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Minimal access surgery compared with medical
management for chronic gastro-oesophageal reflux
disease: UK collaborative randomised trial
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ABSTRACT

Objective To determine the relative benefits and risks of

laparoscopic fundoplication surgery as an alternative to

long term drug treatment for chronic gastro-oesophageal

reflux disease (GORD).

DesignMulticentre, pragmatic randomised trial (with

parallel preference groups).

Setting 21 hospitals in the United Kingdom.

Participants 357 randomised participants (178 surgical,

179medical) and 453 preference participants (261, 192);

mean age 46; 66%men. All participants had documented

evidence of GORD and symptoms for >12 months.

Intervention The typeof laparoscopic fundoplicationused

was left to the discretion of the surgeon. Those allocated

to medical treatment had their treatment reviewed and

adjusted as necessary by a local gastroenterologist, and

subsequent clinical management was at the discretion of

the clinician responsible for care.

Main outcome measures The disease specific REFLUX

quality of life score (primary outcome), SF-36, EQ-5D, and

medication use, measured at time points equivalent to

three and 12 months after surgery, and surgical

complications.

Main resultsRandomisedparticipants had receiveddrugs

for GORD for median of 32 months before trial entry.

Baseline REFLUX scores were 63.6 (SD 24.1) and 66.8 (SD

24.5) in the surgical and medical randomised groups,

respectively. Of those randomised to surgery, 111 (62%)

actually had total or partial fundoplication. Surgical

complications were uncommon with a conversion rate of

0.6% and no mortality. By 12 months, 38% (59/154)

randomised to surgery (14% (14/104) among those who

had fundoplication) were taking reflux medication versus

90% (147/164) randomised medical management. The

REFLUX score favoured the randomised surgical group

(14.0, 95% confidence interval 9.6 to 18.4; P<0.001).

Differences of a third to half of 1 SD in other health status

measures also favoured the randomised surgical group.

Baseline scores in the preference for surgery group were

the worst; by 12 months these were better than in the

preference for medical treatment group.

Conclusion At least up to 12 months after surgery,

laparoscopic fundoplication significantly increased

measures of health status in patients with GORD.

Trial registration ISRCTN15517081.

INTRODUCTION

There is wide agreement that proton pump inhibitors
are themost effective treatment for moderate to severe
gastro-oesophageal reflux disease (GORD). They can,
however, cause a spectrum of short term symptoms,1

and there are concerns about long term acid
suppression.2 Surgery, especially using a minimal
access laparoscopic approach, is an alternative to
long termmedical treatment. Although fundoplication
produces resolutionof reflux symptoms inup to90%of
patients,3 exchanging symptoms associated with med-
ical management for those of the side effects of surgery
might not be advantageous for the patient nor a good
use of healthcare resources.
We carried out a multicentre pragmatic randomised

trial (with parallel non-randomised preference
groups)4 evaluating the clinical effectiveness, safety,
and costs of a policy of relatively early laparoscopic
surgery compared with optimised medical manage-
ment of GORD for people judged suitable for both
policies.

METHODS

Patients were eligible if they hadmore than 12months’
symptoms requiring maintenance treatment with a
proton pump inhibitor (or alternative) for reasonable
control; they had endoscopic or 24 hour pH monitor-
ing evidence of GORD, or both; they were suitable for
either policy; and the recruiting doctor was uncertain
which management policy to follow. We invited any
eligible patient who did not want to take part in the
randomised trial because of a strong preference about
treatment to join a non-randomised preference arm.

Clinical management

Participating clinical centres had partnerships between
surgeons and gastroenterologists and shared the
secondary careof patientswithGORD.They informed
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participants about the randomised trial. Participants
who declined to take part in the randomised trial,
because of a strong preference either for remaining on
medical treatment or for undergoing surgery, were
then given the opportunity to take part in the
preference study.
For all participants in either the randomised or

preference surgical group, surgery could be sub-
sequently deferred or declined, by either the partici-
pant or surgeon (that is, even after trial entry). A lead
surgeon (or a surgeon working under supervision)
undertook the surgery. The type of fundoplication was
left to the discretion of the surgeon. For the main
comparisons, we considered the different fundoplica-
tion techniques as a single policy. Those allocated to
medical treatment had their treatment reviewed and
adjusted as necessaryby a local gastroenterologist to be
“best medical management.” The medical protocol
included the option of surgery if a clear indication
developed after randomisation.

Outcome measures

Outcome measures were those judged important to
patients and health services. The primary outcomewas
the REFLUX questionnaire score, a validated “disease
specific” measure incorporating assessment of reflux
and other gastrointestinal symptoms and the side
effects and complications of both treatments.5 Five
symptom scores were also developed as secondary
measures. Participants were followed up by postal
questionnaire three and 12 months after surgery or at
an equivalent time among those who did not have
surgery. Issues related to long, variable length, waiting
lists prohibited timing of follow-up from randomisa-
tion. Other outcomemeasures were health status (EQ-
5D, and SF-36); serious morbidity, such as operative
complications; and mortality.

Sample size

Lower recruitment than expected meant that we
recalculated the power calculation and ultimately
needed 196 in each group to give 80% power
(α=0.05), assuming 10% attrition (that is, 176 per
group with 12 month follow-up). See bmj.com.

Statistical methods

Our primary analysis in the randomised trial was by
intention to treat. General linear models adjusted for
the minimisation covariates (age, BMI, and sex) and,
when appropriate, for baseline score and interaction
between baseline score and treatment. We also
included a covariate to adjust for a change in practice
regarding the baseline questionnaires. Because a
relatively large proportion of the randomised surgical
participants did not receive surgery,we also performed
per protocol analyses and analyses adjusted for
treatment received to estimate efficacy of treatment.
For the preference groups, we analysed statistically
only the REFLUX score. See bmj.com.

RESULTS

Recruitment took place in 21 centres fromMarch 2001
to June 2004: 357 participants were in the randomised
arm (178 allocated to surgery and 179 to medical
management) and453 in thepreferencearm(261chose
surgery and 192 chose medical management). See
figure on bmj.com. Three and 12 month follow-up
questionnaires were received from 86% and 89%,
respectively. Three participants died, two in the
preference for surgery group and one in the randomi-
sed medical group; none had surgery. All deaths were
unrelated to trial participation.
The characteristics of the randomised participants

were similar and lay between those in the preference
groups;participants in thepreference for surgerygroup
were younger and had been prescribedmedication for
GORD for longer; participants in the preference for
medical treatment group were older, more likely to be
women, and had been prescribed medication for a
shorter time. See bmj.com.
Surgical management—In total, 111 (62%) of those

randomised to surgery and 218 (84%) participants in
the preference for surgery group actually received
fundoplication. See bmj.com.
Antireflux medication—By 12 months after surgery,

38% (59/154) of the randomised surgical participants
were takingmedication compared with 90% (147/164)
of the randomised medical participants (nearly all of
whom were taking proton pump inhibitors). Among

Table 1 | Health status at baseline and at three and 12 months after surgery. Figures are means (SD)

Randomised participants Preference participants

Surgical Medical Surgical Medical

Randomised
(n=178)

Per protocol
(n=111)

Randomised
(n=179)

Per protocol
(n=169)

Preference
(n=261)

Per protocol
(n=218)

Preference
(n=192)

Per protocol
(n=189)

Primary outcome (REFLUX QoL)

Baseline 63.6 (24.1) 61.9 (24.5) 66.8 (24.5) 68.2 (24.2) 55.8 (23.2) 55.9 (23.2) 77.5 (19.7) 78.0 (19.1)

3 months 83.9 (19.4) 85.9 (19.0) 70.6 (24.6) 70.8 (24.4) 80.4 (21.6) 82.5 (20.3) 80.2 (18.2) 80.6 (17.7)

12 months 84.6 (17.9) 88.3 (15.6) 73.4 (23.3) 73.1 (23.7) 83.3 (20.7) 86.0 (17.9) 79.2 (19.2) 79.4 (19.0)

Secondary outcome (EQ-5D index)

Baseline 0.71 (0.26) 0.72 (0.24) 0.72 (0.25) 0.73 (0.25) 0.68 (0.26) 0.68 (0.26) 0.75 (0.22) 0.75 (0.22)

3 months 0.79 (0.23) 0.81 (0.24) 0.69 (0.30) 0.70 (0.30) 0.81 (0.25) 0.82 (0.24) 0.76 (0.23) 0.77 (0.23)

12 months 0.75 (0.25) 0.78 (0.23) 0.71 (0.27) 0.71 (0.27) 0.79 (0.26) 0.80 (0.25) 0.74 (0.24) 0.74 (0.24)

RESEARCH

82 BMJ | 10 JANUARY 2009 | VOLUME 338



those who had surgery, use of antireflux medication
dropped to 9% at three months and 14% (14/104) at
12 months after surgery.
Health status—There were substantial differences

between the randomised intention to treat groups in
the REFLUX score with the surgery group having
better scores than the medical group (table 1). See
bmj.com. Statistical analyses for the primary outcome
showed strong evidence of increases in scores favour-
ing surgery (table 2). This reflected improvements
across all symptom domains within the measure.
There was strong evidence of an interaction effect
between randomised group and baseline REFLUX
score (interaction term: −0.35, −0.53 to −0.17;
P<0.001); as baseline REFLUX score decreased (base-
line symptoms were more severe) the treatment effect
of surgery increased. Similar patterns in the rando-
mised groupswere seen in theSF-36 andEQ-5D scores
although with some evidence of attenuation at
12 months.
Possible side effects of surgery—No differences were

detectedbetween the trial groups in their questionnaire
responses at 12 months regarding “difficulty swallow-
ing” and “bloatedness/trapped wind,” but there was
some evidence of more frequent “wind from the lower
bowel” after surgery.
Preference groups—The participants in the preference

for surgery group had lower mean REFLUX scores at
baseline than those in the preference for medical
treatment group (55.8 v 77.5). Despite this, at follow-up
at 12 months, according to intention to treat analysis
(difference 3.9, −0.2 to 8.0; P=0.064) and per protocol

analysis (6.3, 2.4 to 10.2; P=0.002) the REFLUX score
favoured the preference surgical group. For partici-
pants in the preference group, other quality of life
scores also tended to favour the surgical group.

