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ABSTRACT

Objective To investigate whether paracetamol

(acetaminophen) plus ibuprofen are superior to either

drug alone for increasing time without fever and the relief

of fever associateddiscomfort in febrile childrenmanaged

at home.

Design Individually randomised, blinded, three arm trial.

Setting Primary care and households in England.

ParticipantsChildren aged between 6months and 6 years

with axillary temperatures of at least 37.8°C and up to

41.0°C.

Intervention Advice on physical measures to reduce

temperature and the provision of, and advice to give,

paracetamol plus ibuprofen, paracetamol alone, or

ibuprofen alone.

Main outcomemeasures Primary outcomes were the time

without fever (<37.2°C) in the first four hours after the first
dose was given and the proportion of children reported as

being normal on the discomfort scale at 48 hours.

Secondary outcomes were time to first occurrence of

normal temperature (fever clearance), time without fever

over 24 hours, fever associated symptoms, and adverse

effects.

Results On an intention to treat basis, paracetamol plus

ibuprofen were superior to paracetamol for less time with

fever in the first four hours (adjusted difference

55 minutes, 95% confidence interval 33 to 77; P<0.001)

andmay have been as good as ibuprofen (16minutes, −7
to 39; P=0.2). For less time with fever over 24 hours,

paracetamol plus ibuprofenwere superior to paracetamol

(4.4 hours, 2.4 to 6.3; P<0.001) and to ibuprofen (2.5

hours, 0.6 to 4.4; P=0.008). Combined therapy cleared

fever 23 minutes (2 to 45; P=0.025) faster than
paracetamol alone but no faster than ibuprofen alone (−
3 minutes, 18 to −24; P=0.8). No benefit was found for

discomfort or other symptoms, although power was low

for theseoutcomes. Adverse effects didnot differ between

groups.

Conclusion Parents, nurses, pharmacists and doctors

wanting to use medicines to supplement physical

measures to maximise the time that children spend

without fever should use ibuprofen first and consider the

relative benefits and risks of using paracetamol plus

ibuprofen over 24 hours.

Trial registration Current Controlled Trials

ISRCTN26362730.

INTRODUCTION

Paracetamol (acetaminophen) and ibuprofen have
been shown to be superior to placebo1-3 and ibuprofen
superior to paracetamol4 for the relief of fever (see
bmj.com). As the drugs have different mechanisms of
action5 they might be more effective when used
together than alone. Five previous trials6-10 mostly
tested the effects of single doses at selected time points,
were largely done in secondary care, and reached
conflicting conclusions. We carried out a community
based, three arm, blinded, randomised controlled trial
to compare the effectiveness of multiple doses of
paracetamol plus ibuprofen comparedwith either drug
alone. Our investigation into the relative cost effec-
tiveness will be reported later.11

METHODS

We recruited and followed up children between
January 2005 andMay 2007 (see bmj.com).We invited
all NHS organisations providing primary care services
in Bristol to assist with recruitment. We included
children if they were aged between 6 months and
6 years and were unwell with a temperature of at least
37.8°C and up to 41.0°C as a result of illnesses that
could be managed at home. After a baseline ques-
tionnaire had been completed, we randomised chil-
dren using minimisation to one of three trial arms
(paracetamol plus ibuprofen, paracetamol alone,
ibuprofen alone; see bmj.com).12

Intervention

The intervention was the provision of, and advice to
give, the study drugs for up to 48 hours: paracetamol
every 4-6 hours (maximum of four doses in 24 hours)
and ibuprofen every 6-8 hours (maximum of three
doses in 24 hours). Parents, research nurses, and
investigators were blinded to treatment allocation by
using identically matched placebo drugs. Parents
received two medicine bottles; one or both with active
drugs, the other placebo. The dose of drug was
determined by the child’s weight (paracetamol

This article is an abridged version
of a paper that was published on
bmj.com. Cite this article as: BMJ
2008;337:a1302

EDITORIAL by Harnden
RESEARCH, p 734

1Academic Unit of Primary Health
Care, NIHR National School for
Primary Care Research,
Department of Community Based
Medicine, University of Bristol,
Bristol BS8 2AA
2Faculty of Health and Social Care,
University of West England,
Bristol

Correspondence to: A D Hay
alastair.hay@bristol.ac.uk

Cite this as: BMJ 2008;337:a1302
doi:10.1136/bmj.a1302

BMJ | 27 SEPTEMBER 2008 | VOLUME 337 729

Open Access: free full text available online
For the full versions of these articles see bmj.com



15 mg/kg per dose and ibuprofen 10 mg/kg per dose)
measured at the baseline visit.

The first doses were given in the presence of the
research nurse and were timed to coincide with the
child’s next due dose of drug. The order in which the
first drug was given was determined randomly. Time
zero was the time that the drugs were swallowed. The
first four hours was regarded as the “efficacy period.”
We asked the parents to give the drugs regularly from
four to 24 hours (see bmj.com) and to give the drugs
between 24 and 48 hours in response to their child’s
symptoms. At 48 hours we retrieved the drugs and
advised the parents to use over the counter prepara-
tions as required until day 5.

Outcomes

The primary outcomes were the number of minutes
without fever (<37.2°C) in the first four hours and the
proportion of children reported as being normal on
the discomfort scale at 48hours. Secondary outcomes
were collected at three time points. In the first 24
hours we recorded fever clearance (time to the
temperature first falling below 37.2°C), the time
spentwithout fever over 24 hours, and the proportion
of children without fever associated symptoms:
discomfort, reduced activity, reduced appetite, and
disturbed sleep. At 48 hours and day 5 we obtained
data on fever associated symptoms and temperature
measured by parents. At all time points we asked
parents about adverse effects.

Using a data logger (OM-CP-RTDTEMP110;
Omega Engineering, Stamford, CT) connected to
an axillary temperature probe, we measured and
recorded temperature every 30 seconds for 24 hours.
The parents recorded fever associated symptoms,
axillary temperature (measured with standard digital
thermometers), and adverse effects in symptom
diaries.

Statistical analyses

The sample size calculation is on bmj.com. Compara-
tive analyses were done in Stata 9 on an intention to
treat basis using linear or logistic regression and
adjusting for minimisation variables. Primary compar-
isons were between paracetamol plus ibuprofen and
either drug alone, and secondary comparisons were
between paracetamol and ibuprofen, using Dunnett’s
and Tukey’s adjustments for multiple comparisons.13

In regression models we used the proportion of valid
time under the fever threshold and we weighted these
according to the amount of valid data (see bmj.com).
Secondary analyses included additional adjustment for
factors showing possible imbalance at baseline and
preplanned exploratory analyses for differential effects
of paracetamol plus ibuprofen compared with para-
cetamol or ibuprofen for baseline age, temperature,
discomfort, antibiotic use, and presence of otitis media
(affected children might experience enhanced effects
for both fever and pain).

RESULTS

Thirty five primary care sites in Bristol agreed to take
part in the trial (see bmj.com). Overall, 156 children
participated. In four children, clinicians and parents
but not research staff were unblinded to treatment
allocation.
The groups were comparable at baseline, although

potentially influential differences existed for sex,
method of recruitment, and activity (see bmj.com).
Additional adjustment for these variables had negli-
gible effects in all analyses; only minimisation
variables are adjusted for in the comparative ana-
lyses. Nearly all the children were unwell, with more
than 90% experiencing discomfort, reduced activity,
abnormal appetite, or abnormal sleep (see bmj.com).
For time without fever in the first four hours (and

the corresponding secondary outcome within 24
hours), children receiving paracetamol plus ibupro-
fen spent more time without fever than those given
ibuprofen and, in turn, those given paracetamol
(table and bmj.com). Fever clearance was faster in
children given paracetamol plus ibuprofen than in
those given paracetamol but was similar for those
given ibuprofen. Children given paracetamol plus
ibuprofen spent less time with fever over 24 hours
than those given either drug. A suggestion was that
more fever associated symptoms had normalised in
children given ibuprofen than the other treatments at
24 and 48 hours, but by day 5 these trends had largely
disappeared.
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Mean temperature over first 24 hours after randomisation, by treatment group. *All children had

temperatures greater than 37.2°C at baseline eligibility assessment, as measured by standard

digital axillary thermometry. Temperature measured using a data logger was less than 37.2°C for

