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Impact of pulse oximetry screening on the detection of duct
dependent congenital heart disease: a Swedish prospective
screening study in 39 821 newborns
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ABSTRACT

Objective To evaluate the use of pulse oximetry to screen

for early detection of life threatening congenital heart

disease.

DesignProspective screening studywith anewgeneration

pulse oximeter before discharge from well baby nurseries

in West Götaland. Cohort study comparing the detection

rate of duct dependent circulation in West Götaland with

that in other regions not using pulse oximetry screening.

Deaths at home with undetected duct dependent

circulation were included.

Setting All 5 maternity units in West Götaland and the

supraregional referral centre for neonatal cardiac surgery.

Participants 39821 screened babies born between 1 July

2004 and 31 March 2007. Total duct dependent

circulation cohorts: West Götaland n=60, other referring
regions n=100.
Main outcome measures Sensitivity, specificity, positive

and negative predictive values, and likelihood ratio for

pulse oximetry screening and for neonatal physical

examination alone.

Results InWest Götaland 29 babies in well baby nurseries
had duct dependent circulation undetected before

neonatal discharge examination. In 13 cases, pulse

oximetry showed oxygen saturations ≤90%, and (in

accordance with protocol) clinical staff were immediately

told of the results. Of the remaining 16 cases, physical

examination alone detected 10 (63%). Combining

physical examinationwith pulse oximetry screening had a

sensitivity of 24/29 (82.8%(95%CI64.2%to95.2%)) and

detected 100% of the babies with duct dependent lung

circulation. Five cases were missed (all with aortic arch

obstruction). False positive rate with pulse oximetry was

substantially lower than that with physical examination

alone (69/39821 (0.17%) v 729/38413 (1.90%),

P<0.0001), and 31/69 of the “false positive” cases with

pulse oximetry had other pathology. Thus, referral of all

cases with positive oximetry results for echocardiography

resulted in only 2.3 echocardiograms with normal cardiac

findings for every true positive case of duct dependent

circulation. In the cohort study, the risk of leaving hospital

with undiagnosed duct dependent circulation was 28/

100 (28%) in other referring regions v 5/60 (8%) in West

Götaland (P=0.0025, relative risk 3.36 (95% CI 1.37 to

8.24)). In the other referring regions 11/25 (44%) of

babieswith transposition of the great arteries left hospital

undiagnosed versus 0/18 in West Götaland (P=0.0010),
and severe acidosis at diagnosis was more common (33/

100 (33%) v 7/60 (12%), P=0.0025, relative risk 2.8 (1.3

to 6.0)). Excluding premature babies and Norwood

surgery, babies discharged without diagnosis had higher

mortality than those diagnosed in hospital (4/27 (18%) v

1/110 (0.9%), P=0.0054). No baby died from

undiagnosed duct dependent circulation in West

Götaland versus five babies from the other referring

regions.

Conclusion Introducing pulse oximetry screening before

discharge improved totaldetection rateofductdependent

circulation to 92%. Such screening seems cost neutral in

the short term, but the probable prevention of

neurologicalmorbidity and reduced need for preoperative

neonatal intensive care suggest that such screening will

be cost effective long term.

INTRODUCTION

About 1-1.8 babies per 1000 live births have a duct
dependent circulation, with a persistent ductus arter-
iosus being necessary for survival.1-3 The effects of
ductal closure may not be apparent at early discharge
examination from maternity units. In the UK 30% of
babies with critical heart disease leave hospital
undiagnosed,1 and in Sweden the proportions of
missed cases have increased over the past decade (see
bmj.com for discussion of the possible reasons for
this).4

Screening infants with non-invasivemeasurement of
oxygen saturationhasbeenproposedas an aid for early
detection of duct dependent circulation.We evaluated
strategies to maximise sensitivity while minimising
false positives with a new generation oximeter which
measured functional oxygen saturation preductally (in
right hand) andpostductally (in either foot).Wearrived
at optimal screening cut-off values of <95% saturation
or >3% difference between right hand and foot.5 We
also found that the type of oximeter used had a
significant effect on both the detection rate and false
positive rate.5
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Göteborg, Sweden
2Department of Obstetrics,
Sahlgrenska University Hospital,
S-416 85 Göteborg
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Using these cut-off values and a new generation
oximeter, we have now conducted a large, prospective,
multicentre study of routine screening with pulse
oximetry in the well baby units in the West Götaland
region of Sweden. Our new study incorporates further
strategies to reduce false positive results from pulse
oximetry screening. See bmj.com.

METHODS
Study population

Prospective pulse oximetry screening of all babies in
well baby nurseries in West Götaland began with a
sequential rolling start in all the five maternity units
between July andNovember 2004 and lasted to the end
of March 2007.

Cohort population

We included all babies born with duct dependent
circulation in West Götaland (total live births=46963)
and in the other referring regions (total live
births=108604). We excluded from comparison those
babies with a prenatal diagnosis of duct dependent
circulation.

Screening study

Prospective screening of oxygen saturation was con-
ducted preductally (palm of right hand) and postductally
(either foot)with identicalpulseoximetersonallnewborn
infants before routine neonatal physical examination.
In order for the screening of all babies to be logistically

feasible and to take nomore than fiveminutes of nursing
time, it had to be incorporated in ordinary nursing
routinesandwasusually carriedoutby trainedmidwives,
nurses, and nursery nurses before the dailyweighing that
preceded the discharge examination.

Study protocol

Whenbothpreductal andpostductaloxygensaturation
was <95% or the difference between the two measure-
ments was ≥3% (≥2 standard deviations of inter-
observer measurement variability5) the baby was
provisionally considered to be screening positive, but
a repeat measurement was performed. Babies with
three repeated positive measurements were supposed
to have an echocardiogram performed the same day
according to the study protocol, but some babies
scheduled for early discharge had only two pulse
oximetry screenings.
Neonatal physical examination—After the routine

physical examination, the examining paediatrician
recorded (a) no suspicion of congenital heart defect,
(b) weak suspicion of congenital heart disease, or (c)
strong evidence of congenital heart defect, and had to
state whether referral for echocardiography was
indicated based on the physical findings. This was
recordedbefore thepaediatricianwas shown the results
of the pulse oximetry screening.

Cohort study

We compared the overall rate of detection of duct
dependent circulation in West Götaland with that in
other regions not using pulse oximetry screening but

which also refer children to the same supra-regional
centre for congenital cardiac surgery. We examined
the medical records of all babies with duct dependent
circulation in the two cohort populations and recorded
preoperative acidosis and 30 day mortality.
We retrieved data from the national database of the

National Board of Forensic Medicine, for information
of all deaths due to undiagnosed cardiovascular
malformations in children under 1 year of age in
Sweden born during the study period. We compared
the number of deaths from undiagnosed duct depen-
dent circulation (which all occurred within 30 days of
birth) inWest Götaland with that in the other referring
regions.

Statistical analysis

We calculated sensitivity, specificity, positive predic-
tive value, and negative predictive values for pulse
oximetry screening and for blind neonatal physical
examination alone.

RESULTS
Screening study

Of the 39 899 newborns eligible for the screening
study, 39 821 (99.8%) had completed the pulse
oximetry protocols and 38 429 (96.3%) had complete
data from both pulse oximetry and physical examina-
tion (see bmj.com).

