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Abstract Background: Unintended hepatic injury associated with the use of paraceta-

mol (acetaminophen)-containing products has been growing.

Objective: The aim of the study was to seek a better understanding of the

causes of this observation in order to evaluate the potential impact of pro-

posed preventive measures.

Study Design:Retrospective analysis of a large database containing prospectively

collected patient exposure data, clinical symptomatology and outcome.

Setting: The National Poison Data System database for 2000–7 involving

exposures to paracetamol and an opioid was obtained and analysed. This

dataset was limited to non-suicidal cases in patients 13 years of age and older.

For comparison, the parallel, mutually exclusive dataset involving exposures

to one or more non-opioid containing paracetamol products was analysed.

Outcome Measure: Trends in the numbers of patients exposed, treated, and

mildly and severely injured were obtained and compared with each other and

with trends calculated from publicly available data on sales and population.

The association of injury with the number of paracetamol-containing prod-

ucts and the reason for taking them were also assessed.

Results: Comparators: During the study period, the US population of those

15 years of age and over rose 8.5%; all pharmaceutical-related calls to all US

poison centres rose 25%. For the 8-year period from 2001 to 2008, sales of

over-the-counter paracetamol products rose 5% (single-ingredient products

fell 3%; paracetamol-containing combination cough and cold products rose

11%) and prescription paracetamol combination products rose 67%.
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Opioids with paracetamol: A total of 119 731 cases were identified, in-
creasing 70% over the period. The exposure merited acetylcysteine treatment
in 8995 cases (252% increase). In total, 2729 patients (2.3%) experienced some
hepatic injury (500% increase). Minor injuries rose faster than severe injuries
(833% vs 280%) and most injuries (73.0%) were from overuse of a single
combination product only, but the injury rate increased with use of more than
one paracetamol-containing product. Abuse and misuse accounted for 34%
of cases but 58% of the severe injuries.

Paracetamol without opioid: A total of 126 830 cases were identified, in-
creasing 44%, and 15 706 cases merited acetylcysteine (70% increase). A total
of 4674 patients (3.7%) experienced some hepatic injury (134% increase). Use
of more than one non-opioid paracetamol product occurred in 7.3% of
patients and was associated with a lower injury rate.

Conclusions: Hepatic injury associated with paracetamol use is increasing

significantly faster than population, paracetamol product sales and poison

centre use. This suggests a growing portion of consumers is self-dosing

paracetamol beyond the toxic threshold. This is true for paracetamol with

and without opioids, but the increase in hepatic injury is greater when para-

cetamol is taken with an opioid. This disproportionate rise is greatest with

misuse and abuse of paracetamol products in combination with opioids. In-

creasing self-dosage of the opioid combination products for the opioid effect

is likely to result in more cases of toxic exposure to paracetamol. In contrast,

cases of exposure to paracetamol-containing cough and cold products are

underrepresented among those injured. In the absence of opioid-containing

products, consumption of more than one paracetamol-containing product

did not contribute to injury. Efforts to modulate unintentional paracetamol-

related hepatic injury should consider these associations.

Paracetamol (acetaminophen) is one of the
most commonly used analgesics in the US, with
25 billion doses sold in 2008.[1] The US Centers
for Disease Control and Prevention (CDC) and
US FDA investigators estimate an annual aver-
age of 33 520 paracetamol overdose-related hos-
pitalizations; this number has been rising.[2] Of
the adults hospitalized for care, up to one-quarter
may follow non-suicidal exposures.[2-5] Paraceta-
mol has been implicated in about half of the cases
of acute liver failure and is the leading cause of
drug-induced liver injury.[6] In one study, 63% of
131 patients experiencing unintended acute liver
failure took combination paracetamol/opioid medi-
cations, and 38% took more than one paraceta-
mol-containing medication.

