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Aims

 

To describe how changes in legislation to restrict paracetamol sales have affected
overdose discharges and death associated with the drug in Scotland.

 

Methods

 

A descriptive analysis of routine death and hospital discharge data for the entire
Scottish population between 1995 and 2004. Patients in Scotland participated who
were discharged from hospital with a diagnosis of poisoning; deaths in Scotland from
diagnosis of poisoning 1995–2003 were also analysed. Outcome measures were
changes in mortality and overdose due to poisoning involving paracetamol. A com-
parison was made of in-hospital and out-of-hospital mortality in fatalities involving
paracetamol.

 

Results

 

The majority of paracetamol-associated deaths were due to co-proxamol. Deaths
associated with paracetamol alone or with ethanol occurred principally in hospital and
were a minority of deaths overall. The proportion of in-hospital deaths attributed to
paracetamol increased (post/pre ratio 1.347; 95% confidence interval 1.076, 1.639;

 

P

 

 

 

=

 

 0.013). Overall numbers of cases discharged with poisoning fell. The proportion
of these involving paracetamol in any form increased significantly in all groups except
young men aged 10 to 

 

<

 

20 years.

 

Conclusions

 

Legislation has not reduced mortality or proportional use of paracetamol in overdose,
both of which appear to have increased in Scotland since pack-size limitations. Other
approaches are necessary to reduce the death rate from overdoses involving
paracetamol.

 

Introduction

 

In September 1998 paracetamol sales in Scotland
were, as in the rest of the UK, affected by legisla-
tion [1–3] This restricted the amount of paracetamol
and aspirin that could be bought over the counter
to 32 tablets in pharmacies and 16 tablets in other
retail outlets. Paracetamol had to be supplied in

blister packs accompanied by written ‘health
warnings’.

In several early studies the legislation has been
reported to have led to a reduction in both the number
of paracetamol overdoses and the number of tablets
consumed [4–9]. While beneficial effects on death rates
and trends in paracetamol-related liver damage are
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reported in England, in Scotland no such change was
initially observed [10, 11]. Assessment of this apparent
difference may be complicated by the fact that more
admissions for paracetamol-induced liver failure in
Scotland were from disadvantaged populations [11].
Paracetamol-associated morbidity and mortality in Scot-
land is deprivation related and initially appeared
unchanged [1].

Health statistics relating to paracetamol are, however,
complex. In Scotland hospital discharge and mortality
datasets include all episodes in which paracetamol is
recorded, whatever the formulation or source. The over-
all rates of self-harm in the community are another
factor that can change with time. Furthermore, disad-
vantaged populations may receive more prescription
medicines, or combination products, which could be
confounders in any analysis. Thus the influence of
paracetamol pack-size change on these prescription
drugs, particularly co-proxamol (paracetamol with dex-
tropropoxyphene), needs to be considered and the effect
of pack-size restriction on hospital activity or death rate
cannot be easily extracted. We now present further work
examining overdose and, in particular, death rates, from
paracetamol-related poisoning in Scotland’s population
from 1995 to 2004 inclusive.

 

Methods

 

Overall numbers of deaths by poisoning where parace-
tamol was recorded as implicated on the death certificate
were provided by the General Register Office for Scot-
land (GROS) for 1996–2003. These data were further
analysed by taking individual records and assessing the
drugs recorded in each case and location of death. We
reasoned that in-hospital deaths were more likely to
reflect the effects of paracetamol, which takes at least
48–72 h to be fatal, whereas out-of-hospital deaths were
more likely to reflect coingested toxins, particularly opi-
oids. In the case of co-proxamol (paracetamol 325 mg,
dextropropoxyphene 32.5 mg) diagnosis is generally
reached on a combination of laboratory tests and history.
Dextropropoxyphene is virtually never prescribed alone
in Scotland and so we regard detection of dextropro-
poxyphene, or its metabolite norproxyphene, to indicate
ingestion of this compound product in overdose.

