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ARTICLE INFO ABSTRACT

Keywords: Background: Novel or unregulated benzodiazepines are increasingly detected in illicit drug markets and may be
Benzodiazepine perceived to pose greater clinical risk than regulated pharmaceutical benzodiazepines. However, much of the
Harm

evidence underpinning these concerns derives from case reports, surveillance data, and settings characterised by

E:Ii?“lated extensive polysubstance exposure. We examined whether detection of novel/unregulated benzodiazepines is
Opioid associated with greater acute clinical severity than pharmaceutical benzodiazepines in emergency department

cases.
Methods: We conducted a retrospective analysis of the Emerging Drugs Network of Australia- Victoria (EDNAV)
clinical registry, including analytically confirmed benzodiazepine-positive cases between 1 September 2020 and
30 November 2025. Cases were classified as involving novel/unregulated benzodiazepines (with or without
pharmaceutical benzodiazepines) or pharmaceutical benzodiazepines only. Primary outcomes included severe
toxicity (any of - intensive care unit admission, intubation, vasopressor use), respiratory depression, Poisoning
Severity Score (PSS >3), and in-hospital mortality. Multivariable logistic regression was used to estimate
adjusted odds ratios (aORs), accounting for age, sex, and co-detection of opioids, stimulants, and gamma-
hydroxybutyrate (GHB).

Results: Among 2,638 benzodiazepine-positive cases, 772 cases involved detection of at least one novel/unreg-
ulated benzodiazepine (with or without concurrent pharmaceutical benzodiazepines) and 1,866 involved
pharmaceutical benzodiazepines without any novel/unregulated benzodiazepines detected. Unadjusted analyses
showed lower rates of several severe outcomes in the novel/unregulated group. After adjustment, detection of
novel/unregulated benzodiazepines was not associated with increased odds of severe toxicity (aOR 0.84, 95% CI
0.67-1.06) or PSS >3 (aOR 1.00, 95% CI 0.83-1.21). Opioid and GHB co-detection were the strongest predictors
of severe outcomes.

Conclusions: In this analytically confirmed cohort, novel/unregulated benzodiazepines were not associated with
greater acute clinical severity than pharmaceutical benzodiazepines once polysubstance exposure was accounted
for. These findings suggest that observed acute benzodiazepine-related harms are driven primarily by patterns of
co-use, particularly opioid co-exposure, rather than regulatory status of benzodiazepine compounds.
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Introduction

Benzodiazepines are widely used therapeutic agents and are
commonly implicated in illicit drug use and drug-related harm (Edinoff
et al., 2021; Votaw et al., 2019). In recent years, a growing number of
novel/unregulated benzodiazepines have emerged in illicit drug mar-
kets internationally (European Union Drugs Agency, 2024; Syrjanen
et al., 2023a). These products are often sold online and may appear as
adulterants in or substitutes for other illicit drug products (Brunetti
et al., 2021; Greenblatt & Greenblatt, 2019; Syrjanen et al., 2023c).
Unlike pharmaceutical benzodiazepines, novel/unregulated benzodiaz-
epine products are manufactured, distributed, and consumed outside
regulated frameworks, raising concerns regarding product variability,
unpredictable dosing, mislabelling (often pressed and packaged to
resemble pharmaceutical products), and unintended exposure (Laing
et al., 2021; Zawilska & Wojcieszak, 2019).

Possible harm resulting from novel/unregulated benzodiazepine
exposure has increasingly been highlighted in early warning system
alerts, public health advisories, and coronial investigations (Darke et al.,
2022; European Union Drugs Agency, 2024). In Victoria, Australia,
recent coronial findings have drawn explicit attention to novel/-
unregulated benzodiazepines detected in fatal overdoses, particularly in
the context of counterfeit “Xanax”-labelled products (Drummer et al.,
2024; Schumann et al., 2025). Public health messaging has appropri-
ately emphasised the risks associated with unregulated supply, uncer-
tain product composition, dose equivalency, and co-ingested drugs
(Department of Health. Victoria, 2022). However, much of the acute
harm associated with benzodiazepine-related toxicity appears to arise
from co-exposure to other central nervous system depressants, particu-
larly opioids and gamma-hydroxybutyrate (GHB) rather than from
intrinsic differences in benzodiazepine toxicity. In isolated exposures,
benzodiazepines have a high margin of safety, and severe outcomes are
most commonly associated with polysubstance exposures (Freestone
et al., 2026; Schumann et al., 2025). This raises an important distinc-
tion between the pharmacological effects of benzodiazepines and the
wider risk environment in which they are used, including unpredictable
dosing, mislabelling, and co-ingestion with other central nervous system
depressants.

From a policy perspective, the nature of novel/unregulated benzo-
diazepine products inherently raises concern regarding increased harm,
particularly in the context of polysubstance use, environments where
consumers may have limited knowledge of illicit drug composition, and
limited characterisation of acute toxicity for some novel and emerging
drugs (UNODC, 2025a). Regulatory status alone does not determine the
pharmacological effect of illicit drugs. However, regulatory status may
influence important contextual factors, including dose predictability,
product composition, and consumer knowledge of the substance being
used. These factors may increase the risk of adverse outcomes in un-
regulated drug markets, even where the intrinsic pharmacological ef-
fects of the substances are similar.

Most novel/unregulated benzodiazepines identified to date are
structural analogues of pharmaceutical benzodiazepines and exert their
effects via the same gamma-aminobutyric acid type A (GABA-A) re-
ceptor mechanisms (UNODC 2025b; Greenblatt & Greenblatt, 2019).
While some novel/unregulated benzodiazepines may exhibit higher
potency on a milligram basis, there is limited clinical evidence that they
produce qualitatively different toxic effects compared with pharma-
ceutical benzodiazepines when used in comparable contexts (Brunetti
et al., 2021; Irfan Thalib et al., 2025).