19 children because of delays between digital thermometry measure and drug dosing (median

eight minutes for paracetamol plus ibuprofen and nine minutes for paracetamol and ibuprofen)

and differences between digital and data logger thermometry methods
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Comparative analyses

Strong evidence suggested that children given para-
cetamol plus ibuprofen spent 55 extraminutes without
fever in the first four hours compared with those given
paracetamol, and likewise for children given ibupro-
fen, an extra 39 minutes compared with those given
paracetamol (see bmj.com). The confidence interval
and P value suggest little difference between giving
paracetamol plus ibuprofen and giving ibuprofen
alone.
Strong evidence suggested that paracetamol plus

ibuprofen cleared the fever 23 minutes faster than
paracetamol alone, and ibuprofen 26 minutes faster
than paracetamol (see bmj.com). Giving paracetamol
plus ibuprofen over 24 hours increased time without
fever by 4.4 hours compared with paracetamol and by
2.5 hours compared with ibuprofen.
No consistent evidence of effect for fever associated

symptoms from 24 hours to day 5 was seen, but odds
ratios tended to favour ibuprofen more than the other
treatments at 24 and 48 hours (data not shown).

Mean temperature by treatment group

The figure shows the mean temperature every
15 minutes by treatment group with the proportion of
children febrile at corresponding two hourly time
points. Ibuprofen and paracetamol plus ibuprofen
reduced children’s temperatures faster and for longer
than paracetamol in the first four hours, and para-
cetamol plus ibuprofen was superior to either drug in
reducing mean temperatures over 24 hours. A rise in
mean temperature was seen for children in the
ibuprofen group, which then fell just after six hours,
coinciding with the earliest time that parents were
advised that a seconddose of ibuprofen could be given.
This rise may have been prevented in the other groups
by paracetamol, which could have been given at four
hours.

The mean temperatures are lower than might be
expected biologically. This could be explained by the
choice of axillary thermometry, which is known to
record temperatures around 0.8°C lower than rectal
digital thermometers,14 or by the liberal definition of
valid temperature used in the present study (see
bmj.com).

Relation between discomfort and temperature

A repeated measure analysis explored the relation
between all discomfortmeasures recorded across up to
eight timepoints to 48 hours and their coincidingmean
digital axillary thermometer measures. The mean
temperatures were 36.4°C for children who scored
normal on the discomfort scale, 37.2°C for those who
scored not quite normal, 38.1°C for those who scored
some pain or distress, and 38.3°C for those who scored
crying or very distressed.

Adverse effects

Themost common adverse effects were diarrhoea and
vomiting, which were equally distributed between
groups (see bmj.com). The overall number of children
experiencingadverse eventswas, however, too small to
make meaningful comparisons between treatments.

Dosing of study drugs

All 52 children in each of the three groups were given,
as per protocol, their first dose of study drug under
nurse supervision (see bmj.com). The recommended
maximum four doses of paracetamol in the first 24
hours were received by 65% of children given para-
cetamol, 46% given ibuprofen, and 42% given para-
cetamol plus ibuprofen, with this recommended
maximumexceededby12%, 6%, and8%, respectively.
The corresponding percentages receiving the recom-
mendedmaximumthreedoses of ibuprofenor placebo
in 24 hours were 73%, 75%, and 71% and those
exceeding this recommended maximum were 13%,
12%, and 13%. All percentages were much lower at 48
hours.

Descriptivestatisticsofoutcomes(timewithoutfeverandnodiscomfort)atselectedtimes.Values

are numbers (percentages) unless stated otherwise

Outcomes
Paracetamol

(n=52)
Ibuprofen
(n=52)

Paracetamol plus
ibuprofen (n=52)

Primary outcomes

Mean (SD) timewithout fever in first 4
hours (minutes)*

116.2 (65.0) 156.0 (57.6) 171.1 (40.8)

No discomfort at 48 hours† 34 (65) 37 (71) 36 (69)

Secondary outcomes:

Outcomes at 24 hours:

Mean (SD) time until first fever
clearance (minutes)‡

71.0 (69.1) 42.2 (33.5) 45.5 (34.3)

Mean (SD) timewithout fever in first
24 hours (minutes)*

940.3 (362.9) 1055.2 (329.7) 1217.4 (237.6)

No discomfort† 22 (44) 36 (69) 29 (56)

Normal activity† 20 (40) 20 (58) 23 (48)

Normal appetite† 10 (21) 14 (27) 14 (29)

Normal sleep† 17 (37) 13 (50) 20 (37)

Outcomes at 48 hours:

Mean (SD) temperature (°C)§ 36.4 (0.89) 36.4 (0.85) 36.6 (1.01)

Normal activity† 31 (60) 37 (73) 28 (54)

Normal appetite† 21 (41) 22 (44) 21(41)

Normal sleep† 27 (52) 31 (61) 25 (48)

Outcomes at day 5:

Mean (SD) temperature (°C)** 36.2 (0.93) 36.1 (0.78) 36.0 (0.66)

No discomfort† 43 (88) 38 (81) 38 (76)

Normal activity† 44 (90) 39 (85) 37 (73)

Normal appetite† 29 (58) 29 (59) 32 (62)

Normal sleep† 31 (62) 25 (50) 27 (53)

*Time spent with temperature less than 37.2°C in first four hours after first dose of drug, using number of valid

(see bmj.com) 30 second interval points from data logger; unknown for zero, one, and two children in three

groups, respectively, by four hours, and zero, two, and two, respectively by 24 hours. Time without fever over

first four hours was 48 minutes for paracetamol, 65 minutes for ibuprofen, and 71 minutes for paracetamol plus

ibuprofen and for time without fever in first 24 hours was 65 minutes for paracetamol, 73 minutes for ibuprofen,

and 84 minutes for paracetamol plus ibuprofen.

†Children reported at relevant time to be “normal” (see table 1 on bmj.com); denominators may vary owing to

missing data (in most cases fewer than four children).

‡Time from baseline until temperature first falls below 37.2°C; unknown for five children (zero, two, and three,

respectively) and right censored at 240 minutes for three children.

§Measured by research nurse; unknown for one, five, and two children, respectively.

**Measured by parent; unknown for four, seven, and three children, respectively.
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Blinding

At 48 hours parents were asked to guess treatment
allocation. Taking “I don’t know” responses as failure
to guess correctly, allocation was guessed correctly by
16 (31%) parents in the paracetamol group, 17 (33%) in
the ibuprofen group, and 9 (17%) in the paracetamol
plus ibuprofen group, compared with the 33%
expected by chance.

DISCUSSION

In febrile children we found strong evidence of faster
time to fever clearance and more prolonged time
without fever in the first four hours favouring para-
cetamol plus ibuprofen and ibuprofen over para-
cetamol, but no evidence of any difference between
paracetamol plus ibuprofen and ibuprofen alone. In
the first 24 hours strong evidence suggestedmore time
without fever favouring paracetamol plus ibuprofen
over either drug. We found no evidence of differences
in fever associated discomfort at 48 hours. The
frequency of adverse effects did not seem to differ
between groups.

Comparison with existing literature

Using continuous thermometry we compared the
effects of two antipyretics combined with either drug
alone using maximum licensed, repeated doses in
children at home. Previous studies have recruited from
secondary care,67 9 10 investigated the effects of single
doses,7 9 and did not use continuous thermometry. The
finding that ibuprofen was found to be more effective
than paracetamol in the first four hours is consistent
with the literature.4

Strengths and limitations of the study

One strength of the study was its internal validity:
randomisationwas concealed, nurses and investigators
were blinded to allocation, and attrition was minimal.
In addition, the intervention and follow-up periods
were long enough to enable a fair comparison between
multiple doses of antipyretics with differing times to
maximum effect15and we used continuous thermom-
etry to generate the objective and intuitive outcome of
time without fever. Finally, we recruited and followed
up children in the community, where most cases of
fever are managed.
Weare awareof fivepossibleweaknessesof the study.