For deaths, overall in Scotland, we have examined
absolute numbers per annum relating to four categories
in the years 1995–2003. We have examined absolute
numbers of deaths per annum related to four categories:
1, paracetamol alone, or with ethanol; 2, paracetamol in
any dosage form other than co-proxamol and other
coingested medicines; 3, co-proxamol overall and
without other potentially fatal coingestions; and 4, co-

codamol (paracetamol and codeine) and co-dydramol
(paracetamol and dihydrocodeine) alone. Having exam-
ined these data we then chose to concentrate our analy-
sis on in-hospital deaths in which paracetamol was
mentioned (excluding co-proxamol), as this was the tar-
get population for the legislation. We have specifically
examined three periods, one before legislation, one tran-
sitional, and one more than 2 years after legislation, in
order better to understand change over time.

The Information Services Division (ISD) of NHS
National Services Scotland routinely collects informa-
tion on activity in Scottish hospitals using the Scottish
Morbidity Records scheme (SMR). Using the SMRs for
acute hospital discharges (SMR01), all episodes were
identified where overdose was recorded from 1995 to
2004 inclusive (paracetamol overdose defined as ICD10
code T39.1 in any of the six available diagnostic fields.
All poisonings were defined as T36–T51).

The numbers of paracetamol overdoses and all other
overdoses were calculated quarterly and the proportions
of all overdoses in which paracetamol were recorded
calculated.

Prescription data (items) for the common compound
analgesics containing paracetamol were also obtained
from ISD. As this legislation also affected aspirin avail-
ability, we examined the profile of aspirin poisoning in
a similar way in that to which we explored paracetamol.

 

Statistical methods

 

The overall statistical approach was the use of General-
ized Linear Modelling (GLM) [12]. The software used
was the R system [13]. Models involving numbers of
poisonings were fitted using Poisson family models with
the canonical 

 

ln

 

 link function. Models involving propor-
tions were fitted with the Binomial family with 

 

logistic

 

link function.

 

Models

 

The obvious periods to consider were before and after
legislation, but it was anticipated that a transient distur-
bance might occur around the time that the legislation
became current. The modelling was data-driven to the
extent that the duration of the transitional interval was
estimated by examination of the data.

A 

 

period

 

 factor was used to index the three periods
studied: prelegislation, transitional and post-
legislation. It was decided on the basis of observation
of graphical data to take the transitional period as
1998 Q2 to 2000 Q2 inclusive. Observations by Haw-
ton 

 

et al.

 

 [9] regarding commercially available pack
sizes and information related to supermarket proce-
dures in the UK (F.R.H., personal communication
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from management source) suggest that, for obvious
reasons, availability of large quantities of analgesics
on single purchase changed in anticipation of the leg-
islation. In addition, we reasoned household stocks
would reduce over time.

It was expected that 

 

sex

 

 would be an important factor
in behaviour, and this was therefore modelled.

A suggested logical reason for the legislation was that
even though adults could easily collect supplies from
several shops, infants and the elderly would be less at
risk of accidental ingestion if only small, difficult to
open packs are available. 

 

Age

 

 was therefore included in
the model as a factor. Patients were grouped as follows:
0 to 

 

<

 

10 years (child); 10 to 

 

<

 

20 years (youth); 20 to

 

<

 

70 years (adult); 

 

≥

 

70 years (elderly).
For reasons related to numerical stability and to make

comparisons of means easier to describe, 1996 Q1 and
2002 Q3 were taken as pre- and post-legislation refer-
ence points for comparison of means and a time variate
was constructed by subtracting 1996 Q1 from all prel-
egislation times and 2002 Q3 from post-legislation
times. As this study was exploratory in approach, all 

 

P

 

-
values and confidence intervals are reported without any
adjustment for multiplicity.

Modelling was conducted starting with a full model,
expressed in R notation as:

 

Period

 

 

 

×

 

 

 

Time

 

 

 

×

 

 

 

Sex

 

 

 

×

 

 

 

Age

 

Nonsignificant effects at the customary (arbitrary) level
of 

 

P

 

 

 

=

 

 0.05 were progressively stripped out starting with
highest-order interactions. The order of removal proved
not to be critical. Since some models showed slight
residual over-dispersion a quasi-likelihood approach
was adopted throughout. Nonsignificant terms were
replaced in some models to enable confidence intervals
for selected parameters to be given where they seemed
likely to be of interest.

