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Abstract

Introduction Recognized risk factors for acetaminophen overdose include alcohol, opioids, and mood disorders. The aim
of this study is to assess additional risk factors for acetaminophen overdose evaluated in the emergency department (ED).
Methods A retrospective study was performed using the 2018 US Nationwide Emergency Department Sample (NEDS).
All adult ED visits for acetaminophen overdose were included in the study group and those without it were taken as control.
STATA, 16.1 was used to perform multivariable logistic regression analysis and adjusted odds ratios (ORadj) were reported.
Results We identified 27,792 ED visits for acetaminophen overdose. Relative to non-acetaminophen ED visits, this group was
younger (median age 32 vs 47 years; p <0.0001), more often female (66.1% vs 57.0%; p <0.0001), had higher ED charges
($3,506 vs $2,714; p <0.0001), higher proportion of alcohol-related disorders (15.8% vs 3.5%; p <0.0001), anxiety disorders
(30.2% vs 8.3%; p <0.0001), cannabis use (8.7% vs 1.4%; p <0.0001), hematology/oncology diagnoses (13.3% vs 10.9%;
p <0.0001), mood disorders (52.4% vs 7.9%; p <0.0001), opioid-related disorders (4.1% vs 1.0%; p <0.0001), and suicide
attempt/ideation (12.2% vs 1.1%; p <0.0001). Multivariable analysis showed alcohol-related disorders (ORadj 2.67), anxi-
ety disorders (ORadj 1.24), cannabis (ORadj 1.63), females (ORadj 1.45), Income Q3 (ORadj 1.09), hematology/oncology
diagnoses (ORadj 1.40), mood disorders (ORadj 10.07), opioid-related disorders (ORadj 1.20), and suicide attempt/ideation
(ORadj 1.68) were associated with acetaminophen overdose.

Conclusion In addition to previously recognized risks, our study demonstrated that cannabis use and hematologic/oncologic
comorbidities were more common among acetaminophen-overdose ED visits. These new findings are concerning because
of rapid legalization of cannabis and the increasing incidence of cancer worldwide. Additional investigation into these
risks should be a priority for clinicians, policymakers, and researchers.
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Introduction cause significant morbidity and mortality in overdose. The

ubiquity of acetaminophen means that it is one of the most

Acetaminophen is among the most abundant and easily
available medications in the United States. Though safe
and effective when used appropriately, acetaminophen can
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frequently implicated pharmaceuticals in overdose in the
United States [1]. Acetaminophen-containing products were
responsible for 10% of fatalities from overdose reported to
America's Poison Centers in 2020 and it is one of the most
common substances reported to Poison Control Centers after
intentional or unintentional misuse [2].

Acetaminophen poisoning is often unintentional, with
repeated supratherapeutic dosing due to uncontrolled pain,
mistakenly mixing acetaminophen-containing products with
acetaminophen alone, and not adhering to recommended
dosing. However, the most common cause of acetaminophen
toxicity is still intentional overdose in suicide attempts [3].
Suicide rates are rising in the United States, and intentional
poisoning is one of the most common methods of suicide in
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younger patients. It is widely known that individuals with
concurrent alcohol use disorder are at increased risk for
suicide. There appears to be a linear relationship between
suicide rates and per-capita alcohol consumption [4]. Indi-
viduals with opioid-use disorder are also at risk for attempt-
ing and completing suicide and for suicidal ideation. People
who use opioids are 14 times more likely to die by suicide
compared to the general population, with an estimated life-
time suicide rate of 17-48% [5]. People with opioid-use dis-
order have elevated risk for lethal suicide attempts even after
remission from their substance use. Individuals diagnosed
with mood disorders are also at an increased risk of attempt-
ing or completing suicide [5].

The Nationwide Emergency Department Sample (NEDS)
is the largest all-payor emergency department patient data-
base in the United States, yielding national estimates of hos-
pital-owned ED visits. Because so much previous research
examining risks associated with acetaminophen poisoning
relied on toxicology-specific datasets such as the National
Poison Data System (NPDS), the aim of this study was to
examine characteristics of patients who present to EDs with
acetaminophen poisoning using a large US database of
emergency department patients.

