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Abstract

Background

Observational studies of drug treatments complement pre-marketing drug trials and
provide real-world outcomes of effectiveness and safety. Large UK primary care
databases offer cost-effective access to clinical information for long-term studies
requiring great statistical power and deliver findings representative of the genera
population. However, such data are not collected primarily for research, so al share
weaknesses that must be offset by sophisticated use of statistical methodologies. This
paper clarifies the current strengths and limitations of these data sources and discusses
their potential. In the context of routinely collected primary care data sources, studies
focusing on drug safety are used to show appropriate application of statistical
techniques, and present a contribution to existing methodological practice based on

multi-database use.

Methods

Methodological approaches to address potential data-related biases and drug safety
study-related issues are discussed. These include coding differences, analyses of
exposure, confounding factorsto beincluded in models, missing data, misclassification
bias from outcome uncertainty and prescription-only information, and use of sensitivity
analyses to estimate the impact of information gaps and verify the validity of findings.
A novel application of triangulation between the findings of separate identical analyses

of two databases is introduced.

Results
The submitted papers are used to exemplify the delivery of more accurate estimates of

risks than previous studies, with further comment on how the methodol ogies were used



to address potential issues. The results of triangulation between the findings of two
separate identical analyses based on different databases show confidence intervals for
the combined results on average 30 per cent narrower than those of the original

analyses.

Conclusions

The application of emerging/devel oping methodol ogies enables large UK primary care
databases with national coverage to deliver robust findings applicable to the genera
population and derived from long-term studies with great statistical power. The
potential for future development is also shown, including use of multi-databases to

further increase statistical power.
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Extended abstract



Background

I ntroduction

An important aspect of pharmacoepidemiology is the risks posed by medications.
Randomised controlled trials, conducted prior to marketing, test for safety and common
side-effects. These cannot reliably assess real-world, long-term risks in the general
population because of cohort selectivity, close management and relatively short-term
follow-ups. Risks of uncommon or latent adverse effectsin the general population can
be assessed only through observational studies designed to overcome these weaknesses.
Sometimes, the rarity of adverse conditions or a desire to compare details of different
exposures may require extremely large cohorts with long periods of follow-up,
restricting sources of data to the largest available. For such studies, electronic

healthcare data, routinely collected in many parts of the world, offer valuable material.

Around theworld, these include: administrative datalinked to prescription information,
physician services use, hospital discharges and vital statistics in Denmark?, Canada?,
the Netherlands* and Italy®; health insurance and healthcare plan databases in Finland®,
Taiwan’, the USA® and Israel®; and general practice databases in New Zealand® and
Spain't. However, the source and purpose of such data collections are various and must
be considered. General practice databases, prospectively recording information from
treatment centres, are clearly likely to be among those most suitable for the assessment
of real-world, long-term outcomes in the general population. A number of such
databases exist within the UK, the two largest of which are QResearch®

(www.QResearch.org) and Clinical Practice Research Datalink (CPRD,

www.cprd.com), which have been the basis for all the research submitted in thisthesis.




Aims and objectives

The aim of each submitted study is to contribute to the epidemiology of either drug
safety or disease risk factors. Experience gained from protocol development, data
preparation, analysis, writing and defence of the submitted studies in challenging
publication review processes is used to address the place of large primary care data
sources in healthcare studies. Information from further research in the preparation of
thistext has also been incorporated to assess their current strengths and limitations, and
their potential as evidence sources for reliable assessment of real-world outcomes in

the general population.

In the context of routinely collected primary care data sources, the aim of this extended
summary is to demonstrate appropriate use of statistical methodologies, including a
novel use of meta-analytic techniques to facilitate multi-database design to overcome
the limitations of low power for studies of rare conditions and long-term treatments.
The objectives are to describe and critically discuss the studies contributions to
existing methodology, to provide recommendations for researchers based on expertise
and experience gained, to comment on anticipated and desirable changes in database

content, and to discuss possible future healthcare database devel opment and strategy.

Healthcare data collection in the UK

Primary care data in the UK have been recorded electronically since the 1990s. The
NHS has encouraged the use of practice-based software and the development of
electronic patient records'?, while some research teams have been given specific NHS
research funding to stimulate and devel op primary care research®34. This hasfacilitated
computerisation of administrative tasks, such as disease registers and prescription

recording, and of medical records generated by doctors, nurses and administrators.



Collecting and encoding primary car e information in the UK
Three principal information systemsare used in UK general practicesto encode medical
and administrative information. Two of these — Egton Medical Information Services

(EMIS) Web, used by 55 per cent of UK practices (www.emis-online.com), and INPS

Vision from In Practice Systems Ltd, used by 10 per cent of UK practices

(www.inps.co.uk/vision) —employ the Read Version 2 encoding system. Thethird, TPP

SystmOne, which is used by 35 per cent of practices, uses Read Version 3, usually
known as Clinical Terms Version 3 (CTV3) to signify that it is a completely different
encoding system athough also based on Read codes. Read coding is the standard
clinical terminology system used in UK general practice. The codes are published under
Crown Copyright: they were mandated by the NHS in April 1999 and their intellectual

property was purchased by the UK government.

Read Version 2 is a five-level hierarchical system for encoding medical and non-
medical terms, including diagnoses, symptoms, patient occupations, medical
procedures generally used in UK primary care, and administrative processest®. The
Read system contains over 150,000 codes, many of which are related in a complex
fashion to a single morbidity. However, existing codes do not cover all possible
situations, so someinformation hasto be entered as free text'® which, for confidentiality
reasons, is usually unavailable to researchers. Dosage information, which is available,
is aso initialy recorded as free text, although in some databases it is subsequently
encoded. CTV 3 incorporates aradically different approach to the relationship between
codes, replacing the hierarchy within codes themselves with an external table of binary

hierarchical coderelationshipsto deliver hierarchies of any depth and other advantages.

Most suppliers of encoding systems provide their own code search engines, which aim

to optimise the search process for clinicians and other practice staff'’. All incorporate



different architectures and technical solutions and employ different mechanisms for
code retrieval. To improve healthcare or better manage chronic conditions, a practice
or network of practices may create bespoke templates to facilitate the process of code
selection in a particular area or collect additional information'®. This may create
differences in code selection or recording quality between practices. Whether or not
templates are used, the different code identification strategies for encoding systems and
the order in which underlying codes are revealed — whether in alphabetical order, or
starting with those most regularly used — may result in the selection of different Read
codes for the same condition. Thisis particularly an issue where an unusual condition

or an unusual level of detail isrequired.

Linkagesto external data

Not al relevant information isrecorded in primary care electronic health records, which
may hinder research on rare outcomes. Hospitalised patients, and those who were
diagnosed post-mortem or have since died, may have no relevant records held by the
practice, so it isimportant also to access available complementary sources to maximise

data completeness. Hospital Episode Statistics (HES) (http://www.hscic.gov.uk/hes) is

a data repository of all admissions, outpatient appointments and A& E attendances at
NHS hospitals in England. Data are coded using the International Statistical
Classification of Diseases and Related Heath Problems (ICD-10). Another current
source of linkage data is Cancer Registry UK, which provides details of cancer

diagnoses in the UK (http://www.ncin.org.uk/). The Office for National Statistics

(ONYS) holds mortality data across the UK, including causes, again using |CD-10.

Information on socio-economic status is often not recorded by general practices but is
important to researchers. It can be obtained from 2001/2011 UK census datain theform

of arealevel (postcode-derived) Townsend composite scores based on data for



unemployment, overcrowding, and home and car ownership®® and available at patient
or practice level using residence or practice postcodes. As this may lead to patient
identification in thinly populated areas, Townsend scores are commonly supplied in
quintiles or deciles. Higher scores indicate greater deprivation, associated with higher

risks of cancer?’, pneumonia?! and mortality?2.

Ethnicity may reflect both lifestyle factors and genetic tendencies. It is self-identified
but not always recorded for every patient within a general practice. HES provides
another source of ethnicity data, enabling some missing datato be accessed for practices

with this linkage.

Primary care databases

Genera practice primary care databases of various sizes and scope exist in the UK.
Some of these focus on ageographical region or aspecific condition or area of research.
L ower geographic coverage or size may be offset by higher levels of completeness and
accuracy through closer data management, sometimes including supplementary
information from patients or clinicians. Use of such databasesislikely to be limited to
local or regional users unless a data aggregation agent such as PRIMIS

(http://www.nottingham.ac.uk/primis/) is used. However, the largest national databases

aim for coverage as closely representative of the national population as possible and
are generally available for research. QResearch® and CPRD are the two largest, and are

available to and used by researchers worldwide. Other well-known databases include:

e The Hedth Improvement Network (THIN), a national database using Vision
software for data collection. This is managed by IMS Hedth

(www.csdmruk.imshealth.com), a company providing access to the datafor use in

medical research, with over 550 practices. Data are collected prospectively, and a



number of contributing practices are also linked to HES, but researchers must be
aware that many practices contribute to both THIN and CPRD, with the precise
proportion being uncertain.

Launched in 2013, a new national database, ResearchOne, has been devel oped by
the TPP IT company (provider of SystmOne) in partnership with the University of

L eeds (www.researchone.org/). This contains patient record information for over

four million people collected from more than 300 health and socia care
organisations. TPP has a strong presence in Y orkshire and the Humber, so is most
representative of thisregion.

The Consultations in Primary Care Archive (CiPCA)

(www.keele.ac.uk/mrr/cipcadatabase/) is a database established by Keee

University and North Staffordshire Health Authority to collect data from local
practices. All practicesfollow established proceduresfor data audit, programmes of
training on morbidity coding and validation®?, so data quality is claimed to be at
least as good as larger general practice databases. Research projects using it are
focusing on muscul oskeletal disorders and related pain issues, so completeness and
quality are likely to be highest in data relating to these.

Another example of a research-focused database is The Optimum Patient Care

(OPC) Research Database (http://optimumpatientcare.org/opcrd/). It provides data

for respiratory research and offers a free respiratory review service. OPC contains
data from over 550 genera practices in the UK. The practices use various IT
systems and the data are collected with specially developed software. This database
aso contains both longitudinal medical records and questionnaire-based

information on patient-reported outcomes®*.



CPRD

CPRD, with more than 600 contributing practices, is older than QResearch®. Itsorigins
lie in a database established in 1987 by an Essex general practitioner to share
information between practices. In 1993, it was taken over by Reuters Health
Information, which in 1994 donated it to the Department of Health, when it was
renamed the General Practice Research Database (GPRD). In 2012, GPRD became part
of the CPRD research service jointly funded by the NHS National Institute for Health
Research and the Medicines and Healthcare Products Regulatory Agency. Historically,
CPRD has used INPS Vision to capture general practice information, but is now also

incorporating information from practices using EMIS Web.

GPRD/CPRD has been extensively validated, with practices reviewed for consistency
of information?®. Dataquality is maintained by the MHRA research team?® and its value
has been demonstrated in more than a thousand peer-reviewed publications since 1994.
A systematic review based on 46 such studies”, focusing on the accuracy and
completeness of diagnostic coding, demonstrated close agreement between disease
prevalence ratesin GPRD/CPRD and other sources of information, including HES, the
British National Household Survey, the Doctors Independent Network?, and the

MediPlus primary care database®.

QResearch®

QResearch® iscurrently thelargest general practice databasein the UK, with over 1,300
practices, more than 23 million patients and 25 years of clinical records. It derivesfrom
a project in 2002 between Egton Medical Information Services (EMIS) and the
University of Nottingham to collect high-quality primary care data for medical

research®, and all contributing practices use EMIS Web for encoding general practice



information. To encourage continuous development, practices contributing to

QResearch® receive feedback on the quality of their data®.

QResearch® was extensively validated early on. Demographic measures, such as age-
sex distributions and birth/death rates, were compared with census data and figures
from the ONS; consultation rates and preval ence rates for common conditions with data
from the General Household Survey, GPRD and other databases; and prescribing rates
with prescribing analysis and cost data from the National Institute for Health and Care
Excellence (NICE). Close correspondence of profiles with these sources was revealed,
together with high levels of completeness and consistency®!. The quality and value of
QResearch® data have since been demonstrated in over two hundred peer-reviewed

publications.

Similarities and differences between QResearch® and CPRD

Both databases are not-for-profit research services, and doctors in participating
practices receive no particular training. Both contain information gathered
prospectively over long periods on patient registration details, sex, year of birth,
ethnicity, smoking habits and alcohol consumption. General practitionersrecord details
of illnesses, new symptoms and diagnoses, and family history. Details of all further
clinical contacts, such aslaboratory tests, referralsto specialists and hospitalisations are
then added. Prescription records are well-documented, being recorded at the time of
prescribing. Patient records enter the database from their time of registration with a
participating practice, leaving only if they transfer to a non-participating practice, quit

the NHS or die.

The Dictionary of Medicines and Devices (http://dmd.medicines.org.uk/) is used by

both INPS and EMIS, but prescribing information is collected using different software



— Gemscript in INPS (CPRD) and E-prescribing in EMIS (QResearch®). Dosage
instructions are recorded in free text, but in CPRD 95 per cent of the most frequent
dosages are coded by the CPRD Operations Team before rel ease to researchers, while
in QResearch® original text isavailable. For CPRD, the MHRA multi-disciplinary team
that encodes prescribing also reviews data quality by checking consistency and linking

to other sources.

For both databases, data are pseudonymised. For QResearch®, all data are anonymised
at source according to the ICO code on anonymisation®?, so no strong patient identifiers
are taken from practices: dates of birth are changed to years of birth, postcodes mapped
to deprivation scores with only the deprivation scores taken, and NHS numbers
pseudonymised using a non-reversible hashing algorithm. For CPRD, however, fully
identified data are taken from general practices, including NHS number, full birth date
and postcode, and the data are then de-identified by NHS Digital before being passed
to CPRD. Practices contributing to CPRD must therefore inform patients that they are
passing on data prior to pseudonymisation and must ensure that they respect patient

objections.

The data are then uploaded to dedicated servers. QResearch® data are transmitted to the
University of Nottingham, where QResearch® is linked to other data sources and made
available to researchers. All QResearch® practices and the majority of CPRD practices
arelinked to Cancer Registry dataand ONS Mortality data. English practiceswith these
linkages (100 per cent in QResearch® and 75 per cent in CPRD) are also linked to HES
data, coverage of which is however limited to England. QResearch® data access is
covered by ethical approval from Derby Research Ethics Committee once a protocol

has been approved by the QResearch® Scientific Committee. CPRD access requires

10



approval from the Independent Scientific Advisory Committee for MHRA Database

Research.

Recent direct comparisons between QResearch® and CPRD have shown high levels of
similarity and have concluded that the databases are likely to give similar results in
epidemiological studies®=3*. Age and sex distributions and recording levels for clinical
outcomes and clinical values are similar for both. Differences include the proportion of
available patient-level deprivation data (as measured by Townsend scores), with full
coverage in QResearch® and partial coverage in CPRD (58 per cent). In CPRD, each
patient is allocated to the relevant decile of Townsend score, whereas in QResearch®
individual Townsend scores are also available on site at Nottingham. Ethnicity is better
recorded in QResearch® (58 versus 32 per cent). Practices contributing to QResearch®
and CPRD are spread throughout the UK, with the mgjority in England. Coverage
within English geographical areas differsin detail, but both databases reflect a higher

popul ation density toward the south east®.

Using QResearch® and CPRD for research

Advantages

Both databases are representative of the general population, so results from either are
more generalisable than those from studies using recruitment. Routinely collected
information is not limited by specific aims, and there are unlikely to be any systematic
differences between various groups of patientswith regard to accuracy or completeness
of their records. Unlike questionnaire-based studies, where only living and consenting
patients can be included, individual consent is not required for use of anonymised data

in ethically approved projects, so datafor all relevant patients can be included.

11



Comprehensive prescribing details, including duration and dose, have also been
gathered for long periods, facilitating both assessment of biological gradients for
exposures and investigation of different or emerging drug types for comparative
associations of outcomes. The databases contain information relating to important
confounders — comorbidities, other medications and lifestyle measures — so much of
the data required to increase accuracy and reliability of resultsis available within each

source.

While there are differences between QResearch® and CPRD in how data are collected
and managed, these are minor when compared to their similarities, making them
potentially interchangeable as research resources. The most recent of the submitted
projects demonstrate this in the application of a meta-analytic technique to triangulate
between the results of separate identical studies based on QResearch® and CPRD. This
facilitates more detailed investigation and delivers more accurate and robust estimates,
and has potential importance especially for research into very rare conditions or to
maximise the level of detaill possible in investigations including dosages and/or

different drug types.

Limitations

Despite the quantity and quality of data, both databases have limitations that must be
considered. Lifestyle information, such as smoking and body mass index (BMI), may
be relevant to some studies, but historically was not consistently recorded. BMI
recording in CPRD increased from 37 per cent for 1990-1994 to 77 per cent for 2005—
2011, but only 53 per cent of patients were found to have a recent (within three years)
record of BMI%5. Smoking was recorded for 81 per cent of patientsin CPRD between

2007 and 2011%. Investigation of CPRD data has similarly shown that missing results

12



for blood pressure tests are not completely random, which is logical because patients

with higher blood pressure tend to have more records®’.

The databases also lack completeness in formally adjudicated outcomes. For patients
referred to secondary care, subsequent external prescribing and diagnostic information
are not always available, and potentially useful information in correspondence relating
to external consultations is in free-text form, so access to it is very limited and
expensive because of confidentiality issues. A systematic review based on 212 studies
investigated the validity of 183 different diagnoses in GPRD/CPRD and reported that
the median proportion of cases with diagnosis confirmed by internal and external data
was 89 per cent, with varying proportions for different disease groups— 95 per cent for
cancer but only 57 per cent for blood-related illnesses®. Use of over-the-counter
medications and data such as occupation, lifestyle, diet and involvement in sport are

also not always available.

Observational studies— gaps and further improvements

Traditional observational studies have often been too short to investigate the effects of
long-term prescribing, and many have been prone to a range of data collection biases
such as selection or recall. Studies using large, routinely-collected primary care data
sources have avoided these data-related i ssues but, regardless of data source used, some
previous studies, including quite recent ones, have failed adequately to address issues
such as duration of drug exposure® and adjustment for important confounders®™. Some
have also ssimply excluded observations with missing data or treated missing values as
a separate category*. Although QResearch® and CPRD facilitate long-term,
comprehensive and detailed drug safety research, challenges remain because the data
consist of unmediated clinical records. These include inconsistencies in coding, large

numbers of missing values for some measures and alack of some potentially important

13



information for certain studies. In the discussion below, some developmental
improvements are suggested, which might reduce information gaps and improve the

utility of these databases.

14



M ethods

While large numbers of participants and long periods of collection may offer a
foundation for inherently powerful studies and reliable risk estimates, realising this
potential requires close attention to detail. Biases relating to collection and selection
issues, missing information, and confounding caused by inadequate study design may
all lead to spurious conclusions. The main challenge for researchers is to ensure the
accuracy of risk assessments by taking into account the specific characteristics of any
dataset selected as a research base and making appropriate use of all methodological

tools developed to overcome problems with datasets.

Included studies

Most of the submitted research has consisted of studies of associations between
commonly used drugs and risks of cancers. Paper 1 concentrates on statins and
colorectal cancer risks, while Papers 2 to 6 all consider risks for the ten most common
cancer sites — Paper 2 on associations with statins, Paper 3 on associations with
cyclooxygenase-2 (COX2) inhibitors, and Papers 4 (protocol), 5 and 6 on associations
with bisphosphonates. Papers 7 (protocol) and 8 consider use of combined oral
contraceptives and venous thromboembolism (VTE) risk. Papers 5, 6 and 8 describe
studies that used the combined results of separate but identical QResearch® and CPRD
analyses to enhance the accuracy of association estimates. Papers 9 to 12 report on four
earlier studies, which indicate early development of this research activity,
demonstrating both, how the studies were improved by incorporating emerging
methodological developments and the potential for use of large-scale primary care

databases in other research areas.

15



Each submitted study has its merits, but as understanding of the databases and
experience of using them has increased, and as relevant statistical methodol ogies have
emerged or improved, so the sophistication of the approach has developed. Therefore,
the primary focus of this extended abstract ison drug safety studies, while earlier papers

are included to demonstrate research devel opment.

Study design

Apart from one cohort study, all studies used a nested case-control design because this
allows for complexity in patterns of exposure and occurrence of risk factors*. Nested
case-control studies use an underlying cohort structure, in which cases are identified
during follow-up and matched controls are randomly selected from all remaining
subjects at risk, including potential future cases (incidence density sampling). Cases
may serve as controls before their diagnosis date, and controls may be selected for more
than one case®. This facilitates the extraction of smaller data samples and simpler
analysis of time-dependent exposures, and similarities between estimates drawn from
nested case-control studies and from their underlying cohorts have been
demonstrated*#°, In most situations, little statistical power isgained by including more
than four or five controls per case*. However, for studies with low exposure (less than
15 per cent in controls), particularly when the number of casesis limited, an increase

in the control-to-case ratio to ten or more is recommended®’.

Biases

In epidemiological study design using primary care databases, externa validity — the
generalisability of findings — requires selection and analysis techniques that retain the

representativeness of the data, while internal validity — avoidance of skewed results —

focuses on biases relating to incomplete recording or systematic differences between

16



cases and controls®. Data acquisition biases applicable to primary care database

observational studiesfall into two groups: information biases and selection biases.

Information bias and its subcategory, misclassification bias, occur in database studies
primarily because some records are not available to researchers when identifying
patients. This may arise from confidentiality, the transfer of patients to other health
centres, or because some affected patients do not attend a general practice or are not
diagnosed or recorded. Two further information bias subcategories — recall and
reporting — are not generally an issue because of prospective recording. However, these
may affect historical records, such as family histories, because subjects may recall

family histories more accurately when diagnosed®.

Other time-related information biases occur when differential time spans for cases and
non-cases in cohort design cause exposure misclassification. Immortal time bias occurs
in drug studies when exposed patients have different lengths of non-exposed time
(immortal time) prior to exposure, leading to overestimation of associations between
exposure and outcome™®. Using atime-dependent method or nested case-control design

addresses this problem by taking into account differential timings of exposure™..

Immeasurable time bias occurs when exposure records are unavailable, such as when
drugs have been administered in hospital for which patients have no associated
exposure records, suggesting an incorrect non-exposed status. This reduces the
exposure time period for such patients, lowering overall rates or odds ratios®?. This bias
cannot be designed out of such database studies but needs to be discussed as a

limitation, with likely effects noted.

Selection bias occurs when the findings are derived partially or entirely from

differences between populations of cases and controls. When using primary care
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databases, freedom from subcategories — like non-response and survival biases — has
been highlighted under database advantages. Selection bias can be avoided by using
nested case-control design, in which all participants are drawn from the same cohort,
controls are randomly selected and matched to cases, and inclusion and exclusion

criteriaare applied to al cases and controls.

Other model-related biases may arise during analysis. In randomised control trias,
patients are randomly allocated to arms, so patientsin all arms have comparable known
and unknown risk factors; however, in observational studies, exposed and non-exposed
participants may have unequal distributions of risk factorsfor an outcome. Risk factors
associated with, but not a consequence of, outcome and exposure should be considered
as confounders in the analysis to avoid confounding bias. Confounding by indication,
common in drug safety studies, may occur when adrug is prescribed to treat a medical
condition or clinical characteristic associated with an increased risk of an outcome. If
not adjusted for, this may lead to overestimation of the association between exposure

and outcome™s3,

Finally, in observational studies, measurement errors, unknown risk factors, and known
risk factors for which there are no data may al cause residual, or uncontrolled,
confounding, although the resulting effectswill depend on the preval ence of each factor
and its scale of association with outcome and exposure®. Where they are identifiable
and therefore susceptible to discussion, these must be addressed on a study-by-study

basis.

Coding of information

Incorrect selection of medical codes for outcomes and confounders may be a source of

information bias®*. So choosing medical codes requires extensive medical expertise and

18



may involve construction of an algorithm with relevant available data or even validation
of the approach using other sources of information or direct interviewing of doctors.
Using acode list developed for extraction from one database to identify casesin another
may lead to missing cases and a subsequent shifting of any associations with the
outcome towards unity. Therefore, if the lists are based on used rather than all codes, a
mapping between Read and medication reference tables should be devel oped to identify

the equivalent codes in each database™.

Combining a primary care database with linked data may add cases which have been
under-recorded in general practice. Defining cases and selecting appropriate
information is therefore highly complex, requiring general practice expertise and
relevant medical knowledge within the research team to assess which information is

needed and most reliably recorded in general practices.

Exposure

Researching evidence for causality and associations between exposure and outcome
requires designsthat incorporate the principles of causality®®. These include precedence
of exposure to outcome, evidence of reversibility of exposure, and evidence of any

dose—/duration—esponse effect.

Exposure is complex and must be summarised appropriately according to the exposure—
disease relationship. For some outcomes, toxic instances inhibit recovery of a damaged
cell or do not clear and have a cumulative effect over time, while for others, the effect
isinstantaneous but may also depend on past exposures®®. Measures of exposure should
be developed according to a particular hypothesis, and issues of latency and varying
potency, for example for cancer outcomes, should be investigated. For such outcomes,

particularly without a strong biological hypothesis, an exposure weighting method may
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be used to assess the cumul ative effect of drugs at different times®’. The model includes
each unit of exposure with an indicator of timing. This method assumes that each unit

continues to damage the tissues and that there is no clearance or repair.

In defining exposure, another exposure-associated bias — protopathic — may be
introduced by including prescriptions close to the outcome date for slowly developing
conditions such as cancer®. Patients may have started or stopped medication only
because of changes to their health related to cancer development, thus introducing
reverse causality bias. Thisissue must be considered, and all such prescriptions during

an appropriate time period before diagnosis should be removed.

Confounding factors

Confounding factors are an inevitable part of the exposure—outcome model, designed
to compensate for non-random allocation to exposure and to reduce residual and
indication biases. In primary care database studies, confounders normally include age,
sex, ethnicity, lifestyle information (smoking status, alcohol consumption, social
deprivation, body mass index), relevant co-morbidities, family history and use of other

medication.

Incorrect adjustment for continuous confounders such as body mass index and exact
Townsend deprivation scores (available from QResearch® only) will lead to residual
confounding. Categorisation (and particularly dichotomisation) should be avoided, as
should the assumption of linear relationships between confounders and outcome.

Instead, fractional polynomials should be used®®.

To minimise possible protopathic bias caused by diagnoses of co-morbidities due to
generdl ill health or onset of the outcome of interest, comorbidities should be considered

only if recorded well before the outcome (at |east one year before the cancer diagnosis).
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Where family history of an outcome is available, it may be included in analyses, but

only if recorded at least six months before the outcome to minimise possible recall

bias®.

Because some potentially important confounder information, such as relevant
laboratory test results, stage of cancer, physical activity and diet, is not necessarily
consistently recorded in primary care databases, these may not be accounted for in
analyses and their likely effects should be included in discussions of results. The extent
of the potential effect of biases due to unknown confounders remains a methodol ogical

challenge, but this can be assessed, where possible, using sensitivity analyses®.

Missing values

A multivariate complete-case analysis removes observations with missing values, but
this reduces statistical power and may introduce bias. The risk of bias depends on the
proportion of missing data and on the reasons why data are missing: completely at

random (MCAR), at random (MAR) and not at random (MNAR)®2,

When data are MAR, multiple imputation by chained equations can be used to include
all observations in the analysis®®®4, This process has three steps: generating multiple
imputed datasets, analysing these sets, and combining estimates from the sets®. First,
missing values arereplaced by valuesrandomly drawn from their predictive distribution
to reflect their uncertainty, each variable being regressed on all other variables to
predict its observed values, using logistic, multinomial logistic or linear regression
depending on the distribution. The resulting models are used to impute values for
observations with missing values, repeating the procedure to create multiple datasets.
Next, estimates and variance-covariance matrixes are calculated for each imputed

dataset using standard modelling techniques for complete data. Finally, the estimates
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are averaged across the datasets, and standard errors estimated using within- and

between-imputation variability by applying Rubin’s rules®.

The multiple imputation model needs careful design. Omitting the outcome variable
may result in false weakening of the relationship between the outcome and an imputed
variable, and may introduce a bias®. Included continuous variables are assumed to be
normally distributed, so transformations should be applied for highly skewed variables.
Considering a wide range of auxiliary variables highly correlated with a variable from
which data are missing may reduce the effect of missing information. The number of
imputations needed depends on the proportion of missing information. Currently, 20
imputations are recommended for 30 per cent or less of missing information, as is
characteristic of lifestyle and body mass index information in the present databases.
However, some leeway is possible because the power fall-off with 10 imputations is

reportedly only three per cent when compared with 100 imputations®®.

Thereis no clear way of differentiating between MAR and MNAR, so some form of
sengitivity analysis is advisable to assess the extent of bias. In the complete-case
approach, if the results of including multiple-imputed data differ from those excluding
them, these are reported and the reasons discussed®. Another approach — inverse
probability weighting complete-case analysis — involves the development of a model
for the probability that data are missing. The inverse of the fitted probabilities are then

used as weights in the complete-case analysis®’.

Power and multi-database use
Estimating associations between rare adverse effects and relatively new drugs usually
requires all available records from large databases, but the number of exposed patients

developing a condition of interest is not always sufficient to investigate dose/duration
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relationships or drug subtypes. However, accumulating data from more than one
database has the potential to overcome this, while possibly also enhancing
generalisability, because database data profiles, for example in geographical coverage

or differencesin recording of information, may be complementary.

To minimise the differences in findings from different databases, the data must be
extracted and analysed using the same protocol with comprehensive code lists to cover
all included databases. Thisfacilitates application of the fixed-effect model and inverse
variance weights method to combine the results. Sensitivity analysis using the random-

effect model should be used to detect any heterogeneity.

Designing two identical studies on different data sources with national coverage and
then triangulating between the results is a novel approach to research using such
databases. It alows a degree of variability between the data samples, but uses an
identical study design and code lists that are as similar as possible for data extraction.
In addition to achieving more exact and robust estimates, this approach aims also to
increase external validity, since the included data may have been collected in sightly

different environments and from patientsin socially and geographically different areas.
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Results

The submitted papers demonstrate the benefits of using contemporary datafrom sources
continually updated over along period, and applying known and emerging approaches
to compensate for lack of data, missing data or biases. Previous studies on the topics
covered have been based on older datasets that are more prone to limitations in
recording standards, and may reflect less advanced diagnostic knowledge or techniques.
Currently available methodologies may also not have been known, fully developed or
applied, making the studies more prone to biases. The work submitted exemplifies a
movetoward research based on the best avail able data using current techniquesto create
a standardised, high-quality design. The results demonstrate the potential utility of
primary care databases as data sources to deliver generalisable findings from studies of
sufficient scale to match the power of traditional attempts, using meta-analytic
techniquesto improverisk estimates. The three most recent papers al so demonstrate the
practical benefits achievable through the application of triangulation between the

results of identical studies based on QResearch® and CPRD.

Key clinical epidemiological findings

Using all available records, the studies are the largest of their type. Prolonged statin use
is found to be associated with increased risks of colorectal, bladder and lung cancers
and reduced risks of blood cancers. Prolonged use of COX2 inhibitors shows
associations with increased risks of breast and blood cancers and a reduced risk of
colorectal cancer. However, bisphosphonate use has no association with increased or

reduced risks for any of the common cancers.

The pneumonia studies identify new risk factors for pneumonia, such as stroke and

cancer, and show a reduced risk of pneumonia associated with current statin use. The
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mental health studies demonstrate increased risks of colon and breast cancer associated
with diagnoses of schizophrenia and bipolar disorder, and increased mortality in

patients with diabetes suffering from severe mental illnesses.

Considering the large numbers of women using oral contraceptivesworldwide, possibly
the most important findings of these research studies to date are the associations
between use and risks of VTE for various oral contraceptive drug types and exposures.
There has been frequent publicity about concerns relating to more recent formulations
introduced to reduce other side-effects. While the submitted study conclusively
demonstrates the relatively low VTE risks of al oral contraceptives when compared
with pregnancy, the findings do confirm a higher incidence of VTE events in newer

generation drugs compared with older formulations.

All the studies provide new epidemiological evidence, adding knowledge to the
findings of earlier research, and confirming, negating or arbitrating between conflicting
results. In al cases, the studies provide greater certainty, and often add detail to earlier
research. Many results provide reassurance to doctors and patients regarding the safety
of preventive prescribing over long periods, while a few reported risk associations
should inform prescribing decisions for patients in particular risk categories. All the
findings are potentially useful for people developing treatment policies and for those

prioritising pharmacoepidemiological or drug development research.

Study design

Apart from the single cohort study (Paper 10), which was based on patients with
diabetes, al other studieswere based on the general popul ation and so used nested case-
control design. Each case was matched with up to five controls by year of birth and

gender. The controls were alive and registered with the same practice at the time of
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their matched case diagnosis or index date. In the drug studies, a range of medications
was available to treat investigated symptoms or conditions, so practice-specific
preferences for a subset might develop. Matching by practice was used to reduce
residual confounding by increasing the likely similarity of prescribing for cases and
their controls. Similarly, nested case-control matching by calendar year minimised
residual confounding from changing rates of exposure to a drug of interest over the

study period.

Matching by practice and calendar year restricted the number of controls matched by
age and sex. In the contraceptive and VTE study (Paper 8), only about 30 per cent of
cases had five controls. Although exposure to some drugswas relatively low, increasing
the number of controls would not be useful. In theory, ten controls would increase the
power from 90 to 94 per cent (Paper 7). In reality, however, only a small proportion of
cases would have the larger number of controls, so the power gain would be much

smaller.

In the power cal culationsfor the bisphosphonate study (Paper 4), 4.2 per cent of patients
were assumed to be exposed. The numbers of available cases for the cancer of most
concern, oesophageal, were 5,364 in QResearch® and 5,132 in CPRD. Changing the
number of matched controls from five to ten would have increased the power to detect
an odds ratio of 1.3 from 87 to 90 per cent in QResearch® and from 85 to 89 per cent
in CPRD. However, around 30 per cent of cases had fewer than five matched controls
already, with no further appropriate controls available for matching, so requiring more

controls would have resulted in a much smaller power increase.

26



Study population

Apart from the cohort study of patients with diabetes, all studies were based on the
general population registered with the contributing practices. This approach was
challenged during the peer-review process for the study of contraceptive drugs (Paper
8) by a suggestion that only healthy women (without chronic and acute conditions)
should be included in the study. The reviewer argued that acute events (trauma,
operation, infection) are proximate causes rather than confounders. However, because
a woman would be likely to stop taking contraceptive drugs in the case of an acute
event, and particularly before a scheduled surgery, it was decided that these variables
were more properly treated as confounders. The same reviewer further suggested that
“when one wants to evaluate the independent effect of a drug on an outcome it is best
to study the effect in a generally healthy population”. This approach has been used in
previous studies, but without any consistent definition of proxima causes of VTE.
Excluding these observations would also lead to non-generalisable results and

overestimation of risks associated with contraceptive use.

Outcomes and exclusions

All the submitted studies were affected by a lack of adjudicated outcomes and, apart
from the latest study (Papers 7 and 8), had access to GP records only, without the
availability of linked data on hospital and post mortem diagnoses. In the cancer studies
(Papers 1 to 6), the incidence rates based only on GP records may have been dightly
lower3® because some cases had been registered only at time of death and not recorded
by the genera practice. In the pneumonia studies (Papers 9 and 10), patients used as
controls might also have died of pneumonia with no record placed in their practice
records. However, the effect of misclassification bias arising from such errorsin case

identification will be small because cancer and pneumonia are rare in the genera
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population and even rarer in the residual population once known cases have been
removed. Over-recording of outcomes was potentialy important in the pneumonia
studies (Papers 9 and 10), because outcome diagnosis was based on GP records of
clinical symptoms, without requiring diagnostic support from X-ray examinations or
microbiological confirmation. However, the pneumoniaincidence ratesin these studies
were in line with commonly published ranges, and a sensitivity analysis using only

cases verified by hospitalisation suggested no sizeable contribution to information bias.

For the cancer studies, selection of cases was also based on the first recorded diagnosis,
while the exact site may have been determined only later. This lack of distinction
between types of cancer may have led to under-recording of some outcomes and over-
recording of others. Similarly, information about stage of cancer was not consistently
recorded and could not be used. Furthermore, the studies did not have access to
information about cancer screening tests (mammography, prostate-specific antigen or
colonoscopy), so some patients may have been wrongly included, having already had a

cancer.

Under- and over-recording of outcomes were also relevant in the VTE study (Papers 7
and 8), but under-recording from direct admissions to hospital was resolved using links
to HES and ONS mortality data. For over-recording, some earlier VTE studies based
on CPRD data had used pseudo-verification of the diagnosis by requiring consequent
prescription of anti-coagulation therapy. This would be appropriate in health systems
where information for all prescriptionsis available. However, in the UK, anticoagul ant
prescriptions issued by a GP may ssmply reflect the initial concern of a doctor for
patients with a known possible reason, where prescription may pre-date confirmatory
tests in an anticoagulant clinic. Moreover, consequent prescriptions in secondary care

do not appear in GP records.
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Exposure

All analyses considered no use of the drug of interest as the reference category.
Exposure was based on recorded prescriptions and, in most studies, exposure to adrug
of interest was defined as at least one prescription before the index date. To assess the
duration—response effect, cumulative exposure was estimated by extracting every
prescription, grouping all prescriptions with small inter-prescription gaps, taking
grouped prescription course times as from the beginning of the first to end of the last,
and calculating cumulative duration as the sum of all overall course times for each
patient. The minimum length of gap between courses was drug- and outcome-
dependent: 30 days for oral contraceptives looking for short-term VTE outcome; 60
days for exposure to statins or COX2 inhibitors, and 90 days for exposure to

bi sphosphonates, which accumulate in bones and gradually release.

Duration was categorised for reporting and comparability purposes, but trend testswere
run on actua months of exposure. Reversibility of exposure, which is particularly
important for acute conditions such as VTE and pneumonia, was assessed by analysing
the gap between the end of the last prescription and the index date. The effect of past
exposures was assessed only in the last cancer study (Papers 5 and 6). Since the
available data did not allow greater analytic detail, the interaction of timing and terms
of treatment were categorised as: short-term (less than 12 months) recent use (within
two years of the index date); short-term remote use (at least two years before the

outcome); long-term (more than 12 months) recent use; and long-term remote use.

Prescription records do not guarantee actual use so may introduce information bias due
to misclassification of exposure, particularly if patients with only one prescription are
included. Adherence to statins is not high, with an estimated drop-out rate reported in

one study of about 30 per cent six months after inception®®. To increase the likelihood
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of patientsbeing actual usersin statin studies (Papers 1, 2 and 12), exposure was defined
as at least two prescriptions in the observation period. However, bisphosphonates have
along-term effect, and even one prescription may be important, so this study (Papers 5
and 6), defined exposure as at |east one prescription for the main analysis, and included
asensitivity analysis redefining exposure as at |east two prescriptions to assess possible
misclassification bias. Similar results were obtained, confirming the expectation of no
systematic difference in adherence between cases and controls. Another
misclassification of exposure arises from drugs obtained from sources other than
general practices. For the oral contraceptives study, these included both contraceptive
clinics, used by an estimated 6.3 per cent of women under 25 and 1.2 per cent of older
women®®, and pharmacies. However, additional stratified analysis for these age groups

demonstrated associations similar to the main analysis.

Confounding factors

In the submitted studies, some confounders were established a priori, while otherswere
included in the analysis as established risk factors for outcomes, thus potentially
affecting doctors prescribing decisions. Specificaly, in the VTE study, a list of
relevant chronic and acute conditions was derived from NHS guidelines, and where
there were records before the index date — for acute conditions, only those between six
months and one month before — these were included (Paper 8). In all cancer studies,
comorbidities were considered only if recorded at |east one year before the index date
to minimise protopathic bias. The bisphosphonate study (Papers 5 and 6), included
gastrointestinal disorders only if diagnosed before the first use of bisphosphonate (12
months before the index date for non-users) to avoid confounding bias and misleading

associations between bisphosphonates and oesophageal cancer.
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The quality and availability of lifestyle variables (smoking status, BMI, acohol
consumption and social deprivation) increased over time. To minimise residua
confounding, the most detailed information available at the time was used. Categories
for smoking, alcohol consumption and ethnicity were collapsed, but only to achieve
sufficient observations per category. In earlier studies, the BMI of many patients was
recorded only as a category (normal, overweight or obese), but later studies benefited

from better recording and used exact BMI values.

Ethnicity information was poorly recorded in the past. However, the quality is
continually improving and it was used in the later Papers 5, 6 and 8. It was till only
incompletely recorded, so the ‘not recorded’ category together with ‘white' was used
as the reference category, rather than a specific ethnic group. Adjusting for ethnicity
goes some way to addressing possible differential cancer™ and VTE risks™, aswell as

effects from different lifestyles and prescribing patterns’.

Analysis

Models

Multivariate models appropriate to the study design were used. For the cohort study
(Paper 10), which investigated associations between various factors and mortality, the
Cox model was selected, but all others with nested case-control design used conditional
logistic regression. Inclusion of a continuous variable for BMI, assuming a linear
relationship with the outcome, might have contributed to residual confounding. This
could beimproved by using fractional polynomials. All analyses started from univariate
models assessing the association between the outcome and the exposure or co-

morbidity of interest, with effects from adding confounding factors carefully controlled.
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The data extracted from the databases were very similar and the only adjustment
required to any model occurred in the bisphosphonates study. The CPRD analysis
included one extra category of ex-users for alcohol consumption, whereas QResearch®

data had insufficient patients for this category (Papers 5 and 6).

Missing values

Owing to numerous missing values for BMI (about 25 per cent), smoking (11-15 per
cent) and acohol consumption (23 per cent), a category of ‘not recorded’ was used in
the earlier studies (Papers 1, 9 to 12), thus adding to residual confounding bias. In the
later studies (Papers 2 to 8), on the assumption that data were MAR, multiple
imputation was used. In general, data for BMI, smoking and alcohol consumption are
not missing completely at random, but including information such as age, sex, co-
morbidities, various medications and outcomes in the imputation models does make the
MAR assumption plausible. All studies used sensitivity analyses of complete data to

assess this assumption of MAR and demonstrated similar results.

Residual confounding

Several potential uncertainties in the submitted studies arose from lack of or
deficiencies in the data, requiring assumptions to be made. To counteract these,
sensitivity and additional analyses were run. Some were run on sub-samples to confirm
the results obtained from the main analyses. For example, in the pneumonia studies,
analyses were run on sub-samples of patients with the most likely verified outcome. All
studies were checked for accuracy of data by analysis of a sub-sample with more years
of records. Additional analyses were run for specific sub-samplesto estimate the effect
of variations in the design and to facilitate comparisons with other studies. However,
none of the studies was assessed for the potential effect of unobserved confounding,

and sensitivity analyses to assess this would have been valuable.
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Power and multi-database use

Thelast two projects used both QResearch® and CPRD (Papers 5 to 8). Separate studies
were carried out for each database using the same protocol. Sample sizes were very
similar, so differences in observed associations were likely to be caused only by
sampling variation. A fixed effect-model and an inverse variance weights method was
therefore used to combine the results, together with a sensitivity analysis using the

random-effect model to allow for any heterogeneity.

In the first project, on cancer and bisphosphonates, for most cancers the results from
QResearch® and CPRD were very similar, with overlapping confidence intervals
(Papers5 and 6). For the second project, on VTE and contraceptives, the main challenge
was the low use of newer contraceptives (Paper 8). Most of the results were very close,
so applying a fixed-effect model to combine the results was justifiable. For one drug,
Norgestimate, the confidence intervals from the databases did not overlap (1.96, 1.56
to 2.46 for CPRD and 3.15, 2.56 to 3.89 for QResearch®), indicating significant
heterogeneity (12=89%, P=0.003) in these findings. Because there were no clear reasons
for differencesin exposures in practices from QResearch® and CPRD and the direction
of the effect was the same in both databases, the results from the fixed-effect model
werereported asthe main finding (2.53, 2.17 to 2.96). However, arandom-effect model
was run as a sendgitivity analysis to alow for the found heterogeneity. In both studies,
triangulation of the results delivered more precise estimates, with on average 30 per

cent narrower confidence intervals based on alarger and more generalisable population.
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Discussion

Taken together, the submitted papers and this extended abstract represent a contribution
to epidemiological knowledge, primarily in the area of drug safety. They demonstrate
the importance of using emerging and devel oping methodol ogical techniquesto address
data weaknesses, thereby maximising the accuracy and reliability of results. The
approach of combining findings from identical separate analyses on two databases is

also anovel extension to methodological practicein this area of research.

Strengths and weaknesses of the presented research

Achieving the power necessary to produce accurate estimates is a common problem
when researching rare medical outcomes. This issue assumes even greater importance
when there is arequirement for detailed research, such as distinguishing between drug
types, dosage regimes, or a combination of the two. The generalisability of results, in
terms of whether they are representative of real outcomes in the general population, is
another issue important to epidemiological research. Both are requirements that only

data sources like the large primary care databases are able to satisfy.

The routine, prospective collection of QResearch® and CPRD data freed the submitted
studies of selection, recall and responder bias. Including HES- and ONS-linked datain
the most recent paper added more cases and further reduced misclassification bias. The
nested case-control design studies included all available cases, overcoming restrictions
on the amount of data extracted. To alow for differences between exposed and non-
exposed patients, all available confounders were included in the analyses. In general,
the submitted studies included more confounders, and more systematically applied,
than previous published research. Exposure was also defined to facilitate investigation

of variation in potency and latency, and to provide more detailed estimatesfor clinicians



and future researchers. Using multiple imputation to account for uncertainty associated

with missing data further improved the validity of the findings of the later studies.

The data used have limitations. Historically, limited allowance has been made for
specific research needs because the data have simply been routinely collected as events
occur (one exception to this is where, in QResearch®, EMIS integrated the postcode
deprivation table into its system to allow extraction of deprivation scores without the
postcode to protect patient confidentiality). Some useful information may not have been
recorded, or may have been recorded in waysthat cause difficulties of interpretation for
researchers, occasionally contributing to residual confounding. There are aso
inconsistencies and selectivity in recording, with not all records being updated in a
timely fashion, contributing to information bias. As noted before, available data are
based on prescriptions issued rather than actual use, introducing misclassification bias.
All these issues affect estimates in an unquantifiable way, even when techniques to

adjust for these or to estimate their effect are applied.

Multi-database use

Traditionally, meta-analyses have been used to increase power by combining the results
of studies with similar research questions. A key weakness of this approach is that the
studies included have often been conducted in different environments, and have used
different designs, sample selection, study periods, exposure definitions and sets of
confounders. This inevitably introduces additional uncertainty, expressed in wide
confidenceintervals, and theresultsare unlikely to betruly representative of the general

population.

In the last of the papers submitted, the inherent benefits of large-scale, well-designed

studies using a single primary care database was extended by applying a meta-analytic
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technique to triangulate between the results from QResearch® and CPRD. Thisisin
effect a meta-analysis, but between two identical studies based on two large datasets
with a high degree of commonality in terms of data collection, curation and purpose,
and avoiding the problems of study disparities found in traditional meta-analysis. The
methodological contribution lies in the successful use of a meta-analytic approach to
extend the power achievable by even the largest current primary care database.
Although in practice the combined power of QResearch® and CPRD was sufficient for
the requirements of this research, the method could, in principle, be used to include the

results of many similar data sources.

Triangulation of this kind usefully combines results and delivers better estimates but
must be applied with care. It does not resolve issues arising from underlying data
quality: if the separate studies are prone to a specific shift in estimations from a number
of shared biases, this will result in more precise, but still biased, combined estimates.
This possibility places greater responsibility on researchers designing such studies.
Other limitations may arise from differences in datarecording between the data sources
used, such as exact values versus categorisation, or the amount of detail given.
Although in most cases the effect is likely to be small, it may require slight differences

in modelling, which needs to be considered and fully explained.

In essence, the triangulation technique used was a two-step meta-analytic approach, in
which individual participant data were analysed separately and then combined’s. This
would be the only approach possible if data from some datasets had to be analysed in-
house and were not available to all research groups in a geographically dispersed team.
However, combining data aggregated in thisway does not allow modelling of exposure
risks across all observations. Thiswould restrict the assessment of risks for rarer types

of drugs and the magnitudes of modifying effects of rarer patient characteristics.
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Further development of the triangulation approach could derive from application of a
one-step meta-analytic approach. This would involve the pooling of individual data
while preserving patient clustering within the databases, and might provide not only
even greater power but also improvements in the quality of the findings. The two
approaches have been found to produce similar results, particularly when estimating
associations between a single treatment and outcome’’4. Pooling individual data
would allow analyses to be run across all observations, delivering estimates for rare

types of exposure and adjustments for rare confounders.

Such an approach requires standardisation of the data so that the combined datasets
have the same variables of similar types. Thiswould makeit applicable to designs such
as cohort studies, and to analyses adjusted for baseline confounders and time-dependent
exposures. It might aso facilitate the development of prognostic models. Riley
highlights the complexity and effort required when this approach is applied across a
variety of studies independently undertaken by many separate teams™. Applying this
technique on afew bespoke, effectively identical studies using very large datasets with
a high degree of similarity should, however, significantly improve efficiency and

effectiveness.

Methodological issues

Because observational studies may be subject to various biases, it isimportant to ensure
transparency in the reported findings. General guidelines for observational studies are
listed in the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement and are endorsed by medical journals”™. The STROBE checklist
includesfull descriptions of the dataand analysis, results and limitations of a study, and
further extensions of the statement have been developed for specific types of

observational studies.
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To address specific issues arising from routinely collected data, an international group
of scientists hasintroduced afurther guideline for such studies. the Reporting of Studies
Conducted using Observationa Routinely-Collected Health Data (RECORD)
statement™*. In addition to STROBE items, this deals with misclassification biases and
requires reporting of the complete list of codes and algorithms for population selection
and for outcomes, exposures, confounders and effect modifiers. With respect to data
quality, the statement prompts researchers to describe any filtering, data availability
and linkage. The limitations section must also include discussion of unmeasured
confounding, missing data, changing eligibility over time and misclassification bias, al
of which are associated with routinely collected data. Methodologies for overcoming

these limitations remain analytical challenges requiring further research.
In summary, the following are key issues for researchers:

e When designing observational studies, it is essential to consider all possible biases.
In addition to the practice records, linked data should be used to identify as many
patients with outcomes as are available and to exclude patients with outcomes prior
to the study period. When using a case-control design, it is also important to have
sufficient controls to ensure accurate estimates.

e Asmuch information detail as possible should be retained for confounding factors,
for example by using fractional polynomials to describe complex continuous
variables. All possible issues regarding unmeasured confounders should be
addressed by designing sensitivity or additional analyses. The effect of unobserved
confounders should also be estimated.

e To handle missing values, possible reasons for missing data should be considered.