DISCUSSION

Principal findings

In patients with GORD, laparoscopic fundoplication
results in better symptom relief and improved quality
of life compared with optimised medical treatment.
The worse the symptoms at entry the larger were the
improvements after surgery. Similar differences were
seen in most of the other measures of health status.
There was some evidence of a narrowing of the
differences between three and 12 months. There were
small improvements in scores in the medical groups;
this might reflect their having specialist review at trial
entry to optimise their drug treatment.
The results in the preference groups were consistent

with the randomised comparison. None of the three
participants who died had surgery and complications
were uncommon; but confidence intervals around
estimated frequencieswerewidedespite inclusionof all
surgical participants, leaving important uncertainty
about the magnitude of surgical risk.

Strengths and weaknesses

We used a pragmatic trial design, with many patients,
centres and experienced surgeons, thus allowing the
results to be interpreted within a “real life” NHS
context. The addition of the preference groups gives an
indication of probable behaviour if surgery were to
become more freely available.
We explored the impact of a third of those

randomised to surgery not having fundoplication:
firstly, through per protocol analyses limited to those
randomisedwhoreceived their allocatedmanagement,
and, secondly, through an adjusted approach in an
attempt to circumvent the probable selection bias of
per protocol analyses. In the event, these two
approaches gave similar results.
Our study was limited to patients who were on long

term acid suppression with proton pump inhibitors,
who had symptoms that were reasonably controlled,
andwhowere clinically suitable for either policy; it is to
these sorts of patients with GORD that the results are
generalisable. Pressure on surgical services in theNHS
meant the average time between trial entry and surgery
was eight to nine months, an important factor in some

Table 2 | Difference* (95% confidence interval) in REFLUX quality of life score† at 12 months after surgery in randomised

participants

Model Intention to treat Per protocol
Adjusted for treatment

received

I: adjusted for minimisation variables 11.2 (6.4 to 16.0) 15.4 (10.0 to 20.9) 16.7 (9.7 to 23.6)

II: adjusted for minimisation variables and baseline REFLUX QoL score 14.1 (9.6 to18.6) 19.1 (14.0 to 24.1) 20.3 (13.8 to 26.8)

III: adjusted for minimisation variables, baseline score, and interaction
between treatment and baseline REFLUX QoL score

14.0 (9.6 to18.4) 18.4 (13.6 to 23.2) 19.4 (13.0 to 25.8)

*Surgery group minus medical group, all P<0.001.

†Higher scores mean patient felt better (range 0-100).

WHAT IS ALREADY KNOWN ON THIS TOPIC

Many people require regular proton pump inhibitors to
control symptoms of gastro-oesophageal reflux disease,
and thereare concerns regarding the impact of long termuse

Laparoscopic fundoplicationcan relievesymptomsof reflux,
but side effects of surgery might be worse than symptoms
associated with the best medical management

WHAT THIS STUDY ADDS

At one year follow-up reflux specific symptoms and general
quality of life were better in patients who underwent
laparoscopic fundoplication compared with those receiving
optimised medical treatment
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patients’ eventual decision to choose not to have
surgery after all. About a third of those who did not
have fundoplication after allocation to surgery were
refused surgery for clinical reasons.

Comparison with other studies

We identified two other randomised trials comparing
laparoscopic Nissen fundoplication with continued
medical management.6 7 The results of the two trials
were consistent with ours.

Conclusions

Laparoscopic fundoplication significantly increased
health status at least to 12 months after surgery. The
narrowing of differences in health status between three
and 12 months could reflect a postoperative placebo
effect or could indicate decreasing effectiveness of
surgery over time. We have therefore instituted annual
follow-upusing similarquestionnaires andplan toreport
long term effectiveness after five years of follow-up.
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Commentary: Randomised trials of surgical andnon-surgical
treatment: a role model for the future

Jane M Blazeby,1, 2 C Paul Barham,2 Jenny L Donovan1

Symptoms of acid reflux and heartburn are increas-
ingly common, and doctors need to understand the
benefits and risks of surgical and medical treatment
from thepatients’perspectivewhenoffering treatment.
Obtaining reliable information from randomised
controlled trials to fully inform patients is difficult,
however, because of the many recognised obstacles to
undertaking such trials of diverse treatments, including
difficulties with recruitment and standardising treat-
ments and the inability to provide blinding. In the
linked study, Grant et al carried out a multicentre
pragmatic randomised trial of minimal access surgery
(laparoscopic fundoplication) compared with opti-
mised medical management (standard proton pump
inhibition) for chronic gastro-oesophageal reflux dis-
ease (GORD).1 The results were clear: up to 12months
after starting treatment, surgery was more effective
than medical treatment at relieving symptoms related
to reflux and improving general health.
This is an excellent model of how to design and

conduct a robust and pragmatic randomised trial

within the complexity of the NHS.1 For example, the
comprehensive cohort design—including eligible par-
ticipants who chose their treatment as well as those
randomised—ensured a large and wide ranging group
of participants and analyses were performed by
intention to treat, per protocol, and preference groups.
To facilitate participation of clinicians and centres,
clinical judgmentwas permitted in relation to inclusion
and exclusion criteria and the type of surgical
procedure or best medical management. The design
was flexible, the sample size large enough to cope with
variable organisational delays in surgery, and patients
could decide to defer or decline their allocated or
chosen treatment. Outcome was assessed with a
validated patient reported outcome measure of symp-
toms and health, rather than outcomes measured and
interpreted by an observer.2 3 All these factors ensure
that the findings are relevant to patients and clinicians
by reflecting realworld experiences of clinical practice.
By 12 months, patients randomised to surgery

reported better outcomes than patients randomised to
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medical management, and in all analyses patients
undergoing fundoplication reported fewer symptoms
of general discomfort, wind, nausea, and vomiting and
less limitation in activity than the medical group.
Dysphagia scores were similar in both groups. The use
of antireflux medication after 12 months was 38% in
those randomised to surgery (14% among those who
had fundoplication) compared with 90% of medical
participants.
Although these robust results support the use of

laparoscopic surgery for the control of acid reflux in the
short term, there are three further issues that might
affect whether patients opt for surgery in future. The
study followed up participants for 12 months, but
longer termoutcomeswill beneeded.Whether surgery
is cost effective will be critical to providers of health
care. Surgical complications were rare, but wide
confidence intervals mean uncertainty about the true
magnitude of risk, and other studies have shown that,
when experienced, complications from surgery can be
severe. Even with these robust results, patients and

clinicians will still need to weigh up the clear
symptomatic benefit likely to result from fundoplica-
tion with the (albeit rare) risk of complication and
unknown longer term outcome.
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Patients’ preferences within randomised trials: systematic
review and patient level meta-analysis

Preference Collaborative Review Group

ABSTRACT

Objective To systematically review fully randomised

patient preference trials and to explore the impact of

preferences on attrition and outcome by meta-analysis of

patient level data.

Data sources Citation search using Science Citation Index

and Google Scholar and search of the main electronic

databases (Medline, CINAHL, Embase, and AMED) with a

combination of key words.

Study selection Fully randomisedpatient preference trials

that compared treatments for any clinical condition were

included. Other types of preference trials and cross over

trials were excluded. Other inclusion criteria: participants

aged 16 years and over; primary, self-reported outcomes

measured on a continuous numerical scale. From 167

studies identified and screened, 17 were identified as

fully randomised patient preference trials.

Data synthesis Of the 17 trials identified, 11 authors

provided raw data for the meta-analysis. Data collected

were baseline and follow-up data for the main outcome,

randomised allocation data, preference data, and

demographic data. Baseline and first post-intervention

follow-up data for the main outcome were standardised.

To improve homogeneity, data for only the eight

musculoskeletal trials (n=1594) were combined. To

estimate the effects of preferences on outcomes and

attrition, three groupswere compared: patientswhohada

preference and were randomly allocated to their preferred

treatment; patients who had a preference and were

randomly allocated to the treatment they did not prefer;

and patients who had no preference.