Pulse oximetry screening
Details of the 29 babies in the screening study found to
have duct dependent circulation, including the results
from pulse oximetry screening and the physical
examination are shown on bmj.com. Pulse oximetry
in isolation gave abnormal screening results in 19/29
(66%) of apparently well babies with duct dependent
circulation.
The sensitivity of the pulse oximetry for detecting

pulmonary duct dependent circulation and transposi-
tion of the great arteries was 9/9, but the sensitivity for
essentially acyanotic left heart obstruction was, unsur-
prisingly, lower (10/20). However, one child with
positive pulse oximetry result and interrupted aortic
arch was discharged home without echocardiography
in violation of the study protocol, and thus the real life
sensitivity of the pulse oximetry screening was 18/29
(62%). The table shows the sensitivity, specificity,
positive and negative predictive values, and likelihood
ratio for pulse oximetry. A positive pulse oximetry
screening gives a relative risk of 719.8 (95% confidence
interval 350.3 to 1479; P<0.0001) of having duct
dependent heart disease.
In accordance with the study protocol, the examin-

ing neonatologist was immediately informed of the
pulse oximetry results for the 12 babies with oxygen
saturation ≤90%, and for one with saturation of 91%.
Thus, these 13 were excluded from the evaluation of
neonatal physical examination alone.
In terms of which screening criteria were positive,

both preductal and postductal oxygen saturationswere
<95% in 13 babies, while in five babies a difference of
>3%between preductal and postductal saturationswas
the only positive criterion.However,manybabieswith
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complex cyanotic heart disease were positive on both
criteria, so in total 14 babies had a saturation difference
>3%, of whom eight (57%) had duct dependent
systemic circulation. Babies without critical congenital
heart defect or lung pathology had a median oxygen
saturation of 99% (interquartile range 98% to 100%)
both preductally and postductally. The median age at
screening was 38 hours (interquartile range 5.5 to 95.5,
range 1 to 406), and 90%of the babies were screened at
≤72 hours of age. The earliest permitted discharge in
West Götaland is 6 hours after birth, and 1317 babies
(3.3%) were screened that early.

Neonatal physical examination alone
Physical examination alone detected 10/16 cases of
duct dependent circulation (that is, a sensitivity of 63%)
(table). The positive predictive value of neonatal
examination was significantly lower than that of pulse
oximetry and the likelihood ratio was lower.
The clinical findings from physical examination that

provoked referral for echocardiography in the 10
detected babies with duct dependent circulation were
systolic murmurs (n=5), poor or absent femoral pulses
with a murmur (n=4), and poor femoral pulses alone
(n=1). Thus poor or absent femoral pulses was the
alerting sign in half of these children, and contributed
to the detection of two babies with duct dependent
systemic circulation who would otherwise have been
missed with oximetry screening.

Combining pulse oximetry and physical examination
As different cases were missed by clinical examination
and by pulse oximetry, the combination of neonatal
physical examination and oximetry screening had a
higher sensitivity than either of the methods individu-
ally, although the higher numberof false positives from
physical examination lowered the positive predictive
value to 2.92 (1.98 to 4.31) (see table). Of the infants
detectedbyoximetry, at least fourhadnophysical signs
that would have led to a referral for echocardiography.
Five babies with duct dependent circulation were

discharged without diagnosis during the study; all had
duct dependent systemic circulation due to aortic arch
obstruction, but, as one was discharged with a positive
oximetry result in violation of study protocol, the
potential detection rate in apparently well babies was
86% (25/29).

False positive results with pulse oximetry
The “false”positive rate foroximetry screeningwas69/
39 821 (0.17%). Of these, 45% (31/69) had other
significant heart malformation, lung problem, or
infection.Only41babieswithpositiveoximetry results
had normal cardiac findings on echocardiography.
Thus there were 2.3 echocardiograms with normal
findings per baby with duct dependent heart disease
detected by pulse oximetry screening (41/18). See
bmj.com for details.

False positive results with neonatal physical examination
Physical examination alone generated 739 referrals for
echocardiography with a false positive rate (729/
38 374 (1.91%)) more than 10 times higher than that
for pulse oximetry (P<0.0001). See bmj.com.

Cohort population

Between 1 July 2004 and 31 March 2007, the birth
prevalence of duct dependent circulation in West
Götalandwas62/46 963 (1.32/1000), twowithprenatal
diagnosis. In all other referring regions, not using pulse
oximetry screening but some with prenatal screening
by echocardiography, 109/108 604 newborn infants
had duct dependent circulation (birth prevalence 1.00/
1000). Of these, 100 were included in our comparison,
as nine had prenatal diagnosis.
The risk of leaving hospital with undiagnosed duct

dependent circulation was 28/100 (28%) in the other
referring regions versus 5/60 (8%) in West Götaland
(P=0.0025; relative risk 3.36 (95% confidence interval
1.37 to 8.24)). Thedifferencewasmainly because of the
improved detection of pulmonary duct dependent
circulation (where we included transposition of the

The performance of screening methods in the detection of duct dependent circulation in newborn infants in West Götaland
(1 July 2004 to 31 March 2007)

Performance
Physical examination alone

(n=38 374)
Pulse oximetry
(n=38 429)

Physical examination plus pulse
oximetry (n=38429)

Sensitivity (95% CI) (%) 62.50 (35.43 to 84.80)* 62.07 (42.3 to 79.31) 82.76 (64.23 to 94.15)

Specificity (95% CI) (%) 98.07 (97.93 to 98.21) 99.82 (99.77 to 99.86) 97.88 (97.73 to 98.03)

Positive predictive value (95% CI) (%) 1.35 (0.65 to 2.47) 20.69 (12.75 to 30.71) 2.92 (1.88 to 4.31)

Negative predictive value (95% CI) (%) 99.98 (99.96 to 99.99) 99.97 (99.95 to 99.99) 99.99 (99.97 to 100.00)

Likelihood ratio 32.37 344.8 39.08

False positive rate (%) 1.90 0.17† 2.09

No of true positives 10* 18‡ 24‡

No of false negatives 6* 11§ 5§

No of false positives 729 69 798

No of true negatives 37 022 38 259 36 881

Relative risk (95% CI) (%) 83.6 (30.5 to 229.5) 719.8 (350.3 to 1479) 215.4 (82.4 to 563.0)

*Blind physical examination alone cannot be compared directly with the other two methods as the number of babies with duct dependent circulation

was 16 in this group.

†False positive rate calculated on total numbers of patients completing pulse oximetry (n=39 821).

‡Patient who was diagnosed after repeated failures of obtaining a pulse oximetry signal in the feet is counted as true positive.

§Patient who fulfilled screening criteria but was discharged due to protocol violation is counted as false negative.
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great arteries) inWest Götaland (odds ratio 18.83 (1.07
to 331), P=0.0030). Among the 12 babies with duct
dependent pulmonary circulation who had been
discharged home (all in the regions other than West
Götaland), 11 had transposition of the great arteries.
Severe acidosis at diagnosis wasmore common among
unscreened babies (33/100 (33%) v 7/60 (12%),
P=0.0025, relative risk 2.8 (1.3 to 6.0)). Excluding
premature babies and Norwood surgery, babies
discharged without diagnosis had higher mortality
than those diagnosed in hospital (4/27 (18%) v 1/110
(0.9%), P=0.0054).
No children with undiagnosed duct dependent

circulation died in West Götaland (0/60) compared
with 5/100 in the other referring regions (P=0.16). See
bmj.com for further details.

