














Variation in antibiotic prescribing and its impact on recovery
in patients with acute cough in primary care: prospective
study in 13 countries
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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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Fig 1 | Choice of antibiotic by network
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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.

Study funding/potential competing interests
This study was funded by the Australian National Health 
and Medical Research Council. The Fracture Interven-
tion Trial was sponsored by Merck Research Labora-
tories. The study sponsors had no role in any part of 
conduct of the study or preparation of the manuscript 
for publication. DCB has received honorariums and/
or research support from Merck, Procter & Gamble, 
Amgen, Roche Diagnostics, and Novartis.

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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*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