Results Patients who were randomised to their preferred

treatment had a standardised effect size greater than that

of thosewhowere indifferent to the treatment assignment

(effect size 0.162, 95% confidence interval 0.011 to

0.314; P=0.04). Participants who received their preferred

treatment also did better than participants who did not

receive their preferred treatment (effect size 0.152,

−0.035 to 0.339), although this was not statistically

significant (P=0.11). Participants allocated to their

undesired treatment had outcomes that were no different

from those who were indifferent. Participants who were

allocated to their undesired treatment were less likely to

be lost to first follow-up compared with indifferent

participants (odds ratio 1.70, 1.076 to 2.693; P=0.02). No
difference was found in attrition between patients

allocated to their preference and those who were

indifferent.

Conclusions Preferences among patients in

musculoskeletal trials are associated with treatment

effects. In open randomised trials, preferences should be

ascertained before randomisation.

INTRODUCTION

Although random allocation in a controlled trial is
intended to evenly distribute characteristics of partici-
pants that may affect outcome and remove selection
bias, it may not deal with other potential biases. One of
these is patients’ preferences. If patients with

This article is an abridged version
of a paper that was published on
bmj.com. Cite this article as: BMJ
2008;337:a1864

EDITORIAL by McPherson

Correspondence to: H Tilbrook,
Research Fellow, York Trials Unit,
Department of Health Sciences,
UniversityofYork, YorkYO105DD
het2@york.ac.uk

Cite this as: BMJ 2008;337:a1864
doi:10.1136/bmj.a1864

RESEARCH

BMJ | 10 JANUARY 2009 | VOLUME 338 85



preferences consent to be randomised then some
patients will get their preferred treatment and others
will not. Those who receive their preferred treatment
might be better motivated and comply better with the
treatment programmes and report better outcomes.1

Patients who do not receive their preferred treatment
may experience “resentful demoralisation,”2 may be
less motivated, may not comply with the treatment
programme, may not report accurately during follow-
up, and may even drop out of the trial and thereby
introduce bias that affects the internal validity of the
trial.1 Effects of preference are likely to be more
apparent in unblinded trials in which the outcome
measure is subjective and self reported by the
participant. A “therapeutic effect” of patients’ prefer-
ences can also occur.3 These are the psychological
effects that influence outcomes and are similar to the
placebo effect.3

One approach to dealing with patients’ preferences
is the partially randomised preference design.1 4

Patients without strong preferences for a treatment
are randomised, and those with strong preferences are
given their choice, resulting in a four armed trial.4 Such
a design enables comparisons between patients with
and without a preference and an exploration of
patients’ characteristics associated with preference.
An important disadvantage of this design is that the
outcomemay be affected by uncontrolled confounders
in the non-randomised groups,5 which may bias the
results.6 Whether the randomised group should be
compared with the non-randomised group is therefore
debatable.2 5

An alternative approach is a standard randomised
controlled trial in which, after participants have given
consent in the usual way and before randomisation,
patients’ preferences are recorded: this designwould be
a fully randomised preference trial.2 These preferences
are then taken into account in the analysis of the trial.

King and colleagues systematically reviewed the
effects of participants’ preferences in randomised
controlled trials.1 7 They investigated the effects of
preferences on outcomes and recruitment to trials and
the influence of preferences on attrition. Their review
identified 34 randomised controlled trials, but only two
were fully randomised patient preference trials.8 w1 The
review, which used evidence from partially rando-
mised preference trials, found no evidence that
preferences influenced attrition. The trials included in
the review were very heterogeneous, and the authors
reported that they were therefore unable to “reach
definitive conclusions for any particular clinical field.”1

Here we report the results of a systematic review and
an individual patient data analysis of fully randomised
patient preference trials. The aimwas to assesswhether
preferences had an interaction with effectiveness of
treatment and whether attrition from the study was
different betweenpatientswho received their preferred
treatment, those who did not, and those who had no
preference.

METHODS

We built on the extensive systematic review by King
and colleagues (2005).To find additional paperswedid
a citation search using Science Citation Index and
Google Scholar and using Torgerson et al (1996) and
Torgerson and Sibbald (1998),2 9 which were the first
papers to describe the fully randomised patient
preference trial. We also made searches in Medline,
CINAHL,Embase, andAMEDand included trials that
were known to us through personal knowledge.
We included only fully randomised preference

trials.2 Other inclusion criteria were participants
16 years and over and primary self reported outcomes
measured on a continuous scale. Additionally, we
chose to focus on only one self reported primary
outcome and exclude secondary outcomemeasures to
avoid type I error (see bmj.com).
We approached the authors of the identified trials to

release their data for the study.Because the studiesused
different outcome measures, we calculated standar-
dised baseline and outcome scores for all patients by
dividing their scores by the baseline standard deviation
for the samplepopulation for that trial.Weused the first
follow-up point after treatment had finished, as this
would tend to minimise loss of data and be most likely
to show an effect of preference if one existed.

Analysis

To analyse if patients’ preferences influence outcomes,
we used multiple regression with dummy variables for
categorical predictors. The dependent variable was the
standardised first follow-up score, and the predicting
variable was patient’s preference for treatment. We
adjusted the analysis for baseline scores and categorical
variables of trial and treatment allocation, which
adjusted for treatment effects of individual inter-
ventions. In the regression analyses, we treated study
as a fixed effect. For calculating the odds ratios for
response to first follow-up questionnaires, we used
logistic regression analysis. The dependent variable
was missing data at first follow-up, and in the analysis
we adjusted for age, sex, trial, and severity of condition
at baseline. We compared the outcomes of three
preference groups: patients with a preference who got
what they wanted, those with a preference who did not
getwhat theywanted, and thosewhohadnopreference
(that is, they were indifferent). We first compared the
two preference groups with the indifferent group; then
we compared patients with a preference who were
randomised to their desired treatment with those who
were randomised to their undesired treatment and the
indifferent group.

RESULTS

Our search identified 167 possibly relevant studies, of
which 17 met the inclusion criteria. We obtained
patient level data for 11 studies (see bmj.com).w1-w12

The proportion of patients who had a preference in
the 11 trials ranged from 16% for a trial of a solution
finding approach to back pain to 85% for a trial
comparing general practitioner’s care with hospital
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care for non-urgent skin problems. The median
preference rate was 56% (interquartile range 43-63%).
The data show, therefore, that for this sample of fully
randomised preference trials, most trial participants
werenot indifferent to the treatment towhich theywere
going to be allocated.
Of the 11 studies with patient level data, eight

(n=1594) were interventions for musculoskeletal con-
ditions. We restricted our pooled analysis to these
studies; consequently, clinical heterogeneity would be
reduced. We found no evidence of statistical hetero-
geneity between studies (χ2=6.02, df=8; P=0.64).
We found no differences in standardised baseline

scores (mean 0.261 for preference group; 0.267 for
indifferent group; 95% confidence interval for mean
difference −0.068 to 0.177; P=0.38) but a difference in
age (mean 48.57 for preference group; 46.99 for
indifferent groups; 0.21 to 2.96; P=0.024). Women
were more likely to have a preference, although this
was not significantly different (46.3% (n=439) for
women; 42.3% (n=271) for men; −1% to 9%; P=0.12).
After adjustment for baseline score, trial, and

treatment allocation, in terms of treatment effect
overall, patients who received their preference had
significantly greater improvements than did those who
were indifferent (mean effect size 0.162, 95% con-
fidence interval 0.011 to 0.314; P=0.036). In contrast,
contrary to expectations, those patients with a pre-
ference who did not receive their preferred treatment
had only a slight, non-significant difference favouring
an improvement relative to the indifferent group (effect
size 0.011, −0.142 to 0.164; P=0.89). When we
compared patients randomised to their preferred
treatment with those randomised to their unpreferred
treatment, we found an effect size of 0.152 (−0.035 to
0.339), which was not statistically significant (P=0.11).
The total number of participants included in the
analysis to compare the effects of preferences on
outcomes was 1398.
After adjustment for severityof conditionatbaseline,

age, and sex, thosewhodidnot receive their preference
were more likely to return their questionnaire at first
follow-up than were those who were indifferent (odds
ratio 1.70, 95% confidence interval 1.08 to 2.69;
P=0.02); those who did receive their preference also
had an increased response rate, but this difference was
not significantly different from the indifferent group
(odds ratio 1.26, 0.82 to 1.94; P=0.29). The comparison
of those who did not get their preference with those
who did yielded an odds ratio of 1.35, but this was not
significant (95% confidence interval 0.78 to 2.33;
P=0.29). The total number of participants included in
the analysis to compare the effects of preferences on
attrition was 1583.

DISCUSSION

In contrastwith an earlier review,1wehave found some
evidence to suggest that preferences can modify
treatment outcomes, although these effects were not
all in the expected direction. In terms of increased
study attrition, which is widely hypothesised to be

affected by preference, we found the converse of what
was expected: participants with a preference who are
randomised to the opposite treatment are actually
more likely to return follow-up data than those who
were indifferent.