Methods
Study design

We performed a retrospective study of acetaminophen
overdose in NEDS (online at https://www.hcup-us.ahrq.
gov). NEDS is part of a family of databases developed for
the Healthcare Cost and Utilization Project (HCUP). A com-
plete description of the HCUP databases of US is available
at Nationwide HCUP website. Data in the NEDS registry
include ED visits from 995 hospitals located in 40 States
and the District of Columbia, approximating a 20-percent
stratified sample of U.S. hospital-owned EDs. All discharges
from these EDs were recorded and weighted to ensure that
they were nationally representative. Diagnoses for each hos-
pitalization were recorded utilizing the International Clas-
sification of Diseases, Tenth Revision, Clinical Modifica-
tion (ICD-10). In the NEDS, diagnoses are divided into a
principal diagnosis and one or more secondary diagnoses;
the principal diagnosis is the main reason for the ED visit.
Secondary diagnoses are any ICD-10 codes other than the
principal diagnosis. Use of the NEDS registry data for this
study was deemed exempt by the CCH Institutional Review
Board since all data are de-identified, anonymous, and pub-
licly available. All authors completed the HCUP Data Use
Agreement Training and followed all data use rules. Rel-
evant to this specific project, cells of the tables containing
hospitalization data between the values of 1 and 10 were
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not reported to protect hospital privacy per the HCUP data
service agreement.

Inclusion criteria and study variables

All adult ED visits with a principal diagnosis of acetami-
nophen overdose were selected as the primary study popula-
tion. Those without acetaminophen overdose as the principal
diagnosis served as the reference population. We used the
following ICD-10 codes to identify medical diagnoses:

T39.1 =poisoning by, adverse effect of, and overdosing of
4-aminophenol derivatives; F10 =alcohol-related disorders;
C00-D49 and D50-D89 =hematology/oncology diagno-
ses; F11 =opioid-related disorders; F12 =cannabis-related
disorders; F40, F41, F42, F43, F44, F45, and F48 = anxi-
ety disorders; F30, 31, F32, F33, F34, and F39 =mood
disorders; T14.91 and R45.851 =suicide attempt/idea-
tion. Study variables included age, gender, total charges,
median household income, and ED mortality. Median
household income by zip code was divided into quartiles:
Q1=%1—45,999; Q2 =$46,000—58,999; Q3 =$59,000—
78,999; Q4> $79,000.

Outcomes

The outcomes studied in adult ED visits included (1) a
description of the demographics and comorbidities of
patients with acetaminophen overdose versus patients with-
out acetaminophen overdose (2) an identification of vari-
ables associated with acetaminophen overdose, listed as
secondary diagnoses for all APAP-related ED visits.

Statistical analysis

Analyses were performed using STATA, version 16.1.
Descriptive statistics included weighted counts, percentages,
medians, and interquartile ranges (IQR). Univariate analysis
was used to calculate unadjusted odds ratios (ORs) for pre-
dictors of acetaminophen-overdose ED visits. All variables
with p values <0.20 were included in a multivariable logistic
regression model and were reported as an adjusted odds ratio
(OR,g4). p values <0.05 were considered significant in the
multivariable analysis.

Results

After weighting, there were 114,823,417 adult ED visits in
the 2018 NEDS; 27,792 of those had a principal diagnosis
of acetaminophen overdose (Table 1). The reference adult
population without the principal diagnosis of acetaminophen
overdose was 114, 795, 625. Relative to the non-acetami-
nophen group, the acetaminophen group was younger
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Table 1 Hospital characteristics of acetaminophen-overdose compared to non-acetaminophen-overdose ED visits

Adult ED visit characteristics Acetaminophen overdose Non-acetaminophen overdose p value
(n=27,192) (n=114,795,625)

Age, median (IQR) in years 32 (22-47) 47 (32-65) <0.0001

Female (%) 18,362 (66.1%) 65,411,386 (57.0%) <0.0001

Median household income
QI ($1-45,999) 9,099 (32.7%) 40,444,247 (35.2%) 0.0027
Q2 ($46,000-58,999) 7,288 (26.2%) 31,013,918 (27.0%) 0.2462
Q3 ($59,000-78,999) 6,123 (22.0%) 22,770,133 (19.8%) 0.0001
Q4 (>$79,000) 4,614 (16.6%) 18,474,732 (16.1%) 0.4471