DISCUSSION
Principal findings

In asymptomatic babieswe found that the combination
of neonatal physical examination plus pulse oximetry
screening for duct dependent heart disease had a
detection rate of 82.8% (86.2% if protocol violations are
ignored), with a low false positive rate of 0.17% for
pulse oximetry. Because of the large sample size our
estimate provides an authoritative assessment of this
screening method. However, about half of the babies
withductdependentdiseasepresentedclinicallybefore
discharge examination, so that in total the introduction
of pulse oximetry screeningmeant that in our region of
WestGötaland 92%of all babies with a duct dependent
circulation were diagnosed before leaving hospital.
This is a significantly higher proportion than that
encounteredamongbabies fromotherSwedish regions
not using pulse oximetry screening (72%; P=0.0025).
The detection rate of blind physical examination

alone was 62.5%. In the region using pulse oximetry
screening there were no deaths in the community from
undiagnosed critical heart disease, but there were five
deaths, 5% of babies with duct dependent circulation,
in the regions not using pulse oximetry screening. This

improved detection was achieved by an alteration of
nursing routines, thatwas estimated to increasenursing
time spent per baby by maximum five minutes, and
occasioned only 2.3 extra echocardiograms without
pathology per case of true positive duct dependent
heart disease detected by pulse oximetry.
There is no routine fetal echocardiography in our

region, leading to a low rate of antenatal detection of
duct dependent heart disease (3.3%), much lower than
the nearly 20% antenatal detection of all critical heart
disease over the last few years in Newcastle.1

Strengths and weaknesses of our study

The major strengths of our study are the large number
of babies prospectively screened, and use of the
Swedish personal identity number system together
with the forensic database, so thatwe canbecertain that
no deaths in the community or elsewhere have been
overlooked in the screened cohort.
A weakness of our study design was that it was

impossible for ethical reasons to withhold seriously
deranged pulse oximetry values from the attending
medical staff, which meant that our evaluation of the
success of physical examination alone to detect duct
dependent heart disease excluded the most severely
cyanotic types of duct dependent disease. This is the
main reason why we included a contemporary
comparison cohort from the other Swedish regions.
This comparison group showed that, without pulse
oximetry screening, 23%of patients evenwith cyanotic
duct dependent pulmonary circulation left hospital
undiagnosed, and therewas no significant difference in
theother referring regionsbetween thenumberof cases
with pulmonary versus systemic duct dependent
circulation that was missed (P=0.62). See bmj.com.

Results in relation to other studies

Previously published studies attempting to assess the
potential of pulse oximetry for the screening for critical
congenital heart diseasehavebeen too small to enable a
confident estimate of sensitivity because of the
prevalence of such disease being only 1-1.8/
1000.2 3 6-10 Depending on the cut-off criteria, the false
positive rate of pulse oximetry screening varied
between 0.009% and 5% in these studies. Richmond
et al showed that the introduction of repeat pulse
oximetry brought their false positive rate down from
5% to 1%.2

The detection rate of physical examination alone,
62.5% in our study, agrees with the 62% postnatal in-
hospital detection rate reported by Wren et al with on
average 30% of their babies with critical heart disease
leaving hospital undiagnosed.1

Fewof the earlier studies of pulse oximetry screening
have compared it with the detection rate of physical
examination alone in well babies. See bmj.com.
A largeNorwegianmulticentre studypublished after

we submitted our manuscript used the same pulse
oximeter and probes as in our study, but the
participants measured only postductal oxygen satura-
tion with a cut-off point of <95% in two repeated
measurements, which would have had a sensitivity of

WHAT IS ALREADY KNOWN ON THIS TOPIC

About 1-2 babies per 1000 live births have an immediately life threatening cardiac
malformation, and 30% of such infants leave hospital without the malformation being
recognised and either return to hospital in circulatory collapse or die at home

Pulse oximetry screening has been advocated as a possible tool to improve detection, but
sensitivity and cost effectiveness remain unproved in the absence of sizeable prospective
studies

WHAT THIS STUDY ADDS

As inpatient maternity stays have reduced, an increasing proportion of babies with duct
dependent pulmonary circulation leave hospital undetected

Pulseoximetryscreeningperformedbothpreductallyandpostductallydetects100%of infants
with pulmonary duct dependent circulation and, when combined with routine clinical
examination, detects 92% of all infants with duct dependent circulation before hospital
discharge, and has a higher detection rate than physical examination alone

Introduction of pulse oximetry screening is cost neutral in the immediate perspective, as each
additional case that receives a timelydiagnosis costs the sameas the treatment of a child that
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60.7% in our population(see bmj.com).11 We maintain
that our protocol is preferable.

Cost benefit analysis

UsingGriebsch et al’s detailedmodel and their highest
cost estimate for echocardiography,12 we calculate
from our screening results that the cost for 18 timely
diagnoses made by pulse oximetry is £3430 (€3785;
$5140) per timely diagnosis made. As the cost for an
infant leaving hospital with duct dependent circulation
and returning in circulatory collapse was calculated to
be £3453,12 the introduction of pulse oximetry screen-
ing should be, at a minimum, cost neutral since each
additional case diagnosed saves at least asmuch as each
missed case costs.
The cost per timely diagnosis for clinical examina-

tion in our study came out between £7700 (for those
actually referred for echocardiography from physical
examination alone) and £2526 (in the unlikely event
that all the infants with pulse oximetry results of ≤90%
saturation would have been referred to echocardiog-
raphy from physical examination alone).
As well as the acute costs, a timely diagnosis

improves the survival of affected babies and reduces
possible long term neurological morbidity secondary
to circulatory collapse (see bmj.com).
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Effect of fish oil on arrhythmias and mortality: systematic
review

Hernando León,1,2 Marcelo C Shibata,1,2 Soori Sivakumaran,1,2 Marlene Dorgan,3 Trish Chatterley,3

Ross T Tsuyuki1,2

ABSTRACT
Objective To synthesise the literature on the effects of fish

oil—docosahexaenoic acid (DHA) and eicosapentaenoic

acid (EPA)—on mortality and arrhythmias and to explore

dose response and formulation effects.

Design Systematic review and meta-analysis.

Data sourcesMedline, Embase, the Cochrane Library,

PubMed, CINAHL, IPA, Web of Science, Scopus, Pascal,

Allied and Complementary Medicine, Academic OneFile,

ProQuest Dissertations and Theses, Evidence-Based

Complementary Medicine, and LILACS.

Studies reviewed Randomised controlled trials of fish oil

as dietary supplements in humans.

Data extraction The primary outcomes of interest were the

arrhythmic end points of appropriate implantable cardiac

defibrillator intervention and sudden cardiac death. The

secondaryoutcomeswereallcausemortalityanddeathfrom

cardiac causes. Subgroup analyses included the effect of

formulations of EPA and DHA on death from cardiac causes

andeffects of fishoil inpatientswith coronaryartery disease

or myocardial infarction.

Data synthesis 12 studies totalling 32779patientsmet the

inclusion criteria. A neutral effect was reported in three

studies (n=1148) for appropriate implantable cardiac

defibrillator intervention (odds ratio 0.90, 95% confidence

interval 0.55 to 1.46) and in six studies (n=31111) for
sudden cardiac death (0.81, 0.52 to 1.25). 11 studies (n=
32439andn=32519)provideddataon theeffectsof fishoil
on all causemortality (0.92, 0.82 to 1.03) and a reduction in

deaths from cardiac causes (0.80, 0.69 to 0.92). The dose-

response relation for DHA and EPA on reduction in deaths

from cardiac causes was not significant.

Conclusions Fish oil supplementation is associatedwith a

significant reduction in deaths from cardiac causes but
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had no effect on arrhythmias or all cause mortality.

Evidence to recommend an optimal formulation of EPA or

DHA to reduce these outcomes is insufficient. Fish oils are

a heterogeneous product, and the formulations for DHA

and EPA remain unclear.

INTRODUCTION

An interest in omega 3 fats (fish oil) to prevent and treat
cardiovascular diseases arose from a report of a
decreased risk of cardiovascular disease in Inuit with
a high intake of fish oil.1 TheGISSI-Prevenzione trialw1

of 11 324 patients randomised to a mixture of the
omega 3 fats eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) or placebo showed a significant
reduction in all cause mortality and death from
cardiovascular causes over 3.5 years of follow-up.
These results seemed to be driven by a reduction in
sudden cardiac death, sparking an interest in the
potential antiarrhythmic properties of fish oil. Three
recent randomised clinical trials looked at fish oil in the
prevention of sudden cardiac death in patients with
implantable cardiac defibrillators.w2-w4 None of these
trials, or a recent systematic review,2 showed a
beneficial effect of fish oil on patient outcomes. This
may be because of methodological limitations such as
different formulations of fish oil. We evaluated the
effect of EPA and DHA on all cause mortality and
deaths from cardiac causes based on the formulation of
these compounds and systematically examined the
association between fish oil and arrhythmic events.

