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ABSTRACT

Acetaminophen (APAP), also known as paracetamol, is one of the most widely used over-the-counter analgesic
and antipyretic agent, but its toxicity remains a significant public health concern. APAP poisoning is a leading
cause of acute liver failure worldwide, resulting in significant morbidity and mortality. This comprehensive review
aims to provide an in-depth examination of APAP poisoning, encompassing its epidemiology, pathophysiology,
risk factors, clinical presentation, diagnosis, treatment, and prevention strategies. The review highlights the
importance of prompt recognition and treatment, as well as the need for education and awareness campaigns to
prevent APAP poisoning. Furthermore, it emphasizes the significance of regulatory measures, packaging and
labeling modifications, and technological interventions in reducing APAP-related harm. This review serves as a
valuable resource for healthcare professionals, researchers, and policymakers seeking to understand and address

the complexities of APAP poisoning.

KEYWORDS: Acetaminophen poisoning, Liver failure, Overdose, Hepatotoxicity, Medication safety,

Therapeutic intervention.

I. INTRODUCTION

Acetaminophen (APAP) poisoning is a pervasive and
potentially life-threatening condition that affects millions
worldwide. According to the American Association of
Poison Control Centers, APAP toxicity accounts for
approximately 50,000 emergency department visits
annually in the United States.™ Globally, APAP-induced
liver injury is estimated to occur in over 100,000
individuals each year, resulting in significant morbidity
and mortality. In the United States, APAP poisoning is
the leading cause of acute liver failure (ALF), accounting
for 40-50% of all ALF cases.”®! The economic burden of
APAP poisoning is substantial, with estimated annual
healthcare costs exceeding $1.7 billion (Miller and
Russo, 2017)."1 Despite advancements in treatment,
APAP poisoning remains a significant public health
concern, highlighting the need for improved prevention
strategies and therapeutic interventions.! According to
the American Association of Poison Control Centers
(AAPCC), there were over 103,000 reported cases of
acetaminophen overdose in the United States in 2020
alone.®™ Globally, the incidence of APAP-induced liver
injury is estimated to be around 40-50 cases per 100,000
population per year.?
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A study published in the journal Hepatology found that
acetaminophen overdose accounts for approximately
50% of all cases of acute liver failure in the United
States.®’! Furthermore, APAP-induced liver injury is
resp[%nsible for estimated 450-500 deaths annually in the
us.

Epidemiology of Acetaminophen Poisoning
Acetaminophen (also known as paracetamol) poisoning
is a significant public health concern worldwide, being
one of the most common causes of acute liver failure and
poisoning-related deaths.

Incidence and Prevalence

According to the American Association of Poison
Control Centers (AAPCC), acetaminophen poisoning
accounts for approximately 50,000 to 60,000 reported
cases annually in the United States.”® A study published
in the Journal of Clinical Pharmacology estimated that
the annual incidence of acetaminophen overdose in the
US is approximately 15.6 per 100,000 populations.™
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Demographics

Age

Acetaminophen poisoning affects all age groups, but the
majority of cases occur among adults, particularly young
adults (20-39 years)™! due to a combination of factors

1. Increased Autonomy: Young adults often have
more independence, making it easier to access and
misuse medications.!*"!

2. Substance Abuse: Young adults are more likely to
engage in substance abuse, including prescription
medications and illicit substances, which increase the
risk of acetaminophen overdose.*!

3. Mental Health Concerns: Young adulthood is a
critical period for mental health, with increased rates of
depression, anxiety, and suicidal ideation, leading to
intentional overdoses.™

4. Lack of Health Education: Young adults may lack
knowledge about safe medication use, dosing, and
potential interactions.!*!

5. Easy Access: Acetaminophen is widely available
over-the-counter (OTC) and often stored in homes,
making it easily accessible for impulsive decisions.™!

6. Social Pressures: Young adults may face significant
social pressures, including relationships, academic or
career stress, and peer influences.!*

7. Alcohol Consumption: Young adults are more
likely to engage in binge drinking, which increases the
risk of acetaminophen-induced liver damage.™*®

Sex

Females are more likely to experience acetaminophen
overdose than males.” Research suggests that females
are more likely to experience acetaminophen overdose
than males due to a combination of biological,
psychological, and sociological factors. The possible
reasons are

A. Biological Factors

1. Hormonal Differences: Females tend to have lower
levels of glutathione, a key antioxidant that helps
detoxify acetaminophen.™®

B. Body Composition: Women generally have a higher
percentage of body fat, which can lead to increased
acetaminophen concentrations. !

