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Abstract

Background: Accidental acetamino-
phen overdoses are associated with
substantial morbidity and health care
costs. In Canada, updated labelling
standards were implemented in Octo-
ber 2009 and September 2016, with the
intent of communicating risks of over-
dose and facilitating product identifica-
tion and safe use, respectively. Full
compliance with the 2016 standards
was expected by March 2018. We
sought to explore whether these
changes affected rates of hospital
admission for accidental acetamino-
phen overdose.

Methods: We conducted a population-
based study of hospital admissions for

accidental acetaminophen overdose in
9 Canadian provinces and 3 Canadian
territories between Apr. 1, 2004, and
Mar. 31, 2020. We used interventional
autoregressive integrated moving aver-
age (ARIMA) models to evaluate the
impact of the updated labelling stan-
dards on rates of hospital admission for
accidental acetaminophen overdose. In
secondary analyses, we studied inten-
sive care unit (ICU) admissions and hos-
pital admissions for accidental aceta-
minophen overdose involving opioids.

Results: Monthly rates of hospital
admission for accidental acetamino-
phen overdose were essentially
unchanged over the study period (0.21

and 0.22 cases per 100000 population in
April 2004 and March 2020, respectively).
We found no association between
changing labelling standards and trends
in rates of hospital admission for acci-
dental acetaminophen overdose (Octo-
ber 2009 p = 0.2, September 2016 p = 0.7
and March 2018 p = 0.2). Similarly, label-
ling changes did not have an impact on
admissions involving ICU admission and
concomitant opioid poisoning.

Interpretation: Modifications to prod-
uct labels did not reduce the rate of
acetaminophen-related harm. Addi-
tional measures to reduce the burden of
accidental acetaminophen overdose are
required.

Acetaminophen is used by millions of people worldwide.*
Although generally safe at therapeutic doses, acetaminophen
overdose is the leading cause of acute liver failure in several
countries, including Australia, the United Kingdom and the
United States, where it represents 50% of all reported cases.>*
Although most acetaminophen overdoses are a result of delib-
erate self-harm, accidental overdoses represent a substantial
and increasing proportion of these events.®¥° In Canada, the
proportion of acetaminophen-related injuries from accidental
overdose increased from 27% in 2006 to 45% in 2011.! Factors
contributing to unintentional overdose include a lack of con-
sumer awareness regarding the presence of acetaminophen in
nonanalgesic over-the-counter products, unclear dosing
instructions on product labels and the simultaneous ingestion

of prescription and nonprescription medications containing
acetaminophen.®?

Because accidental acetaminophen overdose is a potentially
fatal yet avoidable form of drug-related harm, initiatives for risk
minimization have been implemented in various jurisdictions
such as restricting package size and changing package configura-
tions to blister packs.® In Canada, measures to mitigate the risk of
inadvertent overdose have involved changes to product labels on
2 separate occasions (Appendix 1, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.210842/tab-related-content). Specif-
ically, in late October 2009, labelling standards were modified to
require increased warnings about the potentially fatal risk of liver
injury in the event of acetaminophen overdose.* An updated
labelling standard, intended to facilitate product identification
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and communicate safe dosing, was introduced in September
2016.* These standards were required immediately for new
products, with full compliance for all products expected by
March 2018.

At their time of implementation, these labelling changes
attracted substantial media interest and generated debate
regarding their potential effectiveness.’®!® One study showed
that the changes to acetaminophen labels mandated by the US
Food and Drug Administration could improve consumer percep-
tion of the risk of hepatotoxicity, but the effectiveness of label
changes in reducing accidental acetaminophen overdoses is
unknown.? Moreover, although 1 Canadian study found that
emergency department visits for acetaminophen toxicity
declined between 2011 and 2018, findings from that study were
generated from a nonrepresentative sample comprising mostly
pediatric hospitals in large urban centres.?’ In addition, the study
did not explore the impact of labelling changes on accidental
acetaminophen overdose. Therefore, we sought to evaluate
whether the implemented changes in product labelling were
associated with reduced rates of hospital admission for acciden-
tal acetaminophen overdose in Canada.

