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Abstract

Background: Fentanyl-related deaths continue to increase in the United States; however, most
national studies focus on fatal overdose. More research, including data on nonfatal overdose, is
needed.

Objective: We examined trends in characteristics of fatal and nonfatal fentanyl-related
poisonings (“exposures”) in the US.

Methods: National Poison Control data were examined to estimate trends in characteristics of
reported exposures between 2015 and 2021 (N = 15,391; 38.7% female). We also delineated
correlates of experiencing a major adverse effect or death.

Results: The proportion of exposures increased among all age groups between ages 13 and 39
(ps < .05) with the largest increase among those age 13-19 (a 127.8% increase). With respect
to reasons for use, the proportion of cases involving fentanyl “abuse” increased by 63.8% (o
<.001). The proportion involving fentanyl inhalation increased 427.6% from 5.7% to 29.9%
and injection increased from 6.7% to 9.6%, a 42.3% increase (ps < .01). The proportion also
increased for co-use of methamphetamine (by 669.0%), cocaine (by 374.0%), and heroin (by
159.5%). The proportion of major adverse effects increased from 15.5% to 39.6% (p < .001).
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In the multivariable model, “abuse”, suspected suicide attempts, and use via inhalation were risk
factors for experiencing a major effect or death, and misuse, ingestion, dermal use, and co-use of
methamphetamine were associated with lower risk.

Conclusion: Poison Control data suggest that characteristics of individuals exposed to fentanyl
continue to shift, with use via inhalation increasing and medical outcomes of nonfatal poisonings
becoming more severe. These results complement mortality data and inform prevention and harm
reduction efforts.

Keywords

Fentanyl; epidemiology; overdose; substance use; drug poisonings

Introduction

The opioid crisis in the United States (US) continues to worsen, with the number of opioid-
related deaths continuing to rise. Increases in deaths have come in multiple waves. The
first was overdoses related primarily to prescription opioid pills; the second was driven

by heroin-related overdoses; and the third has been driven by overdoses due to use of
illicitly manufactured fentanyl and its analogs (1). Deaths related to synthetic opioids other
than methadone, primarily fentanyl and its analogs, have recently increased from 9,580 in
2015 to 36,359 in 2019 (2), and provisional counts from 2020 suggest that the number has
continued to increase (3). Given that the opioid crisis has continued to shift, it is important
for research to continue to examine trends related to fentanyl use and overdose in order to
most effectively inform prevention and harm reduction efforts.

Centers for Disease Control and Prevention National Vital Statistics Systems (NVSS)
mortality data have been the official source of information on opioid-related deaths in

the US; however, results are typically lagged by about nine months (4). These data also
tend to lack extensive information on characteristics or circumstances of overdoses, and
information regarding nonfatal overdoses is not collected. In light of these limitations,
alternate sources of national data could help further inform researchers and the public
regarding characteristics of the ever-shifting opioid crisis which is currently driven by
fentanyl use. Even though reports of fatal fentanyl exposures are exponentially higher via
NVSS mortality data as these reports are believed to count all or almost all related deaths
in the US (5), we believe Poison Control data can help complement this information.
Specifically, Poison Control data are uploaded in almost real time and therefore, depending
on data availability, they can be used as an informative source for surveillance (6). National
Poison Control also collects more extensive data on circumstances of exposures (e.g., route
of drug administration), and the majority of National Poison Control data are cases involving
nonfatal overdoses — events that are currently lacking data at the national level. Therefore,
National Poison Control data can elucidate risk factors for severity of fentanyl exposure
outcomes, and determine how severity of outcomes and other circumstances of use shift over
time.

In this analysis, we examine trends in characteristics of fentanyl exposures in the US using
National Poison Control data and we also delineate correlates of cases experiencing major
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(severe) adverse effects or death. We intend for these analyses not only to complement
national mortality data (e.g., NVSS) but also to inform prevention and harm reduction efforts
as the opioid crisis continues to shift.

