overdose is a large and growing public health crisis (Keen et al., Drug overdose contributes to almost one-third of drug related deaths
2021). Non-fatal overdoses are estimated to be 20-30 times more com- globally and is commonly experienced by people who inject drugs
mon than fatal overdoses and are associated with a range of short-term (PWID) (Saini et al., 2020). Due to the rapid onset of intoxication, PWID
and long-term health impacts (Keen et al.,, 2021). Experiencing a are more vulnerable to overdose than people who use drugs through

Abbreviations: HCV, hepatitis C; MOUD, medications for opioid use disorder; PWID, people who inject drugs; RDS, respondent driven sampling; SSP, syringe
service program.
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other routes of administration (Colledge et al., 2019). A recent global
meta-analysis including 35 studies estimated that 18.5% of PWID
experienced a non-fatal overdose in the past 12 months, where 20.0%
was reported from South Asia (Degenhardt et al., 2023). Among people
who use opioids, drug overdose is the most common cause of death
(Ericson et al., 2024). PWID also experience non-fatal opioid overdose
events which strongly predict future fatal overdose (Saini et al., 2020).

Notably, most of the data on overdose correlates come from high
income settings where engaging in drug treatment programs, possession
of naloxone, injecting in public places are associated with increased risk
of non-fatal overdose (Kinner et al., 2012; Suprasert et al., 2024). The
limited data available from low-income settings suggest that an increase
in the amount of heroin used, polysubstance use, injecting alone, sharing
injection paraphernalia, alcohol use disorders, duration of drug use, and
social factors such as police encounters are associated with non-fatal
overdose (Armoon et al., 2023; Saini et al., 2020).

India has the largest number of people who use opioids in the world,
with an estimated 2.1% of India’s population (~23 million people) using
opioids as of 2019 (Ambekar et al., 2019). The most common opioid
used is heroin (1.14%), followed by pharmaceutical opioids (e.g.
buprenorphine) (0.96%), and opium (0.52%) (Ambekar et al., 2019).
India has approximately 850,000 PWID, the majority of whom are
dependent on opioids (Ambekar et al., 2019). Medications for opioid use
disorder (MOUD) are provided free of cost as part of the Indian National
Aids Control program and delivered via government hospitals or within
NGO facilities (Ambekar et al., 2017; Rao, 2017). Buprenorphine is the
most common MOUD used, with limited use of buprenorphine-naloxone
and methadone (Rao, 2017). To date, there is no national data on
overdose among PWID in India. A single study among PWID in New
Delhi using HIV prevention services found 45% had an opioid overdose
event at least once in their lifetime, 25% in the past 12 months, and 21%
in the past 3 months (Saini et al., 2020). In Bhubaneswar, India 83% of
PWID using HIV prevention services reported witnessing an opioid
overdose at least once in their lives, 56% had witnessed an overdose in
the previous year, and 25% in the last 3 months (Biswas et al., 2025).
Further understanding of the burden of non-fatal overdose among PWID
in a setting like India can help inform the development of tailored
overdose prevention programs as well as address gaps in harm reduction
in other low-and middle-income countries. In this study, we estimated
the prevalence of non-fatal overdose among PWID, identified factors
associated with non-fatal overdose, and explored short-term responses
following a non-fatal overdose across 6 cities from diverse regions of
India with established injection drug use epidemics and more recent,
growing epidemics (Pachuau et al., 2022).

Methods
Study setting, design, and participants

Between November 2022 and May 2024, we conducted a cross-
sectional survey, using respondent-driven sampling (RDS) to enroll
PWID across 6 cities in India: 5 from north and central India covering the
states of Punjab (Amritsar and Ludhiana), Chhattisgarh (Bilaspur), New
Delhi, and Uttar Pradesh (Kanpur) and 1 from the northeast state of
Manipur (Churchandpur). The 5 cities from north and central India were
originally selected as part of a larger effort to understand the epidemi-
ology of substance across India and implement trials to improve
engagement in HIV services (Lucas et al., 2015; Solomon et al., 2016,
2019, 2024). Specifically, they represent states that have been most
impacted by opioid use in India. Injection drug use has been endemic in
northeastern India (Churchandpur) due to its proximity to the ‘golden
triangle’ of heroin production (Myanmar, Thailand, and Laos) as well as
in the capital city of New Delhi (Pachuau et al., 2022). The state of
Punjab has experienced dramatic increases in injection drug use over the
past two decades that began with primarily injection of buprenorphine
and pharmaceutical drugs that has more recently shifted to heroin with
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more recent introductions of injection drug use into Kanpur and Bilas-
pur. All are large metropolitan cities with the exception of Church-
andpur which is relatively smaller. While city-level data is unavailable,
recent state level data from 2022 provided by the National AIDS Control
Organization in India estimates the PWID population to be 45,098 in
Punjab, 3923 in Chhattisgarh, 32,481 in Delhi, 35,412 in Uttar Pradesh,
and 24,985 in Manipur, representing 17% of PWID across India
(National AIDS Control Organization, 2023).

In each city, recruitment was initiated using 2-3 seeds. Seeds were
well-connected and respected PWID in their community selected by
investigators. Each seed completed the study visit and received 2
recruitment coupons to distribute to other PWID that they knew in the
city. Individuals who received the recruitment coupons returned to the
study site, completed study procedures if eligible, and were given 2
recruitment coupons to recruit additional study participants. Partici-
pants received compensation of 300 rupees for the study visit and
received 100 rupees for each eligible participant that they recruited into
the study (for a maximum of 200 rupees). Recruitment continued until
the desired sample size of 750, excluding seeds, was reached in each
city. Eligibility criteria for the study included being at least 18 years old,
self-reported injection drug use in the prior 2 years, possession of a valid
recruitment coupon (excluding seeds), and provision of oral informed
consent.