METHODS

We searched 15 databases (see bmj.com) for random-
ised controlled trials of fish oil as dietary supplements
in humans. The primary outcomes of interest were the
arrhythmic end points of implantable cardiac

defibrillator intervention and sudden cardiac death.
The secondary outcomes were all cause mortality and
death fromcardiac causes. Subgroupanalyses included
the effect of formulations of EPA and DHA on deaths
from cardiac causes and effects of fish oil in patients
with coronary artery disease or myocardial infarction.

Two investigators independently reviewed selected
abstracts, with disagreements resolved by a third
reviewer. The quality of each study was assessed by
the Jadad criteria.3

Statistical analysis

Data were entered into 2×2 tables and analysed using
RevMan 4.2.9. Data are presented as odds ratios with
95% confidence intervals, using the DerSimonian and
Laird random effects model. For evaluation of hetero-
geneityweused the χ2 and I2 tests. The z testwas used to
determine overall effect. Assessment of publication
bias was carried out by generating a funnel plot from
the end points showing a significant benefit from fish
oil.

To evaluate whether a dose-response exists with
EPAorDHAwe carried out ameta-regression analysis
using the random effects model for meta-analysis
regression, and analysed the data using STATA. For
this analysis we used the outcome of deaths from
cardiac causes.

We evaluated the relative risk of a non-cardio-
vascular adverse effect occurring in patients who
received fish oil compared with placebo. We also
expressed treatment effects and adverse effects (see
bmj.com) using the numbers needed to treat to reduce
one significant clinical event and numbers needed to
harm for an adverse effect.

This article is an abridged version
of a paper that was published on
bmj.com. Cite this article as: BMJ
2008;337:a2931

Study and  subcategory Fish oil Placebo

No with event/
No in group

Weight 
(%)

Odds ratio
(random) (95% CI)

Odds ratio
(random) (95% CI)

Implantable cardiac defibrillator intervention

  Leaf et al 2005w3

  Raitt et al 2005w2

  Brouwer et al 2006w4

Total (95% CI)

Total events: 170 (fish oil), 188 (placebo)

Test for heterogeneity: χ2=6.81, df=2, P=0.03, I2=70.6%

Test for overall effect: z=0.43, P=0.67

Sudden cardiac death

  Singh et al 1997w11

  GISSI-Prevenzione 1999w1

  Nilsen et al 2001w9

  Leaf et al 2005w3

  Raitt et al 2005w2

  JELIS 2007w5

Total (95% CI)

Total events: 147 (fish oil), 191 (placebo)

Test for heterogeneity: χ2=6.45, df=5, P=0.26, I2=22.5%

Test for overall effect: z=0.97, P=0.33

44/200

51/100

75/273

573

2/122

122/5666

0/150

3/200

2/100

18/9326

15 564

66/202

41/100

81/273

575

8/118

164/5658

1/150

1/202

0/100

17/9319

15 547

33.86

26.75

39.39

100.00

6.47

60.77

1.66

3.24

1.83

26.02

100.00

0.58 (0.37 to 0.91)

1.50 (0.86 to 2.62)

0.90 (0.62 to 1.30)

0.90 (0.55 to 1.46)

0.23 (0.05 to 1.10)

0.74 (0.58 to 0.93)

0.33 (0.01 to 8.19)

3.06 (0.32 to 29.68)

5.10 (0.24 to 107.62)

1.06 (0.55 to 2.05)

0.81 (0.52 to 1.25)

0.2 0.5 1 2 5

Favours fish oil Favours placebo

Effect of fish oil on implantable cardiac defibrillator intervention and sudden cardiac death
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RESULTS

After exclusions, 12 studies were included (see
bmj.com).w1-w12 Five scored 5 for methodological
quality on the Jadad scale, four scored 4, two scored
3, and one scored 2.
In three studies (n=1148) fish oil supplementation

reduced the risk of implantable cardiac defibrillator
intervention by a non-significant 10% (odds ratio 0.90,
95% confidence interval 0.55 to1.46; figure). Six studies
(n=31111)evaluated theeffectof fishoilon the incidence
of sudden cardiac death (figure). A non-significant
reduction was observed (odds ratio 0.81, 0.52 to 1.25).
Eleven studies (n=32519) showed a significant 20%

decrease in death from cardiac causes (odds ratio 0.80,
0.69 to 0.92; see bmj.com). The funnel plot, however,
suggests some publication bias (see bmj.com). Eleven
studies evaluated all cause mortality (n=32439) and
showed a non-significant 8% reduction (odds ratio 0.92,
0.82 to 1.03). These results were driven primarily by the
GISSI-Prevenzione and JELIS trials (see bmj.com).w1 w5

A meta-regression analysis did not show a dose-
response relation between DHA and EPA and death
from cardiac causes.
Asubgroupanalysiswas carriedouton theeffectof fish

oil on sudden cardiac death and death from cardiac
causes in patients with coronary artery disease or after
myocardial infarction, including the secondary preven-
tion arm of the JELIS trial.w5 Four studies (n=15528)
showed a 26% reduction (0.74, 0.59 to 0.92) in sudden
cardiacdeathwith fishoil (seebmj.com).Eight studies (n=
16390) showed a significant 20% reduction in deaths
fromcardiac causes comparedwithplacebo (0.80, 0.69 to
0.93; see bmj.com).
The incidence of adverse effects was 10.5% in patients

receiving fish oil compared with 6.7% in those receiving
placebo. Patients taking fish oil are therefore 56% more
likely to experience an adverse effect than those taking
placebo; most of these effects were described as mild.
This corresponds to anumberneeded to treatwith fishoil
to reduce one death from cardiac causes of 189, and a
number needed to harm of 26.

DISCUSSION

Our systematic review of randomised trials of fish oil
supplementation showed no beneficial effect on
arrhythmic events or all cause mortality but a
significant reduction in deaths from cardiac causes.
This is in contrast to the results of the GISSI-

Prevenzione trial,w1 which suggested that the beneficial
effect on death was due primarily to a reduction in
sudden cardiac death.
This is the first systematic review attempting to

evaluate whether the protective mechanism of fish oil
supplementation is related to a reductionof arrhythmic
episodes determined by a reduction in either implan-
table cardiac defibrillator interventions or sudden
cardiac death. We found a neutral effect on these
outcomes.The confidence intervals for these outcomes
werewide andabeneficial effect up toa45-48%relative
risk reduction cannot be excluded. Some heterogene-
ity was found among the three studies that assessed
implantable cardiac defibrillator intervention (see
figure). Also, regardless of the high quality of these
studies, differences among them were substantial,
including dosages of fish oil and study power.
Our analysis showed a highly variable effect of fish

oil supplementation on sudden cardiac death, varying
from a 48% reduction in events to a 25% increase
(figure). These results were mainly driven by two
studies, the GISSI-Prevenzione and JELIS trials.w1 w5

GISSI-Prevenzione was a secondary prevention study
in patients after myocardial infarction with a moderate
fish intake and mainly DHA supplementation,w1

whereas the JELIS trial included patients with
hypercholesterolaemia for both primary and second-
ary preventionwho had a high fish intake and received
statins and only EPA supplementation.w5

We observed a significant 20% reduction in deaths
from cardiac causes. This is similar to systematic
reviews that included studies of dietary intake of fish oil
by increased intake or supplementation,which showed
a significant reduction in cardiovascular events.
We did not find a significant reduction in all cause

mortality, unlike previous reviews.4-7 The upper limit
of the confidence interval was only 1.03, which might
represent a lack of power for this end point. We also
excluded studies on dietary supplementation.
We did not observe a dose-response relation for

effect on deaths from cardiac causes according to
dosage of EPA or DHA.