This study is based on a collaboration through the National Institute on Drug “Abuse”
National Drug Early Warning System (7) with the Researched “Abuse” Diversion and
Addiction-Related Surveillance (RADARS) System. Poison Control data were obtained via
the RADARS System Poison Center Program. Participating Poison Control Centers (PCCs)
provided all cases involving pre-identified Micromedex codes to RADARS System staff
who then reviewed select cases for accuracy. Poison Control provides treatment advice

to the public and to healthcare staff treating people with suspected poisonings involving
drugs, chemicals, and plants. Information about the patient and poisoning circumstances are
recorded by individual PCCs as per standards set by the American Association of Poison
Control Centers (AAPCC) and stored in an electronic database overseen by the National
Poison Data System. RADARS System obtained data on poisonings reported to involve
fentanyl (i.e., having fentanyl listed as a substance involved in the poisoning) between
January 2015 and December 2021. Data were available from PCCs in all US states other
than Utah prior to 2017 and North Carolina (all years).

With respect to patient characteristics, age and sex of the patient were obtained by PCC
staff from the caller to the poison center, which may be the patient, health care provider,

or other contact. With regard to characteristics of reported exposures, PCCs obtained
information on the reason or intention for exposure, whether other drugs were co-used, the
route(s) of administration, the management site, and severity of the outcome from the caller.
Reasons for use included substance “abuse,” substance “misuse,” suspected suicide attempt,
therapeutic error, and various other categories of intentional and unintentional exposure.
Unintentional exposure does not involve intentional use of another drug (e.g., adulterated
heroin) and typically refers to exposure among children. “Abuse” was defined by PCC as
exposure resulting from intentional improper or incorrect use of a drug in which the patient
was attempting to acquire a high, a euphoric effect, or some other psychotropic effect (8).
“Misuse” was defined by PCC as intentional improper or incorrect, or otherwise nonmedical
use but for reasons otherthan acquiring a psychotropic effect. Information on reason was
collected by specialists in poison information (SPIs) from PCC contacts and reviewed by
RADARS System staff. SPIs are instructed to determine whether the results were due to a
purposeful action or not (intentional or unintentional). Based on coding guidelines provided
by the AAPCC (9), they select the most appropriate reason for use within these categories.
SPIs are instructed to record the rationale for this selection in case notes which are reviewed
by RADARS System staff. In instances in which the patient is not conscious, this may
impact the ability to obtain this information or create a bias due to reliance on other persons
reporting.
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Routes of administration included ingestion, dermal administration, injection, inhalation,
and other method. It cannot be determined, however, whether inhalation referred to
insufflation or smoking. Patients were able to report multiple routes. Co-drug use

was also queried, and we focused on reported co-use of alcohol, cannabis, cocaine,
methamphetamine, gabapentin, benzodiazepines, and prescription opioids (based on a list

of 29 opioid formulations) (10). Drug use was based on self-report and toxicology test
results were considered when available. All information recorded by PCC staff was reviewed
for accuracy by trained RADARS System staff.

Management site was the site in which the call about the exposure to the PCC was made,
and this was coded as taking place at a hospital center, on site (where the poisoning
occurred), or patient referral. Finally, medical outcome was defined by PCC staff as none,
mild, moderate, major, or death (6). Mild effects were defined as minimally bothersome
effects, moderate effects were defined as more pronounced or prolonged effects, and major
effects were defined as life-threatening or permanently disabling effects. Deaths indicate that
the patient was believed to have died in relation to use of the drug. Specifically, exposure-
related death was either directly determined by PCC staff involved with case management,
or from death reports obtained from a medical examiner or other source (without PCC staff
involved). In the latter case, an AAPCC faculty review team then judged whether deaths
were in fact likely responsible or at least contributory regarding the reported exposure (6).

First, we examined trends in characteristics of fentanyl exposures. We described the
prevalence of characteristics of fentanyl exposures within each separate year and then
calculated absolute and relative changes in prevalence between 2015 and 2021. We also
estimated whether there werechanges in the proportion of each category of each covariate
by time by examining whether there were linear, quadratic, or cubic trends using logistic
regression. Next, we examined correlates of exposures resulting in a major effect or death.
Covariates were fit into a multivariable generalized linear model using Poisson and log link
to estimate adjusted prevalence ratios (aPRs) for each covariate. We imputed missing data
for independent variables in the multivariable model. Multiple imputation was implemented
via chained equations to handle missingness; predictors included all variables in the case-
complete model. We imputed 10 datasets for the multivariable model and combined results
using Rubin’s Rules (11).