All enrolled participants completed an interviewer-administered
electronic survey translated into local languages, which collected data
on socio-demographics, unstable housing (having slept in a train station,
park, or on the street at least one night in the prior 12 months), injecting
network, HIV testing and medication history, substance use, risk be-
haviors, substance use service utilization (admitted to or attended any
medical or clinical or facility for addiction or de-toxification, and MOUD
use), depressive symptoms, social support, quality of life, hepatitis C
virus (HCV) testing and medication history, and health care utilization.
Participants also completed onsite rapid HIV and HCV testing with pre-
and post-test counseling. For participants living with HIV or HCV, viral
loads were measured on stored specimens using the RealTime HIV-1
assay (Abbott Park, IL, USA) with a lower limit of quantification of
150 copies/mL and the RealTime HCV assay (Abbott Park, IL, USA) with
a lower limit of quantification of 30 IU/mL.

Measures

The primary outcome for this analysis was self-reported non-fatal
overdose in the prior 6 months. In the survey, an overdose was described
to participants as a situation where, after using drugs, they passed out
and could not wake up. If participants reported experiencing such an
event, they were asked follow-up questions related to all of the drugs
they were using when the overdose occurred (e.g., heroin, buprenor-
phine and other prescription opioids, allergy medicines; stimulants were
not included) and what happened after the overdose (i.e., a friend or
family member helped, went to the hospital, referral to drug treatment,
nothing happened). Response options to each of these questions related
to overdose were not mutually exclusive. Regardless of an individual’s
own experience of overdose, participants were asked how many people
they have seen overdose in the prior 6 months, and of these individuals,
how many died.

We considered potential factors associated with non-fatal overdose,
defined a priori based on existing literature (Armoon et al., 2023; Kinner
et al., 2012; Saini et al., 2020; Suprasert et al., 2024). These included
demographic information such as age in years, education, marital status,
employment, housing status, and recent incarceration in the past 6
months. We examined duration of injection drug use in years, and also
considered various recent substance use and risk behaviors in the past 6
months (i.e., injection frequency, non-injection drug use, number of
time injected per day, types of drugs used, whether PWID have injected
alone, with multiple other persons, place of injection), HIV status, HIV
viral suppression (i.e., HIV viral load < 150 copies/ml), HCV antibody
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status, active HCV infection (i.e., detectable HCV RNA among HCV
antibody positive PWID), harm reduction use (i.e., syringe service pro-
gram (SSP) use and MOUD use), psychosocial characteristics (i.e.,
depression and suicide risk [Patient Health Questionnaire-9 (PHQ-9)
score]), and hazardous alcohol use (defined by an Alcohol Use Disorders
Identification Test-Consumptions (AUDIT-C) score greater than 3 for
men and greater than 2 for women) (Bush, 1998; Kroenke et al., 2001).
The PHQ-9 score for depression was the sum of responses of the 9-item
standardized questionnaire. The sum score was classified into 5 cate-
gories: None to minimal (score O to 4), mild (score 5 to 9), moderate
(score 10 to 14), moderately severe (score 15 to 19), and severe (score
20 to 27) (Kroenke et al., 2001).

We measured recent drug use by asking participants about use of
individual drugs or drug classes. The list of drugs in the survey were
specific to the unique drug use patterns common in India. Specifically,
participants were asked about injection and non-injection use in the
prior 6 months of the following drugs: heroin, buprenorphine, other
prescription opioids (e.g., morphine, Demerol), fentanyl, cocaine or
crack, other stimulants (e.g., methamphetamine), allergy medications
(e.g., Avil), and sedatives (e.g., benzodiazepines, Xanax). Those who
acknowledged use of a particular drug were asked about the frequency
of use of each drug or drug class.

Drugs used and their association with overdose were explored using
two different approaches. First, for descriptive analyses, we created bi-
nary variables to reflect non-mutually exclusive use (either injection or
non-injection) in the prior 6 months of different drugs or drug classes.
Due to small sample sizes, cocaine was combined with other stimulants
to make one stimulant group and other prescription opioids were com-
bined with buprenorphine. Therefore, for the binary non-mutually
exclusive drug categories we describe recent use vs. no recent use of
the following: heroin, buprenorphine and/or other prescription opioids,
stimulants, allergy medicines, and sedatives. There was no fentanyl use
reported. The second approach to exploring drugs and their association
with overdose took into consideration combination drug use. Combi-
nation drug use is common among PWID in India, thus to yield inter-
pretable results from the multivariable regression model, we created one
mutually exclusive categorical variable that includes common combi-
nations of drugs (i.e., reported use of more than one of these drugs in the
prior 6 months though not necessarily at the same time): 1) heroin only
(no buprenorphine or other prescription opioids or stimulants), 2)
buprenorphine or prescription opioids only (no heroin or stimulants), 3)
heroin and buprenorphine or prescription opioids only (no stimulants),
4) heroin and stimulants, and 5) stimulants only.