The reference times are, respectively, 2.25 years
before and after the limits of the adopted transitional
period. Comparisons between fitted values at these times
(period main effects) need to be interpreted with care as
the times are arbitrary – different choices of reference
times would be expected to lead to different fitted values
if a time trend is present. Much of the interest in this
study lies in trends and interactions; a 

 

period:time

 

 inter-
action, for example, indicates different time trends
between periods. Results are expressed as proportions
or percentage trends with 95% confidence intervals.

 

Results

 

The main purpose of the study was to examine trends
in paracetamol overdose and effects on mortality. First,

examining paracetamol mortality overall for the period
1995–2003 (Table 1), it is clear that the majority of
overdose deaths in which paracetamol was mentioned
occurred outside hospital. Only 327 of the 929 deaths
occurred in hospital. It is the in-hospital deaths (includ-
ing 2004) which we concentrated on in our analysis.
The mode of action of toxicity of paracetamol is
extremely unlikely to cause out-of-hospital deaths, but
of course it is possible that some of the in-hospital
deaths coded as paracetamol related were due to other
factors. Since our interest was in the effect of licence
change on deaths relating to paracetamol (as opposed
to co-proxamol), we concentrated on this cohort of in-
hospital deaths.

Over the full 10-year period covered by this study,
when all overdose-related deaths are considered, no
explanatory variables were statistically significant. A
model comprising just 

 

period

 

 and 

 

sex

 

 was fitted to pro-
vide a summary and confidence intervals for the data in
Table 2. This shows that total numbers of deaths fell
slightly after the legislation came into force and the sex
difference was small (ratio M:F 0.98; 0.85, 1.13). When
paracetamol-related deaths were examined, only the
main effect of 

 

sex

 

 was statistically significant (M:F 0.73;
0.57, 0.94). Thus deaths related to paracetamol were
more common in females. Binomial modelling of the
proportion of paracetamol-related deaths (Table 3)
showed significant 

 

period

 

 and 

 

sex

 

 main effects but no
interaction. The proportion of deaths related to parace-
tamol was significantly higher after legislation and was
greater in females at all times.

Although examined, only 16 aspirin-related deaths
occurred over the 10-year period of study and no time
effect was detected.

 

Overdoses

 

Figure 1 shows the quarterly trends in all poisonings in
four age groups and Figure 2 similar data for paraceta-
mol.

For all poisonings clear time trends within periods
were apparent. When the data overall were fitted using
the model 

 

Sex

 

 

 

×

 

 

 

Age

 

 

 

+

 

 

 

Period

 

×

 

Sex

 

 

 

+

 

 

 

Period

 

 

 

×

 

 

 

Age

 

 

 

+

 

Age

 

 

 

×

 

 

 

Time

 

 

 

+

 

 

 

Period

 

 

 

×

 

 

 

Time

 

 a number of significant
interactions were identified (Table 4), with reduction in
patients 

 

<

 

20 years. The trend in reduction increased
after legislation (difference 

 

−

 

9.3%; 

 

−

 

7.8; 

 

−

 

11;

 

P

 

 

 

<

 

 0.001).
A similar model to that used for all poisonings was

used for paracetamol-related overdoses. Table 5 illus-
trates the key findings, with significant reductions in
total numbers of paracetamol overdoses in those aged

 

<

 

20 years and increases in the older cohorts. As with all
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Table 1

 

Deaths in which reference to paracetamol is made on death certificates, 1995–2003

 

Paracetamol 

 

±

 

ethanol
Paracetamol 

 

+

 

other drugs Co-proxamol

Paracetamol in
combination products
excluding co-proxamol Total

 

Out-of-hospital deaths

 

1995 5 13 34 0 52
1996 9 11 45 0 65
1997 7 7 49 1 64
1998 6 15 51 3 75
1999 5 9 37 1 52
2000 4 18 54 3 79
2001 7 13 53 3 76
2002 9 18 50 4 81
2003 7 9 39 3 58
Total 58 113 412 19 602

