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Abstract
Objective To assess the long term effect of United Kingdom legislation
introduced in September 1998 to restrict pack sizes of paracetamol on
deaths from paracetamol poisoning and liver unit activity.

Design Interrupted time series analyses to assess mean quarterly
changes from October 1998 to the end of 2009 relative to projected
deaths without the legislation based on pre-legislation trends.

Setting Mortality (1993-2009) and liver unit activity (1995-2009) in
England and Wales, using information from the Office for National
Statistics and NHS Blood and Transplant, respectively.

Participants Residents of England and Wales.

Main outcome measures Suicide, deaths of undetermined intent, and
accidental poisoning deaths involving single drug ingestion of
paracetamol and paracetamol compounds in people aged 10 years and
over, and liver unit registrations and transplantations for paracetamol
induced hepatotoxicity.

ResultsCompared with the pre-legislation level, following the legislation
there was an estimated average reduction of 17 (95% confidence interval
−25 to −9) deaths per quarter in England and Wales involving
paracetamol alone (with or without alcohol) that received suicide or
undetermined verdicts. This decrease represented a 43% reduction or
an estimated 765 fewer deaths over the 11¼ years after the legislation.
A similar effect was found when accidental poisoning deaths were
included, and when a conservative method of analysis was used. This
decrease was largely unaltered after controlling for a non-significant
reduction in deaths involving other methods of poisoning and also

suicides by all methods. There was a 61% reduction in registrations for
liver transplantation for paracetamol induced hepatotoxicity (−11 (−20
to −1) registrations per quarter). But no reduction was seen in actual
transplantations (−3 (−12 to 6)), nor in registrations after a conservative
method of analysis was used.

Conclusions UK legislation to reduce pack sizes of paracetamol was
followed by significant reductions in deaths due to paracetamol overdose,
with some indication of fewer registrations for transplantation at liver
units during the 11 years after the legislation. The continuing toll of
deaths suggests, however, that further preventive measures should be
sought.

Introduction
In many countries, self poisoning with paracetamol
(acetaminophen) is a common method of suicide and non-fatal
self harm, it is responsible for many accidental deaths, and is a
frequent cause of hepatotoxicity and liver unit admissions.1-5
Legislation was introduced by the United Kingdom government,
following recommendations by the UK Medicines Control
Agency (later theMedicines andHealthcare Products Regulatory
Agency) in September 1998 that restricted pack sizes of
paracetamol (including compounds) sold over the counter. Packs
were restricted to a maximum of 32 tablets in pharmacies and
to 16 tablets for non-pharmacy sales.6 7

This policy was introduced because of the large number of
people taking paracetamol overdoses,2 8 9 and increasing numbers
of deaths10 and liver transplants11 due to paracetamol induced
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hepatotoxicity. Another reason for the legislationwas knowledge
gained from interviewing people who had presented to hospital
after paracetamol overdoses, many of whom reported that the
act was often impulsive and involved use of drugs already stored
in the home.12 13

Our research group showed that this implementation had benefits
during the first few years after the legislation in terms of
paracetamol related deaths, liver transplants, and numbers of
tablets consumed in overdoses.14 15Other studies supported these
findings.16 17However, some commentators have questioned the
effect of the legislation.18 Furthermore, other researchers who
re-examined national data19 suggested that decreases in mortality
from paracetamol poisoning simply reflected trends in other
poisoning deaths (although there were methodological issues
with these findings20). They also suggested that the reduction
in paracetamol related deaths preceded implementation of the
legislation.21 In Scotland, no evidence of an effect of the
legislation on deaths was found.22 23 More long term studies are
needed to assess whether the legislation has been a success.17

In the present study, we aimed to investigate the potential long
term effect of the legislation in England andWales on poisoning
deaths, especially suicides, and on liver unit activity for
paracetamol induced hepatotoxicity, as measured by registration
for liver transplantation and actual transplants.