These findings have prompted calls for a change
in labelling, dose and use of paracetamol,[7] and

have prompted the FDA to convene a joint ad-
visory committee to make recommendations to
address the public health problem of liver injury
related to the use of paracetamol in both non-
prescription and prescription products.[8,9] Some
of these recommendations are controversial and
have been opposed.[10]

Paracetamol is used around the world, and the
combination paracetamol with opioid product is
available in many countries. Abuse of prescrip-
tion opioid products is rising in Europe, Asia,
South America and the Middle East.[11,12] The
recent experience in the US of rising paracetamol
related hospitalizations and acute liver failure,
especially associated with abuse of opioid contain-
ing agents, may be repeated in other countries.[2,5]

We therefore sought to evaluate the potential im-
pact of these recommendations using a broader
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database of unintentional paracetamol exposure,
including those with less severe injury.

Methods

The National Poison Data System (NPDS)
of the American Association of Poison Control
Centers (AAPCC) is a large database ofmedication-
exposed patients, including those who experience
minor or no injury. Using this database, our goal
was to assess the trend in paracetamol-related
injury by type of product, number of products
used and reason for use.

Data from the NPDS were accessed for this
study. Over 2 million new cases are reported an-
nually to this database.[13] Patients or their phy-
sicians call poison centres following a variety of
medication exposures, most commonly after un-
intentional paediatric exposures, acute and chronic
excess dosing, inadvertent medication error, ad-
verse drug reactions, medication interactions,
drug abuse and suicide. The most common in-
quiries are for dose-related risk assessment before
symptoms, and for management advice with symp-
toms. Not all cases result in symptoms or injuries.
Poison centres remain involved and cases are
followed by phone until outcome is determined.
Case data are recorded locally in real time in a
standardized computer format and is uploaded to
the NPDS electronically at the time of the initial
contact and as the case progresses. Patient iden-
tifiers are not transmitted from the individual poi-
son centre to the national database. Categories of
information include patient and caller demo-
graphics, the exposure scenario, the substance(s),
symptoms and signs of clinical toxicity, treatment
and medical outcome. Each category of data has
a limited set of entry options. Local free-text notes
are not uploaded. Criteria for each type of entry
are standardized nationally, and poison specia-
lists are trained to ensure that these criteria are
used for all data entries.

The AAPCC NPDS records for 2000–7 invol-
ving human exposures to one or more prescription
opioids (hydrocodone, oxycodone, codeine, tra-
madol, methadone, morphine, fentanyl, hydromor-
phone), along with paracetamol, were obtained
(paracetamol with opioid). This dataset was limited

to subjects aged 13 years of age and older. Suicidal
cases (i.e. intended injury) were excluded. Exposures
were characterized by the number and type of
paracetamol-containing products. Exposures were
further characterized by reason for exposure.

The AAPCC NPDS records for 2000–7 in-
volving exposures to one or more non-opioid
paracetamol productswere similarly obtained (para-
cetamol without opioid). Exposures were further
characterized by reason for exposure.

The frequency of cases, frequency of cases in
which acetylcysteine was recommended and/or
administered, and incidence of medication-related
minor hepatic injury (using the standard NPDS
clinical effect code of AST or ALT >100 IU/L and
£1000 IU/L) and medication-related severe he-
patic injury (using the standard NPDS clinical
effect code AST or ALT >1000 IU/L) were calcu-
lated and compared between groups. We chose
this marker of paracetamol-induced hepatic in-
jury instead of other indicators of acute liver fail-
ure because it is collected in a standard manner in
this database and is a more sensitive marker of
injury to prompt public health intervention to
prevent acute liver failure.

For comparison, and for evaluation of poten-
tial reporting bias, we used publicly available data
to describe and compare trends in the US popula-
tion from 2000 to 2007, all pharmaceutical-related
calls to US poison centres from 2000 to 2007, sales
of over-the-counter paracetamol single ingredient
products from 2001 to 2008, over-the-counter para-
cetamol combination cough and cold products
from 2001 to 2008 and prescription paracetamol
products from 2001 to 2008.[13-15] The publicly
available data did not contain the year 2000.