Statistical analyses

Seeds (n = 13) were excluded from all analyses to mitigate bias
created by their selection into the study. The prevalence of non-fatal
overdose was estimated overall and by city. Prevalence estimates used
RDS-II weights to account for the sampling method, with network size
defined as the self-reported number of other PWID participants saw in
the previous 30 days (Volz & Heckathorn, 2008). The overall pooled
estimate further accounted for varying PWID population sizes across
cities by using a composite weight including the RDS-II weight and the
relative population size of PWID in each city (derived from state-level
data) (National Institute of Medical Statistics & National AIDS Control
Organization, 2010; Szwarcwald et al., 2011). Summary statistics to
characterize the population, drugs used at the time of overdose, events
following the overdose, and witnessing overdoses were estimated in the
same manner.

Correlates of non-fatal overdose were assessed using RDS-II-
weighted univariable and multivariable multilevel logistic regression
models with a random intercept for city to account for city-level clus-
tering. Factors that were significant at p<0.05 in the univariable models
were retained in the final multivariable model. We included housing
status in the final multivariable model regardless of statistical
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significance as housing status has been found to be associated with
increased risk of non-fatal overdose in many prior studies (Armoon
et al., 2022; Saini et al., 2020; Suprasert et al., 2024). We considered
only the mutually exclusive combination drug use variable in the final
multivariable model, rather than the non-mutually exclusive binary
drug type variables. Unweighted analyses are presented in Supplemen-
tary Material. All analyses were conducted using Stata version 18
(StataCorp, 2021).

Ethical considerations

This study was approved by the Johns Hopkins Medicine (IRB
00082575) and the YR Gaitonde Centre for AIDS Research and Educa-
tion (IRB 00001423) Institutional Review Boards; all participants pro-
vided oral informed consent.

Results
Study population

Between November 2022 and May 2024, 4495 PWID were recruited
across 6 Indian cities. The median age was 29 (interquartile range [IQR]
24 to 35), 2.6% were cisgender women, 15.8 % completed high school or
more, 55.9% were never married, 64.0% had daily or seasonal wages,
and 28.6% had experienced unstable housing in the past 12 months
(Table 1). Specific to HIV and HCV burden, 41.5% were living with HIV,
of whom 25.2% were virally suppressed, and 81.7% were HCV antibody
positive, of whom 60.7% were living with active HCV infection; 38.3%
of the participants were living with both HIV and HCV. The median
duration of injection drug use was 6 years (IQR 3 to 10) and 46.5%
reported injecting daily. Specific to our defined categories of combina-
tions of drugs used in past 6 months, 40.2% used heroin only (no
buprenorphine or other prescription opioids, or stimulants), 35.5% of
participants used buprenorphine or other prescription opioids only (no
heroin or stimulants), 21.3% used heroin and buprenorphine or other
prescription opioids only (no stimulants), and 1.9% used heroin and
stimulants; no one used stimulants only. The most common venue for
injection in the prior 6 months was in a public park or playground and
75.0% had reported injecting alone at least once in the past 6 months
(Table 1 and Supplemental Figure).

Prevalence and correlates of non-fatal overdose

The overall prevalence of self-reported non-fatal overdose in the past
6 months was 8.8%. Self-reported non-fatal overdose prevalence varied
by city with the highest reported in Ludhiana at 16.2% and lowest in
Churchandpur at 3.6% (Table 2). Supplemental Tables 1 and 2 present
unweighted estimates of data shown in Tables 1 and 2, respectively.

In univariable models, factors significantly associated with higher
odds of a reported non-fatal overdose included never married (vs.
married), daily or seasonal employment (vs. monthly or weekly wages),
being HCV antibody positive, witnessing a fatal overdose, injecting 3 or
more times per day (vs. 1 to 2 times per day), type of drug recently used
(heroin vs. no heroin, and stimulants vs. no stimulants), combinations of
drugs used (heroin and buprenorphine or other prescription opioids
only, and heroin and stimulants vs. buprenorphine or other prescription
opioids only), hazardous alcohol use, injecting with multiple other
persons, attending a medical facility for addiction or detoxification,
having mild depressive symptoms (vs. none), and severe depressive
symptoms (vs. none) (Supplemental Table 3). Older age (being 34-44
years old vs. 18-24 years old) was associated with lower odds of a re-
ported non-fatal overdose. Injection frequency, HIV status, MOUD use,
and syringe service program use were not univariably associated with a
reported non-fatal overdose.

In multivariable analysis, the following factors were significantly
associated with higher odds of reporting a non-fatal overdose: daily or



M.P. Gunaratne et al.

Table 1
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Characteristics of 4495 PWID sample across 6 Indian cities from 2022-2024, by recent non-fatal overdose.”.

Characteristic, n (%) / median (IQR)