Methods
Study design
We used data for poisoning deaths in England and Wales
between 1993 and 2009 to examine the effect of the 1998
legislation on deaths. We also used data for liver unit
registrations and transplantations in residents of England and
Wales between 1995 and 2009 to examine the legislation’s effect
on paracetamol induced hepatotoxicity. The effects of the 1998
legislation were assessed in a before and after design, by using
interrupted time series.

Outcomes
Deaths
To evaluate the effect of the legislation to reduce paracetamol
pack size on suicide, we used data for deaths receiving a suicide
verdict and those recorded as death of undetermined intent
(“open” verdicts). In England andWales, it has been customary
to assume that most injuries and poisonings of undetermined
intent are cases where the harm was self inflicted but there was
insufficient evidence to prove that the deceased deliberately
intended to kill themselves.24 25

TheOffice for National Statistics provided quarterly information
on drug poisoning deaths (suicides, open verdicts, and accidental
poisonings) involving paracetamol, and the more common
paracetamol compounds used for self poisoning (paracetamol
with codeine, dihydrocodeine, ibuprofen, or aspirin). These data
were based on deaths registered in 1993-2009 in England and
Wales. We did not include deaths involving co-proxamol, a
paracetamol-dextropropoxyphene compound, because
dextropropoxyphene is the usual lethal agent in co-proxamol
poisonings and the drug was withdrawn in 2007.26

We restricted our analyses to deaths involving single drugs
(paracetamol or paracetamol compounds) with or without
alcohol, for people aged 10 years and over. This restriction was
to avoid contamination of effects where paracetamol was taken
with other, perhaps more toxic, drugs (which could have been
the cause of death). Similar data were supplied for overall deaths
from drug poisoning that received suicide, open, and accidental

poisoning verdicts, and for all deaths that received suicide and
open verdicts.

Registrations for liver transplantation and actual
transplants
Data for all transplant units in the UK between 1995 and 2009
on registrations for liver transplantation and actual liver
transplants due to paracetamol poisoning were supplied by UK
Transplant (nowNHSBlood and Transplant). We restricted our
analyses to data for residents of England and Wales aged 10
years and over (paracetamol poisoning in children younger than
10 years is usually accidental).

Statistical analyses
We used interrupted time series analysis to estimate changes in
the levels and trends in deaths, liver unit registrations, and liver
transplantations following implementation of the 1998
legislation to reduce the pack size of paracetamol. This method
controls for the baseline level and trend when estimating
expected changes in numbers due to the intervention.27
Specifically, segmented regression analysis28 was used to
estimate the mean quarterly numbers of deaths and liver unit
registrations and transplantations that might have occurred in
the post-intervention period without the legislation, and the
numbers that occurred with the legislation. The mean numbers
per quarter following the legislation were obtained from best
fitted data lines from the regressions, and are better estimates
than taking the average of the actual values. The end of the third
quarter of 1998 was chosen as the point of intervention.
Our data for deaths comprised 23 quarters in the pre-intervention
segment and 45 quarters in the post-intervention segment. For
liver unit registrations and transplantations, corresponding data
comprised 15 quarters before the legislation and 45 quarters
after. Regression coefficients for both level and trend were used
to estimate the average absolute differences per quarter (using
the mid-point of the post-intervention period; web appendix).
We analysed paracetamol deaths using:

• The basic regression model (equation 1, web appendix),
which assumed that pre-existing trends in paracetamol
deaths would have continued in the absence of the
legislation

• The basic regressionmodel plus adjustment for potentially
confounding trends in “all drug poisoning suicide deaths”
and “all suicide deaths” by inclusion of “all drug suicide
deaths excluding paracetamol” and “all suicide deaths
excluding paracetamol” as covariates

• A conservative estimate of the absolute effect, which
assumed no increase in the incidence of paracetamol
associated deaths after the legislation (in the absence of
this intervention). In this conservative estimate, the absolute
effect of the legislation was determined as the difference
between the outcome expected at the last point of the
pre-intervention period and the mid-point of the
post-intervention period

