The BMJ is an Open Access journal.

We set no word limits on BMJ research articles,

but they are abridged for print. The full text of each
BM] research article is freely available on bmj.com

EDITORIAL by van der Lugt

'Division of Clinical Neurosciences,
Western General Hospital,
Edinburgh EH4 2XU

?Departments of Neurology and
Epidemiology, Harborview Medical
Center, Seattle, WA, USA

3German Air Force Institute of
Aviation Medicine, Department
of Neurology, Fuerstenfeldbruck,
Germany

“Department of Neurology, Taipei
Veterans General Hospital, Taiwan

°Department of Diagnostic
Radiology and Nuclear Medicine,
Gunma University Hospital, Japan

Department of Radiology and
Radiological Sciences, Johns
Hopkins Hospital, Baltimore, MD,
USA

"Department of Diagnostic and
Interventional Radiology and
Neuroradiology, University Hospital
Essen, Germany

8SFC Brain Imaging Research
Centre, University of Edinburgh

Correspondence to:
R Al-Shahi Salman
Rustam.Al-Shahi@ed.ac.uk

Cite this as: BMJ 2009;339:b3016
doi: 10.1136/bm;}.b3016

Thisarticleis an abridged version
of a paperthat was published on
bmj.com. Cite this article as: BMJ
2009;339:b3016

RESEARCH

Incidental findings on brain magnetic resonance imaging:
systematic review and meta-analysis

Zoe Morris,! William N Whiteley," W T Longstreth Jr.? Frank Weber,? Yi-Chung Lee,* Yoshito Tsushima,
Hannah Alphs,® Susanne C Ladd,” Charles Warlow," Joanna M Wardlaw,"® Rustam Al-Shahi Salman'

ABSTRACT

Objective To quantify the prevalence of incidental findings
on magnetic resonance imaging (MRI) of the brain.

Design Systematic review and meta-analysis of
observational studies.

Data sources Ovid Medline (1950 to May 2008), Embase
(1980 to May 2008), and bibliographies of relevant
articles.

Review methods Two reviewers sought and assessed
studies of people without neurological symptoms who
underwent MRI of the brain with or without intravenous
contrast for research purposes or for occupational, clinical,
or commercial screening.

Main outcome measures Overall disease specific and

age specific prevalence of incidental brain findings,
calculated by meta-analysis of pooled proportions using
DerSimonian-Laird weights in a random effects model.
Results In 16 studies, 135 of 19559 people had neoplastic
incidental brain findings (prevalence 0.70%, 95%
confidence interval 0.47% to 0.98%), and prevalence
increased with age (x? for linear trend, P=0.003). In

15 studies, 375 of 15559 people had non-neoplastic
incidental brain findings (prevalence 2.0%, 1.1% t0 3.1%,
excluding white matter hyperintensities, silent infarcts,
and microbleeds). The number of asymptomatic people
needed to scan to detect any incidental brain finding was

WHAT IS ALREADY KNOWN ON THIS TOPIC

Brain magnetic resonance imaging (MRI) is widely used

in research and clinical practice and can be purchased for
health screening purposes

Brain MRI detects incidental findings in people with
asymptomatic neurological conditions

Precise estimates of the frequency of incidental findings
and influences on their detection are yet to be determined

WHAT THIS STUDY ADDS

The crude prevalence of incidental findings on brain MRI
is 2.7%, or one for every 37 neurologically asymptomatic
people scanned

Incidental brain findings are more likely to be detected in
studies using at least one high resolution MRl sequence
than studies using standard sequences (4.3% v 1.7%)
The frequency of incidental findings should be discussed
when obtaining consent for brain MRl in research and is
relevant to clinical practice, but alone does not justify
health screening
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37.The prevalence of incidental brain findings was higher
in studies using high resolution MRI sequences than in
those using standard resolution sequences (4.3% v 1.7%,
P<0.001). The prevalence of neoplastic incidental brain
findings increased with age.

Conclusions Incidental findings on brain MRI are common,
prevalence increases with age, and detection is more
likely using high resolution MRI sequences than standard
resolution sequences. These findings deserve to be
mentioned when obtaining informed consent for brain MRI
in research and clinical practice but are not sufficient to
justify screening healthy asymptomatic people.

INTRODUCTION

The detection of incidental findings is a consequence
of using magnetic resonance imaging (MRI) of the
brain in clinical practice, research, and screening.
Detection is potentially detrimental, partly because
treatment can have harmful as well as beneficial conse-
quences. We carried out a systematic review and meta-
analysis of the published literature to provide more
precise estimates of the range of incidental findings
on brain MRI and to explore the influence of study
design, patient characteristics, and imaging parameters
on the detection of incidental brain findings.

METHODS

We searched Medline (1950-May 2008) and Embase
(1980-May 2008) for reports on the use of brain MRI
in healthy people, volunteers, research controls, and
people undergoing commercial, clinical, or occupa-
tional screening. We also surveyed tables of contents
in neurological journals and hand searched the bibli-
ographies of pertinent articles. Two authors (ZM and
WNW or RA-SS) read the titles and abstracts of identi-
fied studies and critically appraised the full text.

We defined incidental brain findings as apparently
asymptomatic intracranial abnormalities that were
clinically significant because of their potential to cause
symptoms or influence treatment. We divided the find-
ings into neoplastic (benign and malignant tumours)
and non-neoplastic (cysts, structural vascular abnor-
malities, inflammatory lesions, and “other”). We did
not focus on white matter hyperintensities, silent brain
infarcts or lacunae, and brain microbleeds because of
their known increasing prevalence with age,'? largely
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unknown role in causing symptoms, and uncertainty
about whether to institute primary prevention after
their detection.” We distinguished incidental brain
findings from normal variants, which we defined as
anatomical variants without the potential to cause
symptoms.

We included studies that reported the prevalence
of incidental brain findings in people without neu-
rological or psychiatric symptoms, who underwent
brain MRI as research cases or controls or as recipi-
ents of commercial, clinical, or occupational screen-
ing. We did not include studies restricted to markers
of cerebrovascular disease because they have recently
been the subject of systematic reviews.!? If several
publications arose from the same cohort, we included
the largest study.

Two authors extracted data on study design, popula-
tion characteristics, and MRI parameters from each
study, and extracted the overall and age specific fre-
quencies of each type of incidental brain finding
(excluding markers of cerebrovascular disease). When
age specific data on prevalence were not provided we
emailed the corresponding author, who became a coau-
thor of this review if they extracted and supplied data.

Data analysis
We carried out a meta-analysis of prevalence data
for each incidental brain finding, and all of them

Number Number
with needed Prevalence (%) Prevalence (%)
abnormality to scan (95% CI) (95% CI)

Neoplasia (n=19 559)

Meningioma 72 345 -— 0.29 (0.13 t0 0.51)

Pituitary adenoma 27 667 - 0.15 (0.09 to 0.22)

Low grade glioma 8 2000 - 0.05 (0.02 to 0.09)

Acoustic neuroma 5) BEEE 0.03 (0.01 to 0.06)

Lipoma 6 2500 0.04 (0.02 to 0.07)

Epidermoid 3 3333 0.03 (0.01 to 0.06)

Unspecified neoplasm 14 1111 = 0.09 (0.03 t0 0.17)
Any neoplastic incidental finding 135 143 > 0.70 (0.47 t0 0.98)
(n=19 559)
Structural vascular abnormalities (n=15 559)

Aneurysm 67 286 —.— 0.35 (0.13 to 0.67)

Cavernous malformation 23 625 - 0.16 (0.10 to 0.23)

Arteriovenous malformation 7 2000 ~ 0.05 (0.01 to 0.10)
Inflammatory lesions (n=15 559)

Definite demyelination 9 1667 = 0.06 (0.02 to 0.15)

Possible demyelination 4 3333 - 0.03 (0.00 to 0.07)
Cysts (n=15 559)

Arachnoid cyst 99 200 —.— 0.50 (0.21 to 0.87)

Colloid cyst 2 2500 0.04 (0.01 to 0.07)
Other abnormalities (n=15 559)

Chiari | malformation 71 417 —m— 0.24 (0.04 to 0.58)

Hydrocephalus 15 1000 =~ 0.10 (0.03 to 0.19)

Extra-axial collection 4 2500 - 0.04 (0.01 to 0.07)
Any non-neoplastic incidental 375 50 —~— 2.00 (1.13 to 3.10)

finding* (n=15 559)

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Prevalence of some incidental findings (*excluding white matter hyperintensities, microbleeds,
and silent infarcts) on brain magnetic resonance imaging
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combined, using data from studies that enabled cal-
culations. We used the I? statistic to estimate the het-
erogeneity of individual studies contributing to the
pooled estimate. We calculated the pooled propor-
tion (95% confidence intervals) as the back transform
of the weighted mean of the transformed propor-
tions, using DerSimonian-Laird weights in a random
effects model.> We did subgroup analyses to explore
the influence of MRI sequences, the specialty of the
interpreter of the scan, and participant characteris-
tics on the pooled prevalence of all incidental brain
findings. We calculated age specific prevalence in 20
year age bands, with available data. The number of
asymptomatic people needed to scan to detect one
incidental brain finding (number needed to scan) was
the reciprocal of the prevalence estimate.