No Overdose Reported,
Past 6 Months

Reported an Overdose, Total
Past 6 Months

Total 4102 (91.2) 393 (8.8) -
Sociodemographic
Age, years
18-24 1089 (25.0) 123 (28.7) 1212 (25.3)
25-34 1832 (45.2) 194 (48.3) 2026 (45.5)
35-44 861 (21.7) 61 (17.2) 922 (21.3)
45+ 320 (8.1) 15 (5.8) 335 (7.9)
Education
No schooling 648 (18.7) 51 (20.2) 699 (18.8)
Primary School 995 (25.8) 83 (21.9) 1078 (24.5)
Secondary School 1759 (40.2) 172 (36.6) 1931 (39.9)
Highschool or above 700 (15.3) 87 (21.4) 788 (15.8)
Marital status
Never married 2246 (55.2) 247 (63.8) 2493 (55.9)
Married 1568 (39.6) 128 (31.2) 1696 (38.9)
Widowed/divorced/separated 284 (5.1) 18 (5.0) 302 (5.1)
Living with partner/ long-term relationship 4 (0.1) 0 (0) 4 (0.1)
Employment status
Daily/seasonal wages 2675 (64.0) 241 (65.0) 2916 (64.0)
Monthly/weekly wages 1094 (29.4) 126 (30.2) 1220 (29.5)
Unemployed/laid off 260 (5.3) 25 (4.3) 285 (5.2)
Other (retired/disabled/partner financially supports/student) 73 (1.4) 1(0.5) 74 (1.3)
Unstable housing, past 12 months 1105 (27.9) 124 (35.5) 1229 (28.6)
Recent incarceration, past 6 months 136 (3.1) 23 (5.1) 159 (3.3)
HIV & HCV
HIV status
Not living with HIV 2607 (58.5) 256 (58.3) 2863 (58.5)
Living with HIV 1495 (41.5) 137 (41.7) 1632 (41.5)
HIV viral suppression (among PLWH) 488 (25.9) 34 (17.9) 522 (25.2)
HCV antibody positive 3327 (80.5) 369 (94.2) 3696 (81.7)
Detectable HCV RNA (among HCV antibody positive PWID) 2425 (59.8) 266 (70.8) 2691 (60.7)
HCV/HIV co-infection 1349 (38.1) 134 (40.7) 1483 (38.3)
Non-fatal overdoses witnessed, past 6 months
Number of overdoses witnessed (median (IQR)) 0(0,2) 3(0,5) 0(0,2)
Number of fatal overdoses witnessed (median (IQR)) 1(0,2) 1(0,2) 1(0,2)
Witnessed at least one fatal overdose 769 (19.5) 181 (47.8) 950 (21.9)
Substance use and risk behaviors
Duration of injection drug use, years 6 (3,10) 6 (3,10) 6 (3,10)
Injection frequency, past 6 months
Never 67 (0.8) 0 (0) 67 (0.7)
Less than daily 1722 (51.9) 196 (62.5) 1918 (52.8)
Daily 2313 (47.4) 197 (37.5) 2510 (46.5)
Number of times injected per day
1 to 2 times 2911 (77.3) 262 (65.8) 3173 (76.2)
3 or more times 1126 (22.8) 131 (34.2) 1258 (23.8)
Any non-injection drug use 2343 (55.4) 280 (70.2) 2623 (56.7)
Drug use (injection and/or non-injection), past 6 months
(non-mutually exclusive binary variables, use vs. no use):
Heroin 2590 (62.5) 254 (73.1) 2844 (63.4)
Buprenorphine/other prescription opioids 2193 (58.0) 234 (58.2) 2427 (58.0)
Allergy medications 2013 (54.4) 180 (48.0) 2193 (53.8)
Stimulants (vs. no stimulants use) 67 (1.5) 23(9.6) 90 (2.2)
Sedatives 147 (1.8) 18 (2.2) 165 (1.8)
Combination drug use (injection and/or non-injection),
past 6 months” (mutually exclusive categories):
Heroin only 1807 (40.4) 150 (38.6) 1957 (40.2)
Buprenorphine/other prescription opioids only 1445 (36.4) 137 (26.4) 1582 (35.5)
Heroin and buprenorphine/other prescription opioids only 721 (20.8) 83 (25.9) 804 (21.3)
Heroin and stimulants 62 (1.3) 21 (8.6) 83(1.9)
No drug use in past 6 months 53 (0.7) 0 (0) 53 (0.6)
Stimulants alone 0 (0) 0 (0) 0 (0)
Injected at least once with, past 6 months (non-mutually exclusive binary variables):
Alone (vs. not alone) 3410 (75.1) 329 (74.8) 3741 (75.0)
With multiple other persons (2 or more) (vs. not with multiple other persons) 2177 (44.1) 249 (57.7) 2427 (45.2)

(continued on next page)
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Characteristic, n (%) / median (IQR)

No Overdose Reported,
Past 6 Months

Reported an Overdose, Total
Past 6 Months

Place of injection, past 6 months (non-mutually exclusive binary variables):

Public park/playground (vs. not at public park/playground) 2959 (74.7) 327 (84.1) 3286 (75.5)
Public toilet (vs. not at public toilet) 2307 (47.0) 214 (40.5) 2521 (46.4)
Shooting gallery (vs. not at shooting gallery) 1323 (39.2) 113 (32.3) 1436 (38.6)
Home (vs. not at home) 1627 (35.2) 188 (42.1) 1815 (35.8)
Graveyard/cemetery/burial ground (vs. not at 1616 (34.3) 161 (34.7) 1778 (34.3)
graveyard/cemetery/burial ground)
Other place not listed (vs. not other) 1102 (28.3) 156 (40.3) 1258 (29.4)
Friend’s house (vs. not at friend’s house) 846 (20.4) 132 (29.9) 978 (21.2)
Dealer’s place (vs. not at dealer’s place) 736 (17.2) 82 (21.1) 818 (17.5)
Alcohol use
AUDIT-C score® (possible range 0-12) 0(0,2) 2 (0, 4) 1(0,3)
Hazardous alcohol use (AUDIT-C score >3 for men; >2 for women) 853 (15.8) 135 (30.3) 988 (17.1)
Harm reduction and service utilization
SSP use, past 6 months 1280 (19.4) 213 (32.5) 1493 (20.6)
Number of times SSP used, past 6 months? 72 (24, 90) 72 (24, 90) 72 (24, 90)
Admitted or attended any medical/clinical/facility for addiction or de-toxification, 156 (5.1) 43 (14.5) 199 (5.9)
past 6 months
Recent MOUD use, past 6 months 830 (17.1) 101 (21.0) 931 (17.5)
Received medical care, past 6 months 2476 (56.3) 243 (54.9) 2719 (56.2)
Psychosocial
Depressive symptoms based on PHQ score
None to minimal (score 0-4) 1799 (44.0) 165 (38.3) 1964 (43.5)
Mild (score 5-9) 1054 (25.1) 107 (28.4) 1161 (25.4)
Moderate (score 10-14) 1010 (24.1) 75 (21.1) 1085 (23.9)
Moderately severe (score 15-19) 208 (5.8) 34 (6.7) 242 (5.9)
Severe (score 20-27) 31 (1.0) 12 (5.5) 43 (1.4)
Thoughts of suicide/self-harm 1286 (33.0) 125 (35.1) 1411 (33.2)