For analysis of liver unit registrations and transplantations, we
used the basic regression model and the conservative estimate
analysis.
We found some first order autocorrelation in the data; therefore,
Cochrane-Orcutt autoregression was used to adjust for this, and
Durbin Watson statistics were close to the preferred value of 2.
We carried out a sensitivity analysis to determine whether our
results changed when January 1998 was used as the date when
trends changed. This date corresponded to the date when changes
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to the paracetamol packaging sizes began to occur (nine months
before the legislation was implemented). Analyses of trends in
deaths and liver unit registrations and transplantations were
conducted using Stata version 10.0.29

Results
Deaths
Table 1⇓ shows the number of deaths in England and Wales
between 1993 and 2009 due to poisoning with (1) any drugs
and (2) paracetamol specifically, which received suicide, open,
and accidental poisoning verdicts. Paracetamol poisoning deaths
constituted about 6-10% of such deaths.
Regression analysis of quarterly data indicated a significant
decrease corresponding to the 1998 legislation in both level and
trend (that is, the slope) in deaths in England and Wales
involving paracetamol that received a suicide or open verdict
(fig 1⇓; web table). The estimated average reduction in number
of deaths was 17 (95% confidence interval −25 to −9) per
quarter in the post-intervention period compared with the
expected number based on trends in the pre-intervention period
(table 2⇓). This change equated to an overall decrease of about
43% in the post-legislation period of 11¼ years, or 765 fewer
deaths than would have been predicted based on trends between
1993 and September 1998. An overall decrease of 35% was
found when using a conservative method of analysis (table 2).
We also saw a reduction in all deaths from drug poisoning
(excluding paracetamol) receiving a suicide or open verdict
during the post-legislation period (−87 deaths (95% confidence
interval −145 to −29) per quarter), although this decrease was
smaller in magnitude (25%) and was not associated with the
step change seen for paracetamol after the introduction of the
1998 legislation. When the change in paracetamol deaths was
adjusted to take account of the fall in poisoning deaths involving
other drugs, the decline in paracetamol deaths changed very
little (table 2). Adjustment for changes in the overall suicide
rate also made little difference to the results. Similar results
were found when accidental poisoning deaths involving
paracetamol were included with suicides and open verdicts
(table 2). The reduction in deaths in the post-legislation period
when accidents were included equated to 990 fewer deaths than
expected based on continuation of the pre-legislation trend had
the legislation not occurred (−22 deaths (−30 to −14) per
quarter). Although suicides (including open verdicts) involving
any method showed a significant reduction during the
post-legislation period, we saw no step change associated with
the legislation (web table).
When the intervention point was moved back nine months to
the beginning of 1998 to take account of earlier introduction of
packaging changes, there remained a significant reduction in
suicide and open verdict deaths involving paracetamol during
1998-2009 but no step change (web table). There was no major
change in deaths involving paracetamol compounds after the
1998 legislation (table 2, web table). These deaths represented
a relatively small proportion of paracetamol related deaths
overall (table 1).

Liver unit activity
Registration for liver transplantation
There was a decrease in the level and trend of number of
registrations for paracetamol induced liver transplantation in
England and Wales residents after the 1998 legislation was
introduced (fig 2⇓). The mean quarterly change compared with
the expected number based on pre-intervention trends was −11

deaths (95% confidence interval −20 to −1), equating to a 61%
reduction in the mean number of deaths per quarter (7 v 18;
table 3⇓). This reduction equated to 482 fewer registrations over
the 11¼ years after the legislation. We obtained a similar result
when we used the beginning of 1998 as the intervention point.
A conservative estimate of the absolute change in registrations
for liver transplants was smaller, and was not significant.

Liver transplantation
There was a non-significant reduction in liver transplantations
for paracetamol induced hepatotoxicity in England and Wales
residents after the legislation, when comparing the period from
October 1998 to the end of 2009 with the estimated level based
on the period from 1995 to September 1998 (fig 3⇓). The
estimated mean quarterly change in transplantations was −3
(−12 to 6; table 3). All liver transplantations in the UK showed
a small but non-significant increase during the post-legislation
period in the mean estimated number per quarter (from 132
before the legislation to 149 after; table 3).