We also conducted sensitivity tests in which we repeated all analyses excluding cases
reported from Connecticut. This was done because beginning in 2018, Connecticut
became the only state to mandate emergency medical service providers suspecting fentanyl
overdoses to report such cases to local poison control (12). All statistics were conducted
using Stata SE 17 (StataCorp, College Station, TX). This secondary analysis was exempt
from review by New York University Langone Medical Center’s institutional review board.

The aggregated sample was 38.7% female, and the mean age was 36.5 + 16.7. There were
1,236 reported fentanyl-related exposures in 2015, 1,285 in 2016, 1,430 in 2017, 1,540
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in 2018, 2,355 in 2019, 2,816 in 2020, and 4,729 in 2021 (aggregated N = 15,391). As

such, the number of exposures increased 282.6% between 2015 and 2021. With respect

to characteristics of exposures (Table 1), the proportion of exposures increased among all
age groups between age 13 and 39 (ps < .05) with the largest increase among those age
13-19 (a 127.8% quadratic increase). The proportion of exposures decreased among ages
greater than 39 (ps < .05). The proportion of males exposed also increased from 46.8% to
66.1%, a 41.4% cubic increase (p = .004). With respect to reasons for use, those reporting
substance “abuse” increased in a cubic manner from 31.4% to 51.4% (a 63.8% increase, p <
.001). Although less common, the proportion reporting withdrawal increased by 197.5%, the
proportion reporting misuse increased by 26.2%, and the proportion reporting unintentional
occupation exposure increased 206.8% (ps < .001). The proportion of most other reasons for
use decreased. In particular, adverse reactions decreased by 81.3% between 2015 and 2021,
therapeutic error decreased by 76.4%, and suspected suicide attempts decreased by 35.6%

(s < .05).

With respect to co-use of other drugs (Table 1 continued), the proportion of co-use of
methamphetamine increased (from 1.1% to 8.7%—a 669.0% quadratic increase, p = .004),
as did co-use of cocaine (which increased from 1.5% to 7.3%—a 374.0% quadratic increase,
p<.001), cannabis (which increased from 1.0% to 3.0%—a 209.3% linear increase, p
<.001), and heroin (which increased from 3.0% to 7.8%—a 159.5% quadratic increase,
p<.001). Co-use of prescription opioids, however, decreased (by 59.9%), as did co-use

of benzodiazepines (by 47.6%) and gabapentin (by 49.4%). Trends in co-use of heroin,
cocaine, and methamphetamine are also presented in Figure 1. With regard to route of
fentanyl administration, dermal use decreased in a cubic manner from 40.2% to 5.7%

(an 85.8% decrease, p=.013). Inhalation increased exponentially from 5.7% to 29.9%, a
427.6% quadratic increase, p < .001). Injection use increased by 42.3% (p=.012) as did
ingestion (a 7.3% quadratic increase, p < .001), and use by other or unknown methods each
also more than tripled across years (s < .01). Trends in route(s) of administration are also
presented in Figure 2. On site care decreased by more than half (a 56.4% decrease, p =
.041), and calls from hospital centers increased by 18.9% (p = .028). The proportion of
exposures also increased in the West (by 49.7%), Northeast (by 9.4%), and Midwest (by
5.4%), and decreased in the South (by 38.2%) (ps < .001). Finally, with respect to medical
outcomes, the proportion of major adverse events increased in a cubic manner from 15.5%
t0 39.6% (p < .001), and exposures leading to no effect, a mild effect, or moderate effect,
decreased by 14,2%, 41.2%, and 24.8%, respectively (ps < .01).

Table 2 presents correlates of an exposure resulting in a major adverse event or death (which
was 35.6% of the sample). Of note, two thirds (67.0%) of major effects or death were linked
to “abuse” compared to 39.6% of less severe effects being associated with “abuse”, and the
prevalence of misuse was more than triple among those with less severe effects. With all

else being equal, compared to those aged 20-29, those aged <12 (aPR = 1.49, 95% ClI: 1.25-
1.78), 13-19 (aPR = 1.22, 95% CI: 1.09-1.38), 50-59 (aPR = 1.19, 95% CI: 1.08-1.32),

and 60-69 (aPR = 1.30, 95% CI: 1.14-1.48) were at higher risk of having a drug related
major adverse outcome or death. Compared to those who reported reasons for use other than
“abuse”, misuse, or suspected suicide, those who “abused” fentanyl (aPR = 1.72, 95% ClI:
1.55-1.91) or who had a suspected suicide attempt (aPR = 1.21, 95% CI: 1.07-1.37) were at

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2023 July 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palamar et al.

