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Abstract

Background and Aims: Unintentional acetaminophen over-
dose remains the leading cause of acute liver failure in the
United States. Patients with underlying liver disease are at
higher risk of poor outcomes from acetaminophen overdose.
Limited knowledge of acetaminophen may be a preventable
contributor to elevated rates of overdose and thus acute liver
failure. The purpose of this study is to assess knowledge of
acetaminophen dosing and presence of acetaminophen in
common combination products in patients with liver disease.
Methods: We performed a cross-sectional study of patients
with liver disease at the Pfleger Liver Institute at the Univer-
sity of California, Los Angeles between June 2015 and August
2016. Patients completed a demographic questionnaire and
an acetaminophen knowledge survey. Additional information
was obtained from the medical record. Results: Of 401 pa-
tients with liver disease, 30 (15.7%) were able to correctly
identify that people without liver disease can safely take up to
4 g/day of acetaminophen. The majority of patients (79.9%–
86.8%) did not know that Norco® (hydrocone/acetamino-
phen), Vicodin® (hydrocone/acetaminophen) and Percocet®
(oxycodone/acetaminophen) contained acetaminophen. Only
45.3% of the patients knew that Tylenol® #3 contained acet-
aminophen.Conclusions: We conclude that patients with liver
disease have critically low levels of knowledge of acetamino-
phen, putting them at risk both of acetaminophen overdose,
as well as undermedication, and inadequate management of
chronic pain. We recommend an increase in education efforts
regarding acetaminophen dosage and its safety in the setting
of liver disease. Increasing education for those at risk of low
acetaminophen knowledge is essential to minimizing acetami-
nophen overdose rates and optimizing pain management.

© 2016 The Second Affiliated Hospital of Chongqing Medical
University. Published by XIA & HE Publishing Inc. All rights
reserved.

Introduction

Acetaminophen is the most commonly used analgesic in the
United States. Its use is indicated in a wide range of ailments,
such as osteoarthritis, migraine headaches and fever.1–3 Part
of its attractiveness is that it is inexpensive, well tolerated and
readily available in oral formulations.4 In 2008 alone, there
were 24.6 billion doses consumed in the United States.5

Tylenol® can be consumed alone, or as part of an analgesic
combination. While this drug is of benefit to many, it also
comes with many risks, as acetaminophen is the most
common cause of drug-induced liver failure in the United
States.6

Approximately 60,000 people are hospitalized each year
in the United States for acetaminophen overdose complica-
tions.7 The percentage of these individuals who receive a
diagnosis of acetaminophen-induced liver toxicity has risen
from 6% in 1998 to 13% in 2011.6 In most individuals, the
overdose is accidental.6,8,9 These individuals unintentionally
consume excessive acetaminophen due to a lack of knowl-
edge of the maximal safe dose of acetaminophen itself, or
lack of awareness of the quantity of common analgesics,
which contain acetaminophen.10 Certain patient scenarios
accompanying acetaminophen overdose are linked to poorer
outcomes, such as chronic alcohol consumption, uninten-
tional overdose, and underlying liver disease.11–16

In patients with chronic liver disease, the prevalence of
unintentional acetaminophen overdose is disproportionately
high, compared to those without known liver disease.12,17 As
patients with cirrhosis may have impaired hepatic function to
metabolize certain drugs,18 the consumption of a dose of
acetaminophen lower than recommended daily maximum
might lead to acute liver injury.19 Providing safe and effective
analgesia to patients with cirrhosis can be a clinical challenge.
Despite the increased risk of overdose toxicity, acetamino-
phen is still considered the safest analgesic for patients with
liver cirrhosis.20,21 Acetaminophen is preferred over nonster-
oidal anti-inflammatory drugs (NSAIDs) in patients with liver
disease because of the risk of nephrotoxicity, gastrointestinal
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toxicity and platelet impairment associated with medications
in that class.20,22–25

While not much is known specifically about the safety of
acetaminophen use in patients with liver disease, experts
recommend a maximum daily dose of 4 g/day for patients
with hepatic impairment.20,22,26,27 These recommendations
are based on several randomized trials and observational
studies whose outcome were changes in findings of liver-
associated tests and/or worsening liver function.28–33 In
2009, the US Food and Drug Administration (FDA) advisory
committee issued a relabeling of acetaminophen-containing
products to better inform patients with liver disease about a
potential risk of further liver injury.34 However, patients’
understanding of acetaminophen dose after relabeling of
acetaminophen containing products has not been studied in
patients with liver disease. Our hypothesis is that patients
with known liver disease have inadequate knowledge about
daily acetaminophen dosage recommendations and common
pain medications that contain acetaminophen.