Firstly, because we had no placebo only group our data
cannot inform the decision on whether to use anti-
pyretics. This was a deliberate decision as we thought
parents would not have participated if there had been a
placebo only group and good evidence already exists
showing the superiorityof singledrugsoverplacebo (see
bmj.com). Secondly, although the recruited sample did
not give sufficient power to detect plausible differences
in discomfort, research has suggested that two drugs
combined confer additional benefit on symptoms than
one drug alone 8 and we did show a relation between
increasing discomfort and worsening fever. Thirdly, an
axillary temperature of 37.8°Cmight not be regarded as

denoting fever. Since no agreed definition of fever or
how tomeasure temperature exists,16 to a limited extent
its selection was arbitrary. The mean temperature at
baseline was 38.5°C, a temperature at which 90% of
doctors and 70% of nurses would recommend
treatment,17 and most of the children were unwell with
the illness. Fourthly, the successofblindingwasassessed
at 48 hours by asking parents to guess which drugs were
active.Overall, the153parentswhorespondedwerenot
able to guess treatment, but the 83 who expressed an
opinion did identify allocation more often than would
be expected by chance (see bmj.com). Finally, our
sample might not be representative of the general
population. The most common reason for ineligibility
was insufficient fever, a factor we think is unlikely to be
associated with any other physiological marker of
response to drugs.

Implications of this research

It is goodpractice forparents,nurses, anddoctors touse
theminimumnumber of drugs possible to treat young,
unwell children with fever.18 Although other studies
have shown that paracetamol is superior to placebo,1-3

our study suggests that those wanting faster and more
prolonged fever relief in the first four hours should use
ibuprofen in preference to paracetamol. Similarly,
where symptoms are expected to last at least 24 hours,
those wanting to maximise the time without fever
should probably start with ibuprofen but also consider
paracetamol plus ibuprofen. The decision on whether
to start with ibuprofen or paracetamol plus ibuprofen,
however, should alsobe influencedbyanassessmentof
the benefits (an additional 2.5 hours without fever)
compared with the risk of unintentionally exceeding
the maximum recommended dose owing to the
complexity of using two drugs; even in the context of
this supervised trial, between 6% and 13% of parents
exceeded the maximum number of recommended
doses in the first 24 hours.
In the community paracetamol and ibuprofen are

usually dosed by age, andwe recognise that calculating
doses byweightmeans the results may inform primary
and secondary care practice more than practice at
home. We decided against a dose by age regimen for
two reasons. Given the recommendation of the
children’s national service framework to dose by
weight19 and the dose by weight presentations in the
British national formulary for children,20 we believe
that in the future more medicines for children will be
givenbyweight.Also,wewanted to ensure that heavier
children for their age receiveda therapeuticdose and to
avoid exceeding themaximumrecommendeddose for
children who were light for their age.
Recent case reports have highlighted the concern

about renal toxicity in dehydrated children given
ibuprofen.21 22 Although this serious effect is rare, we
excluded children with dehydration from our trial and
believe that ibuprofen should not routinely be given to
children with, or at risk of, dehydration. Good
evidence shows, however, that ibuprofen is as safe as
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paracetamol for children with asthma, where there is
no evidence of sensitivity to non-steroidal anti-
inflammatory drugs.23

We agree with the guidelines for fever from the
National Institute for Health and Clinical Excellence
(NICE) that antipyretics should be used only when
children have fever associated with other symptoms.18

However, we believe that the guidance on the use of
two drugs combined need not be so cautious now that
good evidence supports the superiority of both drugs
combined over one drug alone for increasing time
without fever over 24 hours.

Doctors, nurses, pharmacists, andparentswanting to
use medicines to treat young, unwell children with
fever should be advised to use ibuprofen first and to
consider the relative benefits and risks of using
paracetamol plus ibuprofen over 24 hours.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Paracetamol plus ibuprofen are being increasingly used at
homeand inprimaryandsecondarycare for the reliefof fever
and its associated symptoms

Fiveprevious trialsof combined therapymostly testedsingle
doses for children in secondary care and reached conflicting
conclusions

WHAT THIS STUDY ADDS

In the first four hours, temperature is reduced faster and for
longer in children given ibuprofen than in those given
paracetamol

In the first 24 hours, children given both drugs spent 4.4
hours less timewith fever than those given paracetamol and
2.5 hours less time with fever than those given ibuprofen.

Parents and healthcare professionals should consider
ibuprofen first and the relative benefits and risks of using
combined therapy over 24 hours
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Paracetamol plus ibuprofen for the treatment of fever in
children (PITCH): economic evaluation of a randomised
controlled trial

Sandra Hollinghurst,1 Niamh Redmond,1 Céire Costelloe,1 Alan Montgomery,1 Margaret Fletcher,2

Tim J Peters,1 Alastair D Hay1

ABSTRACT

ObjectiveTo estimate the cost to the NHS and to parents

and carers of treating febrile preschool children with

paracetamol, ibuprofen, or both, and to compare these

costs with the benefits of each treatment regimen.

Design Cost consequences analysis and cost

effectiveness analysis conducted as part of a three arm,

randomised controlled trial.

Participants Children between the ages of 6 months and

6 years recruited from primary care and the community

with axillary temperatures ≥37.8°C and ≤41°C.
Interventions Paracetamol, ibuprofen, or both drugs.

Main outcomemeasures Costs to the NHS and to parents

and carers. Cost consequences analysis at 48 hours and

5 days comparing cost with children’s temperature,

discomfort, activity, appetite, and sleep; cost

effectiveness analysis at 48 hours comparing cost with

percentage of children “recovered.”

Results Difficulties in recruiting children to the trial

lowered the precision of the estimates of cost and some

outcomes. At 48 hours, cost to the NHS was £11.33 for

paracetamol, £8.49 for ibuprofen, and £8.16 for both

drugs. By day 5 these costs rose to £19.63, £18.36, and
£13.92 respectively. For parents and carers, the 48 hour

costs were £23.86 for paracetamol, £20.60 for ibuprofen,

and £25.07 for both, and the day 5 costs were £26.35,
£29.90, and £24.02 respectively. Outcomes measured at

48 hours and 5 days were inconclusive because of lack of

power; the cost effectiveness analysis at 48 hours

provided little evidence that one treatment choice was

significantly more cost effective than another. At 4 hours

ibuprofen and the combined treatment were superior to

paracetamol in terms of the trial primary outcome of time

without fever; at 24 hours the combined treatment

performed best on this outcome.

Conclusions There is no strong evidence of a difference in

cost between the treatments, but clinical and cost data

indicate that using both drugs together may be most cost

effective over the course of the illness. This treatment

optionperformsbest and is nomoreexpensivebecauseof

less use of healthcare resources, resulting in lower costs

to the NHS and to parents.

INTRODUCTION

Paracetamol and ibuprofen are increasingly used
together for the relief of fever and its associated
symptoms, though it is not known whether a combina-
tion of both is superior to either single drug. To our
knowledge, the cost implications have not been

previously investigated. In 2004 prescriptions for oral
suspensions of paracetamol and ibuprofen cost about
£3.5m (€4.4m; $6.1m) in England alone.1

The aim of this study was to estimate the cost to the
NHS and to parents and carers of treating preschool
children with a fever with paracetamol, ibuprofen, or
both drugs. These costs were compared with the
benefits of each treatment regimen.

METHODS

This evaluation forms part of a randomised controlled
trial.2 Children between the ages of six months and six
yearswith a temperature of at least 37.8°Candnohigher
than 41°C were recruited to the study between January
2005 andMay 2007 by one of three methods: local and
remote recruitment (fromgeneral practices, out of hours
cooperatives, NHS Direct, a walk-in centre, and the
emergency department of a children’s hospital) and
direct recruitment from the community. Participants
were randomised to one of three treatments: para-
cetamol alone, ibuprofen alone, or a combination of
both. Placebo drugs were used to blind parents and
researchers to the allocated treatment. The drugs were
administered regularly for the first 24 hours, at the
maximum dose appropriate for the child’s weight.2

Between 24 and 48 hours parents gave the drugs as
required, depending on the child’s symptoms.
The primary outcomes of “time without fever” and

discomfort weremeasured in the first four hours and at
48 hours respectively. Additional secondary outcomes
including temperature, activity, appetite, and sleep
were measured at different time points across the five
day follow-up period.