Benzodiazepines have a relatively high safety margin in clinical use,
with a well-described ceiling effect for respiratory depression in isolated
exposures. Severe toxicity from isolated benzodiazepine exposure is
uncommon, with life-threatening toxicity most frequently occurring in
the context of polysubstance exposures, particularly involving other
central nervous system depressants. However, unpredictable dosing and
co-exposures may still result in severe outcomes (BMJ Best Practice,
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2025; Isbister et al., 2004). Large or unexpected doses may result in
profound sedation, but benzodiazepines alone are comparatively less
likely to cause life-threatening respiratory depression compared to
opioids or other high-risk sedatives such as gamma-hydroxybutyrate
(GHB) and barbiturates (Liu et al., 2025). Severe adverse outcomes
are most commonly observed in cases of co-exposure to opioids, ethanol,
or other sedatives or stimulants, where additive or synergistic effects
increase risk of toxicity (Jones et al., 2012; Park et al., 2015).

Benzodiazepines are frequently co-detected alongside opioids,
stimulants (most commonly methamphetamine, and less frequently
cocaine and MDMA), and other psychoactive substances in coronial case
work (Darke et al., 2022; Schumann et al., 2025). However,
population-level mortality data consistently demonstrate that opioids
remain the dominant single drug class associated with fatal drug
toxicity, with benzodiazepines most often identified as contributing or
co-detected substances (Jones et al., 2012; Coroners Court of Victoria,
2025). While coronial and forensic datasets provide important insights
into patterns of drug-related mortality, attribution of causality in poly-
substance deaths is complex. The frequent co-detection of multiple
substances, particularly opioids and other central nervous system de-
pressants, limits the ability to determine the independent contribution of
any single drug to the fatal outcome. This limitation highlights the
importance of complementary clinical data sources that allow exami-
nation of acute toxicity in settings where detailed clinical case charac-
terisation and analytical confirmation are available.

The pharmacological attributes of benzodiazepines as a class and
their infrequent detection in isolation within coronial casework raise
important questions about whether the level of concern directed toward
novel/unregulated benzodiazepines reflect their intrinsic toxicity, or
involvement in complex polysubstance use (both acute and chronic).
Attributing severe acute clinical outcomes to benzodiazepine regulatory
status alone may oversimplify the drivers of drug-related harm and
misdirect policy and harm-reduction responses.

Hospital-based illicit drug surveillance systems provide an opportu-
nity to examine the real-world impact of illicit drug exposure in settings
where acute harm is managed. We utilised data from a large clinical
registry of illicit drug presentations to emergency departments, to
examine whether detection of a novel/unregulated benzodiazepine is
associated with excess clinical harm, relative to pharmaceutical benzo-
diazepine exposure. We designed the study to account for polysubstance
exposure and to focus on clinically relevant outcomes, with the aim of
guiding policy and harm-reduction responses related to novel/unregu-
lated benzodiazepines. The aim of this study was to determine whether
detection of novel or unregulated benzodiazepines was associated with
greater clinical severity or healthcare resource use compared with
pharmaceutical benzodiazepines among emergency department pre-
sentations with suspected illicit drug-related toxicity.

Methods
Study design and data source

The Emerging Drugs Network of Australia - Victoria (EDNAV) is a
registry capturing clinical and analytical data from illicit drug emer-
gency department presentations (Syrjanen et al., 2023b). EDNAV uti-
lises purposive sampling, prioritising emergency department
presentations involving suspected opioid exposure, severe or
life-threatening toxicity, and cases in which clinical features are
discordant with the reported illicit drug exposure. While not designed to
estimate prevalence, EDNAV enables detection of illicit drug patterns
within a cohort of individuals requiring hospital management following
illicit drug use. Registry methodology has been described elsewhere
(Syrjanen et al., 2023b). Human Research Ethics Committee approval
was granted with waiver of patient consent for inclusion of de-identified
clinical and analytical data within the EDNAV registry (Austin
HREC/66506/Austin-2020). We conducted a  retrospective
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observational study using data from the EDNAV clinical registry.

Analytical methodology

Blood samples obtained at the time of emergency department arrival
for cases included in the registry undergo comprehensive toxicological
analysis. Samples are analysed using liquid chromatography
quadrupole-time-of-flight mass spectrometry (LC-QTOF-MS) using the
crowd-sourced HighResNPS.com database allowing detection of
approximately 2400 unique compounds (Mardal et al., 2019). Ethanol is
measured at each EDNAV hospital site at the discretion of the treating
physician.

Study population

We included all EDNAV cases in which at least one benzodiazepine
was detected on toxicological analysis. Cases were excluded if any
component of the primary outcome was missing. The present analysis
included registry cases enrolled between 1 September 2020 and 30
November 2025.

Exposure classification

The primary exposure was detection of a novel/unregulated benzo-
diazepine, defined as identification of any benzodiazepine not approved
for therapeutic use in Australia at the time of data extraction. Cases were
classified into two mutually exclusive groups:

Group 1. Novel/unregulated benzodiazepine detected: detection of
one or more novel/unregulated benzodiazepines, with or without
concurrent detection of pharmaceutical benzodiazepines.

Group 2. Pharmaceutical benzodiazepines only: detection of one or
more pharmaceutical benzodiazepines with no novel/unregulated
benzodiazepine detected.