Methods

Study subjects

This observational, cross-sectional study included adult
patients with liver disease who were seen for follow-up at the
Pfleger Liver Institute, University of California, Los Angeles.
The study was conducted from June 2015 to August 2016. The
surveys and informed consent processes were administered in
both English and Spanish, and translation services were
provided for patients whose native language was neither
English nor Spanish.

All eligible patients seen in the Pfleger Liver Institute were
invited to participate in the study by investigators during
their visit at the clinic. Following a short verbal explanation
of the study, participants were administered questionnaires
as described below. Participation in the study was voluntary
and there was no compensation offered. The University of
California, Los Angeles Institutional Review Board approved
the study.

The medical records of all study participants were accessed
in order to obtain information about the patients’ insurance
type, liver disease categorization, and whether or not they
have a diagnosis of cirrhosis. Liver disease diagnosis was
categorized as hepatitis B, autoimmune hepatitis, hepatocel-
lular cancer, hepatitis C, non-alcoholic fatty liver disease,
alcoholic hepatitis, acetaminophen hepatotoxicity, or other.

Questionnaires

Each participant completed one self-administered question-
naire, which was separated into a section for demographics,
a section for patient preferences for education on medicine,
and a section that assessed their knowledge of appropriate
Tylenol® use for patients with liver disease. Questions were
written with an 8th grade reading level as the intended
complexity.

The demographics section involved 9 questions including
inquiries regarding patient age, gender identity, ethnicity,
education, income, employment status, and how long the
patient had known about their liver disease. The knowledge
assessment consisted of 13 questions including whether
or not Norco, Vicodin, Percocet, or Tylenol® #3 have acet-
aminophen, the maximum tablets of each strength of the

previously mentioned analgesic that can be safely taken daily,
and the maximum daily amount of acetaminophen that can be
safely taken by patients with and without liver cirrhosis.

Statistics

Responses to Tylenol® knowledge survey questions were
formatted for statistical analysis as either correct or incorrect.
Correct answers to survey questions were based on medi-
cation package inserts.35–38 Answers marked as ‘not sure’
were coded as incorrect. Answers left blank by the participant
were coded as incorrect. Discrete variables were presented as
the number of participants belonging to that group, followed
by the percentage equivalent in parenthesis. Continuous data
were presented as a median with interquartile range (IQR) in
parenthesis, unless otherwise specified. A t-test or Wilcoxon
rank sum test was used to compare continuous variables
based on distribution of data and a Fisher’s exact test or chi-
square test was used to compare discrete data. All tests were
two-sided and a p-value below 0.05 was considered statisti-
cally significant. Some variables were formatted for the multi-
variable model. Age, education and pain medication use
within 6 months were dichotomized and employment status
was combined with amount worked. Variables were entered
into the multivariable model if they were significant at the
0.10 level on univariate analysis. The multivariable model
was a logistic regression.

Results

Demographics

A total of 401 patients with liver disease were enrolled over a
period of 15 months. The demographic characteristics of the
study population are represented in Table 1. The majority of
patients were male (53.4%) and their median (IQR) age was
60 (51–67) years. Most patients were non-Hispanic white
(39.7%) and had at least college-level education. Most
patients had yearly income levels of less than $50,000. Pre-
ferred Provider Organization was the common insurance uti-
lized by the patients.

The patients’ median (IQR) length of time since the
diagnosis of liver disease was made was 7 (2–15) years.
The most common diagnoses were hepatitis C (42.6%),
hepatitis B (23.9%) and non-alcoholic fatty liver disease
(15.7%). Approximately two-thirds of patients had under-
lying cirrhosis. Less than 20% of patients were new patients
to our Liver Institute, and less than half of all the patients in
our study were able to reveal a caregiver.

Patient preferences for health and medication
information

The majority (59.6%) of patients had taken pain medication
in the last 6 months. Participant responses to questions
regarding preferences for health and pain medicine use
information is shown in Table 2. In particular, we queried
both the source and quality of where patients obtain informa-
tion regarding over-the-counter medicines. Moreover, we
stratified the data according to whether or not the respond-
ents were Hispanic.