 

In-hospital deaths

 

1995 22 4 5 0 31
1996 19 2 6 2 29
1997 24 5 17 0 46
1998 14 2 12 1 29
1999 17 2 7 1 27
2000 28 6 9 0 43
2001 25 6 17 5 53
2002 13 4 20 3 40
2003 21 2 6 0 29
Total 183 33 99 12 327
Overall 241 146 511 31 929

 

Deaths are shown as ‘out-of-hospital’ and ‘in-hospital’ for four categories: paracetamol 

 

±

 

 ethanol alone; paracetamol 

 

+

 

 other
drugs; co-proxamol (alone or in combination); and paracetamol in combination products excluding co-proxamol.

 

Table 2

 

Numbers of all poisoning-related deaths, per quarter (upper panel) and paracetamol deaths per quarter (lower panel) expressed 
as an average over the respective periods (see text)

 

Sex

Pre-legislation,
deaths per
quarter (95% CI)

Transitional,
deaths per
quarter (95% CI)

Post-legislation,
deaths per
quarter (95% CI)

Ratio 
(95% CI)

 

P

 

 post relative to pre

 

All poisonings

 

F 12 (10, 13) 9.8 (8.3, 12) 10 (9.0, 12) 0.88 (0.75, 1.04) 

 

P

 

 

 

=

 

 0.13
M 11 (9.9, 13) 9.6 (8.1, 11) 10 (8.8, 11)

 

Paracetamol poisonings

 

F 3.4 (2.6, 4.3) 3.5 (2.6, 4.6) 4.1 (3.3, 5.0) 1.22 (0.91, 1.63) 

 

P

 

 

 

=

 

 0.19
M 2.5 (1.9, 3.2) 2.5 (1.9, 3.4) 3.0 (2.4, 3.8)

 

In addition, ratios pre and post regulation are shown.
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poisonings, rates of change were greater after pack-size
limitation (difference in trend 

 

−

 

12%; 

 

−

 

9.6, 

 

−

 

14;

 

P

 

 < 0.001).
As  there  were  trends  in  both  poisoning  overall

and  in  paracetamol,  we  sought  to  examine  the
proportion of paracetamol-related overdoses using a
model of Sex × Age + Sex × Period + Period × Time × Age
(Figure 3). The data from the reference times, for illus-

tration, are shown in Table 6. The proportion of over-
doses in Scotland in which paracetamol is involved
increased in all cohorts examined, apart from males
aged 10–19 years, in whom there was no significant
change.

The  number  of  aspirin-related  overdoses  was
small, and general trends were similar to those for
paracetamol.

Table 3
Proportion of deaths related to paracetamol in periods before, during and after licence change

Sex
Pre-legislation
(95% CI)

Transitional
(95% CI)

Post-legislation
(95% CI)

Post/pre ratio
(95% CI) P

M/F ratio
(95% CI) P

F 0.294 0.353 0.397 1.347 0.734
(0.235, 0.362) (0.276, 0.440) (0.336, 0.461) (1.076, 1.639)

P = 0.013
(0.573, 0.925)
P = 0.0095

M 0.216 0.265 0.303
(0.167, 0.275) (0.200, 0.343) (0.247, 0.365)

Figure 1 
Number of discharges per quarter in Scotland 

with a diagnosis of poisoning 1996–2004 by 

age group (children <10 years, youth 10 to 

<20 years, adult 20 to <70 years, elderly 

≥70 years). The vertical line identifies the 

quarter of the licence change and the shaded 

area indicates the period of transition
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Prescriptions
Prescriptions for co-proxamol in Scotland remained
relatively stable throughout this period: 1.42 million in
1995, peaking at 1.49 million in 1997 and slowly fall-

ing to 1.26 million in 2003. Prescriptions for co-
codamol and co-dydramol have shown proportional
increases which are not reflected in the mortality
statistics.

