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SUMMARY

Objectives Paracetamol is themost commonly administeredmedicine

to children. A recent study highlighted the risk of overdose of paracetamol

using British National Formulary for Children (BNFC) age-based dosing

guidelines. This current study assesses the safety of changes to the UK

paracetamol product dosing system proposed by the Medicines and

Healthcare products Regulatory Authority (MHRA) which include a larger

number of narrower age bands and a single dose per age band.

Design Theoretical comparison of the proposed MHRA dosing system

with the product dosing instructions of a commonly prescribed form of

paracetamol in the UK.

Setting United Kingdom

Participants ProposedMHRA dosing recommendations and current

productdosing instructionswerecomparedusingapreviouslyvalidatedmodel.

Main outcomemeasures For both dosing recommendations, single

andcumulativedailydosesofparacetamol forboysandgirlsat the9th, 50thand

91st centiles for weight were calculated for 3 month, 1 year, 6 year and 12 year

age groups.

Results With the current product dosing instructions, underweight children

are at risk of receiving approximately two times the recommended single and

cumulativedailydoseofparacetamol, particularlyat age1yearand6years.This

risk isnegligiblewhen thesamemodel isapplied to theproposedMHRAdosing

system, whereby underweight, averageweight and overweight children at all

ages receivedosesmarginallyaboveorwithin the recommendeddose rangeor

limit.

Conclusion The proposedMHRA dosing recommendations for

paracetamol use in children are effective at reducing the risk of paracetamol

overdose in children of all ages, when compared with current product dosing

instructions.
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Introduction

Paracetamol (acetaminophen) is one of the

most common medicines administered to children

worldwide. In the UK, paediatric formulations of
paracetamol are sold over-the- counter without

prescription and contain labels with age-based

dosing instructions. Age-based dosing has been
found to be imprecise and can result in

inaccurate dosing due to marked variations in

weight of children of the same age.1 The risks of
both overdosing and underdosing have recently

been demonstrated in an analysis of the age-based

paracetamol dosing guidelines in the British
National Formulary for Children (BNFC) 2010–

2011.2

In order to improve the effectiveness and
safety of paracetamol labelling, the Medicines

and Healthcare products Regulatory Agency

(MHRA) proposes to introduce new dosing
instructions on all children’s paracetamol pro-

ducts, to take effect by the end of 2011.3 The

changes include moving to seven narrower age
bands with a defined single dose per age band,

differing from current labels which contain

only three age bands and have a dose range
within each band. The aim of this research was

to assess the safety of the proposed changes

using a previously validated model,2 in order
to estimate the dosage received by children of

varying weights and ages. Comparison has

been made with current dosing instructions
detailed on the label of a commonly used

brand of children’s paracetamol (Boots Pain

Relief 3 Months Plus Paracetamol 120 mg/5 ml
Suspension).

Methods

The proposed MHRA dosing instructions3 were

reviewed for children aged 3 months to 12 years
and compared with an example of current parace-

tamol product dosing information. Dosing

instructions from the Boots Pain Relief 3 Months
Plus Paracetamol 120 mg/5ml and Boots Pain

Relief 6 years Plus Paracetamol 250 mg/5ml

Suspensions were used as the comparators due
to the reputation of the brand as UK’s leading

pharmacy-led health retailer.4 Methods were

similar to those used in our previous analysis

of BNFC dosing guidelines:2 Paediatric growth

charts were used to estimate the average weight

of boys and girls respectively in the 9th, 50th
and 91st weight centiles at the ages of 3 months,

1 year, 6 years and 12 years (the 1 month age

group was omitted as paracetamol labels do
not recommend paracetamol administration to

children under the age of 3 months without

consultation with a doctor). UK-World Health
Organization (WHO) growth charts were used

for children aged 0 to 4 years and UK90 charts

for children older than 4 years as recommended
by the Royal Society of Paediatrics and Child