C. Psychological Factors

1. Mental Health: Women are more likely to
experience depression, anxiety, and other mental health
conditions, increasing the risk of intentional overdose.™*”!

2. Stress and Coping Mechanisms: Women may be
more likely to wuse acetaminophen as a coping
mechanism for stress and emotional pain.*
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D. Sociological Factors

1. Healthcare-Seeking Behavior: Women are more
likely to seek medical attention for health issues,
including overdoses.™®

2. Social Roles and Expectations: Women may face
greater social pressure, caregiving responsibilities, and
relationship stress, contributing to increased stress and
overdose risk.!¥

E. Socioeconomic Factors: Women are more likely to
experience  poverty, unemployment, and other
socioeconomic challenges, increasing vulnerability to
overdose.™

Other Factors

1. Prescription and Medication Use: Women are
more likely to use prescription medications, including
those that interact with acetaminophen.®}

2. Help-seeking behavior: Women may be more
likely to report overdoses and seek help due to social
norms and stigma.l*”!

It's essential to note that these factors are not exhaustive,
and individual circumstances can vary greatly.
Addressing these disparities requires a comprehensive
approach, including education, mental health support,
and healthcare access.

Mortality

According to the 2020 Annual Report of the American

Association of Poison Control Centers' National Poison

Data System (NPDS), the mortality rate for

acetaminophen overdoses is as follows:

e Total exposures: 117,323

o Fatalities: 417

e Mortality rate: 0.355% (417 deaths / 117,323
exposures).*"!

Pathophysiology of Acetaminophen Toxicity

Despite the safety profile of Acetaminophen at
therapeutic doses, overdosing on APAP can lead to
severe liver damage, known as acetaminophen-induced
hepatotoxicity. This potentially life-threatening condition
is the leading cause of acute liver failure in the Western
world.®

Metabolism of Acetaminophen

APAP is primarily metabolized in the liver by three main
pathways

1. Glucuronidation: APAP is converted to APAP-
glucuronide, which accounts for approximately 50-60%
of APAP metabolism.®!

2. Sulfation: APAP is converted to APAP-sulfate,
accounting for around 20-30% of APAP metabolism.®

3. Cytochrome P450 (CYP): Specifically, CYP2E1
and CYP3A4, convert APAP to a highly reactive
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intermediate, N-acetyl-p-benzoquinone imine (NAPQI),
which accounts for approximately 5-10% of APAP
metabolism.™*"!

Formation of Toxic Metabolites
N-acetyl-p-benzoquinone imine (NAPQI) is the primary
toxic metabolite responsible for APAP-induced
hepatotoxicity. At therapeutic doses, NAPQI is
detoxified by glutathione (GSH), a cellular antioxidant.
However, when APAP doses exceed 10-15 grams, the
glucuronidation and sulfation pathways become
saturated, shifting metabolism towards CYP-mediated
production of NAPQLF! This excessive NAPQI
production depletes GSH stores, allowing NAPQI to
accumulate and initiate cellular damage.

Cascade of Events Leading to Hepatotoxicity

The accumulation of NAPQI triggers a series of events
leading to hepatotoxicity

1. Covalent Binding: NAPQI binds to cellular
proteins, forming adducts that disru?t normal protein
function and initiate oxidative stress.?°

2. Mitochondrial  Dysfunction: NAPQI-protein
adducts impair mitochondrial function, leading to ATP
depletion and increased reactive oxygen species (ROS)
production.[!

3. c¢-Jun N-Terminal Kinase (JNK) Activation: ROS
activate c-Jun N-terminal kinase which translocates to
mitochondria, amplifying oxidative stress and promoting
mitochondrial permeability transition.!??

4. Necrosis and Apoptosis: Severe oxidative stress
and ATP depletion trigger necrotic and apoptotic cell
death, leading to massive hepatocyte destruction.?®

5. Inflammation: The release of cellular contents and
damage-associated  molecular  patterns  (DAMPS)
activates an inflammatory response, recruiting immune
cells and exacerbating tissue damage.?”

Clinical Presentation of Acetaminophen Poisoning
Acetaminophen (APAP) poisoning can present with a
range of symptoms, from mild to severe, depending on
the dose, duration, and specific individual factors.