The majority of patients (60.5%) claimed that they speak
with a physician before choosing an over-the-counter medi-
cation. However, Hispanic patients were also less likely to
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say they speak with a physician before choosing an over-
the-counter medication (p = 0.015). Hispanics were less
likely than the Non-Hispanics to consider their Physician
(p = 0.015) or Nurse (p = 0.01) as a valuable and trustworthy
source of information about health and medicine use.

Patient knowledge of common prescription
medications containing acetaminophen and maximum
recommended daily dose of acetaminophen

Thirty (7.5%) of the participants were able to correctly
identify that the recommended maximum daily dose of
acetaminophen that a person without liver disease can
safely take is <4 g/day (Fig. 1). Few patients knew that the
maximum acetaminophen dose in the setting of cirrhosis was
less than 3 g per day; there were no differences in knowledge
between cirrhotic and non-cirrhotic patients (Fig. 2). Approx-
imately 20% of our study participants felt that no amount of
acetaminophen was safe (Fig. 2).

Most patients were unaware commonly prescribed pain
medications contained acetaminophen. Specifically, the
majority of patients (79.9%–86.8%) did not know that
Norco® (hydrocodone/acetaminophen), Vicodin® (hydroco-
done/acetaminophen) and Percocet® (oxycodone/acetami-
nophen) contained acetaminophen. Only 45.3% knew that
Tylenol® #3 contained acetaminophen. The independent
predictors for correctly answering if prescription pain medi-
cation contained acetaminophen are shown in Table 3. The
most common predictor of correctly identifying the presence
of acetaminophen in the different pain medication combina-
tions was the patient use of pain medications in previous
6 months.

Discussion

The results of this study indicate that knowledge of acetami-
nophen among patients with liver disease is limited, whichmay
explain why unintentional acetaminophen overdose makes up
such a large portion of cases of acute liver failure.10 Low levels
of acetaminophen knowledge found in this population also
poses a potential problem of under-medication and inadequate
pain management in patients with liver disease. There cur-
rently lacks sufficient data describing prevalence and effective-
ness in managing pain in patients with liver disease.

Previously established predictors of health literacy include
location of residence, household income, highest level of

Table 1. Demographic characteristics of 401 patients with liver disease

Characteristic
Number of
Responses

Gender identity

Female 187 (46.6%)

Male 214 (53.4%)

Ethnicity

Non-Hispanic White 159 (39.7%)

Hispanic White 123 (30.7%)

African American 26 (6.5%)

Asian 64 (16%)

Other 39 (9.7%)

Education

High school or less 135 (33.7%)

Some college or more 266 (66.3%)

Estimated Annual Income

<$50,000 167 (41.6%)

$50,000–100,000 120 (29.9%)

>$100,000 64 (16%)

N/A 50 (12.5%)

Employment Status

Yes 258 (64.3%)

No 143 (35.7%)

If Employed, Hours Worked per Week

1–20 23 (16.2%)

21–40 46 (32.4%)

>40 71 (50%)

N/A 2 (1.4%)

Insurance type

PPO 165 (41.1%)

Free for Service Medical/MediCal HMO 50 (12.5%)

GHPP/Non-Medical HMO 23 (6.7%)

No Insurance/Self-pay 4 (1%)

Medicare 156 (38.9%)

Other 10 (2.5%)

Etiology of Disease

Hepatitis B 96 (23.9%)

Autoimmune Hepatitis 25 (6.2%)

Hepatocellular Cancer 35 (8.7%)

Hepatitis C 171 (42.6%)

Non-Alcoholic Fatty
Liver Disease

63 (15.7%)

Acetaminophen Hepatotoxicity 0 (0%)

Other 61 (15.2%)

Presence of Cirrhosis

Yes 255 (63.6%)

No 146 (36.4%)

Table 1. (continued )

Characteristic
Number of
Responses

Does the Patient Have a Caregiver?