Health.5

Based on our previously validated model,2

calculations were performed to determine the

range of potential doses (mg/kg) when using

either the proposed MHRA or Boots product
dosing system for either a 120mg/5ml or 240

mg/5ml formulation of paracetamol. A high-

strength dose of 240 mg/5ml was used instead
of 250mg/5ml to reflect the proposed MHRA

guidelines which specify high-strength paraceta-

mol formulations as 240–250mg/5ml. The
upper doses were calculated by dividing the

highest dose of paracetamol specified at each

age, by the weight of a child in the 9th centile
for weight. Average doses were calculated by

dividing the average (middle) dose of paraceta-

mol specified at each age, by the weight of a
child in the 50th centile for weight. The lower

doses were calculated by dividing the lowest

dose of paracetamol specified at each age, by
the weight of a child in the 91st centile for

weight. Assuming that a child was to be given

ongoing doses of paracetamol over a 24 hour
period, the cumulative daily dose was also calcu-

lated. For all ages, a maximum of 4 doses in 24

hours is recommended in both the current and
proposed dosing systems, and so the cumulative

daily dose was calculated by multiplying the

single dose by 4.
For a single dose, 10–15mg/kg was used as

the recommended therapeutic dose range, based

on standard textbook recommendations.6 A rec-
ommended maximum daily therapeutic limit

of 60 mg/kg/24 hrs was selected based on a

summary of World Health Organization policy
regarding paracetamol.7

J R Soc Med 2012: 105: 263–269. DOI 10.1258/jrsm.2012.110330

Journal of the Royal Society of Medicine

264

involved with

manuscript revision.

JF was involved with

figure design and

data-checking

Acknowledgments

None

Reviewer

Peter Helms



Results

The proposed MHRA dosing instructions contain

4 age bands for infant suspensions (120mg/5ml)

with a single dose within each band and 3 age
bands for 6 year plus suspensions (240mg/5ml

or 250mg/5ml) with a single dose within each

band (Table 1). The Boots Pain Relief 3 Months
Plus Paracetamol 120mg/5 ml Suspension

dosing instructions contain 3 age bands with a

range of doses within each band (Table 1). The
Boots brand also has a higher-strength formu-

lation available (Boots Pain Relief 6 years Plus

Paracetamol Suspension 250mg/5ml) which con-
tains 2 age bands with a range of doses within

each age (Table 1). Both dosing systems suggest

dosing to a maximum of 4 times in 24 hours.
When the proposed MHRA dosing instructions

were assessed, the upper single dose of paraceta-

mol marginally exceeded the recommended thera-
peutic range (10–15mg/kg) for boys at the 9th

centile for weight at age 12 years and girls at the

9th centile for weight at age 1 year, with doses
between 15.5 mg/kg and 15.8 mg/kg (3%–5%

greater than maximum recommended dose)

(Figures 1b and 1d). All other age and weight com-
binations were within safe single dose limits

(Figures 1b and 1d). Similarly, the upper cumulat-

ive daily dose marginally exceeded the rec-
ommended maximum daily therapeutic limit of

60mg/kg/24 hrs for boys in the 9th centile for

weight at age 12 years and girls at the 9th centile
for weight at age 1 year, with doses of between

61.9 mg/kg/24 hr and 63.2 mg/kg/24 hr (3%–5%

greater than maximum recommended cumulative
dose) (Figure 2b and 2d). All other age and weight

combinations were within safe cumulative daily

dose limits (Figure 2b and 2d).
When the Boots dosing instructions were

assessed, the upper single dose of paracetamol

exceeded the recommended therapeutic range
(10–15mg/kg) for boys at the 9th centile for

weight at all age groups and girls at the 9th

centile for weight at age 3 months, 1 year and
6 years with doses between 15.5 mg/kg and 31.6

mg/kg (3%– 111% greater than maximum rec-

ommended dose) (Figures 1a and 1c). For boys at
the 50th centile for weight at age 1 year and 6

years, and for girls at the 50th centile for weight

at age 3 months, 1 year or 6 years, the average
single dose of paracetamol exceeded the rec-

ommended therapeutic range with doses of

between 15.5 mg/kg and 20mg/kg (3%–33%
greater than maximum recommended dose)

(Figures 1a and 1c). For boys and girls at the 91st

centile for weight in all age groups, the lower
dose limit of a single dose of paracetamol was

within or below the recommended therapeutic
range, with doses of between 4.6 mg/kg and 11.3

mg/kg (Figures 1a and 1c).