Limitations

The results of this systematic review were driven
primarily by two large, but different trials,w1 w5 which
accounted for 92% of the patients. Nevertheless, our
review was the first to include the JELIS trial, totalling
more than 18000 patients.w5 Despite our comprehensive
searchstrategy, the funnelplot suggestedpublicationbias.
We also found a wide variability (0-2000 mg/day) in

amounts ofEPAandDHA in the formulations among the
studies,makingitdifficult todeterminetheoptimaldosage.
Another limitation in our analysis was heterogeneity

among the outcomes measured. Significant heterogene-
ity (I2=70.6%) was found among the implantable cardiac
defibrillator trials, which might affect the validity of this
analysis (see figure). The heterogeneity for the other
outcomesmeasured in our study are, however, relatively
low.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Fish oils are thought to be associated with a reduction in deaths from cardiac causes

Systematic reviews have been inconclusive and did not include recent studies

WHAT THIS STUDY ADDS

Fish oils had no significant effect on reduction in arrhythmic events but were associatedwith a
significant reduction in deaths from cardiac causes

No evidence was found of a dose-response relation between type of fish oil and reduction in
deaths from cardiac causes
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Our analysis of appropriate implantable cardiac
defibrillator intervention included 1148 patients from
secondaryprevention trials and showed anon-significant
effectof fishoil thatmightbea type2error.Thereforeour
pooled analysis for this end point should be considered
inconclusive on the basis of small sample size and
noticeable heterogeneity among the trials.

Implications for clinical practice

The results of this systematic review show a beneficial
effect of fish oil in reducing deaths from cardiac causes.
The optimal dose or formulation of fish oil is unknown,
but it seems reasonable to use a daily formulation
similar to that in the GISSI-Prevenzione trial (465 mg
EPA/386 mg DHA). The effect of fish oil on
arrhythmic events remains inconclusive.
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Reporting and interpretation of SF-36 outcomes in
randomised trials: systematic review

Despina G Contopoulos-Ioannidis,1,2 Anastasia Karvouni,3 Ioanna Kouri,3 John P A Ioannidis3,4

ABSTRACT

Objective To determine how often health surveys and

quality of life evaluations reachdifferent conclusions from

those of primary efficacy outcomes and whether

discordant results make a difference in the interpretation

of trial findings.

Design Systematic review.

Data sources PubMed, contact with authors for missing

information, and author survey for unpublished SF-36 data.

Study selection Randomised trials with SF-36 outcomes

(the most extensively validated and used health survey

instrument for appraising quality of life) that were

published in2005 in22 journalswith ahigh impact factor.

Data extraction Analyses on the two composite and eight

subdomain SF-36 scores that corresponded to the time

and mode of analysis of the primary efficacy outcome.

Results Of 1057 screened trials, 52 were identified as

randomised trials with SF-36 results (66 separate

comparisons). Only eight trials reported all 10 SF-36

scores in the published articles. For 21 of the 66

comparisons, SF-36 results were discordant for statistical

significance comparedwith the results for primary efficacy

outcomes. Of 17 statistically significant SF-36 scores,

where primary outcomes were not also statistically

significant in the same direction, the magnitude of effect

was small in six, moderate in six, large in three, and not

reported in two. Authors modified the interpretation of

study findings based onSF-36 results in only two of the 21

discordant cases. Among 100 additional randomly

selected trials not reporting any SF-36 information, at

least five had collected SF-36 data but only one had

analysed it.

Conclusions SF-36 measurements sometimes produce

different results from those of the primary efficacy

outcomes but rarely modify the overall interpretation of

randomised trials. Quality of life and health related survey

information should be utilised more systematically in

randomised trials.

INTRODUCTION

Qualityof lifeoutcomes and surveysof health status are
considereduseful in randomised trials.1-7Weevaluated
published trials to determine whether it is common for
quality of life and health survey results to reach
different conclusions from thoseof theprimaryefficacy
outcomes, whether there is selective reporting of
outcomes, and whether discordant results in these
outcomes modify the conclusions of trials.

METHODS

We considered randomised trials with data on SF-36
published in 2005 in five major general medicine
journals and 17 high impact factor specialty journals
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(see bmj.com). Trials were eligible if they reported on
any of the two composite SF-36 scores (physical,mental)
and eight subdomains (physical functioning, role physi-
cal, bodily pain, general health, vitality, social function-
ing, role emotional, mental health). When information
was not reported on all 10 scores, we contacted the
authors.We also considered trials using SF-12, a shorter
version of SF-36 (for composite scores).
We screened articles identified through PubMed for

keywords (see bmj.com). Suitable articles were eval-
uated independently by AK and IK. Disagreements
were resolved by consensus or by DGC-I. To probe
whether SF-36 data may have remained unpublished
we emailed the authors of 100 randomly selected trials,
among those retrieved trials not reporting SF-36 data.
Data were extracted independently by IK, AK, and
DGC-I,withdiscrepancies resolvedbyconsensusorby
JPAI.
From eligible articles we extracted information on

authors, journal, design (superiority or non-inferior-
ity), condition, interventions compared, sample size
(randomised, analysed forSF-36), definitionofprimary
efficacy outcome (as reported; if not clarified, we
selected theoutcomeused for sample size calculations),
time points and statistical analysis for the primary
outcome and SF-36 assessments, whether SF-36 was a
co-primary outcome, and whether any other quality of
life and related health survey scales were used.
For the primary efficacy outcome and for each of the

SF-36 assessments we recorded whether the difference
between compared arms was statistically significant
(P<0.05) favouring the experimental arm, non-statisti-
cally significant, or favoured the control arm. For trials
with more than two arms we considered the compar-
ison of each experimental intervention against control
separately.
We considered SF-36 results as statistically signifi-

cant when at least one of the composite or subdomain
scores showed a statistically significant result in favour
or against the experimental intervention.
Data on SF-36 outcomes were extracted for the

reported analyses that corresponded as closely as
possible to the time points as for primary outcomes. If
the primary outcome was a time to event analysis or
incorporated serial longitudinal measurements, we
preferred the analysis of serial longitudinal SF-36
measurements; if this was unavailable, we recorded
whether there was formal statistically significant
difference at any time points when SF-36 had been
appraised. When the primary outcome was appraised
at a single time point, we recorded the SF-36 outcomes
at the single same (or closest) time point. In two
comparisons where co-primary outcomes existed
and could not be prioritised, we based the
evaluation of statistical significance on overall authors’
interpretation.
For statistically significant SF-36 effects when the

respective primary efficacy outcome was discordant,
we extracted informationon the effect size of SF-36 (see
bmj.com). For comparisons with discordant statistical
significance on SF-36 and primary outcome results, we

recorded whether the authors had discussed the SF-36
results, whether they commented on the discrepancy
and if so with what arguments, and if SF-36 findings
changed the interpretation of the trial results.

RESULTS

Overall, 52 eligible trials with 66 comparisons were
identifiedw1-w52 (see bmj.com). Additional data
were presented in other published articles on
primary efficacy for one trialw43 and SF-36 for
eight trials.w4 w21 w24 w29 w35 w36 w46 w51 Additional SF-36
data were provided by the authors in 11 trials
(13 comparisons). Forty two trials (56 comparisons)
addressed superiority, and 10 (10 comparisons)
non-inferiority. In seven trials (10 compari-
sons)w2 w8 w35 w39 w40 w44 w45 SF-36 was described as a
co-primary outcome. Additional quality of life or
health survey instruments appeared in 16 trials (16
comparisons).
Data for physical composite score and mental

composite score were available for 34 trials (39
comparisons) and 35 trials (40 comparisons). Data on
at least one of the eight subdomain scores were
available for 36 trials (48 comparisons). Data on all
possible SF-36 scores were available for 18 trials. Six
trialsw6 w23 w29 w31 w35 w44 had collected information a
priori only for specific subdomains.

Concordance of results

Of the 66 comparisons, 21 (32%) had discordant
statistical significance for primary efficacy and SF-36
results (table). Moreover, of the 56 comparisons of
superiority trials 19 had discordant results.
In onew44 of the 21 discrepancies, SF-36 was a co-

primary outcome. In seven discrepancies, additional
health survey instruments were used. In two trials
w14 w51 these instruments agreed with SF-36, and in
fivew12 w15 w31 w44 w47 trials with the primary efficacy
outcome.
Among the 13 discordant comparisonswith only SF-

36 significant results, there were 17 statistically
significant specific scores (five normalised, 10 raw,
two reporting only statistical significancewithout effect
size); effect sizes were small in six, moderate in six, and
large in three.