Methods

Setting

We conducted a population-based study of hospital admissions
for accidental acetaminophen overdose in 9 Canadian provinces
and 3 Canadian territories between Apr. 1, 2004, and Mar. 31, 2020.

Data sources

We identified hospital admissions for accidental acetaminophen
overdose using the Canadian Institute for Health Information’s
Discharge Abstract Database, which includes clinical and demo-
graphic information on inpatient admissions for all Canadian
provinces and territories, excluding Quebec. Emergency depart-
ment visits that do not culminate in hospital admission are not
included in the database.

Study population and outcomes

For each month of the study period, we defined our study popu-
lation of people at risk for accidental acetaminophen overdose
as all residents of any age residing within the 12 Canadian juris-
dictions included in the study. Our primary outcome was the
monthly rate of hospital admissions for accidental acetamino-
phen overdose. Specifically, we first defined all admissions for
acetaminophen overdose as inpatient stays with diagnosis code
T39.1, from the International Classification of Diseases, 10th revi-
sion (ICD-10), at the time of admission. The positive predictive
value of this code for acetaminophen overdose was 95% in an
earlier study.? Next, we designated acetaminophen overdoses as
accidental using codes for “external causes of injury” (i.e., ICD-10
codes X40 and Y45.5). In secondary analyses, we evaluated quar-
terly rates of admission to the intensive care unit (ICU) for acci-
dental acetaminophen overdose and quarterly rates of acciden-
tal acetaminophen overdose involving concomitant opioid
poisoning (ICD-10 codes T40.2, T40.4, X42).

Statistical analysis

We used interventional autoregressive integrated moving average
(ARIMA) models to evaluate the impact of labelling changes on rates
of hospital admission for accidental acetaminophen overdose.?2%
We used the Dickey-Fuller test to determine the stationarity of the
time series, and applied first-order differencing to arrive at a station-
ary series, if needed.??* We used the autocorrelation function and
partial autocorrelation function to identify autoregressive or moving
average components in each time series and correct for autocorrela-
tion remaining after differencing, and selected the best models
using goodness-of-fit tests.?22* We used residual plots and the
Portmanteau statistic to confirm that residuals from specified ARIMA
models were a white-noise process.?2%?* Finally, once the ARIMA
models were specified, we used ramp intervention functions to test
for gradual changes in trends of each outcome after the October
2009 labelling changes (modelled as a November 2009 intervention
point), the September 2016 updated labelling standard and the
March 2018 deadline for compliance with the September 2016 stan-
dards for all acetaminophen products (see Appendix 2 for final
models, available at www.cmaj.ca/lookup/doi/10.1503/cma;j.210842/
tab-related-content).?? Ramp transfer functions take the value of 0
before the intervention and increase in integer increments for each
period after the intervention. We selected ramp transfer functions
rather than step functions to model our intervention because we
hypothesized that any impacts of labelling changes on admissions
for accidental acetaminophen overdose would manifest gradually
rather than suddenly, given the nature of the interventions.

We conducted several analyses to test the robustness of our
findings. We tested for stability in each time series by plotting the
cumulative sums of ordinary least squares residuals (OLS-CUSUM)
and corresponding confidence bands over the study period.??” A
structural break is identified by movement of the plotted CUSUM
beyond the confidence bands and the associated test statistic.
For outcomes where the OLS-CUSUM test suggested the pres-
ence of structural changes, we used the Bai-Perron test to iden-
tify the dates of endogenous structural breaks.? We also used
Chow tests to evaluate whether each labelling intervention point
was associated with shifts in the ensuing level and slope of the
time series.? We completed all analyses using SAS Enterprise
Guide, version 6.1 (SAS Institute Inc.), R Studio and Stata version
17.0 (Stata Corp LP).