NPDS data were imported into a structured
query language (SQL) database and analysed using
Microsoft� Excel 2010 (Microsoft�Corporation,
Redmond, WA, USA). Summary data for analysis
were imported to Statistical Analysis System (SAS)
v9.2 (SAS Institute, Cary, NC, USA). General
linear models using least squares regression anal-
ysis were used to analyse trends and trend com-
parisons. Comparisons of proportions were done
using Chi-square tests. All statistical analyses
were conducted with SAS. Unless otherwise stat-
ed, statistical difference is based on p < 0.05.

Hepatic Injury Opioid-Paracetamol v Paracetamol 151

ª 2012 Adis Data Information BV. All rights reserved. Drug Saf 2012; 35 (2)



Approval for data use was obtained from the
AAPCCData Access Committee and its board of
directors. Data were provided to the investigators
in a coded fashion to maintain blinding to the
individuals and poison centres. The study was
also reviewed by the institutional review board at
Cincinnati Children’s Hospital Medical Center,
and deemed exempt.

Results

Comparator

During the study period, the US population
of those aged 15 years and over rose 8.5%. All
pharmaceutical-related calls to all US poison
centres rose 25%. For the 8-year period from
2001 to 2008, sales of non-prescription paraceta-
mol products rose 5% (single-ingredient products
fell 3%; paracetamol-containing combination cough
and cold products rose 11%) and prescription
paracetamol combination products rose 67%.

Paracetamol with Opioid

A total of 119731 cases were identified (106 970
single-exposure cases and 12 761 multiple para-
cetamol product-exposure cases). Only 2% were
exposed to an opioid and paracetamol not in a
combination product. Cases increased 70% over
the period 2000–7 (see figure 1). In total, 55 078
cases were evaluated at a healthcare facility.

Acetylcysteine treatment was recommended/
administered in 8995 (7.5%) cases, while 1614 pa-
tients experienced minor hepatic injury and 1115
experienced severe hepatic injury (41% of injuries).
These included 165 deaths and 9 living patients
who had undergone a transplant. Recommend-
ations for acetylcysteine rose 252%, minor in-
juries rose 833%, severe injuries rose 280% (see
figure 1) and both together rose 500% (all trends
p < 0.01). Only 7% of recommendations for ace-
tylcysteine were documented not to have received
this drug, accounting for only 3% of injuries (see
table I).

The rates of injury associated with single and
various multiple paracetamol with opioid com-
bination exposures are shown in table II. The
injury rate increased with the number of different
products, but 87% of exposures and 73% of in-
juries were from exposure to a single combination
product.

Abuse of paracetamol with opioid medication
accounts for only 16% of exposures to these prod-
ucts, but accounts for 27% of all related injuries.
Misuse of paracetamol with opioid medication
accounts for 19% of exposures, but accounts for
another 32% of injuries. Abuse, misuse and reason
unknown accounted for 89% of deaths or trans-
plantations. The hepatic injury rate associated
with abuse and misuse was 3.8%, many times more
than the rate of 0.8% observed with unintentional
ingestion, therapeutic error and adverse effect
(p < 0.01), but less than the 5.4% rate associated
with reasons unknown, which may include some
suicide cases (p < 0.01) [see table III]. Over the
study period, the injury rate following misuse or
abuse rose 172%, and the injury rate associated
with unintentional ingestion, therapeutic error
and adverse effect rose 121% (see figure 1).

