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Screening men for abdominal aortic aneurysm: 10 year
mortality and cost effectiveness results from the
randomised Multicentre Aneurysm Screening Study

S G Thompson,1 H A Ashton,2 L Gao,1 R A P Scott,2 on behalf of the Multicentre Aneurysm Screening
Study Group

ABSTRACT

Objectives To assess whether the mortality benefit from

screeningmen aged 65-74 for abdominal aortic aneurysm

decreases over time, and to estimate the long term cost

effectiveness of screening.

Design Randomised trial with 10 years of follow-up.

Setting Four centres in the UK. Screening and surveillance

was deliveredmainly in primary care settings, with follow-

up and surgery offered in hospitals.

Participants Population based sample of 67 770 men

aged 65-74.

Interventions Participants were individually allocated to

invitation to ultrasound screening (invited group) or to a

control group not offered screening. Patients with an

abdominal aortic aneurysm detected at screening

underwent surveillance and were offered surgery if they

met predefined criteria.

Main outcome measuresMortality and costs related to

abdominal aortic aneurysm, and cost per life year gained.

Results Over 10 years 155 deaths related to abdominal

aortic aneurysm (absolute risk 0.46%) occurred in the

invited group and 296 (0.87%) in the control group

(relative risk reduction 48%, 95% confidence interval

37% to57%). The degree of benefit seen in earlier years of

follow-up was maintained in later years. Based on the

10 year trial data, the incremental cost per man invited to

screening was £100 (95% confidence interval £82 to

£118), leading to an incremental cost effectiveness ratio

of £7600 (£5100 to £13000) per life year gained.
However, the incidence of ruptured abdominal aortic

aneurysms in those originally screened as normal

increased noticeably after eight years.

Conclusions The mortality benefit of screening men aged

65-74 for abdominal aortic aneurysm is maintained up to

10 years and cost effectiveness becomesmore favourable

over time. To maximise the benefit from a screening

programme, emphasis should be placed on achieving a

high initial rate of attendance and good adherence to

clinical follow-up, preventing delays in undertaking

surgery, and maintaining a low operative mortality after

elective surgery. On the basis of current evidence,

rescreening of those originally screened as normal is not

justified.

Trial registration Current Controlled Trials

ISRCTN37381646.

INTRODUCTION

England and Scotland have recently introduced
national screening programmes for abdominal aortic
aneurysm in men aged 65.12 The screening pro-
gramme is based closely on the protocol and proce-
dures in the Multicentre Aneurysm Screening Study
(MASS),3 4 which has providedmost of the randomised
evidence for the mortality benefit after ultrasonogra-
phy for abdominal aortic aneurysm.56

Uncertainties relating to screening are its long term
benefit on mortality and cost effectiveness, whether
rescreening those with a normal scan is warranted,
and the extent to which incidental detection of aneur-
ysms erodes the benefit of screening over time.MASS,
started in 1997, runs more than 10 years ahead of the
UK screening programme and is uniquely positioned
to tackle these uncertainties and to inform the develop-
ment of the national programme.
Results from MASS were last published after seven

years of follow-up.4 The only existing evidence from
randomised trials after seven years comes from a small
trial,7 in which a possibly substantial increase in rup-
tured aneurysms among participants screened as nor-
mal was noted during later follow-up.8 Such an
increase would reduce the long term benefit from an
initial scan.Moreover, long term cost effectiveness has
been estimated only through modelling,9 10 and such
models extrapolated from short term data may be
misleading.11 12 We present new information from the
10 years of follow-up now available in MASS.

METHODS

Overall, 67 770 men aged 65-74 were recruited during
1997-9 from four UK centres and randomised to
receive an invitation to screening for abdominal aortic
aneurysm or not (control group). Among the 33 883
invited men, 27 204 (80%) attended and 1334 aneur-
ysms (≥3.0 cm) were detected. Surveillance within
this group involved rescanning: annually for those
with aneurysms 3.0-4.4 cm and every three months
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for those with aneurysms 4.5-5.4 cm. Patients were
referred for possible elective surgery when the aneur-
ysm reached 5.5 cm, the aneurysm had expanded by
1.0 cm or more in one year, or symptoms attributable
to the aneurysm were reported.
We collected additional data from local hospital

records on follow-up ultrasonography within medical
imaging departments and surgery for abdominal aortic
aneurysm. The UK Office for National Statistics noti-
fied us of deaths up to 31 March 2008. Follow-up ran-
ged from 8.9 to 11.2 years (mean 10.1 years). The
primary outcome of interest—deaths related to
abdominal aortic aneurysm—is defined as all deaths
within 30 days of any surgery (elective or emergency)
for abdominal aortic aneurysm plus all deaths with
codes 441.3-441.6 (international classification of dis-
eases, ninth revision).
We used unadjusted Cox regression to compare

deaths related to abdominal aortic aneurysm and all
cause mortality between the two randomised groups.
Life years gained was derived as the area between the
Kaplan-Meier curves of deaths related to abdominal
aortic aneurysm for the two groups, adjusting for
deaths from other causes.13 We also obtained an
unbiased randomisation based estimate for the benefit
of attending initial screening,14 by subtracting from the
controls a group that is equivalent to the non-attending
group among those invited.
We estimated the cost effectiveness of screening

from a UK health service perspective, for follow-up
truncated at 10 years. The relevant unit costs15 are
based on a costing exercise at 2000-1 prices16 uplifted
to 2008-9 prices. We applied discounting at 3.5% per
year for costs and effects. Incremental costs and the
cost effectiveness ratio take into account censoring at
the end of follow-up by dividing the follow-up into
intervals of six months.17 18 We used Fieller’s method
to calculate the confidence interval for the incremental
cost effectiveness ratio.19

RESULTS

Of the 1334 men with abdominal aortic aneurysm
detected at initial scan, 72% (n=963) had complete clin-
ical follow-up to 10 years compared with 76% at seven
years. Men with missing data on death (2.7% at
10 years v 2.1% at seven years) were censored at the
time they were last known to be alive.
Overall, 155 deaths related to abdominal aortic

aneurysm (absolute risk 0.46%) occurred in the invited
group comparedwith 296 (0.87%) in the control group,
a relative risk reduction of 48% (hazard ratio 0.52, 95%
confidence interval 0.43 to 0.63; see bmj.com). The
benefit seen in earlier years was maintained in later
years, with continued divergence of the cumulative
curves of deaths (figure). The mean age at death was
similar in the invited and control groups (75.0 v 75.
4 years). Non-fatal ruptures of aneurysms were about
halved in the invited group (see bmj.com). The
unbiased estimate of the reduction in deaths related
to abdominal aortic aneurysm among men who were

screened was 60% (hazard ratio 0.40, 95% confidence
interval 0.32 to 0.50).
Twenty one men in the invited group died within

30 days of elective surgery, and another six men after
more than30days.Despite being invited for screening,
170 men subsequently had a ruptured aneurysm.
Many of these were excluded from the potential bene-
fit of screening (see bmj.com). Some aneurysms rup-
tured between recall scans, pending a decision about
surgery and while awaiting surgery (see bmj.com).
Nineteen of 25 ruptures in men with normal initial
scans were fatal. The rate of ruptures increased notice-
ably after eight years (see bmj.com). In years 8, 9, and
10 there were, respectively, six, six, and three ruptures,
with corresponding rupture rates per 10 000 person
years of 3.0, 3.8, and 5.7. Time since initial scan was
the main determinant of this increased risk.
Over the 10 years, 552 elective operations tookplace

in the invited group and 226 in the control group. The
respective 30 day mortality rates of 4% (21/552) and
6% (13/226) were not significantly different (P=0.23).
Emergency surgery took place in 62men in the invited
group compared with 141 in the control group. The
respective 30 day mortality rates of 29% (18/62) and
36% (50/141) were not significantly different (P=0.37).
Nearly all the operations in MASS were open repairs,
with endovascular repair occurring only in the later
period of follow-up. Two endovascular repairs were
undertaken as emergency procedures (both patients
died within 30 days) and 68 as elective procedures,
representing 9% (68/778) of all elective operations.
The 30 day mortality rate for elective endovascular
repair was 3% (2/68).
The costsperpersonweregreater in the invited group,

by an average of £100 (see bmj.com). The extent of
reduction in number of deaths in the invited group led
to an estimated incremental cost effectiveness ratio of
£7600 (95% confidence interval £5100 to £13000) per
life year gained over the 10 years of the trial.