Discussion
We have shown that the 1998 legislation to restrict pack sizes
of paracetamol was associated with a significant reduction in
terms of the level and slope in deaths due to paracetamol
poisoning in England and Wales over an 11 year period. A
decrease was seen bothwhen considering deaths with a coroner’s
verdict of suicide and undetermined intent, and when including
deaths from accidental poisoning. This effect was found in
analyses with estimates based on a continuation of the
pre-legislation trend, as well as more conservative estimates
assuming no increasing trend in the absence of the legislation.
The downward step change was not apparent when the
intervention point was moved back to the beginning of 1998.
Although we saw no significant change in deaths due to
poisoningwith paracetamol compounds, they constituted a small
proportion of paracetamol related deaths. Deaths from poisoning
with drugs excluding paracetamol also showed a significant
reduction between 1998 and 2009, but to a lesser extent than
that found for paracetamol. These deaths did not have the step
change associated with the 1998 paracetamol legislation date.
When we adjusted the paracetamol analyses for underlying
trends in poisoning deaths (excluding those that were
paracetamol related), the findings for paracetamol deaths were
largely unaltered. The 43% reduction in deaths over 11 years
was equivalent to 765 fewer deaths with a suicide or open
verdict, or 990 fewer deaths if accidental poisoning verdicts
were included.
A significant reduction after the legislation was also found for
registrations for liver transplantation due to paracetamol induced
hepatotoxicity in residents of England and Wales. However, a
downward step change was also apparent when the beginning
of 1998 was used as the intervention point, and the change was
not significant using a conservative estimate of the effect. The
61% reduction in registrations at liver units represented 482
fewer registrations. Although there was also a reduction in liver
transplantations of a similar order to registrations, this finding
was not significant, owing to smaller numbers.
The reduction in registrations for liver unit transplantation is
particularly striking because in 2005 the criteria for registration
were broadened, with a lowering of the thresholds for
consideration for surgery.30 The reduction in liver transplant
registrations may have, in part, resulted from improvements in
the early management of patients presenting to hospital with
paracetamol poisoning (including administration of the antidote
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N-acetylcysteine) and the increasing sophistication and success
of intensive care support given to patients with acute liver failure
induced by paracetamol use.31 These factors could also have
accounted for some of the non-significant reduction in the
numbers of paracetamol deaths observed over the study period.
However, the process of change has been one of continuous
evolution and would be unlikely to account for the step change
seen in outcomes coincident with the introduction of sales
restrictions. Importantly, there has been no decline in hospital
presentations in England for non-fatal overdoses of paracetamol
after the legislation32; thus, these findings cannot be explained
by fewer paracetamol overdoses.
The effect of the 1998 legislation on pack sizes of paracetamol
is likely to reflect the fact that many people who intentionally
overdose with paracetamol take what is available in the
household,13 33 especially if the overdose is impulsive. Also,
when people purchase drugs specifically for the purpose of an
overdose, the amount of paracetamol available would have been
more limited after the legislation, probably even if multiple
purchases are made. We previously showed a reduction in the
size of non-fatal overdoses of paracetamol after the legislation.15

Despite the apparent benefits of the 1998 legislation, there
continues to be a considerable number of deaths each year due
to paracetamol poisoning, averaging 121 per year (for suicide,
open, and accidental verdicts) between 2000 and 2009 for
paracetamol alone with or without alcohol but excluding
paracetamol compounds (table 1). The benefits should therefore
not lead to complacency.
Further measures might be needed to reduce this death toll.
These measures might include stronger enforcement of the
legislation.34 Another possibility is a further reduction in pack
sizes—some commentators have suggested that the limit should
have been set lower.13 18 Another measure might be to reduce
the paracetamol content of tablets, similar to the recent reduction
of paracetamol (from 500 mg to 325 mg) in prescribed
compound preparations introduced by the US Food and Drug
Administration.35However, it would need to be shown that such
a further reduction would have no major effect on efficacy of
pain relief.