Study design

The economic evaluation was conducted from the
perspectives of the NHS and of parents and carers.We
included all relevant resource use during the five days
after randomisation, excluding the consultation at
which recruitment took place (table 1).

Cost consequences analysis

Wecarriedout a cost consequences analysis at 48hours
and fivedays frombaseline for theNHSand forparents
andcarers.Werecordeda rangeofbenefits at both time
points, including the child’s temperature, discomfort,
activity, appetite, and sleep. These were treated as
individual outcomes and also combined to provide an
indication of whether the child had “fully recovered.”
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This was based on parents reporting that the child was
“normal” for him or her with respect to discomfort,
activity, appetite, and sleep and on the child having a
temperature <37.2°C. Thus “fully recovered” is in
effect “returned to normal for that child.”

Cost effectiveness analysis

Weused the combinedoutcomeof “fully recovered” in
a cost effectiveness analysis at 48 hours to estimate the
cost per extra child returning to “normal for that child”
and to indicate the relative efficiency of each treatment
at a point before it was anticipated that most children
would have recovered fully.

Data collection and unit costs

Aresearchnurse collecteddata fromparents andcarers
on resourceuse andout of pocket expensesbymeansof
a face to face questionnaire at 48 hours and by
telephone at day 5. Table 1 shows the source of
costing and unit costs.

Data analysis

We estimated frequencies of resource use by the
patients in each treatment arm, and mean cost per
patient in each arm. Bootstrapping (1000 replicates)

was used to estimate cost effectiveness planes and cost
effectiveness acceptability curves to indicate the level
of uncertainty around the point estimates of the
incremental cost effectiveness ratios.

Sensitivity analysis

We tested the robustness of our results against three
possible areas of subjectivity. Firstly, we re-estimated
the cost per patient from both perspectives if the study
drugs had been prescribed rather than purchased over
the counter. Secondly, we investigated the effect on the
results if dosing had been by age rather than weight.
Thirdly, we estimated the cost of hospitalisations.

RESULTS

A total of 156 children were recruited to the study—45
(29%) through local recruitment, 84 (54%) by the
remote method, and 27 (17%) directly from the
community.Most (64%) had a non-specific viral illness
or a respiratory tract infection, 16% had otitis media,
and the remaining 20%were assigned a variety of other
diagnoses.
Data on NHS costs were complete for 154 (99%)

children at 48 hours and 150 (96%) at five days.
Personal costswere reportedby143 (92%)parents at 48
hours and 130 (83%) at day 5.

Resource use

Themeanresourceuseperchildover the fiveday follow-
up is shown on bmj.com. Sixty per cent of children (93)
used no extra NHS resources after the consultation at
which theywererecruited tothestudyand71%(109)had
no contact with their general practitioner. Most (52%)

Table 1 | Resources(andtheirunitcosts)consideredineconomic

analysis of treating febrile preschool childrenwith

paracetamol, ibuprofen, or both

Resource Unit cost (£)

Primary care3:

General practitioner at surgery 21.00

General practitioner by telephone 23.00

Practice nurse 8.00

Health visitor 24.83

Out of hours4:

Nurse telephone 12.00

Doctor telephone* 34.50

Doctor face to face† 31.50

Walk-in centre5 29.81

NHS Direct6 18.55

Accident and emergency department7 71.00

Inpatient stays7:

Pneumonia 1063.00

Bronchiolitis 942.00

Upper respiratory tract infection 550.00

Ambulance8 132.90

Study drugs‡:

Paracetamol (100 ml) 2.48

Ibuprofen (100 ml) 4.13

Study drugs for sensitivity analysis§:

Paracetamol (100 ml) 0.42

Ibuprofen (100 ml) 2.69

Travel costs (per mile)10 0.49

Lost income per day11 94.80

*Based on a 10 minute consultation.

†Based on a 10.8 minute consultation.

‡Mean cost reported by parents buying these over the counter between

48 hours and five days after baseline.

§Cost if prescribed (from British National Formulary9).
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primary care contacts were face to face at the surgery.
Children receiving paracetamol had fewest face to face
consultations, though most consultations overall, but
therewas no significant difference in total use of primary
care resources among the three groups.

Thirty six prescriptions were issued (excluding two
for drugs that had been provided in the study). Most
(81%) were for antibiotics. Of the 113 over the counter
preparations that were purchased (for 46 children), 62
(55%)were for paracetamol or ibuprofen, and 29 (47%)
of these were bought in the first 48 hours (when study
drugswereprovided) and24 (83%)of thesewere for the
active ingredient being provided.

Five children spent some time inhospital.Ninety two
daysofworkwere lost among48 (31%)parents because
of their child’s illness, and 21 (44%) of these reported a
direct loss of earnings. Nine (6%) parents incurred out
of pocket expenses for sibling or other dependent care
because of the child’s illness.

Cost analysis

Table 2 shows the mean cost per patient, by treatment
group. About 60% of all NHS costs are accounted for
by general practitioner appointments. Personal costs
were dominated by loss of income.

Cost consequences analysis: 48 hours and 5 days

From the perspective of the NHS, the combined drug
treatmentwas cheapest at both 48hours and 5days (see
bmj.com). Paracetamol only was the most expensive.
Ibuprofenonlywas cheapest to parents at 48 hours, but
by day 5 the combined treatment had become less
expensive because the greater parental spending on
drugs was offset by lower travel costs (because of less
health service use) and less time off work.

Cost effectiveness analysis at 48 hours

From the NHS perspective, the combined treatment is
cheaper but (slightly) less effective than either of the
twomonotherapies, paracetamol alone is more expen-
sive and marginally more effective than ibuprofen
alone. See details on bmj.com.

From the parental perspective, paracetamol and
ibuprofen together ismore expensive and less effective
than either of the single treatments. Ibuprofen alone is
cheaper but less effective than paracetamol alone.
There is little evidence that any treatment choice is
significantlymore cost effective than anyother, and the
cost effectiveness acceptability curves in the figure
show that none of the probabilities of one treatment
being more cost effective than another reaches 50%.

Sensitivity analysis

The results of the three sensitivity analyses for different
scenarios are shown on bmj.com. The combined
treatment remains the most attractive choice for the
NHS and for parents.

DISCUSSION

Over the course of five days themean cost of care for a
preschool child with fever was estimated to be £27 to
parents and carers and £17 to the NHS, excluding the
cost of any index consultation. Two thirds of the NHS
costs were due to consultations with general practi-
tioners. Taken together, the results of our present study
and those reported in our trial12 suggest that para-
cetamol and ibuprofen given in combination is more
effective at 24 hours than either drug given alone and
possibly cheaper over a five day period.