Early Stages (0-24 hours)

1. Asymptomatic: =~ Many  patients may be
asymptomatic or exhibit mild symptoms, making early
diagnosis challenging.

2. Nausea and Vomiting: Patients may experience
nausea, vomiting, and abdominal discomfort.’?*!

3. Fatigue and Malaise: Generalized fatigue, malaise,
and lethargy are common.!*”
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Intermediate Stages (24-48 hours)

1. Right Upper Quadrant Pain: Abdominal pain,
particularly in the right upper quadrant, may indicate
liver involvement.?®

2. Elevated Liver Enzymes: Alanine transaminase
(ALT) and aspartate transaminase (AST) levels rise,
indicating hepatocellular damage.®

3. Coagulopathy: Prolonged prothrombin time (PT)
and elevated international normalized ratio (INR)
indicate coagulopathy.?”

Late Stages (48-72 hours)

1. Acute Liver Failure: Severe hepatocellular damage
leads to liver failure, characterized by encephalopathy,
ascites, and jaundice.l”

2. Renal Failure: Acute kidney injury may occur, with
elevated creatinine and urea levels.!®!

3. Cardiovascular Complications:  Hypotension,
cardiac arrhythmias, and cardiac arrest can occur.?*

Special Considerations
1. Pediatric Patients: Children may present with
vomiting, irritability, and lethargy.?*

2. Geriatric Patients: Older adults may exhibit
confusion, disorientation, and decreased liver
function.l%

3. Chronic Alcohol Consumption: Patients with
chronic alcohol use may experience more severe liver
damage.®”!

Diagnostic Evaluation
1. APAP Levels: Measure APAP levels to determine
toxicity.[!

2. Liver Function Tests: Monitor ALT, AST, PT, and
INR to assess hepatocellular damage.

3. Imaging Studies: Ultrasound or CT scans may be
necessary to evaluate liver damage.™®

Diagnosis of Acetaminophen Poisoning

The diagnosis of acetaminophen poisoning requires a
combination of clinical evaluation, laboratory tests, and
toxicology screening.

Clinical Evaluation
1. History of Ingestion: Timing, amount, and type of
acetaminophen product.l*]

2. Symptom  Assessment:  Nausea, vomiting,
abdominal pain, lethargy, and jaundice.??
3. Physical Examination: Right upper quadrant

abdominal tenderness, mental status changes."
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Laboratory Tests
1. Serum Acetaminophen Concentration: Measured
using high-performance liquid chromatography (HPLC)
or immunoassay.®

2. Liver Function Tests (LFTs): Alanine
transaminase (ALT), aspartate transaminase (AST),
bilirubin, and alkaline phosphatase.®"

3. Prothrombin Time (PT) and International
Normalized Ratio (INR): Coagulopathy assessment.*”

4. Creatinine and Blood Urea Nitrogen (BUN): Renal
function evaluation.!

Diagnostic Criteria

1. Serum acetaminophen concentration > 150 pg/mL at
4 hours post-ingestion.™*

2. ALT > 1000 IU/L within 48 hours post-ingestion.>!
3. INR > 1.5 within 48 hours post-ingestion.**

4. Bilirubin > 2 mg/dL within 48 hours post-
ingestion.l*4

Laboratory Findings

1. Elevated Serum Acetaminophen Levels

> 200 pg/mL (10-24 hours post-ingestion).*!

Peak levels typically occur 4-6 hours post-ingestion.

2. Increased Liver Enzymes
Alanine Transaminase (ALT): > 1000 1U/L.Y
Aspartate Transaminase (AST): > 1000 1U/L.B4

3 Elevated International Normalized Ratio (INR)
> 1.5 (indicative of coagulopathy).®

4. Renal Dysfunction
Elevated Creatinine: > 2.0 mg/dL."
Blood Urea Nitrogen (BUN): > 30 mg/dL.E"

5. Electrolyte Imbalance
Hypokalemia: < 3.5 mmol/L.E®
Hypophosphatemia: < 2.5 mg/dL .

6. Metabolic Acidosis
pH < 7.3.%¢
Lactate: > 2 mmol/L.B®

CBC Findings

1. Leukocytosis (elevated white blood cell count): >
10,000/uL.! peak levels typically occur 24-48 hours
post-ingestion.[*"!