DISCUSSION

The benefit of invitingmen aged 65-74 to screening for
abdominal aortic aneurysm remains about the same
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7-10 years after screening: the reduction in number of
deaths related to abdominal aortic aneurysm inMASS
is estimated as 42% at four years,3 47% at seven years,4

and now 48% at 10 years. Being based on a population
based sample of UK men, these figures correspond to
the expected benefit that will derive from the UK
screening programme. About 1900 deaths each year,
half of those related to abdominal aortic aneurysm that
occur in men aged 65 or more in the UK,20 should be
prevented by screening. Such a programme will never
prevent all ruptures but to optimise performance
emphasis should be placed on achieving a high initial
attendance rate and good adherence to follow-up, pre-
venting delays in surgery, and maintaining a low mor-
tality after elective surgery.
We observed a noticeable increase in ruptures after

eight years among those originally screened as normal;
although most were fatal the absolute numbers
remained small. Deaths due to rupture after a normal
scan seem not to have impacted yet on the diverging
curves from deaths related to abdominal aortic aneur-
ysm (figure). Rescreening those with an initial normal
scan would only become justified if future analyses
show a further noticeable increase in ruptures in this
group that is not sufficiently offset by the reduction in
number of deaths related to abdominal aortic aneur-
ysm for those with an aneurysm detected.
The survival advantage in terms of life years gained

continues to increase with time (figure). Because the
main costs of the programme (initial screening and elec-
tive surgery for those large aneurysms) occur early,
whereas the benefit from life years increases over time,
cost effectiveness improveswhen consideredover longer
time scales. Using the same unit costs and discount rates
as in the current analysis, the cost per life year gained is
estimated as £41000 after four years, £14000 after seven
years, and now £7600 after 10 years. The estimate and
confidence interval at 10years iswell below the guideline
for the NHS of around £25000 per life year gained.21

Sensitivity analyses using alternative unit costs4 did not
change this conclusion.
New treatments for abdominal aortic aneurysmmay

impact on a screening programme and increase its
effectiveness. Endovascular repair of aneurysms rather

than open repair is now used more widely for elective
surgery but was used for only 9% of the elective proce-
dures inMASS. In patients who are fit for open repair,
and anatomically suitable for endovascular repair,
endovascular repair has lower operative mortality
than open repair and fewer deaths related to abdom-
inal aortic aneurysm in the longer term.22-25 Reliable
evidence comparing endovascular repair with open
repair is available only up to four years of follow-up,
and shows no difference in all cause mortality25 but a
substantial incidence of graft problems and need for
reinterventions.23 24 These incur costs, as does the
requirement for surveillance of the graft. Until robust
evidence on longer term follow-up is available it may
be reasonable to assume that endovascular repair has
similar cost effectiveness to open repair, a conclusion
supported by recent evidence suggesting roughly
equal costs for both repairs over 2.5 years.26 The over-
all cost effectiveness of screening for abdominal aortic
aneurysm would not be expected to change much if
endovascular repair was used, when appropriate, in
place of elective open repair.
The inclusion of deaths from aortic aneurysm at an

unspecified sitemay have provided a conservative esti-
mate of the benefit of screening, as codes 441.5 and
441.6 (international classification of diseases, ninth
revision) may include some deaths related to thoracic
aortic aneurysm. Investigation of inaccuracies in cod-
ing showed aminimal impact on study outcomes.3 The
quality of life data collected in the trial around the time
of screening showed no clear adverse or beneficial
effects of screening or any long term effects after
surgery.3 27 Using general population age specific
norms for quality of life,28 the cost per quality adjusted
life year (QALY) inMASS at 10 years was £9400 (95%
confidence interval £6300 to £16 000).
Although the loss to follow-up for deaths was small,

full follow-up of patients for surgical repair was more
problematic. Surgical follow-up was through review of
data from local hospitals in each screening area, thus
missing data on patients who had moved away or had
surgery at other hospitals. An estimate of this problem
in one MASS centre showed it to be small (278/4241,
7%), indicating that few people of this age group move
away and therefore would be lost to surgical follow-up.
The UK national screening programme for abdom-

inal aortic aneurysm should, in the long term, halve the
mortality rate related to abdominal aortic aneurysm in
men aged 65 or more, and will be a cost effective pro-
gramme for the NHS.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Ultrasound screening for abdominal aortic aneurysm in men aged 65 or more reduces
mortality in the short term

Rupture of aneurysm in those originally screened as normal, and incidental detection of
aneurysms, could reduce the effectiveness of screening over time

WHAT THIS STUDY ADDS

The mortality benefit of one-off screening of men aged 65-74 for abdominal aortic aneurysm
is maintained up to 10 years, despite an increase in ruptures among those screened as
normal

About half of all aneurysm related deaths should be prevented by a national screening
programme

The long term cost effectiveness of screening is highly favourable

RESEARCH

1540 BMJ | 27 JUNE 2009 | VOLUME 338



1 UK National Screening Committee. Abdominal aortic aneurysm
screening, May 2007. 2008. www.library.nhs.uk/screening/.

2 NHS National Services Scotland. Abdominal aortic aneurysm (AAA)
screening, Aug 2008. www.nhsnss.org/uploads/board_papers/
B0893%20AAAScreening.pdf.

3 Multicentre Aneurysm Screening Study Group. The Multicentre
Aneurysm Screening Study (MASS) into the effect of abdominal
aortic aneurysm screening on mortality in men: a randomised
controlled trial. Lancet 2002;360:1531-9.

4 Kim LG, Scott RAP, Ashton HA, Thompson SG. A sustained mortality
benefit from screening for abdominal aortic aneurysm. Ann Intern
Med 2007;146:699-706.

5 Fleming C, Whitlock EP, Beil TL, Lederle FA. Screening for abdominal
aortic aneurysm: a best-evidence systematic review for the US
Preventive Services Task Force. Ann Intern Med 2005;142:203-11.

6 Cosford PA, Leng GC. Screening for abdominal aortic aneurysm.
Cochrane Database Syst Rev 2007;(2):CD002945.

7 Ashton HA, Gao L, Kim LG, Druce PS, Thompson SG, Scott RAP.
Fifteen-year follow-up of a randomized clinical trial of
ultrasonographic screening for abdominal aortic aneurysms. Br J
Surg 2007;94:696-701.

8 Hafez H, Druce PS, Ashton HA. Abdominal aortic aneurysm
development inmen following a “normal” aortic ultrasound scan. Eur
J Vasc Endovasc Surg 2008;36:553-8.

9 Kim LG, Thompson SG, Briggs AH, Buxton MJ, Campbell HE. How
cost-effective is screening for abdominal aortic aneurysms? J Med
Screen 2007;14:46-52.

10 Henriksson M, Lundgren F. Decision-analytical model with lifetime
estimation of costs and health outcomes for one-time screening for
abdominal aortic aneurysm in 65-year-old men. Br J Surg
2005;92:976-83.

11 Campbell HE, Briggs AH, Buxton MJ, Kim LG, Thompson SG. The
credibility of health economic models for health policy decision-
making: the case of population screening for abdominal aortic
aneurysm. J Health Serv Res Policy 2007;12:11-17.

12 Kim LG, Thompson SG. Uncertainty and validation of health
economic decision models. Health Econ
2009 Feb 10 [Epub ahead of print].

13 Lin CC, Johnson NJ. Decomposition of life expectancy and expected
life-years lost by disease. Stat Med 2006;25:1922-36.

14 Loeys T, Goetghebeur E. A causal proportional hazards estimator for
the effect of treatment actually received in a randomized trial with all-
or-nothing compliance. Biometrics 2003;59:100-5.

15 UKDepartment of Health. Impact assessment of a national screening
programme for abdominal aortic aneurysms, Jul 2008. www.
ialibrary.berr.gov.uk/ImpactAssessment/.

16 Multicentre AneurysmScreening StudyGroup.Multicentre aneurysm
screening study (MASS): cost effectiveness analysis of screening for
abdominal aortic aneurysms based on four year results from
randomised controlled trial. BMJ 2002;325:1135-8.

17 Lin DY, Feuer EJ, Etzioni R, Wax Y. Estimating medical costs from
incomplete follow-up data. Biometrics 1997;53:419-34.

18 Willan AR, Lin DY, Manca A. Regression methods for cost-
effectiveness analysis with censored data. Stat Med
2005;24:131-45.

19 Willan AR, O’Brien BJ. Confidence intervals for cost-effectiveness
ratios: an application of Fieller’s theorem. Health Econ
1996;5:297-305.

20 Office for National Statistics. Review of the national statistician on
deaths in England andWales, 2007. www.statistics.gov.uk.

21 Rawlins MD, Culyer AJ. National Institute for Clinical Excellence and
its value judgments. BMJ 2004;329:224-7.

22 EVAR Trial Participants. Comparison of endovascular aneurysm
repair with open repair in patients with abdominal aortic aneurysm
(EVAR trial 1), 30-day operative mortality results: randomised
controlled trial. Lancet 2004;364:843-8.

23 EVAR Trial Participants. Endovascular aneurysm repair versus open
repair in patients with abdominal aortic aneurysm (EVAR trial 1):
randomised controlled trial. Lancet 2005;365:2179-86.