RESULTS

Of 1862 publications identified, 19 papers report-
ing data on 17 cohorts were eligible.*¢ *1*16 After
exclusions we included data on 16 cohorts (see
bmj.com) who had undergone brain MRI (19 559
people, 1989-2008) from Asia (n=7277),+> w10 w1
Europe (n=5942),v! w2 w9 wil wlt the United States
(n=5764),w3 wtw7 w8 w2 w8 and Australia (n=>576)."6 16
The number of people in each study ranged from 60
to 4000, mean age 11 to 63 years (range 1-97 years).
One study included cases (n=589) and controls
(n=67),"' but the rest included exclusively controls
(six studies, n=1702),+> w68 w3 cases (three studies,
n=6739),*! v3 16 or screening attendees (six studies,
n=111 18).w5 wO-wllwl4 wls

Twenty one participants (0.1%) had preceding neu-
rological symptoms that may have been related to
abnormalities found on brain MRI.*!*#*10¥16 No study
prespecified the potential incidental brain findings of
interest, and almost none was confirmed by pathol-
ogy. Only three studies defined normal variants (see
bmj.com).

None of the studies published before 2002 used
sequences regarded as high resolution,"*** and most
subsequent studies used lower resolution sequences
(see bmj.com). Some recent studies also included
magnetic resonance angiographic sequences,*’ or
high resolution sequences such as three dimensional
T1 spoiled or T2* gradient echo.w! wow8 wilwi3 wib
Abnormalities on scans were interpreted by neuro-
radiologists,"® w4 oI w2 wI3 wi6 3 peuroradiologist
or general radiologist,**® a neuroradiologist or
neurologist,"! general radiologists,"'!**!! "1 or unspeci-
fied observers.*?"?

Disease specific and overall prevalence

Disease specific prevalence was calculable for intra-
cranial neoplasms in all 19559 participants, but one
study of 4000 participants only described asymptomatic
tumours," resulting in a denominator of 15559 for prev-
alence of non-neoplastic incidental brain findings (fig-
ure). The I? statistic ranged from 0% to 86%, indicating
variable degrees of heterogeneity among the included
studies. We, therefore, used a random effects model.
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The prevalence of neoplastic incidental findings
was 0.70% (95% confidence 0.47% to 0.98%), but
description of the prevalence of each specific tumour
type was impaired by either a lack of subtyping"!?
or non-specific classifications. The prevalence of non-
neoplastic incidental findings was 2.0% (1.1% to 3.1%;
figure). The combined prevalence of neoplastic and
non-neoplastic incidental findings was 2.7% (number
needed to scan=37).

Influence of MRI sequences, reporting, and participant
characteristics
The detection of incidental findings was higher in
studies using at least one high resolution sequence
(318/6204; 4.3%, 3.0% to 5.8%)w! wows wlwISWIS thapn
in studies using standard sequences (176/9355; 1.7%,
1.1% to 2.4%, % P<0.001).w>w#wowlowlwls The detec-
tion of these incidental findings in studies using neuro-
radiologists to interpret images (272/8340; 3.5%, 1.8%
to 5.70)p)w1 ws whwowdwi2widwiswl6 wag not significantly
higher than in studies using general radiologists
(144/4954; 2.3%, 0.9% to 4.4%, y? P=0.3).w10 w1 wit
In analyses restricted to studies using at least one
high resolution MRI sequence or three dimensional
time of flight magnetic resonance angiography, the
prevalence of incidental brain findings was higher
among research cases (198/6150; 3.4%, 0.9% to
7.5%) than among attendees of commercial screening
(105/4582; 2.0, 0.9% to 3.3%) and research controls
(24/1635; 1.6%, 1.0% to 2.2%, x> P<0.001).

Age specific prevalence

Of the 16 included studies, the original data were
no longer available for two (5000 participants),"* "
one (n=2000) declined to provide age specific
data,"! and five (n=1582) failed to contribute data
on request,*? ¥o*# w14 Jeaving age specific grouped
summary data on 10977 people, provided by six
studies*® *912+15 and extracted from the reports of
two others with participants in just one 20 year age
band.*'**1% After omissions, four 20 year age bands
were left for analysis of age specific prevalence (see
bmj.com).

The prevalence of neoplastic incidental brain
findings increased with age (x? for linear trend=8.8,
P=0.003), whereas the prevalence of non-neoplastic
incidental brain findings seemed to decline (x? for lin-
ear trend=6.9, P=0.008; see bmj.com). This trend was,
however, reversed in a sensitivity analysis restricted
to studies with age specific data that used at least one
high resolution sequence (x? for linear trend=66,
P<0.001; see bmj.com).»1! w1216

DISCUSSION

In this systematic review and meta-analysis of 16
studies totalling 19559 participants, the overall preva-
lence of incidental brain findings on brain MRI was
2.7% (number needed to scan=37). In studies where
participants underwent at least one high resolution
MRI sequence (common in brain imaging research)
the prevalence of incidental brain findings was 4.3%
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(number needed to scan=23) compared with 1.7%
(number needed to scan=>59) in studies using only
low resolution sequences (most commonly used in
clinical practice). We found an increasing prevalence
of all neoplastic incidental brain findings with age (see
bmj.com), probably driven by the increasing preva-
lence of meningiomas,*! the most common neoplastic
incidental brain finding (figure).

Strengths and weaknesses of this review

By synthesising all the data on incidental brain find-
ings and adding unpublished data where possible,
we increased the precision of estimates of prevalence
across the whole age range (figure). The influence
of variations in study design was diluted by pooling
the data, and we used subgroup analyses to explore
this heterogeneity in study characteristics and imag-
ing parameters. The provision of some unpublished
grouped summary data also enabled us to examine
age specific prevalence.

Using only grouped summary data prevented us
from exploring the influence of sex on the prevalence
of incidental brain findings found in other studies.” *7*3
The proportion of participants who actually had neuro-
logical symptoms referable to incidental brain findings
was low (0.1%); this may be unavoidable because some
participants may attend for investigation of undeclared
symptoms,® whereas others may be serial attenders
checking on undeclared underlying disease.” Because
people with incidental findings are not eligible for some
research studies, we may have underestimated their
true prevalence.

Comparison with other studies

Our pooled estimate provides a more precise summary
of the existing data. The prevalence of incidental brain
findings described by other studies has varied, in part
because of the factors we have explored in sensitivity
analyses. Others have found an increasing prevalence
of some incidental brain findings with age,*! w0 w8 12
but we were able to classify them into neoplastic and
non-neoplastic incidental findings (see bmj.com) and
confirm the robustness of the trend in the prevalence of
neoplastic incidental findings in a sensitivity analysis.

Implications for clinical practice, research, and screening
The evidence on what to do with most incidental brain
findings is insufficient, partly because of the lack of
controlled trials of their treatments and partly because
MRI has been available for only 20-30 years.

Some have suggested a subdivision of incidental
brain findings by the perceived need and urgency
of referral to a specialist.!’ But urgency is difficult to
gauge given the paucity of robust evidence on the
treatment of asymptomatic incidental findings. The
clinical urgency will vary according to the age and
healthiness of the patient, and the perceived urgency
may change over time as knowledge about the effects
of treatment changes."!

Apart from the harm that may arise from lack of
evidence, the detection of incidental brain findings
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can provoke considerable anxiety about a “possible
abnormality”*'%; involve a costly cascade of inves-
tigations, with risks of complications; lead to costly
medical opinions; and worry patients about the con-
sequences of forgoing treatment. For the patient, the
discovery of an incidental brain finding may result in
loss of their driving licence, life insurance, and even
employment.

At the very least clinicians should counsel patients
about the chance of incidental findings with brain
MRI. Volunteers for research studies using brain
MRI should be informed about incidental findings,
and research centres need to have mechanisms in
place to deal with these once found.'? Furthermore,
the increasing number of screening companies that
provide “health check-ups”'®!'* has attracted caution
from only a few regulatory bodies.'” ' In such screen-
ing the actual objective is the discovery of incidental
brain findings, which may be regarded by the client
as fortuitous.® ® Although true negative results from
brain MRI may be reassuring, many of the require-
ments of a screening test are not fulfilled; most of
all, the overall benefit of such screening on quality
adjusted life years is unproved.