2. Neutrophilia (elevated neutrophil count): > 70% of
total WBC count.*!

3. Lymphopenia (decreased lymphocyte count): < 20%
of total WBC count.!*

4. Anemia (decreased hemoglobin): < 12 g/dL.1*!

5. Thrombocytopenia (decreased platelet count): <
150,000/pu1.24
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Peripheral Blood Film Appearance

1. Toxic Neutrophilia: Presence of immature neutrophils
(e.g., band forms, metamyelocytes).*"!

2. Neutrophilic Leukocytosis: Increased number of
neutrophils.”!

3. Left Shift: Presence of immature white blood cells
(e.g., myelocytes, promyelocytes).“”

4. Thrombocytopenia: Reduced platelet count.[*!

5. Anisocytosis: Variation in red blood cell size."!

6. Poikilocytosis: Abnormal red blood cell shapes. %

Specific Features

1. Presence of Councilman Bodies: Councilman bodies
are small, eosinophilic, globular structures that represent
apoptotic hepatocytes. They are typically seen in liver
biopsies or autopsy specimens of individuals with acute
liver injury, including acetaminophen-induced liver
failure.%

Treatment

Prompt recognition of acetaminophen poisoning and
treatment are crucial to prevent liver damage and
improve outcomes.

1. Activated Charcoal: Administer within 1-2 hours
of ingestion to reduce APAP absorption.

2. N-Acetylcysteine (NAC): This is the antidote of
choice for APAP poisoning.

e Oral NAC: 140 mg/kg loading dose, followed by 70
mg/kg every 4 hours for 17 doses.[*"]

e Intravenous NAC: 150 mg/kg over 1 hour, followed
by 50 mg/kg over 4 hours, and then 100 mg/kg over 16
hours. !

3. Liver Function Monitoring: LFTs and APAP
levels should be measured every 24 hours.??

Prevention of Acetaminophen Poisoning

1. Education: Public awareness campaigns to promote
safe APAP use.

2. Packaging: The quantity of tablets per package
should be limited.

3. Prescriber Education:
practices should be encouraged.

Responsible prescribing

Prognosis  and Long-Term Outcomes  of
Acetaminophen Poisoning

The prognosis and long-term  outcomes  of
acetaminophen poisoning depend on various factors,
including the dose ingested, time to treatment, and

individual patient characteristics.

Mortality Rates

The mortality rate for APAP poisoning has decreased
significantly over the past few decades due to improved
treatment options and increased awareness. According to
the American Association of Poison Control Centers
(AAPCC), the mortality rate for APAP poisoning is
approximately 0.4-1.4%.™ However, mortality rates can

ISO 9001:2015 Certified Journal | 31



Ifenkwe et al.

be as high as 20-30% in patients with severe liver
failure.[?"]

Complications

APAP poisoning can lead to severe complications,
including

Chronic Liver Disease: Although rare, APAP-induced
acute liver failure (ALF) can progress to chronic liver
disease (CLD) in some patients.?

Kidney Failure: Acute Kidney injury (AKI) occurs in
approximately 20-50% of patients with APAP-induced
ALF BT

Pancreatitis: Inflammation of the pancreas occur in up
to 15% of patients with APAP-induced ALF."

Cerebral Edema: This is a life-threatening complication
occurring in approximately 20% of patients with APAP-
induced ALF.1*!

Impact on Quality of Life

Survivors of APAP poisoning may experience

1. Emotional and Psychological Trauma:
Depression, anxiety, and post-traumatic stress disorder
(PTSD) are common among survivors.*

2. Cognitive Impairment: Some patients may
experience cognitive impairment, particularly those with
severe liver failure. Cognitive impairment is a potential
complication of acetaminophen poisoning, particularly in
patients with severe liver failure.

3. Increased Risk of Future Liver Problems: Patients
with pre-existing liver conditions are at higher risk of
developing chronic liver disease.?®

Long-Term Outcomes

Studies have shown that survivors of APAP poisoning
can recover fully, with no long-term liver damage, if
treated promptly and effectively.”® However, in severe
cases, liver transplantation may be necessary.

Predictors of Poor Outcome

Several factors are associated with poor outcomes in
APAP poisoning. They include

1. Delayed Treatment: Treatment delay exceeding 24
hours after ingestion results to poor outcomes.®”

2. High APAP Levels: Serum APAP levels >300
pg/mL produce fatal results.*!

3. Severe Liver Failure: Patients with INR >3, serum
creatinine >2.6mg/dl, and hepatic encephalopathy grade
11 or IV usually have poor outcomes.?”)