Overdose risk factors (%)
Alcohol-related disorders 4379 (15.8%) 3,978,094 (3.5%) <0.0001
Anxiety disorders 8401 (30.2%) 9,568,243 (8.3%) <0.0001
Cannabis 2408 (8.7%) 1,633,024 (1.4%) <0.0001
Hematology/oncology 3691 (13.3%) 12,464,275 (10.9%) <0.0001
Mood disorders 14,555 (52.4%) 9,120,461 (7.9%) <0.0001
Opioid-related disorders 1139 (4.1%) 1,164,640 (1.0%) <0.0001
Suicide attempt/ideation 3386 (12.2%) 1,303,118 (1.1%) <0.0001
Died in ED, n (%) <10 (NR) 181,292 (0.2%) -

Total hospital charges ED, median (IQR) $3506 (2236-5,80) $2714 (1421-5209) <0.0001

ED emergency department, /QR interquartile range, n number, NR not reported since below permitted reporting threshold, Q quartile

(median age 32 vs 47 years; p <0.0001), were more likely to
be female gender (66.1% vs 57.0%; p <0.0001), had higher
median total ED charges ($3,506 vs $2,714; p <0.0001),
higher proportion of alcohol-related disorders abuse (15.8%
vs 3.5%; p<0.0001), higher proportion of anxiety disor-
ders (30.2% vs 8.3%; p <0.0001), higher proportion of
cannabis use (8.7% vs 1.4%; p <0.0001), higher propor-
tion of hematology/oncology diagnoses (13.3% vs 10.9%;
p <0.0001), higher proportion of mood disorders (52.4% vs
7.9%; p<0.0001), higher proportion of opioid-related dis-
orders (4.1% vs 1.0%; p <0.0001), and higher proportion of
suicide attempt/ideation (12.2% vs 1.1%; p <0.0001). Mor-
tality for acetaminophen was below the permitted HCUP
reporting threshold.

Univariable analysis

Univariable analysis showed the following variables had
an increased odds of ED visit for acetaminophen overdose
(Table 2): alcohol-related disorders, anxiety disorders, can-
nabis, female gender, Income Q3, hematology/oncology
diagnoses, mood disorders, opioid-related disorders, and
suicide attempt or ideation.

Multivariable analysis

Multivariable analysis showed the following variables had
an increased odds of ED visit for acetaminophen over-

dose (Table 3): alcohol-related disorders (ORadj =2.67,

Table 2 Univariate regression analysis for acetaminophen-overdose-
related ED visits

Variable Odds ratio p value 95% C.I

Age 0.96 <0.001 0.961-0.964
Alcohol-related disorders 5.21 <0.001 4.805-5.650

abuse

Anxiety disorders 4.77 <0.001 4.447-5.106
Cannabis 6.57 <0.001 5.926-7.291
Female 1.47 <0.001 1.385-1.560
Income Q1 0.89 0.003 0.832-0.962
Income Q2 0.96 0.246 0.896-1.029
Income Q3 1.14 <0.001 1.068-1.221
Income Q4 1.04 0.447 0.943-1.142
Hematology/oncology 1.26 <0.001 1.159-1.365
Mood disorders 12.74 <0.001 11.918-13.619
Opioid-related disorders 4.17 <0.001 3.626-4.798
Suicide attempt/ideation 12.08 <0.001 10.870-13.430

C.I. confidence interval, Q quartile

95% C.1. 2.444-2.9313), anxiety disorders (ORadj =1.24;
95% C.I. 1.140-1.340), cannabis (OR,4;=1.63; 95%
C.I. 1.468-1.811), female gender (OR,q;=1.45; 95%
C.I. 1.355-1.542), Income Q3 (OR,4;=1.09; 95% C.L
1.007-1.176), hematology/oncology (OR,4;=1.40; 95%
C.I. 1.281-1.521), mood disorders (ORadj= 10.07; 95%

C.1. 9.200-11.027), opioid-related disorders (ORadj =1.20;
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Table 3 Multivariable regression analysis for acetaminophen-over-
dose-related ED visits

Variable Odds ratio  p value 95% C.1
Age 0.96 <0.001 0.955-0.959
Alcohol-related disorders 2.67 <0.001 2.444-2913
Anxiety disorders 1.24 <0.001 1.140-1.340
Cannabis 1.63 <0.001 1.468-1.811
Female 1.45 <0.001 1.355-1.542
Income Q1 0.90 0.007 0.826-0.971
Income Q3 1.09 0.032 1.007-1.176
Hematology/oncology 1.40 <0.001 1.281-1.521
Mood disorders 10.07 <0.001 9.200-11.027
Opioid-related disorders 1.20 0.017 1.032-1.393
Suicide attempt/ideation 1.68 <0.001 1.488-1.907

C.I. confidence interval, Q quartile

95% C.I. 1.032-1.393), and suicide attempt or ideation
(ORadjz 1.68;95% C.I. 1.488-1.907).