Conclusions

Doctors who request scans in clinical practice or
who recommend screening for health check-ups, and
researchers who obtain consent from volunteers, should
provide information about the prevalence of incidental
brain findings on brain MRI, the higher prevalence
with high resolution MRI sequences, and the shortage
of evidence to inform their management.
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The doctor who became a shepherd

I used to start my day as a GP by logging on and
checking my patients’ latest laboratory and imaging
results. I work in Ashdod, a town of a quarter of a
million inhabitants in the southern part of Israel, about
40 km from the Gaza strip. When the recent crisis
started, before I asked a patient to undress or prepare
for an electrocardiogram, I had to consider whether we
would have time to run to the bomb shelter if the siren
wails. What would I do about elderly or infirm patients
who couldn’t move quickly enough to the shelter? A
new ethical dilemma.

The type of work changed as well. Although it was
the flu season, only patients with urgent problems
were willing to leave their homes to visit me, and
they were reluctant to undergo tests. The sound of the
siren brought back dark memories for many patients
who came from Europe after the second world war

to find a peaceful haven. I also reflected with great
respect on my parents and grandparents, who spoke
of the days and nights they spent sheltering from Nazi
bombs in London during the Blitz. When the siren

did wail I gathered together the patients and staff

and shepherded them out and down the stairs to the
bomb shelter. Despite this, spirits were high and a new
closeness was forged between us—neighbours who
hadn’t spoken for ages were now friends in this time of
adversity.

After minutes of tense waiting and listening for the
sound of falling rockets, I shepherded my patients and
staff back to the surgery and tried to carry on the
examination where I left off.

Anthony S Oberman general practitioner, Ashdod, Israel
anthonyo@doctors.org.uk
Cite this as: BMJ 2009;339:b449
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Disagreements in meta-analyses using outcomes measured
on continuous or rating scales: observer agreement study

Britta Tendal,' Julian P T Higgins,* Peter Jiini,2> Asbjarn Hrobjartsson,' Sven Trelle,?* Eveline Niiesch,?3
Simon Wandel,?2 Anders W Jgrgensen,' Katarina Gesser,” Sgren llsge-Kristensen,” Peter C Ggtzsche!

ABSTRACT

Objective To study the inter-observer variation related to
extraction of continuous and numerical rating scale data
from trial reports for use in meta-analyses.

Design Observer agreement study.

Data sources A random sample of 10 Cochrane reviews
that presented a result as a standardised mean difference
(SMD), the protocols for the reviews and the trial reports
(n=45) were retrieved.

Data extraction Five experienced methodologists and

five PhD students independently extracted data from the
trial reports for calculation of the first SMD result in each
review. The observers did not have access to the reviews
but to the protocols, where the relevant outcome was
highlighted. The agreement was analysed at both trial and
meta-analysis level, pairing the observers in all possible
ways (45 pairs, yielding 2025 pairs of trials and 450 pairs
of meta-analyses). Agreement was defined as SMDs that
differed less than 0.1 in their point estimates or confidence
intervals.

Results The agreement was 53% at trial level and 31%

at meta-analysis level. Including all pairs, the median
disagreement was SMD=0.22 (interquartile range 0.07-
0.61). The experts agreed somewhat more than the PhD
students at trial level (61% v 46%), but not at meta-analysis
level. Important reasons for disagreement were differences
in selection of time points, scales, control groups, and type
of calculations; whether to include a trial in the meta-
analysis; and data extraction errors made by the observers.
In 14 out of the 100 SMDs calculated at the meta-analysis
level, individual observers reached different conclusions
than the originally published review.

Conclusions Disagreements were common and often

larger than the effect of commonly used treatments.
Meta-analyses using SMDs are prone to observer variation
and should be interpreted with caution. The reliability of

WHAT IS ALREADY KNOWN ON THIS TOPIC
Incorrect data extraction in meta-analyses can lead to false
results

Multiplicity in trial reports invites variation in data
extraction, as different judgments will lead to different
choices about which data to extract

The impact of these different errors and choices on meta-
analysis results is not clear

WHAT THIS STUDY ADDS
There is considerable observervariation in data extraction
and decisions on which trials to include

The reasons for disagreement are different choices and
errors

The impact on meta-analyses is potentially large
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meta-analyses might be improved by having more detailed
review protocols, more than one observer, and statistical
expertise.

INTRODUCTION

Systematic reviews of clinical trials, with meta-analyses
if possible, are regarded as the most reliable resource
for decisions about prevention and treatment. They
should be based on a detailed protocol that aims to
reduce bias by pre-specifying methods and selection of
studies and data.! However, as meta-analyses are usu-
ally based on data that have already been processed,
interpreted, and summarised by other researchers, data
extraction can be complicated and can lead to impor-
tant errors.?

There is often a multiplicity of data in trial reports
that makes it difficult to decide which ones to use in a
meta-analysis. Furthermore, data are often incompletely
reported,?? which makes it necessary to perform calcu-
lations or impute missing data. Different observers may
get different results, but previous studies on observer
variation have not been informative, because of few
observers, few trials, or few data.*® We report here a
detailed study of observer variation that explores the
sources of disagreement when extracting data for cal-
culation of standardised mean differences.

METHODS
We selected a random sample of 10 Cochrane reviews
published in the Cochrane Library in 2006-7.5'> We
retrieved the reports of the randomised trials that were
included in the reviews and the protocols for each of
the reviews. We included reviews that reported at least
one result as a standardised mean difference (SMD).
The SMD is used when trial authors have used different
scales for measuring the same underlying outcome. In
such cases, it is necessary to standardise the measure-
ments on a uniform scale before they can be pooled in
a meta-analysis. The SMD for each trial is calculated
as the difference in means between the two groups,
divided by the pooled standard deviation of the meas-
urements.! The first SMD result in each review was
selected as our index result. The index result had to be
based on two to 10 trials and on published data only.
Five methodologists and five PhD students independ-
ently extracted data from the trial reports for calculation
of the SMDs. The observers had access to the review
protocols but not the completed Cochrane reviews. An
additional researcher highlighted the relevant outcome
in the protocols, along with other important issues such
as pre-specified time points of interest, which interven-
tion was the experimental one and which was the
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Table 1| Levels of overall agreement between observer pairs in
the calculated standardised mean differences (SMDs)* from 10
meta-analyses (which comprised a total of 45 trials)

Observer pairs
Trial level

No (%) of pairs in agreement

All pairs (n=2025): 1068 (53)
Methodologists (n=450) 273 (61)
PhD students (n=450) 209 (46)
Mixed pairs (1=1125) 586 (52)

Meta-analysis level

All pairs (n=450): 138 (31)
Methodologists (n=100) 33(33)
PhD students (n=100) 27 (27)
Mixed pairs (n=250) 78 (31)

*Agreement defined as SMDs that differed less than 0.1 in their point
estimates and in their 95% confidence intervals.

control. If information was missing the observers decided
themselves what to select from the trial reports.

If the data were available the observers extracted
means, standard deviations, and number of patients
for each group; otherwise, they could calculate miss-
ing data, such as from an exact P value. The observ-
ers interpreted the sign of the SMD results—that is,
whether a negative or a positive result indicated supe-
riority of the experimental intervention. Observers
could exclude trials. Based on the extracted data, the
additional researcher calculated trial and meta-analysis
SMDs for each observer.

Agreement between pairs of observers was assessed
at both meta-analysis and trial level, pairing the 10
observers in all possible ways (45 pairs). Agreement
was defined as SMDs that differed less than 0.1 in
their point estimates and in their confidence intervals.
To determine the variation in meta-analysis results
that could be obtained from the multiplicity of differ-
ent SMD estimates across observers, we conducted a
Monte Carlo simulation for each meta-analysis.

RESULTS

The 10 meta-analyses comprised 45 trials, which
yielded 450 pairs of observers at the meta-analysis level
and 2025 pairs at the trial level.