Strengths and limitations

By pooling the data from the eight musculoskeletal
trials, we obtained a relatively large sample size. The
design of this study—in which we made comparisons
between patients who received their preference,
patients who did not receive their preference, and
those with no preference—is, as far as we can
determine, novel for detecting effects of preference.
Also, in most of the trials included in the analysis, the
questionnaires had been completed “alone” by the
participants and were therefore unlikely to have been
influenced by any treatment preference held by health
professionals.
Our study does have some limitations. Firstly, we

restricted our meta-analysis to musculoskeletal trials,
so our results may not be applicable to other areas of
health care. Secondly, within each of the individual
component trials participants with a very strong
preference for usual care will tend not to be recruited
into the studies. However, several studies did recruit
participants who had a preference for treatments that
were available outside of the trial setting. Thirdly, we
interpreted missing data at the first follow-up after the
intervention as attrition. Fourthly, eight of the 17
studies were identified through the personal knowl-
edge of one of the authors. Four of these studies were
unpublished, suggesting that other similar trials exist
that we did not identify. Finally, confounding could be
present.

Implications

In terms of treatment effects, we did see an increased
treatment effect size among participants who were

WHAT IS ALREADY KNOWN ON THIS TOPIC

The effect of patients’preferences on treatment outcomes in
randomised controlled trials is uncertain

Alternative, partially randomised, trials have been designed
to overcome the potential problem of patients’ preferences
in trials

An existing systematic review found no evidence that
preferences influenced attrition and some evidence of an
effect on outcomes in partially randomised trials

WHAT THIS STUDY ADDS

Patients’ preferences do affect treatment outcomes in
randomised controlled trials in musculoskeletal medicine

“Resentful demoralisation”did not occur in participantswho
did not get their preferred treatment

Use of the standard randomised controlled trial, which
collects preference databefore randomisation, provides the
opportunity to take preference effects into account in the
analysis
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randomised to their preferred treatment compared
with those who were indifferent to the treatment
allocation. This increased effect is not necessarily a
bias—it might be a genuine effect in the sense that the
treatment works better among patients who desire and
receive their preferred treatment. It could, however,
change the cost effectiveness of a treatment. A
treatment may not be cost effective overall but could
be among a subgroup of participants who prefer that
treatment.10 Consequently, we would conclude that in
trials—particularly when a novel therapy is available
only within the context of the study and outcomes are
subjective—pre-randomised preferences should be
identified and recorded so that they can be accounted
for in any analysis. Our results provide no evidence
that “resentful demoralisation” leads to a reduction in
effect size if people are allocated to their undesired
treatment.
Stratifying by preferences would help the power of a

trial if either the trial was small or the proportion of
patients with a preference was small. In these cases,
trialists might consider using preference as a stratifica-
tion variable.

Conclusions

This review shows that treatment preferences affect
outcomes in a sample of musculoskeletal trials but that
they are not detrimental to attrition rates. The fully
randomised preference trial seems to be more widely
used now, which would enable further work to
determine the treatment effects of patients’preferences
in different clinical conditions.
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Exercise on prescription for women aged 40-74 recruited
through primary care: two year randomised controlled trial

Beverley A Lawton,1 Sally B Rose,1 C Raina Elley,2 Anthony C Dowell,3 Anna Fenton,4 Simon A Moyes2

ABSTRACT

Objective To assess the effectiveness of a primary care

based programme of exercise on prescription among

relatively inactive women over a two year period.

Design Randomised controlled trial.

Setting 17 primary care practices in Wellington, New

Zealand

Participants 1089 women aged 40-74 not undertaking

30 minutes of moderate intensity physical activity on at

least five days of the week

Intervention Brief physical activity intervention led by

nurse with six month follow-up visit and monthly

telephone support over nine months.

Main outcome measure Physical activity assessed at

baseline and 12 and 24 months. Secondary outcomes

were quality of life (SF-36), weight, waist circumference,

blood pressure, concentrations of fasting serum lipids,

glycated haemoglobin (HbA1c), glucose, insulin, and

physical fitness.

ResultsMean age was 58.9 (SD 7) years. Trial retention

rates were 93% and 89% at 12 and 24 months,

respectively. At baseline, 10%of interventionparticipants

and 11% of control participants were achieving

150 minutes of at least moderate intensity physical

activity a week. At 12 months rates increased to 43% and

30% and at 24 months to 39.3% and 32.8% (P<0.001),

respectively. SF-36 physical functioning (P=0.03) and
mental health (P<0.05) scores improved more in

intervention compared with control participants, but role

physical scores were significantly lower (P<0.01). There

were no significant differences in clinical outcomes. More

falls (P<0.001) and injuries (P=0.03) were recorded in the

intervention group.

Conclusions This programme of exercise on prescription

increasedphysical activity andquality of life over two years,

although falls and injuries also increased. This finding

supports theuseof exerciseonprescriptionprogrammesas

part of population strategies to reduce physical inactivity.
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Trial registration Australian New Zealand Clinical Trials

Registry (ANZCTR) ANZCTRN012605000490673.

INTRODUCTION

Physical inactivity is a major contributor to chronic
disease, including ischaemic heart disease, stroke,
breast cancer, colon cancer, and type 1 diabetes.1-4

“Exercise on prescription” interventions that involve a
health professional’s written advice to a patient to be
more physically active have been used with variable
success.5 6 We used a randomised controlled trial
design to test the effectiveness and sustainability of a
primary care based programme of exercise on
prescription over two years.

METHODS

Participants

Eligibility criteria included women aged 40-74 who
were physically inactive, as determined by a one
question screening tool: “As a rule, do you do at least
half an hour of moderate or vigorous exercise (such as
walking or a sport) on five ormore days of theweek?”7 8

Women were excluded if they had a medical
condition that might be adversely affected by increas-
ing their physical activity, as determined by the
physical activity readiness questionnaire (PAR-Q)9

and subsequent assessment by their own general
practitioner.
We recruited from two sources. The first source was

an existing cohort of 50-74 year old women recruited
by invitation letter from their general practitioner to a
previous observational study of postmenopausal
women between 1999 and 2002 from 10 primary
care practices in Wellington.10 The remainder of the
participants were 50-70 year old women (40-60 years
for Maori and Pacific women) recruited from 13
primary care practices in 2004-5, including two
Maori health clinics. (See bmj.com for further details.)

Outcome measures

Our primary outcome measure was the proportion of
those achieving the recommended 150 minutes of at
least moderate intensity physical activity, as assessed
by the long form of the physical activity

questionnaire.11-13 See bmj.com for a description of
secondary outcomes, randomisation, and blinding.

Intervention

The intervention we assessed was built on an existing
primary care programme, the green prescription, in
which the general practitioner or practice nurse briefly
counsels (7-13 minutes) patients using motivational
interviewing techniques to increase physical activity
among those who were physically inactive. The details
of the exercise advice are written on a “green script,”
which is given to the patient and faxed to a community
based exercise facilitator who provides telephone
support over a three month period, assisting with
choice of activity, goal setting, and ways to overcome
personal barriers to physical activity.14 15 In our study a
primary care nurse delivered the green prescription
and follow-up was extended to include telephone calls
over a nine month period (average of five calls, each
lasting 15 minutes) with an added 30 minute visit with
the primary care nurse at six months. The recom-
mended goal was moderate intensity physical activity
such as brisk walking, with a goal of achieving
30 minutes five days a week. The nurse noted clinical
details including weight, height, waist circumference,
smoking status, andany relevantmedical conditionson
the faxed script.

During the visit at six months the nurse established
whether the participant had increased her physical
activity to the target level, provided encouragement
andmotivation, andmeasured blood pressure, weight,
and waist circumference. Tools to assist with choosing
appropriate types of activities and motivational aids,
such as fridge magnets and activity record charts, were
also offered. Further details about the intervention are
available elsewhere.16 Control participants received
usual care from their primary care practice.

Sample size calculation

We needed a sample size of 880 to detect a minimum
difference between the groups of 7% change in the
proportion of women reaching the target level of
physical activity, allowing for a 10% attrition rate
(α=0.05, 80% power).14 17 (See bmj.com.)

Statistical analyses

We carried out an intention to treat analysis. For
missing data at follow-up assessments, we assumed no
change from baseline. Final analyses were undertaken
with regressionmodels, adjusted for repeatedmeasures
and baseline values.

RESULTS

We recruited participants from 17 primary healthcare
practices in Wellington and in 2004-5 enrolled 1089
less active women. Characteristics of the study
participants were balanced at baseline (see bmj.com).
Trial retention rates were 93% and 89% at 12 and
24 months, respectively.

This article is an abridged version
of a paper that was published on
bmj.com. Cite this article as: BMJ
2008;337:a2509
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Bothgroups increased theirphysical activityover the
twoyears.Meanphysical activity levels, however,were
higher (P=0.01) and a greater proportion reached the
target of physical activity in the intervention group
compared with the control group at 12 months (233
(43%) v 165 (30%), (P<0.001), with levels declining but
still significantly different at two years (214 (39%) v 179
(33%), figure and table). SF-36 physical functioning
(P=0.03) and mental health (P<0.05) subscores were
also significantly better in the intervention group at 12
and 24 months, although role physical scores were
lower in the intervention group (P<0.01) (see
bmj.com). There were no significant differences
between groups in any of the secondary clinical
outcomes (table).

Although a large proportion of control participants
increased their physical activity during the trial, only
2.4% (11/480 women contacted) recalled having
received a green prescription from their doctor or
nurse during the data collection period. (See bmj.com
for full results.)