Limitations
One limitation of this study was that we only used data for
deaths for poisoning with paracetamol (with or without alcohol),
in pure or compound form.We did not use data for deaths where
paracetamol was consumed with other drugs. This approach,
however, ensured that our findings were restricted primarily to
paracetamol, and not substantially affected by changed
availability or toxicity of other drugs or compounds.
A strength of the study was that it was based on national data
for both deaths and liver unit activity. We have not been able
to estimate possible substitution of paracetamol overdoses with
other methods of poisoning or self harm, but the non-significant
change in total suicides (by all methods) and in suicides by
ingestion during the period after the 1998 legislation was
downward. This non-significant decrease in all suicides probably
indicates that other factors may have favourably influenced
suicide rates, and hence might have contributed to the findings
for paracetamol poisoning deaths.
Other changes in availability of analgesics during the study
included withdrawal of co-proxamol in 200724 and
cyclo-oxygenase-2 inhibitors after safety concerns in 2004.36
However, these withdrawals probablywould have not influenced
the results, and we took account of changes in poisoning deaths
in our analyses.
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What is already known on this topic

Paracetamol poisoning, which occurs mainly through intentional overdose, is an important worldwide cause of deaths and reason for
liver transplantation due to hepatotoxicity
UK legislation implemented in 1998 to restrict pack sizes of paracetamol sold over the counter has shown initial benefits, in terms of
non-fatal overdoses and liver unit activity in England and Wales
The long term effect of the legislation has yet to be evaluated

What this study adds

The legislation appears to have had long term benefits in terms of fewer deaths due to paracetamol poisoning, after controlling for
changes in overall rates of death by self poisoning and suicide
Less robust evidence suggested a reduction in liver unit registrations and transplantation owing to paracetamol induced hepatotoxicity
Nevertheless, substantial numbers of deaths due to paracetamol poisoning still occur annually, and further preventive measures might
be warranted
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Tables

Table 1| Suicide, open verdict and accidental deaths in England and Wales for people aged 10 years and over, 1993-2009

Paracetamol compound*ParacetamolAll drugs

All causes
(suicide, open)Year

Suicide, open,
accidental

Suicide,
open

Suicide, open,
accidental

Suicide,
open

Suicide, open,
accidentalSuicide, open

22 (1.2)17 (1.3)181 (9.5)132 (10.0)1897131451821993

20 (1.0)15 (1.2)163 (8.1)126 (9.7)2003129850901994

27 (1.3)24 (1.7)155 (7.2)122 (8.8)2140139051271995

26 (1.2)24 (1.8)158 (7.5)121 (9.1)2103132549101996

27 (1.2)21 (1.5)204 (9.1)149 (10.6)2252140648301997

20 (1.9)16 (1.1)183 (8.1)135 (9.4)2246143253471998

33 (1.4)29 (2.1)150 (6.5)113 (8.0)2294141452411999

31 (1.4)29 (2.2)123 (5.7)90 (6.9)2143130950812000

27 (1.2)18 (1.4)142 (6.5)108 (8.4)2176128049042001

28 (1.4)22 (1.8)124 (6.3)90 (7.3)1983122747622002

28 (1.5)22 (1.8)120 (6.5)91 (7.6)1843119448112003

40 (2.0)31 (2.5)127 (6.3)88 (7.1)2008124648832004

37 (1.9)33 (2.9)126 (6.5)92 (8.0)1926115447182005

46 (2.5)35 (3.6)131 (7.2)92 (9.4)182197945132006

36 (1.9)23 (2.6)90 (4.9)66 (7.4)185288843222007

44 (2.1)26 (2.9)106 (5.1)61 (6.9)207188446032008

39 (1.8)26 (2.9)125 (5.7)69 (7.7)218589846822009

Open=open verdict; accidental=accidental poisoning. Data are no or no (%) of deaths.
*Compounds include paracetamol and codeine, paracetamol and dihydrocodeine, paracetamol and ibuprofen, and paracetamol and aspirin.
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Table 2| Estimated effects of 1998 legislation on poisoning deaths involving paracetamol, for people aged 10 years and over in England
and Wales in 1993-2009. Data are mean estimated no of deaths per quarter year, unless stated otherwise