Table 2 | Costs(£)associatedwithtreatingfebrilepreschoolchildrenwithparacetamol,ibuprofen,orboth.Valuesaremean(SD)cost

per child by treatment group

Cost item

0-48 hours (intervention period) 0-5 days (total follow-up)

Paracetamol Ibuprofen
Paracetamol +

ibuprofen Paracetamol Ibuprofen
Paracetamol +

ibuprofen

NHS costs (n==51) (n==52) (n==51) (n==50) (n==49) (n==51)

Primary care doctor
consultations

6.15 (15.41) 3.99 (10.67) 6.48 (13.36) 12.10 (28.30) 10.38 (18.17) 10.23 (14.67)

Primary care nurse
consultations

0 0.15 (1.11) 0 0.58 (4.09) 0.16 (1.14) 0

Other primary care
consultations

2.03 (7.29) 0 0 3.55 (9.37) 0 0.36 (2.60)

Total primary care cost 8.18 (17.26) 4.14 (11.16) 6.48 (13.36) 16.23 (34.11) 10.54 (18.42) 10.59 (15.16)

A&E 2.78 (13.92) 4.10 (21.84) 1.39 (9.94) 2.84 (14.05) 7.24 (29.86) 2.78 (13.92)

Prescribed drugs 0.37 (1.00) 0.25 (0.85) 0.29 (0.86) 0.56 (1.27) 0.58 (1.43) 0.55 (1.63)

Total NHS cost 11.33 (23.18) 8.49 (29.13) 8.16 (16.36) 19.63 (38.11) 18.36 (40.26) 13.92 (23.17)

Parental costs (n==47) (n==49) (n==47) (n==45) (n==42) (n==43)

Travel cost 0.31 (1.04) 0.02 (0.08) 0.21 (0.74) 0.70 (1.56) 0.29 (0.77) 0.35 (0.89)

Over the counter drugs* 2.52 (0.29) 4.13 (0.00) 6.75 (0.68) 3.69 (1.61) 4.74 (1.44) 7.96 (2.29)

Other expenditure 21.03 (62.18) 16.44 (58.50) 18.10 (51.64) 21.97 (63.41) 24.83 (90.81) 15.64 (46.74)

Total parental costs 23.86 (62.20) 20.60 (58.52) 25.07 (51.60) 26.35 (63.37) 29.90 (90.68) 24.02 (46.36)

A&E=Accident and emergency department.

*Includes cost of study drugs as if parents had bought over the counter.
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Strengths and weaknesses of the study

This evaluation benefited from being part of a
randomised controlled trial. Data collection and
entry were thorough and rigorously checked; and
data qualitywas enhancedbyourmethodof collection.

Because of recruitment problems, wewere unable to
achieve our original target sample size.12 This affected
interpretationof the cost data, and someof theoutcome
data as the study was eventually powered to detect
clinical differences solely in the time spent without
fever. This outcome was measured at 4 hours and 24
hours, but cost data were not collected for this short
time period. We were underpowered with respect to
the outcomes measured or reported at 48 hours and
five days, when cost data were collected.

The cost effectiveness analysis at 48 hours was
affected by the lack of power.None of the comparisons
showedevidenceof differencesbetween the treatments
in terms of cost effectiveness, and it is therefore difficult
to draw strong conclusions from this part of the
analysis.

We chose a five day follow-up period because we
expected that most children would have recovered by
this time, but only 36% children had recovered,mainly
because their appetite and sleep had not returned to
normal. A further limitation is lack of evidence about
any long term adverse effects and costs.

Finally, although we were able to estimate the direct
cost to parents of time off work, we were not able to
estimate the monetary value to society of that lost
productivity.

Comparison with other literature

Our results are similar to those of one study which
reported lower resource use in children receiving
paracetamol and ibuprofen together compared with
those receiving eitherdrugon its own.12Wehave found
no published economic evaluations comparing single
anddual treatment for childhood fever.A recent cost of
illness analysis estimated the cost of an episode of
childhood cough to be £25 to the NHS and £15 to
parents,13 which is similar to our mean cost of an
episode of illness over five days: £38 to the NHS
(allowing for the cost of the initial consultation), and
£27 to parents and carers.

Meaning of the study

The results show that, over the course of the whole
illness, treating children with both drugs may lead to
less use of other healthcare resources than does either
of the drugs alone. This would result in lower costs to
the NHS and to parents because of less travel and time
off work.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Fever is a common symptom of many childhood illnesses

Paracetamol and ibuprofen are often used, separately or together, to reduce temperature and
relieve symptoms, but the optimal treatment regimen in termsof cost andoutcomes isunclear

WHAT THIS STUDY ADDS

Cost of care of children with a fever is largely borne by parents and the primary care sector

Over the courseof fivedays, using paracetamol and ibuprofen togethermay lead to lessuse of
healthcare resources than either drug alone, making the combined treatment the best value
option
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ABSTRACT
Objectives To explore the predictive power of a risk

stratification method for people with hypertension based

on “essential” procedures (that is, available in

economically less developed areas of the world),

comparing it in the samepopulationwith the results given

by the method suggested by the 1999 World Health

Organization-International Society of Hypertension (WHO-

ISH) guidelines.

DesignProspective cohort studyof outcomesaccording to

cardiovascular risk profile at baseline.

Setting Primary care in a poor rural area of the Ecuadorian

forest.

Participants 504 people with hypertension prospectively

monitored for a mean of 6.7 (SD 2.3) years.

Interventions Essential data included blood pressure,

medical history, smoking, age, sex, and diagnosis of

diabetes; the WHO-ISH methods additionally included

measurement of fasting blood glucose, total cholesterol,

and creatinine, urinalysis, and electrocardiography.

Main outcome measures Cardiovascular events and total

deaths.

ResultsWith both methods there was a highly significant

association between the level of predicted risk and the

incidenceof cardiovasculareventsandof totaldeaths:up to

three quarters of all cardiovascular events and two thirds of

all deathswere reported amongpeople classified as at high

or very high risk with either method. The predictive

discrimination of the essential method is comparable with

the WHO-ISH with C statistics (95% confidence interval) of

0.788 (0.721 to 0.855) and 0.744 (0.673 to 0.815),

respectively, for cardiovascular events and 0.747 (0.678 to

0.816) and 0.705 (0.632 to 0.778) for total mortality.

Conclusions The risk stratification of patients with

hypertension with an essential package of variables (that

is, available andpracticable even in the economically less

developedareasof theworld) servesat least aswell as the

more comprehensive method proposed by WHO-ISH.

INTRODUCTION

Studies in low income countries which assess cardio-
vascular risk factors are still rare,1 and strategies to deal
with these risk factors derive mostly from studies
produced inmore developed countries.Countrieswith
restricted resourcesneedacost effectivecardiovascular
preventive strategy2 that can prioritise those at higher
risk of complications.3-5

We explored the predictive power of a risk
stratification method for hypertension based on

“essential” procedures (that is, available in good
community practice even in the economically less
developed areas of theworld), comparing it in the same
population with the results given by the method
suggested by the World Health Organization-Inter-
national Society of Hypertension (WHO-ISH)
guidelines.6 This was in an area that could be described
as a model of epidemiological transition7 and where
hypertension has been documented as the major
component of a high cardiovascular risk profile.8

METHODS

The health district of Borbón in Ecuador is an area of
about 5000 km2 almost completely covered by
equatorial forest. The population of about 25 000
people, 85% black, 10% Amerindian Indios, and 5%
white, is scattered in 129 villages along three rivers.
Most (84%) of the population is classified as poor and
34% extremely poor, and one third of the adults are
illiterate. The area is served by one hospital with 20
beds in Borbón, 12 health centres along the rivers
managed by non-specialised nursing staff, and a
network of 50 voluntary health “promotors” (“promo-
tores de salud”), with the occasional supervision froma
rural medical doctor. Monthly meetings of all the
district health team workers allow close monitoring of
the quality of delivered care.

Screening for hypertension and diagnostic investigation

Between 1995 and 2001 a screening programme of the
populationaged18andoverwas setup toassess the size
and impact of the risk of hypertension.The results have
been reported elsewhere.8 The cohort of 1643 people
with hypertension (systolic blood pressure ≥140 mm
Hg or diastolic ≥90 mm Hg, or both, at the screening
and the next day, or taking antihypertensive drugs)was
prospectively monitored, and all causes of death and
major cardiovascular events (stroke, transient ischae-
mic attack,myocardial infarction, heart or renal failure,
and vascular disease)were recorded.The ruralmedical
doctors diagnosed non-lethal cardiovascular events
during their periodic visits to the communities. All
deaths were included in a registry based on an
immediate postmortem form. Rural medical doctors
subsequently defined cause of deaths with verbal
autopsies.
With the resources provided by an international

donation, between 1998 and 2001 a subset of
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participants with hypertension underwent all the
laboratory and instrumental investigations recom-
mended by the World Health Organization (WHO)
and the International Society of Hypertension (ISH).6 9

Tests included fasting blood glucose, total cholesterol,
and creatinine concentrations; urinalysis; and electro-
cardiography. The local hospital laboratory could not
measure plasma potassium concentrations. Partici-
pants in the subset lived in the more accessible villages
because, in the absence of electricity, blood samples
had to be stored in a portable refrigerator and
transferred as soon as possible to the hospital at
Borbón. Complete laboratory data were available for
504 of the 714 participants evaluated.