Paracetamol without Opioid

In total, 126 830 cases were identified: 75 788
from single-ingredient paracetamol products, 41788
from over-the-counter paracetamol-containing
combination cough and cold products and 9254
from multiple paracetamol-containing products.
Reported cases increased 44% over the 7-year
period (see figure 2 [same scale as figure 1]);
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Fig. 1. Percentage increases in overall cases, acetylcysteine
treatment and related hepatic injury with exposure to paracetamol
(acetaminophen) with opioid: data from the National Poison Data
System database from 2000 to 2007.
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53 802 cases were evaluated at a healthcare facil-
ity. Acetylcysteine treatment was recommended/
administered in 15 706 cases (12.4%). In addition,
2091 patients experienced related minor hepatic
injury and 2583 experienced related severe hepat-
ic injury (55% of all injuries). These included 267
deaths and 23 living patients who had undergone
a transplant. Recommendations for acetylcysteine
rose 70%, minor injuries rose 161%, severe injuries

rose 116% and both injuries together rose 134%
(all trends p < 0.01) [see figure 2]. Only 4% of rec-
ommendations for acetylcysteine were documented
not to have received acetylcysteine, accounting
for only 2% of injuries (see table I). Although
non-prescription paracetamol-containing com-
bination cough and cold products accounted for
60% of non-prescription paracetamol product
sales, they accounted for only 35% of all single-
product cases, 7% of acetylcysteine treatment and
3% of hepatic injuries in this group.

The rates of injury associated with single and
multiple exposures are shown in table II. The
rate of injury following exposure to multiple
paracetamol without opioid products was actu-
ally less than that from overuse of a single prod-
uct (p < 0.01).

Abuse and misuse of these paracetamol-
containing products accounted for 30% of expo-
sures and 51% of all injuries, while abuse, misuse
and reason unknown accounted for 83% of deaths
or transplantations. Only 41% of cases were coded
as therapeutic error or adverse effect and these
only accounted for 13% of injuries. The rest were
coded as reason unknown (8%) or ‘unintentional –
general’ (21%) [see table III].

Table I. Non-suicidal exposures to paracetamol (acetaminophen): injuries and trends with comparators

Comparator/subgroup Total (%) Change 2000–7 (%)a

US population ‡15 years of age 8.5

National Poison Data System pharmaceutical exposures 25

Non-prescription paracetamol single-ingredient salesa -3

Non-prescription paracetamol cough-cold product salesa 11

Prescription paracetamol combination salesa 67

Paracetamol with opioid

All cases 119 731 70

Acetylcysteine recommended 8995 (7.5) 252

Minor injury (AST >100 IU/L and £1000 IU/L) 1 614 (1.3) 833

Severe injury (>1000 IU/L) 1 115 (0.9) 280

Total injuries 2 729 (2.3) 500

Paracetamol without opioid

All cases 126 830 44

Acetylcysteine recommended 15 706 (12.4) 70

Minor injury 2 091 (1.6) 161

Severe injury 2 583 (2.0) 116

Total injuries 4 674 (3.7) 134

a Sales data is for the 8-year period from 2001 to 2008 as data for the year 2000 were not available.
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Fig. 2. Percentage increases in overall cases, acetylcysteine treat-
ment and related hepatic injury with exposure to paracetamol
(acetaminophen) without opioid: data from the National Poison Data
System database from 2000 to 2007.
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A lower portion of paracetamol with opioid
patients received acetylcysteine (7.5% vs 12.4%),
but the injury rate (all hepatic injuries) was not
statistically different for those who received ace-
tylcysteine (27.0% vs 27.8%). This suggests that
similar paracetamol treatment criteria are being
used in both groups. The different acetylcysteine
recommendation rates are not surprising since
opioid-related toxicity, not just paracetamol-related
risk, may account for a significant part of poison
centre advice requests in that group.

Trends for population, all pharmaceutical cases,
sales, paracetamol cases with opioids, paraceta-
mol cases without opioids, acetylcysteine-treated
paracetamol cases with opioids, acetylcysteine-
treated paracetamol cases without opioids, minor,
major and all hepatic injuries after paracetamol
with opioids, and minor, major and all hepatic
injuries after paracetamol without opioids were
compared, and the five paracetamol with opioid
trends were compared with the five paracetamol
without opioid trends. All trends were statisti-
cally different from the others, with the exception
of three: population versus sales of paracetamol
without opioid (8.5% vs 5.3%); sales of parace-
tamol with opioid versus cases of paracetamol
with opioid exposure (67% vs 70%); and major
versus all hepatic injuries after paracetamol with-
out opioids (116% vs 134%).