Pharmaceutical benzodiazepines available in Australia include al-
prazolam, clobazam, clonazepam, diazepam, flunitrazepam, lorazepam,
midazolam, nitrazepam, oxazepam, temazepam, and triazolam
(Australian Government Department of Health, 2025). Given the pre-
dominance of polysubstance exposure in the study cohort, cases with
both novel/unregulated and pharmaceutical benzodiazepines were
retained in the novel/unregulated group to reflect real-world patterns of
use and to avoid misclassification of exposure where a novel/-
unregulated benzodiazepine was present. This approach enabled com-
parison of clinical severity between cases involving novel/unregulated
benzodiazepines, and those involving pharmaceutical benzodiazepines
only, after accounting for key co-detected substances.

As a sensitivity analysis, benzodiazepine exposure was further clas-
sified into three groups: (1) novel/unregulated benzodiazepines only,
(2) combined novel/unregulated and pharmaceutical benzodiazepines,
and (3) pharmaceutical benzodiazepines only. Multivariable logistic
regression models were repeated using this three-level exposure variable
to examine whether differences in total benzodiazepine burden influ-
enced the observed associations with clinical severity.

Co-detected substances

Binary indicators were created for detection of any opioids (phar-
maceutical or illicit) and any illicit stimulants. Routine GHB testing was
not undertaken on all cases during the first eight months of registry data
collection, and so GHB detection was coded as a three-level variable:
detected, tested but not detected, or not tested. Because ethanol testing
was incomplete across the registry, ethanol was not included in primary
adjusted analyses.
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Outcomes

The primary outcome was severe toxicity, defined as the occurrence
of any of the following during hospital admission: admission to an
intensive care unit (ICU), endotracheal intubation, or requirement for
vasopressor or inotrope support. Secondary outcomes included:
Poisoning Severity Score (PSS) dichotomised as severe poisoning (PSS
>3) versus less severe poisoning (PSS <3), respiratory depression
(defined as oxygen saturation <92% or requirement for supplemental
oxygen), and inpatient mortality.

Statistical analysis

Descriptive statistics were used to summarise demographic charac-
teristics, co-detected substances, and clinical outcomes by benzodiaze-
pine exposure group. Categorical variables are reported as counts and
percentages, and continuous variables as medians and interquartile
ranges. Chi-squared tests and Fisher’s exact tests were used to test dif-
ferences between proportions.

Multivariable logistic regression was used to examine the association
between novel/unregulated benzodiazepine detection and severe
toxicity. The primary model adjusted for age, sex, opioid detection,
stimulant detection, and GHB status. GHB was included using indicator
variables for detected and not tested, with tested-and-not-detected as
the reference category, to avoid exclusion of cases and minimise selec-
tion bias. Model fit was assessed using the Hosmer-Lemeshow test and
area under the receiver operating characteristic curve (AUC).

As a sensitivity analysis, the primary multivariable model for severe
toxicity was repeated using generalised estimating equations (GEE) to
account for the possibility that cases treated at the same hospital site
may be more similar to each other than cases treated at different sites. A
logistic GEE model was fitted using a binomial distribution, logit link,
exchangeable working correlation structure, and robust standard errors.

A separate multivariable logistic regression model examined severe
poisoning defined as PSS >3, using the same covariates as the primary
model. Multivariable modelling of respiratory depression was not per-
formed due to near-complete separation by opioid detection; respiratory
outcomes are therefore presented descriptively. Inpatient mortality was
infrequent, and adjusted regression analyses were therefore not under-
taken due to limited statistical power.

GraphPad Prism was used for regression modelling (GraphPad
Software, San Diego, CA). A p-value of <0.05 using two-sided tests was
considered statistically significant. Given the purposive sampling strat-
egy of EDNAV, regression estimates within this study are interpreted as
associations within a cohort of emergency department presentations
selected for clinical significance, rather than as population-level effect
estimates.

Results
Study population

Between 1 September 2020 and 30 November 2025, a total of 4,770
cases were recorded in the EDNAV registry. A benzodiazepine was
detected in 2,638 cases and primary outcome data was available in all
cases. Of these, 772 cases (29.3%) involved detection of a novel/un-
regulated benzodiazepine (with or without a pharmaceutical benzodi-
azepine), of which 263 involved detections of a novel/unregulated
benzodiazepine alone. A total of 1,866 cases (70.7%) involved detection
of pharmaceutical benzodiazepines only (Table 1). A range of novel
benzodiazepines were detected; the compounds identified and their
frequencies are shown in Table 2. Pharmaceutical benzodiazepines were
frequently co-detected in cases involving novel/unregulated benzodi-
azepines, reflecting common mixed exposures (Supplementary
Table S1). Quantitative benzodiazepine concentrations were not avail-
able in this dataset, and therefore relationships between clinical severity
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Table 1

Characteristics and co-detected substances among EDNAV cases involving ben-
zodiazepines. Note: EDNAV employs purposive sampling and does not represent
a population-based cohort. GHB status is shown as detected, tested and not
detected, or not tested; percentages are calculated using the total number of
cases in each group (GHB: gamma hydroxybutyrate). P values compare cases
with novel/unregulated benzodiazepines detected, with or without pharma-
ceutical benzodiazepines, against cases with pharmaceutical benzodiazepines
only. Categorical variables were compared using chi-square tests. GHB status
was compared as a three-level variable: detected, tested but not detected, or not
tested. Age was compared using the Mann-Whitney U test.