Potential MAR data should be multiply imputed and the imputation model should
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include the outcome and as many relevant variables as possible. A sensitivity
analysis should also be run to assess the plausibility of the MAR assumption.
Analyses should be run on imputed datasets separately for each database. The
results obtained from all analyses should be combined using the inverse variance
weights method and, after testing the assumption of no heterogeneity, applying the
fixed-effect model.

Where suitable databases are available, using more than one database may be
beneficial, particularly for rare conditions or complex exposures. Appropriate
measures should be taken to test for heterogeneity assumptions. When multiple
databases are used, the results of the separate analyses should be presented along
with the combined findings.

Where more than one database is being used and it is possible to use the individual -
level data together, rather than running separate analyses on the two datasets and
combining the result, it might be beneficial to pool the data and run the combined

analysis across all observations, clustered by database.

Primary care databases in the UK

The overview of the current environment shows the extent to which primary care data

collection has developed in the UK, as well as the growing exploitation of these data

for care and research purposes. The background to these developments has been

complex, and the drivers for them various.

Regional and national primary care databases are defined by their coverage. They

collect as complete a picture as possible of general healthcare in their area of interest,

using data encoded as part of normal clinical practice, with minimal intervention apart

from feedback to contributing practices. The value of these resourcesliesin their ability

to reflect rea-life practice and produce results generalisable across the population
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defined by their coverage. Thelarger they are, the more utility they will havefor studies
of rare diseases, outcomes and drug exposures, or to support investigations into, for

example, more detailed exposure.

Smaller, morelocal databases are usually associated with more focused aims, particul ar
conditions or treatments. Their smaller size facilitates a greater level of intervention in
the collection and curation of datato maximise datacompleteness and accuracy in areas
of specific interest. However, their use is limited to in-depth studies of commoner
conditions, where more detailed data, sometimes augmented by data directly input by

patients, are optimal.

Between database types, there does not appear to be a*better’ or ‘best’ approach. Small
specialised databases will continue to be most appropriate for specific research
problems. Through incremental growth and continual improvements to the range and
quality of data stored, regional and national databases can and will provide sound bases
for studies involving rarer conditions and rarer treatments or where outcomes for a

population are required.

Developments in database content

The existing Read 2 coding used in QResearch® and CPRD has a number of internal
problems. Parts of the vocabulary are full and some terms are inaccurate. Most
importantly, however, the system is not used in hospitals. Electronic patient data are
recorded and shared across all care settings, so aconsistent coding system would clearly
be beneficial. It would decrease the effort required to enter information, eliminate the
need for recoding, reduce risks of error when linking or pooling data, and make coding

askill transferable across the care environment.
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Fortunately, a new system to replace al versions of Read code usage and vocabularies
is planned for adoption by the entire health system by 2020. Systematized
Nomenclature of Medicine — Clinical Terms (SNOMED CT®) is an internationally
developed hierarchical coding system, which will reduce the need to augment coding
with free text®. The system will integrate the NHS Dictionary of Medicines and
Devices, and for the first time provide a link between clinical information and
prescribing data. The UK Terminology Centre already provides presentations and

webinars (http://systems.hscic.gov.uk/data/uktc/training) and other information on

SNOMED CT. Theintroduction of SNOMED CT, the provision of appropriate system
interfaces for different medical settings, and consistent staff training could bring about

major improvements in data completeness and accuracy.

Thismight also facilitate other devel opments. Some information about events occurring
outside of genera practices, such as prescriptions issued, is currently unavailable to
researchers, and it is also impossible to know whether a patient actually uses any issued
prescription. Links to prescribing information in hospitals and clinics and to drug
issuing information from pharmacies would be valuable steps toward the completeness
of primary care data and would facilitate more accurate estimates of drug use, safety

and effectiveness.

The current lack of, or failure to regularly update, some personal and health-related
patient characteristics important to research also impacts on the utility of large primary
care databases that rely on the quality of routine recording in general practice and other
primary care settings. Common information gaps important for research use include

changing or fluctuating measures such as smoking status, weight and blood pressure.

Currently, personal and lifestyle information is most likely to be recorded only when a

patient joins apractice or when adoctor is assessing risks associated with, for example,
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smoking or BMI. Thisweakness could be largely eliminated by regular annual or more
frequent visitsfor al registered patients. Currently, cost and other pressures might make
this unwelcome but, as part of a wider preventative medicine initiative, it could prove

very valuable.

Improvements in the completeness and quality of primary care data might also be
effected through patient online access to practice medica records

(http://www.hscic.gov.uk/pomi). The NHS has introduced an indicator to assess the

availability of booking, ordering of repeat prescriptions and access to medical records
online. It might be useful to allow patients also to check and challenge records, or to
enter structured information about other persona characteristics, such as education,
occupation, physical and emotional state (stressor lack of sleep), physical activity, diet,
compliance with currently prescribed medicine, and use of unprescribed medications
or remedies. Information about actual use of prescribed or other drugs, if ever recorded,
isalso not coherently organised, and allowing patients to enter, review and update such
information might over time help to improve the completeness of primary care data

available for research.

Database development and strategy
In 2013, the national care.data programme wasinitiated by the NHS and the Health and
Socia Care Information Centre to create a central database linking anonymised health

and socia care records (www.england.nhs.uk/ourwork/tsd/care-datal). This project

caused extensive debate about data security and the need for further development of
data security standards’’. In July 2016, the NHS closed the project. The problems could
have been anticipated, especially in a country where the privacy of heathcare records
has long been a cornerstone of many individuals value systems. The Internet has

created an environment in which state- and private-sector intrusiveness into personal
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datais a matter of political debate, fuelled by regular, well-publicised *hacking’ events
involving supposedly secure government and private-sector systems. Any national
system for the systematic universal collection of personal dataistherefore likely to fail

because of political and privacy issues.

Given the size and complexity of the environment and the growing competition for
resources, overall improvements for researchers requiring large-scale data resources
will, therefore, probably best be delivered by initiatives to enrich the existing different
resources, especially with regard to the range and quality of data stored, to make them
more complementary. This thesis demonstrates the feasibility of using triangulation to
exploit multiple resourcesin the pursuit of asingle study topic. Developmentsin coding
consistency and recording practice, like those outlined above, might be used to increase
the inter-operability of different data sources. An environment in which research teams
could use multiple similarly-constructed databases to achieve high levels of coverage
from different care locations across the whole or any part of the UK would be a major
advance, facilitating very large studies with the power to investigate problems where

data sparsity or consistency currently remains an issue.

Such multi-database studies might mitigate unevenness of coverage, between England
and other parts of the United Kingdom, and possibly also across more remote areas.
The current national nature of hospital recordsis a particular problem, resulting in the
absence of linkages to any equivalents for English HES data in Scotland and Wales.
Initiatives to address this would clearly be advantageous. However, this may not be

politically or economically feasible at the current time.
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Conclusion

Observational studies using data from routinely-collected large-scale primary care
information sources can deliver useful contributions to clinical epidemiological areas
such as drug safety and disease risk factors. They provide the benefit of enabling real-
life outcomes of normal clinical practice in the general population to be assessed, and
may include rare or slowly-developing conditions, or analysis of treatments at the level

of drug type, different exposure terms or drug regimes.

The submitted work and extended abstract also show the progress possible when
emerging/developing methodologies are applied to address problems associated with
such datasources. The abstract uses the experience gained to provide recommendations
to researchers wishing to use such resources, and to make observations about
improvements to their content and possible developments in primary care data

resources.

The benefits of a novel use of a meta-analytic technique to combine results from two
very similar large databases to increase statistical power and the quality of findings
have been demonstrated. Triangulation between the results of separate identical studies
on similar data sources has significant advantages over more traditional meta-analyses,
in which the incorporated studies and datasets are often very disparate. Possible further

development of the approach has also been mooted.
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CLINICAL-ALIMENTARY TRACT

Risk of Colorectal Cancer in Patients Prescribed Statins, Nonsteroidal
Anti-Inflammatory Drugs, and Cyclooxygenase-2 Inhibitors: Nested

Case-Control Study

YANA VINOGRADOVA,* JULIA HIPPISLEY-COX,* CAROL COUPLAND,* and RICHARD F. LOGAN*

*Division of Primary Care, University of Nottingham, and *Division of Epidemiology and Public Health, University of Nottingham, Nottingham, United Kingdom

Background & Aims: Several studies suggest that
statins prevent some cancers, with one study finding a
47% reduction in colorectal cancer risk after =5 years
of regular use. Methods: A nested case-control study
was conducted within 454 general practices in the
United Kingdom using the QRESEARCH database.
Cases with colorectal cancer were diagnosed between
1995 and 2005. The effects of statins, nonsteroidal
anti-inflammatory drugs, cyclooxygenase-2 inhibi-
tors, and aspirin on colorectal cancer were estimated
with conditional logistic regression adjusted for mor-
bidity, smoking status, body mass index, and socio-
economic status. Results: We analyzed 5686 cases
and 24,982 matched controls with =4 years of
records. The adjusted odds ratio for colorectal cancer
associated with any statin prescription was 0.93 (95%
confidence interval: 0.83-1.04), with no trend in du-
ration of use or number of prescriptions. For any
nonsteroidal anti-inflammatory drug prescription the
adjusted odds ratio was 0.94 (95% confidence interval:
0.88-1.00), with a significant decrease in risk with in-
creasing number of prescriptions and an adjusted odds
ratio of 0.76 (0.60-0.95) for =25 prescriptions. Pro-
longed use of cyclooxygenase-2 inhibitors was minimal,
but for those receiving =25 prescriptions the adjusted
odds ratio was 0.34 (0.14-0.85). Results were similar in
the subset of participants with =8 years of records;
the adjusted odds ratio for =61 months of statin
prescriptions was 1.00 (0.67-1.48). Conclusions: In
this large population-based case-control study pro-
longed use of nonsteroidal anti-inflammatory drug
and cyclooxygenase-2 inhibitor was associated with a
reduced colorectal cancer risk, but prolonged statin
use was not.

olorectal cancer is the third most common cancer
worldwide,! and effective chemoprevention agents
would have important implications for public health.
Laboratory data (mostly from studies in rodents) suggest
that statins may be chemoprophylactic against various
types of cancer, including colon? and breast cancers.3*

Statins appear to suppress the growth of cancer cells in
vitro by causing the cells to pause in the G; phase of the
mitotic cycle and by increasing cell death.5 In contrast to
the overwhelming evidence from randomized clinical tri-
als for the beneficial effect of statins in vascular disease,
their effects on the risk of cancer remains unclear.
Greater clarity is obviously needed because statins are
already being used for prolonged periods in large num-
bers of patients also at risk of colorectal cancer.®

Several clinical trials have reported on the risk of
cancer in patients on statins, but generally the results
were equivocal because of inadequate power. Three ran-
domized trials involving statins reported no difference in
the overall incidence of cancers,”® whereas the PROspec-
tive Study of Pravastatin in the Elderly at Risk
(PROSPER) trial, which included more elderly patients,
reported a 46% increased risk of gastrointestinal cancer in
the pravastatin arm.'® A meta-analysis of the various
cardiovascular trials performed to examine the impact of
statins on cancer incidence was recently reported.'! Of
the 26 trials included, only 4 reported specific data on
colorectal cancer incidence. Altogether there were 320
colorectal cancers reported, with no evidence of a reduced
risk in the statin takers. However, only 2 of the 4 trials
lasted >35 years, leaving open the possibility of some
benefit from prolonged statin use.

Several observational cohort studies have also exam-
ined statin use and cancer risk but have been generally
limited by small numbers of participants developing
colorectal cancer and by short duration of statin expo-
sure.!2-15 Nevertheless, a recent case-control study from
Israel reported a 47% reduction in risk of colorectal
cancer in patients reporting statin use of =5 years.1¢

We have undertaken a study to determine the risk of
colorectal cancer in patients prescribed statins by using a

Abbreviations used in this paper: Cl, confidence interval; COX-2,
cyclooxygenase-2; GPRD, General Practice Research Database;
NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio.
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large population-based general practice database. In ad-
dition, we included in the protocol an analysis to deter-
mine the risk of colorectal cancer in patients prescribed
nonsteroidal anti-inflammatory drugs (both traditional
[NSAIDs| and cyclooxygenase-2 [COX-2] inhibitors).
This inclusion was to substantiate previous findings from
British primary care for traditional NSAIDs!71® and to
offer new data on COX-2 inhibitors in the light of recent
colorectal adenoma prevention trials that were termi-
nated because of safety concerns.!920

Materials and Methods
Study Population and Data Source

We conducted the study using general practices in
the United Kingdom contributing to the QRESEARCH
database (http://www.qresearch.org). This is a new clini-
cal database containing the records of almost 8 million
patients ever registered with 454 practices during the past
16 years. The information recorded in the database in-
cludes patient demographics (year of birth, sex, and so-
cioeconomic data associated with postcode area), charac-
teristics (height, weight, smoking status), symptoms,
clinical diagnoses (Read codes), consultations, referrals,
prescribed medication, and results of investigations. Ver-
sion 8 of the QRESEARCH database was used for this
analysis.

The QRESEARCH database has been validated by com-
paring birth rates, death rates, consultation rates, and
prevalence and mortality rates with other data sources,
including the General Household Survey and the General
Practice Research Database (GPRD).2! Correspondence is
good for all of these measures (results available on re-
quest), although in some instances QRESEARCH preva-
lence figures of chronic diseases such as diabetes, hyper-
tension, and stroke are marginally higher than less recent
data.?2 The age-sex structure of the QRESEARCH popu-
lation is similar to that reported in the United Kingdom
2001 census. We have also compared practices taking
part in regional research networks on these and other
measures and found a good correspondence.?? Detailed
analyses have shown good levels of completeness and
consistency.?* The database has been used for studies
that investigate effects of NSAIDs?%2¢ and statin.?” The
diagnosis of cancer in primary care databases was found
to be sufficiently reliable to allow analysis of cancer risk
in relation to the prescribing of calcium channel block-
ers.28

Cobort Definition

Our study period for this analysis was the 10 years
between January 1, 1995 and July 31, 2005 (the date of
the most recent download available at the time of the
study). We identified an open cohort of patients regis-
tered on or after January 1, 1995. Our left censor date was
the latest of the patients’ registration date or January 1,
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1995. Our right censor date was the earliest of the dates
on which they developed colorectal cancer, died, left the
practice, or the study period ended.

Cases of colorectal cancer were identified on the basis
of a first-time computer-recorded diagnosis of colorectal
cancer during the 10-year study period. Patients with a
recorded malignancy before the study period were ex-
cluded.

We determined the crude incidence rate of colorectal
cancer for men and women and compared this to na-
tional incidence data as part of our validation processes.

Cancer Cases and Controls

We assembled matched case-control sets in which
cases were all patients with an incident colorectal cancer
during the 10-year study period. With the use of inci-
dence density sampling, we matched up to 5 controls to
each case by age (within a year), calendar time, sex, and
practice. All controls were alive and registered with the
practice and free of colorectal cancer at the time their
matched case was diagnosed. We derived an index date
for each control which corresponded to the first recorded
date of diagnosis of colorectal cancer in the matched
case.

Assessment of Exposure

We restricted the main statistical analyses to sub-
jects with =4 years of records available before their index
date. We reviewed the medical history and extracted data
on prescribed medications before the index date for each
set of cases and controls.

For the analyses, a patient was assumed to be exposed
to a drug if the patient had received =1 prescription for
that drug in the 13 to 48 months before his or her index
date. We ignored prescriptions issued in the 12 months
immediately preceding the date of diagnosis of colorectal
cancer or the equivalent date in controls. This was done
to minimize issues of reverse causality; for example, pa-
tients with prodromal symptoms could consult in the
year before diagnosis and have a serum cholesterol mea-
surement as part of a general screening procedure and
hence be prescribed statins as a result.

We grouped the drugs as follows: statins (atorvastatin,
cerivastatin, fluvastatin, pravastatin, and simvastatin),
NSAIDs (ibuprofen, diclofenac, naproxen, and other
nonselective NSAIDs), COX-2 inhibitors (meloxicam,
celecoxib, rofecoxib, etoricoxib, etodolac, valdecoxib), and
aspirin. Apart from ibuprofen and aspirin, none of these
drugs was available without prescription during the
study period.

For each statin, we identified each prescription issued
during the 13-48 months before the index date, then
extracted dose and duration in days for each statin pre-
scription. We estimated the cumulative duration in days
for all statin prescriptions during the 13- to 48-month
interval and converted the duration to months, assuming
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that 12 months were equivalent to 365 days. Because
prescribing of the other drugs under analysis was less
continuous and recommended dosage was more vari-
able, we restricted our calculations of duration of ex-
posure to number of prescriptions for these drugs.
General practitioners in the United Kingdom issue
patients with sufficient drugs to last =1 calendar
month, so one prescription is approximately equiva-
lent to 1 month of treatment. We grouped the number
of prescriptions in the last 13-48 months as only 1
prescription, 2-12; 13-24, and =25 prescriptions.

For our primary exposure of interest (statins), we also
conducted analyses for each individual type of statin
medication. For the analyses of interactions between
drugs, we considered statins to have been prescribed at
the same time as NSAIDs or COX-2 inhibitors if the
drugs were prescribed within 90 days of each other.

Confounding Variables

We considered smoking and obesity to be possible
confounding factors for colorectal cancer.! We also took
account of the following morbidities if they were diag-
nosed =13 months before the index date: ulcerative co-
litis, diabetes, ischemic heart disease with and without a
history of myocardial infarction, hypertension, stroke,
rheumatoid arthritis, and osteoarthritis. We adjusted for
socioeconomic status with the Townsend deprivation
score based on 2001 postcode-related census data. This is
an area-level composite score based on unemployment,
overcrowding, lack of home ownership, and lack of car
ownership, and it is strongly related to morbidity.2°
Higher scores indicate greater levels of material depriva-
tion.

Statistical Analysis

We estimated the odds ratio of colorectal cancer
for each drug group using conditional logistic regression
analysis for individually matched case-control studies.
The odds ratios (ORs) and 95% confidence intervals (Cls)
were adjusted for possible confounding effects of mor-
bidity (as listed previously), smoking status (smoker, not
smoker, not recorded), body mass index (calculated as
weight in kilograms divided by the square of height in
meters [kg/m?]; <25, 25 to 29.9, =30, not recorded),
socioeconomic status (in fifths), and use of the other
drug groups (statins, any traditional NSAID, any COX-2
inhibitor, and aspirin).

We undertook tests for trend across the number of
prescriptions and the duration of statin use, using ordi-
nal variables and examining the significance of the coef-
ficients with adjusted Wald’s tests. We tested for interac-
tions between statins and NSAIDs and statins and
COX-2 inhibitors. We preselected a P value of .01 as
indicating statistical significance, to take account of the
size of the dataset and the potential for multiple com-
parisons. All P values are two-sided.
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Additional Analyses

We repeated the analysis, restricting it to patients
with =8 years of complete prescribing data. In this anal-
ysis we grouped the number of prescriptions in the past
13-96 months as only 1 prescription; 2-12; 13-24; 25-36;
37-48; =49. The duration of statin use was grouped as
none, =12 months, 13-24 months, 25-36 months, 37-48
months, 49-60 months, and =61. We also conducted
analyses restricted to patients with complete data for
smoking status, body mass index, and deprivation.

The study was approved by the Trent Multicentre Eth-
ics committee and the QRESEARCH Scientific Advisory
Board. The study had no external funding and was con-
ducted independently of the pharmaceutical industry.

Results

The total number of patients included in the
cohort was 1,896,944 patients registered within a total of
454 practices. We identified 9694 incident cases of colo-
rectal cancer between January 1995 and July 2005 arising
from 8,823,664 person-years of observation. The crude
incidence rate of colorectal cancer was 49.8 per 100,000
person years (56.1 in men and 43.6 in women). In com-
parison colorectal cancer in 2003 in the United Kingdom
has been reported as 62.3 per 100,000 in men and 49.5
per 100,000 in women.3® Of the 9694 cases of incident
colorectal cancer, 5686 cases, matched to 24,982 controls,
had a minimum of 4 years of registration with that
general practice.

Baseline Characteristics

Table 1 shows the baseline characteristics of cases
with colorectal cancer and their matched controls: 3181
of the colorectal cancer patients were men (55.9%); and
their median age at diagnosis was 72 years (interquartile
range: 64-79). Of the cases, 3460 (60.9%) had colon
cancer and 2226 (39.1%) had rectal cancer.

An average of 4.4 controls was identified for each case.
The median number of months of prior data for both
case and control groups was 88 months (interquartile
range: 66-117). Cases and controls had similar patterns
of comorbidity except for a higher prevalence of diabetes
(8.7% cases vs 6.8% controls) and colitis (1% cases vs 0.6%
controls) in cases and a lower prevalence of rheumatoid
arthritis (0.9% cases vs 1.4% controls). The baseline char-
acteristics for the subset of 2425 cases and 9706 matched
controls with =8 years of medical records were similar to
the sample with =4 years of records (data available from
the authors).

Use of Statins

Table 2 shows the frequencies and ORs for use of
statins in cases and controls, by duration of prescriptions
in months, and the number of prescriptions in the pre-
vious 13-48 months. Ninety-five percent of cases and of
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Table 1. Characteristics of Cases and Matched Controls with =4 Years of Records and Odds Ratios for the Variables

Odds ratios
Characteristics Cases n = 5686 Controls n = 24,982 (95% confidence interval)?

Men, n (%) 3181 (55.9) 14,014 (56.1)

Females, n (%) 2505 (44.1) 10,968 (43.9)

Age group
<55y, n (%) 522 (9.2) 2128 (8.5)
55-64y, n (%) 1007 (17.7) 4412 (17.7)
65-74y, n (%) 1818 (32.0) 8103 (32.4)
75-84y, n (%) 1867 (32.8) 8340 (33.4)
=85y, n (%) 472 (8.3) 1999 (8.0)

Deprivation
Townsend score, median (interquartile range) —1.26 (—3.05, 1.57) —1.43(—3.16, 1.46)
Townsend quintile 1 most affluent, n (%) 1302 (22.9) 5945 (23.8) 1.00
Townsend quintile 2, n (%) 1208 (21.3) 5495 (22.0) 1.01 (0.92-1.10)
Townsend quintile 3, n (%) 1163 (20.5) 4788 (19.2) 1.11 (1.02-1.22)
Townsend quintile 4, n (%) 946 (16.6) 4070 (16.3) 1.07 (0.97-1.18)
Townsend quintile 5 most deprived, n (%) 899 (15.8) 3753 (15.0) 1.10 (0.98-1.23)
Townsend quintile missing, n (%) 168 (3.0) 931 (3.7)

Body mass index
<25 kg/m2, n (%) 1686 (29.7) 6928 (27.7) 1.00
25-29.9 kg/m2, n (%) 1835 (32.3) 7687 (30.8) 0.99 (0.92-1.07)
=30 kg/m2, n (%) 839 (14.8) 3581 (14.3) 0.95 (0.87-1.05)
Not recorded, n (%) 1326 (23.3) 6786 (27.2)

Smoking status
Nonsmoker, n (%) 3845 (67.6) 16,212 (64.9) 1.00
Smoker, n (%) 985 (17.3) 4060 (16.3) 1.02 (0.95-1.11)
Smoking status not recorded, n (%) 856 (15.1) 4710 (18.9)

Morbidity
Ischemic heart disease

No myocardial infarction, n (%) 488 (8.6) 2067 (8.3) 1.01 (0.90-1.14)
Myocardial infarction, n (%) 271 (4.8) 1313 (5.3) 0.90 (0.78-1.05)

Diabetes, n (%) 493 (8.7) 1697 (6.8) 1.26 (1.13-1.41)
Hypertension, n (%) 1716 (30.2) 7312 (29.3) 1.01 (0.94-1.08)
Osteoarthritis, n (%) 684 (12.0) 3033 (12.1) 0.99 (0.90-1.09)
Colitis, n (%) 57 (1.0) 145 (0.6) 1.70 (1.25-2.32)
Rheumatoid arthritis, n (%) 52 (0.9) 353 (1.4) 0.65 (0.48-0.87)
Stroke, n (%) 306 (5.4) 1292 (5.2) 1.04 (0.91-1.19)

a0dds ratios for the model which includes smoking, obesity, deprivation, morbidity (diabetes, ischemic heart disease, hypertension, stroke,
rheumatoid arthritis, and osteoarthritis) and use of any statin, any cyclooxygenase-2 inhibitor, any nonsteroidal anti-inflammatory drug, aspirin.

controls who were prescribed statins for >24 months in
this period continued to use them in the 12 months
before the index date. The majority of statin use was
continuous: 90% of cases and controls who had >1 statin
prescription in the previous 13-48 months had no break
in prescribing of >3 months and 96% of cases and con-
trols had no break of >6 months. No statistically signif-
icant trends were observed in the adjusted ORs associated
with either the duration or the number of statin prescrip-
tions (Figure 1). Although the upper 95% CI for a single
statin prescription is less than unity, the P value of .04 is
not considered statistically significant.

Table 2 also shows the frequencies and ORs for use of
statins in the subgroup with =8 years of records avail-
able. The adjusted ORs for any use of statins was 0.94
(95% CI: 0.79-1.11), and no significant associations were
observed with the duration of use or the number of
prescriptions.

The statins most frequently prescribed were atorvasta-
tin (4.4% of cases and 3.8% of controls) and simvastatin

(5.0% of cases and 5.7% of controls) with <1% of cases
and controls having prescriptions for other statins (cer-
ivastatin, fluvastatin, and pravastatin) (Table 3).

We found some variation in the ORs for colorectal
cancer associated with individual statins. In the unad-
justed analysis, any use of atorvastatin or cerivastatin was
associated with increased ORs for colorectal cancer, al-
though these did not reach the 0.01 significance level
before or after adjustment. Although any use of simva-
statin, after adjustment for confounders, including use of
other statins, was associated with a 17% decrease in can-
cer risk (adjusted OR: 0.83; 95% CI: 0.72-0.96; P = .013),
no significant trend was observed with the number of
simvastatin prescriptions.

Use of NSAIDs, COX-2 Inhibitors, and

Aspirin

Table 4 show the frequencies and the ORs for
COX-2 inhibitors, traditional NSAIDs, and aspirin use by
the number of prescriptions for these medications in the
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Table 2. Use of Statins Before Index Date in Cases and Controls
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Unadjusted odds ratio

Adjusted odds ratio?

Cases n (%) Controls n (%) (95% Cl) (95% Cl) Pa

Use in 13-48 mo?

Any statin 538 (9.5) 2424 (9.7) 0.99 (0.89-1.09) 0.93(0.83-1.04) 22
Duration in 13-48 mo?

None 5148 (90.5) 22,558 (90.3) 1.00 1.00 .69¢

1-12 mo 183 (3.2) 911 (3.6) 0.90 (0.76-1.06) 0.84 (0.71-1.00)

13-24 mo 122 (2.1) 526 (2.1) 1.04 (0.85-1.27) 0.99 (0.80-1.22)

25+ mo 233 (4.1) 987 (4.0) 1.04 (0.90-1.21) 0.99 (0.84-1.16)
No. prescriptions in 13-48 mo®

None 5148 (90.5) 22,558 (90.3) 1.00 1.00 .99¢

1 2(0.6) 189 (0.8) 0.74(0.51-1.08) 0.67 (0.46-0.98)

2-12 206 (3.6) 1007 (4.0) 0.91 (0.78-1.07) 0.85(0.72-1.01)

13-24 170 (3.0) 726 (2.9) 1.05 (0.88-1.24) 1.01(0.84-1.21)

25+ 130 (2.3) 502 (2.0) 1.15 (0.94-1.40) 1.13(0.91-1.41)
Use in 13-96 mo?

Any statin 302 (12.5) 1220 (12.6) 1.01(0.87-1.16) 0.94 (0.79-1.11) A4
Duration in 13-96 mo?

None 2123 (87.5) 8486 (87.4) 1.00 1.00 44¢

1-12 mo 115 (4.7) 440 (4.5) 1.06 (0.85-1.31) 0.98 (0.78-1.23)

13-24 mo 60 (2.5) 259 (2.7) 0.96 (0.72-1.28) 0.90 (0.67-1.22)

25-36 mo 43 (1.8) 167 (1.7) 1.05 (0.75-1.48) 0.97 (0.68-1.39)

37-48 mo 27 (1.1) 124 (1.3) 0.87 (0.57-1.34) 0.82(0.53-1.27)

49-60 mo 22 (0.9) 98 (1.0) 0.90 (0.56-1.44) 0.83(0.51-1.35)

61+ mo 35 (1.4) 132 (1.4) 1.07 (0.73-1.57) 1.00 (0.67-1.48)
No. of prescriptions in 13-96 mo?

None 2123 (87.5) 8486 (87.4) 1.00 1.00 .63¢

1 23(0.9) 97 (1.0) 0.99 (0.63-1.57) 0.87 (0.55-1.40)

2-12 122 (5.0) 469 (4.8) 1.06 (0.86-1.31) 1.00 (0.80-1.25)

13-24 58 (2.4) 271 (2.8) 0.87 (0.65-1.16) 0.81 (0.59-1.10)

25-36 46 (1.9) 176 (1.8) 1.05 (0.75-1.48) 0.97 (0.68-1.38)

37-48 22 (0.9) 96 (1.0) 0.95 (0.60-1.52) 0.88 (0.55-1.43)

49+ 31(1.3) 111 (1.1) 1.11 (0.73-1.67) 1.11(0.72-1.72)

aAdjusted for smoking, obesity, deprivation, morbidity (diabetes, ischemic heart disease, hypertension, stroke, colitis, rheumatoid arthritis, and

osteoarthritis), use of the other medications (number of prescriptions).

bCases (n = 5686) and controls (n = 24,982).
‘Trend test.
dCases (n = 2425) and controls (n = 9706).

previous 13-48 and 13-96 months. Patients receiving
=25 prescriptions for traditional NSAIDs in the past
13- 48 months had a lower risk of colorectal cancer than
patients not prescribed NSAIDs (adjusted OR: 0.76; 95%
CI: 0.60-0.95), and the test for trend was highly signifi-
cant (Table 4; Figure 1). In this group receiving =25
NSAID prescriptions in the past 13-48 months 77% of
cases and 80% of controls continued to use these drugs in
the 12 months before the index date. A significant de-
crease in risk was observed in patients who had =25
prescriptions of COX-2 inhibitors in the past 13-48
months (adjusted OR: 0.34; 95% CI: 0.14-0.85) com-
pared with patients not prescribed COX-2 inhibitors,
although the test for trend was not statistically signifi-
cant. In the group receiving =25 COX-2 inhibitor pre-
scriptions in the 13-49 months before the index date
100% of cases and 91% of controls also received COX-2
inhibitor prescriptions in the 12 months before the index
date. For aspirin use, for which 70% of prescriptions were
for =75 mg/day, about a 10% reduction was observed in

risk associated with =13 prescriptions in the past 13-48
months, but the trend was not significant. In the group
with =25 aspirin prescriptions, most continued to take
aspirin in the year before the index date (95% of cases and
90% of controls).

The adjusted OR for use of any traditional NSAID
in the past 13-96 months was 0.91 (95% CI: 0.83-1.00),
with longer use showing a more protective effect (P for
trend = 0.001) (Figure 2). For aspirin use about a 10% to
15% reduction in risk associated with =37 prescriptions
was observed in the past 13-96 months, but the trend
was not significant. For this analysis it is important to
note that COX-2 inhibitors were not in use for the first 5
years of the study period. No significant interactions were
observed between any of the drug groups (statins,
NSAIDs, and COX-2 inhibitors).

We repeated all of the above analyses separately for
colon and rectal cancers and found similar results for the
separate diagnoses. We also repeated the analyses, restrict-
ing them to cases and controls with complete data on
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Figure 1. Number of prescriptions for the different drugs in 13-48
months before the index date and adjusted odds ratios for colorectal
cancer.

smoking, body mass index, and deprivation (71% of cases
and 54% of controls) and restricting them to patients aged
=65 years, and obtained similar results for all groups of
drugs and individual types of statins. Finally, to check on
the possibility of confounding by hyperlipidemia as the
indication for statin use, we included a variable for this

GASTROENTEROLOGY Vol. 133, No. 2

diagnosis (recorded in 4.9% of cases and 4.8% of controls)
and found our results were essentially unchanged.

Discussion

This is a large population-based study designed to
determine the association between the use of statins and
development of colorectal cancer. Although we were able to
confirm previous protective associations between colorectal
cancer and traditional NSAIDs, we were unable to confirm
the large reduction in colorectal cancer risk with prolonged
statin use reported in the recent case-control study from
Israel.'® However, equally, it also provides reassurance that
statins as a class do not increase the risk of colon cancer, a
concern raised within the PROSPER pravastatin trial.°

In contrast to our findings on statin use, prolonged
use of NSAIDs was associated with a =25% reduction in
colorectal cancer risk, similar to that found in a previous
case-control study of colorectal cancer using another
British primary care database, GPRD.'8 In that study the
adjusted OR for colorectal cancer among patients using
traditional NSAIDs for >2 years was 0.66 (95% CI: 0.40-
0.80), which is similar to our value of 0.76 (95% CIL:
0.60-0.95) for =25 prescriptions of NSAIDs in the past
13-48 months. Other established risk factors (such as
diabetes and ulcerative colitis) also showed a positive

Table 3. Use of Individual Statins in 13—48 Months Before the Index Date in 5686 Cases and 24,982 Controls

Unadjusted odds ratio Adjusted odds ratio?

Cases n (%) Controls n (%) (95% ClI) (95% ClI) P2

Atorvastatin 250 (4.4) 954 (3.8) 1.19 (1.02-1.38) 1.11 (0.95-1.30) A7
Simvastatin 287 (5.0) 1420 (5.7) 0.88 (0.77-1.01) 0.83(0.72-0.96) .013
Pravastatin 27 (0.5) 136 (0.5) 0.90 (0.59-1.37) 0.84 (0.55-1.28) 41
Fluvastatin 44 (0.8) 150 (0.6) 1.35(0.95-1.91) 1.21 (0.85-1.74) .29
Cerivastatin 56 (1.0) 179 (0.7) 1.40(1.03-1.91) 1.34 (0.97-1.86) .07
Duration of atorvastatin use

None 5436 (95.6) 24,028 (96.2) 1.00 1.00 .14b

1-12 mo 111 (1.6) 452 (1.8) 1.12 (0.90-1.38) 1.07 (0.85-1.33)

13-24 mo 60 (1.1) 223(0.9) 1.20 (0.90-1.61) 1.13(0.84-1.53)

25+ mo 79 (1.4) 279 (1.1) 1.29 (1.00-1.67) 1.20 (0.92-1.56)
Duration of simvastatin use

None 5399 (95.0) 23,562 (94.3) 1.00 1.00 .07°

1-12 mo 119( 1) 586 (2.4) 0.89 (0.73-1.09) 0.82(0.66-1.01)

13-24 mo 6 (1.0) 317 (1.3) 0.78 (0.58-1.04) 0.73 (0.54-0.98)

25+ mo 112 (2.0) 517 (2.1) 0.94 (0.76-1.16) 0.92(0.74-1.15)
No. of prescriptions for atorvastatin

None 5436 (95.6) 24,028 (96.2) 1.00 1.00 100

1 6 (0.3) 99 (0.4) 0.72(0.42-1.22) 0.66 (0.39-1.14)

2-12 122 (2.1) 457 (1.8) 1.21 (0.98-1.49) 1.14 (0.92-1.42)

13-24 4 (1.3) 248 (1.0) 1.36 (1.04-1.77) 1.28 (0.97-1.69)

25+ 8 (0.7) 150 (0.6) 1.16 (0.80-1.67) 1.13(0.78-1.65)
No. of prescriptions for simvastatin

None 5399 (95.0) 23,562 (94.3) 1.00 1.00 116

1 4 (0.4) 138 (0.6) 0.75(0.48-1.15) 0.67 (0.43-1.04)

2-12 127 (2.2) 631 (2.5) 0.89 (0.73-1.08) 0.82(0.67-1.01)

13-24 0(1.2) 415 (1.7) 0.74 (0.57-0.96) 0.73 (0.56-0.95)

25+ 6 (1.2) 236 (0.9) 1.20(0.91-1.59) 1.22(0.91-1.64)

aAdjusted for smoking, obesity, deprivation, morbidity (diabetes, ischemic heart disease, hypertension, stroke, colitis, rheumatoid arthritis, and

osteoarthritis), use of nonsteroidal anti-inflammatory drug, cyclooxygenase-2, aspirin, and the other statins.

bTrend test.
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Table 4. Use of Anti-Inflammatory Medication Before the Index Date
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Unadjusted odds ratio

Adjusted odds ratio?

Cases (%) Controls (%) (95% ClI) (95% ClI) Pa
Use in 13-48 mo?
Any COX-2 263 (4.6) 1101 (4.4) 1.05(0.91-1.21) 1.07 (0.92-1.24) 37
Any NSAID 1871 (32.9) 8460 (33.9) 0.96 (0.90-1.02) 0.94 (0.88-1.00) .048
Aspirin 1226 (21.6) 5369 (21.5) 1.01 (0.94-1.09) 0.99 (0.90-1.08) .79
No. of COX-2 prescriptions in 13-48 mo®
None 5423 (95.4) 23,881 (95.6) 1.00 1.00 .88¢
1 118 (2.1) 444 (1.8) 1.18 (0.96-1.45) 1.20(0.97-1.48)
2-12 117 (2.1) 487 (1.9) 1.06 (0.86-1.31) 1.09 (0.88-1.35)
13-24 3(0.4) 103 (0.4) 0.93(0.59-1.48) 1.01 (0.64-1.61)
25+ 5(0.1) 67 (0.3) 0.33(0.13-0.83) 0.34 (0.14-0.85)
No. of NSAID prescriptions in 13-48 mo”
None 3815 (67.1) 16,522 (66.1) 1.00 1.00 .001¢
1 765 (13.5) 3130 (12.5) 1.06 (0.97-1.15) 1.02 (0.94-1.12)
2-12 864 (15.2) 3992 (16.0) 0.94 (0.87-1.02) 0.91 (0.84-0.99)
13-24 151( 7) 822(3.3) 0.80 (0.67-0.96) 0.78 (0.65-0.94)
25+ 1(1.6) 516 (2.1) 0.76 (0.61-0.96) 0.76 (0.60-0.95)
No. of aspirin prescriptions in 13-48 mo®
None 4460 (78.4) 19,613 (78.5) 1.00 1.00 .19¢
1 132 (2.3) 494 (2.0) 1.17 (0.96-1.42) 1.17 (0.96-1.43)
2-12 541 (9.5) 2281 (9.1) 1.06 (0.96-1.17) 1.03(0.92-1.16)
13-24 334 (5.9) 1563 (6.3) 0.95 (0.83-1.07) 0.91 (0.79-1.05)
25+ 219(3.9) 1031 (4.1) 0.94 (0.80-1.10) 0.88 (0.74-1.05)
Use of medications in 13-96 mo¢
Any NSAID 1211 (49.9) 4989 (51.4) 0.94 (0.86-1.03) 0.91 (0.83-1.00) .06
Aspirin 636 (26.2) 2529 (26.1) 1.03(0.92-1.14) 0.98 (0.86-1.12) 77
No. of NSAID prescriptions in 13-96 mo¢
None 1214 (50.1) 4717 (48.6) 1.00 1.00 .001¢
1 377 (15.5) 1456 (15.0) 1.00 (0.88-1.14) 0.97 (0.85-1.10)
2-12 639 (26.4) 2513 (25.9) 0.98 (0.88-1.09) 0.94 (0.84-1.05)
13-24 93(3.8) 422 (4.3) 0.86 (0.68-1.09) 0.83 (0.65-1.06)
25-36 46 (1.9) 243 (2.5) 0.74 (0.54-1.02) 0.73(0.52-1.01)
37-48 21 (0.9) 159 (1.6) 0.50 (0.31-0.79) 0.48 (0.30-0.77)
49+ 35(1.4) 196 (2.0) 0.69 (0.48-1.00) 0.69 (0.48-1.00)
No. of aspirin prescriptions in 13-96 mo¢
None 1789 (73.8) 7177 (73.9) 1.00 1.00 A47¢
1 2(3.0) 273(2.8) 1.07 (0.82-1.40) 1.03(0.79-1.36)
2-12 190( 8) 782 (8.1) 1.01 (0.85-1.20) 0.95(0.79-1.14)
13-24 149 (6.1) 539 (5.6) 1.11(0.91-1.34) 1.06 (0.86-1.31)
25-36 4 (3.9) 361 (3.7) 1.07 (0.84-1.36) 1.01(0.78-1.32)
37-48 4 (2.2) 237 (2.4) 0.95 (0.70-1.29) 0.91 (0.66-1.26)
49+ 7(3.2) 337 (3.5) 0.90 (0.69-1.17) 0.85(0.63-1.14)

aAdjusted for smoking, obesity, deprivation, morbidity (diabetes, ischemic heart disease, hypertension, stroke, colitis, rheumatoid arthritis, and

osteoarthritis), use of the other medications (number of prescriptions).

bCases (n = 5686) and controls (n = 24,982).
‘Trend test.
dCases (n = 2425) and controls (n = 9706).

association with colorectal cancer in our study as re-
ported elsewhere.! Like the GPRD study, we found
around a 10% reduction in risk associated with prolonged
aspirin use (=13 prescriptions in the past 13-48
months), which was not statistically significant. Other
studies have suggested that the benefit as a result of
aspirin may take more than a decade to accrue3! and
requires a dose >75 mg daily, which is likely to explain
our findings in this context.

We also found some evidence that prolonged use of
COX-2 inhibitors was associated with a significantly re-
duced risk of colorectal cancer; we found a 66% reduction

in risk in patients who had =235 prescriptions than pa-
tients who had not been prescribed COX-2 inhibitors.
This is of interest in view of recent trials with celecoxib
which reported a =50% reduction in the occurrence of
advanced adenoma and the overexpression of COX-2 that
was shown in colorectal cancers.2%-32 However, examining
the risk of colorectal cancer in patients taking COX-2
inhibitors was a secondary aim of our study, overall usage
was low, and the test for trend was not significant, so this
finding needs to be interpreted with caution.

Our study has several strengths. It is substantially
larger and has greater statistical power than previous
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Figure 2. Number of prescriptions for the different drugs in 13-96
months before the index date and adjusted odds ratios for colorectal
cancer.

studies.!2-16:33 Because it is based on computer-recorded
prescribing and morbidity data collected prospectively,
we were able to include all patients (including those who
had died) rather than being restricted to a survivor vol-
unteer population as in the study of Poynter et al'¢ in
which only two thirds of eligible cases and half of the
eligible controls were included.

Matching of controls to cases on age, sex, calendar
time, and practice removed confounding by these factors.
Unlike the Israeli study!¢ and a recent Massachusetts
study,?* recall bias for the type and duration of statin and
other drug use is not an issue because information about
the patient and drugs prescribed was recorded on com-
puter before the diagnosis of cancer was made, and so the
information was unaffected by the cancer diagnosis itself.
Any bias from misclassification is likely to be minimal
because recording of clinical diagnoses and prescribed
medication in general practice was shown to have high
levels of accuracy and completeness.33 In addition, statins
were available only on prescription throughout the study
period. The similar results for ibuprofen and aspirin use
in patients aged =65 years, who are entitled to free
prescribed medications and so unlikely to buy them over
the counter, suggest that misclassification of use of these
medications because of over-the-counter purchase is not
an explanation for our findings.

Our study also had some limitations. Information on
certain risk factors for colorectal cancer, such as seden-
tary lifestyle, family history, and diet,! are not recorded
on the database and could not be included in the analy-
sis. No information was available on cancer stage, and
information on how the cancer was treated was incom-
plete. Other factors such as body weight, alcohol intake,
and smoking status are less consistently recorded, be-
cause the general practitioner either does not ask or does
not record the relevant information; hence, there may be
some misclassification for these factors. Some confound-

GASTROENTEROLOGY Vol. 133, No. 2

ing may remain if these factors are also associated with
statin use. Nevertheless, in the study by Poynter et al,'®
which was able to adjust for sports participation, a family
history of colorectal cancer, and level of vegetable con-
sumption, the effect of adjustment was small.

Our incidence rates were slightly lower than national
figures, suggesting possible under-ascertainment of cases.
The under-ascertainment is likely to be due to some
colorectal cancers only being registered at the time of
death which may go unrecorded in the general practitio-
ner records.3® However, making the assumption that the
underrecording rate is =10%, <16 of the 24,982 sampled
controls are likely to be unrecorded cases, a level of
under-ascertainment unlikely to have an influence on our
findings. It is also possible that statin users might be
more likely to have colorectal cancer detected as an indi-
rect consequence of more frequent practice attendance.
Although ignoring statin prescribing in the 12 months
before the diagnosis date will have reduced this bias, it
will not entirely eliminate the possibility of detection
bias.

Although our data contain detailed information on
drug prescriptions, this may not reflect actual use. How-
ever, there is no reason to think that any nonadherence
would systematically differ between cases and controls.
Even though this is the largest study of its kind, there
were only a relatively small number of participants (1.4%
of cases and controls) with =8 years of records and
prolonged exposure to statins. Thus, the 95% CI for the
most prolonged statin use (61+months) is consistent
with both a 33% reduction in colorectal cancer risk as
well as a 48% increase. Nevertheless, there was no hint of
any dose-response relationship with statin use in this
subset or in the full dataset. We also cannot exclude the
possibility that protection from colorectal cancer is con-
fined to a particular statin. In this regard the data for
simvastatin could be interpreted as hinting at some re-
duction in cancer risk. However, we had no prior hypoth-
esis here, and it is notable that there was no indication of
a protective effect specific to simvastatin in previous
case-control studies.16:34

In summary, we have conducted a large population-
based case-control study that examined the effect of
statins on the risk of colorectal cancer and found that,
although prolonged NSAID and COX-2 inhibitor use are
associated with reduced colorectal cancer risk, prolonged
statin use is not.
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1 Abstract

without showing consistent effects.

were no significant associations with any other cancers.

Background: Many studies and meta-analyses have investigated the effects of statins on cancer incidence but

Methods: A series of nested case-control studies was conducted covering 574 UK general practices within the
QResearch database. Cases were patients with primary cancers diagnosed between 1998 and 2008. The
associations between statin use and risk of ten site-specific cancers were estimated with conditional logistic
regression adjusted for co-morbidities, smoking status, socio-economic status, and use of non-steroidal anti-
inflamnmatory drugs, cyclo-oxygenase-2 inhibitors and aspirin.

Results: 88125 cases and 362254 matched controls were analysed. The adjusted odds ratio for any statin use and
cancer at any site were 1.01 (95%Cl 0.99 to 1.04). For haematological malignancies there was a significant reduced
risk associated with any statin use (odds ratio 0.78, 95%Cl 0.71 to 0.86). Prolonged (more than 4 years) use of
statins was associated with a significantly increased risk of colorectal cancer (odds ratio 1.23, 95%Cl 1.10 to 1.38),
bladder cancer (odds ratio 1.29, 95%CI 1.08 to 1.54) and lung cancer (odds ratio 1.18, 95%C| 1.05 to 1.34). There

Conclusion: In this large population-based case-control study, prolonged use of statins was not associated with an
increased risk of cancer at any of the most common sites except for colorectal cancer, bladder cancer and lung
cancer, while there was a reduced risk of haematological malignancies.

2 Background

Multiple randomised controlled trials have demon-
strated the benefits of statins in improving survival for
patients with ischaemic heart disease [1-5] and this has
caused a substantial increase in statin use. While there
are definite benefits from statins in reduction of mortal-
ity in high risk patients, uncertainties remain about
whether statins might increase or decrease the risk of
cancer[6-8]. This is important because statins are pre-
scribed for extended periods to large numbers of
patients.

The effect of long-term statin use is quite complex
because the multiple properties of statins go beyond
lipid lowering. There is evidence that statins increase
endothelial dysfunction [9] and lower inflammatory
markers[10] but it is still not clear whether they may
affect the risk of cancer. Experimental data (primarily

* Correspondence: yana.vinogradova@nottingham.ac.uk
Division of Primary Care, 13" floor, Tower Building, University Park,
Nottingham, NG2 7RD, UK

( BioMVed Central

using rats) have shown both carcinogenicity of statins
[11] and no effect on carcinogenesis[12]. Some studies
performed on human cancer cells in vitro have sug-
gested that statins may be chemo-prophylactic against
various types of cancer including colon[13] and breast
cancer[14,15]. It has also been found that statins may
suppress the growth of cancer cells in vitro by causing
the cells to pause in the G1 phase of the mitotic cycle
[16] and by increasing cell death[17].

There have been many randomised controlled trials of
statins, but cancer has never been a primary outcome.
The numbers of cancer cases have been relatively small
and the duration of the trials too short to detect the
effect of statins on cancer risk. The results from 35 ran-
domised control trials have been summarised in a meta-
analysis[18] reporting no association between statin use
and overall cancer risk. However, the latest published
results of another randomised controlled trial, not
included in the meta-analysis, on the use of a combina-
tion of simvastatin and ezetimibe in patients with aortic

© 2011 Vinogradova et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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stenosis demonstrated an increased risk for any cancer
(105 vs.70, P = 0.01)[19].

A number of observational studies were designed to
assess risk of particular cancers in statin users and the
results have been aggregated in a meta-analysis[7]. How-
ever, only some of the studies reported statin use of
more than 5 years[20]. None of those findings were sta-
tistically significant except for one study reporting a
decreased risk of prostate cancer, but based only on 42
statin users[21]. A recent study of statin use and ten
common cancers[22] found a significantly reduced risk
of haematological malignancies and an increased risk of
endometrial cancer associated with more than 5 years of
statin use.

All studies were smaller than the proposed one, and
they were too dissimilar in their definitions of statin use
to be analysed together: they either studied different
types of statin or statin types were not specified. They
also had differing lengths of intervention or follow-up,
and included different confounding factors in their
analyses.

Given the uncertainty regarding risk of cancer in asso-
ciation with statin usage, we designed a study to deter-
mine the risk for the most common incident cancers
associated with taking statins including for prolonged
periods using a very large population-based research
database QRESEARCH. The size of the study has
enabled us to adjust for use of other drugs and many
potential confounding factors.