None of the review protocols contained information
on which scales should be preferred. Three protocols
gave information about which time point to select and
four mentioned whether change from baseline or val-

Table2| Levels of agreement at the meta-analysis level between observer pairs in the calculated
standardised mean differences (SMDs) from 10 meta-analyses*

Meta-analysis

No (%) of pairs in agreement

All pairs (n=45)

Methodologist (n=10)  Students (n=10)  Mixed pairs (n=25)

Gavaetal® 6(13) 1(10) 0(0) 5(20)
Woodford et al” 11 (24) 2(20) 1(10) 8(32)
Martinez et al® 7(16) 3(30) 1(10) 3(12)
Orlando etal® 5(11) 1(10) 2(20) 2(8)

Buckley et al*® 6(13) 1(10) 1(10) 4(16)
Ipseretal’? 13(29) 4 (40) 2(20) 7 (28)
Mistiaen et al*? 16 (36) 6 (60) 2(20) 8(32)
Afolabi et al®? 28 (62) 6 (60) 6 (60) 16 (64)
Uman etal** 36 (80) 6 (60) 10 (100) 20 (80)
Moore et al*® 10(22) 3(30) 2(20) 5(20)

*Agreement defined as SMDs that differed less than 0.1 in their point estimates and in their 95% confidence intervals.
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ues after treatment should be preferred. Nine described
which type of control group to select. The outcomes
analysed in the 10 meta-analyses were diverse: in six,
the outcome was a clinician reported score; in one, it
was objective; and in three, it was self reported.

Agreement at trial level

Across trials, the agreement was 53% for the 2025 pairs
(61% for the 450 pairs of methodologists, 46% for the
450 pairs of PhD students, and 52% for the 1125 mixed
pairs) (table 1). The agreement rates for the individual
trials ranged from 4% to 100%. Agreement between all
observers was found for four of the 45 trials.

The reasons for disagreement fell into three broad
categories: different choices, exclusion of a trial, and
data extraction errors. The different choices mainly con-
cerned selection of experimental or the control groups
(15 trials), which time point to select (nine trials), which
scale to use (six trials), and different ways of calculating
or imputing missing numbers (six trials). The most com-
mon reasons for deciding to exclude a trial was that the
trial did not meet the inclusion criteria described in the
protocol (14 trials) and that the reporting was so unclear
that data extraction was not possible (14 trials). Data
extraction errors were less common but involved misin-
terpretation of the direction of the effect in four trials.

Agreement at meta-analysis level

Across the meta-analyses, the agreement was 31% for
the 450 pairs (33% for the 100 pairs of methodologists,
27% for the 100 pairs of PhD students, and 31% for
the 250 mixed pairs) (table 1). The agreement rates
for the individual meta-analyses ranged from 11% to
80% (table 2). Agreement between all observers was
not found for any of the 10 meta-analyses.

Of the 450 pairs, 10% agreed completely, 21% had
a disagreement below our cut point of 0.1, 38% had a
disagreement between 0.1 and 0.49, and 28% disagreed
by at least 0.50 (including 10% that had disagreements
of 21). The last 18 pairs (4%) were not quantifiable since
one observer excluded all the trials from two meta-
analyses. The median disagreement was SMD=0.22
for the 432 quantifiable pairs with an interquartile range
from 0.07 to 0.61. There were no differences between
the methodologists and the PhD students (table 1).

We compared the SMDs calculated by each of the 10
observers for the 10 meta-analyses, and the results from
the originally published meta-analyses. Out of the total
of 100 calculated SMDs, seven values corresponding
to significant results in the originally published meta-
analyses were now non-significant, three values
corresponding to non-significant results were now
significant, and four values, which were related to the
same published meta-analysis, showed a significantly
beneficial effect for the control group whereas the origi-
nal publication reported a significantly beneficial effect
for the experimental group.'

The Monte Carlo investigation showed that four of
the 10 meta-analyses®'°2!% had considerable varia-
tion in the potential SMDs, allowing for differences in
SMD:s of up to 3 (see bmj.com).
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DISCUSSION
We found that disagreements between observers were
common and often large. Ten per cent of the disa-
greements at the meta-analysis level amounted to an
SMD of at least 1, which is far greater than the effect
of most of the treatments we use compared with no
treatment. Important reasons for disagreement were
differences in selection of time points, scales, control
groups, and type of calculations, whether to include
a trial in the meta-analysis, and data extraction errors
made by the observers.

The disagreement depended on the reporting of
data in the trial reports and on how much room was
left for decision in the review protocols.

Strengths and weaknesses

We took a broad approach and showed that there are
other important sources of variation in meta-analysis
results than simple errors. We included a number of
experienced as well as inexperienced observers and
a large number of trials.

The experimental setting had limitations. Single
data extraction produces more errors than double data
extraction.’ In real life, some of the errors we made
would therefore probably have been detected before
the data were used for meta-analyses, as it is recom-
mended for Cochrane reviews that any disagreement
should be resolved by discussion and arbitration.! We
did not perform a consensus step. However, given
the amount of multiplicity in the trial reports and the
uncertainties in the protocols, it is likely that even
pairs of observers would disagree considerably with
other pairs.

The observers were presented with protocols they
had not developed themselves, based on research
questions they had not asked, and in disease areas
where they were mostly not experts. Another limita-
tion is that some of the trial reports did not contain the
data needed for the calculation of an SMD. It would
therefore have been helpful to contact trial authors.

Other similar research

The SMD is intended to give clinicians and policy-
makers the most reliable summary of the available trial
evidence when the outcomes have been measured on
different continuous or numeric rating scales. Surpris-
ingly, the method has not previously been examined
in any detail for its own reliability. Previous research
has been sparse and has focused on errors in data
extraction.?*® In one study, the authors found errors
in 20 of 34 Cochrane reviews, but, as they gave no
numerical data, it is not possible to judge how often
these were important.* The results of our study apply
more broadly than to meta-analyses using the SMD,
as many of the reasons for disagreement were not
related to the SMD method.

Conclusions

Meta-analyses using SMDs are prone to observer
variation and should be interpreted with caution.
The reliability of meta-analyses might be improved

BMJ | 5 SEPTEMBER 2009 | VOLUME 339

by having more detailed review protocols, more than
one observer, and statistical expertise.
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Endpiece
The belly of gourmets

The belly of gourmets has reached such daintiness that
they cannot taste a fish unless they see it swimming
and palpitating in the very dining room. What a lot is
being added to the ingenuity of excessive extravagance!
And how much more delicately and elegantly does our
madness invent something while despising anything
ordinary!

Seneca (4 BC-AD 62). Natural Questions. 3:18.3.
Submitted by Jeremy Hugh Baron, honorary professorial lecturer,
Mount Sinai School of Medicine, New York
Cite this as: BMJ 2008;337:a555
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Has payment by results affected the way that English
hospitals provide care? Difference-in-differences analysis

Shelley Farrar,! Deokhee Yi," Matt Sutton,? Martin Chalkley,? Jon Sussex,* Anthony Scott®

ABSTRACT

Objective To examine whether the introduction of payment
by results (a fixed tariff case mix based payment system) was
associated with changes in key outcome variables measuring
volume, cost, and quality of care between 2003/4 and
2005/6.

Setting Acute care hospitals in England.

Design Difference-in-differences analysis (using a control
group created from trusts in England and providers in
Scotland not implementing payment by results in the relevant
years); retrospective analysis of patient level secondary data
with fixed effects models.

Data sources English hospital episode statistics and Scottish
morbidity records for 2002/3 to 2005/6.

Main outcome measures Changes in length of stay and
proportion of day case admissions as a proxy for unit cost;
growth in number of spells to measure increases in output;
and changes in in-hospital mortality, 30 day post-surgical
mortality, and emergency readmission after treatment for hip
fracture as measures of impact on quality of care.

Results Length of stay fell more quickly and the proportion of
day cases increased more quickly where payment by results
was implemented, suggesting a reduction in the unit costs
of care associated with payment by results. Some evidence
of an association between the introduction of payment by
results and growth in acute hospital activity was found. Little
measurable change occurred in the quality of care indicators
used in this study that can be attributed to the introduction of
payment by results.

Conclusion Reductions in unit costs may have been achieved
without detrimental impact on the quality of care, at least in
as faras these are measured by the proxy variables used in
this study.

WHAT IS ALREADY KNOWN ON THIS TOPIC

In April 2002 the Department of Health in England outlined
plans to introduce a new system of financing hospitals,
called payment by results

The system directly links the income hospitals receive with
the number and case mix of patients treated

Similar systems adopted in other countries have been
shown to have effects on the cost, quality, and volume of
patients’ care

WHAT THIS STUDY ADDS

The results show a reduction in unit costs (with average
length of stay and proportion of day cases as proxies)
associated with the introduction of payment by results
The evidence on volume of care is more equivocal but
suggests that the volume of spells of care increased in
response to the new payment system

Payment by results had no effect on the outcomes used as
proxies for the quality of care

INTRODUCTION

In April 2002 the Department of Health in England
outlined plans to introduce a new system of financing
hospitals, called “payment by results,” a fixed price
system that makes a direct link between a hospital’s
income and the number and case mix of patients
treated.!? Under payment by results, prices (or tariffs)
for hospital care are defined in terms of healthcare
resource group (HRG) spells of stay in hospital. A
spell of activity is a hospital stay from admission to
discharge and is a measure of the hospital’s output. An
HRG code is assigned to each spell of activity.