The results of the laboratory tests, clinical history,
physical examination, and blood pressure, served to
estimate eachparticipant’s future absolute riskofmajor
cardiovascular events, as suggested by WHO-ISH
guidelines.6 These estimates are based on blood

pressure and the presence of other risk factors and
history of diseases (fig 1). The rural medical doctors
diagnosed associated clinical conditions (cerebro-
vascular or coronary diseases, heart and renal failure,
vascular disease) on the basis of clinical history,
physical examination, and, when available, clinical
r e co rd , a s sugge s t ed by the WHO-ISH
1999 guidelines. 6 We could not evaluate hypertensive
retinopathy because of the lack of equipment and
technical competence, and a family history of pre-
mature cardiovascular disease could not be assumed to
be retrievable information.
In the same population we studied the predictive

power of a simplified risk stratification method based
only on the data available in this poor region of the
equatorial forest. In addition to blood pressure, this
essential method includes age, smoking, diabetes
(which in this population is usually self diagnosed by
tasting urine), and associated clinical conditions (fig 1).
We compared the two risk predictionmethods using

cardiovascular events (the first non-lethal cardio-
vascular event or cardiovascular death) as the primary
outcome and total mortality as secondary outcome.

Statistical analysis

We measured concordance between the two methods
in individual risk stratification by the weighted κ
statistic. Differences in the rate of events according to
risk categories were evaluated with the Mantel-
Haenszel test for linear association. Plots of the
Kaplan-Meier estimate of the survival curves accord-
ing to the cardiovascular risk categories of the two
methods were drawn for cardiovascular events and
total deaths. We constructed two multivariable Cox
proportional hazardsmodels for cardiovascular events
for each method, adjusting for four classes of blood
pressure and four categories of other risk factors and
history of disease. To compare the predictivity of the
two stratification methods we used receiver operating
characteristic (ROC) curves. To assess the diagnostic

*Age (men >55 and women >65), smoking, total cholesterol >6.47 mmol/l
†Evidence of left ventricular hypertrophy on electrocardiogram, proteinuria, or raised plasma creatinine (106.08–176.80 µmol/l)
‡Past or current symptoms of coronary disease, heart failure, cerebrovascular disease, vascular disease, renal disease
§Men >55 and women >65

<140/90

WHO-ISH method

No other risk factor or history of disease

1-2 risk factors* 

>3 risk factors* or target organ damage† or diabetes

Associated clinical conditions‡

Essential method

No other risk factor or history of disease 

Ageing§ or smoking

Diabetes

Associated clinical conditions‡ 

Very low risk

Low risk

Medium risk

High risk

Very low risk

Low risk

Medium risk

High risk

Blood pressure (mm Hg)

140-159/
90-99

Low risk

Medium risk

High risk

Very high risk

Low risk

Medium risk

High risk

Very high risk

160-179/
100-109

Medium risk

Medium risk

High risk

Very high risk

Medium risk

Medium risk

High risk

Very high risk

>180/110

High risk

Very high risk

Very high risk

Very high risk

High risk

Very high risk

Very high risk

Very high risk

Fig 1 | Stratification of cardiovascular risk to quantify prognosis: WHO-ISH and essential methods

Sensitivity and specificity (95%confidence interval) of two stratificationmethods at various cardiovascular risk thresholds

Risk level

≥Medium ≥ High Very high

Cardiovascular events

Sensitivity:

WHO-ISH 91.0 (84.2 to 97.9) 76.1 (65.9 to 86.3) 55.2 (43.3 to 67.1)

Essential 91.0 (84.2 to 97.9) 74.6 (64.2 to 85.0) 53.7 (41.8 to 65.7)

Specificity:

WHO-ISH 27.7 (23.5 to 31.9) 62.0 (57.5 to 66.6) 82.2 (78.6 to 85.7)

Essential 32.0 (27.7 to 36.4) 65.5 (61.0 to 69.9) 86.0 (82.8 to 89.3)

Total deaths

Sensitivity:

WHO-ISH 90.0 (83.0 to 97.0) 67.2 (56.1 to 78.1) 45.7 (34.0 to 57.4)

Essential 88.6 (81.1 to 96.0) 65.7 (54.6 to 76.8) 44.3 (32.7 to 55.9)

Specificity:

WHO-ISH 27.7 (23.4 to 31.9) 60.8 (56.2 to 65.4) 80.9 (77.2 to 84.6)

Essential 31.8 (27.4 to 36.2) 64.3 (59.8 to 68.8) 84.8 (81.4 to 88.2)
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performance of the two methods of risk stratification
we compared predicted cardiovascular risk with
observed outcomes, calculating the sensitivity and
specificity. See bmj.com.

RESULTS

The main baseline characteristics of the 504 partici-
pants with hypertension are shown on bmj.com. Most
had known about their hypertension for many years
(5-10 years for 172 (34%) and>10 years for 119 (24%)).

Stratification by absolute level of cardiovascular risk

As expected, laboratory investigations increased the
proportionof participants identifiedwith three ormore
associated cardiovascular risk factors, target organ
damage, or diabetes. In 433 patients (86%), however,
the two methods were concordant in weighting the
“other risk factors and disease history”with a weighted
κvalueof 0.764. In450patients (89%), the twomethods
agreed in stratifying total cardiovascular risk with a
weightedκvalueof 0.902. Inonly16patients out of 217
(7%) did the essential method not confirm the high or
very high risk defined by the WHO-ISH method.

Incidence of cardiovascular events during follow-up

according to risk prediction

On 31 December 2007 we examined the rates of
cardiovascular events and total deaths for all 504
patientswithhypertension.Duringamean follow-upof
6.7 (SD 2.3) years (range 12 days-9.7 years), 76 (15%)
had a cardiovascular event and 74 (15%) died.

The proportion of participants with cardiovascular
events was significantly associated with baseline blood
pressure: respectively 7%, 11%, 10%, and 25% in those
with normal blood pressure (<140/90 mm Hg), mild
(140-159/90-99 mm Hg), moderate (160-179/100-
109mmHg), and severe (≥180/110mmHg) hyperten-
sion (P<0.001 for trend). The proportion with cardio-
vascular events was also significantly associated with
the four categories of other risk factors and history of
disease considered in the WHO-ISH method (7%,
19%, 15%, and 68%, P<0.001 for trend) and the
essentialmethod (6%, 21%, 24%, and 68%, P<0.001 for
trend).

Multivariate Cox analyses confirmed that in this
population the criteria adopted by both methods were
significantly associated with the incidence of cardio-
vascular events. Kaplan-Meier survival curves in
patients at very low, low, medium, high, and very
high cardiovascular risk according to both methods
indicated a highly significant association between the
level of predicted risk with both methods and the
incidence of cardiovascular events (log rank test,
P<0.001). The ROC curves show that the predictive
discrimination of the essentialmethodwas comparable
with that of the WHO-ISH method with C statistics
0.788 (95% confidence interval 0.721 to 0.855) and
0.744 (0.673 to 0.815), respectively (fig 2).

There were no significant differences between the
sensitivity and specificity of the twomethods at any risk
threshold for all cardiovascular events (table) .
The results did not change substantially when we

restricted the analyses to the 357 patients with blood
pressure ≥140/90 mm Hg who were not taking
antihypertensive drugs at baseline.

Total mortality during follow-up according to risk

prediction

The percentages of all deaths in patients at very low,
low, medium, high, and very high cardiovascular risk
were 3%, 6%, 10%, 16%, and 30% according to the
WHO-ISH method and 4%, 6%, 10%, 15%, and 35%
according to the essential method. As for cardio-
vascular events, even with total deaths as outcome,
both stratification methods showed a significant
association between the level of predicted risk and
mortality (log rank test, P<0.001); similar predictive
discriminationwithCstatistic 0.705 (0.632 to0.778) for
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Fig 2 | ROC curves for prediction of cardiovascular events and of

total deaths according to WHO-ISH and essential methods
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the WHO-ISH method and 0.747 (0.678 to 0.816) for
the essentialmethod (fig 2); and comparable sensitivity
and specificity (table).