Abbreviations: PWID, people who inject drugs; n, number; IQR, interquartile range; HIV, human immunodeficiency virus; PLWH, people with HIV; HCV, hepatitis C
virus; RNA, ribonucleic acid; AUDIT-C, alcohol use disorders identification test - consumption; SSP, syringe service program; MOUD, medication for opioid use

disorder, PHQ, patient health questionnaire.

@ All estimates presented are RDS-II weighted — refer to supplemental material for unweighted estimates.

b 16 participants excluded due to no reported use of buprenorphine/other prescription opioids, heroin, or stimulants.

¢ Score calculated summing the scores to three questions, each with a possible score of 0 to 4 from the alcohol use disorders identification test. Bush (1998). The
AUDIT Alcohol Consumption Questions (AUDIT-C) An Effective Brief Screening Test for Problem Drinking. Archives of Internal Medicine, 158(16), 1789. https://doi.org

/10.1001/archinte.158.16.1789
4 Among people who inject drugs who reported syringe service program use.

Table 2
Site level prevalence of a reported non-fatal overdose among 4495 PWID across
6 Indian cities” from 2022-2024.

Site, n (%) No overdose reported,

past 6 months

Reported an overdose,
past 6 months

Amritsar 698 (94.3) 50 (5.7)
Bilaspur 650 (88.1) 100 (11.9)
Churchandpur 717 (96.4) 33(3.6)
Delhi 719 (93.2) 31 (6.8)
Kanpur 696 (91.4) 51 (8.6)
Ludhiana 622 (83.8) 128 (16.2)

Abbreviations: n, number.
2 All estimates presented are RDS-1I weighted — refer to supplemental material
for unweighted estimates.

seasonal wages [adjusted odds ratio (aOR): 1.51, 95% confidence in-
terval (CI): 1.28, 1.78] (vs. monthly or weekly wages), being HCV
antibody positive [aOR: 3.24, 95 %CI: 2.60, 4.03], witnessing a fatal
overdose [aOR: 3.25, 95% CIL: 1.59, 6.64], using heroin and stimulants
(vs. buprenorphine or other prescription opioids only) [aOR: 3.70, 95%
CI: 1.23, 11.1], hazardous alcohol use [aOR: 2.90, 95%CI: 2.02, 4.171],
attending a medical facility for addiction or detoxification [aOR: 2.35,
95% CIL: 1.36, 4.07], having mild [aOR: 1.35, 95% CI: 1.00, 1.80] or
severe depressive symptoms [aOR: 3.34, 95% CI: 1.97, 5.64] (vs. none)
(Fig. 1).

Characteristics of non-fatal overdoses

Among PWID who reported experiencing an overdose, 65.8% were
using heroin and 30.3% buprenorphine at the time of the overdose
(Table 3); 69.6% and 29.3% reported using one and two drugs,
respectively, when they experienced an overdose. Nearly half (44.7%)
reported that a friend or family member helped them following an
overdose, 12.9% went to a hospital, 5.6% were referred to drug treat-
ment or detoxification, and 25.5% reported nothing happened.

We observed city-level differences of drugs used when a reported
overdose occurred, the number of drugs used, and events following an
overdose. All who reported an overdose in Amritsar reported heroin use
when an overdose occurred, all who reported an overdose in Bilaspur
reported buprenorphine, and heroin and buprenorphine were both
similarly reported in Kanpur (Table 3). In Bilaspur and Delhi, 91.0% and
69.4%, respectively, were using two drugs at the time of a reported
overdose. Following a reported overdose, the most common response
reported by participants in Amritsar, Churchandpur, Kanpur, and
Ludhiana was that a friend or family member helped (34.1%, 44.2%,
53.0%, and 64.2%, respectively). While 37.9% and 2.4% of participants
in Bilaspur and Delhi respectively, also reported that a friend or family
member helped them, they were more likely to report that nothing
happened (58.0% and 67.4%, respectively). Supplemental Table 4 pre-
sents unweighted estimates of Table 3.
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Factors associated with a reported non-fatal overdose in the prior 6 months
among 4495 PWID across 6 Indian cities from 2022-2024