DISCUSSION

Exercise on prescription can increase physical activity
and improve some variables of quality of life over two
years among physically inactive women recruited
through primary care compared with usual care. In
our study, however, the increased levels of physical
activity did not produce significant improvements in
clinical or biochemical variables, and there were
increases in falls and injuries and a reduction in the
SF-36 role physical score.

Comparison with other studies

The twoyear follow-upmakes this study one of the first
primary prevention physical activity trials to show a
significant effect of physical activity counselling over
two years. The activity counselling trial compared two
behavioural counselling approaches of different inten-
sities (intervention arms) with brief advice from a
physician and written materials (control arm). The
intensive interventions produced more improvement
in cardiorespiratory fitness inwomenbut notmenover
two years, but there was no change in self reported
physical activity in men or women.18

The recently reported “ProActive” randomised
controlled trial in primary care involved adults with a
family history of diabetes who were randomised to a
one year behaviour change programme (delivered by
telephoneor face to face) or to a control group (givenan
advice leaflet on physical activity).19 At one year,
daytimephysical activityhad improved inbothgroups,
but therewere no significant differences between them.

The incremental increase in physical activity in our
study was more than was found with the briefer green
prescription interventionoveroneyear (12.5% v10%at
12 months) and similar improvements were observed
in quality of life variables.14

Limitations

We were not able to blind participants to the inter-
vention. Participants in both groups showed a high
uptake of physical activity. This positive effect in the
control group might have reflected a trend in the
population, participation in a study about physical
activity, or the fact that thosewho agreed to take part in
a trial were more motivated to change anyway than
those who declined. Furthermore, the time spent with
the research nurse at each assessmentmight have acted
as an intervention in itself.Contamination is unlikely as
few participants in the control group reported having
received a green prescription (the basic version of the
intervention used) during the study.
Although participants were recruited through pri-

mary care, their participation was by special invitation
and the delivery of the intervention was not part of
routine care. Even so, the basic green prescription is
already part of routine care in New Zealand. The focus
onolderwomen, the self selectednatureofparticipants,
and the overall participation rate of 19.5% (1089/5913
invited minus 317 returned to sender) might further

Primary and secondary clinical outcome measures and

adverse events in intervention and control groups at baseline

and 12 and 24 months. Values are means (SD) unless stated

otherwise

Outcome
measures

Intervention
(n=544)

Control
(n=545)

P
value*

Primary

No (%) completing at least 150 minutes physical activity/week:

Baseline 56 (10) 62 (11)

<0.00112 months 233 (43) 165 (30)

24 months 214 (39) 179 (33)

Secondary

Systolic blood pressure (mm Hg):

Baseline 122.8 (0.7) 123.4 (0.8)

0.5012 months 120.6 (0.7) 121.9 (0.7)

24 months 119.1 (0.7) 119.5 (0.7)

Diastolic blood pressure (mm Hg):

Baseline 73.8 (0.4) 74.7 (0.4)

0.9612 months 71.5 (0.4) 72.4 (0.4)

24 months 71.6 (0.4) 71.7 (0.4)

Weight (kg):

Baseline 73.2 (0.6) 72.7 (0.6)

0.6012 months 72.6 (0.6) 72.7 (0.6)

24 months 72.6 (0.6) 72.5 (0.6)

Adverse events

No (%) of falls:

Baseline 138 (25) 155 (29)

<0.00112 months 158 (32) 127 (25)

24 months 179 (37) 143 (29)

No (%) of injuries:

Baseline 77 (14) 103 (19)

0.0312 months 91 (18) 86 (17)

24 months 92 (19) 66 (14)

*Analyses took into account repeated measures and adjusted for

baseline values. Data that were not normally distributed were log

transformed.
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limit the generalisability of results to younger women
and to men. Of those assessed for eligibility, however,
we excluded 47% as they were already physically
active, which is in line with national data on physical
activity levels.20

The absence of a significant difference in secondary
clinical end points is not surprising andmight be partly
due to the increase in overall physical activity in the
control group. Therefore, while this sample size was
large enough to detect quite small differences in
physical activity between the groups, it was not large
enough to detect as significant any differences in
clinical outcomes.There is, however, awell established
relation between increasing physical activity and
health benefit, so showing a small increase across a
population has health benefit and can be cost effective
considering the low cost of the intervention.21

The use of a self reported measure as the main
outcome is a potential weakness but, when validated
against an objective measure, the physical activity
questionnaire performed well.12 13 Objective measures
of physical activity, such as activity monitors, would
have added to the validity of these findings. Adverse
events of falls and injuries were also self reported so
were open to recall bias.

Conclusion

Programmes of exercise on prescription can produce
sustained increases in physical activity among less
active middle aged and older women over two years.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Achieving 30minutes ofmoderate intensity physical activity
on five ormore days a week is associated with a substantial
reduction in the risk ofmany chronic diseases and improves
quality of life

Secondary prevention studies have shown the effectiveness
of programmes for reducing inactivity and chronic disease

Few primary prevention programmes have produced
sustainable increases in physical activity

WHAT THIS STUDY ADDS

This programme of exercise on prescription increased
physical activity and improved some variables of quality of
life over two years

This finding supports the role of exercise on prescription
programmes in reducing population levels of physical
inactivity

There was a small increase in falls and injuries associated
with the programme
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Renal screening in children after exposure to low dose
melamine in Hong Kong: cross sectional study

Hugh S Lam,1 Pak C Ng,1 Winnie C W Chu,2 William Wong,1 Dorothy F Y Chan,1 Stella S Ho,2 Ka T Wong,2

Anil T Ahuja,2 Chi K Li1

ABSTRACT

Objective To investigate the renal outcomes of children

after exposure to low dose melamine in Hong Kong.

Design Cross sectional study.

Setting Special assessment centres, Hong Kong.

Participants 3170 children (1422 girls and 1748 boys)

aged 12 years or less referred from territory-wide primary

care clinics after daily consumption for onemonth ormore

of milk products tainted with melamine.

Main outcome measures Presence of renal stones and

haematuria.

ResultsOnechildhadaconfirmed renal stone, sevenwere

suspectedof havingmelamine related renal deposits, and

208 (6.6%) were positive for blood in urine by reagent

strip. A proportion of these children were followed up at

the special assessment centre, but only 7.4% of those

positive for blood on reagent strip were confirmed by

microscopy, suggesting an overall estimated prevalence

of less than 1% for microscopic haematuria.

Conclusions No severe adverse renal outcomes, such as

acute renal failure or urinary tract obstruction, were

detected in children after exposure to lowdosemelamine.

Our results were similar to territory-wide findings in Hong

Kong. Even including the seven children with suspected

renal deposits, the prevalence of suspected melamine

related abnormalities on ultrasonography was only 0.2%.

None of these children required specific treatment. The

prevalence of microscopic haematuria was probably

overestimated by the reagent strip. These data suggest

that largescaleandurgent screeningprogrammesmaynot

be informative or cost effective for populations who have

been exposed to low dose melamine.

INTRODUCTION

Since the first media reports on 11 September 2008
linking an outbreak of renal diseases among children
on the mainland of China to consumption of milk
products contaminated with melamine, an estimated
50 000 or more children have been affected.1 2 More
than 100 became seriously ill and at least four deaths
have been attributed to melamine.3

Melamine is a triazine compound and is an essential
component ofmaterials such as flame retardants, glues,
and plastics.4 5 In the mainland, addition of this
compound to milk intended for human consumption
allowed diluted milk to appear to contain satisfactory
amounts of protein and to pass food quality tests. Little
is known about the adverse effects of melamine
consumption in humans. The main adverse effects
shown in studies on animals were kidney related,
including renal calculi, renal tubular necrosis,

melamine crystalluria, and haematuria.4 6 On the
mainland where young children were exposed to
high doses of melamine, adverse renal effects, includ-
ing renal stones and acute renal failure, have been
reported.4 7 Although milk products tainted with
melamine were found to be commercially available
outside the mainland—for example, the Hong Kong
Special Administrative Region, these exported pro-
ducts had much lower concentrations of melamine.
Melamine contaminated milk products available on
the mainland could contain as much as 2563 mg/kg of
melamine, whereas the most severely contaminated
milk product manufactured on the mainland but
commercially available in Hong Kong contained
68 mg/kg.8

In view of the wide range of food products found to
be contaminated with melamine and the proximity of
Hong Kong to the mainland, parents throughout the
territory were anxious about the possible adverse
health effects on their children of consuming tainted
milk products. In the absence of good evidence to
determine the risk of melamine related complications
in children in Hong Kong, the government initiated a
territory-wide screening programme for renal compli-
cations in children aged 12 years or less who had
consumed the contaminated milk products. In view of
the lack of published data on the consequences of
exposure to low dose melamine—that is, doses below
the tolerable daily intake recommended by the US
FoodandDrugAdministrationof 0.63mg/kg/day,4we
report the short term findings from our cohort.