The tariff system has various characteristics that
shape the incentives of the system. The payment
the hospital receives for providing an HRG spell is
determined by whether that spell is elective.® A single
tariff exists to reimburse trusts for each HRG for day
case and inpatient elective care.! Payment by results
removes the option for hospitals to use their own cost
circumstances to negotiate for higher payment. Any
surplus earned by a hospital because it reduces its unit
costs can be retained by the hospital.

Providers can act to reduce costs in various ways:
by increasing efficiency, by selecting patients who
need less resource intensive care, or by reducing the
level of resources in the provision of care, which may
compromise the quality of care.? Payment by results
makes a link between the number of patients treated
and the payment to a hospital, creating an incentive
to provide more of those treatments. However, this
will be the case only if the payment for a treatment is
higher than the costs of providing the treatment, such
that a surplus can be made.

Our objective was to examine whether changes in
key outcome variables measuring the volume, cost,
and quality of care during 2004/5 and 2005/6 were
associated with tariff funding introduced for NHS
hospitals in England under the payment by results

policy.

METHODS

Study design

We constructed a quasi-experiment using various
naturally occurring control groups. The tariff system
under payment by results was first applied to mar-
ginal changes in output for 15 HRGs in 2003/4 and
extended to a further 33 HRGs in 2004/5.!2 For a
subset of NHS trusts—foundation trusts and three
early implementing non-foundation trusts—payment
by results was applied to most inpatient, day case, and
outpatient output activity in 2004/5. For the remain-
ing non-foundation trusts, it was applied to most elec-
tive admissions in 2005/6.° Throughout the period
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2003/4 to 2005/6 the tariff system was not adopted
in Scotland, and for most trusts in England it was not
adopted extensively until 2005/6. This phased and
partial introduction provides a series of treatment and
control groups.

Difference-in-differences analysis is commonly used in
the evaluation of impacts of policy. It uses the assump-
tion that unobserved differences between groups are the
same over time.%” Non-foundation trusts and foundation
trusts were subject to virtually all the same changes in
policy over the period of study. Although differences
exist in aspects of the healthcare systems and policies of
England and Scotland, they are broadly comparable.

We used differences between the phasing in of pay-
ment by results by foundation trusts, non-foundation
trusts, and Scotland to estimate the effects of the
introduction of the policy. For each of the outcome
measures used in the study, we made three main com-
parisons: between foundation trusts (treatment group)
and non-foundation trusts (control) for changes from
2003/4 to 2004/5; between foundation trusts (treat-
ment group) and providers in Scotland (control) for
changes from 2003/4 to 2004/5; and between non-
foundation trusts (treatment group) and providers in
Scotland (control) for changes from 2004/5 to 2005/6.
We made a fourth comparison to analyse changes in
foundation trusts over the full first two years of imple-
mentation of payment by results: between foundation
trusts (treatment group) and providers in Scotland
(control) for changes from 2003/4 to 2005/6.

Data sources

We used data from the hospital episode statistics for
2002/3 to 2005/6 for England and from the Scottish
morbidity records for Scotland. The English data
represent 248 acute care trusts, and the Scottish data
come from 49 hospitals. Thirty four of the English trusts
gained foundation status or were early implementers of
payment by results during the period of analysis.

We used log length of stay and day cases as a pro-
portion of elective admissions as measures of unit
costs or efficiency for hospital admissions. For quality
of care we used in-hospital mortality, 30 day post-
surgical mortality, and emergency readmission after
treatment for hip fracture.

Econometric methods
We used fixed effects to control for differences
between the characteristics of HRGs and trusts that

Table 1| Effects of payment by results on measures of unit costs: length of stay (days) and
proportion of day cases (change in percentage points)

Table 2| Effects of payment by results on growth in volume of
care (change in percentage points)

Treatment Growth in volume
group Control group Years Change No*
Foundation Non-foundation 2003/4-2004/5 -0.25 82816

trusts trusts

Foundation Scotland 2003/4-2004/5  1.33t 20431
trusts

Non- Scotland$ 2004/5-2005/6  2.57t 51249
foundation

trusts¥

Foundation Scotland 2003/4-2005/6 ~ 4.95t 21598

trusts
*Number of observations in 1000s. Significant at P<0.01. $Elective only.

were unobserved and did not change over time. Some
unobserved factors are likely to vary both within trusts
and within HRGs. In addition, some trusts may be
more efficient at providing particular HRGs, and
some HRGs will be provided by particular types of
trust. We therefore interacted the two variables to cre-
ate fixed effects for each combination of HRG and
trust. A total of 81820 fixed effects exist.

RESULTS

Impact on unit costs

The results for proxies of unit costs were consistent
across most of the difference-in-differences analyses:
they suggest that unit costs fell more quickly where
payment by results was implemented (table 1). In all
but one of the difference-in-differences comparisons
used, foundation trusts and non-foundation trusts
responded in the expected way to the incentives
associated with payment by results.

Length of stay fell more quickly where payment
by results was implemented. In 2004/5 the average
length of stay in foundation trusts fell by 0.08 of a
day more than it did in Scotland. This equates to
eight inpatient days saved for every 100 inpatient
admissions. For non-foundation trusts that imple-
mented payment by results in 2005/6 the difference
was in the same direction, falling by 0.03 days or a
saving of three days per 100 admissions.

The proportion of elective care provided as day
cases increased more quickly where payment by
results was implemented. This change was seen for
both foundation trusts and non-foundation trusts. In
2004/5 day cases as a proportion of elective care
grew by 0.4 percentage points more in foundation
trusts than in other providers, and in 2005/6 the pro-
portion of elective care provided as day cases grew
by 0.8 percentage points more in non-foundation
trusts than in Scotland.

One difference-in-differences analysis using non-

Length of sta Day case proportion . .
g y ycaseprop foundation trusts as the control for foundation trusts
Control group Years Change No* Change No* 0 9004/5 did : Th
Non-foundationtrusts ~ 2003/4-  0.02t 1091 0.4t 8266 m /2 did not support expectations. Lhe non-
2004/5 foundation trusts reduced length of stay more quickly
Foundation trusts Scotland 2003/4- -0.08t 2724 0.4t 2810 than did the foundation trusts.
2004/5
{\lont-fc;undation Scotland$ 22(())%12//56 -0.03t 1704 0.8t 6842 Impact on volume of spells
rusts .
Foundation trusts Scotland 2003/4- -0.181 1248 1.5t 1178 Us1ng SFOtland as the control grou'p, we found tha_lt both
2005/6 foundation trusts and non-foundation trusts experienced

*Number of observations in 1000s. tSignificant at P<0.01. +Elective only. growth in volume associated with payment by results.
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The number of foundation trusts’ spells grew by 1.33
percentage points more than for providers in Scotland
in 2004/5, and non-foundation trusts’ spells grew by 2.57
percentage points over and above growth in Scotland.
However, the comparison of the tariffed response of
foundation trusts with the non-tariffed response of non-
foundation trusts, in 2004/5, shows that foundation trusts’
spells did not increase relative to the non-foundation
trusts. Table 2 summarises the difference-in-differences
results for the growth in volume of elective and non-
elective spells.

Impact on quality of care

We found little evidence of an association between the
introduction of payment by results and a change in the
quality of care. The only year on year result with sta-
tistical significance was the difference in the change in
in-hospital mortality for foundation trusts compared with
Scotland (see bmj.com).

DISCUSSION

Most of our tests on mean length of stay and the pro-
portion of day case activity in total elective admissions
are consistent with a reduction in unit costs associated
with introduction of a fixed price tariff under payment
by results. Of the five tests on the effect of the tariff
on the volume of care, four provided evidence that
the tariff was associated with growth in activity. Dur-
ing their first full year of payment by results, founda-
tion trusts did not experience the greater reductions
in average length of stay and higher growth expected
relative to non-foundation trusts. Only when they
were compared with Scotland was a difference appar-
ent. Foundation trusts by definition are the more effi-
cient and well managed trusts in England, with shorter
lengths of stay, and may have experienced less pres-
sure from the tariff to reduce costs. In addition, the
low absolute length of stay may have made it more
difficult for foundation trusts to produce efficiency
savings in this area. However, these foundation trusts
should have been in a better position to have ben-
efited from increases in the volume of patients treated,
but we did not see this in the data. The results for the
effects on quality of care were generally not statisti-
cally significant and may be taken as evidence that
payment by results did not have an adverse impact
on the quality of care.

Limitations
Mortality has been criticised as an insufficiently
sensitive measure of change in the quality of care.?
However, it is widely used in the absence of other
routine data.* In-hospital mortality specifically is
open to criticism as a means of measuring quality
of care in a system that is also reducing length of
stay. Dimensions of quality of care that we have not
captured could have been adversely affected by pay-
ment by results.