24 Dutch Randomized Endovascular AneurysmManagement (DREAM)
Trial Group. Two-year outcomes after conventional or endovascular
repair of abdominal aortic aneurysms. N Engl J Med
2005;352:2398-405.

25 Lederle FA, Kane RL, MacDonald R, Wilt TJ. Systematic review: repair
of unruptured abdominal aortic aneurysm. Ann Intern Med
2007;146:735-41.

26 Mani K, Björck M, Lundkvist J, Wanhainen A. Similar cost for elective
open and endovascular AAA repair in a population-based setting. J
Endovasc Ther 2008;15:1-11.

27 Marteau TM, Kim LG, Upton J, Thompson SG, Scott RAP. Poorer self-
assessed health in a prospective study of men with screen detected
abdominal aortic aneurysm: a predictor or consequence of screening
outcome? J Epidemiol Community Health 2004;58:1042-6.

28 Kind P, Hardman G, Macran S. UK population norms for EQ-5D.
Discussion paper 172. University of York, Centre for Health
Economics, 1999.

Accepted: 27 April 2009

From our archive
Introductory address (1840)
In the commencement of an undertaking like the present,
it is customary to make some prefatory statement, by
which those who give it their support may be put in
possession of the views and prospects under which it
comes before them. The custom is in itself a harmless one,
and as some advantages attend a formal introduction and
commendation of a work to the regards of the reader, we
shall follow in the beaten course, and shall endeavour, on
the present occasion, to set forth the main objects for the
promotion of which the Provincial Medical and Surgical
Journal is established.

The most important of these are—1st, to use the words
of the Address of the Provincial Medical Association,
issued at the institution of that body,—Themaintenance of
the honour and respectability of the medical profession;
2nd, The affording a special means of communication for
the several medical and branch associations which have
been formed in various parts of the kingdom; 3rd, The
promotion, as far as possible, of the interests of these
admirable institutions, and more especially of those of the
Provincial Association; 4th, The collecting and recording
of the numerous facts observed in every part of the
provinces, many of which are now diffused through
various channels of information, and too often overlooked
from the very causes which should render them of the
greatest utility; and 5th, The working out of those rich
mines of information and medical instruction—the
County Hospitals, Infirmaries, and Dispensaries.

Themaintenance of the respectability of the profession,
as it will readily be perceived, necessarily involves the
contemplation of those great questions of medical reform
which are now engaging the attention of medical
practitioners. In the consideration of thesewe shall at once
take the highest ground,—that of public utility. The
establishment of a system of competent medical
education; the securing to the profession a wholesome
form of government; the suppression of empiricism; the
providing of proper medical attendance for those who are
unable to procure it for themselves; and the placing of
these and other portions of medical police under the
superintendence of thosewho are the best acquaintedwith
the subject,—are all and each of them but so many modes
of advancing the welfare and guarding the interests of the
community in general. At the same time, these measures
have a direct tendency to maintain medical practitioners,
as a class, in that rank of society which, by their intellectual
acquirements, by their generalmoral character, andby the
importance of the duties entrusted to them, they are justly
entitled to hold.

Introductory address. Prov Med Surg J 1840;s1-1:1-4, doi:
10.1136/bmj.s1-1.1.1.

The entire archive of the BMJ, going back to 1840, is
now available at www.bmj.com/archive.
Cite this as: BMJ 2009;338:b2457

RESEARCH

BMJ | 27 JUNE 2009 | VOLUME 338 1541



Analysis of cost effectiveness of screening Danishmen aged
65 for abdominal aortic aneurysm

Lars Ehlers,1 Kim Overvad,2,3 Jan Sørensen,4 Søren Christensen,5 Merete Bech,5 Mette Kjølby1,5

ABSTRACT
Objective To assess the cost effectiveness of screening

men aged 65 for abdominal aortic aneurysm.

Design Cost effectiveness analysis based on a

probabilistic, enhanced economic decision analytical

model from screening to death.

Population and setting Hypothetical population of men

aged65 invited (or not invited) for ultrasound screening in

the Danish healthcare system.

Data sources Published results from randomised trials

and observational epidemiological studies retrieved from

electronic bibliographic databases, and supplementary

data obtained from the Danish Vascular Registry.

Data synthesis A hybrid decision tree and Markov model

was developed to simulate the short term and long term

effects of screening for abdominal aortic aneurysm

compared with no systematic screening on clinical and

cost effectiveness outcomes. Probabilistic sensitivity

analyses using Monte Carlo simulation were carried out.

Results were presented in a cost effectiveness

acceptability curve and a curve showing the expected

(net) number of avoided deaths from abdominal aortic

aneurysm over time after the introduction of screening.

The model was validated by calibrating base case health

outcomes and expected activity levels against evidence

from a recent Cochrane review of screening for abdominal

aortic aneurysm.

Results The estimated costs per quality adjusted life year

(QALY) gained discounted at 3% per year over a lifetime

for costs andQALYswas £43485 (€54852; $71160). At a
willingness to pay threshold of £30000 the probability of

screening for abdominal aortic aneurysm being cost

effective was less than 30%. One way sensitivity analyses

showed the incremental cost effectiveness ratio varying

from £32640 to £66001 per QALY.

Conclusion Screening for abdominal aortic aneurysm

does not seem to be cost effective. Further research is

needed on long term quality of life outcomes and costs.

INTRODUCTION

Implementation of a national screening programme
for abdominal aortic aneurysm in men is on the public
health agenda of many western European countries.
The scientific case for screening seems established;
there is evidence of benefit in men, with a significant
reduction in deaths.1

The cost effectiveness of screening for abdominal
aortic aneurysm may be acceptable.1 Within trial cost
effectiveness reported in the large Multicentre Aneur-
ysm Screening Study (MASS) after four years of fol-
low-up was £28 400 per life year gained. The authors
concluded that their result was at the margin of

acceptability according to National Health Service
thresholds but that cost effectiveness was expected to
improve substantially over a longer period.2 The study
did not collect information on quality adjusted life
years (QALYs) gained, endovascular repair was not
included, and the long term costs of unwanted side
effects were not included.
Several health economic decision models of screen-

ing for abdominal aortic aneurysm combining data
from MASS and other randomised trials with sources
of evidence have been published.3-11 Inconsistencies in
the model, together with optimistic assumptions about
mortality and quality of life after elective surgery and a
focus on short term clinical costs, have made the rele-
vance of these models for decision making unclear.
We determined the cost effectiveness of a screening

programme for abdominal aortic aneurysm in men
aged 65 on the basis of a probabilistic, enhanced eco-
nomic decision analytical model from ultrasonogra-
phy to death. The study was done from a healthcare
perspective.

METHODS

We modelled cost effectiveness by combining a deci-
sion tree with Markov modelling of long term
consequences.12 The model portrayed a cohort of
men aged 65 who could receive an invitation or not
to participate in a hypothetical screening programme
for abdominal aortic aneurysm (see bmj.com).
Action was determined by the size of the aneurysm:

if large (≥5.5 cm) the patient was referred for vascular
assessment, and if small (3-4.4 cm) or medium sized
(4.5-5.4 cm) the patient was rescanned regularly. In
each successive cycle we applied a matrix of transi-
tional probabilities to determine possible transitions
from each stage. The risk of rupture depended on the
aneurysm’s size. Each year the men also risked dying
fromother causes.Weenhanced themodel by relaxing
the Markov assumption; memory was built into the
model using time dependent probabilities of rupture
according to an estimated age distribution of men
aged 65 or more having emergency surgery. The
cycle length was one year.
Wemade themodel probabilistic by applying a rele-

vant distribution for each variable. We used the mean
and standard deviation from normal distributions to
approximate β distributions for binomial data and
Dirichlet distributions for multinomial data. For costs
we used “right tailed” γ distributions.12

To determine the cost effectiveness ratio of screening
for abdominal aortic aneurysm we calculated expected
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costs and health outcomes for the screening alternative
compared with the non-screening alternative.
We usedMonte Carlo simulations to select values at

random from the specified distributions for model
variables.We calculated expected costs andhealth out-
comes for the two alternatives over second order
uncertainties for a cohort of 10 000 men aged 65.

Data input

Extensive datasets were used for all inputs (see
bmj.com). Standard survival analyses were based on
Danish data on long term mortality after elective or
emergency surgery. We obtained data on incident
cases of abdominal aortic aneurysm from the Danish
Vascular Registry for 1996-2006 and linked with data
on vital status from the Danish Central Office of Civil
Registration.13 From the registry we obtained data on
the age distribution of men having emergency surgery
during 1996-2006.
We used quality of life weights from a standard

population of men—that is, a QALY weight of 0.80
for all hypothetical men aged 65-70 and 0.76 for
those aged more than 70. In a sensitivity analysis we
used age adjusted quality of life weights from average
male smokers of 0.71, and 0.67 formen aged 65-70 and
those aged more than 70.14

Costs were in 2007 prices (DKK 9.41; £1.00; €1.26;
$1.78); we applied the cost to the Danish healthcare
system for 2007 as best estimate for surgery cost.15

We applied tracker variables to themodel and calcu-
lated the expected number of deaths avoided and
levels of surgery and surveillance under the two alter-
natives and compared them with data from a recent
Cochrane review.1 We calculated the average age at
death from ruptured aneurysm in the different patient
pathways and calibrated this against registry and pub-
lished data.