Novel/unregulated + Pharmaceutical Unadjusted p

pharmaceutical benzodiazepine only  value
benzodiazepine
Total count n 772 (29.3) 1866 (70.7)
(%)
Age (years), 27 (22-35) 34 (27-42) <0.0001
median
(IQR)
Male n (%) 555 (71.9) 1187 (63.6) <0.001
Any opioid 284 (36.8) 809 (43.4) 0.002
detected n
(%)
Any stimulant 638 (82.6) 1590 (85.2) 0.098
detected n
(%)
GHB detected 235 (30.4) 733 (39.3) <0.001
n (%)
GHB tested 500 (64.8) 1017 (54.5)
not detected
n (%)
GHB not 37 (4.8) 116 (6.2)

tested n (%)

Table 2

Novel or unregulated benzodiazepines detected in EDNAV cases involving
benzodiazepine exposure (September 2020-November 2025). Additional novel
or unregulated benzodiazepines detected fewer than five times were: broma-
zepam, nimetazepam, delorazepam, diclazepam, flunitrazolam, flubromazolam.

Novel/unregulated Number of % of novel/unregulated
benzodiazepine cases (n) benzodiazepine cases*
Number of cases with any novel 772 100%
benzodiazepine
Bromazolam 462 36.4
Clonazolam 162 12.7
Clobromazolam 156 12.3
Desalkylgidazepam 133 10.5
Etizolam 129 10.1
Phenazepam 91 7.2
Flualprazolam 69 5.4
Flubromazepam 24 1.9
Deschloroetizolam 16 1.3
Estazolam 8 0.6
Other novel/unregulated 15 1.8
benzodiazepines
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unregulated benzodiazepines and 43.4% of pharmaceutical-only cases.
Among opioid positive cases, heroin and pharmaceutical opioids pre-
dominated. In the novel/unregulated benzodiazepines group heroin was
detected in 13.9% of opioid-positive cases and methadone in 11.5%;
other pharmaceutical opioids were detected in 15.2%. In the
pharmaceutical-only group heroin was detected in 19.5% of opioid-
positive cases and methadone in 13.5%; other pharmaceutical opioids
were detected in 13.4%. No illicit fentanyl was detected in either group.
Protonitazene was detected in two novel/unregulated benzodiazepine
cases. Stimulant detection was frequent in both groups (82.6% and
85.2%, respectively), most commonly methamphetamine, with cocaine
and MDMA also detected. GHB was detected in 30.4% of novel/unreg-
ulated benzodiazepine cases and 39.3% of pharmaceutical-only cases;
GHB testing was not performed in 4.8% and 6.2% of cases, respectively.
Ethanol was measured in 67.9% of novel/unregulated benzodiazepine
cases and 67.1% of pharmaceutical-only cases and was detected in
13.2% and 16.5% of cases tested, respectively. Ethanol concentrations
were not systematically available for analysis. As ethanol testing was
incomplete it was not included in primary adjusted analyses. Poly-
substance detection was the norm in both groups, with opioids, stimu-
lants, or GHB co-detected in 93.8% of cases involving novel/unregulated
benzodiazepines and 93.5% of pharmaceutical-only benzodiazepine
cases.

Unadjusted clinical outcomes

Unadjusted outcome frequencies are shown in Table 3. Severe
toxicity, defined as admission to an ICU, endotracheal intubation, or
requirement for vasopressors or inotropes, occurred in 152 cases
(19.7%) involving novel/unregulated benzodiazepines and 457 cases
(24.5%) involving pharmaceutical benzodiazepines only. Rates of ICU
admission (18.1% vs 21.7%), intubation (14.5% vs 19.1%), and vaso-
pressor use (3.5% vs 5.3%) were all lower in the novel/unregulated
benzodiazepine group. Inpatient mortality was uncommon in both
groups (novel/unregulated 0.8% vs pharmaceutical-only 1.0%).

Respiratory depression was observed in 20.3% of novel/unregulated
benzodiazepine cases and 28.9% of pharmaceutical-only cases. A PSS
>3 was recorded in 55.1% and 59.6% of cases, respectively.

Multivariable analysis: severe toxicity

In multivariable logistic regression adjusting for age, sex, opioid

Table 3

Unadjusted clinical outcomes in EDNAV cases with novel/unregulated versus
pharmaceutical benzodiazepine detection. Note: p values are from unadjusted
Chi-square tests unless otherwise indicated and are presented for descriptive
purposes only. Adjusted associations are reported from multivariable logistic
regression models. The p value for inpatient death was derived using Fisher’s
exact test due to the small number of deaths.

" Denominator = total number of cases with >1 novel benzodiazepine
detected (n = 772).
 Includes infrequently detected compounds (<5 cases each).
Counts reflect detection in a single blood sample. Individual cases may
include more than one novel benzodiazepine; therefore, totals may exceed the
number of cases.

and dose or relative potency could not be assessed.

Cases involving novel/unregulated benzodiazepine detection were
younger (median age 27 years, IQR 22-35) than those involving phar-
maceutical benzodiazepines only (median age 34 years, IQR 27-42) and
were more likely to involve male patients (71.9% vs 63.6%).