METHODS

General outpatient clinics at primary care level
throughout Hong Kong were designated as first level
screening centres. Hong Kong residents could walk in
for assessment without appointment. Children who
were aged 12 years or less and had consumed
melamine tainted milk products daily for one month
ormore were referred to special assessment centres for
renal assessments. We defined melamine tainted milk
products as those known to be contaminated with
melamine according to test results posted by the Hong
Kong government.8 We recorded the brands of
contaminated products, the daily intake, and the
duration of continuous consumption. In view of the
large degree of uncertainty and rapidly expanding list
of confirmed taintedproducts during the earlyweeks of
screening, the Hong Kong government refrained from
setting minimum consumption volumes or estimated
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daily intake thresholds for melamine below which the
child would not be referred for renal assessment.

All children at our special assessment centre under-
went renal ultrasonography and urinalysis.Ultrasound
examinationswere done by experienced sonographers
and radiologists. Positive findings were cross checked
by the chief consultant radiologist before being
reported. Although the sonographers and radiologists
were not purposely blinded to history of exposure, this
information was not available to those who carried out
the renal ultrasonography. Furthermore, with the large
numbers of children for each scanning session, the
sonographers or radiologists lacked the time to find out
about consumption or to estimate the level of exposure
to melamine. In practice therefore ultrasonography
was essentially done blinded to exposure history.

Urine was analysed using Combur-Test strips (Roche
Diagnostics, Mannheim Germany). In view of the large
number of children screened daily, those with urine
positive for blood on reagent strip testing were referred
back to the local primary care clinics for further
investigation and follow-up if no abnormalities were
found on ultrasonography or for renal function. Conse-
quently, with smaller numbers of children seen, urine
microscopywas done on all those with urine positive for
blood on reagent strips to further assess the haematuria.
In addition, blood samples were taken for assessment of
urea and creatinine levels in all but one of the children
whohadabnormalitiesonultrasonographyorurinalysis.

RESULTS

Between 25 September and 30October 2008 the special
assessment centre at the Prince of Wales Hospital
assessed 3170 children (1422 girls and 1748 boys),
mean age 6.4 (range 0.1 to 12.9) years, who had
consumed milk products tainted with melamine. Milk
intake hadbeen ona regular basis for at least onemonth,
from twice a week to daily. The amount of milk
consumedwasvariable,with self reporteddaily volumes
ranging from250ml tomore than 1.5 litres. All reported
regularlyconsumingat leastoneof themilkproducts that
had been found to contain melamine.8 The estimated
melamine intakeof theeightchildrenwithrenal stonesor
deposits was between 0.01mg/kg/day and 0.21mg/kg/

day, which did not exceed the tolerable daily intake of
0.63 mg/kg/day.4

Arenal calculus (7mm)without associatedobstructive
hydronephrosis was found in one child (0.03%). Seven
children (0.2%) had small hyperechoic renal foci
(<4 mm) at or close to the renal papillae. They all had
a history of good health and only one child with small
hyperechoic renal foci had urinary symptoms (dysuria
and urinary frequency). The urinary calcium to creatin-
ine ratio was normal in all children with renal stones or
deposits. Incidental findings were identified in 17
children (0.5%), which were considered unrelated to
melamine intake (table).
On reagent strip urinalysis, 115 girls (8.0%) and 93

boys (5.3%)werepositive forblood,34girls (2.4%)and25
boys (1.4%)werepositive forprotein, and106girls (7.6%)
and two boys (0.1%) were positive for leucocytes. Of the
54childrenwithpositiveresults forbloodbetween15and
29 October, red blood cells in the urine could be
confirmed by microscopy in only four. This would
reduce the overall estimated prevalence of haematuria to
less than 1%. One 3 year old boy and one 5 year old girl
had low calculated creatinine clearance (54ml/min/1.73
m2 and 59 ml/min/1.73 m2, respectively)9; however, no
other abnormalities were found on further assessment.
Onlyoneof theeight childrenwithsuspectedrenal stones
or deposits showed any abnormalities on urinalysis
(blood ++++ by reagent strip), and all had normal
plasma creatinine concentrations.

DISCUSSION

In the absence of any relevant data on acute outcomes in
children exposed to low dose melamine during the
months before September 2008 in China, the govern-
ment of the Hong Kong Special Administrative Region
reactedpromptlybyscreening largenumbersofchildren
for renal complications. Unlike children living on the
mainland of China, who were exposed to much higher
doses of melamine than children in Hong Kong, no
serious adverse renal outcomes were detected in our
screeningprogramme.We speculate that the disparity in
outcomes between children who were assessed in Hong
Kong and those living on the mainland was the large
difference in concentrations of melamine in the milk
products consumed.

Comparison with other studies

The pattern of complications detected in the territory-
wide screening in the Hong Kong Special Adminis-
trativeRegionwassimilar to thatofourcohort.Of17 667
children screenedat all special assessmentcentresup to5
November 2008, only 10 (0.06%) had renal stones
(≥4 mm) detected. Echogenic foci closely related to the
renal papillae are unusual findings on ultrasonography
in asymptomatic children. In a report on 196 cases of
microlithiasis in children, all but 13 presented with
abdominal or genitourinary symptoms.10 A large
proportion also had urinary abnormalities, including
haematuria (61%) and hypercalcuria (38%). In our
children with renal deposits, only one had haematuria,
but all had a normal urinary calcium:creatinine ratio.

Results of renal ultrasonography and urinalysis in 3170 Chinese children who consumed

melamine tainted milk products between 25 September and 30 October 2008

Abnormality No with abnormality Prevalence (%)

Renal calculus 1 0.03

Renal deposit 7 0.22

Other renal abnormalities* 17 0.54

Haematuria 208 6.56

Proteinuria 59 1.86

Leucocytes 108 3.40

Other abnormalities on urinalysis† 5 0.16

*Pelviectasia (n=4), tiny milk of calcium cysts (n=3), renal agenesis (n=2), polycystic renal disease (n=2),
horseshoe kidney (n=1), transient dilation of ureter (n=1), ureterocele (n=1), small scarred kidney (n=1), ovarian
dermoid (n=1), and ovarian cystadenoma (n=1).
†Other abnormalities on urinalysis: ketones (n=1), bilirubin (n=1), nitrites (n=1), and glucose (n=4).
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These hyperechoic lesions were noted to have less
acoustic shadowing than usual renal stones. The features
of these suspected melamine related renal deposits on
ultrasonography resemble gallbladder sludge rather
than calcified stones.11 Even including these seven
children with possible renal deposits, only a small
percentage (0.2%) of children exposed to relatively low
dose melamine were affected. None of our children
developed acute renal failure or urinary tract obstruc-
tion, or required treatment. However, the high pre-
valenceof abnormalities in urine is unusual. It is possible
that a largeproportionwas false positive, as suggestedby
the smallnumberofchildrenwithredbloodcells inurine
confirmedbymicroscopy.As reagent strips canbemore
sensitive than microscopy,12 however, some of these
children may genuinely have had mild haematuria.
Results from a screening programme in Japan showed
that in6197schoolagedchildren,dipstickalonedetected
occult blood in 4.1% and protein in 2.1%.13 The
proportion of children with haematuria detected by
reagent strip testing was slightly higher in our cohort
(6.6%).Using amultilevel screening algorithm ina larger
cohort (23 121 Japanese children), haematuria was
detected in 0.7% and proteinuria in less than 0.01%.14

The proportion of children with haematuria confirmed
bymicroscopy in Hong Kong is similar to that in Japan.

Strengths and limitations of study

The catchment area of our centre includes the northern
areas of Hong Kong closest to the border with the
mainland.Our cohort therefore includesa largemobile
population that travels often and regularly between the
Hong Kong Special Administrative Region and the
mainland. A large population of the children are born
inHongKongbut live across theborder.Children seen
at our centre would therefore be expected to be at
highest risk of exposure to melamine tainted milk
productswithinHongKong, but probablyof lower risk
compared with infants and children living on the
mainland. To date our centre has screened the largest
number of children in Hong Kong.
A limitation of our analyses is the absence of a

reliable biomarker of melamine exposure. In view of
the short plasma half life of melamine (three hours),
blood concentrations are unreliable.4 The concentra-
tion ofmelamine in urine is also an unhelpfulmarker as

levels decrease rapidly after exposure stops. As all our
children had stopped consuming the contaminated
milk products for some time before assessment, the
concentrations of melamine in both blood and urine
are unhelpful. In view of the large number of children
seen at our centre, a detailed history of consumption of
melamine taintedmilk products was not systematically
recorded and was only rechecked if abnormalities
found on ultrasonography were confirmed. Further-
more, as different batches of the same brand of milk
product could be contaminated to varying degrees8 it
was not possible to accurately calculate exposure to
melamine. There was also no easy way to avoid
overestimation of children’s consumption of contami-
nated products by anxious parents. Despite these
problems, dietary history and parental perceived risk
of exposure are the only surrogate measures of
melamine exposure available and we are therefore
subject to misclassification bias.