Risk Factor aOR (95% CI)*
Sociodemographic
Age, years
18-24 ref
25-34 ——= 0.96 (0.83, 1.12)
35-44 —— 0.87 (0.64, 1.18)
45+ = 1.04 (0.30, 3.57)
Marital status
Married ref
Never married B 1.11 (0.86, 1.44)
Widowed/divorced/separated —— 1.44 (0.97, 2.15)
Employment status
Monthly/weekly wages ref
Daily/seasonal wages —.— 1.51 (1.28, 1.78)
Unemployed/laid off _—— 0.81 (0.36, 1.84)
Other (retired/disabled/partner financially supports/student) 1.00 (0.11, 9.45)
Unstable housing, past 12 months —_— 1.36 (0.70, 2.63)
HIV & HCV
HCV antibody positive — 3.24 (2.60, 4.03)
Substance use and risk behaviors, past 6 months
Witnessed at least one fatal overdose S — 3.25 (1.59, 6.64)
Number of times injected per day
1to 2 times ref
3 or more times —— 1.55 (1.00, 2.40)
Combination drug use (injection and/or non-injection**) (mutually exclusive categories)
Buprenorphine/other prescription opioids only ref
Heroin only — 1.41 (0.64, 3.14)
Heroin and buprenorphine/prescription opioids only —— 1.44 (0.98, 2.12)
Heroin and stimulants 3.70 (1.23, 11.1)
Injected at least once with multiple other persons (2 or more) (vs. not with multiple other persons) — 1.30 (0.93, 1.83)
Hazardous alcohol use (AUDIT-C score>3 for men; >2 for women) —— 2.90 (2.02, 4.17)
Admitted or attended any medical/clinical facility for addiction or detoxification ——— 2.35 (1.36, 4.07)
Psychosocial
Depressive symptoms based on PHQ-9 score
None to minimal (score 0-4) ref
Mild (score 5-9) — 1.35 (1.00, 1.80)
Moderate (score 10-14) 1.21 (0.36, 4.10)
Moderately severe (score 15-19) . — 1.06 (0.53, 2.11)
Severe (score 20-27) — 3.34 (1.97, 5.64)
Abbreviations: PWID, people who inject drugs; aOR, adjusted odds ratio; Cl, confidence interval; HIV, human immunodeficiency virus; T T T T T T 1
HCV, hepatitis C virus; AUDIT-C, alcohol use disorders identification test - consumption; PHQ, patient health questionnaire 0.12 0.25 0.50 10 20 4.0 8.0

*OR from multilevel logistic regressions using scaled RDS-II weights and random intercepts for site to account for site-level clustering

**16 participants excluded due to no reported use of buprenorphine/other prescription opioids, heroin, or stimulants

Fig. 1. Adjusted odds ratios from a multilevel multivariable logistic regression of non-fatal overdose among PWID in India are presented.

Discussion

The objective of our study was to assess the prevalence of self-
reported non-fatal overdose among PWID, to identify factors associ-
ated with non-fatal overdose, and explore short-term responses
following an overdose across 6 diverse regions in India. We observed an
8.8% prevalence of non-fatal overdose in the past 6 months with notable
city-level variation in our study (3.6% in Churchandpur in the northeast
to 16.2% in Ludhiana in the northwestern state of Punjab). We identified
numerous factors associated with higher odds of reporting a non-fatal
overdose—employment, HCV status, witnessing a fatal overdose, com-
bination use of heroin and stimulants, and hazardous alcohol use,
attending a medical facility for addiction or detoxification, and
depressive symptoms. We also observed missed opportunities for inter-
vention at the time of an overdose; while the majority reported help
from a friend or family, more than 50% in some cities reported that
nothing happened after their overdose.

To our knowledge, our findings are novel as this study is among the
first to assess the prevalence of self-reported non-fatal overdose among
PWID from community-based samples across multiple Indian cities. An
overall 8.8% prevalence of recent non-fatal overdose is lower than the
estimates from a prior study conducted in Delhi among PWID using HIV
prevention services (25% in the past 12 months, and 21% in the past 3
months) (Saini et al., 2020). Our estimate is also lower than the South
Asian regional estimate for non-fatal overdose in the past 12 months
from a recent meta-analysis including India, Iran, and Nepal (Colledge
et al., 2019). Our lower estimate maybe due to our data capturing

non-fatal overdoses in the past 6 months. In addition, it is possible that
our estimates of non-fatal overdose are underestimated due to survivor
bias (i.e., non-fatal overdoses followed by fatal overdoses would be
missed). Estimates may also be lower in comparison to the other studies
due to the different patterns of drug use across these cities or due to
differing definitions of overdose; the prior study conducted in Delhi also
considered difficulty breathing or turning blue after using drugs for
recreational purposes for their outcome measure (Saini et al., 2020). The
city level variation in reported non-fatal overdose is likely due to a
confluence of complex community and structural level factors such as
policies, culture, economics, and environment which may impact in-
jection drug use behaviors and use of health services. Our present study
is not able to examine the drivers of this variation but is an area of future
research. Nevertheless, our findings provide support for multi-level
opportunities to address non-fatal overdose among PWID in India.

In our analysis, overdose was related with a number of sociodemo-
graphic and risk behaviors many of which have been previously reported
in the global literature. For example, the association of overdose with
daily or seasonal wages, which in India represents a more unstable form
of employment than monthly or weekly wages, signals that financial
instability may contribute to overdose risk. In addition, PWID with se-
vere depression were more likely to experience a non-fatal overdose.
This finding is also supported by a systematic review looking at risk
factors of non-fatal overdoses in the prior 12 months from high income
settings across 53 studies from North America, Australia, and the United
Kingdom (Dunne et al., 2025). Integrating mental health and augmented
social supports with harm reduction programs for subgroups of PWID
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Table 3
Site level characteristics among 393 PWID from India who experienced a non-fatal overdose in the past 6 months” from 2022-2024.
Amritsar Bilaspur Churchandpur Delhi Kanpur Ludhiana Total

n (%)/ median (IQR) 50 100 33 31 51 128 393
All of the drugs used when overdosed

(injection or non-injection) (non-mutually

exclusive binary variables, used vs. not used):
Heroin 50 (100.0) 1(0.2) 33 (100) 10 (28.8) 25 (45.6) 126 (98.1) 245 (65.8)
Buprenorphine 0 (0) 100 (100) 0 (0) 22 (72.0) 22 (40.5) 2(1.3) 146 (30.3)
Allergy medicine 0 (0) 96 (94.3) 0(0) 21 (72.6) 7 (9.7) 0 (0) 124 (20.9)
Marijuana 0 (0) 5(3.2) 0 (0) 1(4.0) 5(15.5) 1(1.3) 12 (5.7)
Other drugs (other/painkillers/sedatives) 0(0) 0(0) 13 (27.7) 0 (0) 11 (23.2) 4(2.9) 28 (7.1)
Number of drugs used when overdosed