Page 6

higher risk, and those who misused were at lower risk (aPR = 0.62, 95% CI: 0.52-0.74) of
experiencing a major effect or death.

With regard to polydrug use (Table 2 continued), those who co-used methamphetamine were
at lower risk for experiencing a major adverse effect or death compared to those who did

not (aPR = 0.79, 95% CI: 0.68-0.90). Patients who used fentanyl via ingestion (aPR = 0.89,
95% CI: 0.81-0.99) or by dermal administration (aPR = 0.70, 95% CI: 0.60-0.82) were at
decreased risk and those who inhaled (aPR = 1.14, 95% CI: 1.02-1.27) were at higher risk
for a major effect or death, as were those with an unknown route of administration (aPR

= 1.46, 95% CI: 1.31-1.63) compared to those who did not report the specific route of
administration. Compared to those treated in a hospital center, those who were treated on
site (aPR = 0.80, 95% CI: 0.68-0.94) or who were referred (aPR = 0.52, 95% CI: 0.39-0.69)
were at lower risk of a major adverse effect or death. Finally, compared to those who lived
in the South, those who lived in the Northeast (aPR = 1.18, 95% CI: 1.09-1.28) were at
increased risk, and those who lived in the Midwest (aPR = 0.84, 95% CI: 0.78-0.92) or West
(aPR = 0.86, 95% CI: 0.79-0.99) were at lower risk.

Sensitivity tests which excluded cases reported in Connecticut yielded similar results for all
trend tests (e.g., regarding direction and significance), but some differences were detected

in trends and in the multivariable model. Specifically, trends were significant for those age
<12, those with general unintentional exposure, and for deaths. With respect to the model,
ingestion and inhalation as routes of administration only approached significance as risk
factors for experiencing a major adverse effect or death and injection was significant when it
was not in the model focusing on the full sample.

Discussion

In this analysis of fatal and nonfatal fentanyl-related exposures reported to PCCs in the US,
we detected significant shifts in characteristics of cases between 2015 and 2021. We also
determined correlates of exposures resulting in major (severe) adverse effects or death.

There were many shifts in proportion of various age groups exposed across time. Exposures
among individuals in all age groups between age 13 and 39 increased in proportion over
time, especially adolescents (ages 13—-19). We also determined that children, adolescents,
and adults ages 50-69 were at higher risk for experiencing a major effect or death,
suggesting these age groups are at particularly high risk for experiencing morbidity

after exposure. The finding about increased exposures among children and adolescents is
relatively unique. Although previous studies of mortality related to synthetic opioids suggest
that there were increases among all age groups from 2011 through 2016, with a 93.9%
increase among those age 15-24, increases were larger among those aged 35-44 (123.7%)
and 25-34 (100.0%) (13). As such, our findings regarding children and adolescents being
at increased risk for more severe outcomes may require more focus. Also, with respect to
patient characteristics, the proportion of exposures increased among males. These results
corroborate mortality data which suggests that since 2013, deaths related to use of synthetic
opioids have increased at a faster rate then for females (13). In fact, in 2018, the rate of
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males who died from synthetic opioids was 14.2 per 100,000 compared to 5.5 per 100,000
females (14). Rates have remained at least 2.5 times higher among males since 2016 (13,14).