Ideal conditions for applying difference-in-differ-
ences analysis require that in the absence of the policy
intervention the average outcomes for the treatment

and control groups would be parallel over time. Wait-
ing time targets of the same level were used in England
and Scotland throughout our study with the exception
of the six months target in England for the end of
2004/5 compared with nine months in Scotland. How-
ever, stronger incentive mechanisms were associated
with these targets in England.’ The additional incen-
tive in England to increase the throughput of patients
may have had a confounding effect on the results for
the growth in the volume of spells in 2004/5.

The results of this study refer specifically to the
effects of payment by results in its early years. As hos-
pitals become more familiar with the effects on their
own costs and revenues, and more confident about the
permanence of payment by results, they may be less
cautious in their responses. Our study covers a period
when most hospitals affected by payment by results
were on a transition pathway that partially protected
them from financial losses associated with the tariff.
As this protection reduces, the incentives of payment
by results may be strengthened.

Implications

A report by the Audit Commission on the effects of the
introduction of payment by results in England draws
on a similar time period to the research reported here,
and the findings mirror those of our evaluation.! Our
analyses suggest that payment by results is capable of
achieving real changes in delivery of health care in hos-
pitals in England. Our evaluation suggests a potentially
rich set of further research questions. Our approach has
of necessity been a general one; much remains to be
learnt about the impact of payment by results at a more
disaggregate level.
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Hormonal contraception and risk of venous
thromboembolism: national follow-up study

@jvind Lidegaard," Ellen Lgkkegaard,? Anne Louise Svendsen,? Carsten Agger*

ABSTRACT

Objective To assess the risk of venous thrombosis in current
users of different types of hormonal contraception, focusing
on regimen, oestrogen dose, type of progestogen, and route
of administration.

Design National cohort study.

Setting Denmark, 1995-2005.

Participants Danish women aged 15-49 with no history of
cardiovascular or malignant disease.

Main outcome measures Adjusted rate ratios for all first time
deep venous thrombosis, portal thrombosis, thrombosis of
caval vein, thrombosis of renal vein, unspecified deep vein
thrombosis, and pulmonary embolism during the study period.
Results 10.4 million woman years were recorded, 3.3 million
woman years in receipt of oral contraceptives. In total, 4213
venous thrombotic events were observed, 2045 in current
users of oral contraceptives. The overall absolute risk of
venous thrombosis per 10000 woman years in non-users of
oral contraceptives was 3.01 and in current users was 6.29.
Compared with non-users of combined oral contraceptives
the rate ratio of venous thrombembolism in current users
decreased with duration of use (<1 year 4.17, 95% confidence
interval 3.73 to 4.66, 1-4 years 2.98, 2.73 t0 3.26, and »4
years 2.76, 2.53 to 3.02; P<0.001) and with decreasing dose
of oestrogen. Compared with oral contraceptives containing
levonorgestrel and with the same dose of oestrogen and
length of use, the rate ratio for oral contraceptives with
norethisterone was 0.98 (0.71 to 1.37), with norgestimate
1.19 (0.96 to 1.47), with desogestrel 1.82 (1.49 t0 2.22),
with gestodene 1.86 (1.59 to 2.18), with drospirenone 1.64
(1.27 t0 2.10), and with cyproterone 1.88 (1.47 to 2.42).
Compared with non-users of oral contraceptives, the rate ratio
forvenous thromboembolism in users of progestogen only
oral contraceptives with levonorgestrel or norethisterone was

WHAT IS ALREADY KNOWN ON THIS TOPIC

Previous studies have shown an increased risk of venous
thrombosis with use of combined oral contraceptives
and a higherrisk with use of combined pills containing
the progestogens desogestrel or gestodene than those
containing levonorgestrel

WHAT THIS STUDY ADDS

The risk of venous thrombosis in users of combined oral
contraceptives decreases with decreasing dose of oestrogen
The risk of venous thrombosis from pills containing
drospirenone corresponds to those containing desogestrel
orgestodene and is higher than those with levonorgestrel
Progestogen only pills and hormone releasing intrauterine
devices did not confer any increased risk of venous
thrombosis

The absolute risk of venous thrombosis with use of any
types of combined oral contraceptives in young women is
lessthan onein 1000 useryears
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0.59 (0.33t0 1.03) or with 75 g desogestrel was 1.12 (0.36
to 3.49), and for hormone releasing intrauterine devices was
0.90 (0.64 t0 1.26).

Conclusion The risk of venous thrombosis in current users
of combined oral contraceptives decreases with duration of
use and decreasing oestrogen dose. For the same dose of
oestrogen and the same length of use, oral contraceptives
with desogestrel, gestodene, or drospirenone were associated
with a significantly higher risk of venous thrombosis than
oral contraceptives with levonorgestrel. Progestogen only
pills and hormone releasing intrauterine devices were not
associated with any increased risk of venous thrombosis.

INTRODUCTION

Studies that have shown an increased risk of venous
thrombosis with combined oral contraceptives have
generally found a higher risk during the first year of use
and with pills containing desogestrel or gestodene.'”

With the shift from combined pills containing 50 pg
oestrogen to those containing 30-40 pg, a decrease in the
risk of venous thrombosis would be expected. Results
have, however, been conflicting,’ ' and evidence of a
further decrease in risk with oestrogen reduced to 20 pg
is lacking.” Evidence is also sparse on the risk of venous
thrombosis with oral contraceptives containing the new
progestogen drospirenone, progestogen only pills with
75 pg desogestrel, and hormone releasing intrauterine
devices.

We assessed the risk of venous thrombosis in current
users of hormonal contraception, focusing on duration
of use, regimen (combined pills versus progestogen only
pills), and the effect of oestrogen dose, progestogen type,

and route of administration.

METHODS

This study was designed as a historical cohort study, with
linkage between four Danish registries: the National Reg-
istry of Medicinal Products Statistics (prescriptions), the
National Registry of Patients (discharge diagnoses and
surgical codes from all Danish hospitals), Statistics of
Denmark (education), and the Central Person Registry
(addresses and vital status).

We identified Danish women aged 15-49 from 1 Janu-
ary 1995 to 31 December 2005. After exclusions the
study population comprised non-pregnant women with
no previous cancer or cardiovascular diseases (new cases
during the study period were censored at the date of
diagnosis). Women who emigrated were censored at the
time they left the country.

Our end points were first time deep venous thrombo-
sis, portal thrombosis, thrombosis of caval vein, throm-
bosis of renal vein, unspecified deep vein thrombosis,
and pulmonary embolism during the study period.
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Current use of hormonal contraception was defined
as having a valid prescription when admitted to hospi-
tal. Previous use was defined as any previous recorded
use during the study period, and never use as no
recorded prescription for hormonal contraception
during the study period. Length of use was defined as
the sum of valid prescriptions, with periods of non-use
subtracted if they occurred between periods of use.

Hormone releasing intrauterine devices were assumed
to be used for an average of three years. If oral contra-
ception was prescribed before the three years expired,
the device was considered to have been removed at the
time the pill was prescribed.

Hormonal contraception was categorised accord-
ing to usage (current, previous, never), regimen (com-
bined pill, progestogen only pill, hormone releasing
intrauterine device), oestrogen dose (50 pg, 30-40 pg,
20 pg), progestogen type (norethisterone, levonorg-
estrel, norgestimate, desogestrel, gestodene, dros-
pirenone, cyproterone), and length of use of combined
pills in current users (<1 year, 1-4 years, >4 years).