Co-detected substances

Opioids were detected in 36.8% of cases involving novel/

Novel/unregulated + Pharmaceutical Unadjusted p
pharmaceutical benzodiazepine value
benzodiazepine only
Total count n 772 1866
Severe toxicity 152 (19.7) 457 (24.5) 0.008
n (%)
ICU admission n 140 (18.1) 405 (21.7) 0.039
(%)
Intubationn (%) 112 (14.5) 147 (19.1) <0.001
Vasopressor or 27 (3.5) 41 (5.3) 0.055
inotrope use n
(%)
Respiratory 157 (20.3) 539 (28.9) <0.001
depression n
(%)
PSS >3 n (%) 425 (55.1) 1112 (59.6) 0.031
Inpatient death 6(0.8) 19 (1.0) 0.663

(ICU: intensive care unit, PSS: poison severity score).
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detection, stimulant detection, and GHB status, detection of a novel/
unregulated benzodiazepine was not associated with increased odds of
severe toxicity compared with pharmaceutical benzodiazepines
(adjusted odds ratio [aOR] 0.84, 95% confidence interval [CI]
0.67-1.04) (Fig. 1). Model fit for the severe toxicity analysis was
acceptable, with an area under the receiver operating characteristic
curve (AUC) of 0.59 (95% CI 0.57-0.62) and no evidence of poor cali-
bration on the Hosmer-Lemeshow test (p = 0.835).

Increasing age was independently associated with higher odds of
severe toxicity (aOR per year 1.02, 95% CI 1.01-1.03), as was opioid
detection (aOR 1.24, 95% CI 1.01-1.52). Stimulant detection was
associated with lower odds of severe toxicity (aOR 0.68, 95% CI
0.53-0.87). GHB detection showed a non-significant trend toward
increased severity (aOR 1.20, 95% CI 0.97-1.48).

Findings were materially unchanged after accounting for clustering
by hospital site. In the site-level clustered GEE model, detection of a
novel/unregulated benzodiazepine was not associated with increased
odds of severe toxicity compared with pharmaceutical benzodiazepine
detection only (aOR 0.82, 95% CI 0.68-1.00, p=0.044).

Multivariable analysis: Poisoning Severity Score

In a separate multivariable logistic regression model examining se-
vere poisoning defined as PSS >3, novel/unregulated benzodiazepine
detection was not associated with increased poisoning severity
compared with pharmaceutical benzodiazepines (aOR 1.00, 95% CI
0.83-1.21). Opioid detection was strongly associated with severe
poisoning (aOR 1.63, 95% CI 1.36-1.96), as was GHB detection (aOR
3.12, 95% CI 2.57-3.79). Increasing age was associated with a small
increase in severity, while stimulant detection and sex were not inde-
pendently associated with PSS >3. For the PSS >3 model, the AUC was
0.67 (95% CI 0.65-0.69). The Hosmer-Lemeshow test was statistically
significant, indicating imperfect model calibration. This may partly
reflect the known sensitivity of the Hosmer-Lemeshow test in large
datasets. The model also demonstrated only modest discrimination, with
an AUC of 0.67, suggesting that important predictors of severe toxicity
were not captured in the available clinical and toxicological variables.
As the primary purpose of the model was inferential rather than pre-
dictive, this does not materially alter interpretation of the reported as-
sociations, but it does caution against use of the model for individual-
level risk prediction, (Fig. 2).

Novel benzodiazepine detection-

Opioid co-detection—

GHB co-detection-]

Stimulant co-detection—
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Sensitivity analysis

In a sensitivity analysis separating benzodiazepine exposure into
novel benzodiazepine only and combined novel and pharmaceutical
benzodiazepine groups, findings were consistent with the primary
analysis. Compared with pharmaceutical benzodiazepines only, neither
novel benzodiazepine-only exposure (aOR 0.71, 95% CI 0.50-1.01) nor
combined novel and pharmaceutical benzodiazepine exposure (aOR
0.87, 95% CI 0.67-1.11) was associated with increased odds of severe
toxicity after adjustment for age, sex, opioid detection, stimulant
detection, and GHB status. Additionally, neither novel benzodiazepine-
only exposure (aOR 0.94, 95% CI 0.71-1.25) nor combined novel and
pharmaceutical benzodiazepine exposure (aOR 0.94, 95% CI 0.76-1.16)
was associated with increased odds of severe poisoning (PSS >3)
compared with pharmaceutical benzodiazepines alone after adjustment
for age, sex, opioid detection, stimulant detection, and GHB status.

Respiratory depression

Multivariable modelling of respiratory depression could not be per-
formed due to near-complete separation by opioid detection, reflecting
the strong and expected association between opioids and respiratory
compromise. Respiratory depression outcomes are therefore presented
descriptively (Table 2).

Discussion

In this sentinel emergency department illicit drug toxicity cohort,
detection of novel/unregulated benzodiazepines was not associated
with increased clinical harm compared with pharmaceutical benzodi-
azepines. Across multiple severity measures including a composite
outcome of ICU admission, endotracheal intubation, or vasopressor
requirement, as well as PSS >3, novel/unregulated benzodiazepine
detection did not confer excess risk after adjustment for age, sex, and key
co-detected substances. These findings do not support the assumption
within this clinical cohort that novel/unregulated benzodiazepines are
intrinsically more dangerous than pharmaceutical benzodiazepines and
suggest that regulatory status and product manufacture alone do not
appear to correlate with degree of clinical toxicity risk.

——@— OR0.84(0.67-1.04)
F—&—
F—e—
—e—
05 1.0 20 i

Odds ratio (log scale)

Fig. 1. Adjusted odds ratios (95% confidence intervals) for the association between novel/unregulated benzodiazepine detection and severe toxicity, and for key co-
detected drug classes. Estimates are from a multivariable logistic regression model adjusting for age, sex, opioid, stimulant, and GHB co-detection.
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Fig. 2. Adjusted odds ratios (95% confidence intervals) for factors associated with Poisoning Severity Score (PSS) >3 among EDNAV cases involving benzodiaze-
pines. Estimates are from a multivariable logistic regression model adjusting for age, sex, opioid, stimulant, and GHB co-detection.