Figure 2 
Number of paracetamol-related discharges per 

quarter in Scotland with a diagnosis of 

poisoning 1996–2004 by age group (children 

<10 years, youth 10 to <20 years, adult 20 to 

<70 years, elderly ≥70 years). The vertical line 

identifies the quarter of the licence change and 

the shaded area indicates the period of 

transition
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Table 4
All overdoses

Age group Sex
Fitted value at
1996 Q1

Fitted value
at 2002 Q3

Ratio at reference
times (95% CI) P

Child F 128 68 0.53 (0.48, 0.59) P < 2 × 10−16

M 153 77 0.50 (0.45, 0.55) P < 2 × 10−16

Youth F 560 482 0.86 (0.82, 0.90) P < 2.2 × 10−9

M 269 217 0.81 (0.76, 0.85) P = 2.2 × 10−13

Adult F 1929 2003 1.04 (1.01, 1.07) P = 0.010
M 1708 1662 0.97 (0.94, 1.003) P = 0.075

Elderly F 135 149 1.12 (1.02, 1.22) P = 0.015
M 76 11 1.05 (0.96, 1.15) P = 0.32

Fitted values and their ratios from the statistical model are shown at the reference times stratified by Age and Sex.
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Discussion
Assessing the impact of any intervention in poisoning
in Scotland is problematical in view of the changing
baselines we have identified. Thus, rates of poisoning

were increasing during the late 1990s, and subsequently
declined. Any measurement of the effect of a change in
licensing of paracetamol therefore needs to take this into
account. Obviously, an overall decline in poisoning

Table 5
Number of paracetamol-related overdoses

Age group Sex
Fitted value
at 1966 Q1

Fitted value
at 2002 Q3

Ratio at reference times
(95% CI) P

Child F 22 17 0.75 (0.63, 0.89) P = 0.0011
M 27 18 0.67 (0.57, 0.80) P = 8.7 × 10−6

Youth F 269 250 0.93 (0.88, 0.99) P = 0.021
M 86 71 0.83 (0.78, 0.90) P = 2.0 × 10−6

Adult F 601 736 1.22 (1.17, 1.27) P < 2 × 10−16

M 510 560 1.10 (1.05, 1.15) P = 5.5 × 10−5

Elderly F 13 23 1.69 (1.38, 2.08) P = 9.8 × 10−7

M 9 13 1.52 (1.24, 1. 87) P = 9.8 × 10−5

Fitted values and their ratios from the statistical model are shown at the reference times stratified by Age and Sex.

Figure 3 
Proportion of paracetamol-related discharges of 

all poisoning discharges per quarter in Scotland 

1996–2004 by age group (children <10 years, 

youth 10 to <20 years, adult 20 to <70 years, 

elderly ≥70 years). The vertical line identifies 

the quarter of the licence change and the 

shaded area indicates the period of transition
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could merely reflect a decline in the use of paracetamol
in overdose; we have shown in this study that trends in
paracetamol poisoning and in poisoning overall are dif-
ferent. This further emphasizes the points made by Mor-
gan and Majeed [14] in their review of previous studies
of the effects of this legislation, in which they make a
plea for planned evaluation of interventions of this type
in future.

One problem with hospital discharge statistics is that
the coding of agents involved is not specific. Thus it is
difficult to be certain across the country what proportion
of overdoses relate to over-the-counter sales. Our own
unit in Edinburgh treats approximately 10% of the Scot-
tish population, and in this population over-the-counter
supply accounts for approximately 70% of paracetamol
ingestions.

Case fatality with paracetamol is low, and an impor-
tant finding in this study is the impact of co-proxamol
on overall mortality in cases in which paracetamol is a
component of the overdose. Recent legislation remov-
ing co-proxamol from prescription lists in the UK is
therefore likely to have a significant impact on mortal-
ity rates [15]. By concentrating on hospital mortality
relating to paracetamol we have attempted to focus on
the main target group of the legislation. While we can-
not be certain that all the deaths would be directly due
to paracetamol-related toxicity, the effect of the legisla-
tion was anticipated to be a reduction in paracetamol
mortality. By excluding co-proxamol we have
attempted to avoid a major confounder in the analysis.
The analysis has been made more difficult by underly-
ing trends in poisoning rates, and to address this we
have specifically considered the time periods before,