Ethics approval
The study was approved by the Research Ethics Board of Unity
Health Toronto (no. 19-208).

Results

During the 16-year study period, we identified 12212 hospital
admissions for accidental acetaminophen overdose, of which
2267 (18.6%) required ICU admission and 2245 (18.4%) were com-
plicated by concomitant opioid overdose (Table 1). The median
age of the patients was 39 (interquartile range 22-56) years and
most patients were female (n = 7606, 62.3%) (Table 1). Overall,
2092 (17.1%) patients had comorbid alcohol use disorder and
1333 (10.9%) had chronic liver disease (Table 1).
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Table 1: Demographic and clinical characteristics of

patients admitted to hospital with accidental
acetaminophen overdose, 2004-2005 to 2019-2020

No. (%) of hospital

admissions*
Characteristic n=12212
Sex, female 7606 (62.3)
Age at admission, yr, median (IQR) 39 (22-56)
Age at admission, yr
0-9 421 (3.4)
10-19 2034 (16.7)
20-29 2041 (16.7)
30-39 1628 (13.3)
40-49 1793 (14.7)
50-59 1755 (14.4)
60-69 1170 (9.6)
>70 1370 (11.2)
Admission to intensive care unit 2267 (18.6)
Opioid involvement 2245 (18.4)
Province or territory
Newfoundland and Labrador 123 (1.0)
Prince Edward Island 74 (0.6)
New Brunswick 175(1.4)
Nova Scotia 218 (1.8)
Ontario 4961 (40.6)
Manitoba 495 (4.1)
Saskatchewan 683 (5.6)
Alberta 2940 (24.1)
British Columbia 2429 (19.9)
Northwest Territories 80 (0.7)
Nunavut 16 (0.1)
Yukon 18(0.1)
Comorbiditiest
Mood disorders 1066 (8.7)
Anxiety disorders 397 (3.3)
Alcohol use disorder 2092 (17.1)
Alcohol-related liver disease 454 (3.7)
Other chronic liver disease 1333 (10.9)

Note: IQR = interquartile range.

*Unless indicated otherwise.

tSee Appendix 3, available at www.cmaj.ca/lookup/doi/10.1503/cmaj.210842/
tab-related-content for diagnosis codes from the International Classification of
Diseases, 10th revision used to ascertain comorbidities.

In our primary analysis, the monthly rate of hospital admis-
sion for accidental acetaminophen overdose was 0.21 per
100000 population (n = 50 patients) in April 2004 and 0.22 per
100000 population (n = 64 patients) in March 2020 (Figure 1). The
average monthly percent change in admissions for accidental

acetaminophen overdose for the entire study period was 0.2%
(95% confidence interval [CI] 0.1% to 0.2%). The average monthly
percent change for each segment of the time series (i.e., baseline
to October 2009, November 2009 to August 2016, September 2016
to February 2018 and March 2018 to March 2020) was 0.3% (95%
C1 0.3% to 0.4%), 0.3% (0.3% to 0.4%), -0.4% (-0.5% to 0.1%) and
-0.4% (-0.9% to -0.1%), respectively. Using interventional ARIMA
modelling, we found no significant change in the trend of rates of
hospital admission for accidental acetaminophen overdose after
the October 2009 labelling standard (p = 0.2) (Figure 1). Similarly,
we did not observe a change after the updated labelling standard
in September 2016 (p = 0.7) and the March 2018 deadline for full
compliance with this standard (p = 0.2) (Figure 1). In sensitivity
analyses, we identified a structural break before the implementa-
tion of labelling changes (December 2008, p < 0.001), with no
labelling intervention dates identified as structural breaks
(Appendix 4 and Appendix 5, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.210842/tab-related-content).