The Risk Factors for Acetaminophen Poisoning

Acetaminophen poisoning is a complex condition with
multiple risk factors. Understanding these risk factors
can help healthcare providers identify individuals at
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increased risk and implement preventive measures to
reduce the incidence of acetaminophen toxicity.

Several risk factors contribute to the development of
acetaminophen poisoning, which can be categorized into
three main groups: patient-related, medication-related,
and environmental factors.

Patient-Related Risk Factors

1. Age: Children under 6 years and adults over 65
years are more susceptible to acetaminophen toxicity due
to differences in metabolism and pharmacokinetics."

2. Liver Disease: Patients with pre-existing liver
disease, such as cirrhosis or hepatitis, are more
vulnerable to acetaminophen-induced liver damage.*!

3. Chronic Alcohol Use: Chronic alcohol consumption
can induce cytochrome P450 enzymes, increasing the
risk of acetaminophen toxicity.®

4. Malnutrition: Malnourished individuals may have
decreased glutathione stores, making them more
susceptible to acetaminophen-induced liver damage.®®

5. Genetic Variations: Certain genetic variations, such
as polymorphisms in the CYP2D6 gene, can affect
acetaminophen metabolism and increase the risk of
toxicity.")

6. Pregnancy: Pregnant women may be at increased
risk of acetaminophen toxicity due to changes in
metabolism and pharmacokinetics.!®®

7. Psychiatric Disorders: Patients with psychiatric
disorders, such as depression or anxiety, may be at
increased risk of intentional acetaminophen overdose.®

Medication-Related Risk Factors

1. Dose and Duration: Taking high doses of
acetaminophen (>4g/day) or taking it for extended
periods (>3 days) increases the risk of toxicity.*!

2. Combination Products: Taking combination
products  containing  acetaminophen and  other
medications, such as opioids, can increase the risk of
overdose.l”

3. Multiple Prescriptions:  Receiving  multiple
prescriptions  for  acetaminophen from  different
healthcare providers can increase the risk of overdose.®!

4. Formulation: Liquid formulations of
acetaminophen may be more easily overdosed than tablet
or capsule formulations.!®!

Environmental Risk Factors

1. Accessibility: Easy access to acetaminophen-
containing medications in the home increases the risk of
overdose.[®”
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2. Lack of Education: Limited knowledge about
acetaminophen safety and dosing can contribute to
overdose.”™

3. Healthcare Provider Error: Healthcare provider
errors, such as incorrect dosing or prescription, can
increase the risk of acetaminophen toxicity.*?

4. Pharmacy Error: Pharmacy errors, such as
dispensing incorrect medications or dosages, can also
contribute to acetaminophen toxicity.!

Other Risk Factors

1. Concomitant Medications: Certain medications,
such as warfarin or rifampicin, when taken together with
acetaminophen can interact with acetaminophen and
increase the risk of toxicity.*

2. Fasting: Fasting or starvation can decrease
glutathione stores, making individuals more susceptible
to acetaminophen-induced liver damage.”®

3. Chronic Disease: Patients with chronic diseases,
such as diabetes or kidney disease, may be at increased
risk of acetaminophen toxicity due to altered metabolism
and pharmacokinetics.’?®

Prevention Strategies for Acetaminophen Poisoning
Preventing acetaminophen poisoning requires a multi-
faceted approach that involves public health campaigns,
regulatory measures, and educational interventions
targeting both healthcare providers and the general
public.

Public Health Campaigns

1. Awareness Campaigns:  Public  awareness
campaigns can educate the general public about the risks
of acetaminophen overdose and the importance of safe
dosing practices.'*”

2. Labeling and Packaging: Improved labeling and
packaging of acetaminophen-containing products can
help prevent overdose by Providing clear dosing
instructions and warning labels.!®®

3. National Poison Prevention Week: Observing
National Poison Prevention Week can raise awareness
about the dangers of acetaminophen poisoning and
promote safe medication practices.

Regulatory Measures

1. Dose Limitations: Limiting the maximum dose of
acetaminophen per tablet or capsule can reduce the risk
of overdose.*®

2. Prescription Strength: Restricting prescription-
strength acetaminophen to prescription-only can reduce
the risk of overdose. A study published in the Journal of
Medical Toxicology found that prescription-strength
acetaminophen was associated with a higher risk of
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overdose and liver injury compared to over the counter
(OTC) formulations.™!