Analyses

We presented simulation output in a cost effectiveness
acceptability curve, showing the probability of screen-
ing being cost effective at different threshold ratios.12

One way sensitivity analyses were done of all model
variables and of several additional factors likely to

influence cost effectiveness.16 We discounted cost
and effect at 3% to express net present values. Alterna-
tive values (0% and 5%) were applied in sensitivity
analyses.
We simulated consecutive cohorts of men aged 65

by summing up expected numbers of deaths related
to abdominal aortic aneurysm and surgical activity.
This was done using two dimensional Monte Carlo
simulations averaging 10 000 second order samples
of variable values with 10 000 trials for each variable
sample. To illustrate the development in the expected
(net) number of avoided deaths over time as a result of
screening we created curves for the first 15 years of
consecutive cohorts of 10 000 men aged 65 at the
time of screening.We compared the results of simulat-
ing five years of screening with that of one cohort fol-
lowed throughout life.

RESULTS

At a discounted rate of 3% the incremental cost effec-
tiveness ratio (base case) was £43 485 per QALY (see
bmj.com). The incremental cost effectiveness ratio
with one way sensitivity analyses was £32 640-
£66 001 per QALY (see bmj.com).
The figure presents the Monte Carlo second order

calculation of 10 000 men aged 65. At a willingness to
pay threshold of £30 000 the probability of screening
being cost effective was less than 30%.
The results of the model simulation of 10 000 men

followed through life were consistent with those from
published randomised trials.1 2 Assuming about
250 000-300 000 men aged 65 in England were fol-
lowed, an expected 675-810 deaths related to abdom-
inal aortic aneurysm would be avoided (see bmj.com),
similar to the expectancyof theNHS.Other simulation
results for the non-screening alternative, such as esti-
mated mean age at rupture (74 years), were consistent
with published data.17 18

The expected result five years after the introduction
of screening showed an increase of nine deaths related
to abdominal aortic aneurysm as a side effect of the
increased number of elective operations in the short
term, which was increased more than fourfold in the
first five years. In the eight years after the introduction
of screening there was an increase in the (net) number
of avoided deaths, assuming that eight successive
cohorts of 10 000 men aged 65 were screened.

DISCUSSION

Weconstructed a decision analyticalmodel to evaluate
the cost effectiveness of screening men aged 65 for
abdominal aortic aneurysm. The incremental cost
effectiveness ratio (base case) was £43 485 per QALY.
At a willingness to pay threshold of £30 000 the prob-
ability of screening being cost effective was less than
30%. One way sensitivity analyses showed the incre-
mental cost effectiveness ratio varying from £32 640 to
£66 001 per QALY. A screening programme was
therefore unlikely to be cost effective.

Willingness to pay threshold (£000s/QALY)
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Our decision analytical framework was based on
best evidence of effectiveness and costs, including reg-
istry data for long term mortality after elective and
emergency repair of abdominal aortic aneurysm, and
age distribution of ruptured aneurysm. The Danish
Vascular Registry has been shown to have high
validity.19

We validated the model by calibrating against key
values from a recent Cochrane review.1 The number
of avoided deaths, amount of elective and emergency
surgery, and mean age at surgery were consistent with
pooled data from randomised trials and clinical data.
Estimated age at rupture, death due to rupture, and
death after elective surgery in the non-screening alter-
native were also consistent with published data.
None of the randomised trials of screening for

abdominal aortic aneurysm collected information on
QALY gains and long term costs; endovascular repair
of aortic aneurysmwas not used in the trials and there-
fore not included in the cost calculations in relevant
health economic studies. Endovascular repair may be
cost effective in patients who are unfit for open repair,
but it is used increasingly as a substitute for conven-
tional surgery.20 Sensitivity analyses showed that
including the cost of graft surveillance and secondary
procedures after endovascular repair significantly
increased the cost per QALY gained.
One limitation of ourmodelling approachwas that it

relies on a combination of data from studies in different
countries, gross costing, and average QALY
weights.12 16 21 Another limitation was the focus on
screening all men aged 65.
Our estimate of the incremental cost effectiveness

ratio is comparable to the £28 400 per life year gained
(equivalent to about £36 000 per QALY) reported in
MASS.2 The main difference is that the MASS results
were presented as a weighted average for men aged
65-74. A lower incremental cost effectiveness ratio
was therefore reported. Other reasons are differences
in the cost of elective and emergency surgery and the
application of different discount rates for costs and
health outcomes in MASS.2

Conclusion

Screeningmen aged 65 for abdominal aortic aneurysm
was not cost effective; the incremental cost effective-
ness ratio was £43 485 per QALY (range £32 640-
£66 001 per QALY). At a willingness to pay threshold
of £30 000 per QALY the probability of screening for
abdominal aortic aneurysm being cost effective was
less than 30%.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

One time ultrasound screening of men aged 65 or more can
significantly reduce mortality from ruptured abdominal
aortic aneurysm

It is uncertain whether screening all 65 year old men is cost
effective

WHAT THIS STUDY ADDS

Screeningmen aged 65 for abdominal aortic aneurysmwas
not cost effective

The incremental cost effectiveness ratio was £43485 per
QALY (range £32640-£66001 per QALY)

At a willingness to pay threshold of £30000 per QALY there
was a less than 30% probability of screening being cost
effective
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Variation in antibiotic prescribing and its impact on recovery
in patients with acute cough in primary care: prospective
study in 13 countries

C C Butler,1 K Hood,2 T Verheij,3 P Little,4 H Melbye,5 J Nuttall,2 M J Kelly,2 S Mölstad,6 M Godycki-Cwirko,7

J Almirall,8 A Torres,9 D Gillespie,2 U Rautakorpi,10 S Coenen,11,12 H Goossens13

ABSTRACT

Objective To describe variation in antibiotic prescribing

for acute cough in contrasting European settings and the

impact on recovery.

Design Cross sectional observational study with

clinicians from 14 primary care research networks in 13

European countries who recorded symptoms on

presentation and management. Patients followed up for

28 days with patient diaries.

Setting Primary care.

Participants Adults with a new or worsening cough or

clinical presentation suggestive of lower respiratory tract

infection.

Main outcome measures Prescribing of antibiotics by

clinicians and total symptom severity scores over time.

Results 3402 patients were recruited (clinicians

completed a case report form for 99% (3368) of

participants and 80% (2714) returned a symptom diary).

Mean symptom severity scores at presentation ranged

from 19 (scale range 0 to 100) in networks based in Spain

and Italy to 38 in the network based in Sweden. Antibiotic

prescribing by networks ranged from 20% to nearly 90%

(53%overall), with wide variation in classes of antibiotics

prescribed. Amoxicillin was overall the most common

antibiotic prescribed, but this ranged from 3% of

antibiotics prescribed in theNorwegian network to 83% in

the English network. While fluoroquinolones were not

prescribed at all in three networks, they were prescribed

for 18% in theMilan network. After adjustment for clinical

presentation and demographics, considerable

differences remained in antibiotic prescribing, ranging

from Norway (odds ratio 0.18, 95% confidence interval

0.11 to 0.30) to Slovakia (11.2, 6.20 to 20.27)) compared

with the overall mean (proportion prescribed: 0.53). The

rate of recovery was similar for patients who were and

were not prescribed antibiotics (coefficient −0.01, P<0.01)
once clinical presentation was taken into account.

Conclusions Variation in clinical presentation does not

explain the considerable variation in antibiotic

prescribing for acute cough in Europe. Variation in

antibiotic prescribing is not associated with clinically

important differences in recovery.

Trial registration Clinicaltrials.gov NCT00353951.

INTRODUCTION

Antibiotic resistance is a growing problem worldwide,
with 10% of Streptococcus pneumoniae isolates recorded
as non-susceptible to penicillin in 30 countries in
2007.1 There is wide variation in antibiotic prescribing

data for ambulant patients in Europe,2 but we do not
know if this variation is explained by differences in
presentation of illness or to which conditions it applies.
Acute cough is one of the most common reasons
for consulting. We examined variation in antibiotic
prescribing for acute cough in primary care in
Europe and its impact on recovery, controlling for
presentation.