This is among the first national investigations to examine reasons for fentanyl exposure in

a nuanced manner. With respect to route(s) of administration, dermal use decreased, and
injection and inhalation in particular increased. Inhalation not only increased over four-fold,
but this route was a risk factor for patients experiencing a major effect or death. This is

the first national report on the increase in inhalation as a route of illicit fentanyl use. These
results are difficult to compare to various other studies that queried route of administration
but only reported injecting behavior (15,16). In addition, a limitation of Poison Control data
is that we often cannot differentiate types of use that constitute inhalation; specifically, we
cannot determine whether the patients insufflated, i.e., snorted, or smoked the substance.
Our results appear to add to a national cross-sectional study of fentanyl-related deaths in
2016 which found evidence for snorting and smoking the drug in 52.4% and 17.9% of cases,
respectively (17). A recent study in San Francisco found that there was a shift between
injecting heroin to smoking fentanyl (18). This shift appeared to be largely rooted in harm
reduction behavior; e.g., avoiding injection related risks of skin and soft tissue infections.
Further, injection is associated with increased risk of overdose (19-20), although in our
multivariable model, injection only approached significance as a risk factor for a major
adverse outcome or death. Deaths involving opioids as recorded by the State Unintentional
Drug Overdose Reporting System (SUDORYS) in the first half of 2019 suggest that among
deaths with a reported specific route of administration, injection (28.1-34.8%) was most
common, followed by ingestion (12.0-16.6%), snorting/sniffing (11.5-12.5%), and smoking
(5.1%-14.7%) (21). Indeed, snorting or smoking fentanyl is less common than injecting
(22-24), but these methods appear to be becoming more prevalent among those who want
to avoid injection or its associated risks (25-26). As such, research needs to continue to
monitor shifts in route of administration as well as real or perceived changes in risk related
to route.

Many Poison Control studies that examine drug exposures combine “abuse” and misuse

into a single category, but we chose not to aggregate these reasons, which resulted in a

more nuanced analysis. The proportion of cases involving “abuse” increased over time and
represented the majority of cases in 2021. “Abuse” was also a major risk factor for patients
experiencing a major effect or death. Misuse, which implies improper use of a legitimate
medication, slightly decreased over time, and was actually inversely associated with patients
experiencing a major effect or death. We believe this suggests higher call volume indicating
use of illicitly manufactured fentanyl as opposed to use of pharmaceutical product. These
results demonstrate the complexity of reasons for use which cannot be delineated in

other datasets. Also, with respect to reasons for use, suspected suicide attempts decreased,
although these cases were associated with higher risk of a major effect or death, possibly
due to intentional high doses. Therapeutic error and adverse reactions decreased which we
believe suggests stricter or more careful medical (or patient) oversight of prescribed fentanyl
in recent years.

With regard to polydrug use, the proportion of cases involving methamphetamine and
cocaine increased from 669.0% and 374.0%, respectively. This corroborates literature

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2023 July 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Palamar et al.

Page 8

suggesting that co-use of fentanyl with stimulants is becoming more common (21 and 27),
so much that it has been suggested that co-use of fentanyl and stimulants is now the “fourth
wave” of the opioid overdose crisis (28). Despite increased co-use of methamphetamine, we
found that this was actually a protective factor against experiencing a major adverse effect
or death. The extent to which the drugs were directly combined, used en tandem, or merely
used within the same day, is unknown. Given that some people use methamphetamine in
attempt to prevent or reverse effects of opioids or other depressants (29) and others use in
attempt to alleviate opioid withdrawal (30), more research is needed to determine contexts
of such co-use in relation to severity of overdose risk. While the proportion of patients
co-using heroin increased, we found that co-use of prescription opioids decreased. This
finding adds to findings from mortality data which suggests that while deaths involving
both prescription opioids and synthetic opioids increased from 2013 to 2017, deaths then
leveled off from 2017 to 2019 (31). This decrease (or leveling off) may be indicative of

the decline of the “first wave” of the opioid crisis which was largely driven by prescription
opioid use (1). Further, nationally, nonmedical prescription opioid use and misuse has also
been decreasing in the US (32 and 33). Although recent studies have found increasing rates
of benzodiazepine use being involved in fentanyl-related deaths (34), we found that co-use
of benzodiazepines actually decreased. A recent finding of a serious rise in seizures of
counterfeit pills containing fentanyl (35) highlights concern about unbeknownst co-use.