Conclusions and policy implications

The data from our cohort suggest that large scale and
urgent screening programmes may not be informative
or cost effective in regions outside of the mainland of
China.Evidence to show that urgentmassive screening
after exposure to low dose melamine will lead to any
healthbenefits is lacking. It is possible that hyperechoic
lesions at the renal papillae may be associated with
exposure to low dose melamine—that is, levels below
0.63 mg/kg/day, but the clinical significance of these
lesions isuncertain at this stage and long term follow-up
is mandatory. In view of the lack of evidence to guide
the government initially, and the large number of
severely affected children on the mainland, a large
scale, territory-wide urgent screening programme was
probably justifiable. In light of results of our screening
programme, it may now be acceptable to arrange renal
assessments for select groups on routine clinical service
to avoid stressing the alreadyoverworkedpublichealth
system of Hong Kong.
The use of reagent strip testing of urine as the

primarymeans of identifying haematuriamay lead to a
large number of false positive results,12 resulting in
unnecessary anxiety for children and their parents.We
believe, however, that reagent strip testing remains a
valuable tool for identifying people for further
confirmatory testing bymicroscopy of urine in screen-
ing programmes handling large numbers of patients in
a short period. Arranging microscopy as soon as
possible after a positive reagent strip result would help
minimise anxiety for children and their parents.
We postulate that the difference in prevalence and

severity of renal complications between our children
and their counterparts on the mainland can be
explained by the difference in levels of exposure to
melamine. The severe acute complications observed
on the mainland seem unlikely to occur elsewhere.
Further medium and long term follow-up studies of
these children are warranted to assess more compre-
hensively the public health impact of consuming milk
products contaminated with melamine.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Exposure to high dose melamine was linked to an outbreak of severe renal diseases among
children in China

Little is known about the renal outcomes of children after exposure to low dose melamine

WHAT THIS STUDY ADDS

Large numbers of children in Hong Kongwere screened for acute renal complications within a
short period

No severe adverse renal outcomes were detected

Urgent and large scale renal screening in children with a history of exposure to low dose
melamine may not be necessary
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Comprehensive warm-up programme to prevent injuries in
young female footballers: cluster randomised controlled
trial

Torbjørn Soligard,1 Grethe Myklebust,1 Kathrin Steffen,1 Ingar Holme,1 Holly Silvers,2 Mario Bizzini,3

Astrid Junge,3 Jiri Dvorak,3 Roald Bahr,1 Thor Einar Andersen1

ABSTRACT

Objective To examine theeffect of a comprehensivewarm-

up programme designed to reduce the risk of injuries in

female youth football.

Design Cluster randomised controlled trial with clubs as

the unit of randomisation.

Setting 125 football clubs from the south, east, and

middle of Norway (65 clusters in the intervention group;

60 in the control group) followed for one league season

(eight months).

Participants 1892 female players aged 13-17 (1055

players in the intervention group; 837 players in the

control group).

Intervention A comprehensive warm-up programme to

improve strength, awareness, and neuromuscular control

during static and dynamic movements.

Main outcome measure Injuries to the lower extremity

(foot, ankle, lower leg, knee, thigh, groin, and hip).

Results During one season, 264 players had relevant

injuries: 121 players in the intervention group and 143 in

the control group (rate ratio 0.71, 95%confidence interval

0.49 to 1.03). In the intervention group there was a

significantly lower risk of injuries overall (0.68, 0.48 to

0.98), overuse injuries (0.47, 0.26 to 0.85), and severe

injuries (0.55, 0.36 to 0.83).

Conclusion Though the primary outcome of reduction in

lowerextremity injurydidnot reachsignificance, the riskof

severe injuries, overuse injuries, and injuries overall was

reduced. This indicates that a structured warm-up

programme can prevent injuries in young female football

players.

Trial registration ISRCTN10306290.

INTRODUCTION

Playing football entails a substantial risk of injury, and
female footballers have rates of injury similar to those
in men.1-4 Women, however, might have a higher risk
of serious injury; the rate of anterior cruciate ligament
injuries is three to five times higher for girls than for
boys.5 The high injury rate constitutes a considerable
problem, both short term and in the dramatic increase
in the risk of early osteoarthritis.6 There are only a few
small or non-randomised studies on prevention of
injury in female football players.7-9
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Our recent randomised controlled trial examined
the effect of a structured training programme (“The
11”)10 over one season among 2000 female players
aged 13-17.11 We found no difference in the risk of
injury between the intervention group and control
group, though the studywas limitedby lowcompliance
among the intervention teams.
This led us to develop an exercise programme to

improve both the preventive effect of the programme
and the compliance of coaches and players. The
revised programme (“The 11+”) included key exer-
cises and additional exercises to provide variation and
progression. It also included a new set of structured
running exercises that made it better suited as a
comprehensive warm-up programme for training and
matches.
We conducted a cluster randomised controlled trial

to examine theeffect of the revisedprogrammeon rates
of lower extremity (foot, ankle, lower leg, knee, thigh,
groin, and hip) injury in young female footballers.

METHODS

We randomised 125 clubs study to the intervention or
control group. All teams from one club were random-
ised to the same treatment arm. Five clubs included two
teams each.

Intervention

An expert group convened by the international foot-
ball federation (FIFA) developed the warm-up pro-
gramme. It consisted of three parts: running exercises
at slow speed combined with active stretching; six
different sets of exercises, including strength, balance,
and jumping exercises, each with three levels of
increasing difficulty; and speed running combined
with football specific movements with sudden changes
in direction
From February to mid-April 2007, we invited the

coaches and team captains from all clubs in the

intervention group to a three hour instructional course
in which we introduced the warm-up programme.
Instructors from the Oslo Sports Trauma Research
Centre arranged courses at different locations in each
of the eight regional districts.
The coaches receivedan instructionalDVDshowing

all of the exercises in the programme (see fig 1 for
example), a loose leaf exercisebook, and small exercise
cards attached to a neck strap. In addition, the coaches
and every player received a poster explaining every
exercise. We asked the coaches to use the complete
exercise programme as the warm up for every training
session throughout the season and to use the running
exercises in the programmeas part of theirwarmup for
every match. Once players were familiar with the
exercises the programme took about 20 minutes to
complete.
Throughout the season, researchers contacted the

coaches regularly by email and telephone. Clubs in
both groups were offered an incentive in the form of
high quality footballs, provided they completed data
registration throughout the study period.Despite these
measures, 13 clubs in the intervention group did not
start the warm-up programme nor did they deliver any
data on injury or exposure. Nineteen clubs in the
control group did not provide any data.

Outcome measures

We defined the primary outcome as an injury to the
lower extremity (foot, ankle, lower leg, knee, thigh,
groin, and hip) and secondary outcomes as any injury,
or an injury to the ankle, knee, or other body parts.We
included all injuries reported after an intervention club
had completed the first prevention training session
(matched with the same date in a control club) to
compare the risk of injury between the groups.

Exposure and injury registration

The coaches reported injuries and details of an
individual player’s participation for each training
session and match, as well as to what extent the
warm-up programme was carried out each session

Fig 1 | Example of running exercise illustrating key objectives of all running, jumping, cutting, and

landing exercises: core stability and correct lower extremity alignment. Left: correct technique;

right: incorrect technique with pelvic tilt and knee valgus alignment to right
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Fig 2 | Survival curves based on Cox regression for players with

lower extremity injury and severe injury
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(intervention clubs) on weekly registration forms
throughout the study period. These were submitted
by email, mail, or fax to the research centre. Data on
players who dropped out during the study period were
included for the entire period of their participation.
At the research centre one physical therapist andone

medical student,whowere blinded to group allocation,
recorded injuries. Every injured player was contacted
to assess aspects of the injury based on a standardised
injury questionnaire.12

Sample size and statistics

We calculated our sample size on the basis of data on
incidence of injury in young female footballers in
Norway during the 2005 season.11 We estimated that
16%would incur an injury to the lower extremities and
about 10-12%would injure a knee or ankle during one
season. Our model was based on 18 players per club
andadropout rate of 15%,whichmeans thatweneeded
to include about 120 clubs with 2150 players.
We conducted all statistical analyses according to a

prespecified plan using Stata, version 10.0 (StataCorp,
College Station, TX) (see bmj.com for details of
analysis).

RESULTS

The final sample consisted of 52 clubs (1055 players) in
the intervention group and41 clubs (837 players) in the
control group. The players in the two groups were

similar in age (15.4 (SD 0.7) years in both groups) and
the dropout rate was similar between the groups (23
(2.1%) v 24 (2.9%)).

Exposure and injury characteristics

Those in the intervention groupplayed 49 899 hours of
football (16 057 hours of matches and 33 842 hours of
practice). The figure for the control group was 45 428
hours (14 342 and 31 086). During the eight month
season, 301 (16%) of the 1892 players included in the
study sustained a total of 376 injuries; 161 in the
intervention group, 215 in the control group. There
were 299 (80%) acute injuries and 77 (20%) overuse
injuries. The overall incidence of injuries was 3.9 (SD
0.2) per 1000 player hours (8.1 (SD 0.5) inmatches and
1.9 (SD 0.2) in training).

Effect of revised injury prevention programme

The rate ratio for players with a lower extremity injury
between the intervention and the control group was
0.71 (0.49 to 1.03, P=0.072). There was a significantly
lower risk of injuries overall (0.68, 0.48 to 0.98),
overuse injuries (0.47, 0.26 to 0.85), and severe injuries
(0.55, 0.36 to 0.83) in the intervention group. The
reduction in the risk ofmatch injuries, training injuries,
knee injuries, and acute injuries (from 26% to 38%) did
not reach significance. The number needed to treat to
prevent one injury varied from15 to 63 players. Figure
2 shows survival curves for lower extremity injuries
and severe injuries in the two groups.
Compared with the control group, significantly

fewer players in the intervention group had two or
more injuries (rate ratio 0.51, 95% confidence interval
0.29 to 0.87), while a reduction in the risk of re-injuries
did not reach significance (0.46, 0.20 to 1.01). The table
shows the severity distribution for different types of
injury. The rate of severe injuries, severe overuse
injuries, and severe acute injuries was significantly
lower in the intervention group.