Evidence base underpinning claims of increased potency and harm

Concerns that novel/unregulated benzodiazepines are intrinsically
more potent or more harmful than regulated pharmaceutical benzodi-
azepines are common in clinical, forensic, and policy literature (Brunetti
et al., 2021; Edinoff et al., 2021; Freestone et al., 2026; Orsolini et al.,
2020; Russell et al., 2023; van Amsterdam and van den Brink, 2025).
Such claims should be supported by robust published evidence, partic-
ularly when they inform health policy and resource allocation.

For some compounds, particularly etizolam, pharmacological data
indicates greater potency on a milligram basis compared with diazepam,
alongside shorter half-life and rapid onset (van Amsterdam & van den
Brink, 2025). However, van Amsterdam et al. emphasise that despite
higher potency, etizolam and related compounds are not more lethal
than other benzodiazepines when used alone, and that features of acute
toxicity remain consistent with other benzodiazepines (van Amsterdam
& van den Brink, 2025).

Beyond a small number of compounds with limited pharmacokinetic
data, much of the literature infers relative potency from chemical
structure-activity relationships (Waters et al., 2018), community reports
(Orsolini et al., 2020), or forensic concentration ranges (Ameline et al.,
2018), rather than from controlled, comparative dose-response studies.
As highlighted by Freestone et al., available pharmacological data are
sparse, fragmented, and often extrapolated across compounds that
continue to evolve rapidly within unregulated markets (Freestone et al.,
2026). Controlled human administration studies of novel/unregulated
benzodiazepines exist but have typically been designed to characterise
analytical detectability or driving impairment, rather than to compare
clinical toxicity with pharmaceutical benzodiazepines at equipotent
doses (Brunetti et al., 2021; Moosmann et al., 2013; O’Boyle et al., 1985;
Sommerfeld-Klatta et al., 2020).

Reports of morbidity or mortality related to novel/unregulated
benzodiazepine exposure derive from clinical case publications
(Brunetti et al., 2021; Orsolini et al., 2020), emergency department
surveillance data (Lyphout et al., 2019; Syrjanen et al., 2023c, 2023a;
Weber et al., 2023), and coronial or forensic datasets (Drummer et al.,
2024; Schumann et al., 2025). However, across these sources, poly-
substance exposure is the norm rather than the exception. Freestone
et al. reported that in Australian emergency department, forensic, and
coronial data, novel benzodiazepines are rarely detected in isolation and
are commonly co-detected with opioids, stimulants, or other sedatives

(Freestone et al., 2026). Similarly, the van Amsterdam et al systematic
narrative review of fatalities in Europe, USA, Canada and Australia
involving novel/unregulated benzodiazepines found that deaths almost
exclusively involved concurrent opioid exposure, particularly illicitly
manufactured fentanyl, and that benzodiazepines alone were rarely
implicated as the primary cause of death (van Amsterdam and van den
Brink, 2025).

A recent multicentre U.S. study reported that, among patients pre-
senting with confirmed opioid overdose, detection of novel/unregulated
benzodiazepines was associated with increased odds of intubation
compared with opioid-only presentations (Hughes et al., 2025).
Importantly, this association was observed exclusively within an
opioid-confirmed population and was interpreted by the authors as
reflecting increased severity of polysubstance overdose, rather than
intrinsic toxicity of novel/unregulated benzodiazepines alone. No in-
crease in ICU admission, cardiac arrest, or mortality was demonstrated.
This study reinforces the role of opioid-benzodiazepine co-exposure in
driving severe outcomes but does not clearly indicate whether novel/-
unregulated benzodiazepines confer excess harm compared with phar-
maceutical benzodiazepines outside opioid overdose contexts. Notably,
the subgroup with novel/unregulated benzodiazepine detection in the
study was relatively small, limiting precision for subgroup analyses and
potentially constraining generalisability beyond opioid-confirmed
overdose presentations, and highlighting the importance of examining
benzodiazepines across broader clinical contexts.

Emergency department-based studies (Lyphout et al., 2019; Syrjanen
et al., 2023c, 2023a; Weber et al., 2023) have reported morbidity
associated with novel/unregulated benzodiazepines; however, these
studies primarily describe patterns of presentation and substance
detection rather than comparative toxicity. In these settings, novel/-
unregulated benzodiazepines are frequently identified in cases of severe
toxicity, but are almost invariably co-detected with other substances,
particularly opioids and other central nervous system depressants. Our
findings are consistent with these observations, but extend them by
demonstrating that, after accounting for polysubstance exposure,
detection of a novel/unregulated benzodiazepine is not associated with
increased clinical severity relative to pharmaceutical benzodiazepines.
This suggests that previously reported harms reflect patterns of co-use
and exposure context, rather than intrinsic differences in benzodiaze-
pine toxicity.

Policy-focused commentary from North America further illustrates
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how increases in benzodiazepine-related morbidity and mortality are
frequently driven by adulteration of the opioid supply, with benzodi-
azepines intentionally or unintentionally incorporated into opioids
(“benzodope™), substantially increasing overdose risk (Russell et al.,
2023). Surveillance data from Tennessee reported by Moses et al.
demonstrates that most benzodiazepine-positive fatal overdoses
involved concurrent opioid exposure, particularly fentanyl, regardless of
whether the benzodiazepine detected was pharmaceutical or illicit. In
that analysis, prescription benzodiazepines accounted for most
benzodiazepine-positive deaths, while novel/unregulated benzodiaze-
pines were identified in a smaller proportion, and there was no clear
signal that illicit or novel/unregulated benzodiazepines were associated
with greater fatal toxicity independent of polysubstance use (Moses
et al., 2023). These reports underscore that observed increases in
morbidity and mortality reflect synergistic toxicity rather than
providing clear evidence that novel/unregulated benzodiazepines
possess fundamentally different toxicodynamic properties compared
with pharmaceutical benzodiazepines.