3 Methods
3.1 Study design, data source and population
We conducted a series of nested case control studies
within a cohort of patients registered with practices in the
UK contributing to the QRESEARCH database (version
20). The QResearch database (http://www.qresearch.org)
is one of the largest general practice databases containing
anonymised clinical records for over 11 million patients
registered with 574 UK general practices. The information
recorded on the database includes patient demographics
(year of birth, sex, socio-demographic data derived from
UK census 2001), characteristics (height, weight, smoking
status), clinical diagnoses, symptoms, and prescribed med-
ications including repeat prescriptions. The database has
been validated by comparing birth rates, death rates, con-
sultation rates, prevalence and mortality rates with other
data sources, including the General Household Survey and
the General Practice Research Database, and has demon-
strated good levels of completeness and consistency
[23,24]. Practices were included in the analysis only if they
had complete data transmission until at least 1°* July 2008.
We identified an open cohort of patients registered
with the study practices during the 10 year study period
between 1st Jan 1998 and 1st July 2008. We then used
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READ codes to select all cases aged between 30 and 100
years with a first record of any cancer in the patients’
electronic records occurring during the study period.
Each case was linked to 5 controls alive and registered
with the practice at the time of diagnosis of the case
and matched by age, sex, practice and calendar time.
Controls were allocated an index date which was the
date on which their matched case was first diagnosed
with cancer.

3.2 Exclusions

Cases with secondary cancers (READ codes: B56, B57,
B58) were excluded. Cases and controls with a diagnosis
of any cancer before the index date were excluded. In
addition, for breast cancer, we excluded cases and con-
trols with any prior record of mastectomy or prescrip-
tions for tamoxifen since they could be breast cancer
cases without a recorded diagnosis in their record. To
ensure completeness of exposure data we also excluded
temporary residents and patients with fewer than 6
years of medical records before the index date for the
main analysis - and fewer than 10 years for the further
analysis.

3.3 Primary outcomes

We determined the risks for the most common cancers
in the UK[25], comparing these for patients prescribed
statins against those not prescribed the drugs. The
investigated cancers and corresponding READ codes
were: Breast cancer (women, B34), Prostate cancer
(men, B46), Lung cancer (B22), Bladder cancer (B49),
Haematological malignancies (B6), Gastric cancer (B11),
Oesophageal cancer (B10), Colorectal cancer (B13, B14),
Pancreatic cancer (B17) and Melanoma (B32). As hae-
matological malignancies cover a range of diseases, pos-
sibly differentially affected by statins, we also
investigated leukaemia (B63-B6z), lymphoma (B60-B62)
and myeloma (B63) separately.

3.4 Exposure variables
Statin exposure was determined based on all prescrip-
tions for statins until 1 year before the index date (date
of diagnosis or equivalent date for controls). The drugs
included were atorvastatin, pravastatin, fluvastatin, ceri-
vastatin, rosuvastatin, and simvastatin. Prescriptions in
the year before the index date were ignored because
including these could lead to results being affected by
reverse causality - prescribing in cases in this period
might be the result of consultations relating to early
cancer symptoms before the recorded diagnosis and this
could attenuate any protective effect or exaggerate any
harmful effect.

For the main analysis, we considered a 60-month per-
iod comprising statin prescriptions for the 13 to 72
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months prior to the index date. For the additional analy-
sis, covering a follow-up of 10 years, the period consid-
ered was 98 months - for the 13 to 120 months prior to
the index date.

Statin use was categorised in a number of ways. We
considered a patient as a statin user if they had at least 2
prescriptions in the 60-month period (or the 98-month
period for the 10-year analysis). We estimated the cumu-
lative use of statins by extracting the duration of use for
every prescription and, for groups of prescriptions with
inter-prescription gaps of less than 60 days, we calculated
overall course times from the start of the first prescrip-
tion to the end of the last prescription. We then calcu-
lated cumulative use as the sum of all overall course
times and for the main analysis categorized cumulative
use for each patient as: no use; less than 12 months; 13
to 24 months; 25 to 36 months; 37 to 48 months; 49 to
60 months. A test for trend was performed using the
actual number of months of use. For the further analysis,
covering a follow-up period of 10 years, the categorisa-
tion of the time period for statin use was: no use; less
than 12 months, 13 to 24 months, 25 to 48 months, 49 to
72 months, and more than 73 months.

If there were at least 2 prescriptions in the 60-month
main study period (or in the 98-month additional study
period), we conducted analyses for the following indivi-
dual statin types: simvastatin, atorvastatin, cerivastatin,
fluvastatin, pravastatin and rosuvastatin. For the most
common types - simvastatin, atorvastatin and pravasta-
tin - we also examined the effect of cumulative use on
cancer risk.

Statin dosage was calculated as median dose across
the observation time period, and was categorised as low,
medium or high according to statin efficacy[26]. The
effect of stopping statin usage on risk of cancer was
investigated in the main study only by comparing the
last prescription date in the study period with the date
one year before the index date and categorising as: no
statin use in the 13 to 72 months prior to the index
date; still on statins; stopped statins 13 to 24 months
before the index date; and stopped statins 25 or more
months prior to the index date.

3.5 Potential confounding variables

We adjusted for variables which are established cancer
risk factors: diabetes[27], rheumatoid arthritis[28],
hypertension[29] and body mass index (< 25, 25-29.99,
> 30 kg/m?)[30], if recorded at least 1 year before the
index date, and for smoking status (non-smoker, ex-
smoker, current smoker) and individual Townsend
deprivation score (measure of socio-economic status, in
fifths), if recorded before the index date. The Townsend
score was based on 2001 postcode-related census data,
with higher scores indicating greater level of material
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deprivation and was used because there is a link
between deprivation and incidence of some types of
cancer[31]. We adjusted for cardiovascular disease as
the main reason for statin therapy. For breast cancer we
also accounted for any previous benign breast disease
(fibrocystic disease, intraductal papilloma, fibroadenoma)
and for family history of breast cancer. For colorectal
cancer, additional confounders considered were colitis
and Crohn’s disease.

We also adjusted for use of traditional non steroidal
anti-inflammatory drugs, cyclooxygenase-2 inhibitors
and aspirin, as several studies have found protective
effects for non-steroidal anti-inflammatory drugs and
aspirin on various types of cancer[32,33], in particular
on colorectal cancer[33]. We categorised the number of
prescriptions for these drugs in the 60-month main
study period as: none; 1 to 12; 13 to 24; and 25 or more
(adding 25 to 48 and 49 or more for the 98-month addi-
tional study period); and adjusted for those categories in
assessing cancer risk. We also included in the analyses
use of other medications likely to increase the risk of
cancer (hormone replacement therapy and oral contra-
ceptive use for breast cancer analysis[34]) if there were
at least 2 prescriptions of a drug in the 60-month main
study period or 98-month additional study period.

3.6 Statistical analysis

We used conditional logistic regression to estimate odds
ratios with 95% confidence intervals for cancer overall
and each of the specific cancer sites. As body mass
index, smoking status and Townsend deprivation score
may be important confounders and have a certain
amount of missing data, we used multiple imputation
for the missing values[35,36]. We used the ICE proce-
dure in STATA to obtain 5 imputed datasets and
applied Rubin’s rules to combine effect estimates and
estimate standard errors to allow for uncertainty caused
by the missing data. We repeated the imputation proce-
dure for each type of cancer separately.

The initial analysis model determined the unadjusted
odds ratios for each cancer associated with statin pre-
scriptions according to: any use of statins in the 60-
month study period (at least 2 prescriptions in the 13 to
72 months before the index date); cumulative duration
of use; and the median prescribed dose. A multivariate
model determined the odds ratio for each cancer asso-
ciated with statin prescriptions adjusted for the potential
confounding effects of variables listed above. For com-
parison with the analyses using imputed data for smok-
ing status and body mass index, we also ran complete
case analyses including only cases and controls with
complete data as well as analyses using indicator vari-
ables for missing categories of smoking, deprivation and
body mass index.
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We used all the available data on the QResearch data-
base so did not do a pre-study sample size calculation.
According to post-hoc calculation, in order to detect an
odds ratio of 0.8 (or 1.2) with 80% power at 1% signifi-
cance for an exposure that occurs in 15% of controls a
sample of 2685 cases (or 3424 cases) would be needed.
We checked that we had sufficient power for analysis of
the six commoner cancers. STATA v 10 was used for all
the analyses. We used a 1% significance level to account
for the multiple outcomes.

4 Results

Overall there were 118,780 patients with a recorded
diagnosis of cancer at any site within the study period.
3,810 patients had diagnoses of secondary cancers so
were removed from the analysis. Thirty six patients
were coded with cancers applicable only to the other
gender and were also removed. For breast cancer 370
cases and 302 controls with a previous history of mas-
tectomy were excluded as were a further 685 cases and
471 controls with a previous history of tamoxifen use.
This left a total of 113,879 patients with a first diagnosis
of cancer during the study period and 568,958 controls.
After removing patients with less than 6 years of medi-
cal records there were 88,125 cases of primary cancer
matched with 362,254 controls. Eighty-one percent of
cases and 71% of controls also had complete data for 10
years of follow-up. The proportions of cases with differ-
ent types of cancer were similar to proportions in can-
cer registration statistics in England for 2003[37] for
patients older than 30 years.

4.1 Baseline characteristics

Table 1 shows baseline characteristics for cases of can-
cer at any site and their matched controls. Fifty-three
percent of the cases were men; the median age at diag-
nosis was 69 years (interquartile range: 60 to 77).
Seventy six percent of cases and 73% of controls had
complete data for body mass index, smoking status and
Townsend deprivation score.

Cases and controls had similar patterns of co-morbid-
ity except for diabetes (8.1% in cases vs. 7.4% in con-
trols). The difference in proportion of diabetic patients
was most marked in pancreatic cancer cases (12.7% vs.
8.3% in controls).

4.2 Statin exposure

Overall 15.5% of cases and 15.1% of controls had at least
2 statin prescriptions between 13 to 72 months prior to
the index date. Most of the statin users (95% of cases
and controls) had statin prescriptions for more than a
year. Median numbers of scripts for statin users were 19
(interquartile ranges, 9 to 32) for cases and for controls.
Median numbers of months on statin were 28 for cases
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and controls (interquartile ranges, 12 to 50 for cases
and 12 to 49 for controls).

The most frequently prescribed statins were simvasta-
tin (9.2% of cases and 9.0% of controls), atorvastatin
(6.1% of cases and 5.9% of controls) and pravastatin
(1.6% of cases and controls). The other statins were pre-
scribed to less than 1% of the population. Very few ator-
vastatin users had low dose prescriptions (3 cases and
28 controls) and few pravastatin users had high dose
prescriptions (4 cases and 12 controls). Simvastatin
dosage was distributed evenly. Long-term statin use was
associated with higher dose: in patients prescribed sta-
tins for more than 4 years, 42% of cases and 43% con-
trols were on high doses compared with 31% cases and
31% controls on high doses in patients prescribed statins
for less than 4 years.

The results of the main analyses, based on patients
with at least 6 years of medical records, are shown in
Tables 2, 3, 4 and Figure 1. Table 5 shows the odds
ratios for each cancer according to cumulative duration
of statin use in patients with at least 10 years of medical
records.

4.2.1 Cancer of any site

The analysis for overall risk of cancer (at any site) did
not show a significant association with any statin use
(Table 2). Patients with a cumulative prescription dura-
tion of more than one year had a similar risk of cancer
of any site compared with patients with no statin pre-
scriptions (adjusted odds ratio (AOR) 1.02, 95%CI 0.99
to 1.05). Analyses of trends for duration of use (Table 3)
and dosage, as well as analysis of use of individual sta-
tins (Table 4), did not show any effect of statins on
overall risk of cancer.

4.2.2 Colorectal cancer

There was no overall increase of colorectal cancer risk
in statin users (AOR 1.07, 95%CI 1.00 to 1.15, P =
0.056), with a slight association for patients with pre-
scriptions for more than a year (AOR = 1.09, 95%CI
1.01 to 1.18, P = 0.036), which was not however statisti-
cally significant at P < 0.01. Further analysis showed a
significant association with duration of use of statins
(Pirena= 0.001), with a 23% increased risk for 49 to 60
months of use of (AOR 1.23, 95%CI 1.10 to 1.38) com-
pared with no use. The analysis of the median pre-
scribed dose of statins revealed a significant association
with an 18% increased risk on high dose of statin (AOR
1.18, 95%CI 1.07 to 1.31, P = 0.001).

Analyses of individual statins showed an association
between colorectal cancer and atorvastatin (Peng=
0.001), with an increased risk of colorectal cancer asso-
ciated with atorvastatin use of 4 or more years (AOR
1.51, 95%CI 1.24 to 1.83).

The risk of colorectal cancer was not significantly
increased for patients who stopped taking statins more
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Table 1 Baseline characteristics for all cases with primary cancer and their matched controls with at least 6 years of

medical records

Cases (N = 88125)

Controls (N = 362254)

Sex
female 41749 (47.4) 170173 (47.0)
male 46376 (52.6) 192081 (53.0)
Age band (years)
30-54 13151 (14.9) 49906 (13.8)
55-64 19638 (22.3) 80107 (22.1)
65-74 26758 (304) 11698 (30.8)
75-84 25013 (284) 106278 (29.3)
85 + 3565 (4.0) 14265 (3.9)
Deprivation
Townsend quintile 1, most affluent 22072 (25.0) 92287 (25.5)
Townsend quintile 2 18998 (21.6) 79067 (21.8)
Townsend quintile 3 17338 (19.7) 71358 (19.7)
Townsend quintile 4 15325 (17.4) 61767 (17.1)
Townsend quintile 5, most deprived 11896 (13.5) 45971 (12.7)
Townsend missing 2496 (2.8) 1804 (3.3)
Body mass index (kg/m?)
15-24 26721 (30.3) 105883 (29.2)
25-29 27285 (31.0) 108803 (30.0)
30-49 12922 (14.7) 51413 (14.2)
not recorded 21197 (24.1) 96155 (26.5)
Smoking status
non-smoker 54307 (61.6) 233135 (644)
ex-smoker 7567 (8.6) 23842 (6.6)
current smoker 17275 (19.6) 54869 (15.1)
not recorded 8976 (10.2) 50408 (13.9)
Co-morbidities
Cardiovascular disease 14278 (16.2) 58123 (16.0)
Diabetes 7115 (8.1) 26802 (7.4)
Hypertension 27104 (30.8) 109797 (30.3)
Osteoarthritis 12807 (14.5) 52586 (14.5)
Rheumatoid arthritis 1310 (1.5) 5132 (14)
Colitis' 124 (1.1) 293 (06)
Crohn'’s disease’ 28 (0.2) 109 (0.2)
Benign breast disease’ 1094 (7.0) 2937 (4.7)
Family history of breast cancer’ 539 (34) 1249 (2.0)
Medications (in previous 13-72 months)
NSAID 35697 (40.5) 140642 (38.8)
COX2 inhibitors 6901 (7.8) 26974 (7.4)
Aspirin 19895 (22.6) 79067 (21.8)
Hormone replace therapy? 3289 (21.0) 10973 (17.4)
Oral contraceptive pill? 523 (3.3) 1638 (2.6)

" Based only on cases with colorectal cancer and their controls
2 Based only on female cases with breast cancer and their controls
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Table 2 Use of statins in cases and controls in 13 to 72 months prior the index date by cancer site (in cases and

matched controls with at least 6 years of medical records)

Cancer Total number Total number N of statin users N of statin users in Unadjusted OR (95% Adjusted” OR (95% P-
of cases of controls in cases (%) controls (%) qa (d)} value

breastt 15666 62938 1481 (9.5) 6227 (9.9) 0.98 (092 to 1.04) 100 (093 to 1.08) 0.993
prostate 14764 61853 2774 (18.8) 11508 (18.6) 1.03 (0.98 to 1.08) 108  (1.01 to 1.14) 0.016
colorectalt 11749 48624 2000 (17.0) 7770 (16.0) 1.12 (1.06 to 1.19) 1.07  (1.00 to 1.15) 0.056
lung 10163 42415 1998 (19.7) 7621 (18.0) 1.16 (1.09 to 1.23) 107 (099 to 1.16) 0.095
blood 7185 29162 973 (13.5) 4339 (14.9) 091 (0.84 to 0.99) 078 (0.71 to 0.86) < 0.001
bladder 4227 17559 856 (20.3) 3125 (17.8) 1.23 (1.12 to 1.34) 115 (1.03 to 1.29) 0.012
skin 3249 13115 433 (13.3) 1675 (12.8) 112 (0.99 to 1.26) 108 (093 to 1.26) 0.292
oesophagus 3159 13041 496 (15.7) 2106 (16.1) 0.97 (0.87 to 1.09) 088 (0.77 to 1.01) 0.072
pancreas 2110 8762 365 (17.3) 1397 (15.9) 1.15 (1.01 to 1.32) 096 (082 to 1.14) 0.671
stomach 1992 8279 322 (16.2) 1363 (16.5) 1.00 (0.87 to 1.16) 086 (0.72 to 1.02) 0.078
All cancers 88125 362254 13621 (15.5) 54606 (15.1) 1.07 (1.05to 1.09) 1.01 (0.99 to 1.04) 0.280

# Adjusted for Townsend quintile, body mass index, smoking status, myocardial infarction, coronary heart disease, diabetes, hypertension, stroke, rheumatoid

arthritis, use of NSAIDs, Cox2-inhibitors, aspirin

1 Also adjusted for family history of breast cancer, use of oral contraceptives, hormone-replace therapy

# Also adjusted for colitis and Crohn’s disease

than 2 years before the index date (AOR 1.03, 95%CI
0.81 to 1.31).

The increased risk of colorectal cancer associated with
longer duration of statin use found in patients with at
least 6 years of medical records was not supported by
the trend test of months on medication in patients with
at least 10 years of medical records (p = 0.069).

4.2.3 Bladder cancer
For bladder cancer, there was a borderline 15%
increased risk of cancer associated with any use of

statins (P = 0.012) and a 16% increased risk associated
with more than one year’s use (P = 0.018), but these
were not statistically significant. For patients with
more than 48 months of statin use, risk of bladder
cancer was 29% higher (AOR, 1.29, 95% 1.08 to 1.54, P
= 0.006) but the trend test for duration was not statis-
tically significant (Py.enq = 0.014). No particular type of
statin was significantly associated with an increased
risk. The risk of bladder cancer was not significantly
increased in patients who stopped taking statins more

Table 3 Cumulative duration of statin use in cases and controls in 13 to 72 months prior to the index date by cancer

site (in cases and matched controls with at least 6 years of

medical records)

Less than 12 months 13 to 24 months

25 to 48 months 49 months and more

cancer Cases/ Adjusted Odds  Cases/ Adjusted Odds  Cases/ Adjusted Odds  Cases/ Adjusted Odds  P-*
Controls  ratio (95%Cl) *  Controls  ratio (95%Cl) * Controls  ratio (95%Cl) #* Controls ratio (95%Cl) # value
breastt 433/1811 1 (090 to 1.13) 289/1292 0.93 (0.81 to 1.07) 430/1685 7 (095 to 1.21) 329/1439 095 (083 to 1.09) 0.719
prostate 668/2784 5 (095 to 1.15)  560/2187 4 (1.03 to 1.26) 796/3295 9 (099 to 1.19) 750/3242 1.05 (0.95 to 1.16) 0.084
colorectal+  525/2038 5 (0.95 to 1.17)  400/1595 4 (092 to 1.17)  539/2230 2 (092 to 1.14) 536/1907 1.23 (1.10 to 1.38) 0.002
lung 485/1857  1.02 (0.90 to 1.15) 406/1478 1.11 (097 to 1.27) 549/2233 1 (090 to 1.14) 558/2053 8 (1.05to 1.34) 0013
blood 255/1082  0.84 (0.72 to 0.98)  201/860 0.81 (068 to 0.96) 277/1307 0.73 (0.63 to 0.84) 240/1090 0.76 (0.65 to 0.89) <
0.001
bladder 209/785 3(095to 1.34) 174/611 8 (098 to 1.42) 240/952 1.06 (0.90 to 1.25) 233/777 129 (1.08 to 1.54) 0.014
skin 1207422 9 (095 to 149) 61/347 0.74 (0.55 to 0.99) 141/474 123 (099 to 1.54) 111/432 1.08 (0.84 to 1.39) 0373
oesophagus  126/571 0.82 (067 to 1.02) 97/39%4 091 (0.71 to 1.17)  128/601 0.82 (0.66 to 1.02) 145/540 1.04 (0.83 to 1.30) 0.705
pancreas 87/367 0.85 (0.66 to 1.10)  73/269 2 (0.76 to 1.36) 113/390 1.09 (0.86 to 1.40) 92/371 097 (0.74 to 1.28) 0.521
stomach 76/317 0.87 (0.66 to 1.15)  69/271 0.90 (0.67 to 1.20) 94/404 0.86 (067 to 1.11) 83/371 0.85 (064 to 1.12) 0.167
All cancers 3467/ 1.01 (0.97 to 1.05) 2752/ 1.02 (0.98 to 3868/ 1.00 (0.96 to 3534/ 1.04 (1.00 to 0.057
13935 10855 1.07) 15708 1.04) 14108 1.09)

# Adjusted for Townsend quintile, body mass index, smoking status, myocardial infarction, coronary heart disease, diabetes, hypertension, stroke, rheumatoid

arthritis, use of NSAIDs, Cox2-inhibitors, aspirin

1 Also adjusted for family history of breast cancer, benign breast disease, use of oral contraceptives, hormone-replace therapy

# Also adjusted for colitis and Crohn’s disease
* Trend test based on number of months prescribed
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Table 4 Types of statins in cases and controls in 13 to 72 months prior to the index date (in cases and matched

controls with at least 6 years of medical records)
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Atorvastatin Pravastatin Simvastatin

cancer Cases/ Adjusted Odds ratio P- Cases/ Adjusted Odds ratio P- Cases/ Adjusted Odds ratio P-

Controls (95%CI) * value Controls (95%CI) * value Controls (95%Cl) * value
breastt 596/2574 0.96 (0.86 to 1.06) 0.387 152/630 1.02 (0.85 to 1.23) 0.835  871/3720 0.98 (0.89 to 1.07) 0.584
prostate 1023/4398 0.99 (091 to 1.07) 0.781 314/1182 5(1.00 to 1.31) 0.046  1668/6924 1.05 (0.99 to 1.13) 0117
colorectalt 826/2934 1.17 (1.07 to 1.28) 0.001 212/786 9 (0.93 to 1.28) 0.289  1152/4783 0.96 (0.88 to 1.04) 0273
lung 786/2912 1.07 (0.97 to 1.18) 0179 195/837 093 (0.78 to 1.11) 0435 1205/4588 1.06 (0.97 to 1.15) 0.202
blood 81/1653 0.87 (0.77 to 0.99) 0.041 95/452 0.84 (0.66 to 1.06) 0.138  579/2592 0.82 (0.73 to 091) <

0.001
bladder 353/1212 1.19 (1.03 to 1.37) 0.015 87/309 8 (0.84 to 1.40) 0.544  513/1893 0 (097 to 1.25) 0.119
skin 168/655 1.03 (0.84 to 1.25) 0.805 43/178 1 (0.64 to 1.30) 0.609 259/998 6 (0.90 to 1.26) 0.483
oesophagus ~ 197/846 0.88 (0.73 to 1.05) 0.159 62/226 5 (0.78 to 142) 0.740  298/1222 0.94 (0.80 to 1.09) 0.403
pancreas 143/557 092 (0.74 to 1.14) 0439 37/152 0.92 (062 to 1.35) 0.667 224/852 0.99 (0.83 to 1.20) 0952
stomach 123/500 0.94 (0.75 to 1.18) 0.604 41/149 1.03 (0.71 to 1.50) 0.880 186/819 0.85 (0.70 to 1.03) 0.106
All cancers 5357/ 1.01 (0.98 to 1.05) 0.461 1442/ 1.02 (0.96 to 1.09) 0.488 8102/ 1.00 (0.97 to 1.03) 0.844
21253 5680 32769

# Adjusted for Townsend quintile, body mass index, smoking status, myocardial infarction, coronary heart disease, diabetes, hypertension, stroke, rheumatoid

arthritis, use of NSAIDs, Cox2-inhibitors, aspirin

1 Also adjusted for family history of breast cancer, benign breast disease, use of oral contraceptives, hormone-replace therapy

¥ Also adjusted for colitis and Crohn'’s disease
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Figure 1 Risk of cancer in patients using statins for more than 365 days in 13 to 72 months prior to the index date.




Table 5 Cumulative duration of statin use in cases and controls in 13 to 120 months prior to the index date by cancer site in cases and controls with 10 or
more years of recorded data

Less than 12 months

13 to 24 months

25 to 48 months

49 to 72 months

73 months and more

cancer Cases/ Adjusted Odds Cases/ Adjusted Odds Cases/ Adjusted Odds Cases/ Adjusted Odds Cases/ Adjusted Odds ~ P-*
Controls ratio (95%Cl) *  Controls ratio (95%Cl) *  Controls ratio (95%Cl) *  Controls ratio (95%Cl) *  Controls ratio (95%Cl)*  value
breastt 363/1338 1 (0.86 to 1.16) 254/962 096 (081 to 1.15)  346/1208 1.06 (0.90 to 1.25) 169/634 093 (0.75 to 1.15)  131/542 0.85 (067 to 1.08)  0.220
prostate 545/2119 099 (087 to 1.12)  489/1609 1.19 (1.04 to 1.36)  641/2424 6 (094 to 1.19)  369/1394 1.07 (093 to 1.24)  320/1234 2 (09 to 1.32) 0.173
colorectal+ 446/1527 6 (092 to 1.23)  327/1224 1.03 (088 to 1.21)  429/1625 097 (084 to 1.13)  285/902 120 (1.01 to 143)  213/711 1 (099 to 148)  0.069
lung 419/1375 6 (091 to 1.25)  342/1064 121 (1.01 to 143)  458/1586 5 (089 to 1.23)  259/950 1.00 (082 to 1.21)  235/734 7 (095 to 145) 0240
blood 202/821 0.72 (0.59 to 0.88) 160/616 0.8 (0.64 to 1.00) 233/966 0.74 (061 to 0.89) 133/468 087 (068 to 1.11)  90/428 0.55 (041 t0 0.73) <
0.001
bladder 172/565 1.14 (091 to 143) 137/456 9 (093 to 1.53) 190/681 1 (0.81 to 1.26) 117/360 9 (091 to 1.57)  94/280 7 (1.02 to 1.86) 0.062
skin 110/312 141 (1.04 to 1.89)  56/270 0.79 (0.55 to 1.13) 112/349 1 (0.89 to 1.64) 50/176 0.87 (0.56 to 1.36)  56/185 1.04 (0.70 to 1.55) 0.626
oesophagus 103/409 0.9 (0.67 to 1.20) 75/272 1.01 (0.72 to 1.42) 105/445 1(061to 1.09)  68/248 1.09 (0.77 to 1.55)  59/185 1.03 (0.70 to 152) 0870
pancreas 76/277 0.89 (063 to 1.24) 61/19 122 (084 to 1.78)  86/286 0.99 (0.71 to 1.38) 50/172 1.04 (069 to 1.56)  40/148 0.85(0.53to 137) 0475
stomach 58/232 0.84 (058 to 1.22)  60/206 0.82 (0.56 to 1.19) 77/301 0.86 (0.61 to 1.21) 35/150 0.56 (0.35 to 0.90)  38/165 0.63 (0.39 to 1.00)  0.008
All cancers 2890/ 0.99 (0.94 to 1.05) 2303/ 1.05 (0.99 to 1.11) 3107/ 0.98 (0.93 to 1.03) 1776/ 1.01 (0.95 to 1.08) 1462/ 1.02 (0.95 to 1.10) 0.958
10413 8005 11437 6319 5259

* Adjusted for Townsend quintile, body mass index, smoking status, myocardial infarction, coronary heart disease, diabetes, hypertension, stroke, rheumatoid arthritis, use of NSAIDs, Cox2-inhibitors, aspirin
1 Also adjusted for family history of breast cancer, benign breast disease, use of oral contraceptives, hormone-replace therapy
# Also adjusted for colitis and Crohn’s disease

* Trend test based on number of months prescribed
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than 2 years before the index date (AOR 0.94, 95%CI
0.62 to 1.40).

The additional analysis restricted to patients with at
least 10 years of medical records showed similar results,
but these were not statistically significant.

4.2.4 Lung cancer

Although the unadjusted risk of lung cancer appeared to
be significantly higher in statin users (unadjusted odds
ratio (UOR) 1.16, 95%CI 1.09 to 1.23, P < 0.001), after
adjusting for cardiovascular disease the association
became much weaker (OR 1.07, 95%CI 1.00 to 1.14, P =
0.067) and did not noticeably change after further
adjusting for other factors.

The unadjusted trend test for months of statin use was
significant (P < 0.001) and use of statins for more than 4
years was associated with an increased risk of cancer
(UOR 1.22, 95%CI 1.10 to 1.35, P < 0.001). After adjusting
for cardiovascular disease and other factors, these associa-
tions were also reduced but long-term usage remained sig-
nificant (AOR 1.18, 95%CI 1.05 to 1.34, P = 0.007).

Analyses repeated on patients with 10 years of medical
records did not show any statistically significant effect of
statins for either overall or long term use.

4.2.5 Prostate cancer

Although the analysis demonstrated an 8% increased
risk of prostate cancer for overall statin user and a 9%
increased risk for patients with prescriptions covering
more than a year, these associations were not statisti-
cally significant (P = 0.016 and P = 0.011). There were
no dose or duration relationships in patients with either
6 years or 10 years of medical records.

4.2.6 Haematological malignancies

There was a 22% reduced blood cancer risk for overall
statin use (AOR 0.78, 95%CI 0.71 to 0.86, P < 0.001)
and a 24% reduction for patients with statin prescrip-
tions of more than a year (AOR 0.76, 95%CI 0.68 to
0.85), with a significant trend for duration of use (Pienq
< .001). No differential effects were found for particular
types of statin. Patients who stopped taking statins for
more than 2 years had the same risk of cancer as non-
statin users (AOR 0.90, 95%CI 0.67 to 1.23).

Although lymphoma, myeloma and leukaemia were
similarly associated with overall use of statins and use
for more an year, only leukaemia had associations with
duration and dose with significant trend tests (Pyeng =
0.002 and Pyengq < 0.001), a 26% risk reduction (AOR
0.74, 95%CI 0.62 to 0.87, P = 0.001) with at least two
years of statin prescriptions, and a 25% risk reduction
on high dose (AOR 0.75, 95%CI 0.61 to 0.92, P = 0.006).
4.2.7 Other cancers
There were no significant associations with statin use
for any other cancers.
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4.2.8 Sensitivity analyses

The sensitivity analyses treating missing values for
smoking, and body mass index as separate categories
produced very similar results. The complete case ana-
lyses resulted in very similar odds ratios, but the confi-
dence intervals were wider due to the reduced number
of observations (results available from the authors).

5 Discussion

In this large population-based case control study to
determine the risk of common cancers associated with
use of statins, we confirmed that use of statins does not
affect the overall risk of cancer. We did find some evi-
dence of an increased risk of colorectal cancer in
patients using statins for 4 or more years or with a high
statin dose. We also found an increased risk of bladder
cancer and lung cancer in patients prescribed statins for
4 or more years. Conversely, we found a reduced risk of
haematological malignancies in statin users.

There are a large number of studies devoted to statins
and cancer risk summarised in meta-analyses[6-8] which
did not show an adverse or protective effect of statins
on the overall incidence of cancer. However, the cate-
gorisation of ‘any cancer’ is not a specific enough end-
point of study as it covers a range of diseases, each with
a different aetiology and course of development.

Colorectal cancer, as one of the most common can-
cers, has been studied extensively but only eight epide-
miological studies looked at the effect of long-term
statin use (at least 4 years). Four of them[38-41] had
odds ratios greater than unity (from 1.00 to 1.15) and
four of them[22,42-44] reported odds ratios less than
unity (from 0.71 to 0.83), but none of these findings
reached statistically significant levels even at the 5%
level. The effect of dose in our study might, however, be
a replication of the effect of cumulative use because a
high dose was more likely to be prescribed for patients
who had been on statins for substantial period of time.

The other two most common cancers, breast and
prostate, also account for a number of studies but there
has been no definite outcome in associating any of these
with use of statins and our null results are consistent
with this. Studies for prostate cancer have been aggre-
gated into a meta-analysis [45], which did not find any
significant association with overall risk of prostate can-
cer and another meta-analysis[46] looking at breast can-
cer studies also failed to demonstrate a protective or
adverse effect of statins.

For bladder cancer, results of a meta-analysis consid-
ering 5 studies showed an increased, but not significant,
association between stain use and cancer risk[7]. There
have been very few studies investigating the long-term
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effect of statin use on bladder cancer. One study[39]
showed an increased risk for more than 5 years of statin
use, which is consistent with our findings, but another
very recent one found no significant association for cur-
rent use of statins for more than 5 years [22]. Both stu-
dies, however, were much smaller.

Our findings of a significant increase in unadjusted
lung cancer risk for statin use and for long-term use
were both significantly decreased by adjusting for cardi-
ovascular disease, but after adjusting for all factors,
long-term use still showed a significant association with
increased lung cancer risk. There is no causal link
between cardiovascular disease and lung cancer but
there is a strong association of both conditions with
smoking. The finding about possible increased risk from
long-term use is consistent with the results of two other
studies[22,39], although their findings were not
significant.

The decreased risk of haematological malignancies
could be explained by reverse causality, as patients with
such diagnoses are more likely to have lower lipid levels
[47] although we did restrict our statin exposure to pre-
scriptions at least 12 months before diagnosis. The
effect of statins on leukaemia has been studied in vitro
and there is evidence that statins might suppress the
growth of promyelocitic[48] and lymphocytic[49] leuke-
mic cells. However, no epidemiological studies have pro-
vided significant evidence of any statin effect on
incidence of leukaemia.

Our study has several strengths. It is substantially lar-
ger and has greater statistical power than any previous
study. This has allowed us to perform the analyses sepa-
rately for different cancers within the same population.
We had a substantial number of patients with at least
10 years of records, which also allowed us to examine
long-term statin use. The study is based on computer-
recorded prescribing and morbidity data collected pro-
spectively. The study was not subject to response bias
or recall bias as the exposure data were recorded before
the date of diagnosis or pseudo-diagnosis. Any bias
from misclassification is likely to be small because the
level of accuracy and completeness of medical records
in general practices has been shown to be high [50].

Matching the controls on sex, age, practice and calen-
dar year removed confounding by these factors. Any
bias from misclassification of statin use is likely to be
minimal as more than 99% of all general practitioners’
repeat prescriptions are recorded on computer[51]. We
minimised the possibility of misleading data from the
effects of undiagnosed cancer in new medical records by
excluding prescriptions, diagnoses of co-morbidities and
records of body mass index made within the 12 months
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prior to the date of the diagnosis or pseudo-diagnosis of
cancer.

Our study has some limitations. Information on cer-
tain risk factors for cancer, such as level of physical
activity, alcohol use, and diet, and information on can-
cer screening tests (mammography, prostate-specific
antigen test and colonoscopy) were not reliably
recorded on the database and not included in the analy-
sis so there may be some residual confounding.
Although we adjusted the risk of cancer for possible
effects of smoking, obesity, deprivation, co-morbidities
and the use of other medications, residual confounding
may also result from misclassification of those variables.
Values of body mass index or smoking status, were
missing for about 22% of cases and 25% of controls, so
we substituted missing values using multiple imputa-
tion. We did not include blood test results in the analy-
sis, in particular high-density lipoproteins and total-
serum cholesterol, because they were not consistently
recorded on the data base and would be more likely to
be recorded in statin users.

Although our data contain detailed information on
drug prescriptions, this may not reflect actual use. How-
ever there is no reason to think that any non-adherence
would systematically differ between cases and controls.

Another possible source of misclassification arises
from a statin (simvastatin 10 mg) having become avail-
able over the counter in May 2004 in the UK, which
would affect mostly younger people who are not entitled
to free prescriptions[52] and only a small part of the
study period. However, among statin users 81.4% of
cases and 82.4% of controls were aged 65 years or older
and therefore entitled to free prescribed medications.
Analyses repeated on this group of patients obtained
similar results, which suggests that any misclassification
of use of medication because of over-the-counter pur-
chase is not an explanation for our findings.

6 Conclusion

In summary, we have conducted a large population-
based case-control study that examined the effect of sta-
tins on the risk of cancer and found that there is no
effect from prolonged use of statins on overall risk of
cancer, but that prolonged use of statins may be asso-
ciated with an increased risk of colorectal cancer, blad-
der cancer and lung cancer and a decreased risk of
haematological malignancies.
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Selective cyclooxygenase-2 (COX2) inhibitors are used for patients
intolerant to traditional non-steroidal anti-inflammatory drugs
(NSAID), which have gastrointestinal toxic effects (Chan et al,
2010). Being introduced in the United Kingdom in 1985, COX2
inhibitors account for 14% of all NSAIDs prescriptions (The NHS
Information Centre for health and social care, 2008), despite advice
from the UK Medicines and Healthcare products Regulatory
Agency (MHRA, 2005) about possible cardiovascular adverse
effects (Solomon et al, 2005).

Laboratory investigations have suggested mechanisms by which
COX2 inhibitors might reduce the risk of cancer (Koki and
Masferrer, 2002; Khan and Lee, 2009) for a range of cancers,
although animal experiments have not provided consistent
support. A recent publication, for example, shows that COX2
inhibitors do not delay or prevent tumour development in breast
tissue in a mouse model (Tran-Thanh et al, 2010).

Some observational studies have investigated effects of COX2
inhibitors on cancer risk, but have produced inconsistent results
(Arber et al, 2006; Harris et al, 2006, 2007; Hernandez-Diaz and
Garcia Rodriguez, 2006). For colorectal cancer, a randomised
control trial (Arber et al, 2006) showed a 36% decreased rate of
newly detected colorectal adenomas in celecoxib users. Two
studies (Harris et al, 2006, 2007) demonstrated risk reductions
for breast and lung cancer, but a larger case-control study
(Hernandez-Diaz and Garcia Rodriguez, 2006) using primary care
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BACKGROUND: Selective cyclooxygenase-2 (COX2) inhibitors are widely used as analgesics and it is unclear whether its long-term use

METHODS: A series of nested case—control studies using the QResearch primary care database. Associations of COX2 inhibitor use
with risk of all cancers and |0 common site-specific cancers were estimated using conditional logistic regression adjusted for
comorbidities, smoking status, socioeconomic status, and use of non-steroidal anti-inflammatory drugs, aspirin and statins.

RESULTS: A total of 88 125 cancers, diagnosed between 1998 and 2008, matched with up to five controls, were analysed. Use of
COX2 inhibitors for more than a year was associated with a significantly increased risk of breast cancer (odds ratio (OR) 1.24, 95%
confidence interval (Cl) 1.08—1.42) and haematological malignancies (OR 1.38, 95% CI 1.12—1.69) and a decreased risk of colorectal
cancer (OR 0.76, 95% Cl 0.63—0.92). There were no other significant associations.

CONCLUSION: Prolonged use of COX2 inhibitors was associated with an increased risk of breast and haematological cancers and
decreased risk of colorectal cancer. These findings need to be confirmed using other data sources.
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data showed no effect for lung cancer. Effects on other cancers
remain unclear.

We designed a series of large-scale nested case-control studies
to determine associations between selective COX2 inhibitors and
risks of common cancers. We used the QResearch primary care
database, which is large, has a representative population and
contains data for individual drug exposures and outcomes.

MATERIALS AND METHODS

Study design, data source and population

We conducted a series of nested case-control studies using version 20
of the QResearch primary care database (http://www.qresearch.org)
containing anonimised clinical records for over 11 million patients
registered with 574 UK general practices. The information recorded on
the database includes patient demographics (year of birth, sex,
sociodemographic data derived from the UK census 2001), character-
istics (height, weight, smoking status), clinical diagnoses, symptoms,
consultations, referrals, prescribed medications and results of
investigations. The database has been validated by comparing birth
rates, death rates, consultation rates, prevalence and mortality rates
with other data sources, including the General Household Survey and
the General Practice Research Database (National Statistics, 2000;
Hippisley-Cox et al, 2005).

We initially identified an open cohort of patients registered
between 1 Jan 1997 and 1 July 2008 with participating UK general
practices. We then selected as cases all those patients in the cohort
aged between 30 and 100 years with a first-ever recorded diagnosis
of cancer during the study period, identified from diagnostic


http://dx.doi.org/10.1038/bjc.2011.252
http://www.bjcancer.com
http://www.qresearch.org
mailto:yana.vinogradova@nottingham.ac.uk
http://www.bjcancer.com

READ codes in patient records (the standard clinical terminology
system used in General Practice in the UK (Smith et al, 1995)).
Each case was linked to five controls who were alive, had no
history of cancer and were registered with the practice at the time
of case diagnosis (the index date), matched on age, sex, practice
and calendar time using incidence-density sampling.

Exclusions

Cases with secondary cancers (READ codes: B56, B57, B58) and
non-melanoma skin cancer were excluded. For breast cancer, we
included only females, and excluded cases and controls with a
record of mastectomy or tamoxifen use for more than 12 months
before the index date to exclude possible previous diagnoses. We
also excluded temporary residents and patients with fewer than
6 years of medical records before the index date to ensure
completeness of exposure data.

Primary outcomes

We analysed cancers overall, and carried out separate analyses for
the most common UK cancers (Westlake, 2008): breast (women,
B34), prostate (men, B46), lung (B22), colorectal (B13, Bl14),
haematological (B6), bladder (B49), melanoma (B32), gastric
(B11), pancreatic (B17) and oesophageal (B10). As haematological
malignancies cover a range of diseases, possibly differentially
affected by COX2 inhibitors (Nakanishi et al, 2001; Nakamura
et al, 2006), we also investigated leukaemia (B63-B6z), lymphoma
(B60-B62) and myeloma (B63) separately.

Data

Records in the year before the index date were ignored to reduce
protopathic bias. Prescriptions for cases in this period could relate
to early cancer symptoms before the recorded diagnosis. All
analyses were, therefore, based only on prescriptions relating to
the period between 13 and 72 months before the index date.

We assessed exposure to COX2 inhibitors, including celecoxib,
etodolac, etoricoxib, lumiracoxib, rofecoxib, valdecoxib, meloxi-
cam (British Medical Association, Royal Pharmaceutical Society,
2010). We also extracted data on prescriptions for statins,
traditional NSAIDs and aspirin because studies have found
protective effects of these on various types of cancer (Garcia
Rodriguez and Huerto-Alvarez, 2001; Sgrensen et al, 2003; Jacobs
et al, 2005; Bardia et al, 2007; Gallicchio et al, 2007), in particular,
colorectal cancer (Garcia Rodriguez and Huerto-Alvarez, 2001;
Sgrensen et al, 2003).

We extracted information on age and sex, smoking status (non-
smoker, ex-smoker, current smoker), body mass index (BMI) in
kg m 2, Townsend score (measure of socioeconomic status) and
data on comorbidities (cardiovascular disease, hypertension,
diabetes, rheumatoid arthritis and osteoarthritis). For breast
cancer, we also accounted for previous benign breast disease
(fibrocystic disease, intraductal papilloma, fibroadenoma), family
history of breast cancer, use of hormone replacement therapy and
oral contraceptives. For colorectal cancer, additional comorbidities
were ulcerative colitis and Crohn’s disease.

We considered patients as COX2 inhibitor users if they had at
least one prescription. We estimated cumulative use of COX2
inhibitors by extracting the duration of use for every prescription
and, for groups of prescriptions with inter-prescription gaps of less
than 60 days; we calculated overall course times from the start of
the first prescription to the end of the last prescription. We then
calculated cumulative use as the sum of all overall course times
and categorised cumulative use for each patient as: no use, less
than 90 days, 90 days to 12 months; 13 - 24 months; 25-60 months.
We also categorised cumulative use as: no use; short-term use (less
than 365 days) and long-term use (more than 365 days). A trend

© 2011 Cancer Research UK
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test was performed using the actual months of use. We conducted
separate analyses for the most common individual COX2
inhibitors - meloxicam, rofecoxib and celecoxib, examining the
effect on cancer risk of cumulative use for more than 365 days.

The daily dose of COX2 inhibitors was estimated as the median
daily dose of all prescriptions of any COX2 drug recorded. It was
categorised by COX2 inhibitor efficacy (Hernandez-Diaz and
Garcia Rodriguez, 2006) as: high (for celecoxib >200mg, for
meloxicam >7.5mg, for rofecoxib >25mg, for etodolac
>400mg, for etoricoxib >90mg, for valdecoxib >40mg, for
luminoracoxib >200 mg); otherwise as low/medium.

The effect on cancer risk of stopping COX2 inhibitors for long-
term and short-term users was investigated by determining the last
prescription date and categorising each patient at 12 months
before the index date as: no COX2 inhibitors use, current COX2
inhibitors user, recent user (stopped the drugs at 13-24 months
before the index date) and past user (stopped the drugs at 25 or
more months before the index date).

Statistical analysis

We used conditional multivariate logistic regression to estimate
odds ratios (ORs) with 95% confidence intervals (CIs) associated
with COX2 inhibitor use compared with non-use for cancers
overall and each specific cancer. We calculated unadjusted ORs
and adjusted for the potential confounding variables listed above,
in which patients were classified as users of each medication if they
had at least one prescription for NSAIDs or aspirin and at least two
prescriptions for statins, hormone replacement therapy and oral
contraceptives.

We carried out multiple imputation (Royston, 2005) with Stata
ICE programs to replace missing values of BMI, smoking status
and Townsend deprivation scores. We applied Rubin’s rules to five
imputed data sets to combine effect estimates for each cancer
separately. We removed rheumatoid arthritis patients in an
additional analysis to eliminate its potential effect on the risk of
haematological malignancies Thomas et al, 2000).

We used all the available data on the QResearch database, hence,
did not do a pre-study sample size calculation. We chose a 1%
significance level to determine statistical significance to account
for the multiple outcomes. Stata v10 (StataCorp LP, College
Station, TX, USA) was used for all analyses.

RESULTS

There were 118780 patients with diagnoses of cancers in the study
period matched with 588797 controls. Of the patients with cancer,
3810 with secondary cancers and 36 with inapplicable cancers (e.g.,
male/cervical cancer) were removed. For breast cancer, 1055 cases
and 773 controls with a previous mastectomy or tamoxifen use
were excluded. This left 113879 cases with a first diagnosis of
cancer during the study period and 568958 matched controls.
After removing 25754 cases and 206 704 controls with <6 years of
medical records or lacking a matched case or control, there were
88125 cases of primary cancer matched with 362254 controls,
which were used in the analyses. The proportions of each cancer
type in cases matched registration statistics in England for 2007
(Statistical Bulletin, 2010) for patients older than 30 years.

Baseline characteristics

Table 1 shows baseline characteristics for cases and controls. Fifty-
three percent of cases were men; with a median age at diagnosis of
69 years (interquartile range: 60-77). Overall, 76% of cases and
73% of controls had complete data for BMI, smoking status and
Townsend deprivation score. Cases and controls had similar
patterns of comorbidity.

British Journal of Cancer (2011) 105(3), 452—459
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Table | Baseline characteristics for all cases with primary cancer and
their matched controls with at least 6 years of medical records

Cases Controls
(N=288125) (N=362254)
Sex
Female 41749 (474) 170173 (47.0)
Male 46376 (52.6) 192081 (53.0)
Age band (years)
30-54 3151 (14.9) 49906 (13.8)
55-64 19638 (22.3) 80 107 (22.1)
65-74 26758 (30.4) 11698 (30.8)
75-84 25013 (284) 106278 (29.3)
85+ 3565 (4.0) 14265 (3.9)
Deprivation, Townsend quintile
I, Most affluent 22072 (25.0) 92287 (25.5)
2 18998 (21.6) 79067 (21.8)
3 17338 (19.7) 71358 (19.7)
4 15325 (174) 61767 (17.1)
5, Most deprived 11896 (13.5) 45971 (12.7)
Townsend missing 2496 (2.8) 11804 (3.3)
Body mass index (kgm™?)
15-24 26721 (30.3) 105883 (29.2)
25-29 27285 (31.0) 108 803 (30.0)
30-49 12922 (147) 51413 (142)
Not recorded 21197 (24.1) 96 155 (26.5)
Smoking status
Non-smoker 54307 (61.6) 233135 (64.4)
Ex-smoker 7567 (8.6) 23842 (6.6)
Current smoker 17275 (19.6) 54869 (I5.1)
Not recorded 8976 (10.2) 50408 (13.9)
Comorbidities
Cardiovascular disease 14278 (16.2) 58123 (16.0)
Diabetes 7115 (8.1) 26802 (74)
Hypertension 27104 (30.8) 109797 (30.3)
Osteoarthritis 12807 (14.5) 52586 (14.5)
Rheumatoid arthritis 1310 (1.5) 5132 (14)
Colitis® 124 (1.1) 293 (0.6)
Crohn's disease® 28 (0.2) 109 (0.2)
Benign breast disease” 1094 (7.0) 2937 (4.7)
Family history of breast cancer” 539 (34) 1249 (2.0)
Medications (in previous |3—72 months)
Traditional NSAIDs 35697 (40.5) 140642 (38.8)
Aspirin 19895 (22.6) 79067 (21.8)
Statins 13621 (15.5) 54606 (15.1)
Hormone replacement therapy® 3289 (21.0) 10973 (17.4)
Oral contraceptive pill® 523 (3.3) 1638 (2.6)

Abbreviation: NSAID = non-steroidal anti-inflammatory drug. *On the basis of cases
with colorectal cancer and their controls only. ®On the basis of female cases with
breast cancer and their controls only. Values are shown as numbers and %.

Exposure to COX2 inhibitors

Overall 7.8% (6901) of cases and 7.4% (26 974) of controls had at
least one prescription for COX2 inhibitors. Most users (70% cases,
70% controls) had no gap longer than 60 days between the first and
last prescription, with 19% cases and 19% controls having only one
gap longer than 60 days. Twenty-one percent of COX2 inhibitor
users (21% cases, 21% controls) had prescriptions for more than
365 days (Figure 1) with median 20 prescriptions (interquartile
range, 14-30 for cases, 14-31 for controls). Median duration of
use for these long-term users was 25 months (interquartile range
17-37 for cases and 18-37 for controls) and median duration for
short-term users was 2 months (interquartile range 1-4 for both
cases and controls).

British Journal of Cancer (2011) 105(3), 452—-459

The most frequently prescribed COX2 inhibitors were rofecoxib
(3.1% cases, 3.0% controls), celecoxib (2.6% cases, 2.5% controls)
and meloxicam (2.6% cases, 2.4% controls). Other COX2 inhibitors
were prescribed to <1% cases and 1% controls. Most rofecoxib
users were on low/medium dose (71% cases, 72% controls), most
celecoxib users were on high dose (81% cases, 79% controls) and
more than half of meloxicam users (65% cases, 65% controls) were
on high dose.