In our secondary analysis, quarterly rates of ICU admissions for
accidental acetaminophen overdose were 0.12 per 100000 popu-
lation (n = 29 patients) in the first quarter of 2004 and 0.14 per
100000 population (n = 41 patients) in the final quarter of 2019
(Figure 2). The average quarterly percent change in this outcome
was 0.7% (95% Cl 0.2% to 1.1%). The average quarterly percent
change for each segment of the time series was 1.4% (95% ClI
1.0% to 2.2%), 0.8% (0.3% to 1.4%), -1.1% (-3.3% to 1.0%) and
-1.1% (-6.3% to 0.4%), respectively. We did not observe a signifi-
cant change in the trend of ICU admissions for accidental aceta-
minophen overdose after the October 2009 (p = 0.2), September
2016 (p = 0.2) or March 2018 (p = 0.8) interventions (Figure 2). We
observed similar findings in sensitivity analyses, with no struc-
tural breaks identified using the OLS-CUSUM (Appendix 4) and
Chow tests (Appendix 5).

Rates of hospital admissions for accidental acetaminophen
overdose involving opioids doubled between the first quarter of
2004 (0.09 per 100 000 population; n =21 patients) and the quarter
immediately preceding the March 2018 deadline for compliance
with labelling changes (0.18 per 100 000; n = 52 patients). The aver-
age quarterly percent change over the entire study period was
0.8% (95% Cl 0.4% to 1.2%). The average quarterly percent change
for each segment of the time series was 3.1% (95% Cl 2.1% to
3.8%), 1.1% (0.7% to 1.6%), 1.1% (~3.5% to 1.5%) and -7.3 (-11.9%
to -3.5%), respectively. We did not observe a signficant change in
trends of hospital admissions for accidental acetaminophen over-
dose involving opioids after the October 2009 (p = 0.3) or Septem-
ber 2016 (p = 0.9) labelling updates. Although rates of hospital
admissions for accidental acetaminophen overdose involving opi-
oids subsequently declined 33.3% by the end of the study period
(0.12 per 100000 population; n = 35 patients), the March 2018
labelling deadline was not associated with this trend (p = 0.07)
(Figure 3). However, in sensitivity analyses, we observed a statis-
tically significant step increase in admissions involving opioids
after the March 2018 intervention date, followed by a gradual
decline in the slope of the time series (Appendix 5). In addition, we
identified a structural break in the OLS-CUSUM (Appendix 4) and
first quarter of 2016 using the Bai-Perron test.
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Figure 1: Monthly rates of hospital admissions for accidental acetaminophen overdose in Canada (excluding Quebec), April 2004 to March 2020.
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Figure 2: Quarterly rates of admission to the intensive care unit (ICU) for accidental acetaminophen overdose in Canada (excluding Quebec), April 2004 to March 2020.
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Figure 3: Quarterly rates of hospital admission for accidental acetaminophen overdose involving opioids in Canada (excluding Quebec), April 2004 to

March 2020.

Interpretation

We found that changes to acetaminophen product labels that
were intended to optimize the safe use of this drug had no
impact on hospital admissions for accidental acetaminophen
overdose. Although rates of overdoses involving opioid toxicity
declined after the September 2016 labelling update, this finding
may reflect a general decline in opioid overdose-related hospital
admissions during this period in Canada.*®

Our study has important implications for public health and
policy. Acetaminophen overdose is the leading cause of acute
liver failure in several countries, with accidental overdoses repre-
senting a substantial portion of these events.>® Moreover, aceta-
minophen overdoses are associated with considerable cost to the
health care system, estimated at more than $87 million annually
for deliberate overdoses in the US in 1995.3! Findings from 1 study
suggested similar costs in cases of accidental overdose.?
Because of the human and economic burden imparted by acci-
dental acetaminophen overdoses, additional measures for pre-
venting these episodes are required, beyond those that attempt
to inform consumers about the potential risks of acetaminophen
through product labels and package inserts. This is especially
important when considered in light of previous research that
showed that fewer than 50% of patients regularly read labelled
instructions for use of over-the-counter analgesics,*>* and only
26% read the active ingredients before first use.®® Further, studies

from the US and UK have found that 4.5% to 6% of patients
exceed the maximum recommended acetaminophen dose of
4 g/d,*** a finding that may be associated with the use of over-
the-counter cough and cold preparations that contain acet-
aminophen, health literacy and high-strength formulations of
acetaminophen.**-*° In addition, enhancing the size and visibility
of warnings on acetaminophen product labels did not mitigate
the risk of supratherapeutic acetaminophen dosing in 1 small
study.*