METHODS

Networks—The Genomics to combat Resistance
against Antibiotics in Community-acquired lower
respiratory tract infections in Europe (GRACE)
(www.grace-lrti.org) Network of Excellence recruited
14 primary care research networks in 13 countries.
Networks had access to a minimum of 20 000 patients
and had a track record of research.
Study materials and procedures—Study materials and

procedures were developed with advice from all
networks. National network coordinators and
facilitators undertook face to face training in study
procedures, and cascaded training to participating
general practitioners.
Inclusion criteria—Eligible patients were aged 18 and

over who were consulting about an illness where an
acute or worsened cough was the main symptom, had
a clinical presentation that suggested a lower respira-
tory tract infection with a duration of up to and includ-
ing 28 days, were consulting for the first time within
this illness episode, were seen within normal consult-
ing hours, and were considered immunocompetent.
Recruitment of patients—Participating general practi-

tioners were asked to recruit consecutive eligible
patients in October and November 2006 and from
late January to March 2007. The scheduled two
month gap enabled us to explore possible temporal
variations in cough during the winter.
Data collection—Clinicians recorded aspects of

patients’ history, symptoms, comorbidities, clinical
findings, and management, including antibiotic pre-
scription and other treatments and investigations.
They indicated the presence or absence of 14 symp-
toms (cough, phlegm production, shortness of breath,
wheeze, coryza, fever during this illness, chest pain,
muscle aching, headache, disturbed sleep, feeling gen-
erally unwell, interference with normal activities, con-
fusion/disorientation, and diarrhoea) and then rated
them in a four point scale. All data were entered via a
remote secure data entry portal onto the GRACE
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online system. From our sample size estimation
we required a total sample size of 270 patients per
network.
Patient reported follow-up—Patients were given a

symptom diary. They were asked to rate 13 symptoms
each day until recovery (or for 28 days if symptoms
were ongoing) on a seven point scale. Patients rated
the same symptoms as the clinicians apart from confu-
sion/disorientation and diarrhoea. In addition they
were asked to rate the impact of their illness on their
social activities. There were questions about smoking
and course of the illness, including subsequent man-
agement and contacts with the health service over the
next 28 days.
Symptom scores—We converted clinician symptom

ratings and patient self reported symptom ratings to
scores and scaled these to range between 0 and 100
so that they could be interpreted as a percentage of
maximum possible symptom severity. See bmj.com.
Analysis—Differences in clinical presentation were

controlled for by using 13 of the 14 symptoms
recorded by clinicians (cough was excluded as it was
present in 99.8% of cases), sputum type, temperature,
age, and comorbidities. Antibiotic prescribing by net-
works was investigated by using a two level hierarchi-
cal logistic model. We fitted a three level hierarchical
model to the logged daily symptom scores reported by
patients. We controlled for differences in clinical pre-
sentation using the same variables as in the previous
model, along with smoking status and duration of ill-
ness before consulting. See bmj.com.

RESULTS

Patients

A total of 3402 patients were recruited by 387 practi-
tioners. After exclusions there were 3296 (97%) entries
in the case report form dataset and 2560 (75%) in the
diary dataset. Thosewho filled in the diary tended to be
older than those who did not (median age 45 (inter-
quartile range 33-58) v 36 (27-48)), and patients from
eastern European networks were most likely to return
the symptom diary. Those who did not fill in a diary

were no more or less likely to have been prescribed
antibiotics than the others. Antibiotics were prescribed
for 53% (1776) of included patients for a median of
seven days (6-7). Amoxicillin accounted for 29% of
prescriptions, ranging from 3% in Tromso to 83% in
the Southampton network (fig 1). See bmj.com for
details.

Antibiotic prescribing by networks adjusted for clinical

presentation

Significant variation between networks remained after
adjustment for clinical presentation (table). Therewere
no significant differences between the two recruitment
periods in overall rate of antibiotic prescribing. The
model was also fitted to the subsample of patients
with usable diary data to check the effect of duration
of illness before consultation and smoking status on
prescribing. Both variables were significantly asso-
ciated with receiving a prescription for antibiotics,
with a 2% increase in the odds of receiving an antibiotic
for each additional day of illness before consulting
(odds ratio 1.02, 95% confidence interval 1.01 to
1.04) and a 38% increase in the odds for smokers
(1.38, 1.09 to 1.76). Adjustment for these factors, how-
ever, had no effect on the magnitude or significance of
the variation between networks and therefore we have
presented the model with the larger sample.

Patients’ recovery

There was considerable variation between networks in
the rate of recovery after presentation, as shown by the
median symptom trajectory plots. The median time to
patients reporting feeling recovered (single item) was
11 days. Themedian time for patients’ symptom sever-
ity scores to drop to 0 was 15 days. Respiratory comor-
bidity was associated with initial higher symptom
severity scores. Those who waited longer before pre-
senting had higher initial symptom severity scores.
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Significant variation in outcome remained across
networks after adjustment for clinical presentation,
with two of the networks (Balatonfured and Mataro)
reporting differences in patients’ reported symptom
severity at baseline compared with the overall mean,
and three of the networks (Cardiff, Milan, and Jonkop-
ing) reporting significantly slower recovery rates and
three networks (Mataro, Balatonfured, Antwerp)
reporting significantly faster recovery. While there
were significant differences in the symptom trajec-
tories across the networks, differences were not clini-
cally important. Almost all the symptom trajectories
converged after a week (fig 2). Being prescribed anti-
biotics was associated with a faster reduction in symp-
tom severity scores, as indicated by the significant
interaction between prescribing antibiotics and day.
This association, however, was small.

The impact of antibiotic prescribing, while statisti-
cally significant, represents a tenth of a single percen-
tage difference in symptom severity score, and
therefore it is reasonable to consider it clinically unim-
portant. Such a small effect is entirely consistent with a
placebo effect.

Hospital admission

Overall, 1.1% (28) of patientswere admitted to hospital
after inclusion. For individual networks this ranged
between from none to 4.3% (9).

DISCUSSION

Main findings

In this prospective study of the management of acute
cough among adults in primary care we found consid-
erable variation in the 13 countries studied. Major dif-
ferences in the decision whether or not to prescribe an
antibiotic in these settings remained, even after we
adjusted for clinical presentation. We also identified
markeddifferences betweennetworks in choice of anti-
biotic. These differencesmight be attributable to differ-
ent guidelines and habits in different countries.
There were two main findings regarding patients’

recovery. Firstly, there were significant differences
between networks in both severity of symptoms on
dayone and the recovery rate.Differences in the recov-
ery rate, however, were small andpatients recovered at
a similar rate regardless of network. Secondly, whether
a patient was prescribed antibiotics or not was statisti-
cally associated with outcome, but was not clinically
relevant.

Strengths and limitations

Weprospectively described antibiotic prescribing for a
well definedpopulationof patients in a large number of
countries recruited at the same time. Recruitment was
for two periods and over a single winter. The clinicians
who participated (and therefore their patients) were all
affiliated to a research network and so might not have
been representative.

Bias

As the study spanned 13 European countries, there is
no guarantee that perceptions of health and reporting
of symptoms were consistent. We do not know how
cultural differences influenced our results. We are
exploring these issues in a qualitative study.

Comparison with previous studies

Astudy of antibiotic treatment by general practitioners
for lower respiratory tract infection in five European
countries over 10 years ago found that overall 83% of
cases were prescribed antibiotics,3 but was limited by
retrospective data collection. In a two country compar-
ison, general practitioners in Spain and Denmark
recorded their management of respiratory tract infec-
tions. Spanish general practitioners prescribed more
antibiotics but there was no adjustment for severity
and duration of illness or smoking.4

WHAT IS ALREADY KNOWN ON THIS TOPIC

Acute cough is a major reason for antibiotic prescribing in
primary care, withmany prescriptions resulting in no clinical
benefit

There is considerable variation in antibiotic prescribing to
ambulatory patients across Europe

There are inadequate patient level data to determine
whether this variation is justified by variation in clinical
presentation.