Similarly, the upper cumulative daily dose
exceeded the recommended maximum daily

Table 1

Boots paracetamol dosing instructions and proposed MHRA paracetamol dosing recommendations

Infant paracetamol suspension (120 mg/5ml)

Boots Pain Relief 3 months Plus Dosing Instructions Proposed MHRA Dosing Instructions

Age Dose How often (in 24 hours) Age Dose How often (in 24 hours)

3–11 months 2.5–5 ml 4 times 3–6 months 2.5 ml 4 times

1–5 years 5–10 ml 4 times 6–24 months 5 ml 4 times

6–12 years 10–20 ml 4 times 2–4 years 7.5 ml 4 times

4–6 years 10 ml 4 times

Paracetamol six plus suspension (240/250mg/5ml)

Boots Pain Relief 6 years Plus Dosing Instructions Proposed MHRA Dosing Instructions

Age Dose How often (in 24 hours) Age Dose How often (in 24 hours)

6–11 years 2.5–5 ml 4 times 6–8 years 5 ml 4 times

12 years+ 5–10 ml 4 times 8–10 years 7.5 ml 4 times

10–12 years 10 ml 4 times
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Figure 1

a) and b) Comparison of Boots dosing instructions and proposed MHRA dosing recommendations for

single paracetamol doses (mg/kg) for low (9th centile), average (50th centile) and high (91st centile)

weights for boys aged 3 months to 12 years.

Lowest dose in age range/91 st centile weight

Average dose in age range / 50th centile weight

Highest dose in age range 9th centile weight

Hashed area represents recommended dose range

c) and d) Comparison of Boots dosing instructions and proposed MHRA dosing recommendations for

single paracetamol doses (mg/kg) for low (9th centile), average (50th centile) and high (91st centile)

weights for girls aged 3 months to 12 years.

Lowest dose in age range/91st centile weight

Average dose in age range / 50th centile weight

Highest dose in age range/9th centile weight

Hashed area represents recommended dose range
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Figure 2

a) and b) Comparison of Boots dosing instructions and proposed MHRA dosing recommendations for

cumulative daily paracetamol doses (mg/kg/24hrs) for low (9th centile), average (50th centile) and high

(91st centile) weights for boys aged 3 months to 12 years.

(Lowest dose in age range/91st centile weight) × maximum number of doses daily

(Average dose in age range/50th centile weight) × maximum number of doses daily

(Highest dose in age range/9th centile weight) × maximum number of doses daily

Bold line denotes maximum cumulative daily limit

c) and d) Comparison of Boots dosing instructions and proposed MHRA dosing recommendations for

cumulative daily paracetamol doses (mg/kg/24hrs) for low (9th centile), average (50th centile) and high

(91st centile) weights for girls aged 3 months to 12 years.

(Lowest dose in age range/91st centile weight) × maximum number of doses daily

(Average dose in age range/50th centile weight) × maximum number of doses daily

(Highest dose in age range/9th centile weight) × maximum number of doses daily

Bold line denotes maximum cumulative daily limit
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therapeutic limit of 60mg/kg/24 hrs for boys and
girls at the 9th centile for weight at all age groups

(excluding girls in the 12 year age group) with

doses of between 61.9 mg/kg/24 hrs and 126.3
mg/kg/24 hrs (3%–111% greater than maximum

recommended cumulative dose) (Figure 2A and

2C). Boys at the 50th centile for weight at age 1
year and 3 years, and girls at the 50th centile for

weight at age 3 months, 1 year and 6 years had an

average cumulative daily dose above the rec-
ommended maximum daily therapeutic limit of

60mg/kg/24 hrs, with doses of between 62.1 mg/

kg/24 hr and 80mg/kg/24 hr (4%–33% greater
than maximum recommended cumulative dose)

(Figure 2a and 2c). Children at the 91st centile for

weight in all age groups had cumulative daily
doses below the recommended maximum daily

therapeutic limit (Figure 2a and 2c).

Discussion

This study confirmed that the proposed MHRA

changes to paracetamol product dosing rec-
ommendations, which include a larger number

of narrower age bands and a single dose per age

band, are effective at reducing the risk of overdose
in underweight and average weight children at

all ages, when compared with current product

dosing instructions.
Based on current Boots paracetamol product

dosing instructions, underweight children are at

risk of receiving over twice the recommended
single and cumulative daily dose of paracetamol

and average weight children are at risk of receiv-

ing up to 133% of recommended single and cumu-
lative daily dose of paracetamol, with children

aged 1 year and 6 years at particular risk. This

risk is negligible when the same dosing model
is applied to the proposed MHRA dosing rec-

ommendations, where the highest dose calculated

for any weight or age was only 8% above the
recommended dose limit.