A higher proportion of COX2 inhibitors users had hypertension,
cardiovascular disease, diabetes, rheumatoid arthritis and osteoar-
thritis than non-users (Table 2).

Cancer of any site The analysis for cancer risk showed a
significant association with any COX2 inhibitors use, although
the OR (Table 3) was close to unity (OR 1.06, 95% CI 1.03-1.09,
P<0.001), and no association for long-term use (OR 1.02, 95% CI
0.96-1.08, P=0.616). Analyses of trends for duration of use and
dosage, as well as individual COX2 inhibitors use did not show
significant associations with overall cancer risk (Table 4 and
Supplementary information).

Colorectal cancer There was no association between any use of
COX2 inhibitors and risk of colorectal cancer, but the association
with long-term use was significant (OR 0.76, 95% CI 0.63-0.92,
P=0.004). There was a significant trend for duration of use
(Pirend = 0.004) with an OR of 0.66 (95% CI 0.51-0.86, P=0.002)
for more than 24 months of use. Risk of colorectal cancer stayed
significantly decreased for long-term users who stopped COX2
inhibitors more than 2 years before the index date (OR 0.74, 95%
CI 0.60-0.92, P =0.007).

Breast cancer Risk of breast cancer was not statistically
significantly associated with overall COX2 inhibitor use, but there
was a significant trend with duration of use (Pyenq = 0.002) with an
increased risk in long-term users (OR 1.24, 95% CI 1.08-1.42,
P=0.003), which stayed increased after stopping COX2 inhibitors
more than 2 years before the index date (OR 1.23, 95% CI
1.05-1.44, P=10.009).

Haematological malignancies There was a significant association
between risk of haematological malignancies and COX2 inhibitor
use (OR 1.18, 95% CI 1.07-1.31, P=0.001) with an even stronger
association for long-term users (OR 1.38, 95% CI 1.12-1.69,
P=0.002). There was a significant trend for duration of use
(Pyrena< 0.001) and an increased risk of 47% in users for more
than 2 years (P=0.008). Removing cases and controls with
rheumatoid arthritis did not change the ORs. Meloxicam had the
highest OR (OR 1.27, 95% CI 1.08-1.50, P =0.004) for overall use,
but others were not statistically significant. The risk in long-term
users remained significantly increased after stopping COX2
inhibitors for more than 2 years before the index date (OR 1.40,
95% CI 1.11-1.76, P=10.005).

The ORs for overall use in separate analyses for leukaemia,
lymphoma and myeloma showed consistent increases, though only
myeloma was significant (ORs 1.18, 95% CI 1.02-1.36, P=0.030;
1.21, 95% CI 1.01-1.45, P=0.036; and 1.43, 95%CI 1.13-1.81.
P=0.003, respectively). Long-term use showed a stronger effect for
lymphoma (ORs 1.20, 95% CI 0.88-1.64, P =0.246; 1.70, 95% CI
1.21-2.40, P=0.002; and 1.38, 95% CI 0.87-2.19, P=0.168, for
leukaemia, lymphoma and myeloma, respectively), with respective
trends (Pgend =0.071), (Pgeng =0.001) and (Pieng = 0.048) for
actual months of use.

Lung cancer There were no significant associations for lung
cancer. Long-term COX2 inhibitor users had a lower risk (OR 0.79,
95% CI 0.65-0.95, P=0.012), but it was not statistically significant
at the level of 0.01.

© 201 | Cancer Research UK
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Risk of cancer in patients using COX2 inhibitors for more than 365 days

Site of cancer

(No. of cases)

OR (95% Cl)

Haematological (7185) 1.38 (1.13-1.69)
Breast (15666) 1.24 (1.08 — 1.42)

Bladder (4227) 1.1 (0.84 —1.46)

Prostate  (14764)  1.10 (0.94 — 1.29)
Melanoma of skin (3249) 1.05 (0.75 - 1.47)
Pancreas (2110) 1.04 (0.72 - 1.49)
Oesophagus (3159) 0.98 (0.70 —1.36)
Stomach (1992) 0.83 (0.53 - 1.31)

Lung (10163)  0.79 (0.65 - 0.95)

Colorectal (11749) 0.76 (0.63 — 0.92)

in 13 to 72 months before the index date.

Adjusted odds ratios and 95% confidence intervals

_._
s

_-_
-
.

T T T T
0 0.5 1 1.5 2

Odds ratios and 95% Cl are adjusted for deprivation, smoking, comorbidities and use of medication.
Reference group: No use of COX2 in 13 to 72 months before the index date.

© QRESEARCH 2008 version 20

Figure 1

Other cancers There were no significant associations with COX2
inhibitor use for other cancers.

Other analyses No dose-response association with cancer was
found for any site. No particular type of COX2 inhibitor overall use
was associated with increased or decreased risk of cancer (except
for blood cancer reported above).

DISCUSSION

The key findings from our study are that long-term use of selective
COX2 inhibitors was associated with a 24% reduced risk of
colorectal cancer, a 24% increased risk of breast cancer and a 38%
increased risk of haematological cancer. No significant increases or
decreases for other common cancers were found. Although the
protective effect for colorectal cancer might have been hypothe-
sised from theoretical and laboratory studies (Koki and Masferrer,
2002; Khan and Lee, 2009), we believe this is the first demonstra-
tion using general population clinical data.

Comparison with other studies

Many epidemiological studies have investigated the effects of
nonspecified or combined (COX2 and traditional) NSAIDs on
cancer risk (Garcia Rodriguez and Huerto-Alvarez, 2001; Serensen
et al, 2003; Jacobs et al, 2005; Hernandez-Diaz and Garcia
Rodriguez, 2006; Bardia et al, 2007; Gallicchio et al, 2007). A
number of them have suggested overall chemoprotective proper-
ties of NSAIDs for several cancers, in particular colorectal (Garcia
Rodriguez and Huerto-Alvarez, 2001; Segrensen et al, 2003) and, for
long-duration regular users, lung, prostate and breast cancer
(Jacobs et al, 2005; Hernandez-Diaz and Garcia Rodriguez, 2006;
Gallicchio et al, 2007).

There is less evidence for newer COX2 drugs, although
laboratory and animal studies (Liu et al, 2004; Manish et al,
2005; Barnes et al, 2007; D’Arca et al, 2010) using COX2 inhibitors
have shown possible decreases in cancer incidence. The reduced
risk of colorectal cancer in our study was comparable with the 56%

© 2011 Cancer Research UK

Risk of cancer in patients using COX2 inhibitors for more than 365 days in |3—72 months before the index date.

decreased risk of distal large bowel cancer in COX2 inhibitor users
(Kim et al, 2008). COX2 inhibitor chemoprotective effects were
also demonstrated in a randomised controlled trial for colorectal
cancer prevention (Arber et al, 2006), although on patients with
increased baseline risk because of previous history of adenomas.
Although the trial was planned for 5 years of surveillance and
treatment, it was stopped after 3.1 years because of adverse
cardiovascular effects, but it still demonstrated a significant anti-
tumour effect with risk reductions of 55-67% depending on
celecoxib dose (Bertagnolli et al, 2006).

Our study’s finding of an increased risk of breast cancer
contrasts with findings from a hospital-based case - control study on
selective COX-2 inhibitors (Harris et al, 2006), which demonstrated
a significant risk reduction (OR 0.29, 95% CI 0.14-0.59) with daily
use for at least 2 years. This study was very small (only 10 cases),
and used questionnaire data and hence would have been subject to
recall bias. Another study (Rahme et al, 2005) on menopausal
women showed a reduction in breast cancer risk (OR 0.81, 95% CI
0.68-0.97) for COX2 inhibitor use of 90 days or longer, however,
with shorter exposure (average of eight prescriptions). Although no
other recent epidemiological study has looked at specific effects of
COX-2 inhibitors, a number of studies have investigated effects of
nonspecified or combined NSAID use on breast cancer (Gill et al,
2007; Kirsh et al, 2007; Ready et al, 2008), mostly finding no
association. The mechanism of inhibiting of COX2 expression might
differ for different types of traditional NSAIDs, and a cohort study
(Marshall et al, 2005) demonstrated an increased risk in ibuprofen
users but not in aspirin or other NSAIDs.

We showed increased risks for haematological malignancies,
particularly lymphoma. Frequent traditional NSAID users with
rheumatoid arthritis may have double the risk of having
haematological cancers (Thomas et al, 2000), and one rheumatoid
arthritis study showed an increased risk of lymphoma (Baecklund
et al, 2006) from chronic inflammation. Removing rheumatoid
arthritis patients, left our results unchanged, suggesting an effect
from COX2 inhibitors rather than from the condition. Another
meta-analysis demonstrated no association between NSAIDs and
non-Hodgkin lymphoma (Bernatsky et al, 2007) risk, but the only
study on COX2 inhibitors found a possible increased risk

British Journal of Cancer (2011) 105(3), 452—459
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Table 2 Baseline characteristics in cases and controls COX2 users and

non-users (at least one prescription in |3 to 72 months before index date)

Cases (N=288 125) Controls (N=362254)
COX2 user COX2 non-users COX2 user COX2 non-users
N=6901 N=281224 N=26974 N=335280
Sex
Female 3833 (55.5) 37916 (46.7) 15055 (55.8) 155118 (46.3)
Male 3068 (44.5) 43308 (533) 11919 (44.2) 180 162 (53.7)
Age band (years)
30-54 455 (6.6) 12696 (15.6) 1693 (6.3) 48213 (144)
55-64 1309 (19.0) 18329 (22.6) 4830 (17.9) 75277 (22.5)
65-74 2123 (30.8) 24635 (30.3) 8616 (31.9) 103082 (30.7)
75-84 2466 (35.7) 22547 (27.8) 9911 (36.7) 96367 (28.7)
85+ 548 (7.9) 3017 37) 1924 (7.1) 12341 (3 7)
Deprivation, Townsend quintile
I, Most affluent 1606 (23.3) 20466 (25.2) 6378 (23.6) 85909 (25.6)
2 1467 (21.3) 17531 (21.6) 5876 (21.8) 73191 (21.8)
3 1344 (19.5) 15994 (19.7) 5491 (20.4) 65867 (19.6)
4 1334 (19.3) 13991 (17.2) 4933 (18.3) 56834 (17.0)
5, Most deprived 955 (13.8) 10941 (13.5) 3639 (135) 42332 (12.6)
Townsend missing 195 (2.8) 2301 (2.8) 657 (2.4) 11147 (3.3)
Body mass index (kgm™?)
15-24 1802 (26.1) 24919 (30.7) 7228 (26.8) 98655 (29.4)
25-29 2491 (36.1) 24794 (30.5) 9686 (35.9) 99 117 (29.6)
30-49 1482 (21.5) 1440 (14.1) 5814 (21.6) 45599 (13.6)
Not recorded 1126 (16.3) 20071 (247) 4246 (15.7) 91909 (274)
Smoking status
Non-smoker 4659 (67.5) 49648 (61.1) 19789 (73.4) 213346 (63.6)
Ex-smoker 742 (10.8) 6825 (8.4) 2346 (8.7) 21496 (6.4)
Current smoker 1215 (17.6) 16060 (19.8) 3661 (13.6) 51208 (15.3)
Not recorded 285 (4.1) 8691 (10.7) 1178 (4.4) 49230 (14.7)
Comorbidities
Cardiovascular disease 1483 (21.5) 12795 (15.8) 5991 (22.2) 52132 (15.5)
Diabetes 711 (10.3) 6404 (7.9) 2601 (9.6) 24201 (7.2)
Hypertension 2858 (41.4) 24246 (29.9) 11449 (42.4) 98348 (29.3)
Osteoarthritis 2667 (38 6) 10140 (12.5) 10623 (39.4) 41963 (12.5)
Rheumatoid arthritis 400 (5 8) 910 (1.1) 1519 (5.6) 3613 (I b
Colitis® 0.9) 16 (1.1) 34 (0.9) 259 (0.6)
Crohn's disease® 2 (O 2) 26 (02) 9 (02) 100 (O 2)
Benign breast disease® 92 (7.1) 1002 (7.0) 210 (4.2) 2727 (4.7)
Family history of breast cancer® 37 (2 8) 502 (3.5) 88 (1.7) 161 (2.0)
Medications (in previous |3—72 months)
Traditional NSAIDs 1771 (25.7) 11850 (14.6) 6971 (25.8) 47635 (14.2)
Aspirin 4629 (67.1) 31068 (382) 18229 (67.6) 122413 (36.5)
Statins 2290 (33.2) 17605 (21.7) 9047 (33.5) 70020 (20.9)
Hormone replacement therapy® 324 (24.8) 2965 (20.6) 1102 (21.8) 9871 (17.1)
Oral contraceptive pill® 13 (1.0 510 (3.6) 50 (1.0) 1588 (2.7)
Medications in the last |2 months
COX2 inhibitors 1754 (25.4) 1763 (2.2) 7136 (26.5) 5341 (1.6)

Abbreviations: COX2 = cyclooxygenase-2; NSAID = non-steroidal anti-inflammatory

drug. *On the basis of cases with colorectal cancer and their controls, only. "On the basis of

female cases with breast cancer and their controls, only. Values are shown as numbers and %.

associated with regular use (Flick et al, 2006) (OR 1.58, 95% CI
0.68-3.67). A recent study (Chang et al, 2010) also demonstrated
an increased risk of Hodgkin lymphoma, associated with COX2
inhibitors.

There is no established biological mechanism explaining the
associations between COX2 inhibitors and risk of breast or blood
cancers, and further exploration is needed.

We found no significant reduction of lung cancer risk in patients
with over 1 year use of COX2 inhibitors, although there was some
indication of a decreased risk (OR 0.79, 95% CI 0.65-0.95), in
contrast to a very small study reporting a 60% reduction for COX2

British Journal of Cancer (2011) 105(3), 452—-459

inhibitor use of 2 years or more (Harris et al, 2007) (22 cases) with
inevitable recall bias. A larger case-control study demonstrated a
reduction of risk (Hernandez-Diaz and Garcia Rodriguez, 2006),
based on all NSAIDS, but no significant association for COX2
inhibitors.

Strengths and limitations

The study was substantially larger than earlier studies, including
information from all patients, including those with short survival.
There is no recall bias, as details of prescriptions and confounding

© 201 | Cancer Research UK
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npg)
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Table 3 Use of selective COX2 inhibitors (at least one prescription) in cases and in controls in |3 to 72 months before the index date by cancer site
Total Total No. of COX2 No. of COX2

number number of inhibitors users inhibitors users Unadjusted OR Adjusted OR Adjusted
Cancer of cases controls in cases (%) in controls (%) (95% CI)* (95% CI)*P P-value
Breast® 15666 62938 1304 (8.3) 5046 (8.0) 1.09 (1.02-1.17) 1.07 (1.00—-1.15) 0.047
Prostate 14764 61853 1067 (7.2) 3979 (6.4) [.16 (1.08—1.24) 1.09 (1.01-1.18) 0.022
Colorectal 11749 48 624 866 (7.4) 3752 (7.7) 0.97 (0.90—1.05) 0.99 (091-1.08) 0817
Lung 10163 42415 845 (8.3) 3500 (8.3) 1.03 (095-1.12) 1.00 (091-1.09) 0922
Haematological 7185 29 162 634 (8.8) 2104 (7.2) 1.30 (1.18—1.44) 118 (1.07-131) 0.001
Bladder 4227 17559 332 (7.9) 1239 (7.1) 117 (1.03-1.34) [.15 (1.00-1.32) 0.045
Skin 3249 13115 239 (74) 952 (7.3) 1.06 (091-1.24) 1.05 (0.89-1.23) 0.579
Oesophagus 3159 13041 222 (7.0) 941 (7.2) 099 (0.85—1.16) 1.03 (0.88—1.21) 0710
Pancreas 2110 8762 189 (9.0) 716 (82) .11 (094-133) 112 (094-1.35) 0215
Stomach 1992 8279 143 (7.2) 573 (69) 1.07 (0.87—-1.30) 1.03 (0.84-127) 0.747
All cancers 88125 362254 6901 (7.8) 26974 (74) 1.09 (1.06—1.12) 1.06 (1.03-1.09) <0.001

Abbreviations: Cl = confidence interval; COX2 = cyclooxygenase-2; OR = odds ratio. *Compared with no use. ®Adjusted for Townsend quintile, body mass index, smoking
status, myocardial infarction, coronary heart disease, diabetes, hypertension, stroke, rheumatoid arthritis, osteoarthritis, use of other lipid-lowering drugs, non-steroidal anti-
inflammatory drugs, COX2 inhibitors and aspirin. “Also adjusted for family history of breast cancer, use of oral contraceptives and hormone replacement therapy. “Also adjusted
for colitis and Crohn's disease.

Table 4 Cumulative duration of COX2 inhibitors use in cases and controls in |3—72 months before the index date by cancer site

Less than 90 days 90 days-12 months 13-24 months 25 months and more

Cases/ Adjusted odds Cases/ Adjusted odds Cases/ Adjusted odds Cases/ Adjusted odds
Cancer controls  ratio (95% CI)*> controls ratio (95% CI)> controls ratio (95% CI)*> controls ratio (95% CI)*> P-value®
Breast® 684/2888 098 (0.89-1.07)  329/1143 121 (1.06—137)% 144/482 129 (1.07-157)% 147/533 1.19 (0.98—1.44) 0.002
Prostate 621/2287 LT (1.01=122) 225/869 1.04 (0.90—1.21 109/398 I.11(0.90-1.38) 112/425 1.09 (0.88—1.36) 0.097
Colorectal® 514/2062 1.07 (096—1.18)  207/873 1.04 (0.88—1.21 80/401  0.88 (0.69—1.12) 65/416  0.66 (0.51-0.86) 0.004
Lung 506/1905 | 10 (0.98-1.23) 1751762 095 (0.79-1.14 62/385 0.60 (O.45*O.8|)d 102/448 096 (0.75-1.22) 0.138
Haematological 320/1170 09 (095-1.25) 169/527 1.25 (1.04-1.50 721212 .31 (0.99-1.74) 73/195 147 (11 = \.95)d <0.001
Bladder 190/662 | 25 (1.05-1.49) 69297 099 (0.75—-1.30 32/139 101 (0.68—151) 417141 1.20 (0.84—1.72) 0369
Skin 1371529 1.06 (0.87—1.30) 54/223 1.00 (0.73-1.36 32/90 1.49 (0.98-2.27) 16/110 0.68 (0.39—1.16) 0.524
Oesophagus 132/537 1.09 (0.88—1.33) 43/199 0.96 (0.68—1.35 23/115 0.87 (0.55-1.39) 24/90 [.I'1 (0.70—-1.76) 0465
Pancreas 97/383 1.07 (0.84—1.36) 53/168  1.37 (0.99-1.90 18/83 095 (0.56—1.61) 21/82 1.08 (0.66—1.78) 0.583
Stomach 86/314 [.13 (0.87-1.46) 33/138 1.0l (0.68—1.51 14/58 1.0l (0.55—1.84) 10/63 0.67 (0.34-1.32) 0.262
All cancers 3884/15021 .07 (1.03=1.11) 1602/6161  1.08 (1.02—1.15 96932806 103 (0.95- I.IZ)d 722/2986  1.00 (0.92—1.09) 0236

Abbreviations: Cl = confidence interval; COX2 = cyclooxygenase-2. *Adjusted for Townsend quintile, body mass index, smoking status, myocardial infarction, coronary heart
disease, diabetes, hypertension, stroke, rheumatoid arthritis, osteoarthritis, use of other lipid-lowering drugs, non-steroidal anti-inflammatory drugs, COX2 inhibitors, aspirin and
compared with no use. °Trend test based on number of months prescribed. “Also adjusted for family history of breast cancer, use of oral contraceptives, hormone replacement

therapy. “P-value <0.01. ®Also adjusted for colitis and Crohn's disease.

factors were recorded prospectively before the index date. Bias
from misclassification of diagnoses was unlikely because accuracy
and completeness of records in general practices is high
(Hippisley-Cox et al, 2003; Herrett et al, 2010). Matching controls
on sex, age, practice and calendar year removed effects from these
confounding factors and we adjusted for a number of other
confounding variables. Although we used a 1% level to define
statistical significance level, some of our findings might still have
arisen from multiple significance testing. Bias from misclassifica-
tion of COX2 inhibitor use was unlikely as over 99% of all repeat
prescriptions are computer recorded (Department of Health,
2007), and underestimation of use was unlikely as these drugs
are prescription-only.

We did not adjust for certain cancer risk factors, such as
physical activity, women’s reproductive history, alcohol use and
diet, because these are not consistently recorded. There may,
therefore, be residual confounding if these factors are associated
with COX2 inhibitor use. Body mass index, smoking status and
deprivation had missing values in 22% of cases and in 25% of
controls, and we used multiple imputation to replace these values.
Although our data contain detailed information on drug prescrip-
tions, this may not reflect the actual use. There is no reason to
think that any non-adherence would systematically differ between
cases and controls, however, such misclassification might have

© 2011 Cancer Research UK

biased the ORs towards one making the associations weaker. There
may be residual confounding because of over-the-counter use of
NSAIDs and aspirin, which was not accounted for in the analyses.
There was no information about cancer stage and it is unknown
whether the symptoms before diagnosis led to COX2 inhibitor use.
The possibility of this was minimised by ignoring prescriptions in
the last year before the index date.

Summary

We have conducted a large population-based case-control study
examining the association of selective COX-2 inhibitors with risk
of common cancers in the general population and found a reduced
risk of colorectal cancer, but increased risks of breast and
haematological malignancies in long-term COX2 inhibitor users,
which did not decrease after cessation. This was a very broad study
covering a range of cancers, each of which, though related, are
complex and exhibit significant variations in terms of disease
mechanisms and progression, symptoms and treatments. The
primary value of the study is, therefore, as a comprehensive
overview, identifying the relative potential of different areas for
further focused investigation. Although some significant findings
are reported, further studies are suggested, in particular, in the
areas of breast and blood cancers.

British Journal of Cancer (2011) 105(3), 452—459
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Exposure to bisphosphonates and risk
of cancer: a protocol for nested
case—control studies using the
QResearch primary care database

Yana Vinogradova, Carol Coupland, Julia Hippisley-Cox

ABSTRACT

Introduction: Bisphosphonates are becoming

a common treatment for osteoporosis particularly after
discovery of the association between hormone
replacement therapy and increased risk of breast
cancer. As osteoporosis develops with age, treatment
is a long-term intervention. Randomised control trials
typically have limited follow-up times, which restricts
investigation of the effects of the drugs on risk of
primary cancers. A few observational studies have
demonstrated a reduced risk of breast cancer and
possibly of endometrial cancer in bisphosphonate
users. Two epidemiological studies have studied the
effect of the drugs on oesophageal cancer but did not
reach any definite conclusions. So far, no effects on
colorectal and stomach cancer have been shown. This
study will investigate the association of
bisphosphonates with risks of the 10 most common
primary cancers.

Methods and analysis: A series of nested
case—control studies will be based on the general
population using records from 660 UK general
practices within the QResearch Database. Cases will be
patients with primary cancers diagnosed between
1996 and 2011. Each case will be matched by age, sex,
practice and calendar year to five controls, who are
alive and registered with the practice at the time of
diagnosis of the case. Exposure to bisphosphonates
will be defined as at least one prescription during the
study period. For the most common cancers with
substantial numbers of observations, the effect of the
duration of the treatment and different types of
bisphosphonates will be studied. Conditional logistic
regression will be applied to produce ORs adjusted for
smoking status, socioeconomic status, ethnicity,
cancer-specific co-morbidities and use of other
medications.

INTRODUCTION

Osteoporosis among the older people is
a major problem leading to increased
mortality and morbidity and high costs for
health services. Thirty-five per cent of the
European population aged 50 years and over

ARTICLE SUMMARY

Article focus

m Bisphosphonate use.

m Effect on incidence of cancer.
m Designing a study.

Key messages

m Series of case—control studies will examine
possible associations between use of bisphosph-
onates and risk of cancer.

m Effect of dose, duration and different types of
drug will be investigated.

m Results will be adjusted for a number of
confounders.

Strengths and limitations of this study
Large sample size.

m Based on the general populations.

m Based on routinely collected data.

m Prescriptions not actual use.

suffer from fractures caused by osteoporosis.l
Between 1980 and 1990, the use of hormone
replacement therapy (HRT) was considered
a preventive measure for postmenopausal
osteoporotic fractures in women but, after
a Women’s Health Initiative trial report
about increased risk of breast cancer, use of
HRT fell significantly.”

As a treatment for postmenopausal osteo-
porosis, bisphosphonates were introduced in
the 1990s, and prescribing of them has
increased substantially and continually. HRT
(raloxifene) and the use of calcitonin and
strontium ranelate® are still considered to be
options for the treatment of osteoporosis, but
according to the UK National Institute for
Health and Clinical Excellence guidelines,4 5
recommending bisphosphonates as a first-
line therapy for osteoporosis bisphospho-
nates have become the most commonly
prescribed drug.

The proportion of the female population
in the UK eligible for treatment varies
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between 24% and 47%, depending on age.® The drugs
increase bone mass and reduce the risk of fracture, but
these effects become significant only after 6—36 months
of use depending on the type of dlrug.7 Bisphosphonates
bind to bone and, depending on type, can be released
for up to ten more years after treatment ceases.®

The first use of bisphosphonates in the 1970s was in
oncology. They were used for the treatment and
prevention of skeletal disorders associated with multiple
myeloma and bone metastases from breast, prostate,
lung and kidney cancers and other solid tumours.
Bisphosphonates have also been used for glucocorticoid-
induced osteoporosis.7

There is preclinical evidence for the anti-tumour
effects of bisphosphonates because of their anti-resorp-
tive properties.9 Bone is a good environment for tumour
cells because of a number of growth factors. Osteoclasts
affect release of soluble growth factors and so promote
tumour cells. Bisphosphonates accumulated in bones
inhibit osteoclast-mediating bone resorption with
significant clinical effect. The drugs also demonstrate
anti-tumour effects in vitro by inhibiting angiogenesis
(adhesion, invasion and proliferation) and inducing
apoptosis. The cancers studied in vitro were breast,
prostate, myeloma, pancreatic and osteosarcoma. '’
These preclinical studies, however, were conducted with
concentrations far higher than those used for treating
patients with bone metastates.""

Although the anti-tumour properties of bisphospho-
nates are being considered for prevention of bone
metastases and a few clinical trials have demonstrated
the efficacy of bisphosphonates in women with early-
stage breast cancer,'” they have been little studied in
relation to the development of other primary cancers.
Four epidemiological studies concentrating on breast
cancer have shown positive effects for bisphosphonates:
32% RR reduction in postmenopausal women (HR 0.68,
95% CI 0.52 to 0.88),"% 33% decreased risk in current
users, women aged 20—69 years (OR 0.67, 95% CI 0.51
to 0.89),14 39% risk reduction in patients taking
bisphosphonates for at least 1year (OR 0.61, 95% CI
0.50 to 0.76)'® and 47% risk reduction after start of
alendronate (HR 0.53, 95% CI 0.38 to 0.73) and 20% for
etidronate (HR 0.80, 95% CI 0.73 to 0.89).'° A study
looking at the risk of endometrial cancer has also
shown a 30% decrease associated with bisphosphonate
use, but it was not statistically significant (OR 0.7, 95%
CI 0.4 to 1.2)."7

Because bisphosphonates are associated with short-
term gastrointestinal adverse effects,8 an adverse effect
on risk of oesophageal cancer might be expected. The
first publication about the association was from the US
Food and Drug Administration Adverse Event Reporting
System, which listed 23 cases of oesophageal cancer in
users of oral alendronate between 1995 and 2008.'"% A
further observational study, based on 13 678 bisphosph-
onate users matched to 27 365 non-users, identified 37
oesophageal cancers and 48 gastric cancers and showed

reduced risks for oesophageal and gastric cancers
(HR 0.35, 95% CI 0.14 to 0.85 and HR 1.23, 95% CI 0.68
to 2.22, respectively)."?

A case—control study looking at 2954 cases of oeso-
phageal, 2018 cases of gastric and 10641 cases of colo-
rectal cancers, based on the General Practice Research
Database, demonstrated a 30% increased risk of oeso-
phageal cancer in patients with at least one prescription
for bisphosphonates (OR 1.80, 95% CI 1.02 to 1.66)°
but did not find a significant effect on risk of gastric or
colorectal cancers (OR 0.87, 95% CI 0.64 to 1.19 and OR
0.87, 95% CI 0.77 to 1.00, respectively). A cohort study
based on the General Practice Research Database did
not find any significant association between bisphosph-
onate use and risk of gastric or oesophageal cancers®'
(combined HR 0.96, 95% CI 0.74 to 1.25, for oesopha-
geal cancer only HR 1.07, 95% CI 0.77 to 1.49). As for
colorectal cancer, an Israeli study showed a significantly
decreased risk in patients taking bisphosphonates for
more than a year (RR 0.50, 95% CI 0.25 to 0.67).%% A
Danish study looked at gastrointestinal cancers and
reported an excess risk of oesophageal cancer associated
with use of alendronate (HR 2.10, 95% CI 1.01 to 4.35)
and etidronate (HR 1.99, 95% CI 1.24 to 3.18) and
a possible protective effect of higher doses for colorectal
cancer (HR 0.29, 95% CI 0.14 to 0.62).2> So far no
epidemiological studies have investigated associations
with risks of other common cancers for bisphosphonate
users. A few randomised controlled trials—the longest
for up to 10 years** **—have studied the effect of the
drugs on skeletal properties and general adverse effects,
but none of them have considered cancer as a conse-
quence of osteoporotic therapy. A cohort study in
patients treated for osteoporosis including bisphospho-
nates is currently enrolling participants to explore
a number of adverse events in the next 5 years.27 This is
the only study where malignancies form part of the
secondary outcome measures.

Our aim is to examine possible associations between
use of bisphosphonates and risk of a range of common
cancers in a large community sample, including the
effect of dose, duration and type of drug.

METHODS AND ANALYSIS

Sample selection

This will be a study using the QResearch primary care
research database, which consists of routinely collected
data from general practitioner clinical computer
systems. The contributing practices, which comprise
around 7% of all UK general practices, use the Egton
Medical Information System. QResearch is one of the
largest general practice databases, containing anony-
mised clinical records for over 13 million patients
registered with 660 UK general practices. The informa-
tion recorded on the database includes patient demo-
graphics (year of birth, sex, socio-demographic data
derived from UK census 2001), characteristics (height,
weight, smoking status), clinical diagnoses, symptoms
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and prescribed medications (including repeat prescrip-
tions). Detailed analyses, including age and sex distri-
bution, birth rates and death rates, have been
undertaken and have shown good correspondence with
other sources®® and demonstrated the accuracy and
completeness of the data.?

An open cohort of patients will be identified, 30 years
or older, registered with the study practices during the
study period, between 1 January 1996 and 1 July 2011.
Temporary residents will be excluded. Cases will be
incident cases of cancer identified during the study
period, and these will include the 10 most common
cancers. Cases with any previous cancer diagnosis will be
excluded. Cases with secondary cancers (READ codes:
B56, B57, B58) will be excluded. The right censor date
will be the earliest of the following: date of diagnosis of
cancer, date of death, date of leaving the practice, date
of the latest download of data, the study end date.

Cases and controls

Each case will be matched to five controls, who are alive
and registered with the practice at the time of diagnosis
of the case. Controls will be matched on age, sex, prac-
tice and calendar year using incidence density sampling.
Controls will be allocated an index date, which is the
date on which their matched case was first diagnosed
with cancer. Controls with a diagnosis of any cancer
before the index date will be excluded.

Cases and controls with a record of mastectomy before
their first prescription of bisphosphonates will be
excluded since this treatment is likely to indicate
a previous diagnosis of breast cancer with further bone
metastases. For breast cancer, only female patients will be
included. All patients with Paget’s disease will be
excluded as the treatment for this condition is admin-
istered in higher doses and for much longer periods
(typically 2 weeks for osteoporosis against 6 months for
Paget’s). Patients with prescriptions for the bisphosph-
onates licensed not for osteoporosis but for malignan-
cies (zoledronic acid, clodronate and daily use of
ibandronate) will also be excluded.

For the main analysis, cases and controls will be
included if they have complete records for at least
2 years before the index date. A subset of cases and
controls with at least 6 years of records will be used for
further analyses.

The risks of any cancer and of the 10 most common
cancers will be determined for patients prescribed
bisphosphonates and compared with the risks for
patients not prescribed these drugs. The ‘most common’
cancers have been selected because they have this status
in the UK. They are breast cancer (women, B34),
prostate cancer (men, B46), lung cancer (B22), colo-
rectal cancer (B13, B14), haematological malignancies
(B6), bladder cancer (B49), melanoma (B32), gastric
cancer (B11), pancreatic cancer (B17) and oesophageal
cancer (B10). As osteoporosis might be an early
symptom of possible myeloma, it will be analysed
separately from Ilymphoma and leukaemia. The

commoner female cancers (ovary (B44), uterus (B43)
and cervix (B41)) will also be considered.

Interventions

Exposure to drugs for osteoporosis will be determined
based on all prescriptions for bisphosphonates and other
drugs before the index date (date of diagnosis or equiv-
alent date for controls) within the observation period
(from the date of entry into QResearch to the index
date). The bisphosphonates to be included are identified
in the British National Formulary section 6.6.2 as treat-
ment for osteoporosis”: alendronate (5—10 mg daily or
70 mg weekly), etidronate (400 mg daily for 14 days in
90-day cycles), ibandronate (150 mg a month or intra-
venous 3 mg/3 months) and risedronate (5mg daily).

The cumulative exposure to bisphosphonates will be
assessed by extracting duration of the prescribed days’
supply and summarising it for each patient. For drugs
prescribed in cycles, the length of a cycle will be
considered as duration of a prescription, for example,
etidronate prescription for 2 weeks will be assessed as
a 90-day prescription duration. The same approach will
be applied to intravenous infusion, considering the
recommended interval between injections as the dura-
tion of a prescription (eg, 3 months for ibandronate).
The cumulative exposure to bisphosphonates will be
estimated by extracting the duration for every prescrip-
tion, and for groups of prescriptions with inter-
prescription gaps of <60 days, overall course times will
be calculated from the start of the first prescription to
the end of the last prescription.

As bisphosphonates can be released for months after
a treatment, total exposure to bisphosphonates will be
estimated as the time between the first prescription and
the end time for the last prescription.

Because bisphosphonates and other osteoporosis
treatment drugs are prescribed for years, long-term users
and short-term users will be distinguished, as treatment of
the latter might have been for accidental or clinical frac-
tures or for better integration of biomaterial or implants.
The effect of bisphosphonates on treating fractures
varies from 6 to 36 months, for example 12 months for
risedronate and 24 months for alendronate.”

There are three regimens for bisphosphonate use:
daily, once weekly and once monthly. Daily use has been
shown to have lower adherence than weekly use.”’
Another reason for investigating regimens is that,
particularly for gastrointestinal organs, there might be
a marked difference between the effects of daily and
weekly exposure to bisphosphonates, with associated
effects on risks for oesophageal, gastric and colorectal
cancers.

Bisphosphonate use will be categorised in a number of
ways. The main analyses will compare patients having no
prescriptions for the drugs with patients with at least one
prescription for any bisphosphonate. The effect of
prescribing for short-term (<12 months) and long-term
(at least 12 months) periods will then be analysed, as well
as the effect of regimen: daily or weekly/monthly.
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If there are a sufficient number of observations,
further analyses will be run for the cumulative exposure
(cumulative duration of all prescriptions) and the
exposure time to bisphosphonate (the time period
between the first prescription and the end time for the
last prescription). The subset of data with at least 6 years
of records will be analysed using following catego-
risations: no use, <180 days, 180 days up to 12 months,
12—24 months and =25 months. A test for trend will be
performed using the actual number of months.

Timing will be categorised as: no use before diagnosis,
used within 1—2 years before the index date and used
>2years before the index date. The interaction of
timing and terms of treatment will also be examined,
categorised as: no use before diagnosis; used within
1—2 years before the index date, short-term use; used
within 1—2 years before the index date, long-term use;
used >2 years before the index date, short-term use and
used >2 years before the index date, long-term use.

If there are any variations in dose of bisphosphonates,
it will be categorised as low (<67% of dose recom-
mended by dose) and normal/high (>66% of recom-
mended dose).

The two main types of bisphosphonates—simple
bisphosphonates (etidronate) and nitrogen contai-
ning’—will be analysed as there are two different
mechanisms of action for the drugs. If there are
sufficient numbers, the data will also be analysed by
individual drug.

Because prescriptions in the year before the index
date might be associated with an early symptom of
cancer before a recorded diagnosis, sensitivity analyses
ignoring all prescriptions in the last year before the
index date will be run. The results from these analyses
will highlight any attenuation of the protective effects of
bisphosphonates or any increases in magnitudes of
harmful effects. A sensitivity analysis on the main analysis
will also be run, defining the use of bisphosphonates as
at least two prescriptions within the observation period.
The analyses will be repeated on a subgroup of patients
with at least 6 years of records to estimate the long-term
effect of bisphosphonate use.

The other drugs for osteoporosis to be included are
strontium ranelate, raloxifene and calcitonin. As there
will not be enough observations to analyse each drug
individually, they will be combined and included in the
analyses as other treatment for osteoporosis. A patient
will be considered as a user if they have at least one
prescription of any of those drugs in their records before
the index date.

Confounding factors

All the analyses will include potential confounders which
are established as risk factors for cancer: body mass
index® (continuous variable, at the date closest to 1 year
before the diagnosis and recorded before the
index date); smoking status®® (current smoker—light
(1—9 cigarettes/day), medium (10—19 cigarettes/day)
and heavy (=20 cigarettes/day); ex-smoker and

non-smoker); excessive alcohol consumptiong4 using
Read codes for alcohol status (only if it is a significant
confounder for the sample); socioeconomic status™
(Townsend score in fifths) and ethnicity36 (Caucasian,
African—American, Asian and other). The analysis will
also adjust for osteoporosis history,?” including diagnosis
of osteoporosis or osteopenia or previous fractures,
use of drugs increasing risk of fracture (systemic
corticosteroids and proton pump inhibitors*®), use of
anti-inflammatory drugs™ (traditional non-steroidal,
cyclooxygenase 2 inhibitors and aspirin)*’ and use of
vitamin D.*!

Co-morbidities which affect risks of cancer will also be
included: rheumatoid arthritis** for any cancer; hyper-
tension®® for uterine cancer and diabetes and glucose
intolerance for pancreatic,44 uterine® and colorectal*®
cancers. Analyses of colorectal, oesophageal, gastric and
pancreatic cancers will be adjusted for gastrointestinal
disorders’” if diagnosed before the first use of
bisphosphonates or 12 months before the index date,
whichever is earlier: upper gastrointestinal disease
(dysphagia, oesophagitis, gastrooesophageal reflux
disease, hiatus hernia, oesophageal ulcers, Barrett’s
oesophagus, gastritis, duodenitis, peptic ulcers,
dyspepsia); Crohn’s disease, ulcerative colitis, and
pancreatitis. Bladder cancer analyses will include renal
impairment*®  (diagnostic code for chronic kidney
disease) if diagnosed before the first use of bisphosph-
onates or 12 months before the index date, whichever is
earlier. Breast cancer analyses will also include previous
benign breast disease (fibrocystic disease, intraductal
papilloma or fibroadenoma).*” The results will also be
adjusted for family history of cancer® (this will vary
according to the cancer under consideration) if
recorded 6 months before the index date. This is to
reduce family recall bias as cases are more likely
to report a family history of cancer around the time of
diagnosis.”!

Because use of some drugs might be associated with
increased risk of some cancers, use of HRT?? and oral
Contraceptives53 for breast, uterine, ovarian and cervical
cancers will also be included. Use of acid suppression
drugs® (including H2 antagonists (BNF 1.3.1), proton
pump inhibitors (BNF 1.3.5) and antacids (BNF 1.1.1))
will be added for gastrointestinal cancer analyses. If
there are enough observations, use of those drugs will be
categorised by the number of prescriptions within the
observation period: none, fewer than 12 prescriptions,
12—24 prescriptions, 25—48 prescriptions and >49
prescriptions.

Statistical analysis

Conditional logistic regression will be used to estimate
OR with 95% ClIs for cancer of any site and each of the
10 most common cancers and three additional female
cancers and their matched controls. The initial analysis
model will determine the unadjusted ORs for each
cancer associated with bisphosphonate prescriptions. A
multivariable model will determine the OR for each
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cancer associated with bisphosphonate prescriptions,
adjusted for the potential confounding effects of the
variables listed above.

As body mass index, smoking status and alcohol
consumption may be important confounders but have
non-negligible numbers of missing data, multiple
imputation will be used to impute the missing values.
Ten imputed data sets will be created. Index year, case/
control status, years of records, potential confounders
and exposure to bisphosphonates and other drugs will
be included. For comparison, analyses with missing data
treated as separate categories will also be carried out.

Stata V.11 will be used for all the analyses. A 1%
significance level will be used to account for the multiple
outcomes.

Sample size calculation

As different types of cancer may have different risks
associated with bisphosphonate use, analyses will require
number of cases to relate to each type of cancer. All
available data from QResearch will be used. Our calcu-
lations are based on the exposure to bisphosphonates in
the proposed data extraction for 6.8% of women and
1.8% of men. For non-gender-specific cancers, the total
proportion of users is estimated as 4.2%. To detect an
OR of 0.87 (for colorectal or stomach cancers?’), 22 322
cases will be needed. To detect an OR of 1.3 (for oeso-
phageal cancer®’), 5208 cases will be needed. To detect
an OR of 0.70 (for breast'* or uterus'”’ cancers), 2382
female cases will be needed. For prostate cancer, to
detect 30% increase (or decrease) in risk, 11773 (or
8686) male cases will be needed. For other cancers,
a detection of 30% risk decrease will require 3785 cases.
All calculations are done for matched sets of cases and
controls, with 4.5 matched controls per case, an esti-
mated coefficient for exposure between matched cases
and controls of 0.2, a power of 80% and a significance
level of 1%.
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Abstract

Objective To investigate the association between use of
bisphosphonates estimated from prescription information and risk of
gastrointestinal cancers.

Design Series of nested case-control studies.

Setting General practices in the United Kingdom contributing to the
QResearch primary care database (660) and the Clinical Practice
Research Datalink (CPRD) (643).

Participants Patients aged =50 with a diagnosis of a primary
gastrointestinal cancer in 1997-2011, each matched with up to five
controls by age, sex, practice, and calendar year.

Main outcome measures Odds ratios for incident gastrointestinal
cancers (colorectal, oesophageal, gastric) and use of bisphosphonates,
adjusted for smoking status, ethnicity, comorbidities, and use of other
drugs.

Results 20 106 and 19 035 cases of colorectal cancer cases, 5364 and
5135 cases of oesophageal cancer cases, and 3155 and 3157 cases of
gastric cancer were identified from QResearch and CPRD, respectively.
Overall bisphosphonate use (at least one prescription) was not
associated with risk of colorectal, oesophageal, or gastric cancers in
either database. Adjusted odds ratios (95% confidence interval) for
QResearch and CPRD were 0.97 (0.79to 1.18) and 1.18 (0.97 to 1.43)
for oesophageal cancer; 1.12 (0.87 to 1.44) and 0.79 (0.62 to 1.01) for
gastric cancer; and 1.03 (0.94 to 1.14) and 1.10 (1.00 to 1.22) for
colorectal cancer. Additional analyses showed no difference between
types of bisphosphonate for risk of oesophageal and colorectal cancers.
For gastric cancer, alendronate use was associated with an increased
risk (1.47, 1.11 to 1.95; P=0.008), but only in data from the QResearch
database and without any association with duration and with no definitive
confirmation from sensitivity analysis.

Conclusions In this series of population based case-control studies in
two large primary care databases, exposure to bisphosphonates was
not associated with an increased risk of common gastrointestinal cancers.

Correspondence to: Y Vinogradova yana.vinogradova@nottingham.ac.uk

Introduction

As an established drug for the treatment and prevention of
osteoporosis,' > bisphosphonates have been widely prescribed®
and have a long term effect.* Although preclinical studies have
shown that bisphosphonates have anti-tumour properties,’ ° there
is still a possibility that their adverse effects on the
gastrointestinal tract, such as mucosal irritation, might cause
ulceration’ and could be linked to an increased risk of cancer.

The first publication on the possible association was from the
US Food and Drug Administration (FDA) Adverse Event
Reporting System, which listed 23 cases of oesophageal cancer
in users of oral alendronate between 1995 and 2008.* An
observational study, however, showed a reduced risk for
oesophageal cancer but not gastric cancer.” A nested case-control
study, based on the General Practice Research Database
(GPRD), showed a 30% increased risk of oesophageal cancer
in bisphosphonate users,'’ rising to more than a twofold increase
in risk for more than three years’ use, but it did not find a
significant association with risk of gastric or colorectal cancers.
A cohort study based on the GPRD, however, did not find any
significant association between bisphosphonate use and risk of
gastric or oesophageal cancers.'" > One Danish cohort study
looked at gastrointestinal cancers and reported an increased risk
of oesophageal cancer associated with use of alendronate and
a possible protective effect of higher doses for colorectal
cancer." Finally, another Danish cohort study showed a reduced
risk of gastric cancer and no excess risk in oesophageal cancer'
in alendronate users. As for colorectal cancer, another cohort
analysis that used the GPRD found a reduced risk associated
with bisphosphonate use," and an Israeli study also showed a
significantly decreased risk in patients taking bisphosphonates
for more an year.” Although a Danish study on postmenopausal
women showed a reduced risk of colorectal cancer with oral
bisphosphonates, the association was not time or dose
dependent.'s
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In summary, studies to date have reported conflicting findings,
were based on data collected only up to 2008, and were limited
by statistical power. We therefore investigated the association
between bisphosphonates used for the prevention or treatment
of osteoporosis and the risk of gastrointestinal cancers in the
general population with a nested case-control design and
including the most recent data from the QResearch database in
the United Kingdom. We also replicated the analyses using the
Clinical Practice Research Datalink (CPRD, previously known
as General Practice Research Database (GPRD)).

Methods

Study design

The protocol for this study was published in 2012" and
identified the QResearch UK primary care database as a source
of data. Simultaneously, with the same protocol, a replicate
study was conducted with CPRD. These databases are the largest
primary care datasets in the UK and contain electronic records
from 660 (QResearch) and 643 (CPRD) general practices, which
include patients’ demographics, referrals, tests, and
prescriptions. Both have been successfully validated with other
sources of information' '’ and have been used for a range of
safety studies involving commonly prescribed drugs.'® **' *

We identified open cohorts of patients aged >50 and registered
with the practice at some time during the study period (January
1997 to July 2011). For this paper we selected gastrointestinal
cancers (oesophageal, gastric, and colorectal) as the outcome
and identified incident cases from the cohorts. The design of
the study was a nested case-control study. We excluded patients
aged <50 because the risk of the cancers of interest is low in
this group and because bisphosphonates are rarely prescribed
in younger people. We matched each case with up to five
controls by age, sex, practice, and calendar year. All controls
were alive and registered with the practice at the date of the first
recorded diagnosis of cancer in their matched case, which we
defined as the index date for each case and their matched
controls. We excluded cases and controls with prescriptions for
bisphosphonates licensed for any malignancies before the index
date. Patients with Paget’s disease were also excluded as their
treatment requires higher doses of bisphosphonates and for much
longer periods. Patients were included only if they had at least
two years of data before their index date to ensure the
completeness of records.

Exposure to bisphosphonates

The primary measure of exposure to bisphosphonates was
assessed from prescription information within the observation
period from the date of patient’s registration with the practice
to six months before the index date. Prescriptions in the last six
months were ignored to reduce protopathic bias—early
symptoms of cancer might include weight loss and low bone
mineral density and be mistaken for symptoms of osteoporosis.
A patient was considered to be a bisphosphonate user if they
had at least one prescription in the observation period. The
bisphosphonates to be included were identified in the British
National Formulary section 6.6.2 as treatment for osteoporosis:
alendronate, etidronate, ibandronate, and risedronate. We
considered type of regimen for bisphosphonate use—daily or
weekly/monthly—because daily use has been shown to have
lower adherence than weekly use, with one of the possible
reasons being inconvenience,” and we investigated possible
differences between the effects of daily and other exposures to
bisphosphonates on risk of gastrointestinal cancers. Cumulative
exposure was estimated by summing the prescribed durations

of prescription for each patient, considering gaps of fewer than
60 days between proximate prescriptions as continuous
treatment. For drugs prescribed in cycles, the cycle length was
taken to be the duration of prescription. Duration of use of
bisphosphonates in the observation period (excluding the six
months before the index date) was analysed with the following
categorisations: no use; <6 months; 7-36 months; 37-72 months;
>73 months. A test for trend was performed with the actual
number of months.

Confounding variables

All the analyses included potential confounders established as
risk factors for cancer. Body mass index (BMI)* as a continuous
variable was measured at the date closest to one year before the
index date. Smoking status® (current smoker: light (1-9
cigarettes/day), medium (10-19), heavy (>20), ex-smoker,
non-smoker); alcohol consumption® using Read codes for
alcohol status; and ethnicity”’ (white or not recorded, black,
Asian, other) were based on the latest values recorded before
the index date. The analysis also adjusted for history of
osteoporosis,” including a diagnosis of osteoporosis or
osteopenia or previous fractures recorded before the index date;
use of drugs that impair calcium absorption and reduce bone
density or that affect risks of cancer such as systemic
corticosteroids and acid suppressive drugs (including H,
antagonists (BNF 1.3.1), proton pump inhibitors (BNF 1.3.5),
and antacids (BNF 1.1.1))®*; use of anti-inflammatory drugs”’
(traditional non-steroidal (NSAIDs), cyclo-oxygenase-2
inhibitors and aspirin)**; and use of vitamin D* if they were
prescribed at least one year before the index date. Use of acid
suppression drugs was categorised by the number of
prescriptions within the observation period: none; <12
prescriptions; 12-24 prescriptions; 25-48 prescriptions; and >49
prescriptions to distinguish between occasional and more regular
use.