3. Behind-the-Counter Sales: Requiring behind-the-
counter sales of acetaminophen-containing products can
reduce the risk of overdose by ensuring that consumers
receive counseling from a pharmacist.!*’

Educational Interventions for Healthcare Providers
1. Continuing Education: Providing continuing
education programs for healthcare providers on safe
acetaminophen prescribing practices can reduce the risk
of overdose.*®!

2. Clinical Guidelines: Developing and disseminating
clinical guidelines for acetaminophen prescribing can
promote safe dosing practices.

3. Electronic  Health  Records: Incorporating
acetaminophen dosing guidelines into electronic health
records can reduce the risk of overdose by providing
healthcare providers with real-time, patient-specific
dosing recommendations. This will help to reduce errors
and inconsistencies in acetaminophen prescribing and
increase adherence to evidence-based guidelines and
recommendations.®!

Educational Interventions for the General Public

1. Patient Education: Educating patients about safe
acetaminophen dosing practices and the risks of overdose
can reduce the risk of poisoning.

2. Medication Guides: Providing medication guides
with acetaminophen-containing products can educate
consumers about safe dosing practices.

3. Community Outreach: Conducting community
outreach programs can educate the general public about
the risks of acetaminophen poisoning and promote safe
medication practices.

Pharmacy-Based Interventions

1. Pharmacist Counseling: Providing pharmacist
counseling on safe acetaminophen dosing practices can
reduce the risk of overdose.["!

2. Automated Dispensing Systems: Implementing
automated dispensing systems can reduce the risk of
overdose by limiting the quantity of acetaminophen
dispensed.l"]

3. Barcode Scanning: Using barcode scanning to track
acetaminophen dispensing can reduce the risk of
overdose by ensuring accurate dosing.!"”

Future Directions and Research Needs in
Acetaminophen Poisoning

Acetaminophen poisoning remains a significant public
health concern, and despite advances in treatment, there

is still a need for further research to improve outcomes
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and prevent fatal conditions. Several areas require
attention, including the development of novel treatment
modalities, the identification of biomarkers for early
diagnosis, and the exploration of genetic susceptibility
factors.

Novel Treatment Modalities

1. N-Acetylcysteine Alternatives: Developing
alternative antidotes to N-acetylcysteine, such as N-
acetylcysteine  amide, may improve treatment
outcomes.!™

2. Hepatocyte Growth Factor: Investigating the role
of hepatocyte growth factor in promoting liver
regeneration after acetaminophen-induced liver injury
may lead to new therapeutic strategies.!’

3. Stem Cell Therapy: Exploring the potential of stem
cell therapy to repair or replace damaged liver cells may
offer a promising approach for treating acetaminophen-
induced liver failure.["™

Biomarkers for Early Diagnosis

1. MicroRNA Biomarkers: Identifying microRNA
biomarkers for early detection of acetaminophen-induced
liver injur?/ may enable timely intervention and improve
outcomes.!"®

2. Proteomic Analysis: Conducting proteomic analysis
of serum samples from patients with acetaminophen
poisoning may reveal novel biomarkers for early
diagnosis./”

3. Metabolomics: Investigating changes in metabolite
profiles after acetaminophen overdose may lead to the
discovery of new biomarkers for early detection.[’™

Genetic Susceptibility Factors

1. Genetic Variants: Identifying genetic variants
associated with increased susceptibility  to
acetaminophen-induced  liver injury may inform
personalized treatment strategies.!”

2. Epigenetic Modifications: Investigating epigenetic
modifications that contribute to acetaminophen-induced
liver injury may reveal new therapeutic targets.®"!

3. Pharmacogenomics: Developing pharmacogenomic
approaches to predict individual responses to
acetaminophen may reduce the risk of overdose and liver
injury.t”

Other Research Directions

1. Personalized Medicine: Developing personalized
treatment strategies based on individual characteristics,
such as genetic predisposition and liver function, may
improve outcomes.®”

2. Acetaminophen-Induced Liver Injury in Special
Populations: Investigating acetaminophen-induced liver
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injury in special populations, such as pregnant women
and children, may reveal unique susceptibility factors
and treatment needs.™"!

3. Prevention Strategies: Evaluating the effectiveness
of prevention strategies, such as public education
campaigns and regulatory measures, may inform
evidence-based policy decisions.!®”
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