Discussion

In both groups (paracetamol with and without
opioid) overuse, treatment and hepatic injuries are
rising faster than population, sales and all pharma-
ceutical calls to poison centres. All trends (use, treat-
ment and injury) were greater for paracetamol with
opioids. Paracetamol with opioid-related hepatic
injuries rosemuch faster than paracetamol without
opioid-related injuries – 500% versus 134% over
the same period. Injuries rose even though an in-
creasing percentage of patients are being treated
with acetylcysteine. Since paracetamol-induced
hepatic injury is dose related, these comparative
trend data suggest that, in the US, a greater per-
centage of consumers in both groups, but espe-
cially paracetamol with opioids, are taking larger
hepatotoxic doses of paracetamol.T
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Consumers do not take these higher doses with
the intention of causing hepatic injury. The rate
of injury following paracetamol without opioid
exposure was stable for unintentional dose ex-
posure (e.g. therapeutic error) but was higher,
and increased further, for intentional, higher dose
exposure (e.g. therapeutic misuse for pain control).
For paracetamol with opioids, more injuries and a
rising portion of injuries are associated with ther-
apeutic misuse (self-administration of higher dose)
or abuse.

In spite of a dominant share of non-prescription
paracetamol sales (60%), only 3% of injuries fol-
lowed use of non-opioid multi-ingredient cough
and cold products alone. Ninety-five percent of
injuries followed single-ingredient paracetamol,
and 2% involved single-ingredient paracetamol
and a non-opioid multi-ingredient cough and
cold product. Furthermore, when multiple para-
cetamol-containing products are associated with
injury, it is almost exclusively in the context of at
least one paracetamol with opioid product. The
injury rate following multiple paracetamol with-
out opioid product exposures was actually lower
than following single-product paracetamol with-
out opioid exposures, suggesting that inadvertent
administration of a second paracetamol-containing
substance is not a major cause of injury unless it is
in the context of opioid use/abuse.

Although most patients intended to take the
medication dose they actually took, it does not
mean they understood and accepted the potential
consequences of their action. As others have sug-

gested, intentionally high dosing in a desire to
treat pain (i.e. misuse) is likely the reason for
most injuries in both medication groups.[6] In the
case of paracetamol with opioid combination prod-
ucts, many patients may have dismissed the risk
of the paracetamol component. In the context of
either pain relief or abuse, many may have inad-
vertently increased their dose of paracetamol as they
became habituated to the opioid component and
increased their dose of the combination product.

This study thus supports the FDA panel’s re-
commendation to remove paracetamol from
opioid products but not to remove paracetamol
from non-prescription combination cough and
cold products.[8] While it has always been true
that removing paracetamol from opioid combi-
nation products would eliminate these products
as a source of paracetamol-related injury, this study
provides additional motivation, demonstrating
that these products represent a significant and
growing portion of those unintentionally injured
from overuse of paracetamol. Manufacturers and
regulators should reconsider the cost/benefit of
eliminating combination opioid products. These
medications can work synergistically in cancer
pain but there is no effective dose combination that
is stable both over time and between patients.[16]

Opioid habituation occurs, requiring increased
opioid dosing, but paracetamol requirements do
not rise.