Conservative† estimate of absolute effect (October 1998
to 2009)*Estimate of absolute effect (October 1998 to 2009)*

Difference (95% CI)§
With

legislation‡
Without

legislation‡Difference (95% CI)§
With

legislation‡
Without

legislation‡

Suicide, open death

−12 (−20 to −4)2234−17 (−25 to −9)2239Paracetamol

−57 (−115 to 1)263321−87 (−145 to −29)263350All drug poisoning
(except paracetamol)

−10 (−19 to −2)1424−14 (−23 to −5)1428Paracetamol
(adjusted)¶

−12 (−20 to −3)416−16 (−25 to −8)420Paracetamol
(adjusted)**

1 (−5 to 8)651 (−5 to 7)65Paracetamol
compounds

−70 (−132 to −7)285355−103 (−166 to −40)285388All drug poisoning

−54 (−224 to 115)11981252−30 (−199 to 140)11981228All causes

Suicide, open death, accidental poisoning

−15 (−23 to −7)3146−22 (−30 to −14)3153Paracetamol

−33 (−158 to 90)480513−100 (−225 to 23)480580All drug poisoning
(except paracetamol)

−14 (−26 to −2)2135−20 (−32 to −8)2141Paracetamol
(adjusted)¶

3 (−3 to 9)962 (−4 to 8)97Paracetamol
compounds

−47 (−177 to 83)493540−119 (−249 to 11)493612All drug poisoning

*Using interrupted time series segmented regression analysis,28 where the intervention point is taken as third quarter of 1998.
†Conservative estimate assumes flat trend in post-legislation period had the legislation not occurred.
‡Estimated for the mid-point quarter of October 1998 to 2009.
§Absolute difference of estimated number with legislation and estimated number without, taken at the mid-point of the post-intervention period. Confidence intervals
taken from Stata results or calculated according to reference 37.
¶Adjusted by including all deaths from drug poisoning (excluding paracetamol) that received suicide or open verdicts, as a covariate in regression.
**Adjusted by including all suicide and open verdict deaths (except paracetamol) by all methods as a covariate in regression.
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Table 3| Estimated effects of 1998 legislation on paracetamol related registrations for liver transplantation and liver transplants by people
aged 10 years and over in England and Wales, 1995-2009. Data are mean estimated no of registrations per quarter year, unless stated
otherwise

Conservative† estimate of absolute effect (October 1998 to
2009)*Estimate of absolute effect (October 1998 to 2009)*

Difference (95% CI)§With legislation‡
Without

legislation‡Difference (95% CI)§With legislation‡
Without

legislation‡

Paracetamol related registrations

−4 (−14 to 5)711−11 (−20 to −1)718Registrations

−2 (−11 to 7)57−3 (−12 to 6)58Transplants

10 (−37 to 57)14913917 (−30 to 63)149132All liver
transplants

*Using interrupted time series segmented regression analysis,28 where the intervention point is taken as third quarter of 1998.
†Assuming flat trend in post-legislation period had the legislation not occurred.
‡Estimated for the mid-point quarter of October 1998 to 2009.
§Absolute difference of estimated number with legislation and estimated number without, taken at the mid-point of the post-intervention period. Confidence intervals
taken from Stata results or calculated according to reference 37.
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Figures

Fig 1 Suicide and open verdict deaths involving paracetamol only, in people aged 10 years and over in England and Wales,
1993-2009, and best fit regression lines related to 1998 legislation

Fig 2 Paracetamol related registrations for waiting list for liver transplantation, in people aged 10 years and over in England
and Wales, 1995-2009, and best fit regression lines related to 1998 legislation

Fig 3 Paracetamol related liver transplantations, in people aged 10 years and over in England and Wales 1995-2009, and
best fit regression lines related to 1998 legislation
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