WHAT THIS STUDY ADDS

Considerable variation in antibiotic prescribing for acute
cough remains throughout Europe even after adjustment for
illness severity, comorbidity, temperature, age, duration of
illness before to consultation, and smoking status

Recovery is not meaningfully influenced by variation in
antibiotic prescribing

Two level logistic regression model* of odds of being

prescribed antibiotic in each network (3296 patients from

384 clinicians). Figures are odds ratios (95% confidence

intervals)

Network OR (95% CI) P value

Antwerp 0.22 (0.12 to 0.38) <0.001

Balatonfured 5.69 (2.88 to 11.26) <0.001

Barcelona 0.29 (0.16 to 0.51) <0.001

Bratislava 11.2 (6.20 to 20.27) <0.001

Cardiff 2.44 (1.42 to 4.19) <0.01

Helsinki 0.58 (0.31 to 1.09) 0.09

Jonkoping 0.25 (0.16 to 0.38) <0.001

Lodz 4.14 (2.4 to 7.16) <0.001

Mataro 0.66 (0.37 to 1.18) 0.16

Milan 6.81 (3.49 to 13.27) <0.001

Rotenberg 0.5 (0.27 to 0.92) 0.03

Southampton 0.84 (0.47 to 1.5) 0.55

Tromso 0.18 (0.11 to 0.30) <0.001

Utrecht 0.5 (0.29 to 0.85) 0.01

*Model controls for clinician rated symptom scores and clinical

presentation. Clinician level variance component was 23.3%, using π2/3

estimator.
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Implications for practice and research

We identified marked differences in whether and what
antibiotics are prescribed for acute cough throughout
Europe. We also found that large differences in anti-
biotic prescribing did not translate to clinically impor-
tant differences in patients’ recovery; management of
acute cough is an issue that is appropriate for standar-
dised international care pathways promoting conser-
vative antibiotic prescribing.
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Factors associated with mortality in Scottish patients
receiving methadone in primary care: retrospective cohort
study

C McCowan,1 B Kidd,2 T Fahey1,3

ABSTRACT

Objective To assess predictors of mortality in a
population of people prescribed methadone.
Design Retrospective cohort study.
Setting Geographically defined population in Tayside,
Scotland.
Participants 2378 people prescribed and dispensed
liquid methadone between January 1993 and February
2004.
Main outcome measures All cause mortality (primary
outcome) and drug dependent cause specific mortality
(secondary outcome) by means of Cox proportional
hazards models during 12 years of follow-up.
Results Overall, 181 (8%) people died. Overuse of
methadone (adjusted hazard ratio 1.67, 95% confidence
interval 1.05 to 2.67), history of psychiatric admission
(2.47, 1.67 to 3.66), and increasing comorbidity
measured as Charlson index ≥3 (1.20, 1.15 to 1.26) were
all associated with an increase in all cause mortality.
Longer duration of use (adjusted hazard ratio 0.95, 0.94
to 0.96), history of having urine tested (0.33, 0.22 to
0.49), and increasing time since last filled prescription
were protective in relation to all cause mortality. Drug
dependence was identified as the principal cause of
death in 60 (33%) people. History of psychiatric
admission was significantly associated with drug
dependent death (adjusted hazard ratio 2.41, 1.25 to
4.64), as was history of prescription of benzodiazepines
(4.35, 1.32 to 14.30).
Conclusions Important elements of care in provision of
methadone maintenance treatment are likely to
influence, or be a marker for, a person’s risk of death.

INTRODUCTION

Methadone maintenance programmes have been
started on the basis of evidence that methadone
decreases illicit drug use, reduces injecting behaviour,
reduces the risk of opioid related deaths, improves
physical and mental health, and is associated with
a decrease in criminal activity.1-3 In the United
Kingdom, methadone treatment for heroin addiction
is largely provided by general practitioners, and
prescribing ofmethadone in primary care substantially
increased throughout the 1990s.4 5 The central ethos of
this approach is one of harm minimisation, and
other countries are expanding provision ofmethadone
treatment into primary care.67

However, treatment with methadone in primary
care has been described as a “double edged sword”
because methadone itself is associated with drug
related deaths.8 A confidential inquiry carried out in
Scotland found that of 56 drug related deaths in 2000,
methadone was cited on the death certificate in 30
(54%) cases.9 Methadone related deaths seem to be
due to an interaction of patient related and organisa-
tional factors: drug dosing, concurrent use of other
drugs, and deficiencies in the monitoring and delivery
of methadone care programmes.3 10

In this study, we aimed to examine the interaction of
patient related factors and prescribing factors at the
individual level and assess their independent impact
on the risk of both all cause mortality and drug depen-
dent cause specific mortality in a primary care setting.
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METHODS

Study design and patients

We identified people resident in Tayside, Scotland,
who were registered with a general practitioner and
were prescribed and dispensed liquid methadone
between January 1993 and February 2004. We used
the unique Community Health Index number used in
all encounters with the NHS, to link detailed clinical
data at the level of the individual patient.

Procedures

We collected data on age, sex, and postcode for each
patient who was dispensed a liquid methadone pre-
scription.We linked these records to all dispensed pre-
scribing and to standard morbidity register records for
admission to hospital or to a psychiatric unit.Wemade
linkages to General Register Office mortality data and
to laboratory datasets relating to urine testing for

opiates and other drugs.We used census data to calcu-
late socioeconomic status.11 We derived a Charlson
comorbidity index from each person’s standard mor-
bidity register record in the hospital admission
records.12 13 We categorised Charlson index scores
into three groups with low (0), medium (1-2), and
high (≥3) morbidity.
From prescription records, we calculated the length

ofmethadone treatment, themean dose ofmethadone,
and the total amount prescribed. We categorised
people as overusing methadone if the length of treat-
ment was shorter than the total coverage of the pre-
scribed prescriptions. We categorised people who
were below, within, and above the recommended
methadone maintenance range of 60 mg to 120 mg
daily and fitted this as a binary variable with ≥60 mg
as the cut-off point.14 We examined prescribing
records for other drugs and recorded any patient who
was prescribed benzodiazepines, antipsychotics, anti-
depressants and opioid analgesics. Our main outcome
measure was all cause mortality.

Statistical analysis

WeusedCox proportional hazardsmodels to estimate
hazard ratios for each unadjusted and adjusted covari-
ate in relation to all cause mortality and cause specific
mortality. We included covariates in the multivariate
model if we deemed them to be of clinical significance
or if they had a univariable P value below 0.2. We fol-
lowed up patients until time of death or the end of the
study period.

RESULTS

Descriptive statistics

A cohort of 2378 people were prescribed and dis-
pensed methadone during the 12 year study, with a
median follow-up of 4.38 (interquartile range 1.92-
8.12) years. Sixty five per cent were aged under
30 years, and more than half were from the lowest
socioeconomic groups. More than 40% of patients
were prescribed methadone for more than three years.
Almost half of the cohort had a record of psychiatric

admission, and co-prescription of benzodiazepines,
antipsychotics, antidepressants, and opioid analgesics
was high. Almost four fifths of the patients had at least
one urine test. Themean dose ofmethadonewas lower
than the recommended adequate maintenance range
of 60-120 mg daily for 2023 (85%) people, within this
range for 349 (15%) people, and above 120 mg for six
people. The median individual mean dose was 40
(interquartile range 28-51) mg.

Cause of death and methadone prescriptions over time

During the 12 year study period, 181 (8%) people died.
The number of deaths remained constant despite the
increase inmethadone prescription items from 5852 in
1993 to 16 379 in 2003. Cause of deathwas available in
166 (92%) of these people. Codes that relate to “drug
dependence” were recorded as the principal cause in
60 (33%) people.

Table 1 | Univariable and multivariable associations between covariates and all cause

mortality

Cohort characteristic
Unadjusted hazard ratio

(95% CI)
Adjusted hazard ratio

(95% CI)

Male sex 1.06 (0.77 to 1.45) NA

Age (per year) 1.04 (1.02 to 1.05)* 1.00 (0.98 to 1.01)

Social class (Carstairs):

1 (reference category) 1.0 1.0

2 0.16 (0.04 to 0.73)* 0.18 (0.04 to 0.82)*

3 0.48 (0.16 to 1.40) 0.52 (0.17 to 1.54)

4 0.49 (0.16 to 1.49) 0.45 (0.15 to 1.41)

5 0.41 (0.14 to 1.17) 0.36 (0.12 to 1.04)

6 0.62 (0.22 to 1.70) 0.46 (0.16 to 1.28)

7 0.54 (0.19 to 1.51) 0.52 (0.18 to 1.76)

Comorbidity (Charlson index):

0 (reference category) 1.0 1.0

1-2 2.85 (1.86 to 4.37)* 1.08 (1.02 to 1.14)*†

≥3 6.58 (4.72 to 9.19)* 1.20 (1.15 to 1.26)*†

Mean methadone dose ≥60 mg 1.54 (1.07 to 2.23)* 0.93 (0.62 to 1.39)

Overusing methadone 3.12 (2.09 to 4.64)* 1.67 (1.05 to 2.67)*

Methadone breaks 0.58 (0.50 to 0.67)* 0.93 (0.78 to 1.10)

Duration of methadone treatment (years) 0.78 (0.75 to 0.82)* 0.95 (0.94 to 0.96)*†

Timesince lastmethadoneprescription filled (months):

≤1 (reference category) 1.0 1.0

2-3 0.77 (0.49 to 1.22) 0.97 (0.91 to 1.02) †

4-6 0.66 (0.33 to 0.1.30) 0.91 (0.84 to 0.99)* †

>6 0.45 (0.32 to 0.62)* 0.70 (0.66 to 0.73)* †

Psychiatric admission 2.46 (1.74 to 3.49)* 2.47 (1.67 to 3.66)*

Having urine tested 0.31 (0.23 to 0.41)* 0.33 (0.22 to 0.49)*

Co-prescribing:

Benzodiazepines 1.18 (0.74 to 1.86) NA

Antipsychotics 0.77 (0.53 to 1.12) 0.85 (0.56 to 1.29)

Antidepressants 0.76 (0.56 to 1.01) 0.80 (0.57 to 1.44)

Opioid analgesics 1.33 (0.99 to 1.79) 1.17 (0.84 to 1.64)

Final regression model mutually adjusted for all significant covariates; male sex, use of benzodiazepines, and

volume of methadone prescribing by practice were assessed unadjusted but had no significant influence (P>0.2)

and so were excluded from final model.