Our findings build on those of earlier studies evaluating inter-
ventions intended to mitigate the risk of acetaminophen over-
dose. Previous research from England and Wales found that
acetaminophen poisoning-related mortality declined 43% and
liver transplantation registrations owing to acetaminophen-
induced hepatotoxicity declined 61% in the 11 years after legisla-
tion that restricted acetaminophen package sizes to a maximum
of 32 tablets and the amount of acetaminophen that can be sold
without a prescription at 1 time to 100 tablets.** However, the
impact of package size restrictions was not uniform throughout
the UK, with no impact on fatal poisonings observed in Scot-
land.”? In Denmark, an 18-year age restriction on over-the-
counter analgesic sales was associated with a 17% reduction in
admissions for nonopioid analgesic poisoning among people
aged 10-17 years, and pack size restriction of these drugs was
associated with an 18% reduction in admissions for the entire
population.”® However, the age restriction was also associated
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with a decrease in poisoning associated with other prescription
medications, obfuscating a causal association between this pol-
icy change and nonopioid analgesic poisonings.® In contrast to
these studies, we explored whether labelling changes alone are
sufficient for curbing acetaminophen overdoses. Moreover, pre-
viously published studies did not distinguish between accidental
overdoses and deliberate self-harm, the latter being the impetus
for the legislated restrictions on package sizes, given the often
impulsive nature of deliberate overdoses.* We focused specifi-
cally on accidental overdoses, the prevention of which would be
the likely goal of labelling changes intended to promote safe use
of acetaminophen.

In light of our findings and of the limitations of product
labels, implementation and evaluation of measures addressing
conditions that predispose people to unintentionally ingest
more than the recommended amount of acetaminophen should
be considered. Examples of such measures include removing
acetaminophen from nonanalgesic over-the-counter products,
discontinuing opioid-acetaminophen combination products
and restricting products to a maximum of 325 mg of acetamino-
phen per unit dose.

Limitations

We did not include emergency department visits for acciden-
tal acetaminophen overdose that did not result in hospital
admission or events resulting in prehospital deaths. Our study
may have been underpowered for detecting significant
changes, particularly for secondary outcomes with fewer
available data points in the later portions of the time series.
However, the results of sensitivity analyses were largely
aligned with those of ARIMA models, providing support for our
main inferences. As with all interrupted time series studies,
temporal confounding related to discrete events occurring in
close proximity to the interventions of interest or changes in
the source population is a potential source of bias. However,
we are unaware of any such confounders, and the median age
and sex distribution of the national population did not change
appreciably between 2004 and 2020.% Finally, our approach of
distinguishing accidental from deliberate acetaminophen
overdose has not been validated. However, the age and sex
distribution of our patients was similar to those of studies
using hospital medical records for identifying cases of acci-
dental acetaminophen overdose.®°

Conclusion

We found that changes to acetaminophen labels that com-
municated the risks of overdose and the presence of aceta-
minophen in over-the-counter products did not affect rates of
hospital admission for accidental acetaminophen overdose,
ICU admission for accidental acetaminophen overdose and
admission for acetaminophen overdoses involving opioids.
Given the impacts to the public health and health systems of
accidental acetaminophen overdose and the interest of policy-
makers worldwide in promoting the safe use of acetamino-
phen, our findings suggest that additional measures are
needed for preventing these events.
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