A distinction evident within the current published evidence base is
that between intrinsic drug effects and contextual risk. Novel/unregu-
lated benzodiazepines are produced, distributed and used in uncon-
trolled environments. They therefore may vary widely in dose, contain
multiple benzodiazepines, or include additional psychoactive contami-
nants - all of which plausibly increase the risk of adverse outcomes.
Prevalence and rates of novel/unregulated benzodiazepine harm are
also likely to be influenced by a wide range of supply- and demand-side
variables within illicit drug markets — such as availability, price, and
motivations for use among exposed populations — potentially raising
public policy concerns. However, these factors do not in themselves
demonstrate that novel/unregulated benzodiazepines are inherently
more toxic. Evidence suggests that consistent with long-established
benzodiazepine pharmacology, acute toxicity in the absence of co-
ingestants remains characterised by sedation, amnesia, and ataxia,
with a ceiling effect on respiratory depression (BMJ Best Practice, 2025).

An additional consideration when interpreting harms attributed to
novel/unregulated benzodiazepines is that for some compounds these
classifications are jurisdiction-specific rather than pharmacological.
Several benzodiazepines commonly described as novel/unregulated in
Australia and other developed countries have long-standing histories of
regulated medical use elsewhere, often with well-characterised clinical
profiles. For example, etizolam has been prescribed for decades in
Japan, India, and Italy (U.S. Department of Justice, 2025a, PMDA,
2025), phenazepam has been used therapeutically in Russia (U.S.
Department of Justice, 2025b), and estazolam remains an approved
prescription benzodiazepine in the United States (U.S. National Library
of Medicine, 2025) and Japan (PMDA, 2025).

The dominant role of co-detected substances

Our analyses identified opioids and GHB as the principal drivers of
severe outcomes. Opioid detection was independently associated with
both severe toxicity and severe poisoning, while GHB detection showed
a particularly strong association with PSS >3. These findings align with
population-level mortality data from Victoria and elsewhere, which
demonstrate that opioids remain the leading contributors to fatal drug
toxicity, with benzodiazepines most often acting as co-detected or
contributory substances rather than primary causes of harm (Drummer
et al., 2024; Freestone et al., 2026; Russell et al., 2023). The inability
to fit an adjusted multivariable model for respiratory depression further
illustrates this point. Near-complete separation by opioid detection re-
flects the overwhelming influence of opioids on respiratory compromise
in the emergency department setting. This finding underscores the
extent to which respiratory depression is driven by opioid exposure,
irrespective of whether the accompanying benzodiazepine is novel/-
unregulated or pharmaceutical. Our findings arise from a setting in
which heroin and pharmaceutical opioids predominate and may differ in
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jurisdictions where fentanyl contamination of the drug supply is
widespread.

The inverse association observed between stimulant detection and
severe toxicity may reflect differences in the clinical phenotype of
stimulant-related toxicity, rather than a protective effect of stimulants.
Severe features of stimulant toxicity, including agitation, seizures, and
hyperthermia, are not captured within the composite severity outcome
used in this study, which is weighted toward cardiorespiratory
compromise. In contrast, severe toxicity of sedative-related drug classes,
as defined in this analysis, is more commonly driven by central nervous
system and respiratory depression, particularly in the context of co-
exposure to opioids and other depressants. This finding therefore sup-
ports the interpretation that severe outcomes in this cohort are primarily
related to depressant co-exposure rather than intrinsic benzodiazepine
toxicity. An alternative explanation is that individuals using stimulants
may differ systematically from those not using stimulants in ways that
influence healthcare-seeking behaviour or thresholds for hospital
admission, which may also contribute to the observed association.

Current evidence supports the view that novel/unregulated benzo-
diazepines contribute meaningfully to population-level acute toxicity,
primarily through co-exposure to other sedatives. However, there is
limited high-quality evidence that novel/unregulated benzodiazepines
are intrinsically more potent or cause greater acute clinical toxicity than
regulated pharmaceutical benzodiazepines, when exposures are
analytically confirmed and polysubstance use is appropriately accoun-
ted for. Our study adds to this literature by studying analytically
confirmed emergency department illicit drug presentations and
demonstrating that novel/unregulated benzodiazepine detection is not
associated with greater clinical severity compared with pharmaceutical
benzodiazepines after adjustment for key co-detected substances.

Implications for coronial and policy interpretation

These findings have important implications for how novel/unregu-
lated benzodiazepine detections are interpreted in coronial, regulatory,
and harm-reduction contexts. The frequent co-detection of novel/un-
regulated benzodiazepines in severe cases does not necessarily indicate
that these substances are the primary cause of harm. Instead, their
presence likely reflects broader shifts in illicit drug markets, including
counterfeit medicines, polysubstance use, and contamination of drug
supplies (Schumann et al., 2025).