Compliance with programme

The 52 clubs in the intervention group performed the
injury prevention programme for 44 (SD 22, range 11-
104) sessions (77%) throughout the season.None of the
clubs in the control group reported performing
structured warm-up exercises comparable with the
intervention. The risk of injury was 35% lower in
intervention players in the third with the highest
compliance (2.6 (20. to 3.2) injuries/1000 player
hours, mean (range 33-95) 49.2 sessions) compared
with players in the intermediate third (4.0 (3.0 to 5.0)
injuries/1000playerhours,mean23.4 (15-32) sessions)
(rate ratio 0.65, 0.44 to 0.94, P=0.02). The 32%
reduction in risk of injury compared with the third
with the lowest compliance (3.7 (2.2 to 5.3) injuries/
1000 player hours, mean 7.7 (0-14) sessions) did not
reach significance (rate ratio 0.68, 0.41 to 1.12, P=0.13).

DISCUSSION

This randomised controlled trial of a structured warm-
up programme in young female footballers showed

Numbers and severity of injuries in young female footballers according to use of warm-up

exercise programme (intervention)

Intervention
(n=1055)

Control
(n=837)

Rate ratio
(95% CI)*

P value
(z test)

All injuries:

Total 161 215 0.68 (0.56 to 0.84) 0.0003

Match 109 138 0.71 (0.55 to 0.91) 0.007

Training 51 74 0.63 (0.44 to 0.90) 0.012

Minimal injuries (1-3 days) 27 32 0.77 (0.46 to 1.28) 0.313

Mild injuries (4-7 days) 24 34 0.64 (0.38 to 1.08) 0.097

Moderate injuries (8-28 days) 63 70 0.82 (0.58 to 1.15) 0.250

Severe injuries (>28 days) 47 79 0.54 (0.38 to 0.78) 0.0009

Overuse injuries:

Total 25 52 0.44 (0.27 to 0.71) 0.0007

Minimal injuries 5 10 0.46 (0.16 to 1.33) 0.142

Mild injuries 3 7 0.39 (0.10 to 1.51) 0.174

Moderate injuries 9 11 0.75 (0.31 to 1.80) 0.509

Severe injuries 8 24 0.30 (0.14 to 0.68) 0.004

Acute injuries:

Total 136 163 0.76 (0.61 to 0.95) 0.017

Minimal injuries 22 22 0.91 (0.50 to 1.64) 0.757

Mild injuries 21 27 0.71 (0.40 to 1.25) 0.234

Moderate injuries 54 59 0.83 (0.58 to 1.21) 0.332

Severe injuries 39 55 0.65 (0.43 to 0.97) 0.037

Contact 53 76 0.64 (0.45 to 0.90) 0.011

Non-contact 55 58 0.86 (0.60 to 1.25) 0.435

Acute knee injuries 27 37 0.66 (0.41 to 1.09) 0.105

Acute ankle injuries 51 52 0.89 (0.61 to 1.31) 0.562

*Rate ratio obtained from Poisson model.

RESEARCH

BMJ | 10 JANUARY 2009 | VOLUME 338 97



that the risk of injury canbe reducedby about one third
and severe injuries by as much as one half. Although
the rate ratios for the different outcome variables
indicated a consistent effect on risk of injury across
most types of injury, the primary outcome—lower
extremity injury—did not reach significance when we
adjusted for the cluster sampling. There was, however,
a significant reduction in several secondary outcome
variables, including the rate of severe injuries, overuse
injuries, and injuries overall.

Methodological considerations

Of the 125 clubs randomised, we could not include 13
intervention clubs and 19 control clubs in the analyses
because they did not deliver any data on injury or
exposure. In most cases the coaches were volunteers,
such as parents, and the most common reason for not
reporting any data was the additional work of register-
ing and reporting data weekly.
With respect to the internal validity, we found no

differences between the two groups in their training or
match exposure during the study. Having recorded
individual exposure, we could adjust for playing time.
Individual exposure also takes censorship into
account, such as abbreviated lengths of follow-up for
reasons other than injury (such as illness, moving,
quitting the sport).13 Another advantage of this
approach is that it provides accurate data about each
player’s exposure to the intervention, in this case the
injury prevention programme. Given the individual
activity logs kept by the coaches, it is unlikely that
injuries would go unreported, and we see no reason to
expect a reporting bias between the groups.

Compliance

Compliance in the current trial was higher than with
the previous programme (77% v 52%),11 and we saw
effects on the risk of injury. Site visits indicated that not
all of the players seemed to concentrate fully on the
performance of the exercises and the compliance logs
documented that not all clubs completed the requested
minimumof two training sessions aweek.We included

all clubs and players in the intention to treat analysis,
which means that the preventive effect of the pro-
gramme might be higher than reported. This is
supported by subgroup analyses within the inter-
vention group, indicating a trend towards a lower risk
of injury among the most compliant players.

Structured programme of warm-up exercises

to prevent injuries

The revised exercises include both variety and
progression of difficulty, absent from the previously
tested training programme11 but present in other
successful prevention programmes.14-17 Our preven-
tion programme is multifaceted and addresses many
factors that could be related to the risk of injury .
Further studies are needed to determine what the key
components are so that future programmes might
require less time and effort.

Except for a few reports from coaches on muscular
soreness in the beginning of the intervention period
and one report about a minor hamstring strain, we
observed no negative effects of the programme.

Implications

Wedonot know if the results canbegeneralised toboth
sexes, other age groups, or other youth sports. Similar
preventive programmes, however, were effective in
senior elite football,15 18 young male footballers,19 and
in both sexes in other sports.17 20 Mechanisms for
serious knee injuries seem to be comparable across
many sports (mostly non-contact, resulting from
pivoting and landing movements). It therefore seems
reasonable to assume that the programme we used
could be modified for use in other similar sports.
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Ideas, concerns, and expectations
Yesterday I was a foundation year 1 doctor in cardiology,
today I am a foundation year 2 doctor in general practice.
I havemyownoffice, computer, chlamydia screening kits,
and even a secretary. I also, however, have my own
patients. The problem here is that they arrive expecting to
see a confident and experienced general practitioner.
Unfortunately, I amneither.Luckilymy tutor,who isboth,
is on hand to help during my consulting sessions, and also
offers a weekly tutorial.

This week the tutorial was on consultation skills, and
in particular how a doctor should elicit a patient’s ideas,
concerns, and expectations during a consultation. After
the tutorial, I am keen to put this into practice. My next
patient seems an ideal candidate: he is an elderlymanwho
has come to see me about his constipation. There are no
worrying features in the history, and it would have been
easy to send him off with a prescription for my favourite
laxative, but I stopmyself. I ask, “What do you thinkmight
be causing the constipation?”

“I dunno,” comes the reply. “You’re the doctor,” he
helpfully reminds me.

“But are you concerned about anything in particular?”
I persist.

“Not really.”
There must be something on his mind, I think. Perhaps

I need to bemore direct. “Are youworried about cancer?”
I ask.

“No, not at all,” he replies sharply.
With the patient’s ideas and concerns skilfully elicited,

Imove on: “What do you thinkwould be the best course of
action?”

“You’re the doctor,” is the predictable response.
The patient leaves with his prescription and an

appointment to see me in a few days if he isn’t feeling
better. I congratulate myself on putting my new skills into

action, thinking that the consultation had gone well, and
moved on to see the next patient.

The next day I get amessage askingme to telephone the
constipated patient I had seen yesterday. I naturally
assume theworst—he’s probablyperforatedhis colon, and
his family want my GMC number. However, when the
telephone is pickedup I get aworried answer from theman
himself. He is concerned about the consultation we had
yesterday andwants to seeme todiscuss it. I put himon the
end of the afternoon’s list and wonder what the problem
could be.

When the patient returns, I see he’s looking worried.
“What’s the problem?” I ask.

“Do you think I have cancer, doctor?”
“No. Why do you ask that?”
“Well, youmentioned it yesterday out of the blue, and it

hadn’t even crossedmymind. I’ve beenworrying about it
ever since.”

Suddenly the penny drops. Inmy clumsy efforts to elicit
his ideas, concerns, and expectations, I had actually given
him something to be concerned about. Cancer had never
crossed his mind, and why should it have? Such direct
questioning did nothing but give the poor man a sleepless
night of worry.

During my GP placement my consultations skills
have improved considerably. Discussing ideas, concerns,
and expectations is still high on the agenda, but now it is
more delicately approached and more patient specific. If
done correctly it allows the patient to give you all the
answers you need, and often the diagnosis, without
interruption.

J Lilleker foundation year 2 doctor, Bodey Medical Centre, Manchester
jimmylill@blueyonder.co.uk
Cite this as: BMJ 2008;337:a3135
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