Interpretation of trial findings in discordant settings

Improved primary outcome only—SF-36 results did not
modify the trial’s interpretation of these 11 comparisons
(eight trials, see bmj.com).w4 w12 w16 w18 w41-w43 w51 In five
comparisons (four trials), SF-36 outcomes were only
tabulated or alluded to in the results.w12 w16 w18 w42 In
the other four trials the authors focused on other non-
primary outcomes,w4 claimed that SF-36 was not
sensitive enough to detect improvements,w41 adopted
a non-intention to treat analysis for SF-36 with
significant results,w43 or dismissed the importance of
the negative effects on SF-36 in the face of benefits in
disease-free survival.w51
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Improved SF-36 only—SF-36 modified the inter-
pretation of only two trialsw31 w44 (see bmj.com). In
the other five comparisons (three trials), benefits on SF-
36 did not change the interpretation.w7 w14 w21 One trial
dismissed the SF-36 difference as transient and
weak,w14 oneconsidered thenon-statistically significant
benefits in efficacy as clinically important, whereas the
significant improvements in SF-36 vitality scores were
considered clinically unimportant and the authors
questioned the use of SF-36 in trials on diabetes,w21 and
in another trial the authors considered that the clinical
significance of statistically significant differences in SF-
36 domains in patients with fibromyalgia could not be
evaluated.w7

Improved SF-36, non-inferiority on primary outcome—
SF-36 did not modify the interpretation of these two
trials.w46 w47 Both already concluded favourably for the
experimental intervention that achieved the desired
non-inferiority, and in one of themw47 the observed
benefit in SF-36 was considered due to chance.
Only SF-36 worsened—In one trialw15 where SF-36

worsened with the experimental intervention, the
investigators interpreted the results as showing no
consistent differences in quality of life, because an
additional instrument (EQ5D) showed no significant
differences.

Probing unpublished data

Authors of 69 of 100 randomly selected trials
responded. SF-36 data had been collected from five
trials. Thedata hadbeen analysed for only one trial and
did not show any statistically significant differences for
SF-36 or the primary efficacy outcome.

DISCUSSION

In one third of the trial comparisons in our empirical
evaluation, differential effects on primary efficacy
outcomes compared with SF-36 were identified.
However, when SF-36 compared with efficacy out-
comes reached discordant conclusions, SF-36 rarely
affected the interpretation of these trials. What we
observed was generally a tendency to belittle rather
than to pronounce discordant results. Several trials did
not discuss the SF-36 findings at all and most did not
report all the tested SF-36 scores. Considering post hoc

an instrument as insensitive or not worth reporting
contradicts the initial choice to use this instrument as a
trial outcome.
In most trials for chronic conditions, quality of life

and surveys of health status are useful to consider. SF-
36 was reported in fewer than 5% of the trials we
screened and our author survey suggested that some
additional trials (at least five of 100) had collected
informationon SF-36butwithout analysingor publish-
ing it two or three years after publication of the main
trial results. Quality of life seems to remain under-
valued in clinical research: few trials collected quality
of life related data, fewer reported on them, data were
only partially presented, and quality of life rarely
affected the trial interpretation.
We should acknowledge some caveats. Firstly, by

selecting high impact journals we identified trials with
high visibility and probably high quality.8 It is unlikely
that this strategywouldhaveselectedfordiscordantresults
between outcomes. Secondly, selective analysis and
reporting bias may affect primary outcomes and not just
SF-36,9-12 but this shouldnot have increased theperceived
rate of discrepancies between outcomes. Thirdly, dis-
cordance at the level of statistical significance does not
necessarilymean that results for different outcomes differ
beyond chance. Among statistically significant results,
chance findings and non-clinically important differences
are possible andprimary outcomes should be givenmore
weight in the discussion than secondary outcomes.Given
that trials are typically powered to address the primary
outcome, a significant result in the primary outcomewith
a non-significant result in quality of life or health survey
assessments, may sometimes simply reflect lack of power
for the quality of life or health survey outcome. Therefore
we also examined the SF-36 effect sizes and the
circumstances and discussion of discordant results.
Fourthly, we did not carry out the same in-depth
evaluation for trials where efficacy and SF-36 outcomes
were concordant. It is unlikely that authors would then
have modified their inferences, but SF-36 may have
strengthened theconclusions.Finally,wedidnotexamine
trials using only other quality of life or health survey
instruments beyond SF-36. However, SF-36 is the most

Concordance of statistical significance in SF-36 and primary outcome results

Primary outcome

SF-36 results

Significant* Non-significant Significant (against)† Total

Significant 21 8 3 32

Non-significant 9‡ 23 1 33

Significant (against) 0 0 1 1

Total 30 31 5 66

κ coefficient 0.33 (95% confidence interval 0.06 to 0.59) for concordance of primary outcome against SF-36. No

situations occurred where specific SF-36 scores were significant for experimental intervention and others were

significant against.

*At least one of composite or subdomain scores shows statistically significant result in favour of experimental

intervention.

†At least one of composite or subdomain scores shows statistically significant result against experimental

intervention.

‡This category contains the only two studies (w31 and w44) where interpretation of study findings was modified

based on SF-36 results.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Quality of life and related health survey outcomes could be
essential in deciding whether an intervention is worth
adopting

It is unknown whether such outcomes reach different
conclusions from those of primary efficacy outcomes or
whether theyaffect the interpretationof current clinical trials

WHAT THIS STUDY ADDS

Several randomised trials published in influential journals
have had discordant results on primary efficacy outcomes
compared with SF-36

When SF-36 and efficacy outcomes reached discordant
conclusions, SF-36 rarely modified the interpretation of
these trials
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robustly standardisedandwidelyusedoneandwewanted
to maximise comparability.
Overall, quality of life andhealth survey assessments

provide a different window into patient outcomes and
deserve to be included in more trials with complete
reporting of results, and standardised interpretation.
Unbiased data on these outcomes may enhance our
ability to improve clinical decision making.
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Comorbidity and repeat admission to hospital for adverse
drug reactions in older adults: retrospective cohort study
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ABSTRACT

Objectives To identify factors that predict repeat

admission to hospital for adverse drug reactions (ADRs) in

older adults.

Design Population based retrospective cohort study.

Setting All public and private hospitals in Western

Australia.

Participants 28548 patients aged ≥60 years with an

admission for anADRduring1980-2000 followed for three

years using the Western Australian data linkage system.

Results 5056 (17.7%) patients had a repeat admission for

an ADR. Repeat ADRs were associated with sex (hazard ratio

1.08, 95% confidence interval 1.02 to 1.15, for men), first

admission in 1995-9 (2.34, 2.00 to 2.73), length of hospital

stay (1.11, 1.05 to 1.18, for stays ≥14 days), and Charlson

comorbidity index (1.71, 1.46 to 1.99, for score ≥7); 60% of

comorbidities were recorded and taken into account in

analysis. In contrast, advancing age had no effect on repeat

ADRs. Comorbid congestive cardiac failure (1.56, 1.43 to

1.71), peripheral vascular disease (1.27, 1.09 to 1.48),

chronic pulmonary disease (1.61, 1.45 to 1.79),

rheumatological disease (1.65, 1.41 to 1.92), mild liver

disease(1.48,1.05to2.07),moderate tosevere liverdisease

(1.85, 1.18 to 2.92),moderate diabetes (1.18, 1.07 to 1.30),

diabetes with chronic complications (1.91, 1.65 to 2.22),

renal disease (1.93, 1.71 to 2.17), anymalignancy including

lymphoma and leukaemia (1.87, 1.68 to 2.09), and

metastatic solid tumours (2.25, 1.92 to 2.64) were strong

predictive factors. Comorbidities requiring continuing care

predicteda reduced likelihoodof repeathospital admissions

for ADRs (cerebrovascular disease 0.85, 0.73 to 0.98;

dementia 0.62, 0.49 to 0.78; paraplegia 0.73, 0.59 to 0.89).