One 50 (100.0) 4 (5.7) 17 (66.1) 9 (26.6) 32 (65.6) 123 (96.4) 235 (69.6)

Two 0 (0) 91 (91.0) 14 (30.6) 21 (69.4) 19 (34.5) 4(3.2) 149 (29.3)

Three 0 (0) 4 (3.0) 2(3.3) 1(4.0) 0 (0) 1(0.49) 8(1.1)

More than three 0(0) 1(0.2) 0 (0) 0(0) 0 (0) 0 (0) 1(0.0)
What happened after you overdosed?

(non-mutually exclusive binary variables):
A friend or family member helped 18 (34.1) 36 (37.9) 16 (44.2) 2 (2.4) 24 (53.0) 88 (64.2) 184 (44.7)
Went to hospital 34.9 11 (4.1) 9 (35.6) 6(23.3) 4 (6.8) 16 (14.8) 49 (12.9)
Referred to drug treatment/detoxification 1(1.2) 2(1.3) 0 (0) 1(4.0) 0 (0) 11 (14.1) 15 (5.6)
Nothing happened 3(10.6) 63 (58.0) 13 (33.9) 20 (67.4) 10 (25.8) 2(2.5) 111 (25.5)
A friend or family member helped and went to hospital 3 (4.9 8(3.5) 3(8.3) 0(0) 4 (6.8) 14 (14.3) 32 (7.8)
Went to hospital and was referred to drug treatment 1(1.2) 1(0.2) 0 (0) 0(0) 0 (0) 6 (4.5) 8(1.7)
Non-fatal overdoses witnessed, past 6 months
Number of overdoses witnessed (median (IQR)) 40,4 2(0,5) 0 (0, 2) 5(3,10) 4(0,5) 2(0,5) 3(0,5)
Number of fatal overdoses witnessed (median (IQR)) 21,2 1(0,1) 0 (0, 0) 1(0,5) 2(1,3) 1(0,2) 1(0,2)
Witnessed at least one fatal overdose 39 (66.2) 35 (27.8) 4(7.7) 18 (49.3) 26 (57.6) 59 (40.2) 181 (47.8)

Abbreviations: PWID, people who inject drugs; n, number; IQR, interquartile range.

@ All estimates presented are RDS-II weighted — refer to supplemental material for unweighted estimates.

such as those with unstable employment could have multifaceted ben-
efits towards reducing non-fatal overdoses and supporting those that
have experienced overdoses.

Our finding that attending a medical facility for addiction or detox-
ification was associated with a higher likelihood of non-fatal overdose is
consistent with findings from higher income settings (Morgan et al.,
2020). Cessation of drug use during treatment programs lowers an in-
dividual’s drug tolerance, making them more susceptible to an overdose
at much lower quantities than prior to treatment. Further, detoxification
alone strategies are ineffective at reducing drug use without long term
treatment options (Morgan et al., 2020). From our data, a large fraction
of the addiction or detoxification attendance was most likely prior to an
overdose event since 15% of those who reported an overdose reported
attendance at any time in the past 6 months but only 6% of PWID who
overdosed reported being referred to drug treatment or detoxification
after an overdose. Lack of availability and accessibility to evidence based
treatments for opioid use disorders among PWID, costs associated with
attending a facility, and quality of care (Masoodi & Dubey, 2023) may
influence an individual’s motivation to seek help from rehabilitation
programs.

The lack of association between MOUD use and non-fatal overdose as
well as recent incarceration and non-fatal overdose may be due to the
type of data collected. We are unable to assess the relative timing of
overdose to MOUD use or incarceration. In addition, recent MOUD use
captures whether or not a participant has participated in a MOUD pro-
gram within the past 6 months and does not reflect adherence or
consistent attendance to MOUD programs. Similarly, recent incarcera-
tion captures an incarceration in the prior 6 months but does not capture
duration of stay.

Our finding that hazardous alcohol use was associated with a higher
likelihood of non-fatal overdose is consistent with existing literature. A
study conducted in Iran among PWID using SSPs found that PWID with
alcohol use disorders were 3 times more likely to experience a non-fatal
overdose than PWID without alcohol use disorders (Armoon et al.,

2022). While alcohol by itself is a weak respiratory depressant, its
concomitant use with opioids could suppress the respiratory system,
resulting in an overdose (Armoon et al., 2022, 2023).