Age-based dosing has come under scrutiny

due to the potential risk of misdosing children
who are underweight or overweight for their

age.1 On the 18th May 2011, the United States

Food and Drug Administration (FDA) federal
advisory panel unanimously recommended that

paracetamol dosing for children be primarily

based on weight instead of age due to safety

concerns regarding age-based guidelines and the
risk of overdose when recommended doses are

exceeded.8 The FDA will now move to enforce

weight-based labels on all paracetamol packaging.
As our analysis shows, current age-based parace-

tamol dosing instructions on UK children’s para-

cetamol products do put underweight children
at risk of overdose. However, our analysis also

demonstrated that the risks associated with

age-based dosing can be minimized by specifying
narrower age bands that contain only one

recommended dose instead of a range of doses.

This has important public health significance, as
age-based dosing instructions are clear and easy

for parents to follow, whereas weight-based guide-

lines are more complex, requiring parents to
perform a dosage calculation based on an accurate

weight measurement. Although formal health

literacy statistics are not available for the UK, on
average over 50% of OECD populations have

poor levels of health literacy,9 and therefore

many parents in the UK may lack the necessary
health literacy skills to comprehend complex

dosing instructions.10 The proposed MHRA

changes provide an effective solution to this
problem, by applying dosing instructions which

are both easy to follow and safe for children of
varying weights and ages. Another positive

initiative to be implemented under the proposed

changes is the supply of a dosing device such as
a plastic spoon, cup or measuring syringe with

all children’s medicines in order to minimize

dosing errors. However, whilst in theory this is
clearly good practice, often in busy families these

dosing devices are mislaid, and it is therefore

important for dosing instructions to be as clear
and easy to follow as possible.

Despite the improvement in safety of the new

MHRA guidelines, one important issue to con-
sider is the overlap of ages which occurs at each

age band. For example, according to the proposed

guidelines, a child aged 6 months would fit
into both the 3–6 month age band and the 6–24

month age band, meaning that they could

receive a dose of either 60mg or 120 mg depend-
ing on which age band was chosen. This was not

fully evaluated in our calculations due to the pre-

specification of the same 4 age groups used in our
previous analysis. Only one of the age groups

selected for analysis (6 years) was on the cusp of

two age bands, and in this particular instance
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the age bands recommended the same dose (4–6
years: 10ml of 120mg/5ml/6–8 years: 5 ml of 240

mg/5ml or 250mg/5ml). We would recommend

changing the age bands so that no overlap occurs,
as is the case in the current Boots brand dosing

guidelines; for example 3–5 months for the first

band and 6–24 months in the second band.
Another issue to consider is the variation in

strengths of current paracetamol formulations.

For simplicity, the 120mg/5ml and 240mg/ml
formulation was used in our calculations for

all ages. However, for ages 6 years and above a

250mg/5ml suspension is also available which,
if used in our model, would have resulted in

slightly higher doses for older children, although

these differences would result in only minor
changes to overall dose calculations and would

be unlikely to change the overall recommen-

dations of the study.
The issues regarding safe prescribing of medi-

cines for children is not limited to paracetamol.

There is a paucity of pharmacokinetic data on
which many paediatric medicine dosing and age

recommendations are based, commonly leading

to unlicensed and ‘off label’ prescribing.11,12 It
would be beneficial for similar theoretical ana-

lyses to be performed on other commonly used
paediatric medicines, as well as further pharmaco-

kinetic and/or pharmacodynamic studies under-

taken, not only in regards to oral administration
but rectal and intravenous dosing as well.

Conclusion

The proposed MHRA changes to dosing rec-
ommendations for paracetamol use in children are

effective at reducing the risk of overdose of parace-

tamol, particularly in underweight and average
weight children. The changes, including a larger

number of narrower age bands and the inclusion

of a single dose per age band, ensure that children
of all weights and ages receive safe single and

cumulative doses of paracetamol when instructions

are followed correctly. This demonstrates the safety
of well designed age-based paediatric dosing

guidelines, without the need to change to weight-

based guidelines which may be more difficult for
many parents to understand and follow.
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