Discussion

Acetaminophen overdose is the second most common reason
for liver transplant worldwide. It also remains one of the
leading causes of calls to poison control centers. Therefore,
understanding the epidemiology and risk factors associated
with acetaminophen toxicity remains crucial. The most
novel findings of the current study, not previously reported,
are the use of cannabis and history of hematology/oncol-
ogy comorbidities as independent risk factors for acetami-
nophen-overdose-related ED visits.

There was a higher prevalence of history of hematology/
oncology comorbidities among ED visits for acetaminophen
overdose compared to all other ED visits. Hematology/
oncology comorbidities were found to be an independent
risk factor for APAP-related ED visits. There could be sev-
eral potential reasons to speculate for this. Acetaminophen
remains a crucial part of chronic pain control regimens for
cancer patients as either easily available over-the-counter
medicine or prescription medicine in combination with other
pain control medications [6]. A study done on ED visits in
the US from 2006 to 2007 finds that about 56% of patients
with therapeutic misadventures leading to acetaminophen
overdose took higher doses for medicinal analgesic effect
[7]. Uncontrolled cancer pain remains a potential risk fac-
tor for cancer patients for this type of overdose. Based on a
study done in the US using the National Poison Data Sys-
tem (NPDS), acetaminophen in combination with opioids,
medications commonly used to control cancer pain, hold
a greater risk of both minor and severe hepatic injury [8].
Willy et al. studied analgesic-related ED visits from 2005
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to 2006 and report that the highest rate at 64% of ED visits
attributed to acetaminophen-related adverse events was for
narcotic-acetaminophen combination products [9]. While
several acetaminophen combination medications are used
to control cancer-related pain, prior literature has hinted
that combination medications may hold a greater risk of
an acetaminophen-related adverse event. It is also crucial
to highlight the risk of suicide in cancer patients. A large
population-based cohort study done over 16 years in the US
finds an overall elevated risk of suicide in cancer patients
[10]. A literature review in a nursing cancer journal pub-
lished over 10 years ago concluded that the risk of suicide
is approximately twofold higher in patients with cancer than
the general population [11]. As mentioned above, aceta-
minophen overdoses have already been linked to suicide
attempts; notably however, the risk in patients with history
of hematologic or oncologic comorbidity was independ-
ent of history of suicide attempt. This raises the concern of
underreported and underrecognized suicidal ideation among
cancer patients that could potentially contribute to the find-
ings. Further studies are needed to explore other possibilities
as well. This is particularly important during these times as
an up-going trend in the incidence of cancers is seen, and
by the year 2040, the number of new cancer cases per year
is expected to rise to 29.5 million.

Among the acetaminophen-overdose-related ED visits,
cannabis use was significantly more common than ED visits
for other diagnoses. This is a relatively new and pertinent
finding for clinical consideration. A study done between
1996 and 1998 reported chronic marijuana use was a risk
factor for hepatotoxicity alone or in combination with other
drugs [12]. A few animal studies have been undertaken to
study the effects of cannabis with acetaminophen to gauge
the consequences in humans. One such study reports that
cannabis significantly potentiates the acetaminophen hepato-
toxicity in rats [13]. Cannabis use is increasing in the United
States, especially since the recreational use of cannabis was
legalized in 21 states, medicinal use is legal in 37 states, and
several other states are discussing legalization [14]. About
43.5 million Americans over age 12 used reported using can-
nabis in 2018, and that number increased to 52.5 million in
2021 [15, 16]. In a recent study of cannabis users in the state
of Washington, almost half reported substituting their pre-
scription medications with cannabis [17]. It is imperative to
understand the long-term health outcomes of cannabis use
and drug interactions as the use of cannabis continues to
become widespread.