Further findings from our study indicate that experiencing an over-
dose is associated with the types of drugs PWID report using in the prior
6 months. In particular, the use of heroin and stimulants being associ-
ated with a higher likelihood of experiencing an overdose is similar to
findings from high income settings. Prior research in the United States
has found an increase in overdoses, both fatal and non-fatal, due to
stimulant use with opioids (Hoots et al., 2020). While we were not able
to assess true concurrent use in this population, the association with
stimulant use is concerning because it has not before been common
among this population in India. Compared to countries like the United
States and Australia where synthetic high potency opioids such as fen-
tanyl and stimulants such as cocaine are widely injected by PWID, the
types of drugs used in India is noticeably different (Bradley et al., 2023;
Brener et al., 2022). Despite India being involved in the production and
distribution of fentanyl, its use has not been frequently reported within
India and heroin and buprenorphine continue to dominate (Lassi, 2024;
Lucas et al., 2015; National AIDS Control Organization, 2017). Bupre-
norphine, a partial opioid agonist, has a lower risk of respiratory
depression than full agonists and would be expected to pose lower
overdose risk. While the type of drugs used during a reported overdose
varied by site between heroin and pharmaceutical opioids (e.g., bupre-
norphine), the majority of PWID who reported an overdose were using
heroin at the time of overdose with buprenorphine the second most
commonly used, which is consistent with global trends. Because of the
previously low prevalence of stimulant use in this population, we did not
ask specifically about stimulant use at the time of overdose. Martins and
colleagues assessed worldwide prevalence and trends in unintentional
drug overdose across 169 studies and found cocaine, prescription opi-
oids, and heroin are the drugs most commonly associated with unin-
tentional drug overdoses (Martins et al., 2015).

Another result consistent with existing literature is HCV antibody
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positive status and higher likelihood of non-fatal overdose. A study
among young (ages 18-29) opioid users in New York city found that HCV
positive status PWID had more than 2.5 times the odds of lifetime
overdose as those testing HCV negative (Guarino et al., 2023). This as-
sociation may be due to behaviors shared between HCV positive PWID
and PWID at risk for overdose. Prior research has found that HCV pos-
itive PWID are more likely to engage in higher risk injection drug use
practices such as needle sharing which increases risk of HCV trans-
mission, such practices are shared among young PWID also at elevated
risk for overdose (Guarino et al., 2023).

PWID who witnessed at least one fatal overdose were 3.5 times more
likely to experience a non-fatal overdose and is consistent with the study
conducted in Bhubaneswar, India where witnessing an overdose in the
last 3 months was associated with higher odds of experiencing an
overdose themselves (OR: 4.75, 95 %CI: 2.35 to 9.62) (Biswas et al.,
2025). This finding may suggest that engagement in high-risk behaviors
and more frequent use is concentrated within peer networks and injec-
tion venues (i.e., hotspots) (Latkin et al., 2011). Our finding may have
important implications for overdose education and prevention efforts,
particularly for distribution of naloxone, which, in high income settings,
has been associated with reductions in fatal overdose. However, recent
reports highlight the limited availability and accessibility of naloxone in
India (Chandna, 2019). Naloxone is primarily only used in “de-addiction
centers” (which are typically inpatient facilities at hospitals) as well as
limited usage in emergency departments (Chandna, 2019). Thus,
expanding the availability and accessibility of naloxone, particularly
intra-nasal naloxone in retail pharmacies and dispensing these through
public sector targeted intervention programs for PWID should be
prioritized.

Our findings related to events following an overdose provide crucial
information about gaps in overdose management. Over a quarter of
PWID who reported an overdose reported nothing happened after the
event, which is a critical period to act upon as respiratory depression and
prolonged cerebral hypoxia may cause brain injuries or neurocognitive
impairment (Winstanley et al., 2021). In India, PWID experience intense
levels of drug use stigma which may deter PWID from seeking care
following a non-fatal overdose (Patel et al., 2021). The finding that a
high percentage of PWID who reported an overdose were helped by a
friend or family member further illustrates the importance of social
networks among PWID. Interpersonal relationships including family,
partner, and peer relationships substantially impact substance use
initiation, treatment utilization, and overdose survival, while also
influencing help-seeking behaviors and harm reduction utilization
(Jones et al., 2024). Training family and friends on overdose manage-
ment, including use of naloxone if available, is integral among this
population. Geographical variability in responses following an overdose
also suggest the need to consider local level socio-structural and cultural
factors when tailoring overdose management programs.

Limitations and strengths

There are some limitations to the present analysis. Due to the cross-
sectional nature of the study, we were unable to assess temporality of
associations, could not examine associations with fatal overdose among
PWID, nor could we assess causality. Using longitudinal data, we have
previously presented high mortality rates in these sites, particularly
among people living with HIV (Solomon et al., 2024). It is possible that
PWID at highest risk for fatal overdose may not have been included in
the study thus obscuring some of the associations. In addition,
self-reported drug use was unable to be verified with urine drug testing.
Thus, recall bias and possible underreporting of types of recent drug use
may have influenced associations. Limitations notwithstanding, this
analysis has numerous strengths. We enrolled a large community-based
sample of PWID across 6 diverse cities in India — where overdose data is
scarce — and provide a detailed description of the extent and circum-
stances surrounding non-fatal overdoses.
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Conclusion

In this multi-city study across India, we observed a variable burden
of non-fatal overdose that was associated with injection related risk
behaviors and social determinants of health, and we identified several
opportunities to improve overdose management. The high frequency of
PWID who reported witnessing an overdose, along with PWID reporting
they were helped by family and friends following an overdose, while
very few reported referral to drug treatment suggests that peers might be
an avenue for interventions focusing on overdose education and pre-
vention. Additionally, future efforts should focus on the local overdose
response and create enabling environments for treatment. Enhancing
harm reduction programs to also target overdose management and to
procure and provide naloxone is essential to this population. Further
research assessing polysubstance use among PWID, and factors associ-
ated with fatal overdoses among PWID is necessary to bridge the gap in
understanding the true burden of overdose in India.
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