NA=not applicable.
*P<0.05.

†Variable treated as time varying coefficient in Cox regression model and hazard ratio reported at median

follow-up of 4.38 years.
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Univariable and multivariable associations with all cause

mortality

After adjustment for significant covariates, increasing
comorbidity, overuse of methadone, and history of
psychiatric admission were all associated with an
increase in all cause mortality (table 1). Longer dura-
tion of methadone use, increasing time since last
methadone prescription was filled, and history of hav-
ing urine testing were protective in relation to all cause
mortality, but “breaks” in receivingmethadone and co-
prescription of drugs were not associated once fitted to
the multivariable model (table 1).

Univariable and multivariable associations with cause

specific mortality

When we assessed the 60 (33%) people who had a
“drug related” death, the same explanatory variables
that were protective in relation to all cause mortality
persisted—namely, longer duration of methadone
use, increasing time since last methadone prescription
was filled, and history of having urine testing (table 2).
Similarly, history of psychiatric admission remained
independently associated with increased risk of drug
dependent cause specific mortality. Of note, co-pre-
scribing of benzodiazepines was now strongly asso-
ciated, whereas prescription of antidepressants and

antipsychotics seemed to be protective in relation to
drug related death (table 2).

DISCUSSION

Clear signals emerge in relation to safe prescribing and
monitoring of methadone maintenance treatment in
primary care, but caution is needed in that these asso-
ciations may not be causal because of the nature of this
observational study.15 Although only a relatively small
proportion of the people used a higher than recom-
mended dose of methadone, their relative risk of
deathwasmore than one and a half times that of people
who took the correct dosage. In terms of protective
factors, longer duration of treatment, increasing time
since last methadone prescription, and a history of
involvement in urine testing programmes were asso-
ciated with a reduced risk of all cause mortality.
These are likely to be markers of people who are stabi-
lised on maintenance treatment and engaged in mon-
itoringprocedures orwhohave successfully completed
a methadone treatment reduction programme.
We found substantial under-dosing with methadone;

84% of the cohort were receiving a mean dose that was
less than the recommended 60-120 mg.1416 Evidence
from randomised controlled trials comparing different
methadone dosages supports use of higher doses in
terms of retention and reduction of heroin usage. How-
ever, the findings in relation to mortality from overdose
are based on a very small number of deaths.17 More
research is needed in relation to the risks and benefits
of a low dose versus high dose approach in terms of
retention and risk of overdose.
More than a third of the cohort who died had a prin-

cipal cause of death attributed to a drug related cause.
Co-prescription of benzodiazepines had the strongest
association with drug dependent death, history of psy-
chiatric admission remained an independent risk factor,
and co-prescribing of antipsychotics and anti-
depressants was independently protective. Markers of
stability with methadone or cessation of methadone
remain protective—history of urine testing and time
since last methadone prescription was filled (table 2).
Our evidence suggests that improvements that have

taken place in terms of the delivery of methadone
maintenance programmes in the UK are likely to
reduce the risk of death in this vulnerable group of
people.4 18 This study also provides evidence about
subgroups of people, particularly those with a history
of psychiatric admission, who have a higher risk of
death. Similarly, for general practitioners who are pre-
scribing methadone, monitoring of urine and avoid-
ance of co-prescribing of benziodiazepines should be
implemented. People at higher risk (history of psychia-
tric illness, poor engagement with services including
urine testing) might be more appropriately managed
in a specialist, rather than a generalist, environment.

Context of other studies

Our findings in relation to all cause mortality are consis-
tent with the high mortality described in the drug

Table 2 | Univariable and multivariable associations between covariates and drug dependent

cause specific mortality

Cohort characteristic
Unadjusted hazard ratio

(95% CI)
Adjusted hazard ratio

(95% CI)

Male sex 1.24 (0.70 to 2.21) NA

Age (per year) 0.98 (0.95 to 1.01) 1.00 (0.98 to 1.01)

Social class (Carstairs):

1-4 (reference category) 1.0 NA

5-7 1.12 (0.63 to 2.02) NA

Mean methadone dose ≥60 mg 0.68 (0.29 to 1.58) NA

Overusing methadone 4.52 (2.47 to 8.26)* 1.85 (0.91 to 3.80)

Methadone breaks 0.51 (0.39 to 0.68)* 1.01 (0.74 to 1.40)

Duration of methadone treatment (years) 0.76 (0.69 to 0.83)* 0.93 (0.92 to 0.95)*†

Timesince lastmethadoneprescription filled (months):

≤1 (reference category) 1.0 1.0

2-3 0.52 (0.22 to 1.24) 0.64 (0.26 to 1.04)

4-6 0.40 (0.10 to 1.67) 0.24 (0.06 to 1.01)

>6 0.34 (0.19 to 0.62)* 0.02 (0.00 to 0.05)*

Psychiatric admission 2.23 (1.22 to 4.07)* 2.41 (1.25 to 4.64)*

Having urine tested 0.27 (0.16 to 0.45)* 0.52 (0.26 to 1.04)

Co-prescribing:

Benzodiazepines 2.73 (0.85 to 8.76) 4.35 (1.32 to 14.30)*

Antipsychotics 0.18 (0.056 to 0.58)* 0.27 (0.08 to 0.89)*

Antidepressants 0.29 (0.16 to 0.53)* 0.51 (0.30 to 0.98)*

Opioid analgesics 0.65 (0.39 to 1.10) 0.72 (0.41 to 1.26)

Final regression model mutually adjusted for all significant covariates; male sex, comorbidity (Charlson index),

social class, mean methadone dose (≥60 mg daily), and volume of methadone prescribing by practice were

assessed unadjusted but had no significant influence on cause specific mortality (P>0.2) and so were excluded

from final model.

NA=not applicable.
*P<0.05.

†Variable treated as time varying coefficient in Cox regression model and hazard ratio reported at median

follow-up of 4.38 years.
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outcomes research in Scotland (DORIS) study.19

Although a relatively small proportion of the Tayside
population were prescribed methadone, the proportion
who died during the follow-up period was substantial.
The applicability of our findings is therefore likely to be
robust. Co-prescribing of benzodiazepines was asso-
ciated with drug related death, which supports findings
that these substances, along with alcohol, are commonly
found in subsequent toxicological reports of drug related
deaths.20

Limitations of study

The significant association of overuse of methadone
with all cause mortality could be attributed to factors
other than excessive use of methadone itself—for
instance, it could be a marker for more chaotic drug
using behaviour or dispersion of methadone. In obser-
vational studies of this sort, the possibility of residual
confoundingmay remain a problem; caution is needed
when interpreting the association of organisational and
prescribing factors with all cause and drug dependent
cause specific mortality. Other shortcomings of the
study relate to the limited details of practice arrange-
ments regarding initial assessment, supervised con-
sumption, and counselling arrangements.

Implications for methadone programmes

This cohort did not have a record of patient centred
indices of wellbeing. The interaction of psychological
wellbeing, history of psychiatric admission, and the
impact of psychosocial support alongside methadone
prescribing and monitoring needs further study. In
terms of improving the delivery of methadonemainte-
nance programmes in primary care, paper based gui-
dance may no longer be sufficient. Health information
technology systems have been shown to improve qual-
ity of care by increasing adherence to guideline based
recommendations, enhancing surveillance and moni-
toring, and decreasing the incidence of drug errors.21

Conclusions

Prescribing of methadone could be improved,
particularly as regards dosage, co-prescribing of

benzodiazepines, and monitoring. Further research is
needed into health information technology systems
that provide structure to the planning, coordination,
and monitoring needed for an effective methadone
maintenance programme in primary care.21
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Randomised controlled trials have shown that methadone maintenance is an effective
intervention, decreasing illicit drug use, reducing injecting behaviour, and reducing opioid
related deaths

Concern exists about the safety of prescribing methadone in community settings, as
methadone itself is associated with drug related deaths

WHAT THIS STUDY ADDS

Overuse of methadone, history of psychiatric admission, and increased comorbidity were
associated with all cause mortality; drug dependent deaths were associated with
co-prescription of benzodiazepines and history of psychiatric admission

History of urine testing, longer duration of use of methadone, and increasing time since last
filled prescription were all associated with a reduced risk of death

Important elements in the process of care when providing methadone maintenance in the
community may influence each person’s risk of death.
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Spontaneous preterm birth and small for gestational age 
infants in women who stop smoking early in pregnancy: 
prospective cohort study
Lesley M E McCowan,1 Gustaaf A Dekker,6 Eliza Chan,1 Alistair Stewart,2 Lucy C Chappell,4 Misty Hunter,1 
Rona Moss-Morris,5 Robyn A North,3 on behalf of the SCOPE consortium

of  spontaneous preterm birth (4% v 4%, adjusted odds 
ratio 1.03 (95% CI 0.49 to 2.18), P=0.66) or small for 
gestational age infants (10% v 10%, 1.06 (0.67 to 1.68), 
P=0.8). Current smokers, however, had higher rates 
of spontaneous preterm birth than stopped smokers 
(10% v 4%, 3.21 (1.42 to 7.23), P=0.006) and higher 
rates of small for gestational age infants (17% v 10%, 
1.76 (1.03 to 3.02), P=0.03). 