Crude incidence rates and adjusted rate ratios of venous thrombosis in women using different types
of hormonal contraception

No of women
Woman %ofwoman  withvenous  Rate per10000 Adjusted rate ratio
Characteristics years years thrombosis woman years (95%Cl)
Age group
15-19 1359821 13.0 250 1.84 0.39(0.33t00.45)*
20-24 1491764 14.3 444 2.98 0.62 (0.54t00.70)*
25-29 1491959 14.3 537 3.60 0.86 (0.76t0 0.96)*
30-34 1587896 15.2 598 3.77 Reference
35-39 1628852 15.6 685 4.21 1.18 (1.05t0 1.32)*
40-44 1518172 14.5 797 5.25 1.57 (1.41t0 1.74)*
45-49 1368909 13.1 902 6.59 2.09 (1.88t02.32)*
Total 10447373 100.0 4213 4.03 -
Previous use
Never 4813053 46.1 1467 3.05 Reference
Former 2278576 21.8 667 2.93 1.08(0.98t01.18)t
Currentuse
Non-use (neveror 7194242 67.9 2168 3.01 Reference
former use of oral
contraceptives)
Current use of oral 3253131 31.1 2045 6.29 2.83(2.65t03.01)t
contraceptives
Use of combined pill:
<1year 684061 21.6 443 6.48 4.17 (3.73 10 4.66)t
1-4 years 1449000 45.8 787 5.43 2.98(2.73t03.26)t
4 years 1031953 32.6 793 7.68 2.76(2.53t03.02)t
Oral contraceptives with 82902 2.5 65 7.84 2.67 (2.09t03.42)t
50 pg oestrogen
Oral contraceptives with
20-40 pg oestrogen and:
Levonorgestrel 367 408 10.9 201 5.47 2.02(1.75t0 2.34)t
Desogestrel or 2008262 59.8 1370 6.82 3.55(3.30t0 3.83)t
gestodene
Drospirenone 131541 3.9 103 7.83 4.00 (3.26 t0 4.91)t
Progestogen only:
Levonorgestrel 30 65820 0.6 12 1.82 0.59(0.33t0 1.04)t
g or norethisterone
350 ug
Desogestrel 75 g 9044 0.1 3 3.32 1.10(0.35t0 3.41)t
Hormone releasing 101351 1.0 34 3.35 0.89 (0.64 0 1.26)

intrauterine device

*Adjusted for current use of oral contraceptives, calendaryear, and educational level.
tAdjusted for age, calendaryear, and educational level.
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Progestogen only pills were subdivided into those with
30 pg levonorgestrel or 350 pg norethisterone and
those with 75 pg desogestrel. We chose non-users of
oral contraceptives (never users plus former users) as
our reference group.

We obtained information on redeemed drugs for con-
founding factors such as diabetes and heart disease (see
bmj.com). Educational level was categorised as primary
school only, secondary school only, any school with
three or four years of further education, and secondary
school with five or six years of further education.

Statistical analysis

Data were analysed using Poisson regression. The data
consisted of time at risk (woman years) and number
of venous thrombotic events for each combination of
contraception, length of use, age band, and educational
level. Age was the timescale in analyses and divided into
five year bands, assuming a linear trend in risk of venous
thromboembolism within each band. Confounders were
retained in the multivariate analysis if they changed the
estimates by more than 5%.

Absolute crude risk estimates and adjusted rate ratios
(95% confidence intervals) were calculated for combina-
tions of oestrogen dose, progestogen type, and length
of use. In addition we calculated the influence of pro-
gestogen types after adjustment for length of use.

RESULTS

The analysis included 3.4 million woman years of cur-
rent use, 2.3 million woman years of former use, 4.8 mil-
lion woman years of never use, or 10.4 million woman
years of observation (table). A total of 4213 first time
venous thrombotic events were recorded during the
study period and of these 2045 were among current users
of hormonal contraception.

Age, calendar year, and education were significant
confounders. There was no interaction between age and
the rate ratios.

Young women more often used newer pills than older
women, who more often used hormone releasing intrau-
terine devices (see bmj.com). The incidence of venous
thromboembolism increased with age (15-19 years, 1.84
per 10000 woman years; 45-49 years, 6.59 per 10000
woman years; table). The incidence also increased dur-
ing the study period, on average by 1.05 (95% confi-
dence interval 1.04 to1.06) per calendar year. Finally,
the risk of venous thromboembolism increased with
decreasing education. Using the least educated women
(primary school only) as the reference group, the rate
ratios of venous thromboembolism for those with sec-
ondary school education only was 0.52 (0.46 to 0.59),
with any schooling and three or four years of further
education was 0.58 (0.54 to 0.63), and with secondary
school education with five or six years of further educa-
tion was 0.43 (0.39 to 0.47).

The crude incidence of venous thromboembolism
among non-users of hormonal contraceptives was 3.01
per 10000 woman years, and among current users of oral
contraceptives was on average 6.29 per 10000 woman
years (table).
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Combined oral contraceptives

The risk among women using combined pills decreased
with duration of use (adjusted rate ratio for first year,
4.17, 95% confidence interval 3.73 to 4.66; >4 years
2.76, 2.53 to 3.02; table).

The risk among current users of combined pills was
also influenced by oestrogen dose and progestogen type
(see bmj.com). For a given progestogen type and after
adjustment for length of use, the risk of venous thrombo-
embolism decreased with decreasing dose of oestrogen
(see bmj.com). A reduction in dose from 50 pg to 30-40
pg in pills containing levonorgestrel reduced the risk by
17% (not significant), and for those containing norethis-
terone by 32% (not significant). Furthermore, a reduc-
tion in oestrogen dose from 30-40 pg to 20 pg for pills
containing desogestrel or gestodene reduced the risk of
venous thromboembolism by 18% (7% to 27%).

Compared with current users of oral contraceptives
with levonorgestrel, using the same dose of oestrogen
and after adjustment for duration of use, the rate ratios
of venous thromboembolism in women using pills con-
taining norethisterone was 0.98 (0.71 to 1.37), norgesti-
mate 1.19 (0.96 to 1.47), desogestrel 1.82 (1.49 to 2.22),
gestodene 1.86 (1.59 to 2.18), drospirenone 1.64 (1.27 to
2.10), and cyproterone 1.88 (1.47 to 2.42; see bmj.com).

Progestogen only pills

Progestogen only pills containing levonorgestrel 30 pg or
norethisterone 350 pg, as well as desogestrel 75 pg did not
confer any increased risk of venous thromboembolism
when compared with non-users of oral contraceptives.
The adjusted rate ratio for venous thromboembolism
in women using hormone releasing intrauterine devices
was 0.89 (0.64 to 1.26; table).

DISCUSSION

The risk of venous thromboembolism in current users of
combined oral contraceptives decreases with duration of
use and decreasing oestrogen dose. For the same dose of
oestrogen and the same length of use, oral contraceptives
containing desogestrel, gestodene, or drospirenone were
associated with a higher risk of venous thromboembo-
lism than pills containing levonorgestrel. Progestogen
only pills and hormone releasing intrauterine devices
did not confer any increased risk.

The extent of an overall risk estimate of venous
thromboembolism in current users of oral contracep-
tives depends on several factors. Exclusion of women
with previous thrombosis and cancer from the reference
group would increase the overall risk estimate because
of the decreased risk in this group. The estimate would
also be increased by the inclusion of relatively more
new users or short term users of oral contraceptives,
or if many women were using oral contraceptives that
contained desogestrel, gestodene, or drospirenone than
those containing levonorgestrel. The inclusion of preg-
nant women in the reference group or women using
progestogen only pills in the oral contraceptives group
would, however, decrease the overall estimate.

Newer absolute risk estimates would be expected to
be higher than older estimates because of improvements
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in diagnosing venous thromboembolism. We controlled
for this by including calendar year in the multivariate
analyses.

Reducing the dose of oestrogen from 50 pg to 30-40
pg non-significantly reduced the risk of venous thrombo-
embolism by 17-32%. Reducing the dose from 30-40 pg
to 20 pg in users of pills containing desogestrel or
gestodene significantly reduced the risk by 18% (95%
confidence interval 7% to 27%), after adjustment for dura-
tion of use of oral contraceptives. Without this adjustment
the association was confounded and not significant.

DISCUSSION

The higher risk of venous thromboembolism in users
of pills containing desogestrel or gestodene compared
with levonorgestrel is in line with several studies,' © !
although not all"! *? (see bmj.com). In our study, oral con-
traceptives with norgestimate were associated with about
the same risk of venous thromboembolism as those with
levonorgestrel.

Studies have shown a threefold increased risk of
venous thromboembolism in women using oral contra-
ceptives with cyproterone compared with non-users,” ' 14
results similar to ours. The European active surveillance
study found 9.1 venous thrombotic events per 10000
user years (26 events) in women using oral contracep-
tives with drospirenone compared with 8.0 per 10000
woman years (n=25) in those using pills that contained
levonorgestrel, and 2.3 per 10000 woman years in non-
pregnant non-users (n=>5).12

In users of pills containing drospirenone we found
an incidence of venous thromboembolism of 7.9 per
10000 woman years and an adjusted rate ratio of 1.64
(1.27 to 2.10) when compared with users of pills con-
taining levonorgestrel, and of 4.00 (3.26 to 4.91) when
compared with non-users. These estimates were based
on 103 venous thrombotic events in users of pills with
drospirenone. The four times increased risk of venous
thromboembolism compared with non-users is in accord-
ance with the surveillance study.'? The higher risk of
venous thromboembolism when compared with users
of pills with levonorgestrel is a new finding. The reason
for this rate ratio was primarily a lower risk in users of
pills containing levonorgestrel in our study compared
with the same estimates in the surveillance study.'? The
risk estimate was of the same magnitude as for pills con-
taining desogestrel or gestodene with the same dose of
oestrogen and same length of use, results in accordance
with two other studies.!? *

Finally, the lack of increased risk of venous thrombosis
by use of progestogen only pills is in line with previous
findings.” The reduced risk of venous thrombosis with
increasing length of education could be attributed to
the higher prevalence of obesity in the least educated
women.