ConclusionsComorbidity, but not advancing age, predicts

repeat admission for ADRs in older adults, especially

those with comorbidities often managed in the

community. Awareness of these predictors can help

clinicians to identify which older adults are at greater risk

of admission for ADRs and, therefore, who might benefit

from closer monitoring.

INTRODUCTION

Adverse drug reactions (ADRs) are a major public
health problem in older populations.1-3 In western
countries, ADRs cause 3-6% of all hospital

This article is an abridged version
of a paper that was published on
bmj.com. Cite this article as: BMJ
2009;338:a2752

EDITORIAL by Morgan

School of Population Health,
University of Western Australia,
Perth, WA, Australia

Correspondence to: M Zhang
min.zhang@uwa.edu.au

Cite this as: BMJ 2009;338:a2752
doi:10.1136/bmj.a2752

RESEARCH

BMJ | 17 JANUARY 2009 | VOLUME 338 155



admissions1-3 and are responsible for about 5-10% of
inpatient costs.4-6 In Western Australia by 2003 over
30% of all ADRs were repeat ADRs.7

Despite concerns that ADRs represent an important
medical problem in older people, the predictive factors
are still poorly understood. Risk factors independently
associated with ADRs have included advancing age,
sex, comorbidity, multiple drug regimens, inappropri-
ate use of medication, alcohol intake, poor cognitive
function, and depression.4 8-13 There is no consensus on
which factors have the greatest impact. This retro-
spective cohort study is based on a state-wide popula-
tion of patients and investigates whether comorbid
conditions, demographic factors, and drug category
are associated with a repeat admission for ADRs in
people aged ≥60.

METHODS

Study setting and population

We used administrative data from all public and private
hospitals inWesternAustralia, a statewithapopulationof
2.09million in 2007.14 The study population consisted of
all residents aged≥60with a hospital admission related to
an ADR identified through the data linkage system. In
February 2005 we extracted linked hospital and death
records for all patients aged ≥60 with an admission for
ADR in 1980-2003.

Definition of ADR and identification of patients

WeincludedallADRs that resulted inhospital admission
or that occurred while patients were in hospital and
extended the length of hospital stay. An ADR event was
any adverse effect caused by correct use of drugs,
medicines, or biological substances properly adminis-
tered in therapeutic or prophylactic doses, excluding
errors in the technique of administration of drugs,
intentional and unintentional overdose, and abuse of a
drug.AnADRhospitalepisodewasdefinedasaperiodof
continuous treatment for an ADR in one or more
hospitals. We checked all records for transfers between
hospitals and, where they existed, combined the admis-
sions into a single “episode” for analysis.

Follow-up and outcome measurements

Thelengthof follow-upwas the timeindays fromhospital
separation for the first time ADR episode (time zero) to
thedate of a second separate admission for anADRor, in
the absence of a repeat event within three years, to the
date of the third anniversary from time zero or date of
death if within three years (censored).
In the 3.9% of all instances when multiple drugs were

thought to be responsible for anADRwe included in the
analysis only the drug clinically considered to be
primarily responsible. Drugs were grouped into 20
broad categories as defined in ICD-10-AM, with closest
possible equivalent specifications for ICD-9 and ICD-9-
CM. Table 1 shows the distributions of admissions for
first time ADRs according to these drug categories.
We assigned a socioeconomic disadvantage score for

each patient by transforming residential postcode into
numerical values of the index of relative socioeconomic
disadvantage, used extensively in public health
research.15

Statistical analysis

Statistical analysis was performed with SPSS version
12.0.1 (SPSS, Chicago, IL). We used the independent
samples t test for continuous variables and a χ2 test for
categorical variables to compare characteristics between
patients with first time only and repeat ADR episodes.
We obtained hazard ratios and associated 95% con-
fidence intervals after adjusting for age, sex, indigenous
status, residential locality, socioeconomic disadvantage,
admission type, hospital type, length of hospital stay,
calendar period of ADR, Charlson comorbidity index,
and drug categories. Other studies have identified these
variables as those influencing the risk of first time
ADRs,8-13 and they were significant predictors of repeat
ADRs based on the preceding univariate analysis. To
assess potential for survival bias, we separately analysed
data from all patients and from a subset that excluded
those who died in the three year follow-up period.

RESULTS

Results using data from all patients were similar to those
obtained when we excluded patients who died in the
follow-up period, so we report only the results from
analyses that included all patients. Within the first three
years of follow-up, 5056 patients (17.7%) experienced a

Table 1 | Drug categories (from ICD external cause codes) responsible for admission for first

time adverse drug reaction (ADR) in patients aged ≥60, Western Australia, 1980-2000

Drug category (as defined in ICD-10-AM) No (%) of patients

Systemic antibiotics* 2672 (9.4)

Other systemic anti-infectives/antiparasitics 430 (1.5)

Hormones (including synthetics and antagonists) 2174 (7.6)

Primarily systemic agents 2122 (7.4)

Agents primarily affecting blood constituents 2432 (8.5)

Analgesics/antipyretics/anti-inflammatory drugs 4694 (16.4)

Antiepileptics/antiparkinsonian drugs 1121 (3.9)

Sedatives, hypnotics, antianxiety drugs 406 (1.4)

Anaesthetics and therapeutic gases 414 (1.5)

Psychotropic drugs† 1534 (5.4)

Central nervous system stimulants 18 (0.1)

Drugs primarily affecting autonomic nervous system‡ 476 (1.7)

Agents primarily affecting cardiovascular system 5576 (19.5)

Agents primarily affecting gastrointestinal system 252 (0.9)

Agents affecting water balance/minerals/uric acid§ 2024 (7.1)

Agents affecting muscles/respiratory system 563 (2.0)

Topical agents affecting skin, eyes, ENT, dental 577 (2.0)

Other and unspecified drugs and medicines 982 (3.4)

Bacterial vaccines 16 (0.1)

Other and unspecified vaccines/biologicals 65 (0.2)

Total 28 548 (100.0)

ADR=adverse drug reaction; ICD=International Classification of Diseases; ENT=ear, nose, throat.
*Excludes antineoplastic antibiotics (E930.7) from ICD-9/ICD-9-CM (were added to primarily systemic agents,

which include antineoplastics).

†Excludes benzodiazepines (E939.4) from ICD-9/ICD-9-CM (were added to group sedatives, hypnotics,

antianxiety drugs, which includes benzodiazepines in ICD-10).

‡Excludes sympatholytics (E941.3) from ICD-9/ICD-9-CM (were added to agents primarily affecting

cardiovascular system, which include these in ICD-10).

§Excludes theophylline (E944.1) from ICD-9/ICD-9-CM (was added to agents affecting muscles/respiratory

system, which includes antiasthmatics).

RESEARCH

156 BMJ | 17 JANUARY 2009 | VOLUME 338



repeat admission for anADR.The adjusted hazard ratios
for repeatADRswere 1.08 (95%confidence interval 1.02
to 1.15) for men, 0.87 (0.80 to 0.93) for private hospital
admissions, 1.11 (1.05 to1.18) for lengthofhospital stay≥
14 days, 2.34 (2.00 to 2.73) for admission in 1995-9
compared with the earliest time period, and 1.71 (1.46 to
1.99) for a Charlson comorbidity index score ≥7, with a
significant linear trend across quantitative or ordinal
quantitative variables. Residential location in the metro-
politanarea (1.10, 1.01 to1.19)wasmarginally significant
(P=0.03). Therewas no significant effect on repeat ADRs
for age, indigenous status, type of admission, and
socioeconomic disadvantage.
Table 2 shows the effects of individual Charlson

comorbid conditions on repeatADRs.Comparedwith
patients who had no recorded comorbidity, the
analysis identified sizeable adjusted hazard ratios for
congestive cardiac failure, peripheral vascular disease,
chronic pulmonary disease, rheumatological disease,
mild liver disease, mild to moderate diabetes, diabetes
with chronic complications, renal disease, any malig-
nancy including lymphoma and leukaemia, moderate
to severe liver disease, and metastatic solid tumour.
Cerebrovascular disease, dementia, and hemiplegia or
paraplegia were apparently preventive for repeat
ADRs.Therewasno significant relation formyocardial
infarction, peptic ulcer disease, or AIDS, although
people with AIDS had only two repeat ADRs.