Other findings from our study were consistent with ear-
lier literature that showed female gender, mood disorders,
anxiety disorder, suicide attempt/ideation, alcohol-related
disorders, and opioid-related disorders are significantly more
prevalent in patients with acetaminophen poisoning-related
ED visits. The present study’s epidemiological findings for
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the population with APAP overdose are in concordance with
findings in published literature including the 2006-2010
NEDS database study of US population by Altyar et al.
[18]. Altyar et al. also find that the acetaminophen-over-
dose patients commonly had behavioral and mental health
comorbidities as well as alcohol abuse history. Similarly, Li
and Martin conducted an analysis of ED visits for acetami-
nophen overdose in 2011 and noticed that behavioral and
mental health comorbidities were common among these
patients. This included depression, psychosis, drug abuse,
and alcohol abuse [19]. The linkage between psychiatric dis-
orders, suicidality, and acetaminophen poisoning has been
observed across other works as well [20-23].

To emphasize, it can be estimated from the findings in
our study that an increasing number of patients are at risk
for acetaminophen toxicity as patients have easier access
to cannabis and rate of hematologic diagnoses continues to
increase globally, especially cancers. While acetaminophen
will expectedly remain a primary choice of non-opioid pain
control medication by clinicians, it is crucial to be aware
of the at-risk population when exposing them to the drug.
Whereas our study included data from NEDS 2018, it is dif-
ficult to ignore the dramatic socioeconomic and healthcare
changes that followed with the COVID-19 pandemic. There
was a concurrent psychiatric pandemic of mental health dis-
orders and increasing use of alcohol and other illicit drugs
[24, 25]. It is reasonable to argue that estimates of APAP-
overdose-related ED visits in the future could be worse
than estimated through this present study, due to increasing
exposure to the risk factors identified. Prevention strategies
should be implemented, and additional research should be
undertaken for strategic implementation of policies and
guidelines to avoid potentially preventable harm.

There are many strengths to our analysis. It includes
a large cohort sample from NEDS, representative of the
national US population estimates for ED utilization during
a single year. However, it is important to acknowledge limi-
tations in our study. First, use of the NEDS registry includes
limitations inherent in all registry data—rather than exact
counts, the registry produces national US estimates using
rigorous sampling methodology, and thus some data may
be incomplete or lacking specific granularity. For example,
we were unable to identify the clinical and therapeutic char-
acteristics of the acetaminophen-related ED visits including
quantity ingested, timing of ingestion prior to ED arrival,
the severity of acetaminophen toxicity, if taken as a com-
bination pill or with other medications, timing or reason
for treatment strategies implemented, and other antidote
requirements in the ED setting as the data was extracted
using ICD-10 billing codes. Second, the data reflect total ED
visits only and not individual patients, and for this reason,
a single patient visiting an ED more than once for aceta-
minophen overdose during that same time period cannot

be discerned. Third, errors during medical chart abstrac-
tion into the NEDS registry or miscoding of ED charts are
possible. The rigor of HCUP’s NEDS has been compared
to the National Hospital Ambulatory Medical Care Survey
(NHAMCS), CDC’s National Electronic Injury Surveillance
System, and other nationally representative data registries in
the US, and all undergo annual reassessment of their reliabil-
ity and quality to minimize these types of errors. Previous
studies using NEDS have informed policymakers on emerg-
ing and evolving trends. Importantly, previously confirmed
risks associated with acetaminophen poisoning using differ-
ent study methodologies, such as alcohol-related disorders
and depression, were also found in our study, and thus we
believe the data in NEDS are reliable and provide important
findings for future research to examine evolving risks for
acetaminophen poisoning treated in emergency departments.
Finally, since NEDS is limited to the ED visit, inpatient hos-
pital data, transfers to other healthcare settings from the ED,
and post-ED visit outcomes in these patients were unable to
be assessed. Future research should examine the findings in
NEDS in conjunction with other nationally representative
registries for a more complete understanding of the burden
of acetaminophen poisoning on the US healthcare system.

Conclusion

In addition to previously recognized risks, cannabis use and
hematology/oncology comorbidities were more common
among acetaminophen-overdose ED visits. These findings
are concerning because of rapid legalization of cannabis
and the increasing incidence of cancer worldwide. Addi-
tional investigation into these risks should be a priority asso-
ciation for clinicians, policymakers, and researchers.
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