Yes 170 (42.4%)

No 231 (57.6%)

Visit Type

New 73 (18.2%)

Follow-up 328 (81.8%)

Abbreviations: N/A, Not answered; PPO, Preferred provider organization; HMO,
Health maintenance organization; GHPP, Genetically handicapped persons
program.
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education, ethnic background, and level of English profi-
ciency,39 and others have noted a direct correlation between
health literacy with health outcomes.40 Some studies have
found females in a population to exhibit significantly higher
health literacy than males.41 Previous studies assessing acet-
aminophen knowledge have found interesting gender differ-
ences as well, including that females are more likely to inform
their doctor of current acetaminophen use and more likely to
know the acetaminophen content of medications and the
maximum recommended daily dose of acetaminophen.42,43

Female participants in this study were more likely to know
that Vicodin® and Percocet® contained acetaminophen
than males, which fits with the general findings that women
tend to have higher health literacy thanmen. This observation
is important because, despite increased health literacy,
women suffer disproportionately low quality of life with liver
cirrhosis compared to men44 and tend to have their pain taken
less seriously by health care professionals.45 Regarding pref-
erences for sources of health information, our results are in

concordance with previous studies, which have demonstrated
lower levels of trust in health care professionals among His-
panic patients compared to non-Hispanic white patients.46

Levels of trust in Hispanic patients have also been shown to
differ based on levels of English proficiency.47 More research
is necessary to better understand how gender and ethnicity
inform a patient’s experience with pain and chronic liver
disease and how some of these disparities can be addressed.

There was a common theme that patients believed acet-
aminophen to be inherently toxic to the liver, and therefore
contraindicated in liver disease. These perceptions were
reflected in the fact that 230 (57.4%) of our participants
believed that patients with liver disease could not safely take
any acetaminophen. Furthermore, of the 230 patients that
provided an answer other than ‘not sure’ for the Tylenol® #3
dosing questions, 78% reported believing that the maximum
safe dose of Tylenol® #3 was the same for both the 300 mg/
30 mg and the 300 mg/60 mg strength. Indicating a shared
perception that acetaminophen is the component of the

Table 2. Patient preferences for education on medicine

Question

Number of Responses

p-value
All Participants
(n = 401)

Non-Hispanics
(n = 278)

Hispanics
(n = 123)

Who do you speak with before choosing an over-the-counter medicine?

Pharmacist 146 (36.4%) 93 (33.5%) 53 (43.1%) 0.072

Physician 243 (60.5%) 180 (64.7%) 63 (51.2%) 0.015

Friends/family 73 (18.2%) 51 (18.3%) 22 (17.9%) 1

Other medical personnel 20 (4%) 14 (5%) 6 (4.9%) 1

Rarely or never talk with above people
before choosing an over the counter
medicine

46 (11.5%) 35 (12.6%) 11 (8.9%) 0.314

No response 6 (1.5%) 5 (1.8%) 1 (0.8%) 0.671

Who do you feel are valuable and trustworthy sources of information about health and medicine?

Physician 351 (87.6%) 255 (91.7%) 96 (78%) <0.001

Pharmacist 157 (39.2%) 117 (42.1%) 40 (32.5%) 0.076

Nurse 91 (22.7%) 73 (26.3%) 18 (14.6%) 0.01

Other medical personnel 44 (11%) 22 (7.9%) 22 (7.9%) 0.197

Advertising 3 (7.5%) 2 (0.7%) 1 (0.8%) 1

Friends/family 51 (12.8%) 37 (13.3%) 14 (11.4%) 0.63

No response 10 (2.5%) 4 (1.4%) 6 (4.9%) 0.075

Fig. 2. Patients knowledge of maximum safe dose of Tylenol® for
patients with liver cirrhosis.

Fig. 1. Patients knowledge of maximum safe dose of Tylenol® for
patients without liver cirrhosis.
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medication that prevents the safe consumption of a higher
amount of tablets. Among 23 patients that provided two or
more responses other than ‘not sure’ for the Percocet dosage
questions, 74% of respondents reported believing that the
maximum safe dose of different strengths of Percocet was
the same. In patients with liver disease, overestimation of
the toxicity of acetaminophen may be beneficial for lowering
rates of acetaminophen overdose. However, it may also
increase the likelihood that these patients will utilize more
addictive methods of pain management since pain is such a
prevalent and debilitating component of chronic liver disease.48

In a study of over 2000 healthcare providers, 40% of
participants reported that they would recommend against any
acetaminophen in patients with compensated cirrhosis.49 In
the same study, physicians were more likely to recommend
NSAID than acetaminophen use in patients with underlying
liver disease (p = 0.001).49 While acetaminophen has been
shown to be safe in moderation in patients with liver cirrhosis,
NSAIDs are contraindicated in this population due to an
established association with nephrotoxicity, gastrointestinal
toxicity, and platelet impairment.22–25