We also included comorbidities that affect the risks of cancer
(such as rheumatoid arthritis* for any cancer and diabetes for
colorectal cancer™) if they were diagnosed at least a year before
the index date. Analyses were adjusted for gastrointestinal
disorders™ if they were diagnosed before the first use of
bisphosphonates or 12 months before the index date, whichever
was earlier; diseases included upper gastrointestinal disease
(dysphagia, oesophagitis, gastro-oesophageal reflux disease,
hiatus hernia, oesophageal ulcers, Barrett’s oesophagus, gastritis,
duodenitis, peptic ulcers, dyspepsia), Crohn’s disease, and
ulcerative colitis. The results were also adjusted for family
history of cancer”’ (this varied according to the cancer under
consideration) if it was recorded at least six months before the
index date. This is to reduce recall bias as patients are more
likely to report a family history of cancer around the time of
diagnosis.™

Statistical analysis

Analyses for these two studies were carried out separately in
the two databases. We used conditional logistic regression to
estimate odds ratios with 95% confidence intervals for cancer
for each selected site and Wald test to examine the effects of
duration and the differences in these between types of
bisphosphonates. Missing values for the confounding factors
(BMLI, smoking status, and alcohol intake) were imputed with
multiple imputation with the ICE programs in Stata.” ** We
created 10 imputed datasets including all potential confounders
and bisphosphonate exposure in the models and combined the
results using Rubin’s rules.”” Results from both analyses were
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pooled with the Mantel-Haenszel method for fixed effect
models.

The primary analyses were based on exposure to
bisphosphonates excluding prescriptions in the six months before
the index date. We were carried out five sensitivity analyses.
Firstly, having only one prescription in their records might mean
that a patient never started bisphosphonate treatment or stopped
it early because of adverse side effects, so we ran an analysis
defining use of bisphosphonates as at least two prescriptions,
but still excluding any in the last six months before the index
date. In the second sensitivity analysis we included prescriptions
in the last six months and considered a patient to be a user if
they had at least one prescription in their records at any time
before the index date.

Another possible bias in the main analysis might arise from the
different observation times for patients so we undertook a third
sensitivity analysis selecting patients only if they had at least
six years of records and including prescriptions only between
6 and 72 months before the index date. Because Townsend score
as a measure of deprivation was available for only 49% of CPRD
practices we did not include it as a confounding variable in the
main analyses in either database, so a fourth sensitivity analysis,
restricted to patients with a valid Townsend score and adjusting
for this, was run in both databases. A fifth sensitivity analysis
was run with data only for patients with complete records for
BMI, smoking, and alcohol intake. For the fourth and fifth
sensitivity analyses, the definitions for use of bisphosphonates
and years of medical records were identical to those in the main
analysis.

All available data were used in the analyses and to allow for
multiple comparisons we considered P<0.01 as significant, but
to create a parity of presentation with other studies we have
quoted a 95% confidence interval in our results. Sample size
calculations are presented in the protocol."” Stata version 12 was
used for the analyses.

Results

Study population

Within the study period, in QResearch we identified 20 106
cases of colorectal cancer, 5364 cases of oesophageal cancer,
and 3155 cases of gastric cancer matched to 93 954, 25 101,
and 14 715 controls, respectively. From CPRD, there were 19
035 cases of colorectal cancer, 5132 cases of oesophageal
cancer, and 3157 cases of gastric cancer matched to 89 111, 24
053, and 14 686 controls, respectively.

Tables 1, 2 and 3|/|}|/ show the characteristics for all cases and
controls for both databases. Most of the descriptive statistics
were similar in QResearch and CPRD. Cases and controls from
QResearch were slightly younger than CPRD cases and controls,
and Townsend score as a measure of deprivation was available
only for a third of cases and controls in CPRD (table 1//). BMI,
smoking status, and alcohol consumption had slightly fewer
missing values in CPRD with higher proportions of non-smokers
and moderate and high alcohol consumption than in QResearch
(table 2)).

Most of the comorbidities had similar proportions in cases
selected from both databases and their controls (table 3/). Upper
gastrointestinal morbidities were recorded slightly more often
in CPRD (29% in cases and 27% in controls v 22% and 20% in
QResearch) with higher proportions for gastro-oesophageal
reflux (9% and 8% v 6% and 5%, respectively) and dyspepsia
(13% and 12% v 7% and 7%, respectively). Use of common
drug treatments was similar in the databases with slightly more

frequent prescribing of NSAIDs and less frequent prescribing
of corticosteroids in CPRD compared with QResearch.
Prescribing of calcium supplements also had different patterns
with more patients prescribed calcium in CPRD.

Patterns of bisphosphonate use

In QResearch 4.6% of cases and 4.5% of controls had one or
more prescriptions for bisphosphonates, as did 4.8% and 4.6%,
respectively, in CPRD. About two thirds of patients with a
diagnosis of osteoporosis had been prescribed bisphosphonates
(64% of cases and 65% of controls in QResearch and 61% and
60%, respectively, in CPRD) and 2% of cases and controls in
both databases had prescriptions for bisphosphonates without
records of osteoporosis. Bisphosphonate users were more likely
to be women and to have a lower BMI. Upper gastrointestinal
problems were slightly more common (QResearch: cases 25%
in users v 22% in non-users, controls 25% v 20%; CPRD: cases
35% v 29%, controls 33% v 27%) and use of acid lowering
drugs was much more common in bisphosphonate users
(QResearch: cases 62% in users v 37% in non-users, controls
61% v 32; CPRD: cases 65% v 39%, controls 63% v35%).
Among bisphosphonate users, the proportion of patients with
rheumatoid arthritis was more than five times higher than in
non-users, and there were similar patterns for use of
anti-inflammatory drugs, non-steroidal drugs, and
corticosteroids.

More than three quarters of the bisphosphonate users were
prescribed only one type of drug (77% in cases and 77% in
controls in QResearch and 80% and 79% in CPRD), one fifth
had prescriptions for two different types (20% in cases and 20%
in controls in QResearch and 17% and 19% in CPRD), and less
than 3% (2% in cases and 3% controls in QResearch and 3%
and 2% in CPRD) had prescriptions for three different types
during the observation period. Alendronate was the most
commonly prescribed type (69% in cases and 66% in control
users in QResearch and 69% and 69% in CPRD) and mostly
prescribed for weekly use (87% in cases, 88% in controls in
QResearch and 89% and 88% in CPRD). The second most
common type was etidronate (34% in cases and 36% in controls
users in QResearch and 30% and 32% in CPRD) with daily use
for 14 days in 90 day cycles. The third most common was
risedronate (21% in cases and 22% controls users in QResearch
and 22% and 21% in CPRD), prescribed mostly for weekly use
(76% in cases and 80% in controls users in QResearch and 82%
and 81% in CPRD). Ibandronate (2% in cases and in controls
users in QResearch and CPRD) was prescribed for monthly use
only and no one received it as injections. In only one case (in
QResearch) was a patient prescribed zoledronic acid.

In both databases, the minimum duration of bisphosphonate
prescription was one week, and over half of bisphosphonate
users had prescriptions for at least 20 months (median 20
(interquartile range 7-43) and 21 (8-44) for cases and controls,
respectively, for QResearch; 19 (6-4) and 20 (7-41) for CPRD).
Two thirds of bisphosphonate users (64% cases and 65%
controls in QResearch, and 63% cases and controls in CPRD)
had no gap of longer than 60 days between the first and last
prescriptions, with 17% of cases and 18% of controls in
QResearch and 19% of cases and 20% of controls in CPRD
having only one gap longer than 60 days.

Associations with cancer

Tables 4, 5|/, and 6] show the associations between regimen
and duration of bisphosphonate prescriptions and different types
of the drug and risk for oesophageal, gastric, and colorectal
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cancer. Table 7|/ contains the results from the first three
sensitivity analyses for short and long term use for the three
cancers.

Oesophageal cancer

After adjustment for confounders, both studies showed no
significant association between overall bisphosphonate use and
risk of oesophageal cancer (adjusted odds ratio 0.97, 95%
confidence interval 0.79 to 1.18, for QResearch; and 1.18, 0.97
to 1.43, for CPRD). Similarly, there were no differences for
frequency of use or duration (P=1.0 for trend) in QResearch. In
CPRD, although odds ratios were progressively higher for longer
use of bisphosphonates, none of them nor the trend test reached
significance (P=0.07 for trend). There were no significant
associations for individual types of bisphosphonate. None of
the sensitivity analyses showed any significant associations.

Gastric cancer

After adjustment for confounders, both studies showed no
significant association between overall bisphosphonate use and
risk of gastric cancer (adjusted odds ratio 1.12, 95% confidence
interval 0.87 to 1.44, for QResearch, and 0.79, 0.62 to 1.01, for
CPRD). Daily use of bisphosphonates was associated with a
decreased risk (0.60, 0.41 to 0.87; P=0.008) in CPRD, but this
was not confirmed by any of the sensitivity analyses. Of the
different bisphosphonates, alendronate use was significantly
associated with cancer risk only in QResearch (1.47, 1.11 to
1.95; P=0.008), but a direct test between the different types of
bisphosphonates was not significant (P=0.053). Short term use
(<1 year) of alendronate was associated with a significantly
higher risk of cancer in QResearch (1.91, 1.34 to 2.72; P<0.001),
but there was no significant increase for longer term use (1.08,
0.74 to 1.59; P=0.7). These findings were also significant in the
first sensitivity analysis, which classified use as two or more
prescriptions (2.23, 1.54 to 3.22; P<0.001 for shorter term), but
results of the second sensitivity analysis, which classified use
as all prescriptions including the last six months, failed to reach
significance (1.49, 1.06 to 2.08; P=0.02 for shorter term). In
CPRD, the odds ratio for alendronate use (0.93, 0.71 to 1.22)
was also higher than for other bisphosphonates, but the
difference between drugs was not significant (P=0.2). There
were no significant relations with duration for any of the drugs.
No other significant associations were observed in the sensitivity
analyses.

Colorectal cancer

Use of bisphosphonates was similar in cases of colorectal cancer
and their matched controls (4.6% in both), and adjustment for
the confounders did not show any association between
bisphosphonate use and risk of cancer (adjusted odds ratio 1.03,
95% confidence interval 0.94 to 1.14, for QResearch; and 1.10,
1.00 to 1.22, for CPRD). Daily use had similar effects as weekly
or monthly use. In CPRD data, short term use was associated
with an increased risk, although this reached significance only
for one to six months’ use (1.27, 1.09 to 1.48; P=0.002), but
this finding was not confirmed by any of the sensitivity analyses.
The relation between duration of bisphosphonate use and risk
of colorectal cancer was not significant in either database (P=0.3
for trend for QResearch and P=0.5 for CPRD). For QResearch,
the adjusted odds ratio for any use of alendronate was higher
than for etidronate or risedronate, but it was not significantly
increased and the difference between the drugs was not
significant (P=0.09). For CPRD, the effect of drugs seemed to

be similar (P=0.5). The results from the sensitivity analyses
were in line with these.

Results obtained from pooling the results from both databases
presented in tables 4, 5, and 6 did not show any significant
findings.

Discussion
Summary

This series of case-control studies on two large population
databases found no overall association between use of
bisphosphonates and risk of oesophageal, gastric, or colorectal
cancer. There was a small significantly increased risk of gastric
cancer associated with use of alendronate in one database, which
was restricted to short term alendronate users; the risk was nearly
twofold for patients who used alendronate for less than a year.
This is unlikely to be a causal relation as there was no
association with longer term use. For colorectal and oesophageal
cancers, there were no associations that suggested an increased
risk of these cancers in people using bisphosphonates.

Strengths and limitations

This was the first drug safety study to be undertaken with both
CPRD and QResearch databases with identical definitions for
confounders, exposures, and sampling to help ensure
comparability. As an observational study based on routinely
collected data from two large primary care research databases,
it has the strengths and limitations common to such studies. Our
study was substantially larger and had much greater statistical
power than any previous study. This allowed analyses to be
carried out to investigate the effects of duration of treatment on
risk of cancer. As the data on prescriptions and potential
confounding variables were routinely and prospectively collected
and recorded before the index date, the study was free from
recall bias. Because all eligible cases and randomly selected
controls were included, there was also no selection bias.

The limitations of the study include possible uncertainty in
records of diagnosis of cancer. A systematic review based on
GPRD validation studies reported that, on average, 95% of
diagnoses of cancer recorded on the general practice electronic
record were confirmed from other data sources."' It has been
found, however, that one in five of all primary care patients
with cancer were not identified through electronic searches for
malignancies in general practice electronic records, although
this was based on data from 1990-99.* Any such
misclassification might result in underestimation of associations
with bisphosphonates, shifting odds ratios toward unity. Also,
the selection of cases was based on the first record of a cancer
while the exact origin site might have been determined only
later, and this level of detail was not available across all records.
Information about cancer stage or results of histological
investigations was also not consistently recorded in general
practice, so was not used. Within each site of origin, this creates
an inability to distinguish between specific cancers that might
have different risk factors.

Another limitation is that there might have been an
overestimation of bisphosphonate use. The analyses were based
on prescriptions rather than actual use, and no data were
available on adherence to treatment. There is, however, no
reason for non-adherence to systematically differ between cases
and controls.

There could have been some residual confounding as
information on some risk factors such as bone mineral density,
physical activity, diet, and cancer screening tests (endoscopy
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or colonoscopy) is not generally recorded so these factors were
not included in the analyses.

Bisphosphonate users

Comparisons between bisphosphonate users and non-users
reflected the recommendations for targeting groups with
osteoporosis, as some characteristics and comorbidities, such
as low BMI and rheumatoid arthritis in users, are associated
with diagnosis of primary osteoporosis. A heightened rate of
upper gastrointestinal disorders before onset of treatment for
osteoporosis has also been reported elsewhere.* As secondary
osteoporosis is more likely to develop in patients taking acid
lowering drugs® and corticosteroids,* * the proportion of such
patients was noticeably higher in bisphosphonate users.
Although upper gastrointestinal disorders and use of acid
lowering drugs could be important confounders, they might also
lie on the causal pathway. Removal of them from the adjusted
analyses, however, did not noticeably change the results.

Oesophageal cancer

Oesophageal cancer associated with bisphosphonate use has
been of most concern to epidemiologists. So far, however, the
studies of this association have all been much smaller than our
study, which was based on 252 bisphosphonate users with
oesophageal cancer in QResearch and 262 in CPRD, and have
yielded inconsistent results.

The study by Green and colleagues, which was based on an
earlier version of CPRD with larger proportions of missing
values and more exposure to etidronate than alendronate (57 v
37 exposed cases), reported an association with duration of
treatment, with an over twofold increase in people who had
been taking these drugs for more than three years (33 such
cases)."’ These results were, however, adjusted only for smoking
status, alcohol intake, and BMI, without adjustment for the
important confounders of osteoporosis and use of any drugs
other than bisphosphonates associated with its treatment, so
possibly overestimating cancer risk. Similarly, another recent
study on GPRD data from 1995 to 2007 showed an increased
risk of oesophageal cancer associated with bisphosphonate use,
but only in women (adjusted odds ratio 1.43, 95% confidence
interval 1.16 to 1.75), and again the results were not adjusted
for osteoporosis or drugs associated with it.** There seemed to
be an opposite association for men (adjusted odds ratio 0.73,
0.53 to 1.03), although it was not significant. A Taiwanese
case-control study analysed prescription information from 16
204 cases and 64 816 controls and reported no association for
overall exposure and increased risk only in rare users, but this
study did not adjust for any confounding factors."

The cohort study by Cardwell and colleagues,'' which also used
the CPRD database, identified 79 cases of oesophageal cancer
in bisphosphonate users and did not report a significantly
increased risk of cancer even for cumulative exposure of more
than three years (hazard ratio 0.90, 0.44 to 1.81). In our CPRD
analyses, use for more than three years was associated with an
increased risk (92 such cases, odds ratio 1.38, 95% confidence
interval 1.04 to 1.84; P=0.03), but this was not significant at the
1% level. In our QResearch analyses, we did not observe an
increased risk of oesophageal cancer in bisphosphonate users
but rather showed a reduced, but again not significant, risk for
people who had been taking these drugs for more than three
years (75 such cases, odds ratio 0.92, 0.68 to 1.25).

Although Vestergaard’s study showed significantly increased
risks of oesophageal cancer in etidronate and alendronate users
(32 and 14 cases, respectively)," these associations were not

time dependent and therefore might not be causal. Another
cohort study looking at alendronate and etidronate use reported
a decreased risk of oesophageal cancer for both,'"* although not
significant, and showed even greater reduction in patients with
10 prescriptions or more, but this was still not significant.

Gastric cancer

In line with our findings, no association between use of any
bisphosphonates and gastric cancer has been reported in previous
CPRD publications.' " Our CPRD analyses had similar findings
to those of Green and colleagues' for gastric cancer on the same
database and, despite a bigger sample, did not reach a significant
level for the association of a decreased risk with bisphosphonate
use. Our QResearch analyses showed an opposite association
for gastric cancer and use of alendronate to the one found in the
study by Abrahamsen and colleagues (39% reduced risk based
on 22 exposed cases)'* but our association, an almost twofold
increased risk, was seen only in short term users, with no
association for long term use. In our CPRD analyses, however,
we found no association with alendronate use. It is possible that
this short term association resulted from users stopping
bisphosphonate treatment because the drugs caused side effects
similar to symptoms of gastric cancer or aggravated early
symptoms of gastric cancer, leading to earlier detection of
existing cancer. It has been shown that alendronate in particular
might be associated with gastrointestinal mucosal injury,* which
would require additional tests. Given the lack of consistency
between the CPRD and QResearch results, however, this might
simply be a spurious chance finding, and it is unlikely to reflect
a causal association.

The paper by Cardwell and colleagues noted that there are
possible misclassifications of gastric and oesophageal cancers,
and that study showed no association between bisphosphonate
use and risk of those cancers when combined."" To check this,
we ran a combined analysis to compare our findings and also
did not observe any significant association in either database
(overall use for QResearch odds ratio 1.02, 95% confidence
interval 0.88 to 1.20; and 1.02, 0.87 to 1.18, for CPRD), all P
values being greater than 0.1 except for short term alendronate
use in QResearch (odds ratio 1.29, 1.03 to 1.60; P=0.02).

Colorectal cancer

Based on 20 106 cases of colorectal cancer in QResearch and
19 035 in CPRD with, respectively, 929 and 902 cases exposed
to bisphosphonates, our study found no association between
bisphosphonate use and risk of colorectal cancer. The increased
risk found in the CPRD analysis and associated only with short
term use (up to six months) was inconsistent with the QResearch
findings and not confirmed in sensitivity analyses. Similarly
inconsistent results have been found in other smaller
epidemiological studies.” > * Two studies—Cardwell et al'?
and Green et al'>—that used CPRD and based, respectively, on
264 and 276 bisphosphonate users, found similar associations
for risk of colorectal cancer, but reached significant levels only
in one" (hazard ratio for any use 0.74, 95% confidence interval
0.60 to 0.91). Cardwell and colleague’s study,'> however, used
an earlier version of the same data source and had much higher
proportions of missing data for BMI, smoking, and alcohol
consumption, all factors associated with both bisphosphonate
prescribing and risk of cancer. Another study, which used an
Israeli health services database, also reported a decreased risk
of colorectal cancer in bisphosphonate users (odds ratio for any
use 0.67, 95% confidence interval 0.51 to 0.88)." This was
based on only 97 cases in users and was subject to recall and
selection biases, with different response rates for cases and

‘ No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe |



http://www.bmj.com/permissions
http://www.bmj.com/subscribe

BMJ 2013;356:f114 doi: 10.1136/bmj.f114 (Published 16 January 2013)

Page 6 of 14

RESEARCH

controls (83% and 58%, respectively). An American study on
menopausal women enrolled in the Nurses Health Study reported
no association either for overall use of bisphosphonates or for
different terms of use.” Although a recent Danish study showed
an association between overall use of bisphosphonate and
reduced risk of colorectal cancer (hazard ratio 0.69, 95%
confidence interval 0.60 to 0.79) and even described a possible
mechanism based on anti-tumour properties of the drug, the
study did not show any dose or time dependent associations,
and the risk of cancer was not significantly reduced in long term
(more than six months) users (hazard ratio 0.78, 0.55 to 1.11)."

Conclusion

We have conducted a series of large population based
case-control studies using the two largest primary care databases
in the UK to examine the association of bisphosphonates with
risks of common gastrointestinal cancers in the general
population. The databases provided almost the same numbers
of cases and controls and the recorded data were similar in
demographics, lifestyle related factors, comorbidities, and use
of drugs. Although several findings were consistent between
the databases, we found no increased risk in general for any of
the cancers except for an increased risk of gastric cancer in
alendronate users in one of the databases, but without time
associations.
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| Baseline demographic characteristics in cases (all gastrointestinal cancers) and all matched controls by database (QResearch or
CPRD). Values are percentages and numbers

QResearch

CPRD

Cases (n=28 625) Controls (n=133 770)

Cases (n=27 324) Controls (n=27 850)

Sex:
Male 59.9 (17 146) 59.9 (80 083) 58.1 (15 871) 58.1 (74 310)
Female 40.1 (11 479) 40.1 (53 687) 41.9 (11 453) 41.9 (53 540)
Age band (years):
50-54 4.9 (1401) 4.8 (6455) 4.9 (1338) 4.9 (6247)
55-64 20.5 (5876) 20.5 (27 424) 20.1 (5502) 20.3 (25 954)
65-74 33.6 (9632) 34.0 (45 511) 31.7 (8668) 32.3 (41 286)
75-84 34.0 (9723) 34.2 (45 688) 32.1 (8765) 32.5 (41 491)
>85 7.0 (1993) 6.5 (8692) 11.2 (3051) 10.1 (12872)
Ethnicity:
White 23.1 (6600) 21.1 (28 228) 7.7 (2107) 7.1 (9069)
Not recorded* 76.0 (21 754) 77.8 (104 022) 88.9 (24 281) 89.6 (114 513)
Other 0.9 (271) 1.1 (1520) 3.4 (936) 3.3 (4268)
Asian 0.4 (111) 0.6 (741) 0.2 (45) 0.3 (414)
Black 0.4 (103) 0.4 (506) 0.1 (40) 0.1 (169)
Other 0.2 (57) 0.2 (273) 3.1 (851) 2.9 (3685)
Deprivation (5th of Townsend score):
1 (most affluent)t 25.4 (7059) 26.1 (33 900) 28.0 (2737) 29.6 (13 542)
2" 21.4 (5944) 22.5 (29 169) 24.2 (2358) 24.0 (10 970)
3* 20.7 (5768) 20.2 (26 163) 20.1 (1966) 19.8 (9029)
4* 18.3 (5099) 17.8 (23 131) 16.4 (1605) 15.8 (7212)
5, most deprivedt  14.2 (3966) 13.4 (17 376) 11.2 (1092) 10.8 (4922)
Not recorded 2.8 (789) 3.0 (4031) 64.3 (17 566) 64.3 (82 175)

*Assumed white for analyses.
tProportion only within recorded data.
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| Baseline characteristics in cases (all gastrointestinal cancers) and all matched controls by database (QResearch or CPRD). Values

are percentages and numbers unless stated otherwise

Body mass index (BMI):

QResearch

Cases (n=28 625) Controls (n=133 770)

CPRD

Cases (n=27 324) Controls (n=127 850)

15-24* 35.0 (7729) 36.2 (35 826) 36.4 (8242) 37.7 (39 188)
25-29* 42.0 (9290) 42.1 (41 650) 41.4 (9363) 41.6 (43 319)
30-49* 23.0 (5088) 21.7 (21 424) 22.2 (5029) 20.7 (21 535)
Not recorded 22.8 (6518) 26.1 (34 870) 17.2 (4690) 18.6 (23 808)
Years since recordedt 2.6 (1.5-5.6) 2.7 (1.5-5.9) 2.6 (1.5-5.9) 2.8 (1.5-6.2)
Smoking status:

Non-smoker* 43.1 (11230) 47.3 (55 708) 50.1 (12 904) 54.4 (63 608)
Ex-smoker* 39.4 (10 268) 37.2 (43 894) 33.5 (8621) 30.8 (35 979)
Current light* 1 (1591) 5 (6485) 3.8 (985) 3.6 (4200)

Current moderate* 5 (1958) 7 (7870) 8.7 (2233) 7.9 (9217)

Current heavy* 9 (1010) 3(3919) 3.9 (997) 3.4 (3927)

Not recorded 0 (2568) 11.9 (15 894) 5.8 (1584) 8.5 (10 919)
Years since recordedt 0.9 (0.3-3.0) 1(0.4-3.6) 1.0(0.3-3.2) 1.2 (0.4-3.8)

Use of alcohol:

No use* 30.5 (6925) 30.8 (31 788) 26.4 (6114) 27.0 (28 540)
Ex-user* — — 2.6 (601) 2.4 (2489)

Light* 57.8 (13140) 59.8 (61 764) 55.7 (12 924) 57.3 (60 633)
Moderate and more* 11.7 (2653) 9.4 (9731) 15.4 (3564) 13.4 (14 192)
Not recorded 20.6 (5907) 22.8 (30 487) 15.1 (4121) 17.2 (21 996)
Years since recordedt 1 (0.6-5.5) 2.4 (0.7-6.0) 3.0 (0.9-7.0) 3.3(1.0-7.4)

*Proportion only within recorded data.

FMedian (interquartile range) time in years between recorded value and index date.
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| Medical history at baseline in cases (all gastrointestinal cancers) and all matched controls by database (QResearch or CPRD).

Values are percentages and numbers.

QResearch

CPRD

Cases (n=28 625) Controls (n=133 770)

Comorbidities

Cases (n=27 324) Controls (n=127 850)

Upper gastrointestinal 22.1 (6339) 20.1 (26 935) 29.3 (8016) 26.8 (34 247)
Oesophagitis 7.3 (2103) 6.3 (8475) 7.4 (2032) 6.1 (7846)
Oesophageal ulcer 0.3 (86) 0.1 (176) 0.4 (109) 0.2 (225)
Barrett’s oesophagus 1.0 (299) 0.6 (746) 1.1 (312) 0.5 (691)
Dysphagia 1.4 (400) 1.1 (1440) 2.8 (755) 2.3 (2954)
Gastro-oesophageal reflux 5.6 (1593) 5.1 (6858) 8.8 (2397) 8.0 (10 223)
Hiatus hernia 4.7 (1352) 4.2 (5560) 6.1 (1673) 5.4 (6923)
Gastritis 2.9 (822) 2.7 (3630) 3.9 (1065) 3.5 (4417)
Peptic ulcer 6.5 (1863) 5.6 (7529) 8.0 (2179) 6.8 (8750)
Duodenitis 0.7 (199) 0.7 (910) 0.9 (245) 0.9 (1141)
Dyspepsia 7.1 (2029) 6.6 (8839) 12.9 (3525) 12.1 (15 456)

Diabetes 11.0 (3157) 9.2 (12 258) 11.3 (3093) 9.6 (12 324)

Crohn’s disease 0.2 (60) 0.2 (321) 0.3 (70) 0.3 (360)

Ulcerative colitis 0.9 (255) 0.6 (836) 0.8 (214) 0.7 (864)

Chronic kidney disease 4.1 (1178) 3.9 (5277) 4.6 (1269) 4.5 (5726)

Rheumatoid arthritis 1.5 (422) 1.6 (2081) 1.7 (471) 1.7 (2233)

History of osteoporosis

Osteoporosis/osteopenia 4.0 (1146) 4.1 (5501) 4.6 (1269) 4.7 (5985)

Osteoporotic fractures 3.9 (1128) 4.0 (5326) 3.0 (811) 2.9 (3699)

Family history of cancer

Colorectal cancer 0.3 (73) 0.2 (238) 0.3 (85) 0.3 (360)

Gastrointestinal cancer 1.1 (315) 0.9 (1217) 0.3 (74) 0.2 (220)

Drugs used (excluding last 6 months)

Acid lowering drugs 38.4 (10 980) 33.7 (45 048) 40.6 (11 099) 36.0 (45 968)
NSAIDs 53.8 (15 394) 54.1 (72 346) 58.6 (16 012) 59.3 (75 769)
Corticosteroids 15.1 (4330) 13.6 (18 129) 14.4 (3929) 13.1 (16 696)
Calcium 1.1 (311) 1.1 (1534) 7.5 (2057) 7.6 (9667)
Vitamin D 5.7 (1634) 5.6 (7490) 6.0 (1629) 6.1 (7736)
Bisphosphonates

Any 4.6 (1322) 4.5 (5996) 4.8 (1303) 4.6 (5868)
Alendronate 3.2 (906) 3.0 (3976) 3.3 (894) 3.2 (4038)
Etidronate 1.6 (451) 1.6 (2160) 1.4 (391) 1.4 (1850)
Risedronate 1.0 (273) 1.0 (1301) 1.1 (287) 1.0 (1236)
Ibandronate 0.1 (24) 0.1 (134) 0.1 (24) 0.1 (103)
Other osteoporosis drugs

Any 0.3 (94) 0.3 (451) 0.4 (116) 0.4 (506)
Raloxifen 0.2 (59) 0.2 (261) 0.2 (62) 0.2 (289)
Strontium 0.1 (26) 0.1 (137) 0.2 (46) 0.1 (172)
Calcitonin 0.0 (14) 0.1 (77) 0.0 (13) 0.1 (71)

NSAIDs=non-steroidal anti-inflammatory drugs.
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| Bisphosphonate use in oesophageal cancer cases and controls, numbers and odds ratios (95% confidence intervals) compared
with non-use by database

QResearch CPRD Combined analysis
Adjusted* odds Adjusted* odds Pooled
Cases/controls ratio (95% CI) P value Cases/controls ratio (95% Cl) P value odds ratio (95% CI) P value
Total 5364/25 101 — — 5132/24 053 — — — —
Overall use
None 5112/24 030 — — 4870/23 110 — — — —
At least 1 252/1071 0.97 (0.79t0 1.18) 0.7 262/943 1.18 (0.97 to 1.43) 0.09 1.07 (0.93 to 1.23) 0.3
prescription
Regimen of use
Daily 103/387 1.09 (0.84 to 1.40) 0.5 96/337 1.16 (0.89 to 1.51) 0.3 1.12 (0.93 to 1.35) 0.2
Weekly or 149/684 0.88 (0.70to0 1.12) 0.3 166/606 1.20 (0.95 to 1.50) 0.1 1.03 (0.88 to 1.22) 0.7
monthly
Duration of use
Short term (<1 94/367 1.03 (0.80 to 1.34) 0.8 89/361 1.05 (0.81 to 1.37) 0.7 1.04 (0.87 to 1.25) 0.7
year)
Long term (21 158/704 0.92 (0.73 t0 1.16) 0.5 173/582 1.28 (1.02 to 1.60) 0.03 1.09 (0.93 to 1.28) 0.3
year)
1-6 months 55/226 1.00 (0.72to 1.38) 1.0 58/222 1.12 (0.82to0 1.54) 0.5 1.06 (0.84 to 1.33) 0.6
7-36 months 122/512 0.97 (0.76 to 1.23) 0.8 112/428 1.10 (0.86 to 1.41) 0.4 1.03 (0.87 to 1.22) 0.7
37-72 months 49/234 0.90 (0.63 to 1.28) 0.6 63/211 1.31 (0.94 to 1.81) 0.1 1.10 (0.87 to 1.40) 0.4
>72 months 26/99 1.02 (0.63 to 1.64) 0.9 29/82 1.63 (1.03 to 2.59) 0.04 1.30 (0.93 to 1.81) 0.1
Trend for months — — 1.0 — — 0.07 — 0.2
of use
Alendronate
Any use 163/721 0.91 (0.73t0 1.14) 0.4 167/650 1.03 (0.83 to 1.28) 0.8 0.97 (0.83 t0 1.13) 0.7
<1 year 81/309 1.03 (0.78 to 1.37) 0.8 72/297 0.97 (0.73 to 1.30) 0.8 1.00 (0.82 to 1.23) 1.0
>1 year 82/412 0.82 (0.62 to 1.08) 0.2 95/353 1.10 (0.84 to 1.44) 0.5 0.95 (0.78 t0 1.16) 0.6
Trend for months — — 0.2 — — 0.1 — 0.8
of use
Etidronate
Any use 99/363 1.17 (0.91 to 1.50) 0.2 89/306 1.11 (0.85 to 1.45) 0.4 1.14 (0.95 10 1.37) 0.2
<1 year 35/141 1.02 (0.69 to 1.51) 0.9 34/126 1.06 (0.71 to 1.58) 0.8 1.04 (0.79 to 1.37) 0.8
>1 year 64/222 1.24 (0.91 to 1.69) 0.2 55/180 1.15 (0.82 to 1.60) 0.4 1.20 (0.96 to 1.50) 0.1
Trend for months — — 0.04 — — 0.6 — 0.06
of use
Risedronate
Any use 50/236 0.82 (0.59to 1.16) 0.3 60/207 1.14 (0.83 to 1.57) 0.4 0.98 (0.78 to 1.24) 0.9
<1 year 22/107 0.79 (0.48 to 1.29) 0.3 24/103 0.91 (0.57 to 1.45) 0.7 0.85 (0.60 to 1.19) 0.3
21 year 28/129 0.81 (0.52 to 1.26) 0.4 36/104 1.39 (0.93 to 2.09) 0.1 1.09 (0.80 to 1.46) 0.6
Trend for months — — 0.1 — — 0.3 — 0.9

of use

tTAdjusted for BMI, smoking status, alcohol consumption, ethnicity, rheumatoid arthritis, osteoporosis and fractures, use of other osteoporosis drugs, vitamin D,
NSAIDs, corticosteroids, acid lowering drugs, years of data, and family history of gastrointestinal cancer.
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| Bisphosphonate use in gastric cancer cases and controls, numbers and odds ratios (95% confidence intervals) compared to
non-use by database

QResearch CPRD Combined analysis
Adjusted* odds Adjusted* odds Pooled odds ratio
Cases/controls  ratio (95% ClI) P value Cases/controls  ratio (95% ClI) P value (95% ClI) P value
Total 3155/14 715 — — 3157/14 686 — — — —
Overall use
None 3014/14 135 — — 3018/13 992 — — — —
At least 1
prescription 141/580 1.12 (0.87 to 1.44) 0.4 139/694 0.79 (0.62 to 1.01) 0.06 0.93 (0.78 t0 1.11) 0.4
Regimen of use
Daily 56/226 1.18 (0.84 to 1.67) 0.3 38/247 0.60 (0.41 to 0.87) 0.008 0.87 (0.67 t0 1.12) 0.3
Weekly or
monthly 85/354 1.07 (0.79 to 1.45) 0.6 101/447 0.91 (0.69 to 1.19) 0.5 0.98 (0.80 to 1.20) 0.8
Duration of use
Short term (<1
year) 62/195 1.37 (0.98 to 1.90) 0.07 60/279 0.84 (0.61t0 1.15) 0.3 1.06 (0.84 to 1.33) 0.6
Long term (=1
year) 79/385 0.96 (0.71 t0 1.31) 0.8 79/415 0.75 (0.56 to 1.01) 0.06 0.85 (0.68 to 1.05) 0.1
1-6 months 33/109 1.32(0.86 to 2.02) 0.2 371170 0.85 (0.58 to 1.26) 0.4 1.04 (0.78 to 1.38) 0.8
7-36 months 73/285 1.13 (0.83 to 1.53) 0.4 76/332 0.90 (0.67 to 1.20) 0.5 1.00 (0.81 to 1.24) 1.0
37-72 months 23/131 0.83 (0.50 to 1.36) 0.5 20/138 0.53 (0.32 to 0.89) 0.02 0.67 (0.47 to 0.95) 0.03
>72 months 12/55 1.23 (0.62 to 2.41) 0.6 6/54 0.43 (0.18 t0 1.03) 0.06 0.83 (0.49to 1.41) 0.5
Trend for months
of use — — 0.8 — — 0.02 — 0.08
Alendronate
Any use 102/361 1.47 (1.11 to 1.95) 0.008 100/457 0.93 (0.71 to 1.22) 0.6 1.16 (0.95 to 1.41) 0.1
<1 year 59/153 1.91(1.34102.72) <0.001 47/212 0.94 (0.66 to 1.34) 0.7 1.34 (1.051t0 1.73) 0.02
>1 year 43/208 1.08 (0.74 to 1.59) 0.7 53/245 0.93 (0.66 to 1.31) 0.7 0.99 (0.77 to 1.28) 1.0
Trend for months
of use — — 0.6 — — 0.1 — 0.5
Etidronate
Any use 49/222 0.93 (0.65 to 1.32) 0.7 31/212 0.59 (0.39 to 0.88) 0.01 0.76 (0.58 to 0.99) 0.05
<1 year 26/87 1.20 (0.75 to 1.94) 0.4 15/97 0.62 (0.35t01.08)  0.09 0.91 (0.63 to 1.31) 0.6
=1 year 23/135 0.76 (0.47 to 1.22) 0.3 16/115 0.56 (0.33 to 0.98) 0.04 0.67 (0.47 to 0.96) 0.03
Trend for months
of use — — 0.6 — — 0.04 — 0.1
Risedronate
Any use 29/137 0.84 (0.54 to 1.30) 0.4 29/149 0.83 (0.54 t0 1.27) 0.4 0.83 (0.61t0 1.13) 0.2
<1 year 16/67 0.89 (0.50 to 1.60) 0.7 13/74 0.75 (0.41 t0 1.38) 0.4 0.82 (0.54 to 1.25) 0.4
>1 year 13/70 0.72 (0.39 to 1.35) 0.3 16/75 0.91 (0.51 to 1.61) 0.7 0.82 (0.54 to 1.25) 0.3
Trend for months
of use — —_ 0.5 — — 0.7 — 0.5

*Adjusted for body mass index, smoking status, alcohol consumption, ethnicity, rheumatoid arthritis, osteoporosis and fractures, use of other osteoporosis drugs,
vitamin D, NSAIDs, corticosteroids, acid lowering drugs, years of data, for family history of gastrointestinal cancer.
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| Bisphosphonate use in cases of colorectal cancer and controls, numbers and odds ratios (95% confidence intervals) compared
with non-use by database

QResearch CPRD Combined analysis
Adjusted* odds Adjusted* odds
Cases/controls ratio (95% CI) P value Cases/controls ratio (95% CI) P value Pooled odds ratio (95% Cl) P value

Total 20 106/93 954 — — 19 035/89 111 — — — —
Overall use
None 19 177/89 609 — — 18 133/84 880 — — — —
At least 1 929/4345 1.03(0.94t01.14) 0.5 902/4231 1.10(1.00t01.22)  0.05 1.07 (1.00to 1.14) 0.07
prescription
Regimen of use
Daily 337/1607 1.01(0.88t01.15) 0.9 294/1430 1.05(0.91t0 1.21) 0.5 1.03 (0.9310 1.13) 0.6
Weekly or 592/2738 1.05(0.93t01.18) 0.4 608/2801 1.13(1.01t0 1.27)  0.03 1.09 (1.01 to 1.19) 0.03
monthly
Duration of use
Short term (<1 345/1599 1.02(0.90t0 1.17) 0.7 358/1558 1.17(1.03t0 1.33)  0.02 1.10 (1.00 to 1.20) 0.06
year)
Long term (=1 584/2746 1.04(0.92t01.17) 0.5 544/2673 1.06 (0.94t01.19) 0.4 1.05(0.97 to 1.14) 0.3
year)
1-6 months 212/993 1.02 (0.87 t0 1.20) 0.8 252/1010 1.27(1.09t01.48) 0.002 1.15(1.03 to 1.28) 0.02
7-36 months 426/1982 1.03(0.91t01.17) 0.6 394/1957 1.03(0.91t01.17) 0.6 1.03 (0.95t0 1.13) 0.5
37-72 months 193/957 0.99(0.83t01.18) 0.9 176/891 1.03 (0.86t0 1.23) 0.8 1.01 (0.891t0 1.14) 0.8
>72 months 98/413 1.19(0.94t0 1.52) 0.1 80/373 1.13(0.87to0 1.46) 0.3 1.16 (0.98 to 1.39) 0.09
Trend for — — 0.3 — — 0.5 — 0.2
months of use
Alendronate
Any use 641/2894 1.10(0.98t0 1.22) 0.1 627/2931 1.10(0.98t0 1.22) 0.1 1.10 (1.01 to 0.02

1.19)
<1 year 305/1331 1.13(0.98t0 1.30) 0.1 283/1264 1.12(0.97 t0 1.30) 0.1 1.13 (1.02 to 0.02

1.25)
>1 year 336/1563 1.07 (0.93t0 1.23) 0.3 344/1667 1.07 (0.93t0 1.23) 0.3 1.07 (0.97 to 0.2

1.18)
Trend for — — 0.2 — — 0.5 — 0.2
months of use
Etidronate
Any use 303/1575 0.90(0.7810 1.03) 0.1 271/1332 1.00 (0.86t0 1.15) 1.0 0.94 (0.86 to 0.3

1.04)
<1 year 114/617 0.85(0.69t0 1.05) 0.1 119/569 1.02 (0.83t0 1.26) 0.8 0.93 (0.81 to 0.4

1.08)
>1 year 189/958 0.93(0.79t0 1.10) 0.4 152/763 0.98 (0.8210 1.18) 0.8 0.95 (0.84 to 0.5

1.08)
Trend for — — 0.9 — — 0.6 — 0.7
months of use
Risedronate
Any use 194/928 1.00 (0.85t0 1.18) 1.0 198/880 1.13(0.96t0 1.34) 0.2 1.06 (0.95 to 0.3

1.20)
<1 year 80/442 0.87(0.68t01.12) 0.3 104/412 1.27(1.02t01.59)  0.04 1.07 (0.91 to 0.4

1.27)
>1 year 114/486 1.11(0.90to0 1.38) 0.3 94/468 1.00 (0.79t0 1.26) 1.0 1.06 (0.90 to 0.5

1.24)
Trend for — — 0.7 — — 0.8 — 0.9

months of use

*Adjusted for, BMI, smoking status, alcohol consumption, ethnicity, rheumatoid arthritis, osteoporosis and fractures, use of other osteoporosis drugs, vitamin D,
NSAIDs, corticosteroids, acid lowering drugs, years of data, and for family history of colorectal cancer, diabetes, colitis, and Crohn’s disease.
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| Sensitivity analyses by definition of length of use of bisphosphonates (short term (<1 year) and long term (>1 year)) and varying

definitions of use

QResearch CPRD
Exposed Adjusted* odds ratio Exposed Adjusted* odds

Term of use cases (95% Cl) P value cases ratio (95% ClI) P value
Oesophageal cancer
Use defined as at least 2 prescriptions in observation period
<1 year 74 1.03 (0.77 to 1.36) 0.9 65 0.88 (0.65 to 1.18) 0.4
>1 year 158 0.92 (0.73 to 1.16) 0.5 173 1.23 (0.98 to 1.54) 0.07
Use defined as at least 1 prescription before index date
<1 year 111 1.23 (0.96 to 1.56) 0.1 103 1.17 (0.91 to 1.50) 0.2
>1 year 171 0.94 (0.7510 1.18) 0.6 182 1.23 (0.99 to 1.53) 0.06
Use defined as at least 1 prescription between 72 and 6 months before index date in patients with at least 6 years of records
<1 year 75 0.99 (0.74 t0 1.32) 0.9 78 1.09 (0.81 to 1.45) 0.6
>1 year 142 0.93 (0.73t0 1.18) 0.5 145 1.26 (0.98 to 1.60) 0.07

Gastric cancer

Use defined as at least 2 prescriptions in observation period

<1 year 53 1.49 (1.04t0 2.13) 0.03 50 0.75 (0.53 to 1.06) 0.1
>1 year 79 0.97 (0.71 to 1.31) 0.8 79 0.73 (0.55 to 0.99) 0.04
Use defined as at least 1 prescription before the index date

<1 year 61 1.17 (0.84 to 1.62) 0.3 70 1.02 (0.76 to 1.38) 0.9
>1 year 88 0.93 (0.69 to 1.25) 0.6 90 0.82 (0.61 to 1.08) 0.2
Use defined as at least 1 prescription between 72 and 6 months before index date in patients with at least 6 years of records

<1 year 54 1.21 (0.84 to 1.75) 0.3 52 0.85 (0.60 to 1.21) 0.4
>1 year 66 0.90 (0.64 to 1.26) 0.5 65 0.72 (0.52 to 0.99) 0.04

Colorectal cancer

Use defined as at least 2 prescriptions in observation period

<1 year 273 1.02 (0.88 t0 1.18) 0.8 291 1.09 (0.94 to 1.25) 0.3
>1 year 584 1.04 (0.92t0 1.16) 0.5 544 1.04 (0.92t0 1.16) 0.6
Use defined as at least 1 prescription before index date

<1 year 384 1.04 (0.92t0 1.18) 0.5 386 1.12 (0.99 t0 1.27) 0.07
>1 year 633 1.02 (0.91to 1.14) 0.7 589 1.06 (0.94 to 1.18) 0.4
Use defined as at least 1 prescription between 72 and 6 months before index date in patients with at least 6 years of records

<1 year 298 1.02 (0.88 t0 1.18) 0.8 285 1.13 (0.97 to 1.30) 0.1
>1 year 492 1.00 (0.88 to 1.13) 1.0 476 1.08 (0.96 to 1.23) 0.2

*Adjusted for BMI, smoking status, alcohol consumption, ethnicity, rheumatoid arthritis, osteoporosis and fractures, use of other osteoporosis drugs, vitamin D,

NSAIDs, corticosteroids, acid lowering drugs, and years of data and for family history of colorectal cancer, diabetes, colitis, and Crohn’s disease.
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Exposure to bisphosphonates and risk
of common non-gastrointestinal cancers:
series of nested case-control studies
using two primary-care databases

Y Vinogradova™', C Coupland’ and J Hippisley-Cox’
"Division of Primary Care, 13th floor, Tower Building, University Park, Nottingham NGZ2 7RD, UK

Background: Bisphosphonates are the most commonly prescribed osteoporosis drugs but long-term effects are unclear, although
antitumour properties are known from preclinical studies.

Methods: Nested case-control studies were conducted to investigate bisphosphonate use and risks of common non-
gastrointestinal cancers (breast, prostate, lung, bladder, melanoma, ovarian, pancreas, uterus and cervical). Patients 50 years and
older, diagnosed with primary cancers between 1997 and 2011, were matched to five controls using the UK practice-based
QResearch and Clinical Practice Research Datalink (CPRD) databases. The databases were analysed separately and the results
combined.

Results: A total of 91556 and 88845 cases were identified from QResearch and CPRD, respectively. Bisphosphonate use was
associated with reduced risks of breast (odds ratio (OR): 0.92, 95% confidence interval (Cl): 0.87-0.97), prostate (OR: 0.87, 95% ClI:
0.79-0.96) and pancreatic (OR: 0.79, 95% ClI: 0.68-0.93) cancers in the combined analyses, but no significant trends with duration.
For alendronate, reduced risk associations were found for prostate cancer in the QResearch (OR: 0.81, 95% Cl: 0.70-0.93) and
combined (OR: 0.84, 95% Cl: 0.75-0.93) analyses (trend with duration P-values 0.009 and 0.001). There were no significant
associations from any of the other analyses.

Conclusion: In this series of large population-based case—control studies, bisphosphonate use was not associated with increased
risks for any common non-gastrointestinal cancers.

Bisphosphonates were introduced as a treatment for postmeno-
pausal osteoporosis (National Institute for Health and Clinical
Excellence, 2008a, b) in the 1990s, and prescribing has substantially
increased (Kanis et al, 2008). The effects of bisphosphonates are
long term as the drugs accumulate in bones and are released for
several years after treatment ends (Watts and Diab, 2010). It is a
relatively new treatment and very few studies have looked at the
long-term effect of bisphosphonates on risks of different cancers in
the general population.

Although antitumour properties of bisphosphonates have been
discovered in preclinical studies (Croucher et al, 2003; Guise, 2008)

and reaffirmed in the treatment of bone metastases (Gnant, 2010),
no long-term randomised clinical trials have been run to determine
the effect of bisphosphonates on cancer incidence. Epidemiological
studies have consistently reported a reduced risk of breast cancer in
bisphosphonate users (Chlebowski et al, 2010; Newcomb et al,
2010; Rennert et al, 2010; Vestergaard et al, 2011; Cardwell et al,
2012), but the effects of bisphosphonates on other common non-
gastrointestinal cancers are still uncertain, having been investigated
in only one up-to-date observational study using the Clinical
Practice Research Datalink (CPRD) (Cardwell et al, 2012).
Previous studies have generally been insufficiently powered to
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Bisphosphonates and non-gastrointestinal cancers

detect associations for other types of cancer, and few have looked
at associations with individual types of bisphosphonate drugs, and
so there is little data to establish definitive conclusions. Our aim,
therefore, was to investigate the associations between bisphos-
phonates and risks of common cancers in the general population
using a nested case—control design and including all available data
from two large primary-care databases - both the QResearch and
the CPRD.

MATERIALS AND METHODS

Data source. The two largest primary-care databases in the UK,
QResearch and CPRD, were used. Each database covers around 6%
of the UK population from more than 600 general practices, and
contains electronic records including patient demographics,
referrals, tests and prescriptions. Both are representative of the
general population in the United Kingdom, have been rigorously
validated using other sources of information (Jick et al, 2003;
Hippisley-Cox et al, 2004) and have been used for a range of safety
studies involving commonly prescribed medications (Green et al,
2010; Hippisley-Cox and Coupland, 2010; Parker et al, 2010;
Walker et al, 2011). The protocol for this study was published in
Vinogradova et al (2012) and, although originally based on
QResearch, a replicate study has also been conducted using CPRD
to examine any possible differences between the two and further
increase in the statistical power by running analyses to derive
combined results from both data sources.

Study design. Open cohorts of patients were identified in each
database: patients were aged 50 years and older and registered with
the practice at some time during the study period between January
1997 and July 2011. For this paper, we selected the most common
solid, non-gastrointestinal cancers (breast, prostate, lung, bladder,
pancreatic, ovarian and melanoma) as the outcomes and identified
incident cases from the cohorts. Less common female cancers
(cervix and uterus) were also considered. Each case was matched to
up to five controls by age, sex, practice and calendar year. All
controls were alive and registered with the practice at the date of
the first recorded diagnosis of cancer in their matched case, which
we defined as the index date for each case and their matched
controls. For cases and controls, patients were included only if they
had at least 2 years of data before their index date. Cases and
controls with bisphosphonate prescriptions licensed for any
malignancies before the index date (date of diagnosis for cases or
equivalent date for controls) were excluded. For breast cancer, male
patients and patients with a record of mastectomy before their first
prescription of bisphosphonates were excluded. Patients with
Paget’s disease were also excluded.