DISCUSSION

A simplified method for risk stratification of patients
with hypertension based on variables that can be
classified as essential (because of their affordability,
applicability, and reliability even in economically less
developed areas of the world) performs at least as well
as the more comprehensive method recommended by
WHO-ISH guidelines.6 Among high risk patients
identified without any laboratory or instrumental
examination we recorded three quarters of all the
cardiovascular events occurring during a seven year
follow-up (sensitivity 75% v 76% for the WHO-ISH
method). The specificity of the simplified method was
also close to that of the WHO-ISH criteria.

Strengths and limitations

Our findings reflect real life conditions, although we
might have underestimated the overall rate of cardio-
vascular events because of the difficulties of doing
instrumental and laboratory tests. A better classifica-
tion of cardiovascular events, however, should not
have influenced the results of the comparison between
the two risk stratification approaches. Also, to over-
come this possible limitation, we included total deaths
in the evaluation of the prognostic power of the two
methods.
The problems described here are likely to be

representative of the logistic and economic barriers in
many other low income countries. The feasibility and
predictive accuracy of the proposed simplifiedmethod
for stratifying cardiovascular risk should be easily
transferable and applicable in other settings at a similar
stage of the epidemiological transition.

Implications

From the public health point of view, our data do not
support the idea of a direct relation between more

sophisticated and costly approaches and better care.
The resources needed for the diagnostic evaluation of
peoplewith hypertension could be drastically reduced,
thus allowing broader coverage of the population as
well as closer care of those at highest risk or those
alreadydisabled. For example, nowadays in the district
of Borbón the cost to a patient for the laboratory tests
recommended by WHO-ISH is equivalent to the cost
of almost two years’ treatment with antihypertensive
drugs.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

The critical role of arterial hypertension in the increasing
burden of cardiovascular diseases in economically less
developed areas of the world is clearly recognised, but it is
usually addressed on the basis of data and strategies
reflecting findingsandprojectionsproduced incontexts that
make them hardly transferable to the real settings of low
income countries

WHAT THIS STUDY ADDS

The risk stratification of hypertensive patients with an
“essential” package of variables (that is, available and
practicableeven in theeconomically lessdevelopedareasof
the world) serves at least as well as a more comprehensive
method with laboratory and instrumental investigations
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Combined impact of lifestyle factors on mortality:

prospective cohort study in US women

Rob M van Dam,1,2 Tricia Li,1 Donna Spiegelman,3,4 Oscar H Franco,5 Frank B Hu1,2,3

ABSTRACT

Objective To evaluate the impact of combinations of

lifestyle factors on mortality in middle aged women.

Design Prospective cohort study.

Setting Nurses’ health study, United States.

Participants 77782 women aged 34 to 59 years and free

from cardiovascular disease and cancer in 1980.

Main outcome measure Relative risk of mortality during

24 years of follow-up in relation to five lifestyle factors

(cigarette smoking, being overweight, taking little

moderate to vigorous physical activity, no light to

moderate alcohol intake, and low diet quality score).

Results 8882 deaths were documented, including 1790

from cardiovascular disease and 4527 from cancer. Each

lifestyle factor independently and significantly predicted

mortality. Relative risks for five compared with zero

lifestyle risk factors were 3.26 (95% confidence interval

2.45 to 4.34) for cancer mortality, 8.17 (4.96 to 13.47) for

cardiovascular mortality, and 4.31 (3.51 to 5.31) for all

cause mortality. A total of 28% (25% to 31%) of deaths

during follow-up could be attributed to smoking and 55%

(47% to 62%) to the combination of smoking, being

overweight, lackofphysical activity, anda lowdietquality.

Additionally considering alcohol intake did not

substantially change this estimate.

Conclusions These results indicate that adherence to

lifestyle guidelines is associated with markedly lower

mortality in middle aged women. Both efforts to eradicate

cigarette smoking and those to stimulate regular physical

activity and a healthy diet should be intensified.

INTRODUCTION

Diet, physical activity, adiposity, alcohol consumption,
and cigarette smokinghavebeen associatedwith risk of
chronic diseases. However, to identify priorities for
clinical and public health efforts, understanding the
magnitude of effects of risk factors, individually and in
combination, on overall health is fundamental. The
proportion of deaths that is attributable to lifestyle
factors has been estimated by using data on relative
risks and the prevalence of risk factors from multiple
sources and in a small cohort study of elderly, mostly
male participants.1-3 We examined combinations of
lifestyle factors in relation to cancer, cardiovascular,
and all cause mortality during 24 years of follow-up
among middle aged women who participated in the
nurses’ health study.

METHODS

Study population

The nurses’ health study is a prospective cohort study
that was established in 1976 when 121 700 female
registered US nurses, aged 30 to 55 years, completed a
mailed questionnaire on known and suspected risk
factors for chronic diseases. Since then, participants
have been sent biennial follow-up questionnaires to
update information on lifestyle and health conditions.
For the current analysis, we began follow-up in 1980,
the first year when diet was assessed; 98 462 women,
aged34 to 59years, completed the questionnaire.After
exclusions (see bmj.com), 77 782 women remained for
the current analysis.

Assessment of risk factors

Diet was assessed with a 61 item food frequency
questionnaire in 1980 and an expanded questionnaire
including approximately 120 food items, every two to
four years. Nutrient intakes were calculated by sum-
ming the nutrient content of a unit of each food
multiplied by aweight proportional to the frequency of
its use. Validation studies indicated that the food
frequency questionnaire estimated dietary intakeswith
reasonably good accuracy.

Information on disease history and cigarette smok-
ing was assessed on each biennial questionnaire.
Frequency of physical activity during the previous
year was assessed in 1980, and this information was
updated every two to four years.Heightwas assessed in
1976 andweight in 1980, and the bodymass indexwas
calculated (kg/m2). Father’s occupation when the
participant was 16 years of age was assessed in 1976.
In1992,wealsoaskedabout thedegrees theparticipant
had received and, for women who were married or
widowed, the highest level of education that their
husband completed.

Classification of low risk categories

For adiposity,wedefined low risk as a bodymass index
between 18.5 and 25.0. For physical activity, we
defined low risk as an average of at least 30 minutes a
day of activity of at least moderate intensity (requiring
≥3 metabolic equivalents an hour, including brisk
walking). For cigarette smoking, we defined low risk as
never smoking. For alcohol consumption, we defined
low risk as light to moderate consumption (≥1 and
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<15 g/day—that is, up to approximately one drink a
day).

To quantify the healthiness of the diet, we used the
previously designed alternative healthy eating score,
assigning a score between 0 (least healthy) and 10
(recommended intake) for each of the seven included
items and considering participants with a healthy diet
score in the upper two fifths (highest 40%) to be in the
low risk category for diet.

Ascertainment of mortality

Deaths were reported by next of kin, the postal
authorities, or both or were ascertained through
searching for non-responders in the National Death
Index. Follow-up for deaths in the National Death
Index has been estimated to be 98% complete for this
cohort.4 From medical records and death certificates,
we distinguished deaths due to cancer and cardio-
vascular diseases.

Statistical analysis

Women contributed follow-up time from the date of
return of the baseline questionnaire to the date of death
or 1 June 2004, whichever came first. We used pooled
logistic regression analysis stratified by two year
calendar time periods to estimate multivariate relative
risks. We calculated population attributable risks,

which are estimates of the percentage of deaths during
follow-up that would not have occurred if all women
had been in the low risk category for lifestyle factors,
assuming that the observed associations represent
causal effects (see bmj.com).

RESULTS

During 1 759 408 person years of follow-up we
documented 8882 deaths, including 1790 from cardio-
vascular disease and 4527 from cancer. The multi-
variate adjusted relative risks for lifestyle factors and
death during follow-up showed that cigarette smoking,
higher body mass index, less physical activity, and a
lower healthy diet score were all associated with
increased cardiovascular, cancer, and all cause mortal-
ity. Alcohol consumption was associated with a lower
risk of cardiovascular mortality than alcohol absti-
nence. However, heavy alcohol consumption was
associated with an increased risk of cancer mortality.
Light tomoderate alcohol consumptionwas associated
with the lowest all cause mortality.