There is substantial variation in patients’ knowledge of
what constitutes a safe maximum dose of acetaminophen
(Table 4).50–56 The variation may be partially explained by
different survey formatting.42,43 Our survey only listed
options in gram amount and the correct answer (<4 g/day)
was the highest of the 5 options provided. Additionally, over
half our participants responded ‘not sure’ when asked
maximum safe dose of acetaminophen. These responses
were coded as incorrect. Some studies provided a similar
‘not sure’ or ‘I don’t know’ option,42,52,54,55 while others did
not,43,53 but there is no identifiable pattern between these
two groups of studies which explains the variability seen.
Our study boasts a more diverse patient population than
others, but that does not appear to contribute to the variabil-
ity, as studies measuring lower patient knowledge of Tylenol®

were similar in demographics to those which measured higher
patient knowledge in this study.

The results of this study provide precedent for further
investigating pain management in patients with liver disease.
One very important study that would lend clinical significance
to these results would be testing acetaminophen knowledge
using similar questions in patients who overdose on the drug.
Measuring pain scores in patients with liver disease along with
medications used and knowledge/perceived safety of acet-
aminophen will provide evidence for or against a systemic
problem of inadequate pain management in liver disease
patients due to insufficient education measures by providers
about safe and effective analgesia.

Our report has a number of potential limitations. Firstly,
data was collected from patients at a single center, and while
our study subjects were ethnically diverse, they may not be
necessarily representative of the demographics of the nation
as a whole. Another potential limitation is that it is difficult
to determine whether or not the results of the study are
secondary to the answers given by the subjects or secondary
to issues related to health literacy among a vulnerable
population. However, we wrote the questions at an 8th
grade level and tested in a cohort of patients before conduct-
ing the survey. The results of our study were consistent with
those of similar studies which used comparable wording for
their survey but were performed in different populations.51,52

Furthermore, both the research assistant and investigator
were available if there were questions requiring further
clarification.

Underlying liver disease appears to lower the safe con-
sumption threshold of acetaminophen use.20,22,26,27 Likewise,
the use of alcohol may also affect the safe consumption
threshold.28,29,31,57 In our study, we did not specifically ask
about alcohol use. Given that the threshold is similarly
decreased in patients with chronic liver disease and those
who habitually consume alcohol, we do not believe omission

Table 3. Independent predictors of correctly identifying acetaminophen for different prescription pain medications

Independent Predictor Odds Ratio
95% Confidence
Interval p-value

Does the prescription drug NORCO® contain Tylenol®?

Rarely or never talking with someone before
choosing an over-the-counter medication

2.757 1.364 to 5.574 0.006

Taking pain medication within the past 6 months 3.968 1.994 to 7.895 <0.001

Does the prescription drug VICODIN®

Age $ 60 0.455 0.26 to 0.797 0.005

Male gender 0.565 0.318 to 1.005 0.049

Taking pain medication within the past 6 months 4.409 2.177 to 8.93 <0.001

Does the prescription drug Tylenol® #3 contain Tylenol®?

Age $ 60 0.427 0.243 to 0.751 0.003

Trusting physicians as a source of information on
health and medicine use

3.135 0.898 to 10.943 0.043

Taking pain medication within the past 6 months 4.147 2.059 to 8.353 <0.001

Does the prescription drug PERCOCET® contain Tylenol®?

Age $ 60 0.441 0.25 to 0.781 0.004

Male gender 0.558 0.313 to 0.995 0.045

Taking pain medication within the past 6 months 4.446 2.187 to 9.037 <0.001
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of alcohol query is a major limitation of our study. Studies
that specifically focus on acetaminophen use in patients who
habitually consume alcohol are needed.

We conclude that patients with liver disease have critically
low levels of knowledge of acetaminophen, putting them
at risk both of acetaminophen overdose, as well as under-
medication and inadequate management of chronic pain. We
recommend an increase in culturally competent education
efforts regarding acetaminophen dosage and its safety in
the setting of liver disease. Increasing education in those at
risk for low acetaminophen knowledge is essential to mini-
mizing acetaminophen overdose burden and optimizing pain
management.
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