Strengths and limitations of the study

The registry linkage design of this study has advantages
and limitations. One strength is the high external valid-
ity, as we included all Danish women aged 15-49 who
fulfilled the inclusion criteria. Recall bias was eliminated,
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as the national prescription registry provided precise
data on use of hormonal contraception. The national
approach ensured a relatively high statistical power by
including 4213 venous thrombotic events. Consequently
we were able to assess the risk for subtypes of oral
contraceptives and to consider separately oestrogen
dose, type of progestogen, and length of use in the
risk of venous thrombosis. Finally, the cohort design
allowed the calculation of absolute risk estimates as
well as rate ratios between different types of hormonal
contraception.

One limitation of our study was the lack of data on
family predisposition and body mass index, two poten-
tial confounders. When oral contraceptives containing
desogestrel or gestodene were introduced in the late
1980s they were considered safer than the older types
of oral contraceptives. Therefore, women with a fam-
ily predisposition for venous thromboembolism were
preferentially prescribed these new pills.!® However, this
preferential prescribing stopped after new studies were
published in the 1990s.°

Being overweight predisposes to venous thromboem-
bolism. If some oral contraceptives are preferentially
prescribed to women with an increased body mass
index, then the risk of these pills could be overesti-
mated. Controlling for these two potential confounders
in a previous study did not change the risk estimates of
venous thromboembolism.’

When the new pill containing drospirenone was
introduced in Denmark in 2001, it was not considered
as safer than the older pills. Therefore preferential pre-
scribing to women at increased risk of venous throm-
boembolism is not expected. In our study we were able
to investigate the proportion of women taking differ-
ent oral contraceptives. We found the same or lower
prevalence in users of pills containing drospirenone
compared with those containing levonorgestrel, sug-
gesting the same baseline health status. Therefore bias
from failing to control for body mass index and family
predisposition was probably small.

Another limitation was that the registry approach did
not permit us to evaluate the validity of each included
diagnosis of venous thromboembolism. They were
identified as the final discharge diagnosis as reported to
the National Registry of Patients. The inclusion of about
10% uncertain diagnoses may have biased our results
only if the misclassification was differential, implying
fewer or more women with an uncertain diagnosis
among current users of oral contraceptives compared
with non-users. In this study the slightly lower risk esti-
mates among current users of oral contraceptives com-
pared with our previous study in which these uncertain
cases were excluded ? might suggest fewer users of oral
contraceptives among women with an uncertain diag-
nosis than among those with a validated and confirmed
diagnosis. The reduction in oestrogen dose of oral con-
traceptives through the study period, however, could
also have contributed to the reduced risk estimates.
Finally, registry data do not include information on
lifestyle such as being sedentary, long distance flights,
and limited mobility at home.

Clinical implications

For women of normal weight and without known
genetic predispositions, we recommend a low dose com-
bined pill as first choice for contraception. For women
genetically predisposed to venous thrombosis who want
hormonal contraception, however, a progestogen only
pill or hormone releasing intrauterine device seems to
be the appropriate first choice.
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The venous thrombotic risk of oral contraceptives,
effects of oestrogen dose and progestogen type:

results of the MEGA case-control study
Avan Hylckama Vlieg,' F M Helmerhorst,'?] P Vandenbroucke,' C ) M Doggen,’ F R Rosendaal'#

STUDY QUESTION What is the risk of venous thrombosis
from oral contraceptives currently available in the
Netherlands, and how much does the dose of oestrogen
and type of progestogen matter?

SUMMARY ANSWER Oral contraceptives increased the
risk of venous thrombosis fivefold. The risk clearly differed
by type of progestogen and increased with dose of
oestrogen. The safest prescription remains one containing
levonorgestrel with a low dose of oestrogen.

Participants and setting

Premenopausal women aged <50 years who were not
pregnant, not within four weeks postpartum, and not
using a hormonal intrauterine device or depot contra-
ceptive were eligible.

Design, size, and duration

Analyses were performed on data from the MEGA
study, a large, population based, case-control study on
risk factors for venous thrombosis. From the total MEGA
study, 1524 patients and 1760 controls were included.

Primary outcome, risks, exposures

The primary outcome was deep venous thrombosis of
the leg or arm or pulmonary embolism. Exposure was
the use of different types of oral contraceptives—differ-
ent doses of oestrogen and chemically different types
of progestogens—in the previous year. Information on
contraceptive use was obtained using a standardised
questionnaire on risk factors for venous thrombosis.

Main results and the role of chance
Currently available oral contraceptives were associ-
ated with a fivefold increased risk of venous throm-

THROMBOSIS RISK ASSOCIATED WITH COMBINED
ORAL CONTRACEPTIVES BY TYPE OF PROGESTOGEN

Progestogen 0dds ratio (95% CI)*
Levonorgestrel 3.6 (2.9 10 4.6)
Gestodene 5.6 (3.7 to 8.4)
Desogestrel 7.3 (5.310 10.0)
Lynestrenol 5.6 (3.0t0 10.2)

Norethisterone 3.9 (1.41010.6)
6.8 (4.7 10 10.0)
5.9 (1.7 to 21.0)
6.3(2.91t013.7)

No oral contraceptive (reference) 1

Cyproterone acetate
Norgestimate
Drospirenone

*0dds ratio adjusted for age and period of inclusion (categorical; divide
per 6 calendar months)

If more than one dose of oestrogen was available, analysis was restricted to
the preparation with most commonly used dose of oestrogen (usually 30 pg)
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bosis or pulmonary embolism (odds ratio 5.0, 95%
CI 4.2 to 5.8). The risk clearly differed by type of
progestogen (table) and increased with increasing
dose of oestrogen.

The risk of thrombosis was higher for deep venous
thrombosis of the leg (odds ratio 6.6, 5.4 to 8.0) than
for pulmonary embolism (odds ratio 3.9, 3.2 to 4.8)
and was highest in the first year of use, with a peak in
the first three months (odds ratio 12.6, 7.1 to 22.4).

Bias, confounding, and other reasons for caution
Recall bias may have occurred in our study. How-
ever, the short time between the thrombotic event
and completing the questionnaire and the fact that
the questionnaire was sent to the participants’ homes,
where the package of the oral contraceptive was read-
ily available, makes such bias unlikely.

Generalisability to other populations

These results apply to women in industrialised
countries where a range of oral contraceptives is
available.
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STUDY QUESTION In older patients with diabetes, are
rosiglitazone and pioglitazone associated with different
risks of heart failure, myocardial infarction, and death?

SUMMARY ANSWER Patients treated with pioglitazone
were at lower risk of admission to hospital for heart
failure and death from any cause compared with those
treated with rosiglitazone, but the risk of myocardial
infarction did

not differ significantly between the two groups.

Participants and setting
Residents of Ontario, Canada, aged 66 years and older
were included in the study.

Design, size, and duration

This was a retrospective cohort study of 22 785 patients
treated with rosiglitazone and 16951 highly compa-
rable patients treated with pioglitazone between 1
April 2002 and 31 March 2008. The analysis included
extensive adjustment for a variety of clinical and
demographic characteristics.

Main results and the role of chance

In total, 1563 (6.9%) patients receiving rosiglitazone
and 895 (5.3%) receiving pioglitazone reached the
primary composite outcome of death or admission
to hospital for either acute myocardial infarction or
congestive heart failure. The adjusted hazard ratio
was 0.83 (95% confidence interval 0.76 to 0.90).
Compared with rosiglitazone, treatment with piogli-
tazone was associated with a lower risk of heart failure
(adjusted hazard ratio 0.77, 0.60 to 0.87) and death
(0.86, 0.75 to 0.98) but no significant difference in the
risk of acute myocardial infarction (0.95, 0.81 to 1.11).
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The results suggest that one additional hospital admis-
sion for heart failure each year would be expected for
every 120 patients treated with rosiglitazone rather
than pioglitazone, and one additional death would be
expected for every 269 patients treated with rosiglita-
zone rather than pioglitazone.

Bias, confounding, and other reasons for caution
Patients who received rosiglitazone had a marginally
higher burden of cardiovascular disease at baseline
compared with those who received pioglitazone. How-
ever, the risk of admission to hospital for myocardial
infarction was similar in both groups, suggesting that
the main results are not explained by baseline differ-
ences in cardiac risk.

Generalisability to other populations
Whether the observations can be generalised to
younger patients with diabetes is not known.
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