Exposure to bisphosphonates. Exposure to bisphosphonates was
assessed, including prescriptions for alendronate, etidronate,
ibandronate and risedronate as the nationally licensed drugs for
the treatment of osteoporosis (BNF 6.6.2) (British Medical
Association and Royal Pharmaceutical Society of Great Britain,
2008). Information was extracted on all prescriptions for bisphos-
phonates during the observation period - defined as a period
between the date of patient registration with the general practice
and 6 months before the index date. Prescriptions in the past 6
months before the index date were not used to reduce protopathic
bias because early symptoms of cancer such as low weight or bone
ache could lead to bisphosphonate treatments. For the main
analyses, a patient was considered to be a bisphosphonate user if
they had at least one prescription during the observation period.
Cumulative exposure was estimated by summing the durations of
all bisphosphonate prescriptions for each patient, considering gaps
of fewer than 90 days between two prescriptions as continuous
therapy. Duration of exposure to bisphosphonates was analysed

using the following categorisations: no use; short-term use (used
for <1 year); long-term use (used for > 1 year). For analyses of the
most common cancers (breast, prostate, lung, bladder and
melanoma), finer categories for duration of use of bisphosphonates
were considered: no use, <6 months; 7-36 months; 37-72 months;
and 73 months or more. A test for trend was performed using the
actual number of months.

Confounding variables. All the analyses included potential
confounders established as risk factors for cancer. Body mass
index (BMI) (Henderson and Bernstein, 2008), a continuous
variable, was based on values recorded at the date closest to 1 year
before the index date. Using Read codes, smoking status (Hecht,
2008) (current smoker — light (1-9 cigarettes per day), medium
(10-19), heavy (20 or more), ex-smoker, non-smoker); alcohol
consumption (Schiitze et al, 2011); and ethnicity (Ferlay et al,
2010) (White or not recorded, Black, Asian, Other) used values
recorded at the closest date before the index date. The analysis also
adjusted for history of osteoporosis (McGlynn et al, 2008),
including diagnosis of osteoporosis or osteopenia or previous
fractures (recorded before the index date); use of drugs increasing
risks of fracture and cancer such as systemic corticosteroids
and acid-suppressive medications (including H2 antagonists
(BNF 1.3.1), proton pump inhibitors (BNF 1.3.5) and antacids
(BNF 1.1.1)); (Corley et al, 2010) use of anti-inflammatory drugs
(Coussens and Werb, 2002) (traditional non-steroidal anti-
inflammatory drugs, cyclo-oxygenase 2 inhibitors and aspirin);
(Gonzalez-Perez et al, 2003) and use of vitamin D (Mocellin, 2011)
if they were prescribed at least 1 year before the index date. For
female cancer patients, use of hormone replacement therapy and
oral contraceptive pills were also added to the analyses.

If they were diagnosed at least a year before the index date,
comorbidities, which affect risks of cancer, were also included:
rheumatoid arthritis (Thomas et al, 2000) for any cancer; benign
breast disease for breast cancer; diabetes for pancreatic (Vincent
et al, 2011) and uterine (Burbos et al, 2010) cancers; hypertension
for uterine cancer (Bangalore et al, 2011); and gastrointestinal
disorders for pancreatic cancer (Vinogradova et al, 2012).
The results were also adjusted for cancer-specific family histories
of cancer (Mai et al, 2011) (to reduce recall bias in cases only if
recorded at least 6 months before the index date; Chang et al,
2006).

Statistical analysis. This study used conditional logistic regression
to estimate odds ratios with 95% Cls for cancers at each selected
site. The Wald test was used for estimating the effects of duration
and testing for differences between bisphosphonate types. Missing
values for the confounding factors (BMI, smoking status and
alcohol intake) were imputed using ICE multiple imputation
program in Stata (StataCorp LP, College Station, TX, USA)
(Royston, 2005) where all the confounding variables and exposure
to bisphosphonates were included into the models. Ten imputed
data sets were created and the results were combined using Rubin’s
rules (Royston, 2004).

Each database was analysed separately and the results combined
using the method of Mantel and Haenszel for fixed-effect models.

The primary analyses were based on bisphosphonate exposure
excluding prescriptions in the 6 months before the index date. Five
sensitivity analyses were carried out for each data set. The first was
to eliminate possible bias by redefining bisphosphonate exposure
as at least two prescriptions and considering patients with one
prescription only as non-users. Such patients might never have
started treatment or have soon stopped it because of adverse
gastrointestinal effects. The second sensitivity analysis was based
on all prescriptions before the index date including the ones issued
in the past 6 months. This aimed to eliminate another form of bias
caused by a possible oversampling of unexposed cases and controls
in the main analyses. The third sensitivity analysis was run on
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patients with at least 6 years of medical records and redefined
exposure based on prescription information only between 72 and 6
months before the index date. This was to eliminate possible bias
arising from the different observation times for patients in the
main analyses.

Townsend scores, a measure of deprivation, were available for
only 49% of CPRD practices, and only 36% of CPRD patients had
it recorded. Deprivation, therefore, was not included as a
confounding variable in any of the main analyses. The fourth
sensitivity analysis included Townsend scores as a confounding
variable, but was run only on patients with a valid code. The fifth
and final sensitivity analysis was run on observations with recorded
values for BMI, smoking status and alcohol consumption. For the
fourth and fifth sensitivity analyses, the definitions for use of
bisphosphonates and years of medical records were identical to the
main analysis.

Although sample size calculations were carried out and
presented in the protocol (Vinogradova et al, 2012), all available
data were used in the analyses. We considered a 1% level as
statistically significant to allow for multiple comparisons, but
have presented 95% CIs in our results to create parity with other
studies. Stata Version 12 was used for all analyses.

RESULTS

Study population. Within the study period, we identified 91 556
and 88 845 cases of cancers of interest in people aged 50 years and
older from QResearch and CPRD, respectively. These were
matched to 427 674 and 415 583 controls, respectively, all with at
least 2 years of medical records (Figure 1). Median years of
available records was 17 (interquartile range 10-28 in QResearch
cases and controls, 10-29 in CPRD cases and 10-30 CPRD
controls), and it was consistent both for cancer sites and for cases
and controls. Table 1 shows the numbers of cases and controls for
each cancer site and also the characteristics of the study
population. QResearch and CPRD provided similar samples from
the general population. The QResearch cases and controls were
about the same age (mean 69.4 years, standard deviation 9.8 in
cases; 69.4 years, 9.7 in controls) as CPRD (69.9 years, 10.4
in cases; 69.7 years, 10.2 in controls) but included fewer women
(48% vs 51%), and so had slightly different incidences in cancers
of interest.

The proportion of bisphosphonate users (4.2%) was the same in
both databases and in cases and controls, with similar proportions
of patients prescribed different types of bisphosphonates. Figure 2
shows that in both databases the proportion of cases and controls
with at least one bisphosphonate prescription consistently grew
from 1% in 1997 to 7% in 2011. Use of etidronate decreased but
use of alendronate and risedronate increased, for alendronate
reaching over 80% for bisphosphonate users with at least one
prescription. Most bisphosphonate users were older than 60 years
(92% in both databases) and their median duration of use was 20
months (interquartile range 7-43) in cases and controls in
QResearch and 19 months (6-40 in cases and 6-41 in controls)
in CPRD. The median duration varied slightly between the cancer
sites, from 16.5 months for cervix cases and 27 for melanoma cases
in QResearch, and 17 for lung cancer cases to 22.5 for melanoma
cases in CPRD. A much higher proportion of women were users
than men (6.6% women vs 2.0% men in cases, 6.8% women vs 1.7%
men in controls for QResearch, 6.5% women vs 1.9% men in cases
and 6.6% women vs 1.7% men in controls for CPRD). Use of
bisphosphonates did not necessarily follow a recorded diagnosis
of osteoporosis/osteopenia or a history of fractures; over 30%
of bisphosphonate users did not have either factor recorded

(38% cases and 36% controls in QResearch and 36% cases and
34% controls for CPRD).

Table 2 shows the number and proportion of cases and controls
who were bisphosphonate users for each cancer site and overall use
of the drug by database. Figure 3 contains the results of combined
analyses for overall bisphosphonate use. Table 3 presents trend test
results along with odds ratios for short- and long-term use for the
seven most common cancers. Table 4 shows further analyses for
the associations of different types of bisphosphonate use with
breast, prostate and lung cancer risks.

Breast cancer. Overall use of bisphosphonates was associated with
a reduced risk of breast cancer but it was only significant in
QResearch analyses (adjusted odds ratio (AOR): 0.89, 95%
CI: 0.82-0.97) and the combined analyses (AOR: 0.92, 95% CI:
0.87-0.98). Clinical Practice Research Datalink analyses demon-
strated a similar direction of the association (AOR: 0.95, 95% CI:
0.88-1.03), but it was not statistically significant (P =0.2). None of
the associations were duration-dependent, with the only statisti-
cally significantly decreased risk for QResearch (P=0.008) in
the subcategory between 7 and 36 months (AOR: 0.87, 95% CI:
0.78-0.96 for QResearch; 0.95, 0.86-1.05 for CPRD; 0.91, 0.85-0.98
for combined). The risks did not vary between bisphosphonate
types and none of them had statistically significant associations
with breast cancer risk.

The sensitivity analysis, which defined bisphosphonate use as at
least two prescriptions, demonstrated an even stronger reduced
association with breast cancer risk (AOR: 0.87, 95% CI: 0.80-0.94,
P<0.001 for QResearch; 0.94, 0.87-1.01, P=0.1 for CPRD; 0.90,
0.85-0.96, P<0.001 for combined), but it remained statistically
significant only for short-term use, and only for QResearch and
combined (AOR: 0.80, 95% CI: 0.71-0.91, P<0.001 for QResearch;
0.87, 0.80-0.94, P<0.001 for combined) but not for CPRD (AOR:
0.92, 95% CI: 0.82-.03). There was no significant association with
long-term use for any analyses.

Other female cancers. Although QResearch analyses for ovarian
cancer showed an almost 20% increased, but not statistically
significant, risk (AOR: 1.19, 95% CI: 0.96-1.47), CPRD analyses
had an opposite, and also not statistically significant, association
(AOR: 0.84, 95% CI: 0.67-1.04), with combined results showing no
association at all (AOR: 1.00, 95% CI: 0.86-1.16). None of the
results from the different databases were duration-dependent.

There was a significant association between risedronate use
and ovarian cancer risk for QResearch (24 exposed cases) and
the combined analyses (56 exposed cases) (AOR: 0.48, 95% CI:
0.31-0.75, P=0.001 for QResearch; 0.62, 0.46-0.84, P=0.002 for
combined). The CPRD analysis (32 exposed cases) showed a
reduced risk but not statistically significantly (AOR: 0.77, 95% CI:
0.52-1.16). The trend tests were not statistically significant
(P=0.013 for QResearch; P=0.6 for CPRD; P=0.07 for
combined) and this was consistent across all sensitivity analyses.

Overall use of bisphosphonates was not associated with cervical
or uterine cancer risk for either database or for the combined
analyses. Further analyses demonstrated no associations with
duration of use.

Prostate cancer. Adjusted analyses in both databases demon-
strated a reduced risk associated with bisphosphonate use but not
significant (AOR: 0.90, 95% CI: 0.79-1.02 for QResearch; 0.84,
0.73-0.96 for CPRD), but contributing to a significant association
in the combined analysis (AOR: 0.87; 95% CI: 0.79-0.96).
Although neither of the databases showed a significant duration-
dependent  association  (QResearch  Pyeng=0.064; CPRD
Pyrena=0.03), the combined analyses did (Pyeng =0.005), with a
15% reduced risk associated with long-term use of bisphos-
phonates (AOR: 0.85,; 95% CI: 0.76-0.95).
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QRESEARCH

Cancers of interest 1997-2011, cases and controls
with at least 2 years of data
Total: 92 159 and 431 730
Breast: 24891 and 116 355
Prostate: 26 656 and 125 046
Lung: 18019 and 84 428
Bladder: 7485 and 34971
Melanoma: 5008 and 23 489
Ovary: 3431 and 16127
Pancreas: 3597 and 16 870
Uterus: 2250 and 10595
Cervix: 822 and 3849

Excluded from breast cancer sample
because of mastectomy:

392 controls (any time before index date)
337 cases (more than a year before the
diagnosis)

3 cases with bisphosphonate use after the
mastectomy in the last year

Excluded from all cancers because of
Paget’s disease:
224 cases, 817 controls

Excluded from all cancers because of
bisphosphonate prescription not for
osteoporosis:

39 cases, 50 controls

Excluded from all cancers because of
absence of a case or control:
2 cases, 2795 controls

A 4

Remained cases and controls
Total: 91 556 and 427 674
Breast: 24 489 and 113945
Prostate: 26 554 and 124 230
Lung: 17961 and 83992
Bladder: 7464 and 34 786
Melanoma: 4998 and 23 399
Ovary: 3427 and 16 089
Pancreas: 3593 and 16818
Uterus: 2248 and 10570
Cervix: 822 and 3845

CPRD

Cancers of interest 1997-2011, cases and controls
with at least 2 years of data
Total: 89470 and 419666
Breast: 25860 and 121 331
Prostate: 23268 and 108 865
Lung: 19121 and 90018
Bladder: 7106 and 33179
Melanoma: 4631 and 21734
Ovary: 3094 and 14 586
Pancreas: 3496 and 16299
Uterus: 2153 and 10 159
Cervix: 741 and 3495

Excluded from breast cancer sample because
of mastectomy:

442 controls (any time before index date)

365 cases (more than a year before the
diagnosis)

54 cases with bisphosphonate use after

the mastectomy in the last year

Excluded from all cancers because of
P Paget’s disease:
218 cases, 884 controls

Excluded from all cancers because of
bisphosphonate prescription not for
osteoporosis:

27 cases, 37 controls

Excluded from all cancers because of
p| absence of a case or control:
4 cases, 2877 controls

A 4

Remained cases and controls
Total: 88845 and 415383
Breast: 25444 and 118835
Prostate: 23176 and 108 102
Lung: 19059 and 89471
Bladder: 7084 and 32984
Melanoma: 4621 and 21 654
Ovary: 3088 and 14532
Pancreas: 3485 and 16 200
Uterus: 2149 and 10125
Cervix: 739 and 3480

Figure 1. Flow of the included patients for QResearch and CPRD analyses.

Further analyses showed significantly reduced risks for
alendronate users in QResearch, with a greater reduced risk for
long-term users (AOR: 0.75; 95% CI: 0.62-0.92), which was
duration-dependent (Pgeng=0.009). Clinical Practice Research
Datalink associations were directionally similar to QResearch but
not significant and also with lower risk for long-term users (AOR:
0.86; 95% CI. 0.70-1.05) and not duration-dependent

(Ptrena = 0.05), although contributing to a significant association
(AOR: 0.80; 95% CI: 0.70-0.92) and duration dependency
(Ptrena = 0.001) in the combined analysis.

All sensitivity analyses with other definitions of use were
consistent in showing a reduced risk in long-term alendronate
users apart from the one including prescriptions from the past 6
months before the index date. This analysis also demon-
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Table 1. Baseline characteristics in cases and all matched controls by database (QResearch or CPRD)

\ QResearch H CPRD
Cases Controls Cases Controls

Total 91556 427 674 88845 415383
Breast 24489 113945 25444 118835
Prostate 26554 124230 23176 108102
Lung 17 961 83992 19059 89471
Bladder 7464 34786 7084 32984
Skin 4998 23399 4621 21654
Ovary 3427 16089 3088 14532
Pancreas 3593 16818 3485 16200
Uterus 2248 10570 2149 10125
Cervix 822 3845 739 3480
Sex
Male 47193 (51.5) 220492 (51.6) 43596 (49.1) 203487 (49.0)
Female 44363 (48.5) 207 182 (48.4) 45249 (50.9) 211896 (51.0)
Age band (years)
30-54 7345 (8.0) 34000 (7.9) 6998 (7.9) 32749 (7.9)
55-64 22786 (24.9) 106 266 (24.8) 22071 (24.8) 104095 (25.1)
65-74 30410 (33.2) 143528 (33.6) 28407 (32.0) 134902 (32.5)
75-84 26177 (28.6) 122798 (28.7) 23864 (26.9) 112533 (27.1)
85+ 4838 (5.3) 21082 (4.9) 7505 (8.4) 31104 (7.5)
Ethnicity
White 21477 (23.5) 90874 (21.2) 7034 (7.9) 30294 (7.3)
Not recorded?® 69131 (75.5) 331241 (77.5) 78841 (88.7) 371491 (89.4)
Non-white 948 (1.0) 5559 (1.3) 2970 (3.3) 13598 (3.3)

Asian® 364 (0.4) 2726 (0.6) 194 (0.2) 1516 (0.4)

Black? 397 (0.4) 1834 (0.4) 166 (0.2) 649 (0.2)

Other® 187 (0.2) 999 (0.2) 2610 (2.9) 11433 (2.8)
Deprivation, Townsend quintile
1, most affluent® 23442 (26.3) 110919 (26.7) 9753 (30.5) 45736 (30.6)
2¢ 19959 (22.4) 94167 (22.7) 7695 (24.0) 36203 (24.2)
3¢ 18032 (20.2) 84427 (20.3) 6253 (19.5) 29740 (19.9)
4¢ 15768 (17.7) 72202 (17.4) 5007 (15.6) 23075 (15.4)
5, most deprived® 12075 (13.5) 53799 (12.9) 3290 (10.3) 14914 (10.0)
Not recorded 2280 (2.5) 12160 (2.8) 56 847 (64.0) 265715 (64.0)
BMI (kgm~2)
15-24¢ 27225 (38.0) 120028 (37.3) 29310 (39.1) 131726 (38.3)
25-29¢ 28956 (40.4) 130874 (40.7) 29808 (39.7) 138713 (40.3)
30-49¢ 15409 (21.5) 70904 (22.0) 15913 (21.2) 73554 (21.4)
Not recorded 19966 (21.8) 105868 (24.8) 13814 (15.5) 71390 (17.2)
Smoking status
Non-smoker® 34949 (41.4) 182349 (48.0) 40128 (47.6) 212180 (55.4)
Ex-smoker® 31475 (37.3) 136575 (36.0) 26958 (32.0) 112142 (29.3)
Current light smoker® 5633 (6.7) 20787 (5.5) 3966 (4.7) 13871 (3.6)
Current moderate smoker® 7825 (9.3) 26747 (7.0) 8838 (10.5) 30846 (8.1)
Current heavy smoker® 4467 (5.3) 13187 (3.5) 4382 (5.2) 13646 (3.6)
Not recorded 7207 (7.9) 48029 (11.2) 4573 (5.1) 32698 (7.9)
Use of alcohol
No use® 22061 (29.9) 101997 (30.5) 19714 (25.8) 92647 (26.6)
Ex use® 2030 (2.7) 7672 (2.2)
Light® 44809 (60.7) 203342 (60.8) 44448 (58.1) 204556 (58.8)
Moderate and more© 7009 (9.5) 29036 (8.7) 10250 (13.4) 42911 (12.3)
Not recorded 17 677 (19.3) 93299 (21.8) 12403 (14.0) 67597 (16.3)
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Table 1. (Continued)

\ QResearch H CPRD \

‘ Cases ’ Controls ‘ Cases ‘ Controls
Comorbidities
Upper Gl 19250 (21.0) 83377 (19.5) 24302 (27.4) 107 660 (25.9)
Diabetes 8140 (8.9) 36769 (8.6) 7990 (9.0) 37011 (8.9)
Pancreatitis 492 (0.5) 1981 (0.5) 552 (0.6) 2102 (0.5)
Hypertension 31466 (34.4) 142577 (33.3) 31169 (35.1) 142474 (34.3)
Chronic kidney disease 3444 (3.8) 15558 (3.6) 3710 (4.2) 16425 (4.0)
Rheumatoid arthritis 1424 (1.6) 6591 (1.5) 1673 (1.9) 7310 (1.8)
Benign breast disease 2727 (3.0) 10077 (2.4) 2761 (3.1) 9653 (2.3)
History of osteoporosis
Osteoporosis/osteopenia 3682 (4.0) 16998 (4.0) 4023 (4.5) 18474 (4.4)
Osteoporotic fractures 3322 (3.6) 16013 (3.7) 2375 (2.7) 10342 (2.5)
Family history of cancer 2841 (3.1) 11756 (2.7) 2836 (3.2) 11364 (2.7)
Medications (excluding past 6 months)
Acid-lowering drugs 32523 (35.5) 140637 (32.9) 33531 (37.7) 145409 (35.0)
NSAIDs 52422 (57.3) 233143 (54.5) 55106 (62.0) 248518 (59.8)
Corticosteroids 14156 (15.5) 57106 (13.4) 13908 (15.7) 54233 (13.1)
Calcium 1023 (1.1) 4816 (1.1) 6286 (7.1) 28984 (7.0)
Vitamin D 4891 (5.3) 22582 (5.3) 4960 (5.6) 23035 (5.5)
Hormone replacementd 12071 (13.2) 51861 (12.1) 12633 (14.2) 55666 (13.4)
Oral contraceptivesd 773 (0.8) 3551 (0.8) 1236 (1.4) 5490 (1.3)
Bisphosphonates
Any 3827 (4.2) 17883 (4.2) 3769 (4.2) 17490 (4.2)
Alendronate 2589 (2.8) 12010 (2.8) 2538 (2.9) 11969 (2.9)
Etidronate 1286 (1.4) 5949 (1.4) 1170 (1.3) 5471 (1.3)
Risedronate 851 (0.9) 3985 (0.9) 806 (0.9) 3715 (0.9)
Ibandronate 74 (0.1) 435 (0.1) 75 (0.1) 353 (0.1)
Other osteoporosis drugs
Any 319 (0.3) 1641 (0.4) 333(0.4) 1685 (0.4)
Raloxifen 192 (0.2) 1032 (0.2) 217 (0.2) 1081 (0.3)
Strontium 95 (0.1) 456 (0.1) 97 (0.1) 509 (0.1)
Calcitonin 38 (0.0) 207 (0.0) 34 (0.0) 162 (0.0)
Abbreviations: CPRD = Clinical Practice Research Datalink; Gl = gastrointestinal; NSAID = non-steroidal anti-inflammatory drugs. Values are numbers and %.
#Assumed White for the analyses.
bBroken down categories for non-White group.
“Proportion only within recorded data.

Only for women cancers.

strated an increased risk for very short-term use (up to 6 months)
but only in QResearch (AOR: 1.29; 95% CI: 1.08-1.53,
P=0.004). As for overall bisphosphonate use, the sensitivity
analysis for at least two prescriptions reached a statistically
significant level in CPRD (AOR: 0.83, 95% CI. 0.72-0.95,
P=0.008).

Lung cancer. After adjusting for confounders, there was no
significant association with bisphosphonate use (AOR: 0.97, 95%
CI: 0.88-1.08 in QResearch; 1.12, 1.01-1.23 in CPRD; 1.04, 0.97-
1.12 for combined). Further analyses demonstrated no associations
with duration or type of bisphosphonate.

Results were consistent in sensitivity analyses apart from
one - the sensitivity analysis, which included prescriptions from
the past 6 months before the index date showed increased risk
associated with short-term use in both databases (AOR: 1.34, 95%

CI: 1.18-1.52, P<0.001 for QResearch; 1.30, 1.15-1.47, P<0.001
for CPRD).

Bladder cancer. Adjusting for confounders showed no association
between bisphosphonate use and risk of bladder cancer (AOR:
0.96, 95% CI: 0.80-1.14 for QResearch; 0.94, 0.79-1.12 for CPRD;
0.95, 0.84-1.08 for combined). Sensitivity analyses also showed no
associations.

Melanoma. There was no association between overall bisphos-
phonate use and risk of melanoma in either database (AOR:
1.05, 95% CI: 0.87-1.28 for QResearch; 0.95, 0.77-1.19 for CPRD;
1.01, 0.87-1.17 for combined), and analyses did not show
statistically significantly increased risk with longer use in either
database or the combined (Pyenq=0.013 for QResearch;
Pyena = 0.5 for CPRD; Pireng = 0.02 for combined). The results
were consistent across the sensitivity analyses, except for the one
defining use as at least one prescription between 6 and 72 months.
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Figure 2. Proportion of cases and controls in QResearch and CPRD with at least one prescription of bisphosphonate by index year.

Table 2. Bisphosphonate use in cancer cases and controls, numbers and odds ratios (95% Cls) compared with non-use by database

| QResearch H CPRD H Combined analysis \
Cancer site Cases/ Adj.usted*odds P-value Cases/ Adj.usted*odds Pvalue Po_oled odds P.value
controls ratio (95% Cl) controls ratio (95% Cl) ratio (95% Cl)

Breast® 1304/6923 0.89 (0.82-0.97) 0.005 1324/6847 0.95 (0.88-1.03) 0.2 0.92 (0.87-0.97) 0.004
Prostate® 460/2150 0.90 (0.79-1.02) 0.1 376/1901 0.84 (0.73-0.96) 0.012 0.87 (0.79-0.96) 0.003
Lung® 1035/3809 0.97 (0.88-1.08) 0.6 1114/3911 1.12 (1.01-1.23) 0.03 1.04 (0.97-1.12) 0.2
Bladderd 274/1219 0.96 (0.80-1.14) 0.6 280/1263 0.94 (0.79-1.12) 0.5 0.95 (0.84-1.08) 0.4
Melanoma® 241/1067 1.05 (0.87-1.28) 0.6 178/881 0.95 (0.77-1.19) 0.7 1.01 (0.87-1.17) 0.9
Ovaryf 204/939 1.19 (0.96-1.47) 0.1 170/937 0.84 (0.67-1.04) 0.1 1.00 (0.86-1.16) 1.0
Pancreas® 178/886 0.81 (0.64-1.01) 0.06 196/918 0.78 (0.63-0.97) 0.03 0.79 (0.68-0.93) 0.003
Uterus” 99/671 1.07 (0.79-1.44) 0.7 96/636 0.95 (0.71-1.27) 0.7 1.00 (0.81-1.24) 1.0
Cervix! 32/219 0.78 (0.48-1.27) 0.3 35/196 1.21 (0.76-1.93) 0.4 0.98 (0.70-1.37) 0.9

Abbreviations: BMI =body mass index; Cl = confidence interval; CPRD = Clinical Practice Research Datalink; Gl = gastrointestinal; NSAID = nonsteroidal anti-inflammatory drugs. *Adjusted for
BMI, smoking status, alcohol consumption, ethnicity, rheumatoid arthritis, osteoporosis and fractures, use of other osteoporosis drugs, vitamin D, NSAIDs, corticosteroids, acid-lowering drugs
and years of data.

@Also adjusted for family history of breast cancer, benign breast disease, use of oral contraceptives and hormone replacement therapy.

balso adjusted for family history of prostate cancer.

“Also adjusted for family history of lung cancer.

dalso adjusted for family history of cancer and chronic kidney disease.

€Also adjusted for family history of cancer.

falso adjusted for family history of ovarian cancer, use of oral contraceptives and hormone replacement therapy.

9Also adjusted for family history of Gl cancer, Gl disease, diabetes and history of pancreatitis.

halso adjusted for family history of cancer, hypertension, diabetes, use of oral contraceptives and hormone replacement therapy.

iAlso adjusted for family history of cancer, use of oral contraceptives and hormone replacement therapy.

Here use of etidronate in the QResearch analysis was associated  bisphosphonate users, although it was not statistically signi-
with increased risk of melanoma (AOR: 1.67, 95% CI: 1.23-2.26, ficant (AOR: 0.81, 95% CI: 0.64-1.01 for QResearch; 0.78,
P<0.001); however, this association was not duration-dependent  0.63-0.97 for CPRD). The combined analysis, however, demon-
(Pirena =0.02). strated a statistically significant association (AOR: 0.79, 95% CI:

0.68-0.93). Short-term use was associated with an even lower
Pancreatic cancer. After adjusting for the confounders analyses in ~ but not statistically significant risk in all analyses (AOR: 0.78,
both databases showed a reduced risk of pancreatic cancer in  95% CI: 0.57-1.06 for QResearch; 0.77, 0.57-1.02 for CPRD; 0.77,
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Adjusted odds ratios and 95%
confidence intervals (95% Cl)

Cancer site (No. of cases) OR (95% Cl)

Pancreas (7079) 0.79 (0.68 —0.93) —a—

Prostate (49730) 0.87 (0.79 — 0.96) —a—
Breast (49933) 0.92 (0.87 — 0.97) -a-

Bladder (14548) 0.95 (0.84 — 1.08)

Cervix (1560) 0.98 (0.70 — 1.37)

Ovary (6516) 1.00 (0.86 —1.16)

Uterus (4393) 1.00 (0.81 —1.24)

Melanoma (9620) 1.01(0.87 —1.17) —a—

Lung (37020) 1.04 (0.97 —1.12) -

T T T T
0.5 0.75 1 1.25 1.5

Odds ratios and 95% Cl are adjusted for deprivation, smoking, comorbidities,
use of medication
Reference group: No prescriptions of bisphosphonates

© QRESEARCH 2011 version 31, CPRD March 2012

Figure 3. Risk of cancer in patients prescribed bisphosphonates,
combined results for QResearch and CPRD analyses.

0.63-0.96 for combined) and there was also no trend for duration
of use.

A sensitivity analysis defining use as at least two prescriptions
reached statistically significant level for the CPRD analysis in
overall use (0.73, 0.59-0.91, P=0.005) and for short-term use
(AOR: 0.65, 95% CI: 0.47-0.89, P=0.008). The other sensitivity
analyses did not demonstrate any significant associations.

Additional information. Sensitivity analyses on patients with
valid BMI, smoking status and alcohol consumption data and on
patients with valid Townsend codes showed similar results, which
are available from the authors.

DISCUSSION

Summary. This study, based on medical records from the two
largest UK primary-care databases, showed that the use of
bisphosphonates was not associated with increased risks for any
of the most common solid non-gastrointestinal cancers. Decreased
risks of breast, prostate and pancreatic cancers had no duration
relationship with bisphosphonate use and were found only in
short-term users. Alendronate use, however, was associated with a
decreased risk of prostate cancer and this association was duration-
dependent.

Strengths and limitations. Based on the two largest primary-care
databases, including more recent data than previous studies and
covering the period when bisphosphonates have become much
more widely prescribed in the general population, our study
provides more data for investigating the duration effects of
bisphosphonate use and over longer periods than previous studies.
All eligible cancer cases and controls, alive or dead, were included
into the study. This representativeness of the databases, and the
lack of recall, selection and respondent biases, also makes the
results more generalisable.

The limitations include possible uncertainties in cancer
diagnosis. The selection of cases was based on the first record of
a cancer and the exact origin site may have been determined only
later, but this level of detail was not available across all records. A
systematic review based on GPRD validation studies reported that,
on average, 95% of diagnoses of cancer recorded on the GP

electronic record were confirmed by other data sources (Herrett
et al, 2010). Information about cancer stage and the results of
histological investigations were also not consistently recorded
across general practices and so were not used. Another limitation is
the potential misclassification of bisphosphonate use. The analyses
were based on prescriptions not on actual use and no data were
available on adherence to medications. There is no reason,
however, to suppose that non-adherence differs systematically
between cases and controls.

Other limitations include information bias and missing data.
Lack of symptom or family history records might arise simply
because the patients have not reported them. Information on
certain risk factors such as the level of physical activity, diet and
cancer screening tests (mammography, prostate-specific antigen
test) was also not reliably recorded, so these factors were not
included in the analyses. Further, results of any bone mineral
density tests were not consistently recorded and were not used in
the analysis, and so there might be some residual confounding.
Important confounders such as smoking or BMI had some missing
data, so these had to be imputed.

Bisphosphonate users. Comparisons between bisphosphonate
users and non-users reflect the recommendations for targeting
the group with osteoporosis, and so some characteristics and
comorbidities such as low BMI and rheumatoid arthritis in users
were expected as these are risk factors for primary osteo-
porosis. As secondary osteoporosis is more likely to develop
in patients with impaired digestion, use of acid-lowering drugs
and also use of corticosteroids (Mauck and Clarke, 2006;
Hippisley-Cox and Coupland, 2009) were much higher for
bisphosphonate users.

Breast cancer. Reduced breast cancer risk associated with bispho-
sphonates use has been shown in five studies to date, all smaller
than the current one (Chlebowski et al, 2010; Newcomb et al, 2010;
Rennert et al, 2010; Vestergaard et al, 2011; Cardwell et al, 2012).
No relation between risk and duration of use could suggest that
osteoporosis is responsible for such reductions (Chen et al, 2008).
Adjustments for osteoporosis, however, have demonstrated the
independent effect of bisphosphonates. Reduced risk associated
with recent, but not remote, use of bisphosphonates might also be
explained by a possible bisphosphonate-related prevention of
progress for undiagnosed cancers up to an invasive stage. This has
already been shown by Chlebowski’s study (Chlebowski et al, 2010)
and supported by studies in menopausal women with early-stage
breast cancer treated with bisphosphonates (Gnant, 2010).
Although an Israeli (Rennert et al, 2010) case—control study
showed a statistically significantly decreased risk associated with
more than a year of bisphosphonate use (AOR: 0.61, 95% CI: 0.50-
0.76), the study was subject to recall bias (participants reported
their past use of bisphosphonates) and selection bias (all
participants were alive at the moment of the interview). Another
case—control study (Newcomb et al, 2010) with similar limitations
in the design also reported a statistically significant trend
(Ptrena = 0.01) for duration of bisphosphonate use. A cohort study
of Cardwell et al (2012) showed risk reduction associated with
overall bisphosphonate use similar to ours (adjusted hazard ratio
(AHR): 0.79, 95% CI: 0.62-1.01), and also becoming not
statistically significant for patients with use of more than a year.
Although our results for different types of bisphosphonate were in
line with Vestergaard et al’s study (2011) for alendronate (AHR:
0.91, 95% CI: 0.81-1.03), the risk reduction for etidronate in our
study did not reach a statistically significant level.

Prostate cancer. The association between overall use of bispho-
sphonates and prostate cancer risk was similar to that for breast
cancer, also without statistically significant effects for therapy
duration. Although the association between alendronate use and
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Table 3. Bisphosphonate short- and long-term use in cancer cases and controls, numbers and odds ratios (95% Cls) compared with non-use by database

Cancer site \ QResearch | CPRD | Combined analysis |

Terms of use Cases/ Adjusted’odds P-value Cases/ Adjusted odds P-value Pooled odds Pvalue
controls ratio (95% Cl) controls ratio (95% Cl) ratio (95% ClI)

Breast Trend 0.5 Trend 0.3 Trend 0.2

Short term 462/2523 0.86 (0.77-0.97) 0.01 508/2620 0.95 (0.86-1.06) 0.4 0.91 (0.84-0.98) 0.02

(less than a year)

Long term 842/4400 0.91 (0.83-1.00) 0.05 816/4227 0.95 (0.86-1.04) 0.3 0.93 (0.87-0.99) 0.03

(at least a year)

Prostate Trend 0.06 Trend 0.03 Trend 0.005

Short term 186/838 0.95 (0.80-1.13) 0.6 149/764 0.84 (0.70-1.02) 0.07 0.90 (0.79-1.02) 0.1

(less than a year)

Long term 274/1312 0.86 (0.74-1.00) 0.06 227/1137 0.84 (0.71-0.99) 0.04 0.85 (0.76-0.95) 0.005

(at least a year)

Lung Trend 0.7 Trend 1.0 Trend 0.8

Short term 415/1351 1.04 (0.90-1.19) 0.6 467/1507 1.15 (1.01-1.32) 0.03 1.10 (1.00-1.21) 0.06

(less than a year)

Long term 620/2458 0.93 (0.82-1.05) 0.2 647/2404 1.09 (0.96-1.23) 0.2 1.01 (0.92-1.10) 0.9

(at least a year)

Bladder Trend 0.3 Trend 0.6 Trend 0.3

Short term 109/455 0.99 (0.79-1.26) 1.0 117/464 1.06 (0.84-1.33) 0.6 1.03 (0.87-1.21) 0.8

(less than a year)

Long term 165/764 0.93 (0.76-1.15) 0.5 163/799 0.86 (0.69-1.06) 0.2 0.90 (0.77-1.04) 0.2

(at least a year)

Melanoma Trend 0.01 Trend 0.5 Trend 0.02

Short term 77/400 0.91 (0.70-1.20) 0.5 64/354 0.88 (0.65-1.18) 0.4 0.90 (0.73-1.10) 0.3

(less than a year)

Long term 164/667 1.16 (0.92-1.45) 0.2 114/527 1.01 (0.78-1.31) 0.9 1.09 (0.92-1.29) 0.3

(at least a year)

Ovaries Trend 0.4 Trend 0.1 Trend 0.7

Short term 83/322 1.37 (1.04-1.81) 0.02 62/355 0.80 (0.59-1.08) 0.1 1.07 (0.87-1.31) 0.5

(less than a year)

Long term 121/617 1.08 (0.84-1.38) 0.6 108/582 0.86 (0.66-1.11) 0.2 0.96 (0.81-1.15) 0.7

(at least a year)

Pancreas Trend 0.2 Trend 0.05 Trend 0.02

Short term 63/316 0.78 (0.57-1.06) 0.1 71/336 0.77 (0.57-1.02) 0.07 0.77 (0.63-0.96) 0.02

(less than a year)

Long term 115/570 0.82 (0.63-1.06) 0.1 125/582 0.80 (0.62-1.02) 0.08 0.81 (0.67-0.97) 0.02

(at least a year)

Abbreviations: Cl = confidence interval; CPRD = Clinical Practice Research Datalink. *Adjusted for the confounders listed in the footnote for Table 2. Bold values indicate statistical significance.

decreased risk appeared to be significant even with a duration
relationship, it was found only in the QResearch database and
might again suggest a possible suppressing effect of alendronate
on an already existing in situ cancer (Tuomela et al, 2008).
In particular in the prostate, in vitro studies have observed sub-
stantial concentrations of nitrogen-containing bisphosphonates
(zolendronic acid and ibandronate) after administration of the
drug (Fournier et al, 2002), which could result in suppressed
angiogenesis in prostate tumours. The only epidemiological study
looking at prostate cancer with respect to bisphosphonate use has
also demonstrated lower risk for bisphosphonate users, although
not statistically significant (AHR: 0.71, 95% CI: 0.50-1.01)
(Cardwell et al, 2012).

Lung cancer. Our study showed no association between lung
cancer risk and bisphosphonate use. This is consistent with the
only other epidemiological study (Cardwell et al, 2012), which also

found a reduced risk for long-term users (AHR: 0.86, 95% CI:
0.63-1.17) but it was not statistically significant. The antitumour
properties of bisphosphonates might not be applicable in the lung
because it is not a site where bisphosphonates accumulate
(Fournier et al, 2002). The sensitivity analysis for all prescriptions
including the past 6 months showed a significantly increased risk
but without any duration relationship and in particular for short-
term users. This may simply suggest that a common symptom of
lung cancer, bone pain, is sometimes initially mistaken as
osteoporosis.

Pancreas. Although none of the database analyses showed
statistically significantly decreased risks associated with bisphos-
phonate use, the combined analysis did. The findings were
consistent with the only other epidemiological study (Cardwell
et al, 2012) for this cancer site (AHR: 0.84, 95% CI: 0.53-1.35).
The effects of bisphosphonates on growth and apoptosis in
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Table 4. Bisphosphonate use for individual drugs in cancer cases and controls, numbers and odds ratios (95% Cls) compared with non-use by database

QResearch H CPRD H Combined analysis
Cases/ Adjustedodds P.value Cases/ Adjusted”odds P-value Pooled odds P.value
controls ratio (95% ClI) controls ratio (95% Cl) ratio (95% ClI)

Breast, alendronate Trend 0.7 Trend 0.04 Trend 0.3
Any use 901/4627 0.98 (0.89-1.07) 0.6 892/4648 0.96 (0.88-1.05) 0.3 0.97 (0.91-1.03) 0.3
Short term 409/2148 0.95 (0.85-1.08) 0.4 414/2085 1.00 (0.89-1.13) 0.9 0.98 (0.90-1.06) 0.6
(less than a year)
Long term (at least a year) 492/2479 1.00 (0.89-1.12) 1.0 478/2563 0.92 (0.83-1.03) 0.2 0.96 (0.89-1.04) 0.3
Breast, etidronate Trend 0.1 Trend 0.8 Trend 0.2
Any use 453/2437 0.90 (0.81-1.01) 0.07 412/2246 0.91 (0.81-1.02) 0.1 0.91 (0.84-0.98) 0.02
Short term 176/893 0.95 (0.80-1.13) | 0.6 179/1018 0.88 (0.74-1.03) | 0.1 0.91(0.81-1.03) | 0.1
(less than a year)
Long term (at least a year) 277/1544 0.87 (0.76-1.00) 0.05 233/1228 0.94 (0.81-1.09) 0.4 0.90 (0.82-1.00) 0.04
Breast, risedronate Trend 0.9 Trend 0.3 Trend 0.5
Any use 281/1537 0.92 (0.80-1.06) 0.2 279/1492 0.96 (0.84-1.11) 0.6 0.94 (0.85-1.04) 0.2
Short term 139/803 0.89 (0.73-1.07) 0.2 118/733 0.83 (0.68-1.02) 0.07 0.86 (0.75-0.99) 0.03
(less than a year)
Long term (at least a year) 142/734 0.96 (0.80-1.16) 0.7 161/759 1.08 (0.90-1.29) 0.4 1.02 (0.90-1.17) 0.7
Prostate, alendronate Trend 0.009 Trend 0.05 Trend 0.001
Any use 292/1506 0.81 (0.70-0.93) 0.004 25771299 0.88 (0.75-1.03) 0.1 0.84 (0.75-0.93) 0.001
Short term 142/692 0.86 (0.71-1.05) | 0.1 120/591 0.91(0.74-1.13) | 04 0.89 (0.77-1.02) | 0.1
(less than a year)
Long term (at least a year) 150/814 0.75 (0.62-0.92) 0.004 137/708 0.86 (0.70-1.05) 0.1 0.80 (0.70-0.92) | 0.002
Prostate, etidronate Trend 0.9 Trend 0.6 Trend 0.8
any use 141/567 1.06 (0.87-1.30) 0.5 104/496 0.88 (0.70-1.10) 0.3 0.98 (0.84-1.14) 0.8
Short term 55/223 1.10 (0.81-1.48) 0.6 34/209 0.69 (0.47-1.00) 0.05 0.91 (0.72-1.15) 0.4
(less than a year)
Long term (at least a year) 86/344 1.04 (0.81-1.33) 0.8 70/287 1.02 (0.77-1.34) 0.9 1.03 (0.86-1.24) 0.8
Prostate, risedronate Trend 0.9 Trend 0.3 Trend 0.4
Any use 99/455 0.98 (0.77-1.23) 0.8 70/374 0.87 (0.66-1.13) 0.3 0.93 (0.78-1.10) 0.4
Short term 38/208 0.83 (0.58-1.18) 0.3 32/165 0.90 (0.61-1.33) 0.6 0.86 (0.66-1.12) 0.3
(less than a year)
Long term (at least a year) 61/247 1.09 (0.81-1.46) 0.6 38/209 0.83 (0.58-1.19) 0.3 0.98 (0.78-1.23) 0.8
Lung, alendronate Trend 0.5 Trend 0.4 Trend 0.3
Any use 696/2542 1.00 (0.89-1.12) 0.9 756/2701 1.05 (0.94-1.18) 0.4 1.03 (0.95-1.11) 0.5
Short term 339/1114 1.07 (0.92-1.24) 0.4 386/1220 1.16 (1.01-1.34) 0.04 1.12 (1.01-1.24) 0.04
(less than a year)
Long term (at least a year) 357/1428 0.93 (0.80-1.08) 0.3 370/1481 0.96 (0.83-1.11) 0.6 0.95 (0.85-1.05) 0.3
Lung, etidronate Trend 0.8 Trend 0.1 Trend 0.2
Any use 338/1262 1.04 (0.90-1.20) 0.6 356/1200 1.13 (0.98-1.31) 0.09 1.09 (0.98-1.20) 0.2
Short term 139/500 1.02 (0.82-1.27) 0.9 161/502 1.15 (0.94-1.42) 0.2 1.09 (0.94-1.27) 0.3
(less than a year)
Long term (at least a year) 199/762 1.05 (0.87-1.26) 0.6 195/698 1.12 (0.93-1.35) 0.2 1.08 (0.95-1.24) 0.2
Lung, risedronate 0.9 Trend 0.7 Trend 0.7
Any use 261/848 1.02 (0.86-1.21) 0.8 252/829 1.11 (0.94-1.31) 0.2 1.06 (0.94-1.20) 0.3
Short term 125/380 1.05 (0.83-1.33) 0.7 126/412 1.06 (0.85-1.34) 0.6 1.06 (0.90-1.25) | 0.5
(less than a year)
Long term (at least a year) 136/468 0.98 (0.78-1.22) 0.8 126/417 1.13 (0.90-1.42) 0.3 1.05 (0.89-1.23) 0.6

Abbreviations: Cl = confidence interval; CPRD = Clinical Practice Research Datalink. *Adjusted for the confounders listed in the footnote for Table 2. Bold values indicate statistical significance.
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pancreatic cancer cells have been shown in vitro (Tassone et al,
2003) and in vivo (Takiguchi et al, 2012). No duration relationship
suggests, however, that as with breast and prostate cancers
bisphosphonates might inhibit growth only of already existing
tumours.

Other cancers. Our study has not shown any significant
associations between overall use of bisphosphonates and risk of
endometrial, ovarian or cervical cancers, but the numbers for
endometrial and cervical cancers were very low and the findings
were not consistent across the databases. An association found
between ovarian cancer and risedronate use was found only in
QResearch data and without a duration relationship. Previous
much smaller studies have suggested a possible decreased risk for
bisphosphonate users for ovarian (AHR: 0.64, 95% CI: 0.40-1.03)
and endometrial cancers (AHR: 0.64, 95% CI: 0.38-1.08 (Cardwell
et al, 2012) and AOR: 0.7, 95% CI: 0.4-1.2 (Fortuny et al, 2009)),
but the results also did not reach a statistically significant level. Our
finding of a decreased risk for bladder cancer, which was not
however statistically significant, was consistent with a previous
study (AHR: 0.67, 95% CI: 0.41-1.10, P=0.11) (Cardwell et al,
2012). No statistically significant associations between bispho-
sphonate use and melanoma risk were found, similar to the earlier
study (AHR: 0.80, 95% CI: 0.53-1.20) (Cardwell et al, 2012).

CONCLUSION

We have conducted a series of large population-based case—control
studies in two primary-care databases examining the association of
bisphosphonates with risks of common cancers in the general
population and found associations with reduced risks for breast,
prostate and pancreatic cancers, but with no duration relationship
and only in short-term users. A duration-dependent reduced risk
associated with alendronate use was found for prostate cancer, but
only in the QResearch data. This study does not provide enough
evidence to conclude that bisphosphonates have protective effects
on cancer, but the results are reassuring regarding the safety of
bisphosphonates.
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Exposure to combined oral
contraceptives and risk of venous
thromboembolism: a protocol for nested

case-control studies using the
QResearch and the CPRD databases

Yana Vinogradova, Carol Coupland, Julia Hippisley-Cox

ABSTRACT

Introduction: Many studies have found an increased
risk of venous thromboembolism (VTE) associated with
the use of combined hormonal contraceptives, but
various methodologies have been used in the study
design relating to definition of VTE event and the
selection of appropriate cases for analysis. This study
will focus on common oral hormonal contraceptives,
including compositions with cyproterone because of
their contraceptive effect and will perform a number of
sensitivity analyses to compare findings with previous
studies.

Methods and analysis: 2 nested case—control
studies will be based on the general population using
records from UK general practices within the
QResearch and Clinical Practice Research Datalink
databases. Cases will be female patients aged 15-49
with primary VTE diagnosed between 2001 and 2013.
Each case will be matched by age, year of birth and
practice to five female controls, who are alive and
registered with the practice at the time of diagnosis of
the case (index date). Exposure to different hormonal
contraceptives will be defined as at least one
prescription for that contraceptive in the year

before the index date. The effects of duration and the
length of any gap since last use will also be
investigated. Conditional logistic regression will be
applied to calculate ORs adjusted for smoking,
ethnicity, comorbidities and use of other medications.
Possible indications for prescribing hormonal
contraceptives, such as menstrual disorders, acne or
hirsutism will be included in the analyses as
confounding factors. A number of sensitivity analyses
will be carried out.

Ethics and dissemination: The initial protocol

has been reviewed and approved by ISAC (Independent
Scientific Advisory Committee) for Medicine

and Healthcare Products Regulatory Agency Database
Research. The project has also been reviewed by
QResearch and meets the requirements of the Trent
Research Ethics Committee. The results will be
published in a peer-reviewed journal.

Strengths and limitations of this study

= Primary care research databases.

= Large size and great statistical power.

= A range of sensitivity analyses to compare the
results with other studies.

= Results being adjusted for all confounders for
which data are available.

= Prescription-based study.

= Possible uncertainty in the diagnosis of venous
thromboembolism.

= Underestimation of hormonal contraceptive use.

= lack of information on some confounding
factors that might affect the choice of contracep-
tive drug.

INTRODUCTION

An increased risk of thrombosis in users of
hormonal contraceptives has been identified
by a number of studies, and this has resulted
in British National Formulary (BNF) recom-
mendations’ to consider risk factors for
venous thromboembolism (VIE) before pre-
scribing the drugs and to avoid using them if
two or more risk factors are present. Since
the onset of oral contraceptive use in the
general female population in the 1960s,
studies have demonstrated associations
between the drugs and a range of adverse
side effects, including an increased risk of
VTE. The composition of hormonal contra-
ceptives has, therefore, changed over time. A
‘second generation’ aimed to reduce the
increased VTE risk, lowering the oestrogen
component by using potent testosterone-
derived progestogens.2 A later ‘third-
generation’” was introduced to lower the
androgenic and vascular risk by introducing
progestogens with low androgenic activity’
and to reduce arterial vascular impact.2
Effects on VTE from third-generation
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contraceptive use, have, however, been complex, with
some increased risks reported.*

There are a large number of observational studies
looking at the effect of contraceptive drugs on the
general female population, but there are three key
methodological issues which have been handled very dif-
ferently across these. The first concerns verification of
the VTE diagnosis. Standardised criteria for diagnostic
categories include four levels of verification: positive
imaging tests (eg, positive Doppler ultrasound or imped-
ance plethysmography) and subsequent therapy (1: def-
inite VIE), uncertain imaging tests with subsequent
therapy (2: probable VTE), positive imaging tests
without subsequent therapy or negative imaging tests
but with subsequent therapy (3: possible VIE), and
‘typical symptoms’ without confirming tests or therapy
(4: potential VTE).?