Attributing severe outcomes primarily to novel/unregulated benzo-
diazepines risks misdirecting policy responses, potentially diverting
attention from opioids and other high-risk substances that account for a
greater share of morbidity and mortality. While regulation and sched-
uling of novel/unregulated benzodiazepines may still be justified on
precautionary or market-control grounds, particularly to address mis-
labelling and supply chain risks, our findings suggest that expectations
of substantial reductions in severe clinical harm from such measures
alone may be unrealistic. However, these findings should be interpreted
within the context of the study design and do not exclude the possibility
that novel/unregulated benzodiazepines may contribute to harm at a
population level. Unintentional exposure, misrepresentation of drug
contents, and use in settings not captured by emergency department
surveillance may result in adverse outcomes that are not reflected in this
dataset. As such, while the present analysis does not demonstrate
increased clinical severity among patients presenting with
benzodiazepine-related toxicity, broader risks associated with unregu-
lated drug markets remain important considerations for public health
and harm-reduction strategies.

Strengths and limitations
A key strength of this study is the use of a clinical registry prospec-

tively collecting clinical and analytical data in an emergency depart-
ment setting. This allows examination of clinically meaningful outcomes
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in real-world settings where policy concerns are most acute. The use of
multiple complementary severity measures further strengthens the
robustness of the findings.

There were notable demographic and exposure differences between
groups, with cases involving novel/unregulated benzodiazepines being
younger, more likely to involve male patients, and less likely to involve
co-detection of opioids and GHB. Although multivariable models
adjusted for age, sex, and key co-detected substances, residual con-
founding from unmeasured factors remains possible. Individuals with
pharmaceutical benzodiazepine exposure may differ in terms of
comorbidities, patterns of chronic benzodiazepine use, tolerance, and
healthcare engagement, all of which may influence the severity of
clinical presentation.

EDNAV employs purposive rather than population-based sampling
and does not capture the full spectrum of benzodiazepine exposure. Case
ascertainment is influenced by clinical severity, introducing outcome-
dependent case capture. As a result, regression estimates should be
interpreted as conditional on inclusion within a clinically enriched
cohort of emergency department presentations, rather than as
population-level effect estimates. This may influence the magnitude of
observed associations and limits inference regarding absolute risk.

This approach shares conceptual features with pharmacovigilance
systems, in which more severe or atypical cases are preferentially
identified, and where the probability of case capture is not independent
of outcome severity. However, EDNAV differs from passive reporting
systems in that cases are actively identified using predefined inclusion
criteria within participating emergency departments, rather than
relying on voluntary reporting.

Importantly, enrolment is based on clinical presentation and sus-
pected exposure rather than knowledge of specific benzodiazepine type,
which is determined through subsequent toxicological analysis.
Accordingly, there is no clear mechanism by which milder cases
involving novel/unregulated benzodiazepines would be systematically
under-represented relative to those involving pharmaceutical benzodi-
azepines. Restriction of analyses based on enrolment criteria was not
feasible, as reasons for inclusion are often overlapping and not consis-
tently recorded at the individual case level.

Residual confounding from unmeasured factors, including comor-
bidities, patterns of chronic benzodiazepine use, tolerance, and
healthcare-seeking behaviour, may also influence observed associations.
Individuals with pharmaceutical benzodiazepine exposure may differ
systematically from those exposed to novel/unregulated benzodiaze-
pines in ways not captured in the registry.

Toxicological analysis was based on a single blood sample per case
without measurement of serum concentrations or serial sampling, pre-
cluding assessment of dose-response relationships or adjustment for
differences in potency between benzodiazepines. As such, higher-
potency novel/unregulated benzodiazepines consumed at lower doses
may produce clinical effects similar to those of pharmaceutical benzo-
diazepines consumed at higher doses, potentially obscuring differences
in intrinsic pharmacological potency. Polysubstance exposure was
common, and attribution of harm to individual substances remains
complex.

This analysis treats emergency department presentations as inde-
pendent observations. As EDNAV records cases rather than uniquely
identified individuals, some individuals may have contributed multiple
presentations, violating the assumption of independence. Unique patient
identifiers are not available, precluding adjustment for clustering at the
individual level. Any residual clustering would be expected to widen
confidence intervals and is unlikely to alter the interpretation of the
findings.

Finally, this study was conducted in a setting where heroin and
pharmaceutical opioids predominate, and illicitly manufactured fenta-
nyl was not detected. These findings may not be generalisable to settings
where fentanyl contamination of the drug supply is widespread.
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Conclusion

In this analytically confirmed cohort of illicit drug emergency
department presentations involving benzodiazepine exposure, detection
of novel/unregulated benzodiazepines was not associated with greater
clinical severity compared with pharmaceutical benzodiazepines, after
accounting for polysubstance use. These findings do not support the
assumption that novel/unregulated benzodiazepines are intrinsically
more dangerous than pharmaceutical benzodiazepines and suggest that
regulatory status and product manufacture alone do not correlate with
degree of acute clinical toxicity risk. Severe outcomes, irrespective of the
legal status of the benzodiazepine, were instead driven predominantly
by co-detected opioids and other central nervous system depressants,
consistent with established pharmacology and prior surveillance data.

These findings add context to current literature where concerns of
increased potency or harm associated with novel/unregulated benzo-
diazepines are often extrapolated from data generated in settings where
polysubstance exposure is common. While some novel/unregulated
benzodiazepines may be more potent on a milligram basis, the present
study provides no evidence that their detection in clinical presentations
confers excess acute toxicity relative to pharmaceutical benzodiazepines
when co-exposures are appropriately considered.

Interventions aimed at reducing acute illicit drug harm should
therefore prioritise polysubstance overdose risk, particularly opioid-
benzodiazepine co-exposure, alongside ongoing surveillance and tox-
icovigilance, while acknowledging that novel/unregulated benzodiaze-
pines play a role, rather than presenting a fundamentally distinct
toxicological threat.
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