during and after legislation, and expressed our results
as a proportion of all overdoses, with respect both to
total numbers of discharges and to numbers of deaths.
The findings of this study are concerning. It is relevant
that Newsome [11] and colleagues noted no reduction
in serious paracetamol-related liver damage in the
admissions to the Scottish Liver Transplant Unit up to
March 2001. Our present study suggests that the legis-
lation intended to reduce paracetamol-related mortality
and admission rates by reducing availability of the drug
for general sale has been unsuccessful in Scotland. This
contrasts with the report by Hawton and colleagues
[10], who reported that in England there appeared to be
an immediate reduction of about 20% in mortality from
paracetamol. They also calculated that the numbers of
tablets taken in overdose had reduced by around 1 g
paracetamol, which is toxicologically insignificant.
Hawton’s work concentrated on the time immediately
after the licence change, in the period we have desig-
nated as a transitional time, whereas this present study
extends well beyond any temporary impact of the pub-
licity associated with this change, and reflects the
longer-term impact.

The detailed analysis of overdose patterns is subject
to a variety of potential biases in determining and
recording which particular drug or preparation causes
death or was the ‘main component’ implicated in an
overdose. At present, Procurators Fiscal in Scotland and
Coroners in England, together with their respective
pathologists, play a large role in the collation of national
statistics. In practice, the level of detail of information
collected about any overdose is dependent upon its seri-
ousness, recording systems and local toxicology proto-

Table 6
Proportion of paracetamol-related overdoses

Age Group Sex
Fitted value
at 1966 Q1

Fitted value
at 2002 Q3

Ratio at reference times
(95%CI) P

Child F 0.175 0.247 1.410 (1.231, 1.606) P = 2.7 × 10−6

M 0.178 0.239 1.343 (1.171, 1.531) P = 4.9 × 10−5

Youth F 0.486 0.517 1.064 (1.024, 1.103) P = 0.0018
M 0.317 0.330 1.042 (0.983, 1.103) P = 0.16

Adult F 0.313 0.367 1.171 (1.138, 1.205) P < 2 × 10−16

M 0.299 0.337 1.128 (1.092, 1.165) P = 1.5 × 10−11

Elderly F 0.0867 0.153 1.760 (1.444, 2.130) P = 1.2 × 10−7

M 0.100 0.166 1.652 (1.358, 1.996) P = 1.9 × 10−6

Fitted values and their ratios from the statistical model are shown at the reference times stratified by Age and Sex.
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cols. With deaths, the presence and detail of toxicology
reports and death certificate terminology may also vary.
We have based our assessments on the material recorded
in the Scottish system.

Studies in other countries have not been on similar
interventions. In Australia manufacturer product recall
due to extortion threat had a mixed effect, with some
reduction in admissions in Western Australia [16]
although no obvious change in calls to poisons centres
about paracetamol nationwide [17]. In addition, there
was an apparent increase in overdose from other anal-
gesics [17]. In contrast, increasing availability of parac-
etamol for sale in Canada did not result in an increase
in hospitalization for poisoning [18].

In the UK reduction of availability of a prescription
antipsychotic, thioridazine, resulted in profound alter-
ations in patterns of self-harm with this drug [19].
Licence change for co-proxamol [15] is also anticipated
to produce similar dramatic change. Changing availabil-
ity of over-the-counter medicines by pack-size limita-
tion has not had a similar impact in Scotland.
Paracetamol remains the most common drug taken in
overdose and although the case fatality rate is low, these
data do not suggest that the primary aim of pack-size
limitation, namely reduction in mortality, has been
achieved. While it may be argued by some that the
reasons for increasing hospital discharge rates is a result
of increased caution in medical practitioners, UK pro-
tocols for managing paracetamol are based on plasma
concentration measurement, and have not changed over
the period of this study.

In conclusion, the major public health problem with
paracetamol poisoning appears to remain that of getting
patients to hospital rapidly to receive appropriate anti-
dote medication within the time window in which this
works.
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