Comparing the high risk with the low risk category
of lifestyle factors, the estimated population attribu-
table risks were 28% for cigarette smoking, 14% for
being overweight, 17% for lack of physical activity,
13% for low diet quality, and 7% for not having light
to moderate alcohol consumption. Population attri-
butable risks were higher for cardiovascular

Risk ofmortality during 24 years of follow-up according to combinations of lifestyle risk factors*

Death from any cause Cardiovascular death Cancer death

Four risk factors: smoking, overweight, low diet quality, low physical activity††

Relative risk (95% CI):

No risk factors (3.4%)‡ 1.00 1.00 1.00

One risk factor (16%) 1.30 (1.10 to 1.53) 1.43 (0.91 to 2.24) 1.32 (1.06 to 1.63)

Two risk factors (33%) 1.75 (1.49 to 2.05) 2.42 (1.58 to 3.71) 1.61 (1.231 to 1.98)

Three risk factors (34%) 2.52 (2.15 to 2.95) 3.98 (2.60 to 6.08) 2.12 (1.73 to 2.60)

Four risk factors (13%) 3.41 (2.90 to 4.00) 6.91 (4.50 to 10.63) 2.65 (2.14 to 3.28)

Population attributable risk (%) for
having any of the four risk factors
(95% CI)

54.8 (46.7 to 61.9) 72.0 (58.6 to 81.6) 44.3 (31.2 to 55.8)

Five risk factors: above four and alcohol abstinence or heavy drinking§§

Relative risk (95% CI):

No risk factors (2.4%)‡ 1.00 1.00 1.00

One risk factor (12%) 1.34 (1.09 to 1.64) 1.13 (0.67 to 1.89) 1.55 (1.18 to 2.02)

Two risk factors (27%) 1.70 (1.40 to 2.07) 1.88 (1.15 to 3.05) 1.71 (1.32 to 2.22)

Three risk factors (34%) 2.25 (1.85 to 2.72) 2.80 (1.73 to 4.54) 2.07 (1.60 to 2.68)

Four risk factors (21%) 3.27 (2.70 to 3.97) 4.77 (2.94 to 7.72) 2.79 (2.15 to 3.62)

Five risk factors (4.2%) 4.31 (3.51 to 5.31) 8.17 (4.96 to 13.47) 3.26 (2.45 to 4.34)

Population attributable risk (%) for
having any of the five risk factors
(95% CI)

58.1 (49.3 to 65.7) 75.2 (60.9 to 84.7) 46.0 (31.7 to 58.3)

*Relative risks and population attributable risks adjusted for age (5 year age categories) and time period (four periods); additionally adjusted for

alcohol consumption (0, 1-4, 5-14, 15-29, ≥30 g/d) for “four risk factor” model.

†Overweight: body mass index ≥25; low diet quality: healthy diet score in lower three fifths; low physical activity: <30 min/day.

‡Prevalence in 1990.

§0 or ≥15 g/day alcohol.
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mortality than for cancer mortality. Among never
smokers, the relative risk of mortality for being
overweight was higher than that for the whole study
population (1.55, 95% confidence interval 1.44 to
1.66), resulting in a higher population attributable
risk (22%, 18% to 27%).

We also evaluated combinations of lifestyle risk
factors in relation to mortality. As shown in the
figure, cardiovascular, cancer, and all cause mortal-
ity increased with an increasing number of risk
factors. The table shows the relative risk and
population attributable risk for combining risk
factors.

Results amongnever smokerswere consistentwith
those for the whole study population The population
attributable risk for all cause mortality for the five
risk factors combined was 51% (30% to 67%) for
younger women (<60 years) and 63% (52% to 72%)
for older women (≥60 years).We examined potential
confounding by measures of socioeconomic status.
Adjustment for these variables did not materially
alter the association between any of the lifestyle
factors and mortality during follow-up.

DISCUSSION

In this study of 77 782middle agedUSwomen, never
smoking, engaging in regular physical activity,
eating a healthy diet, and avoiding becoming over-
weight were each associated with a markedly lower
mortality during 24 years of follow-up.We estimated
that 55% of all cause mortality, 44% of cancer
mortality, and 72% of cardiovascular mortality
during follow-up could have been avoided by
adherence to these four lifestyle guidelines. Light
to moderate alcohol consumption (up to one drink a
day) was also associated with a lower risk of all cause
mortality during follow-up.

Results in relation to other studies

Smoking, overweight, physical activity, and quality
of diet have consistently been associated with risk of
chronic diseases and mortality in prospective cohort
studies.3 5-10 Randomised controlled trials support
the protective effect of a prudent Mediterranean-
style diet and substitution of polyunsaturated for
saturated fat for coronary heart disease11 12; of the
combination of physical activity, a healthy diet, and
moderate weight loss for type 2 diabetes13; and of
smoking cessation for premature mortality.14 In
addition, randomised controlled trials have shown
beneficial effects of moderate alcohol consumption,
reduced trans-fat intake, high fruit and vegetable
intake, and whole grain intake on biological markers
of cardiovascular risk.15-18

Few previous studies have examined combina-

tions of lifestyle factors in relation tomortality.1-3 10 19

Our results are consistent with these previous cohort

studies and suggest that the population attributable

risk estimates from studies using an indirect

approach may be conservative for the demographic

group that we studied.

Heavy alcohol consumption was associated with

higher cancer mortality in our study and light to

moderate alcohol consumption was associated with

lower cardiovascular mortality. For individual peo-

ple, the balance of risks and benefits of moderate

alcohol consumption may depend on other char-

acteristics; possible benefits may exist for older

women with cardiovascular risk factors,20 and a

greater likelihood of adverse effects may exist for

women with a personal or family history of alcohol-

ism, alcohol related cancers, or risk factors for these

conditions.21 22

Strengths and limitations

Strengths of our study include the large sample size,

the prospective designwith 24 years of follow-up and

high response rates, and the repeated collection of

detailed information on lifestyle. Some measure-

ment error is inevitable and is likely to have

weakened the associations seen.We would probably

have seen a lower mortality if we had used more

restrictive criteria for the low risk group. However,

our results indicate that even modest differences in

lifestyle can have a substantial impact on reducing

mortality. Because incomplete adjustment for smok-

ing habits can weaken the association between

overweight and mortality,7 our estimates for the

association between overweight and mortality in

never smokers may be more accurate than those for
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the total study population. Variation in socioeco-

nomic status in our study of registered nurses was

more limited than in the general population. Con-

sistent with results from a British study,19 adjustment

for variousmeasures of socioeconomic status did not

appreciably affect associations between lifestyle

factors and mortality during follow-up. In analyses

with mortality as an end point, confounding by poor

health that precedes death and affects lifestyle habits

is of particular concern, so we excluded women with

conditions that may reflect this poor health status at

baseline. Also, our findings were consistent with

results in analyses of lifestyle factors and risk of

incidence of chronic diseases that are less likely to be

affected by this type of confounding.

Because population attributable risks depend on

both relative risks and theprevalenceof risk factors (the

higher the prevalence, the higher the population

attributable risk) the prevalence of risk factors has to

be considered when generalising our findings to other

populations. We believe that our overall conclusions

are generally applicable tomiddle agedwomen in high

income countries. However, our participants were

predominantly white and confirmation in other ethnic

groups is warranted.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Many studieshaveshown that individual lifestyle factorsare
associated with risk of chronic diseases

Few studies have evaluated the effects of combinations of
lifestyle factors on mortality

WHAT THIS STUDY ADDS

Most deaths during 24 years of follow-up in middle aged
women could have been avoided by a combination of not
smoking, maintaining a healthy weight, regular physical
activity, and a healthy diet

These findings underscore the importance of intensifying
both efforts to eradicate cigarette smoking and those aimed
at improving diet and physical activity
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