To date, observational studies have treated the verifica-
tion of VIE in a number of different ways. An Austrian
study distinguished between confirmed and not con-
firmed cases, concentrating on cases with definite and
probable VTE for the main analysis and performing
additional analysis on the sample including possible and
potential VTE cases, which produced statistically identi-
cal results to their main analysis.” An Israeli study based
on a healthcare provider’s database used clinical records
only without any verification.” A Danish study based on
national healthcare databases used anticoagulation pre-
scriptions for verification and produced a stratified ana-
lysis of confirmed and non-confirmed diagnoses
demonstrating a twofold to threefold higher risk asso-
ciated with VTE in the confirmed group.” A number of
studies based on electronically collected data included
cases with diagnosis of VIE confirmed with subsequent
anticoagulant prescriptions but without using any diag-
nostic tests.* % A Dutch study based on hospital and
general practitioners’ (GP) records required confirm-
ation of VTE diagnosis with Doppler ultrasonography.'®
These variations in levels of verification and differences
in analysis strategy both complicate comparisons of study
findings.

The second area of variation between studies lies in
sample selection. For example, although women with
oophorectomy, hysterectomy or sterilisation should not
remain in the group potentially exposed to contraceptives,
of the major studies with reference to the no use group
only Lidegaard et al’ mention exclusion of such patients.
As important is the difference in handling of non-
idiopathic cases—those with other potentially important
proximate causes and risk factors. Almost all studies were
aligned in excluding women with previous VIE (as the
studies were focused on incident cases) and the majority®
1015 1 in excluding pregnant and postpartum women
(unlikely users of contraceptive drugs and with a higher
risk of VIE), but the handling of non-idiopathic cases
based on morbidities has varied significantly.

The study of Farmer et al' excluded patients with
recent major surgery and trauma, cancer and congenital

heart disease, while the studies of Jick and coauthors’ '

added renal failure, chronic cardiovascular disease,
inflammatory or autoimmune conditions and an oper-
ation or major trauma before the diagnosis as exclusion
criteria. The study of Parkin et al'’ extended the exclu-
sion list even further with diabetes type I, colitis, systemic
lupus erythematosus, spondylitis, cystic fibrosis, psoriatic
arthritis and coagulation disturbances. The study of
Lidegaard et al® however, excluded only those with
selected cancers and coagulation disturbances, while a
number of studies'”™® did not exclude any such
morbidity-related  idiopathic cases. A study by
Heinemann et al’ identified a subgroup of idiopathic
cases and used additional analysis to demonstrate that
the ORs for the selected group were twice those for the
whole study sample.

The third methodological issue involves the related
issues of exposure definition and reference group selec-
tion. Some studies were based only on current users, esti-
mating the risk associated with use of one drug in
comparison with another,” ¢ ' '* 16 while others com-
pared current users with the non-exposed group.® ® '®
‘Current use’ has also had a range of definitions, which
is problematic because the increased risk of VIE in
patients on oral contraceptives decreases after therapy
stops and disappears within 3 months.'” The study of
Heinemann et af considered a patient as a current user
for 6 weeks after discontinuation, while the studies of
Jick et af’ and Parkin et al'’ extended the period of
current use for only 30 days. The study of Lidegaard
et al’ allowed 4 weeks after the end date of the prescrip-
tion before changing a woman’s exposure status to previ-
ous user, while the study of Gronich e al’ allowed
3 months. Seeger et al'” considered women as current
users only if they had not reached the end date for the
prescription, while in the questionnaire-based
studies'® '® current use was derived from the responses
of participants.

Twenty-six studies based on data up to 2013 contribu-
ted to a recent meta-analysis® for combined oral contra-
ceptives, which demonstrated a twofold or more
increased risk of VIE in users of any type or generation
of ‘the pill’ compared with non-users. All the studies
listed above were included in the meta-analysis but had a
wide variation in estimates because of their heterogen-
eity of approach, in particular with respect to the defin-
ition of cases, inclusion criteria and reference group
selection and definition of exposure. This overview
shows that there are no established criteria for selecting
patients for assessment of the VTE risk associated with
use of oral contraceptives. Excluding cases without anti-
coagulant therapy might introduce a selection bias as
doctors may be more likely to start medical treatment in
patients on contraceptive drugs even with mild symp-
toms of VTE.”! Excluding non-idiopathic cases restricts
analysis to relatively healthy patients but does not
remove patients with known risk factors such as
smoking, obesity or other unmeasured lifestyle factors.
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Established risk factors, however, do not prevent doctors
from prescribing contraceptive drugs and their decisions
are affected by all information available to them, so the
question of how inclusive or exclusive the sample should
be is important from a practical point of view.

The proposed nested case—control studies based on
the general female population will investigate the associ-
ation between the use of most common hormonal con-
traceptives and risk of VTE adjusted for indications
other than contraception (polycystic ovarian syndrome
(PCOS) and menstrual disorders), comorbidities affect-
ing prescribing and other confounding factors. In terms
of exclusions and inclusions, the study will perform a
number of sensitivity analyses to make it comparable
with other studies. It will provide an overview of the risks
associated with the currently most common types of oral
contraceptives and increase its power by combining the
results obtained from the two largest electronic medical
records databases, QResearch and Clinical Practice
Research Datalink (CPRD).

METHODS AND ANALYSIS

Data source

This study will use two separate data sources—the
QResearch primary care research database (http://www.
gresearch.org and the CPRD, http://www.cprd.com).
Both consist of routinely collected data from GP clinical
computer systems and each contains information from
around 7% of all UK general practices. The information
recorded on the databases includes patient demograph-
ics (year of birth and sex), characteristics (height,
weight and smoking status), clinical diagnoses, symptoms
and prescribed medications, including repeat prescrip-
tions. Both databases have been created for research
purposes and linked to other sources of information,
such as Hospital Episode Statistics (HES) and Office of
National Statistics mortality data. Both have been vali-
dated using other sources of information in the UK,
which has demonstrated their accuracy and complete-
ness.”” Although QResearch has not been validated as
extensively as CPRD, a recent study on risk of cancer
and use of bisphosphonates based on these databases
demonstrated similar prevalence in outcomes and pre-
scribing.”” ** Both databases have been used in previous
studies of VTE associated with  prescription
information.'? *

Sample selection

The studies will use records from UK general practices
within the QResearch database and within the CPRD
database. An open cohort of women from each database
will be identified, all between the age of 15 and 49 years,
registered with the study practices during the study
period between 1 January 2001 and 31 December 2013.
The right censor date will be the earliest of the following
where applicable: date of diagnosis of VIE, date of
death, date of leaving the practice, date of the latest

download of data and study end date. Diagnosis of VIE
will be based on recording in the electronic patient
records using READ codes—the list of READ codes is
presented in table 1.

Within each of these two cohorts we will design two
nested case—control studies with incident cases of VIE
registered during the study period. Cases will be indi-
vidually matched with up to five female controls with the
same year of birth, age and from the same general prac-
tice. The controls will be selected using incidence
density sampling and allocated an index date, which is
the date on which their matched case was first diag-
nosed with VTE.

Table 1 Read codes for VTE used in QResearch and

CPRD data extraction

Read

codes Read description

F051.00 Thrombosis of central nervous system
venous sinuses

F051000 Thrombosis cavernous sinus

F051100 Thrombosis of superior longitudinal sinus

F051200 Thrombosis lateral sinus

F051300 Thrombosis transverse sinus

F051z00 Thrombosis of central nervous system
venous sinus NOS

F423811 Retinal vein thrombosis

G401 Pulmonary embolism

G401-1 Infarction—pulmonary

G401-2 Pulmonary embolus

G4010 Postoperative pulmonary embolus

G676 Non-pyogenic venous sinus thrombosis

G801-1 DVT

G801-2 DVT, leg

G801-3 DVT

G801-99 DVT—leg

G801C DVT of leg related to air travel

G801D Deep vein thrombosis of lower limb

G801D-99 DVT—leg

G801E DVT of leg related to intravenous drug use

G801F DVT of peroneal vein

G820 Budd-Chiari syndrome (hepatic vein
thrombosis)

G820-1 Hepatic vein thrombosis

G822 Embolism and thrombosis of the vena cava

G823 Embolism and thrombosis of the renal vein

G824.00 Axillary vein thrombosis

G825.00 Thrombosis of subclavian vein

G826.00 Thrombosis of internal jugular vein

G827 Thrombosis of external jugular vein

G82y.00 Other embolism and thrombosis

G82z.00 Embolism and thrombosis NOS

G82z0 Venous embolism NOS

G82z1 Venous thrombosis NOS

G82zz00 Embolism and thrombosis NOS

SP122 Postoperative deep vein thrombosis

CPRD, Clinical Practice Research Datalink; DVT, deep vein
thrombosis; NOS, not otherwise specified; VTE, venous
thromboembolism.
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Exclusions

Cases and controls with any previous VIE diagnosis
prior to entry into the study will be excluded. Cases with
anticoagulant prescriptions (BNF 2.8) earlier than
6 weeks prior to the diagnosis will be excluded since this
could indicate a previous VTE, and controls with such
prescriptions before the index date will also be
excluded.

Cases and controls will be excluded from the analysis
if they have conditions preventing use of contraceptives
such as oophorectomy, hysterectomy and sterilisation.
We will also exclude women pregnant at the index date
or in the first 3 months after delivery (using pregnancy
codes and an estimated conception date as delivery date
minus 280 days or delivery date minus gestational age if
recorded), because these patients have a higher VIE
risk®® and because it is less likely for breast feeding
women to have been using hormonal contraceptives.

Eligible cases and controls will have at least 1 year of
records prior to the index date.

Exposure

The observational period for assessing exposure for each
patient will be defined as the last year before the index
date.

Exposure to hormonal contraceptives will be based on
all prescriptions for combined hormonal and
progestogen-only contraceptives within the 1 year obser-
vation period (BNF 7.3.1, 7.3.2) and hormonal treat-
ment of acne (co-cyprindiol or cyproterone, from BNF
13.6.2). Cyproterone will be included as a hormonal
contraceptive because it has a similar effect to progesto-
gen on the release of testosterone by ovaries.?” A partici-
pant will be considered as ever exposed if they had at
least one prescription for a hormonal contraceptive.

The main focus will be on combined oral contracep-
tives. We will consider the compositions containing levo-
norgestrel, desogestrel, norgestimate, norethisterone,
gestodene, drospirenone and cyproterone. As an associ-
ation of increased risk of VIE in transdermal versus oral
contraceptive users has been found,” women exposed
to non-oral combined contraceptives will be identified
and kept in the analysis. Progestogen-only drugs are not
expected to be associated with an increased risk of VTE®
but will be kept in the analysis for comparison purposes,
with oral and non-oral preparations as two different
types of exposure. For all analyses non-users of hormo-
nal contraceptives in the previous year will be the refer-
ence category.

Numbers permitting, dosages of oestrogen, 20 or
30 mg and more of ethinylestradiol, will be analysed for
the most common compositions: norethisterone, deso-
gestrel and gestodene.

The duration of exposure will be assessed by calculat-
ing the number of days prescribed within the previous
year. If the gap between the end of one prescription and
the start of the next is not more than 30 days, use will be
considered as continuous and the duration of the

prescriptions will be summed. If a gap between prescrip-
tions is more than 30 days only the latest period of
exposure will be considered.

Recency of use will be analysed by calculating the gap
in days between the estimated date for the last use and
the index date, and categorising it as: current use (using
drugs at the index date or the last use was no more than
28 days before the index date), past use (last use
between 29 and 365 days before the index date) and no
use in last year. If a woman was exposed to more than
one oral contraceptive in the 28 days before the index
date, only the latest received drug will be analysed, and
a variable indicating whether or not women had
switched in the last 28 days will be included in the
analysis.

We will estimate the effect of the duration of the last
exposure by categorising it as up to 84 days (short term)
and more than 84 days (long term). The cut point of
84 days (12 weeks) is chosen because VTE risk decreases
after 3 months of exposure'? and 84 days is the most
common length of a contraceptive prescription. We will
combine recency and duration of exposure to give four
categories for each drug exposure: current use with
short-term exposure, current use with long-term expos-
ure, past exposure and no use in the last year.

Confounding factors

All analyses will be adjusted for confounders established
as risk factors for VIE because they are listed in
National Health Service (NHS) guidelines29 and affect
doctors’ decisions about prescribing hormonal contra-
ceptives. The list will include comorbidities associated
with increased risk of VTE™: cancer, congestive cardiac
failure, varicose veins, cardiovascular disease, rheuma-
toid arthritis, systemic lupus erythematosus, chronic
renal disease, asthma, chronic obstructive pulmonary
disease, Crohn’s or ulcerative colitis and coagulation dis-
turbances (Leiden factor V, protein C and S deficien-
cies).?! Particular medical events will also be included if
recorded in the past 6 months prior to the index date:
acute infections, surgery, hospitalisation, leg or hip frac-
ture.'? ?° Patients with these comorbidities and condi-
tions will be identified as non-idiopathic cases for
further sensitivity analysis.

Other confounders—patients’ characteristics mea-
sured at the closest date before the index date—will be:
body mass index (BMI, continuous variable)”’, smoking
status (current smoker: light 1-9 cigarettes/day, medium
10-19, heavy 20 or more, ex-smoker and non—smoker)?’g,
alcohol consumption and ethnicity (White, Black, Asian,
other).*®

As there is likely to be a large group of women taking
hormonal contraceptives for treatment of PCOS, this
condition will also be included because of associations
with increased risk of VIE.** Other reasons for com-
bined hormonal contraceptive use, such as acne, hirsut-
ism and menstrual disorders, will be included into
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analysis if the OR for at least one of the exposure vari-
ables is changed by more than 10%.

Statistical analysis

Conditional logistic regression will be used to estimate
ORs with 95% CIs for VTE. The initial analysis model
will determine the unadjusted ORs for VIE associated
with the key exposure variables of interest (specific types
of drugs, recency of use and duration and dose). A mul-
tivariable model will determine the OR for VTE asso-
ciated with hormonal contraceptive prescriptions,
adjusted for the confounding variables listed above. The
main analyses will be run on all cases with VIE identi-
fied from the general practice data and their matched
controls. A sensitivity analysis will be run on the sub-
group of cases and their matched controls where the
case diagnosis is supported by thrombolytic prescriptions
in the 6 weeks before or after the VIE diagnosis. A
second sensitivity analysis will be run on idiopathic cases
and their controls, excluding from the analysis all cases
and controls with medical conditions and recent events
established as VTE risk factors. A third sensitivity analysis
will be run on all non-idiopathic cases and controls.

For practices linked to HES data another sensitivity
analysis will be run. New cases of VIE identified in HES
will be added to the analysis and controls with VTE
recorded in HES prior to the index date will be
removed.

As the proportion of women using contraceptive
clinics (where the data on contraception is not recorded
in their GP records) is higher (10%) for a younger
group (15-24 years) compared with 3% for women
25 years and older,” separate subgroup analyses will be
run on the older and younger group, and we will carry
out a test for interaction with age.

As BMI, smoking status and alcohol consumption may
be important confounders but have non-negligible
numbers of missing data, multiple imputation will be
used to impute missing values.”® Ten imputed datasets
will be created. Index year, case/control status, age,
years of records, potential confounders and exposure to
hormonal contraceptives and other drugs, will be
included in the imputation model. The distribution for
BMI will be assessed and, if not normal, a transform-
ation will be carried out prior to inclusion in the imput-
ation model. Characteristics of women with missing
values and with complete data will be compared to
assess whether it is plausible that data are missing at
random. A sensitivity analysis restricted to women
without missing data for BMI, smoking status and
alcohol consumption will also be performed.

The nested case—control studies for QResearch and
CPRD will be carried out separately and in exactly the
same way, selecting the same confounders and running
the same procedures. All observations will be from
general practices in the UK, from the same time period,
with similar exposures and using similar methods for
recording outcomes. The sizes of the studies are also

expected to be similar. Any differences in associations
observed across the databases are likely to be caused
only by sampling variation. The results from the two
studies will then be combined using the method of
Mantel and Haenszel for fixed effect models.

A 1% level of statistical significance will be used to
allow for multiple comparisons. Stata V.12 will be used
for all the analyses.

Sample size calculation

All eligible cases from QResearch and CPRD will be
used. According to the Office for National Statistics,
combined contraceptives are used by 25% of women
aged 15-49 in the UK.*’ For an individual drug with
exposure of 5%, 2115 cases and 10 575 controls will be
needed to detect a clinically important OR of 1.5 at a
significance level of 1% with 90% power. For rarer com-
positions such as drospirenone or cyproterone with
exposure of 1% and a clinically important OR of 2.0,
2882 cases and 14 410 controls will be needed. The
numbers of cases from QResearch and CPRD are
expected to be fairly similar. The January 2014 version
of CPRD contains 8673 cases with first time VTE
recorded between 2001 and 2013. After removing preg-
nant and postpartum women, cases with previous anti-
coagulant prescriptions and cases with less than a year of
medical records, a sample of 5920 cases will be available
for analysis in CPRD.

DISCUSSION

This is an observational study based on routinely col-
lected data from two large primary care research data-
bases and will have the strengths and limitations
common to all such studies. By combining results from
two databases, the study will have greater statistical
power than previous studies. It will allow analyses to be
carried out investigating the effects of the recency and
duration of use for the most commonly used hormonal
contraceptives. Because the data on prescriptions and
potential confounding variables are routinely and pro-
spectively collected and recorded before the index date,
the study will be free from recall bias. Similarly, as all eli-
gible cases and randomly selected controls will be
included, there should be no selection bias.

The study will conduct a number of sensitivity analyses
to address conflicting methodological issues giving the
reader an opportunity to decide which estimates are the
most valid.

The limitations of the study will include possible
uncertainty in VIE diagnosis. A systematic review based
on General Practice Research Database (GPRD) valid-
ation studies has reported that, on average, 85% of diag-
noses of circulatory system problems recorded on the
GP clectronic record were confirmed from other data
sources.”® Lawrenson et al’® looked specifically at VTE
validation and found that 84% of the diagnoses were
supported by hospitalisation or death certificate. Any
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misclassification (assuming it is non-differential between
cases and controls) will result in underestimation of asso-
ciations with hormonal contraceptives, shifting the ORs
towards unity. The sensitivity analysis on validated diag-
nosis of VIE along with descriptive statistics will address
issues about differential attention to different types of
contraceptives raised in the Danish study.”

Another limitation is potential underestimation of hor-
monal contraceptive use. Apart from the GFP, hormonal
contraceptives are available from other NHS services such
as family planning or contraceptive clinics. According to
the Health & Social Care Information Centre,” approxi-
mately 0.6 million women in England are supplied with
hormonal contraceptives from contraceptive clinics, which
represents about 5% of the targeted population. Although
a survey of contraceptive services use in Britain®’ reported
that only 59% of responding women would use general
practice and 15% would use contraceptive clinics, the
response rate of the survey was only 65% and the actual
proportions might be smaller. From currently available
CPRD data, overall use of hormonal contraceptives based
on GP prescriptions is about 50%, so excess of use from
other sources will be considered minor.

Other limitations are also common to any general
practice database. Information on certain risk factors
such as level of physical activity or use of air travel is not
reliably recorded so these factors cannot be included in
the analyses. Important confounders such as smoking or
BMI have non-negligible amounts of missing data so
these will be imputed.

The results of this study will help to establish risks of
VTE associated with different oral hormonal contracep-
tive drugs.
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Abstract

Objective To investigate the association between use of combined oral
contraceptives and risk of venous thromboembolism, taking the type of
progestogen into account.

Design Two nested case-control studies.

Setting General practices in the United Kingdom contributing to the
Clinical Practice Research Datalink (CPRD; 618 practices) and
QResearch primary care database (722 practices).

Participants Women aged 15-49 years with a first diagnosis of venous
thromboembolism in 2001-13, each matched with up to five controls by
age, practice, and calendar year.

Main outcome measures Odds ratios for incident venous
thromboembolism and use of combined oral contraceptives in the
previous year, adjusted for smoking status, alcohol consumption, ethnic
group, body mass index, comorbidities, and other contraceptive drugs.
Results were combined across the two datasets.

Results 5062 cases of venous thromboembolism from CPRD and 5500
from QResearch were analysed. Current exposure to any combined oral
contraceptive was associated with an increased risk of venous
thromboembolism (adjusted odds ratio 2.97, 95% confidence interval
2.78 to 3.17) compared with no exposure in the previous year.
Corresponding risks associated with current exposure to desogestrel
(4.28, 3.66 to 5.01), gestodene (3.64, 3.00 to 4.43), drospirenone (4.12,
3.43 t0 4.96), and cyproterone (4.27, 3.57 to 5.11) were significantly
higher than those for second generation contraceptives levonorgestrel
(2.38, 2.18 to 2.59) and norethisterone (2.56, 2.15 to 3.06), and for
norgestimate (2.53, 2.17 to 2.96). The number of extra cases of venous
thromboembolism per year per 10 000 treated women was lowest for
levonorgestrel (6, 95% confidence interval 5 to 7) and norgestimate (6,
5 to 8), and highest for desogestrel (14, 11 to 17) and cyproterone (14,
11t017).

Correspondence to: Y Vinogradova yana.vinogradova@nottingham.ac.uk

Conclusions In these population based, case-control studies using two
large primary care databases, risks of venous thromboembolism
associated with combined oral contraceptives were, with the exception
of norgestimate, higher for newer drug preparations than for second
generation drugs.

Introduction

About 9% of women of reproductive age worldwide use oral
contraceptives. This percentage rises to 18% of women in
developed countries and 28% of women in the United Kingdom.'
Combined oral contraceptives form a substantial proportion of
these, particularly in more developed nations. Although
combined oral contraceptives are generally effective in
preventing pregnancy, they have measurable side effects such
as venous thromboembolism (VTE). VTE is important, not only
because of the prolonged time over which women might be
exposed to such contraceptives, but also because VTEs are
potentially avoidable and can be fatal.

Previous studies have shown varying risks for different types
of oral contraceptives (such as third generation pills compared
with first or second generation pills), but such studies were done
some years ago,”® and tended not to include new preparations
containing drospirenone. Also, previous studies have generally
had insufficient power to analyse the risks for more recent
formulations’ such as norgestimate. Few studies—only four
of those referenced here’ ''""*—have included any detailed
analyses of dosage and, of these, only Lidegaard and colleagues'
have covered a full range of prescribed drugs. Some studies did
not control for all potential confounders (such as body mass
index or smoking)," while others analysed only healthy
users.* ' ' Different methodological approaches in studies have
also made it difficult to compare and combine the results.”

Extra material supplied by the author (see http://www.bmj.com/content/350/bmj.h2135?tab=related#datasupp)

Web appendix 1: Supplementary tables

Web appendix 2: READ codes of conditions affecting venous thromboembolism
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Therefore, although the increased VTE risk associated with
combined oral contraceptive drugs is established, the relative
risks associated with different combinations remain
inconclusive, especially for newer formulations.'s "’

The UK has some of the largest sources of routinely collected
data in the world, with longitudinal primary care records
spanning up to 25 years and linked to secondary care data and
mortality records. These databases cover many millions of
patients, include data both on exposure and outcomes, and
therefore are representative of the setting in which drugs are
used. This makes the databases ideally suited to large scale
safety studies of commonly used drugs."® ' In this study, we
have used the two largest of these databases, QResearch (www.
gresearch.org) and Clinical Practice Research Datalink (CPRD,
www.cprd.com). Both have been used for earlier studies of
associations between drug prescribing and VTE risks.** 0120 !

Our objective was to quantify the associations between use of
combined oral contraceptives and risk of VTE, adjusting for
comorbidities and other available confounding factors. In
particular, we were interested to analyse risks associated with
newer or less used preparations such as drospirenone or
norgestimate, quantify risks associated with various types of
progestogen, and analyse the effect of different doses of
oestrogen on VTE risks. To make the study more comparable
with previous studies, we also replicated analyses for different
subgroups by age and health status and for VTE cases with
anticoagulation prescriptions.

Methods

Study design

The protocol for this study has already been published."” We
undertook two similar studies using the CPRD (January 2014
version; 618 UK general practices) and QResearch database
(version 38; 722 general practices) to quantify the association
between prescribing of combined oral contraceptives and risk
of incident VTE. We identified open cohorts of all women who
had no records of VTE before the study, were aged 15-49 years,
and were registered with the study practices between 2001 and
2013. Within each cohort, we designed two nested case-control
studies with incident cases of VTE during the study period. This
design was chosen as the most practicable, because it allowed
us to work within the maximum extraction capabilities of the
databases without losing any of the available cases—and
therefore not compromising either the power of the study or the
generalisability of the findings.”

The methods used in the study followed exactly those of the
published protocol, with one difference related to the use of
linked data. With respect to case identification, the protocol
specified that “the main analysis will be run on all cases with
VTE identified from the general practice data.” QResearch is,
however, closely linked at the individual patient level to hospital
admissions data, and mortality records from the UK Office for
National Statistics (ONS, www.ons.gov.uk/; complete for 99.8%
of patients in QResearch, 99.9% of ONS mortality records, and
98% of hospital admissions records)” **. So we identified VTE
cases if, in QResearch, there was a relevant clinical code in the
GP record, linked hospital record, or linked mortality record
(web table 1), using the earliest recorded date on any of the
three sources as the index date. For CPRD, however, not all
practices were linked to these external data, so we could use
only general practice records to identify VTE cases in CPRD.

For both databases, we matched each case to up to five controls
by year of birth and from the same practice using incidence

density sampling. Each control was allocated an index date,
which was the date of first VTE diagnosis for the matched case.
Eligible women had to have been registered with their practice
for at least one year before the index date.

Because records of prescriptions for anticoagulant therapy (BNF
2.8.2) might indicate a previous VTE episode that was not
recorded, cases with such records six or more weeks before the
index date and controls with such records at any time before
the index date were excluded from the analysis. We also
excluded women if they had conditions such as oophorectomy,
hysterectomy, and sterilisation, which normally preclude use
of combined oral contraceptives. Women identified as pregnant
or in the first three months after delivery at the index date were
excluded, because they were less likely to be users of combined
oral contraceptives and have an increased risk of VTE.” Cases
or controls with conflicting prescriptions—two or more
prescriptions for different combined oral contraceptives issued
on the same date for the month before the index date—were
also removed from the analysis.

Exposure to oral contraceptive drugs

Exposure to hormonal contraceptive drugs was based on
prescription information in the last year before the index date.
The main focus of the study was on individual combined oral
contraceptives, which included all the most commonly used
preparations in the UK: norethisterone, levonorgestrel,
norgestimate, desogestrel, gestodene, and drospirenone (BNF
7.3.1). We included cyproterone, a hormonal treatment for acne,
because it is also used as an oral contraceptive owing to its
progestogen-like effect on the release of testosterone by the
ovaries (BNF 13.6.2). For confounder control, the analysis
included oral progestogen only contraceptives (BNF 7.3.2) and
non-oral hormonal contraceptives (BNF 7.3.1 and BNF 7.3.2:
implants, injections, transdermal patches, intrauterine and
vaginal devices).

We investigated the recency of use by calculating the gap in
days between the estimated date for the last use of a combined
oral contraceptive and the index date, and categorising it as
follows: used at index date or last use 1-28 days before the index
date (current use); last use 29-365 days before the index date
(past use); or no use in the last year before the index date. If a
woman was exposed to more than one combined oral
contraceptive in the last 28 days, only the latest time used was
considered, but an indicator that she had switched type of oral
contraceptive in the last 28 days was included in the analysis.
No use in the last year was a reference category for all analyses
unless otherwise stated.

We included the category of past use in the analysis to allow
for women having an increased VTE risk associated with
previous drug use, either because of a very recent cessation of
exposure close to the start of the current use period or because
of adelayed start of drug use from a previous prescription, such
that some women classified as past users were actually current
users. This approach was used only to approximate short term
residual and misclassification effects, and should not be
interpreted as a measure of long term residual risk. To emphasise
this, we have reported odds ratios for past users only in the web
tables.

Use of other hormonal contraceptives (oral progestogen only
and non-oral hormonal treatments) was similarly categorised
into current and past exposure and added to the analysis as
confounders. We aggregated the data for combined and
progestogen only non-oral contraceptives, because the numbers
of current users for combined non-oral contraceptives were low
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(13 cases and 24 controls in CPRD, 11 cases and 14 controls in
QResearch) and lacked power for separate analysis.

Because VTE risk is likely to be highest in the first three months
of oral contraceptive use,”® we estimated the effect of duration
of exposure on current users. We assessed exposure duration
by calculating the number of days of exposure within the
previous year. If the gap between the end of one prescription
and the start of the next was 30 days or less, we considered
exposure was continuous and combined the durations of the
prescriptions. If a gap was longer than 30 days, only the latest
period of exposure was considered.

Length of exposure duration was based on a period of 84 days,
the most common length of a contraceptive prescription and
also close to the end of the period of highest VTE risk associated
with contraceptive use in other studies.”* We classified duration
as short term (<84 days) and long term (>84 days), and
combined it with recency of use into the following categories:
short term current users (new users and restarters), long term
current users (prevalent users), past use, and no use in the
previous year.

In our samples, three contraceptives—norethisterone, desogestrel
and gestodene—were prescribed in combinations having
different doses of oestrogen. Owing to evidence of associations
between higher VTE risks and higher doses of oestrogen'?, we
undertook a further analysis of current users and categorised
separately the oestrogen dose for these preparations (low dose
(20 pg), normal dose (30-40 pg)), based on their most recent
prescriptions before the index date. There was only one
preparation with a high oestrogen dose (50 pg), which was
combined with norethisterone. However, since there were only
seven current users with this high dose preparation across both
databases (one case and one control in CPRD, one case and four
controls in QResearch), we included these women in the normal
dose category. For all other drugs, only normal dose
combinations had been prescribed.

Confounding factors

We identified the conditions affecting risk of VTE from the
UK’s health service guidelines related to VTE and hormonal
contraceptives (web appendix 2).”’ Since these conditions might
affect the prescribing decisions of doctors, we decided to adjust
for these in all analyses. The chronic conditions for any patient
had to be recorded before the index date in, to be included.
These conditions were cancer, congestive cardiac failure,
varicose veins, cardiovascular disease, rheumatoid arthritis,
systemic lupus erythematosus, chronic renal disease, asthma,
chronic obstructive pulmonary disease, Crohn’s disease or
ulcerative colitis, and coagulation disturbances (Leiden factor
V, protein C and S deficiencies).

We also included traumatic events and events leading to
immobilisation if recorded in the six months before the index
date. These events included acute infections (upper and lower
respiratory tract infections, urinary tract infections), surgery or
leg/hip fracture, admission to hospital (excluding the previous
30 days before the index date). Non-idiopathic groups were
formed from women with any of these chronic conditions or
events, and idiopathic groups from women without them.

Obesity and smoking are also mentioned as potential risk factors
in the NHS guidelines, so we adjusted all analyses for body
mass index as a continuous variable, and for smoking status as
the following categories: current smoker (light (1-9
cigarettes/day), medium (10-19), heavy (>20); ex-smoker;
non-smoker. We used values recorded at the closest date before
the index date.

We included polycystic ovary syndrome as a confounder because
it is treated with hormonal contraceptives and associated with
an increased risk of VTE.” Other conditions treated with
hormonal contraceptive prescriptions—acne, hirsutism, and
menstrual disorders—were initially considered as potential
confounders but their addition to analyses failed to change odds
ratios for main exposures by more than 10%, so these were not
included in the final study analyses.

Alcohol consumption has previously been considered as a
confounder™ and, being a potentially important lifestyle factor
available from primary care data,” was categorised and included
in the analyses (light (<2 units/day), medium to heavy (>3),
ex-use or no use). We also adjusted for ethnic group (white or
not recorded, Asian, black, or other), because women in ethnic
minorities could have different patterns of contraceptive use®
and different VTE risks from the white population.™

Social deprivation, which can be measured in the UK by the
Townsend score, was not included as a confounder in the main
analyses because it was not a significant risk factor for VTE in
a previous QResearch study.”” Furthermore, the CPRD had a
large proportion of missing data for the Townsend score, so the
inclusion of social deprivation would result in a loss of statistical
power in that analysis. However, during the peer review process,
we decided to run an additional analysis on QResearch data
including the Townsend score as a confounder, because the
Townsend data were almost complete (available for 99.8% of
cases and controls). We have, therefore, run an additional
analysis on QResearch data including the Townsend score as a
confounder.

Statistical analysis

The analyses were run on each database separately. Crude
incidence was calculated by dividing the number of cases with
incident VTE by the number of person years in the cohorts. Data
for oral contraceptive exposure were only available for cases
and matched controls rather than whole cohorts, which had
higher proportions of older women than the general population.
Therefore, we estimated age standardised rates of exposure to
any oral contraceptives, using groups of controls before
exclusions and directly standardising to the age profile for the
UK general population in the relevant year based on data from
the UK Office for National Statistics.

We used conditional logistic regression to obtain odds ratios
with 95% confidence intervals. The differences between
exposures were assessed using Wald’s tests. To account for the
log normal distribution for body mass index, we used the
logarithm of body mass index for all analyses. Missing values
for body mass index, smoking status, and alcohol consumption
were imputed using chained equations.” Ten imputed sets were
generated, and the imputation model included age, outcome
(case or control), index year, all confounding factors (including
acne, hirsutism, and menstrual disorders), exposure to
progestogen only oral contraceptives, non-oral contraceptives
(progestogen only and combined), and recency and duration of
use for combined oral contraceptives. We combined the results
from the imputed sets using Rubin’s rules.”

To facilitate comparison of our results with those from earlier
studies, which had analysed the associations of exposure to
combined oral contraceptives by reference to levonorgestrel,
we reran the analyses comparing current exposure to each drug
of interest with current exposure to levonorgestrel (in
combination with a normal oestrogen dose (30-40ug), the only
doses prescribed in our data). Current exposures to
levonorgestrel and the drug of interest were replaced with a
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variable coded as exposure to the drug, no exposure to the drug,
and exposure to levonorgestrel. Analyses were adjusted for past
exposure to levonorgestrel and the drug of interest, exposure to
other combined oral contraceptives, and confounding factors.

We ran three additional analyses to look at methodological
issues and allow comparisons with other published studies.
Because results of diagnostic tests for VTE are not generally
included in the primary care electronic records, some studies'' "
used subsequent anticoagulation therapy to confirm VTE
diagnosis, including only patients treated as such despite
possible under ascertainment of VTE cases. In our study,
anticoagulation records were available only for prescriptions in
primary care, representing doctors’ initial responses to patients
presenting with VTE symptoms rather than a more complete
record of initial and subsequent treatments. However, to
facilitate comparison with these studies, we ran another analysis
on VTE cases, supported with either prescriptions for
anticoagulation therapy (BNF 2.8.2) or records of death within
six weeks of the recorded date of VTE diagnosis. Links to
individual mortality data from the ONS were available for all
QResearch practices, so these were included in identification
of deaths due to VTE. This was not the case for CPRD practices,
however, so identification of deaths for the CPRD analysis was
derived solely from the general practitioner record.

To distinguish whether there are different associations in
idiopathic cases compared with non-idiopathic cases, an
additional stratified analysis was run on subgroups of cases and
matched controls. In this analysis, idiopathic cases were first
analysed with any idiopathic matched controls (that is, controls
with none of the chronic conditions or events listed above).
Then, only non-idiopathic cases were analysed with any
non-idiopathic matched controls (that is, controls with one or
more of the chronic conditions or events used to identify
non-idiopathic cases). The third analysis was run on subgroups
of younger (15-24 years) and older (25-49 years) women,
because younger women are more likely to use contraceptive
clinics as a source of oral contraceptives, potentially leading to
a lack of recorded exposure data for this group.™

In the protocol, we had proposed a sensitivity analysis for
practices linked to hospital admission data, where VTE cases
would be identified not only from the practice records but also
from hospital admissions data. For QResearch, because the
selection process used linked data sources including hospital
admissions, this additional analysis became redundant. Instead,
we ran a sensitivity analysis using QResearch cases identified
only through general practice medical records and matched
controls. For CPRD, we ran the proposed sensitivity analysis
for data from the subset of practices linked to both hospital
admission data and ONS mortality data, where data from all
sources were used to identify VTE cases. VTE cases in hospital
admission and ONS mortality data were identified by ICD-10
codes (web table 1).

To increase the power of the study and obtain more precise
estimates, we combined results from the two databases using a
meta-analysis technique. Adjusted odds ratios from the
conditional logistical regression analyses of the two datasets
were pooled by use of a fixed effect model with inverse variance
weights.* We chose a fixed effect model because—apart from
the necessarily different approaches to identification of relevant
cases described above—the studies in CPRD and QResearch
(which have similar sizes and similar methods of recording
information) were comparable, using the same exclusion criteria,
definitions of exposures and confounders, and the same models.
In view of these similarities, differences in observed associations
seemed most likely to derive from sampling variations, but we

also ran a sensitivity analysis using a random effect model to
allow for any heterogeneity.

To estimate the magnitude of VTE risk associated with
combined oral contraceptives, we calculated the numbers needed
to harm per year by using the adjusted odds ratios derived from
the combined analyses.” The incidence for the unexposed female
population could not be derived either from QResearch or CPRD
because exposure details were not available for the whole
cohorts. The rate was, therefore, derived from a Danish cohort'?
taking into account the differences in study design. We based
our calculations for numbers needed to harm on the adjusted
odds ratios from the combined analyses for current use and the
Danish study rates of 4.18 per 10 000 women years for women
aged 15-49 years and 4.91 per 10 000 women years for those
aged 25-49 years. We also estimated the number of additional
VTE cases expected per year per 10 000 treated women.

We used Stata version 13 for the analyses. All available cases
were used from both QResearch and CPRD. A 1% level of
statistical significance was used to account for multiple
comparisons and 95% confidence intervals to enhance
comparability with other studies. For clarity, only odds ratios
from the combined analyses are presented and discussed, but
the contributing odds ratios from CPRD and QResearch can be
found in the tables.

Results

We identified 7334 incident VTE cases from CPRD based on
clinical Read codes recorded in the general practitioner data,
and 8211 incident VTE cases from QResearch within the study
period, both with at least one year of medical records. Crude
incidence of VTE cases per 10 000 women years was 5.9 (95%
confidence interval 5.7 to 6.0) in CPRD and 6.1 (6.0 to 6.3) in
QResearch. After matching cases to controls and removing
ineligible participants, the final analysis included 5062 (69%)
VTE cases from CPRD matched to 19 638 controls, and 5500
(67%) VTE cases from QResearch matched to 22 396 controls
(fig 11}). Of 5500 VTE cases from QResearch, 5088 (93%) were
identified from primary care records, and an additional 284 (5%)
from hospital admission data and 128 (2%) from ONS mortality
data. For CPRD cases, 2917 (58%) VTE events were recorded
as deep vein thrombosis only; 1626 (32%) as pulmonary
embolism, with or without deep vein thrombosis; and 519
(10.3%) as other types of VTE; corresponding numbers for
QResearch cases were 3156 (57%), 1613 (29%), and 731 (13%).

Proportions of cases and controls across the demographic
measures and morbidities relevant to the study showed the
similarities between database populations (table 1//, web table
2). Median ages of women in the study were 38 years
(interquartile range 30-44) for CPRD and 39 years (31-44) for
QResearch. Current smoking was more common in cases than
controls (27% v 21% for both databases), as was obesity (body
mass index>30; 30% v 17% for CPRD, 24% v 14% for
QResearch). Proportions of women with established risk factors
for VTE (that is, non-idiopathic cases and controls) were similar
for each database (47% cases and 27% controls for CPRD, 47%
and 26% for QResearch). About half of women with VTE in
the study had anticoagulation prescriptions or died within six
weeks of the recorded diagnosis date (2454 and 79 cases,
respectively, or 50% overall in CPRD; 2749 and 207, or 54%
overall in QResearch).

Exposure, main analysis

Age standardised rates of exposure to any oral contraceptive
did not change over the study period (overall rates 29% in
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CPRD, 26% in QResearch). Use of levonorgestrel, the most
common combined oral contraceptive, decreased during the
study (from 15% to 11% in CPRD, and 13% to 10% in
QResearch), whereas use of progestogen only oral contraceptives
rose from 3% to 7% (fig 21]).

In the year before the index date, 30% of cases and 18% of
controls in CPRD had at least one prescription for combined
oral contraceptives. For QResearch, the numbers were 28% of
cases and 16% of controls. Preparations with levonorgestrel
seemed to be the most commonly prescribed combined oral
contraceptives (45% of exposed cases, 54% of exposed controls
in CPRD; 44%, 52% in QResearch). Other contraceptive types
were much less used (all between 7% and 13%). Most users of
combined oral contraceptives within the previous year were
current users—that is, exposed in the last 28 days (84% of
exposed cases, 79% of exposed controls in CPRD; 84%, 77%
in QResearch; web table 3). Most of the current users were
exposed for more than 84 days (across different permutations
of drug type, database, and cases and controls, all between 70%
and 87%).

For the analyses combining CPRD and QResearch results,
current use of any combined oral contraceptive was associated
with a significantly increased VTE risk (adjusted odds ratio
2.97, 95% confidence interval 2.78 to 3.17) compared with no
exposure in the last year. The risks varied between different
types of oral contraceptives and resulted in two clear groups:
norethisterone, levonorgestrel, and norgestimate in one group;
and desogestrel, gestodene, drospirenone, and cyproterone in
the other. Current exposure showed that the first group had a
two and a half times increased VTE risk (levonorgestrel (2.38,
2.18 to 2.59), norethisterone (2.56, 2.15 to 3.06), and
norgestimate (2.53, 2.17 to 2.96), and roughly a four times
increased risk for the second group (desogestrel (4.28, 3.66 to
5.01), gestodene (3.64, 3.00 to 4.43), drospirenone (4.12, 3.43
to 4.96), and cyproterone (4.27, 3.57 to 5.11) all compared to
no exposure in the last year (table 21/, fig 3/, web table 4 for
all variables in the model).

In our analysis to facilitate comparison with existing studies,
risks associated with current use of norethisterone and
norgestimate did not differ significantly from levonorgestrel.
However, the risk associated with current use of gestodene was
1.5 times higher than for levonorgestrel (adjusted odds ratio
1.52,95% confidence interval 1.24 to 1.87) and about 1.8 times
higher for desogestrel, drospirenone, and cyproterone (table
30).

Analyses of oestrogen dosages were possible only for
norethisterone, desogestrel, and gestodene (20 ug; 30-40 pg).
Desogestrel was the most commonly prescribed of these three
drugs and had slightly higher odds ratios for higher doses,
whereas norethisterone and gestodene had higher odds ratios
for lower doses; however, none of these differences between
doses was significant (table 2).

Analysis of the duration for current users showed, only for
levonorgestrel, a significantly increased risk for new users and
restarters (that is, short term users) compared with long term
users (adjusted odds ratios 3.38 (95% confidence interval 2.86
t0 3.99) v 2.16 (1.97 to 2.38), P<0.001). For other drug types,
the results were inconsistent, with odds ratios for shorter
exposure marginally higher for norethisterone and gestodene,
but marginally lower for norgestimate, desogestrel,
drospirenone, and cyproterone (web table 5). Adjusted odds
ratios for other confounders, including use of other hormonal
contraceptives (oral progestogen only and non-oral hormonal

treatments) and associations for our category of past use, are
available in web table 4.

Although previous studies have not shown any confounding
effect from body mass index," we found that inclusion of body
mass index into the model changed odds ratios for drug
exposures by percentages ranging from 7% to over 10%, with
the highest effect for drospirenone (web table 6). Each risk
factor, when included individually, did not show a major effect
on the results for drug exposures. But when all combined, the
odds ratios for drug exposures changed by percentages of
between 13% and 25% compared with the unadjusted values.
Adjustment for deprivation information in QResearch changed
odds ratios for exposures by up to 5%.

Additional analyses

When restricted to cases with anticoagulation prescriptions and
matched controls, the overall pattern of risks was similar to
those from the main analysis (table 4|]), although odds ratios
were higher for all combined oral contraceptive drug types
within a wide range of relative change. The differences were
smaller for norethisterone (8% increase in adjusted odds ratio)
and levonorgestrel (24%), and larger for norgestimate (40%),
gestodene (78%), desogestrel (46%), drospirenone (48%), and
cyproterone (40%). However, when tabulated by exposure, the
variations shown in proportions of cases with anticoagulation
prescriptions for different exposure groups (web table 7) might
reflect some differential treatment of patients at initial
presentation based on known drug risks.

The analysis for idiopathic cases (that is, with no risk associated
conditions) and matched controls showed higher odds ratios for
the oral contraceptives in the idiopathic analysis than the main
analysis (table 4), but odds ratios by type of oral contraceptive
were similar to the main analysis results. The odds ratios for
the non-idiopathic group were correspondingly smaller (web
table 8), but not as reliable because fewer non-idiopathic controls
were available to match to non-idiopathic cases, leading to a
reduction of the original matching ratio of cases to controls from
1:5 to about 1:1.5.

In the analysis of VTE cases according to age group, the
proportion of the younger group was small (15-24 years; 13%
in CPRD, 9% in QResearch). Odds ratios were lower for this
group than for the older group (25-49 years; table 4), but again
the overall pattern of risk stayed in line with the main analysis.

Risks for combined oral contraceptives compared with
levonorgestrel were consistent across all the additional analyses
(table 51/), with no significant differences for norethisterone
and norgestimate. Odds ratios for other drugs ranged from 1.4
to 2.4 (all significant apart from some drugs in the
non-idiopathic group and in the younger group, which were
likely to be due to low numbers).

The results from CPRD and QResearch were similar with the
exception of those for norgestimate. In the CPRD analyses, risks
associated with norgestimate use were similar to risks for
levonorgestrel, whereas in the QResearch analyses, risks for
norgestimate consistently fell between those for levonorgestrel
and desogestrel across all analyses. However, the combined
results, which gave more precise estimates, placed norgestimate
in the group with levonorgestrel and norethisterone. An
additional analysis for QResearch, which included adjustment
for the Townsend deprivation score, showed results similar to
the main analysis (web table 9).
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Sensitivity analyses

When combining the results from the databases we discovered
significant heterogeneity only for current use of norgestimate
(I’=89%, P=0.003). The direction of the effect was the same in
both databases and, after we applied a random effect model to
combine the results, the estimate for norgestimate did not change
our conclusion of its association being close to the estimates
for the group of earlier contraceptives (combined odds ratio
2.49, 95% confidence interval 1.56 to 3.97).

The sensitivity analysis for QResearch cases identified only
through general practice medical records and matched controls
delivered results in line with the main analysis (web table 10).
The sensitivity analysis for CPRD practices linked to hospital
admission and ONS mortality data was based on 346 general
practices and covered the period between 1 January 2001 and
30 March 2012. The crude incidence of VTE per 10 000 women
years in this cohort was 5.7 (95% confidence interval 5.5 to
5.8). We identified 436 extra cases from hospital admission data
and 14 from ONS mortality data with at least one year of
medical records. After exclusions, 2989 cases were included in
the analysis, of which 2654 (89%) were identified from general
practice records, 324 (11%) from hospital admission data, and
11 (0.4%) from ONS mortality data. The results were also in
line with the main analysis (web table 11).

Numbers needed to harm and excess risk

Because combined oral contraceptive use was associated with
increased VTE risk, additional cases of VTE would be expected
across all types of combined oral contraceptives in exposed
women compared with unexposed women, and particularly in
those aged 25-49 years (table 6l)). The lowest numbers of extra
cases of VTE per year per 10 000 treated women were six extra
cases for levonorgestrel (6, 95% confidence interval 5 to 7) and
norgestimate (6, 5 to 8) for women aged 15-49 years, and seven
extra cases for levonorgestrel (7, 6 to 8) and norgestimate (7, 5
to 9) for those aged 25-49 years. The highest numbers of extra
cases of VTE per year per 10 000 treated women were for
desogestrel (14 extra cases, 11 to 17) and cyproterone (14, 11
to 17) for ages 15-49 years, and for drospirenone (17, 13 to 23),
desogestrel (17, 13 to 21), and cyproterone (17, 12 to 22) for
ages 25-49 years.

Discussion

In this observational study based on two large primary care
databases, women exposed to drospirenone, gestodene,
cyproterone, and desogestrel within the last 28 days had around
a four times increased risk of VTE. Women exposed to
levonorgestrel, norethisterone, and norgestimate had about two
and a half times increase in VTE risk compared with women
not exposed in the past year. Risks for current use of gestodene,
drospirenone, cyproterone, and desogestrel were 1.5-1.8 times
higher than for levonorgestrel. Results from the additional
analyses stayed in line with the main findings, although there
were stronger associations in the analyses restricted to cases
with anticoagulant prescriptions and matched controls. These
differences were expected and can be explained by our
methodological approach. We saw no significant association in
the analyses of oestrogen dosages.

Strengths and limitations of the study

The main strengths of this study are its recency,
comprehensiveness, and generalisability. It was based on the
general female population in the UK aged 15-49 years, and

explored exposure to combined oral contraceptives commonly
prescribed during the past 13 years. The study also benefitted
from the statistical power of large samples from the two largest
UK primary care databases. Consistency in records for
diagnoses, lifestyle information, and prescriptions allowed us
to combine the results from both databases and achieve narrower
confidence intervals for our estimates. The study also benefitted
from a consistent design.

Results were adjusted for several confounding factors such as
body mass index, smoking status, alcohol use, and social
deprivation, which were not available to some previous studies.
Education and family history might also be considered to be
confounders but neither could be included in the analysis
because they are not recorded sufficiently often on either the
QResearch or CPRD databases. Because the exposure was based
on systematically recorded prescription information, the study
was free from recall bias. All eligible women were included,
thus eliminating selection bias. Several additional analyses
looking at conflicting methodological issues from previous
studies allow readers to compare and assess the validity of the
results.

A study limitation was the potential misclassification of
exposure to combined oral contraceptives. According to the
Contraception and Sexual Health survey in Great Britain
(2000-09), between 25% and 28% of women used an oral
contraceptive depending on the year. Our data for both
databases had similar age standardised rates of exposure to any
oral contraceptive—26% for QResearch and 29% for CPRD.
Because exposure information is based on prescriptions,
however, there is a degree of uncertainty about actual use—when
a woman started taking the drug or whether she took it at all.
According to one survey from the United States, 19% of women
discontinued using oral contraceptives within the first six
months, more commonly younger women.”” Because outcome
information was collected prospectively, however, we do not
see any reason why this effect should differ between cases and
controls. Such misclassification of exposure might, however,
shift odds ratios towards unity. Some uncertainty also relates
to women who may have delayed use of drugs from past
prescriptions (and so were actually current rather than past
users), and to unaccounted residual risk associated with women
who ceased use for any reason just before the current use period.
However, these two potential misclassifications are likely to be
small.