The highest proportion of exposures (in 2021) occurred in the West, which is in contrast
with other studies finding that most related deaths have occurred in the Northeast (13,31
and 36). With regard to the origin of calls, the proportion of calls to Poison Control

centers increased from hospital centers and the proportion of calls made “on site,” typically
referring to where the poisoning occurred, decreased. This suggests that it is primarily
medical staff that call PCCs regarding fentanyl exposures, not patients or their caretakers.
This perhaps demonstrates that while 911 emergency services are often called to respond
to fentanyl overdoses, the public rarely calls PCCs for such cases. We also found that on
site cases were less likely to experience a major outcome or death, although SUDORS data
from the first half of 2019 suggest that the majority of fentanyl-related deaths occur at

the decedent’s home (63.5-68.1%) followed by someone else’s home (16.9-19.0%) (21).
Therefore, on site calls appear to be lacking using these data so more research is needed to
focus on circumstances of nonfatal overdoses that occur in homes.

The increase in poisonings found in this study highlight the rising risk environment due
to illicitly manufactured fentanyl (37) and point to the need for better prevention efforts.
Improved drug supply surveillance is needed to better elucidate exposure risk (37) and
this could include crime lab data (38), or data from the High Intensity Drug Trafficking
Areas Performance Monitoring Program (35). The goal is timely data that can serve as

an early warning system. Likewise, PCC data, with potentially timelier outcome data, can
complement mortality data and aid in surveillance efforts. Drug checking for fentanyl,

an intimate form of drug surveillance, is being explored to reduce the risk imposed

by fentanyl (39-40). Further, wider distribution of naloxone is needed for more rapid
response to fentanyl related overdose. For better household coverage, the US Food and Drug
Administration is working on over-the-counter status for naloxone (41).
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Limitations

We do not know definitively which cases involved prescribed, unprescribed, and/or illicitly
manufactured fentanyl, although misuse tends to be associated with prescribed fentanyl (42).
We did not present data on form of fentanyl reportedly used as this variable was missing

for 64% of cases. However, results from a sub-analysis (data not presented) do indicate

that 87.7% of patients who reported dermal use used fentanyl in patch form, suggesting

that the vast majority of dermal use was in fact via patches. These data rely on caller or
other contact information which may or may not include the patient. Some cases may rely
on secondhand reporting, though this is not likely to have changed significantly over time
and unlikely to have significantly biased trend estimates. Toxicology testing was not always
conducted to confirm exposure to fentanyl or its analogs. Relatedly, given that fentanyl

is a common adulterant in or replacement for drugs such as heroin, fentanyl exposures

were likely underreported when people were unknowingly exposed. In fact, reporting of
poisonings related to fentanyl is relatively rare compared to mortality studies. This is
because calls to Poison Control are dependent on a patient or medical professional calling
to report the poisoning or to ask for medical advice to treat a case. As such, these data

are not generalizable to all poisonings; they are however, useful in informing other national
studies. Exposures are also not generalizable to use or nonfatal overdose in the population
as most cases reported involve adverse effects related to exposure and reporting exposures to
PCCs is only voluntary. Finally, it is possible for medical outcomes to be misclassified, but
in at least three quarters of cases involving fentanyl, exposure information is obtained from
medical facilities that monitor patients and PCC staff follows up on cases to obtain the most
accurate information possible before closing a case (6).

Conclusion

National Poison Control data suggest that characteristics of people exposed to fentanyl
continue to shift, with use via inhalation increasing and medical outcomes of nonfatal
poisonings becoming more severe. We believe results can be used to help monitor fentanyl
exposure, to complement mortality data, and inform prevention and harm reduction efforts.
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Figurel.

Trends in co-exposures of heroin, cocaine, and methamphetamine with fentanyl. The
prevalence of co-exposure of fentanyl involving heroin increased between 2015 and 2021
from 3.0% to 7.8% (p< 0.001), as did the prevalence of co-exposure involving cocaine
(increasing from 1.5% to 7.3%, p= 0.001), and methamphetamine (increasing from 1.1% to
8.7%, p=.004).
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Figure2.

Trends in route(s) of fentanyl administration during exposure. The prevalence of ingestion
increased between 2015 and 2021 between 44.0% and 47.2% (p< .001), as did the
prevalence of injection (from 6.7% to 9.6%, p=.012), and inhalation (from 5.7% to 29.9%,
p<.001). The prevalence of dermal route of administration, however, decreased from 40.2%
t0 5.7% (p=.013).
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