Bias, confounding, and other reasons for caution
Participants’ smoking status was not validated by 
biochemical measures, but, given the similarities in 
pregnancy outcomes between stopped smokers and 
non-smokers, it is unlikely that many women who 
continued to smoke falsely claimed to have stopped 
smoking. Of the women who had stopped smoking 
by the 15 week interview, 94% had already stopped 
by 12 weeks’ gestation. It is therefore possible that the 
benefits we observed were due to stopping smoking 
in the first trimester.

Generalisability to other populations
As has been found in other studies, the women who 
continued to smoke were heavier smokers before 
pregnancy, younger, less well educated, less likely 
to be employed, and reported higher rates of alcohol 
use than the other participants. Those who stopped 
smoking by 15 weeks’ gestation had intermediate 
values for these characteristics. Our results are 
therefore likely to be generalisable to other preg-
nant women.

study funding/potential competing interests
The New Zealand SCOPE study was supported by 
the Foundation for Research Science and Technology, 
Health Research Council, and Auckland District Health 
Board Charitable Trust. The Australian study was sup-
ported by the South Australian Government. The study 
sponsors had no role in study design, data analysis, or 
writing this report.

study questions What are the relative risks of 
spontaneous preterm birth and of having a small for 
gestational age baby among pregnant women who stop 
smoking by 15 weeks’ gestation?

summary answer There were no differences in these 
adverse pregnancy outcomes between women who 
stopped smoking by 15 weeks’ gestation and non 
smokers, but women who continued to smoke had a 3.2-
fold increase in spontaneous preterm birth and a 1.8-fold 
increase in small for gestational age babies. 

Participants and setting
Between November 2004 and July 2007, 2504 healthy 
nulliparous women were recruited to the Screening for 
Pregnancy Endpoints (SCOPE) study in Auckland, New 
Zealand, and Adelaide, Australia.

design, size, and duration
After recruitment to this prospective multicentre 
cohort study at 15 weeks’ gestation, participants were 
divided into three groups according to self reported 
smoking status—“non-smokers,” who did not smoke 
at all during pregnancy; “stopped smokers,” who 
had smoked at some time during pregnancy but who 
stopped before the 15 week interview; and “current 
smokers,” who still smoked at the time of the inter-
view. Small infant size for gestational age was defined 
as birth weight <10th customised centile, and spon-
taneous preterm birth was spontaneous labour or 
rupture of the membranes resulting in birth at <37 
weeks’ gestation. We compared the odds of these out-
comes between stopped smokers and the other groups 
using logistic regression, adjusting for demographic 
and clinical risk factors

main results and the role of chance
Of the participants, 1992 (80%) were non-smokers, 
261 (10%) were stopped smokers, and 251 (10%) 
were current smokers. We found no differences 
between non-smokers and stopped smokers in rates 
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PREGNANCY OUTCOMES BY MATERNAL SMOKING STATUS

Spontaneous preterm births

Small for gestational age

Mean (SD) birth weight (g)

Uncomplicated pregnancies

*Stopped smokers v non-smokers   †Stopped smokers v current smokers

Mean difference
(95% CI)*

Mean difference
(95% CI)†

6.1% (1.7% to 10.8%)

6.4% (0.4% to 12.4%)

270 (190 to 350)

-17.8% (-26.1% to -9.2%)

-0.6% (-2.6% to 2.6%)

-0.5% (-5.0% to 2.9%)

-70 (-146 to 6)

-2.2% (-8.3% to 4.2%)

Current
smokers

10% (25/251)

17% (42/251)

3139 (751)

44% (111/251)

Stopped
smokers

4% (10/261)

10% (27/261)

3479 (560)

62% (162/261)

Non-smokers

4% (88/1992)

10% (195/1992)

3409 (592)

60% (1192/1992)
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Value of routine monitoring of bone mineral density after 
starting bisphosphonate treatment: secondary analysis  
of trial data
Katy J L Bell,1 Andrew Hayen,1 Petra Macaskill,1 Les Irwig,1 Jonathan C Craig,1 Kristine Ensrud,2  
Douglas C Bauer3

of bone mineral density. The apparent 95% distribu-
tion of change after three years of treatment ranged 
from a decrease of 0.031 (2.5th centile) to an increase 
of 0.075 (97.5th centile). 

Bias, confounding, and other reasons for caution
The large within-person variation in bone density 
is likely to be an underestimate, as bone density 
measurements made in clinical trials probably have 
considerably less within-person variation than meas-
urements made in clinical practice, strengthening 
still further the argument against monitoring. The 
participants in this study had no other major medi-
cal problems. Most were asked to take daily supple-
ments of calcium and vitamin D in addition to trial 
medication. 

Generalisability to other populations
Our results may be generalised to the effects of other 
potent oral bisphosphonates of roughly equivalent dose 
in postmenopausal women. Further work is needed to 
generalise beyond this group of drugs to other treat-
ments, such as intravenous bisphosphonates and non-
bisphosphonate drugs such as oestrogen, oestrogen 
agonist/antagonists, parathyroid hormone, and stron-
tium ranelate.
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STudy queSTion  Do the effects of alendronate differ 
between individuals enough to warrant routine monitoring 
of bone mineral density?

Summary anSwer Between-person differences in the 
effects of alendronate on bone mineral density were small 
compared with background within-person variation in bone 
density measurements, and treatment was estimated to 
be beneficial for the vast majority of patients. Monitoring 
bone mineral density in the first three years after starting 
bisphosphonate treatment in postmenopausal women is 
unnecessary and may be misleading. 

Participants and setting
The Fracture Intervention Trial was a randomised con-
trolled trial conducted at 11 clinical centres around the 
United States that compared the effects of alendronate 
with placebo in 6459 postmenopausal women with low 
bone mineral density. 

design
For this secondary analysis of the trial data, bone den-
sity measurements of hip and spine were obtained from 
four time points (before treatment and at one, two, and 
three years after treatment was started). Mixed models 
were used to estimate the mean and between-person 
variation in treatment effects as well as background 
within-person variation.

Primary outcomes
Between-person (treatment related) variation and within-
person (measurement related) variation in hip and spine 
bone mineral density.

main results and the role of chance
The table shows the actual treatment effects (estimated 
from the mixed models, for alendronate compared 
with placebo) and the apparent treatment effects 
(estimated from the observed changes, alendronate 
only) after three years. The mean actual treatment 
effect on hip bone mineral density was an increase of 
0.030 g/cm2 (P<0.001). There was strong evidence of 
between-person variation in actual treatment effects, 
with a standard deviation of 0.0055 g/ cm2 (P=0.008), 
but only weak evidence of additional between-person 
variation in actual treatment effects after one year 
(P=0.07). After three years, the 95% distribution 
for the actual effects of treatment did not overlap 
zero, ranging from an increase of 0.019 g/cm2 (2.5th 
 centile) to 0.041 g/cm2 (97.5th centile). Within-person 
variation was several times greater than the between-
person variation in treatment effects, so that observa-
tions on individuals often showed apparent decreases 
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editorial  by compston TREATMENT EFFECTS ON HIP BONE MINERAL
DENSITY AFTER 3 YEARS OF ALENDRONATE

*Data from final mixed model—adjusted for baseline hip bone mineral density,
  age, body mass index, and self rated health status
†Based on changes observed in alendronate group
‡95% distribution of treatment effects estimated from mean ± standard deviation

Variable Estimated effect  on hip bone
mineral density (g/cm2)

Mean

Actual effect
(alendronate
v placebo)* 

Apparent effect
(alendronate only)†

0.030

0.022

95%
distribution‡

0.019 to 0.041

-0.031 to 0.075

Between-person
standard
deviation

0.0055

0.027
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