For paracetamol without opioid, patients in-
tentionally taking more medication probably did
not understand the dangers of excess paraceta-

Table III. Distribution of paracetamol (acetaminophen) with opioid and paracetamol without opioid by reason for exposure and outcome

Reason Paracetamol with opioid [n (%)] Paracetamol without opioid [n (%)]

Misuse/abuse 41758 (34.9) 37 950 (29.9)

Minor injury 963 (0.8) 1046 (0.8)

Severe injury 643 (0.5) 1318 (1.0)

Therapeutic error, adverse effect, unintentional general 65893 (55.0) 78 672 (62.0)

Minor injury 319 (0.3) 686 (0.5)

Severe injury 202 (0.2) 614 (0.5)

Unknown 11 020 (9.2) 9544 (7.5)

Minor injury 326 (0.3) 354 (0.3)

Severe injury 265 (0.2) 637 (0.5)

Other 1060 (0.9) 664 (0.5)

Total 119 731 (100) 126 830 (100)
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mol. Only 50% of patients achieve good to ex-
cellent headache pain relief at 650mg, 65% at
975mg and 75% at 1300mg.[17] A significant por-
tion of the public perceives paracetamol as a safe
medication and will continue to increase their
dose until pain is relieved.[8] Many injured pa-
tients in this study took more than the recom-
mended dose of single-ingredient paracetamol.
Although considered as a preventive measure,
there is no evidence that lowering the recommend-
ed dose or tablet size will result in fewer injuries,
particularly if the total dose is below 650mg.[8]

In this study, 3755 adult patients were hospi-
talized, and 3088 were treated each year. The CDC
estimates there are approximately 8000 adult, non-
suicidal, paracetamol-related, hospitalizations per
year.[2-5] The use of transaminase elevation as the
hepatic injury marker adds sensitivity over using
acute hepatic failure alone. These markers were
more easily followed, more completely recorded
and recorded in a standardized fashion in the
database. Although our screen was sensitive but
not specific, our study identified an average of
462 severe injuries, including 58 dead/living pa-
tients who had undergone a transplant per year.
This closely matches estimates for the entire US
from other sources. Estimates from a multi-year,
multicentre study of acute liver failure suggest
there may be at least 110 acute liver failure cases
from non-suicidal paracetamol exposure in the
US each year.[6] Another study extrapolated the
number to 400 per year.[18] Thus, it is likely that
our database includes a large portion of the af-
fected individuals in the US, and is representative.

One limitation of this dataset is the passive
nature of data collection. Not all cases may be
reported and not all features of every case may be
in the database. Some patients with hepatotoxicity
may not be identified as such. Reasons for seek-
ing help may lead to differential reporting rates
between paracetamol with and without opioid
exposures. However, the use of trend analysis
over time rather than head-to-head comparison
of raw injury rates between paracetamol with and
without opioid groups corrects for this difference.
There is no reason to believe that case reporting
or injury identification increased disproportionately
in the paracetamol with opioid group; thus, com-

paring the rate of increase in cases, treatments
and hepatic injuries should be valid, particularly
with the use of baselines inside and outside the
database.

In 10% of the paracetamol without opioid deaths
and 25% of paracetamol with opioid deaths, AST
or ALT was recorded as <1000 IU/dL. As noted,
recording may be incomplete. We would expect
underrecording to be uniform; thus, it is possible
that some (possibly 15–25%) of the paracetamol
with opioid-related deaths were delayed deaths
related to hypoxic brain injury with transient
or non-fatal hypoxic or paracetamol-related in-
jury. Given the large number of injuries and
deaths in both groups, this should not affect the
conclusions.

Conclusions

Injury related to paracetamol with opioid use
has increased dramatically. Abuse and misuse ac-
counted for most for the injuries. Exposure to
multiple products increased the risk. In contrast,
paracetamol without opioid product exposure and
injury rose more slowly, but still significantly faster
than secular trends. Following paracetamol with-
out opioid exposure, injury was almost exclusively
the result of single-product overuse, not simulta-
neous use ofmore than one paracetamol-containing
product. These data support action to address this
epidemic, including proposals to address abuse of
these products, to remove paracetamol from pro-
ducts with opioids and educating the public on
the risk of paracetamol overuse.
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