DISCUSSION

Predictive factors for repeat ADR admission

We found strong evidence that comorbidity from
chronic disease rather than advancing age increases
rate of repeat ADRs in older adults. Comorbid

congestive cardiac failure, diabetes, and peripheral
vascular, chronic pulmonary, rheumatological, hepa-
tic, renal, and malignant diseases were all strong
predictors of readmissions for ADRs. We also found
that comorbid cerebrovascular disease, dementia, and
hemiplegia or paraplegia were associated with a
reduced risk of repeat admission for ADRs. First
admission for an ADR with a longer hospital stay,
admissions in the most recent time period, and male
sex also predicted repeat ADR admissions, with
admission to private hospitals showing a reduced risk.
ADRs are acknowledged as a major health problem

in older people.1-7 16 A meta-analysis of 68 observa-
tional studies reported that the rates of admissions
related toADRs in older peoplewere four times higher
than in younger people.17 However, we found that
advancing age was not independently predictive of
repeat admissions related to ADRs in people ≥60.

Strengths and limitations

There are several potential explanations for the
observed importance of comorbidity. Comorbidity
might increase vulnerability to ADRs by impairing
bodysystems; theremightbe increasedopportunity for
drug interactions because of polypharmacy for multi-
ple morbidities; and finally, Berkson’s bias—that is,
ADRs are more likely to be identified and diagnosed
because of comorbid conditions increasing a person’s
contact with the health system.18 A reduced risk of
repeat ADRs associated with admission to private
hospital might be explained by private patients having
generally better health or being socioeconomically
advantaged but the latter is inconsistent with the
measure of least socioeconomic disadvantage used in

Table 2 | Adjusted hazard ratios (HR) with 95% confidence intervals for repeat adverse drug reactions (ADRs) for Charlson

comorbidity at first admission to hospital for ADR in older adults

Comorbid conditions
No (%)with first timeADR

only
No (%) with repeat

ADR
Adjusted HR
(95% CI)* P value†

Congestive cardiac failure 3858 (16.4) 889 (17.6) 1.56 (1.43 to 1.71) <0.001

Peripheral vascular disease 978 (4.2) 196 (3.9) 1.27 (1.09 to 1.48) <0.01

Chronic pulmonary disease 1537 (6.5) 497 (9.8) 1.61 (1.45 to 1.79) <0.001

Rheumatological disease 622 (2.6) 210 (4.2) 1.65 (1.41 to 1.92) <0.001

Mild liver disease 164 (0.7) 35 (0.7) 1.48 (1.05 to 2.07) 0.03

Diabetes (mild to moderate) 2276 (9.7) 531 (10.5) 1.18 (1.07 to 1.30) <0.01

Diabetes with chronic complications 507 (2.2) 248 (4.9) 1.91 (1.65 to 2.22) <0.001

Renal disease 1045 (4.4) 373 (7.4) 1.93 (1.71 to 2.17) <0.001

Anymalignancy including lymphomaand leukaemia 2538 (10.8) 811 (16.0) 1.87 (1.68 to 2.09) <0.001

Moderate or severe liver disease 89 (0.4) 19 (0.4) 1.85 (1.18 to 2.92) <0.01

Metastatic solid tumour 1245 (5.3) 273 (5.4) 2.25 (1.92 to 2.64) <0.001

Cerebrovascular disease 1601 (6.8) 226 (4.5) 0.85 (0.73 to 0.98) 0.02

Dementia 791 (3.4) 77 (1.5) 0.62 (0.49 to 0.78) <0.001

Hemiplegia or paraplegia 762 (3.2) 102 (2.0) 0.73 (0.59 to 0.89) <0.01

Myocardial infarction 1332 (5.7) 224 (4.4) 0.98 (0.84 to 1.13) 0.73

Peptic ulcer disease 1847 (7.9) 298 (5.9) 1.09 (0.95 to 1.25) 0.24

AIDS 3 (<0.1) 2 (<0.1) 1.65 (0.41 to 6.71) 0.48

*Estimates from Cox regression models included terms for age (continuous), gender (female, male), indigenous status (non-Aboriginal, Aboriginal),

residence (regional/rural area, metropolitan), admission type (elective, emergency), type of hospital attended (public, private, other), length of stay

(continuous), socioeconomic disadvantage (fifths), calendar period of ADR (continuous), and drug categories responsible for first-time ADR.

†For hazard ratio (HR), using patients with absent comorbidity as reference category.
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this study, which had no effect (hazard ratio 0.94, 0.87
to 1.02).
An important limitation of the studywas the absence

of data on drug doses and multiple drug regimens. We
did have information on the drug category primarily
responsible for ADRs and assessed the effect of each
drug categoryby comparing itwith the average riskof a
repeat ADR from the 20 drug categories responsible
for first time ADRs.
The strengths of our study include the cohort design

with population based and audited data of high
quality,19 thus overcoming issues related to selection
and recall biases as well as loss to follow-up. The
longitudinal linked data allowed us to identify repeat
ADRs in the same patient regardless of changes in the
treating hospital. An important limitation of the study
was that the administrative hospital morbidity data
system is known to code only 60% of the 17 Charlson
comorbid conditions relative to information obtained
from chart review.20 False positive diagnoses of
comorbid conditions, however, are infrequent for
most conditions (range 0-1.5%)20 and it seems implau-
sible that the levels of underascertainment would differ
substantially betweenpatientswith first timeADRonly
and those with repeat ADRs.
As with other studies of this nature, reliability of

ascertainment might vary because the presence and
diagnosis of an ADR is subject to clinical judgment.
The diagnosis of an ADRwas made by senior hospital
doctors (consultants and registrars) and junior doctors
recorded them in text on a structured hospital
separation abstract. The second step involved coding
the text, including external causes or contributing
factors. This was performed in each of the hospitals by
qualified clinical coders who are trained in the use of
the ICD codes and were able to obtain additional
information from the medical notes as required. The
accuracy of clinical coding (including E codes) is
routinely checked by coding supervisors as well as by
random internal audits.
We found that older adults who experienced an

ADRduring themost recent study period, 1995-9, had
a 2.4-fold greater risk of recurrence than their counter-
parts in 1980-4. As the studywas longitudinal, we need
to consider the influence of factors that changed with
time. The results are consistent with national drug

consumption data that showed an increase in drug
exposure in older Australians of 4.7% during 2000-1
alone.21 This increase greatly exceeded population
growth, suggestingeither a largerpopulationat riskor a
higher average level of drug exposure per patient. Our
results, derived frompopulation level data, suggest that
there exists a strong temporal correlation between
repeat ADRs in older adults and greater use of drugs in
the community generally.16 22
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Adverse drug reactions (ADRs) are a major public health problem in older populations

RepeatADRs leading tohospital admissionhave increasedatagreater rate than first timeADRs
in older adults and by 2003 in Western Australia they had reached 30% of all ADRs

Little information is available on risk factors that predict repeat ADRs

WHAT THIS STUDY ADDS

Comorbid congestive cardiac failure, diabetes, peripheral vascular, chronic pulmonary,
hepatic, renal, rheumatological, and malignant diseases predict readmission for ADRs

Comorbid cerebrovascular disease, dementia, and paraplegia seem to protect against repeat
ADRs, possibly because such patients are under closer healthcare supervision
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