NHS community contraceptive clinics are also a source of oral
contraceptive pills apart from general practice doctors.
According to NHS Contraceptive Services reports issued
between 2005 and 2013 (www.hscic.gov.uk), on average 6.9%
of women under 25 years old and 1.6% of older women received
oral contraceptive pills from contraceptive clinics. One report
in 2005 released the numbers separately for combined and
progestogen only pills, showing that the proportion of combined
contraceptives prescribed was 91% of all oral contraceptives
for younger women and 73% for older women.” From these
figures, we estimated that in the population, 6.3% of younger
and 1.2% of older women had exposure to combined oral
contraceptives without related general practice records. These
women would appear in our analyses as not exposed, creating
a potential underestimation that might shift odds ratios towards
unity, with an effect likely to be greater in the younger group.

The additional analyses for younger women did, in fact, produce
lower odds ratios for all drugs apart from levonorgestrel and

norgestimate. However, in the direct comparisons of different
oral contraceptives with levonorgestrel, there was no potential
bias with respect to misclassification of non-users because only
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oral contraceptive users were involved. Other biases could arise
if the prescribing regimens of contraceptive clinics differed
markedly from those of general practices (with one or other
being more inclined towards higher risk, lower priced drugs),
or if the material circumstances of women attending general
practices differed from those attending contraceptive clinics.
No published data seem to support this, however, and we believe
that any such effects are likely to be negligible especially given
the much higher proportion of supply from general practices.

There is also some degree of uncertainty in VTE diagnoses in
both CPRD and QResearch practice records, because the results
of diagnostic tests needed to confirm VTE are not generally
available on the primary care databases. Furthermore, these
diagnoses cannot be adjudicated in our study as might happen
in a clinical trial, so may be subject to misclassification bias,
with some false positives for cases and some false negatives for
controls. The likelihood of misclassifications is, however, much
higher for cases than controls because of the low incidence of
VTE in the general population from which the controls are
selected—therefore, overall, such errors and misclassifications
if non-differential would tend to shift odds ratios towards unity.

Further, the incidence of VTE in our cohorts were both within
the estimated range of five to 10 cases per 10 000 person years
for young women.” The slightly higher rate within the
QResearch cohort can be explained partly because the data used
in the database’s analysis was augmented by linked mortality
information from the ONS and hospital episode statistics. This
link will have added extra cases to the QResearch analysis and
reduced diagnostic errors. However, the relatively small
difference in rates between QResearch and CPRD, and the fact
that the difference is also partly explained by the slightly higher
median age of the QResearch cohort, suggests that neither
analysis has been substantially affected by diagnostic errors.
An earlier study has also shown that the addition of “possible”
cases of VTE did not materially affect results obtained using
only verified cases.”

Patients with a diagnosis of VTE are usually treated with
anticoagulant medication. In our data, however, there are several
reasons why VTE cases might not be followed by an
anticoagulation prescription, such as a VTE event resulting in
death, or treatment unrecorded in the GP record because it was
initiated and continued in a hospital or other community setting.
We found that, overall, about half of patients with VTE had a
record of anticoagulation prescription within their general
practice record. But a more detailed breakdown by exposure
and drug type revealed possible differential treatment of exposed
patients depending on contraceptive drug type and roughly
reflecting the known VTE risks of the drugs.

The higher odds ratios in the additional analysis restricted to
cases with anticoagulation prescriptions than those from the
main analysis can be explained by a combination of the
exclusion of uncertain events and differential anticoagulant
prescribing by doctors. Women who receive anticoagulation
treatment, which is necessary for VTE, are normally more likely
to be true cases than those with no treatment recorded.
Therefore, inclusion of some non-cases in our main analysis
probably shifted odds ratios towards unity. On the other hand,
our conjecture—based on evidence in our data of differential
prescribing—is that doctors are more likely immediately to
prescribe and record anticoagulants for patients with VTE
symptoms exposed to a high risk oral contraceptive drug than
for users of lower risk drugs. As a result, use of anticoagulation
records to exclude uncertain events is more problematic in this
study, and we would argue that results of our restricted analysis
should be read with caution, indicating little more than a general

agreement with earlier findings of increased odds ratios. In
particular, the range of relative increases is probably exaggerated
and comparisons between drug types possibly less reliable.

Finally, the higher odds ratios obtained from the subgroups with
idiopathic cases and matched idiopathic controls, compared
with odds ratios from the main analysis, were also expected
because the absolute risk of VTE for unexposed patients is
smaller in an idiopathic subgroup than that in a non-idiopathic
subgroup (and by extension a general population).*’ Although
the associations seem to be stronger in the idiopathic analysis,
we do not believe that they are necessarily generalisable because
of the wide variation in definitions of idiopathic groups across
existing studies, and the general difficulties that have been noted
in defining such groups.*

Comparison with recent studies

In our study, we observed a reduction in prescription rates for
combined oral contraceptives and an increased rate for
progestogen only oral contraceptives. This is in line with NHS
statistics for prescriptions in the community, and might reflect
the effects of various guidelines and recommendations for
patients at high risk of VTE.*

Prior to our study, the largest study of VTE and combined oral
contraceptives was a cohort study based on medical records
from the Danish general population, covering the period 2001-09
and identifying 4246 women with a first recorded VTE."> The
Danish study adjusted for age, calendar year, and level of
education. By comparison, our study had more than twice the
number of VTE cases; added a further four years of data;
adjusted for body mass index, smoking status, alcohol
consumption, ethnic group, several chronic and acute conditions
associated with increased VTE risk, and use of other hormonal
contraceptives; and accounted for age, calendar year, and
practice by matching. Not all types of combined contraceptives
in the Danish study were available for comparison, because
some are rarely prescribed in the UK. The most used
contraceptives were levonorgestrel in the UK and gestodene in
Denmark. In our main analysis, the odds ratios for current use
of available contraceptives were similar to the Danish relative
rates. Despite a difference in the proportion of cases with
anticoagulant prescriptions (52% in our study v 67% in the
Danish study), results in these subgroups were also similar.

The most recent CPRD based study focused on a comparison
of VTE risk in idiopathic cases of VTE with anticoagulant
prescriptions between levonorgestrel and drospirenone.' It was
run on records from 2002 to 2009, and so was based on fewer
practices than in our study. For current users, that study showed
a threefold increase in VTE risk for drospirenone compared
with levonorgestrel (17 v 44 exposed cases; odds ratio 3.3, 95%
confidence interval 1.4 to 7.6). In our study, the odds ratios for
current use of drospirenone were about twice as high as for
levonorgestrel in our main analysis and all additional analyses.
Another study (2002-08),"" based on pharmacological records
from a US company and with a design similar to the recent
CPRD study," had more women with VTE exposed to
drospirenone than levonorgestrel (121 v 65). It also showed an
increased risk of VTE with drospirenone compared with
levonorgestrel (odds ratio 2.4, 95% confidence interval 1.7 to
3.4). Based on the same source of data (the same US company),"!
another study showed a 70% increased risk associated with
desogestrel (1.7 (1.1 to 2.4)) and no significant increase with
norgestimate, both compared to levonorgestrel.** All three of
these studies differed from ours in terms of case inclusion
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criteria, but their results align well with those from our
additional analyses.

An Austrian case-control study (2002-06)* investigated
gestodene-containing and second generation oral contraceptives
(79 and 83 exposed cases, respectively), identifying cases from
referral centres and hospitals and deriving exposure information
from questionnaires. Odds ratios for contraceptive use (with
reference to non-users) were two to three times higher than in
our study. But, as the authors suggested, this increased risk
might be due to what they termed as “hospital bias,” which can
lead to overestimation of VTE risks.* The study also compared
gestodene with second generation pills but did not show any
significant difference between the drugs in several sensitivity
analyses. The relative differences between levonorgestrel and
gestodene seen in our main and additional analysis for idiopathic
cases were within the confidence interval or close to the upper
confidence levels of this study.

A Dutch study (1999-2004)° analysed all available oral
contraceptives, identifying women with VTE from
anticoagulation clinics and assessing exposure from postal
questionnaires and interviews. Most controls were, however,
acquired by random digit dialling, a technique that might have
led to selective recruitment of a less active group with a poorer
health profile than the general population.*’ This technique and
the higher response rates in women with VTE than in those
controls (79% v 64%) might have introduced a selection bias
and inflated odds ratios. In fact, the study did report higher odds
ratios that those more generally reported elsewhere and
consistently higher odds ratios with reference to non-use than
our study, although relative differences with reference to
levonorgestrel were again close to our findings.

An Israeli cohort study*® (2002-08) compared VTE risks for
drospirenone with those for second and third generation oral
contraceptives and found significant differences for drospirenone
compared with both generations (rate ratio 1.65 (95% confidence
interval 1.02 to 2.65), 1.43 (1.15 to 1.78), respectively). The
pattern of prescribing in this study was different from ours, with
most common exposure to third generation drugs (384 exposed
cases) and a lower use of levonorgestrel (23 exposed cases).
Our study showed a similar association for current use of
drospirenone compared with levonorgestrel (odds ratio of 1.75),
but found no difference between drospirenone and third
generation drugs.

Despite being a third generation drug, norgestimate (282
exposed cases) had associations with VTE risk similar to
levonorgestrel in our study. But because norgestimate partly
metabolises to levonorgestrel,” its classification as a third
generation drug is not clearly established. A Danish review
classified norgestimate as a second generation drug and
recommended prescribing it as a first choice contraceptive along
with levonorgestrel and norethisterone.” Norgestimate has a
lower androgenic effect than levonorgestrel and had been used
at a similar level to levonorgestrel in the Denmark study,"
although in our study levonorgestrel was prescribed three times
more often than norgestimate. No significant difference between
norgestimate and levonorgestrel was shown in the Danish study"
(165 exposed cases, rate ratio 1.18 (95% confidence interval
0.86 to 1.62)) or in the US study* (124, odds ratio 1.1 (95%
confidence interval 0.8 to 1.5)).

A meta-analysis'® including the Danish and US studies also
demonstrated this non-difference between norgestimate and
levonorgestrel, although it was not highlighted in the main study
findings, which focused on different drug generations and
oestrogen dosages. Although norgestimate had been on the

market from 1995, other studies either did not consider
norgestimate or were underpowered (for norgestimate, only five
exposed cases in the Dutch study,’ 15 in the CPRD study,* and
an unclear number in a German study with lower total
numbers®).

Our study showed no associations between VTE risk and
oestrogen dose for the three types of combined contraceptives,
where this could be assessed. Levonorgestrel in the UK was
prescribed mostly with a 30-40 pg dose of oestrogen, so
oestrogen dose analysis was not possible. Comparable
preparations for norethisterone have not been analysed before,
so direct comparison of our results with other studies is not
possible. A lower dose of oestrogen for desogestrel preparations
was associated with a slightly lower risk of VTE, which was
consistent with existing literature," ' but our difference was
not significant. For combinations with gestodene, the numbers
of current users were insufficient to draw any meaningful
conclusions.

Conclusion

This study, based on two large primary care databases,
investigated risks of VTE associated with combined oral
contraceptives prescribed to the general female population in
the UK. We believe this study has the statistical power and
sufficient adjustment for relevant confounders to be regarded
as an important clarifying study, which has produced the most
reliable possible risk estimates using currently available UK
prescription data. It has confirmed results from other recent
large scale studies and added new evidence, particularly for
newer or less used combined oral preparations, such as those
containing drospirenone or norgestimate. Risks associated with
combined oral contraceptives were, apart from norgestimate,
higher for newer drug preparations than for second generation
drugs.

The results from our study and the Danish study' provide
evidence for relevant authorities concerned with prescribing
guidelines or those involved with regulation of safety of
medicines. In particular, along with the Danish study and a US
study,* our results confirm the similarity of risks for
levonorgestrel and norgestimate in a UK context.
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Oral contraceptive pills are known to be associated with an increased risk of thromboembolism (VTE)

Despite comparing third generation contraceptive pills with first and second generation pills, previous studies have had insufficient power
to quantify VTE risk with individual drugs, particularly for new or less commonly used preparations such as drospirenone or norgestimate

What this study adds

This study, based on national population and prescribing practices in the UK, has sufficient power to provide reliable comparative findings
for different formulations of combined oral contraceptives; its findings are comparable to those based on a Danish national cohort study

Preparations containing gestodene, desogestrel, drospirenone, and cyproterone were associated with significantly higher risks of VTE

than preparations containing either levonorgestrel or norgestimate

The number of extra VTE cases per year per 10 000 treated women was lowest for levonorgestrel and norgestimate, and highest for

desogestrel and cyproterone
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| Baseline characteristics in cases and controls by database (CPRD or QResearch)

Age band at index date

CPRD

QResearch

Cases (n=5062) Controls (n=19 638)

Cases (n=5500) Controls (n=22 396)

15-24 years 12.6 (636) 12.7 (2496) 9.0 (493) 9.5 (2135)
25-34 years 25.5 (1290) 23.8 (4666) 25.9 (1423) 25.0 (5589)
35-39 years 17.1 (867) 17.5 (3433) 18.0 (992) 17.7 (3957)
40-44 years 20.8 (1055) 21.9 (4292) 22.5 (1239) 23.3 (5219)
45-49 years 24.0 (1214) 24.2 (4751) 24.6 (1353) 24.5 (5496)
Ethnic group

White 36.0 (1821) 33.4 (6561) 61.6 (3386) 57.6 (12 900)
Not recorded* 60.2 (3049) 62.4 (12 249) 29.5 (1620) 32.7 (7316)
Black 1.6 (79) 1.2 (237) 2 (233) 3.0 (680)
Asian 1.3 (68) 1.9 (375) 4 (134) 45 (1013)
Other 0.9 (45) 1(216) 3(127) 2.2 (487)
Body mass index

15-24 34.6 (1753) 44.7 (8774) 34.6 (1903) 44.2 (9895)
25-29 22,6 (1142) 22.0 (4317) 21.9 (1202) 20.0 (4473)
>30 30.3 (1534) 17.1 (3353) 24.2 (1331) 14.3 (3196)
Not recorded 12.5 (633) 16.3 (3194) 19.3 (1064) 21.6 (4832)
Smoking status

Non-smoker 51.1 (2586) 54.2 (10 645) 43.5 (2392) 46.5 (10 410)
Ex-smoker 17.5 (884) 16.8 (3295) 23.3 (1280) 22.1 (4952)
Current light smoker 6.3 (319) 6.0 (1188) 14.4 (790) 12.1 (2703)
Current moderate smoker 14.4 (730) 11.2 (2194) 7.7 (424) 6.4 (1433)
Current heavy smoker 6.6 (334) 4.2 (828) 4.5 (248) 2.8 (621)
Not recorded 4.1 (209) 7.6 (1488) 6.7 (366) 10.2 (2277)
Alcohol use

No use 20.0 (1014) 17.9 (3516) 22.2 (1220) 19.3 (4315)
Ex-use 0 (303) 4 (869) 6.7 (367) 5.3 (1177)
Light (<2 units/day) 49.0 (2479) 50.5 (9921) 32.1 (1766) 32.9 (7365)
Moderate/heavy (=3 units/day) 0 (254) 0 (986) 17.6 (970) 18.6 (4173)
Not recorded 20.0 (1012) 22.1 (4346) 21.4 (1177) 24.0 (5366)
Non-idiopathic cases

Proportion (no) of cases or controls 47.0 (2380) 27.2 (5340) 46.9 (2582) 26.3 (5891)
Comorbidities

Asthma 19.1 (969) 12.9 (2530) 18.8 (1036) 12.0 (2693)
Congestive cardiac disease 0.4 (20) 0.0 (5) 0.2 (13) 0.0 (5)
Rheumatoid arthritis 1.5 (75) 0.6 (121) 2.2 (123) 0.8 (187)
Systemic lupus erythematosus 0.5 (27) 0.1 (22) 0.6 (35) 0.1 (25)
Renal disease 0.9 (48) 0.2 (35) 1.1(62) 0.3 (65)
Stroke 0.9 (44) 0.1(22) 0.9 (50) 0.2 (48)
Chronic obstructive pulmonary disease 0.5 (26) 0.2 (30) 0.6 (32) 0.1 (31)
Coronary vascular disease 1.0 (52) 0.3 (50) 1.5(82) 0.3 (77)
Coagulation disturbances 0.2 (11) 0.0 (9) 0.2 (13) 0.0 (6)
Varicose veins 2.8 (143) 1.6 (314) 2.7 (151) 1.6 (359)
Hypertension 6.3 (319) 3.6 (698) 6.0 (329) 3.7 (831)
Cancer 6.6 (333) 0.9 (180) 6.6 (363) 0.9 (204)

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe



http://www.bmj.com/permissions
http://www.bmj.com/subscribe

BMJ 2015;350:h2135 doi: 10.1136/bmj.h2135

Page 12 of 20

RESEARCH

Table 1 (continued)

CPRD QResearch

Cases (n=5062) Controls (n=19 638) Cases (n=5500) Controls (n=22 396)
Inflammatory bowel disease 1.9 (96) 0.6 (118) 1.8 (100) 0.6 (143)
Conditions in previous 6 months
Infection 19.0 (964) 10.4 (2033) 17.2 (948) 9.0 (2026)
Surgery or leg/hip fracture 1.1 (54) 0.1 (16) 0.9 (51) 0.1 (24)
Hospital admission 1.4 (72) 0.2 (48) 4.1 (223) 1.1 (248)
Indications for hormonal contraceptive use
Acne 12.6 (638) 11.7 (2307) 9.3 (514) 8.6 (1933)
Menstrual disorders 36.5 (1847) 31.0 (6091) 27.2 (1497) 23.0 (5141)
Hirsutism 2.1 (107) 1.3 (260) 1.4 (75) 1.0 (229)
Polycystic ovary syndrome 3.4 (174) 2.2 (433) 3.1 (170) 2.4 (535)
Contraceptive drug use in previous month
Any hormonal contraceptive 32.6 (1649) 20.3 (3996) 33.4 (1838) 19.7 (4418)
Any oral combined contraceptive 24.9 (1259) 14.4 (2835) 23.8 (1309) 12.6 (2823)
Any oral progestogen only 5.1 (260) 4.4 (866) 5.1 (281) 4.0 (907)
Any non-oral hormonal contraceptive 2.6 (130) 1.5 (295) 4.5 (248) 3.1 (688)
Switch in the last month 1.9 (95) 0.6 (110) 1.9 (103) 0.5 (123)

Data are percentage (no) of cases or controls.
*Assumed as white in analyses.
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| Current exposure to combined oral contraceptives compared to non-exposure by database

Type of CPRD QResearch Combined analysis
s zEring No of Adjusted odds ratio No of Adjusted odds ratio Pooled odds ratio P
cases/controls (95% CI)* cases/controls (95% CI)* (95% ClI)
Total No 5062/19 638 — 5500/22 396 — — —
No use in previous
year (reference) — 1.00 — 1.00 1.00 —
Current use
Norethisterone 96/245 2.30 (1.78 10 2.99) 109/259 2.82 (2.21 10 3.60) 2.56 (2.15 to 3.06) <0.001
Levonorgestrel 521/1451 2.23 (1.97 to0 2.52) 540/1411 2.52 (2.24 t0 2.84) 2.38 (2.18 t0 2.59) <0.001
Norgestimate 122/370 1.96 (1.56 to 2.46) 160/352 3.15 (2.56 to 3.89) 2.53 (2.17 t0 2.96) <0.001
Desogestrel 165/228 4.43 (3.54 t0 5.55) 163/262 4.15(3.34 t0 5.15) 4.28 (3.66 to 5.01) <0.001
Gestodene 78/149 3.14 (2.32 t0 4.24) 115/182 4.07 (3.14 t0 5.26) 3.64 (3.00 to 4.43) <0.001
Drospirenone 139/200 4.36 (3.39 to 5.60) 102/170 3.86 (2.93 t0 5.08) 4.12 (3.43 t0 4.96) <0.001
Cyproterone 138/192 4.13 (3.2210 5.31) 120/187 4.42 (3.4110 5.73) 4.27 (3.57 t0 5.11) <0.001
Different doses of oestrogen
Norethisterone 20 pg 44/94 2.94 (2.00 to 4.34) 36/79 2.72 (1.78 t0 4.16) 2.84 (2.13 10 3.78) <0.001
Norethisterone
30/40/50 pg 52/151 1.93 (1.36 t0 2.72) 73/180 2.87 (2.14 10 3.84) 2.43 (1.94 t0 3.03) <0.001
Desogestrel 20 ug 57/88 4.43 (3.08 t0 6.37) 60/97 3.80 (2.68 t0 5.41) 4.10 (3.18 10 5.28) <0.001
Desogestrel 30/40 pg 108/140 4.42 (3.34 10 5.85) 103/165 4.36 (3.331t0 5.71) 4.39 (3.62 t0 5.33) <0.001
Gestodene 20 pg 17/22 4.70 (2.41 10 9.14) 22/25 5.54 (2.99 to 10.28) 5.13 (3.26 t0 8.07) <0.001
Gestodene 30/40 pg 61/127 2.86 (2.05 to 4.00) 93/157 3.83 (2.89 t0 5.08) 3.40 (2.74 to 4.21) <0.001

*Adjusted for body mass index, smoking status, alcohol consumption, ethnic group, chronic and acute conditions, and use of other hormonal contraceptives.
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| Adjusted odds ratios for current use of different combined oral contraceptives versus levonorgestrel, by database

Drug name CPRD QResearch Combined analysis
Adjusted odds ratio P Adjusted odds ratio P Adjusted odds ratio (95% P
(95% CI)* (95% CI)* Cly*
Levonorgestrel 1.00 — 1.00 — 1.00 —
Norethisterone 1.03 (0.78 to 1.36) 0.8 1.12 (0.86 to 1.45) 0.4 1.08 (0.89 to 1.30) 0.4
Norgestimate 0.88 (0.69 to 1.12) 0.3 1.25 (1.00 to 1.57) 0.05 1.06 (0.90 to 1.26) 0.5
Desogestrel 1.99 (1.56 to 2.54) <0.001 1.65 (1.30 to 2.08) <0.001 1.80 (1.52t0 2.13) <0.001
Gestodene 1.41 (1.03 to 1.93) 0.03 1.61 (1.23102.12) <0.001 1.52 (1.24 to 1.87) <0.001
Drospirenone 1.95 (1.50 to 2.55) <0.001 1.53 (1.1510 2.04) 0.004 1.75(1.43t0 2.12) <0.001
Cyproterone 1.85 (1.42t0 2.41) <0.001 1.76 (1.34 t0 2.31) <0.001 1.80 (1.49 t0 2.18) <0.001

*Adjusted for body mass index, smoking status, alcohol consumption, ethnic group, chronic and acute conditions, and use of other hormonal contraceptives.
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| Additional analyses for current exposure to combined oral contraceptives compared with non-exposure by database

Type of CPRD QResearch Combined analysis
s zEring No of Adjusted odds ratio (95% Cl)* No of Adjusted odds ratio Pooled odds ratio P
cases/controls cases/controls (95% CI)* (95% ClI)
Women treated with anticoagulants
Total No 2533/9882 — 2956/11 933 — — —
No use in previous 1.00 1.00
year — — 1.00 —
Current use
Norethisterone 52/131 2.70 (1.88 to 3.87) 57/143 2.82 (2.00 to 3.97) 2.76 (2.16 to 3.54) <0.001
Levonorgestrel 260/683 2.82 (2.36 t0 3.38) 297/739 3.06 (2.59 to 3.61) 2.95 (2.61 10 3.33) <0.001
Norgestimate 71/181 2.52 (1.84 t0 3.46) 99/176 4.68 (3.51 t0 6.24) 3.53 (2.86 to0 4.37) <0.001
Desogestrel 113/113 7.37 (5.41 10 10.0) 95/132 5.32 (3.95t0 7.17) 6.23 (5.03t0 7.72) <0.001
Gestodene 57/61 6.89 (4.56 t0 10.4) 82/92 6.20 (4.43 t0 8.67) 6.47 (4.98 t0 8.39) <0.001
Drospirenone 94/108 6.03 (4.32t0 8.41) 63/76 6.17 (4.20 to0 9.05) 6.09 (4.73 to 7.83) <0.001
Cyproterone 83/99 5.64 (3.99 to 7.97) 73/95 6.36 (4.45 t0 9.08) 5.98 (4.66 to 7.66) <0.001
Idiopathic cases/controls
Total No 2630/7632 — 2871/8937 — — —
No use in previous
year — 1.00 — 1.00 1.00 —
Current use
Norethisterone 57/96 2.55 (1.78 t0 3.66) 741117 3.08 (2.24 to 4.24) 2.84 (2.23 t0 3.60) <0.001
Levonorgestrel 321/555 2.70 (2.28 to 3.19) 333/602 2.89 (2.46 1o 3.39) 2.80 (2.49 to 3.14) <0.001
Norgestimate 72/163 1.94 (1.43 t0 2.64) 104/148 3.64 (2.74 t0 4.82) 2.73 (2.22 10 3.36) <0.001
Desogestrel 107/100 5.09 (3.75 10 6.91) 98/105 4.73 (3.50 to 6.39) 4.90 (3.95 to 6.08) <0.001
Gestodene 52/68 3.42 (2.28 10 5.12) 66/72 4.58 (3.20 to 6.58) 4.02 (3.07 t0 5.27) <0.001
Drospirenone 86/78 4.91 (3.44 10 7.01) 68/57 5.61 (3.79 t0 8.32) 5.22 (4.01 10 6.79) <0.001
Cyproterone 83/83 4.77 (3.39 10 6.71) 66/79 459 (3.1910 6.61) 4.69 (3.65 t0 6.01) <0.001
Women aged 15-24 years
Total No 636/2496 — 493/2135 — — —
No use in previous
year — 1.00 — 1.00 1.00 —
Current use
Norethisterone 15/61 1.10 (0.57 to 2.10) 16/39 3.83 (1.94 10 7.57) 1.99 (1.24 t0 3.18) 0.004
Levonorgestrel 150/431 2.42 (1.87 10 3.13) 88/314 2.28 (1.66 t0 3.13) 2.36 (1.93 t0 2.89) <0.001
Norgestimate 31/88 2.25 (1.40 to 3.61) 36/76 4.83 (2.97 to 7.84) 3.26 (2.32 to 4.58) <0.001
Desogestrel 30/49 4.37 (2.57 t0 7.44) 24/49 3.52 (1.97 t0 6.29) 3.96 (2.67 to 5.86) <0.001
Gestodene 11/24 2.56 (1.14 t0 5.73) 13/25 4.67 (2.21 t0 9.88) 3.53 (2.04 10 6.12) <0.001
Drospirenone 38/64 3.90 (2.37 t0 6.40) 17/49 2.69 (1.40t0 5.17) 3.41 (2.29 to 5.05) <0.001
Cyproterone 37/63 3.77 (2.34 10 6.07) 31/51 4.95 (2.79 10 8.78) 4.21 (2.92 10 6.08) <0.001
Women aged 25-49 years
Total No 4426/17142 — 5007/20 261 — — —
No use in previous
year — 1.00 — 1.00 1.00 —
Current use
Norethisterone 81/184 2.75 (2.06 to 3.67) 93/220 2.73 (2.10 to 3.56) 2.74 (2.26 t0 3.33) <0.001
Levonorgestrel 371/1020 2.16 (1.87 t0 2.49) 452/1097 2.63 (2.31 to 3.00) 2.40 (2.18 10 2.65) <0.001
Norgestimate 91/282 1.93 (1.49 to 2.51) 124/276 2.92 (2.3110 3.70) 2.43 (2.04 t0 2.89) <0.001
Desogestrel 135/179 4.62 (3.59 t0 5.93) 139/213 4.26 (3.37 t0 5.40) 4.43 (3.73 t0 5.26) <0.001
Gestodene 67/125 3.30 (2.38 t0 4.57) 102/157 4.03 (3.06 to 5.30) 3.71 (3.00 to 4.58) <0.001
Drospirenone 101/136 4.75 (3.53 t0 6.38) 85/121 4.37 (3.21 t0 5.95) 4.56 (3.69 to 5.65) <0.001
Cyproterone 101/129 4.41 (3.28 10 5.93) 89/136 4.31 (3.20 to 5.80) 4.36 (3.53 t0 5.38) <0.001
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Table 4 (continued)

Type of CPRD QResearch Combined analysis
contraceptive Noof  Adjusted odds ratio (95% CI)* No of Adjusted odds ratio Pooled odds ratio P
cases/controls cases/controls (95% CI)* (95% Cl)

*Adjusted for body mass index, smoking status, alcohol consumption, ethnic group, chronic and acute conditions, and use of other hormonal contraceptives.
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| Additional analyses for current use of different combined oral contraceptives compared with levonorgestrel by database

CPRD QResearch Combined analysis
Adjusted odds ratio (95% Adjusted odds ratio (95% Adjusted odds ratio (95%

Drug name Cl)* P Cl)* P Cl)* P
Cases with anticoagulant prescription and matched controls
Levonorgestrel 1.00 — 1.00 — 1.00 —
Norethisterone 0.96 (0.65 to 1.41) 0.8 0.92 (0.64 to 1.33) 0.7 0.94 (0.72t0 1.22) 0.6
Norgestimate 0.89 (0.64 to 1.26) 0.5 1.53 (1.12 to 2.09) 0.007 1.20 (0.95 to 1.51) 0.1
Desogestrel 2.61 (1.87 to 3.65) <0.001 1.74 (1.26 to 2.41) <0.001 11 (1.68 t0 2.67) <0.001
Gestodene 2.44 (1.58 10 3.77) <0.001 2.03 (1.42t0 2.90) <0.001 2.19 (1.66 t0 2.88) <0.001
Drospirenone 2.14 (1.49 to 3.06) <0.001 2.02 (1.35 to0 3.01) <0.001 2.08 (1.59 t0 2.72) <0.001
Cyproterone 2.00 (1.38 to 2.89) <0.001 2.08 (1.43 to 3.03) <0.001 2.04 (1.57 to 2.65) <0.001
Idiopathic cases and controls
Levonorgestrel 1.00 - 1.00 —_ 1.00 —_
Norethisterone 0.94 (0.64 to 1.39) 0.8 1.07 (0.76 to 1.50) 0.7 1.01 (0.78 to 1.30) 0.9
Norgestimate 0.72 (0.52 to 1.00) 0.05 1.26 (0.93 to 1.71) 0.1 0.97 (0.78 to 1.22) 0.8
Desogestrel 1.88 (1.35t0 2.62) <0.001 1.64 (1.19 t0 2.26) 0.003 1.75(1.39t0 2.21) <0.001
Gestodene 1.27 (0.83 t0 1.94) 0.3 1.59 (1.09 to 2.33) 0.02 1.44 (1.08 to 1.91) 0.01
Drospirenone 1.82 (1.25 10 2.65) 0.002 1.95 (1.29 t0 2.94) 0.002 1.88 (1.42 t0 2.48) <0.001
Cyproterone 1.77 (1.23 to 2.53) 0.002 1.59 (1.09 to 2.33) 0.02 1.68 (1.29 to 2.19) <0.001
Women aged 15-24 years
Levonorgestrel 1.00 — 1.00 — 1.00 —
Norethisterone 0.45 (0.23 t0 0.89) 0.02 1.68 (0.83 to 3.38) 0.1 0.85 (0.52 to 1.38) 0.5
Norgestimate 0.93 (0.57 to 1.52) 0.8 2.12 (1.27 t0 3.54) 0.004 1.38 (0.97 t0 1.97) 0.08
Desogestrel 1.81 (1.0510 3.12) 0.03 1.54 (0.85 t0 2.81) 0.2 1.68 (1.12t0 2.52) 0.01
Gestodene 1.06 (0.47 to 2.40) 0.9 2.05 (0.94 to 4.44) 0.07 1.50 (0.85 to 2.63) 0.2
Drospirenone 1.61 (0.96 to 2.70) 0.07 1.18 (0.60 to 2.33) 0.6 1.44 (0.95t0 2.17) 0.08
Cyproterone 1.56 (0.95 to 2.56) 0.08 2.17 (1.19to0 3.96) 0.01 1.78 (1.21 to0 2.62) 0.003
Women aged 25-49 years
Levonorgestrel 1.00 — 1.00 — 1.00 —
Norethisterone 1.27 (0.93 t0 1.74) 0.1 .04 (0.78 10 1.38) 0.8 1.14 (0.92 to 1.40) 0.2
Norgestimate 0.89 (0.67 to 1.19) 0.4 1.11 (0.86 to 1.44) 0.4 1.01 (0.83to0 1.22) 0.9
Desogestrel 2.14 (1.62 to 2.82) <0.001 1.62 (1.2510 2.10) <0.001 1.84 (1.53 to 2.23) <0.001
Gestodene 1.53 (1.08 to 2.16) 0.02 1.53 (1.14 to 2.05) 0.004 1.53 (1.22t0 1.91) <0.001
Drospirenone 2.20 (1.60 to 3.02) <0.001 1.66 (1.20 to 2.30) 0.002 1.92 (1.53 t0 2.41) <0.001
Cyproterone 2.04 (1.49 to 2.80) <0.001 1.64 (1.20 to 2.24) 0.002 1.83 (1.46 t0 2.28) <0.001

*Adjusted for body mass index, smoking status, alcohol consumption, ethnic group, chronic and acute conditions, and use of other hormonal contraceptives.
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| Numbers needed to harm and excess cases per 10 000 patients for different combined oral contraceptives prescribed over one

year

Numbers needed to harm over 1 year (95% Cl)

Extra cases per 10 000 treated per year (95% Cl)

Use in previous year All ages (15-49 years)*  Age 25-49 yearst All ages (15-49 years)* Age 25-49 yearst
Norethisterone 1529 (1159 to 2086) 1169 (874 to 1620) 7(5t09) 9(6to11)
Levonorgestrel 1739 (1506 to 2028) 1452 (1237 to 1723) 6(5t07) 7 (610 8)
Norgestimate 1561 (1223 to 2044) 1428 (1077 to 1966) 6(5t08) 7(5t09)
Desogestrel 729 (597 to 899) 594 (478 to 747) 14 (1110 17) 17 (18to 21
Gestodene 905 (697 to 1198) 752 (570 to 1016) 11 (8to 14) 10to 18

Drospirenone

766 (604 to 986)

572 (438 to 758)

13 (1010 17)

Cyproterone

731 (582 to 932)

606 (465 to 804)

14 (1110 17)

)
13 ( )
17 (1310 23)
17 (1210 22)

*Based on combined adjusted odds ratios in table 2.

tBased on combined adjusted odds ratios in table 4.
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Figures

CPRD QResearch
First episode of VTE 2001-13, cases and First episode of VTE 2001-13, cases and
controls with at least 1 year of data controls with at least 1 year of data
Total (7334 cases; 33 380 controls) Total (8211 cases; 40 952 controls)
Excluded owing to previous anticoagulant therapy: Excluded owing to previous anticoagulant therapy:
—= (146, 2% cases (>42 days before the diagnosis); —= (344, 4% cases (>42 days before the diagnosis);
26, 0.1% controls (any time before index date)) 155, 0.4% controls (any time before index date))
Excluded owing to pregnancy: Excluded owing to pregnancy:
(1266, 18% cases; 2379, 7% controls) (1490, 19% cases; 4406, 11% controls)
Excluded owing to oophorectomy, Excluded owing to oophorectomy,
—> hysterectomy, and sterilisation: —> hysterectomy, and sterilisation:
(844, 14% cases; 2693, 9% controls) (864, 14% cases; 3315, 9% controls)
Excluded owing to conflicting prescriptions: Excluded owing to conflicting prescriptions:
(6,0.1% cases; 11, <0.1% controls) (6, 0.1% cases; 10, <0.1% controls)
Excluded owing to absence of a matched case or control: Excluded owing to absence of a matched case or control:
(10, 0.2% cases; 8663, 31% controls) (7,0.1% cases; 10 670, 32% controls)
Remaining cases and controls Remaining cases and controls
(5062, 69% cases; 19 638, 59% controls) (5500, 67% cases; 22 396, 55% controls)

Fig 1 Flow of included patients for CPRD and QResearch analyses with proportions of excluded observations at each point
of exclusion

Levonorgestrel Norethisterone
- = = Progestogen only —-— Cyproterone
----- Norgestimate ----Desogestrel
—-— Drospirenone -—-— Gestodene

CPRD
20

Proportion of patients with
prescriptions for oral contraceptives

QResearch
20

Proportion of patients with
prescriptions for oral contraceptives

Fig 2 Use of different types of oral contraceptives by year and database. Data are based on age standardised exposure in
controls using the UK’s general population
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Type of contraceptive

Norethisterone

CPRD

QResearch
Subtotal: P=0.267, 1’=18.8%
Levonorgestrel

CPRD

QResearch
Subtotal: P=0.166, 1’=47.9%
Norgestimate

CPRD

QResearch
Subtotal: P=0.003, 1°=88.9%
Desogestrel

CPRD

QResearch
Subtotal: P=0.676, 1’=0%
Gestodene

CPRD

QResearch
Subtotal: P=0.198, 1’=39.7%
Drospirenone

CPRD

QResearch
Subtotal: P=0.519, I*=0%
Cyproterone

CPRD

QResearch
Subtotal: P=0.713, I’=0%
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2.82(2.21 to 3.60)
2.56 (2.15 to 3.06)

2.23(1.97 t0 2.52)
2.52(2.24 10 2.84)
2.38(2.18t0 2.59)

1.96 (1.56 to 2.46)
3.15 (2.56 to 3.89)
2.53(2.17 t0 2.96)

4.43 (3.54 10 5.55)
4.15 (3.34 10 5.15)
4.28 (3.66 t0 5.01)

3.14 (2.32t0 4.24)
4.07 (3.14 10 5.26)
3.64 (3.00 to 4.43)

4.36 (3.39t0 5.60)
3.86 (2.93 t0 5.08)
4.12 (3.43 10 4.96)

4.13 (3.22t0 5.31)
4.42 (3.411t05.73)
4.27 (3.57 to 5.11)
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Fig 3 Adjusted odds ratio for VTE in patients currently exposed to combined oral contraceptives compared with no use in
the last year, by database. Odds ratios and 95% confidence intervals are adjusted for body mass index, smoking status,
alcohol consumption, ethnic group, chronic and acute conditions, and use of other hormonal contraceptives
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ORIGINAL ARTICLE

Risk of Malignancy in Patients With Schizophrenia

or Bipolar Disorder

Nested Case-Control Study

Julia Hippisley-Cox, MD; Yana Vinogradova, MSc; Carol Coupland, PhD; Chris Parker, MSc

Context: There is conflicting evidence on whether people
with schizophrenia have a different risk of cancer from
that of the general population.

Objective: To determine the risk of 6 common cancers
in patients with schizophrenia or bipolar disorder.

Design: Population-based, nested, case-control study.

Setting: A total of 454 practices contributing to the
QRESEARCH general practice database.

Participants: We analyzed 40441 incident cases of 6
cancers (breast, colon, rectal, gastroesophageal, pros-
tate, and respiratory) and up to 5 controls per case
matched by single year of age, sex, general practice, and
calendar time.

Main Outcome Measures: Odds ratios (ORs) for can-
cer risk associated with schizophrenia and bipolar dis-
order, adjusting for smoking, body mass index, socio-
economic status, comorbidities, and prescribed
medications, including antipsychotics.

Resulis: For breast cancer, we identified 10 535/50 074
cases/controls; colon cancer, 5108/24 458; rectal can-

cer, 3248/15552; gastroesophageal cancer, 3854/
18477; prostate cancer, 10 190/48 748; and respiratory
cancer, 7506/35981. After adjustment, patients with
schizophrenia had a 190% increased colon cancer risk
(adjusted OR, 2.90; 95% confidence interval [CI], 1.85-
4.57), a marginal increased breast cancer risk (adjusted
OR, 1.52;95% CI, 1.10-2.11), and a 47% decreased res-
piratory cancer risk (adjusted OR, 0.53, 95% CI, 0.34-
0.85). Patients with schizophrenia taking antipsychot-
ics had a 308% increased colon cancer risk (adjusted OR,
4.08;95% CI, 2.43-6.84). Patients with bipolar disorder
had cancer risks similar to patients with neither condi-
tion after adjustment.

Conclusions: Patients with schizophrenia have a sig-
nificantly higher risk of colon cancer and a lower risk of
respiratory cancer compared with patients without schizo-
phrenia after adjustment for confounders. In contrast, the
risks of cancer in patients with and without bipolar dis-
order are similar, suggesting that residual confounding
is unlikely to explain the findings. The increased risk of
colon cancer is particularly marked in patients with
schizophrenia who take antipsychotic medications.

Arch Gen Psychiatry. 2007;64(12):1368-1376

Author Affiliations: Division of
Primary Care, University of
Nottingham (Drs Hippisley-Cox
and Coupland and

Ms Vinogradova), and
Nottingham Primary Care
Research Partnership

(Ms Parker), Nottingham,
England.

OR ALMOST 100 YEARS, THERE

has been speculation that pa-

tients with schizophrenia

have lower cancer risks than

the general population. In
1909, this possibility was raised by the
Board of Control of the Commissioners in
Lunacy for England and Wales,' but a cen-
tury later the evidence is still far from clear.
Whereas some studies have suggested a
lower cancer incidence or mortality rate
in people with schizophrenia,>” others
have found either an increased cancer in-
cidence® or mortality’ associated with
schizophrenia or nonsignificant ef-
fects.!™!"" Existing studies have been lim-
ited by size, use of biased populations
(such as hospital-based cohorts), and lack

of ability to control for potential confound-
ing effects. Failure to adjust for these fac-
tors is extremely important given that pa-
tients with mental health problems have
a higher prevalence of common risk fac-
tors, including smoking, alcohol consump-
tion, and obesity'*!3; they are also less
likely to report physical symptoms or to
adhere to treatment regimens.'*!>
Considerable uncertainty therefore ex-
ists regarding the risk of common can-
cers in patients with schizophrenia. This
is important with respect to designing
screening programs as well as etiology. For
example, there are theories that schizo-
phrenia itself has a possible protective
effect, including a tumor suppressor gene
or enhanced natural killer cell activ-
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ity.'®!” Alternatively, medication used in the treatment
of schizophrenia may have an antipsychotic effect via the
inhibition of enzymes involved in mutation.'®

Therefore, we undertook a study to compare the risks
of 6 common cancers between patients with and with-
out schizophrenia using a very large population-based
research database called QRESEARCH, which enabled us
to adjust for many potential confounding variables. In
addition, we compared cancer risks in patients with bi-
polar disorder, who have similar lifestyle characteristics
as patients with schizophrenia but who are likely to dif-
fer with respect to use of medication and any inherent
physical correlates of the disease.

DR METHODS R

STUDY POPULATION AND SAMPLE

The full QRESEARCH database (http://www.qresearch.org/) cur-
rently contains the anonymized primary care clinical records
of more than 10 million people registered at any time in the
past 16 years with 525 general practices in the United King-
dom. Consent to provide data is sought from practices using
the Egton Medical Information Services (EMIS) medical rec-
ords system, and detailed analyses have shown that participat-
ing practices are somewhat larger than nonparticipating prac-
tices but in all other respects are very similar.'” The database
derives from a representative sample of 6% of all the general
practices throughout England, Wales, Scotland, and Northern
Ireland. The database includes patients’ medical records be-
fore their registration with any of these practices. The com-
puter system at each participating practice automatically up-
loads data every 24 hours, ensuring that the most recent
information is available. The database has been subjected to de-
tailed analyses of age-sex distributions, birth rates, death rates,
consultation rates, prevalence rates, and mortality rates, show-
ing good correspondence with other sources? and good levels
of completeness and consistency.”!

We obtained ethical approval from the Trent Multicenter
Research Ethics Committee. We used version 7 of the
QRESEARCH database, which contained data until August 1,
2005, and included general practices that had used their cur-
rent computer system for at least 12 months. We identified an
open cohort of patients registered with these practices during
the 10-year study period (January 1, 1995, to July 1, 2005).
For each of 6 common cancers (breast, colon, rectal, gastro-
esophageal, prostate, and respiratory), we assembled a sepa-
rate set of individually matched cases and controls from this
cohort. Cases all involved patients aged 25 to 100 years with a
first-ever record of the index cancer during the study period,
including those where the diagnosis was recorded post mor-
tem. We used incidence density sampling to identify up to 5
controls for each incident case matched by single year of age,
calendar time, sex, and practice. All the controls were alive and
registered with the practice at the date their matched case was
first recorded to have the relevant cancer; this was the index
date for each case and its controls. Patients were excluded from
the study if they had any cancer diagnosis in their record be-
fore the first diagnosis of the index cancer (for cases) or the
equivalent date (for controls).

We included only patients with at least 12 months of com-
puterized medical record data before their index date to en-
sure that prescribing data were complete. We excluded breast
cancer cases with a record of mastectomy or tamoxifen use more
than 12 months before their first record of cancer because these
treatments could indicate that they were not incident cases at

the time of cancer diagnosis. We also excluded controls with
any prior record of mastectomy or tamoxifen use because they
could be breast cancer cases without a formal diagnosis in their
record.

DATA

We extracted demographic information, including year of birth,
sex, and Townsend score (a measure of socioeconomic sta-
tus). We also extracted each patient’s most recent body mass
index (BMI) (calculated as weight in kilograms divided by height
in meters squared) and smoking status before their index date.
Cancer cases and controls were coded as having schizophre-
nia or bipolar disorder if there was a recorded diagnosis at least
12 months before their index date. We included data on 4 co-
morbid physical conditions before the index date (ischemic heart
disease, diabetes mellitus, hypertension, and rheumatoid
arthritis).

We assessed exposure to medications on the basis of at least
1 prescription before the index date. To avoid bias due to re-
verse causality, we excluded medication used in the 12 months
immediately preceding the index date. We included medica-
tions for which there was previous evidence of positive or nega-
tive association with malignancy, including nonsteroidal anti-
inflammatory drugs, cyclooxygenase 2 inhibitors, aspirin, statins,
hormone therapy, oral contraceptives, antidepressants (selec-
tive serotonin reuptake inhibitors and tricyclic antidepres-
sants), and antipsychotic medications (conventional antipsy-
chotics, atypical antipsychotics, and lithium).

STATISTICAL METHODS

For each cancer, we undertook multiple conditional logistic re-
gression to estimate odds ratios (ORs) associated with schizo-
phrenia and bipolar disorder. We adjusted the models for the
possible confounding effects of smoking (current smoker, not
current smoker, or not recorded), BMI (<25, 25-29, =30, or
not recorded), Townsend score (in fifths), comorbidities (bi-
nary), and medications (binary) as well as the other serious men-
tal health condition. We adjusted for use of hormone therapy
and oral contraceptives in the breast, colon, and rectal cancer
models. All cases and controls were included in the analyses
by treating “missing” as a category for the smoking, BMI, and
socioeconomic variables. The analyses were repeated on the sub-
set of cases and controls with full data on all variables.

To further examine the relationship between cancer risk and
use of antipsychotic medications, we calculated ORs for each
cancer for patients with schizophrenia with and without re-
corded use of antipsychotic medications compared with pa-
tients with neither mental health problem. All analyses were
conducted using a software program (Stata version 9.1; Stata-
Corp, College Station, Texas).

— T

A total of 454 QRESEARCH practices met the inclusion
criteria for this analysis. The total study population con-
sisted of 4 040 494 patients, giving rise to 18 772 868 per-
son-years of observation. We identified 47 924 incident
cases of the 6 cancers, of which 7483 met the exclusion
criteria, leaving 40 441 cases for analysis. For breast can-
cer, 740 cases with mastectomy or tamoxifen use more
than 12 months previously were excluded, as were 416
controls with any prior record of mastectomy or tamox-
ifen use. Almost 92% of the respiratory cancer cases were
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Table 1. Prevalence of Schizophrenia and Bipolar Disorder in Cases and Controls by Cancer Type

Townsend score, median
(interquartile range)

1,61 (-3.24 10 1.25)

Cancer
I 1
Gastro-
Breast Colon Rectal esophageal Prostate Respiratory
Cancer cases, No. (%)
Schizophrenia only 47 (0.45) 31(0.61) 8 (0.25) 12 (0.31) 12 (0.12) 20 (0.27)
Bipolar disorder only 42 (0.40) 12 (0.23) 6 (0.18) 7(0.18) 15 (0.15) 32 (0.43)
Both conditions 2 (0.02) 1(0.02) 0 2 (0.05) 1(0.01) 3(0.04)
Neither condition 10444 (99.14) 5064 (99.14) 3234 (99.57) 3833 (99.46) 10162 (99.73) 7451 (99.27)
Total 10535 5108 3248 3854 10190 7506
Cancer controls, No. (%)
Schizophrenia only 143 (0.29) 48 (0.20) 48 (0.31) 48 (0.26) 108 (0.22) 139 (0.39)
Bipolar disorder only 154 (0.31) 55 (0.22) 30 (0.19) 36 (0.19) 85 (0.17) 94 (0.26)
Both conditions 10 (0.02) 3(0.01) 2 (0.01) 5(0.03) 8(0.02) 9(0.03)
Neither condition 49767 (99.39) 24352 (99.57) 15472 (99.49) 18388 (99.52) 48547 (99.59) 35739 (99.33)
Total 50074 24458 15552 18477 48748 35981
Table 2. Characteristics of Cases and Controls by Cancer Type
Breast Cancer Colon Cancer Rectal Cancer
I Cases Controls Cases Controls " Cases Controls I
Characteristic (n =10535) (n =50074) (n = 5108) (n = 24458) (n = 3248) (n = 15552)
Sex, No. (%)
M 10 (0.1) 46 (0.1) 2669 (52.3) 12 758 (52.2) 2013 (62.0) 9617 (61.8)
F 10 525 (99.9) 50 028 (99.9) 2439 (47.7) 11 700 (47.8) 1235 (38.0) 5935 (38.2)
Age, median (interquartile 61 (5110 72) 61 (5110 72) 72 (6410 79) 72 (6410 79) 71 (6210 78) 71 (6210 78)
range), y
Townsend score recorded, 10 335 (98.1) 48 578 (97.0) 4959 (97.1) 23 557 (96.3) 3150 (97.0) 14 980 (96.3)
No. (%)

-1.48 (-3.22101.33) -1.27 (-3.07 t0 1.53)

141 (-3.17101.50) -1.06 (-3.01101.83) -1.21 (-3.06 t0 1.81)

lung cancer (6894 of 7506). Table 1 gives the number
of cases and controls for each cancer and the prevalence
of schizophrenia and bipolar disorder in each group. Nine
cases and 37 controls had diagnoses of both schizophre-
nia and bipolar disorder. Table 2 summarizes the char-
acteristics of cases and controls for each cancer, and
Table 3 compares patients with and without schizo-
phrenia or bipolar disorder, showing that the groups with

Smoking status recorded, 8960 (85.0) 40 784 (81.4) 4258 (83.4) 19261 (78.8) 2653 (81.7) 12217 (78.6)
No. (%)

Smokers, No. (%) 2073 (19.7) 9641 (19.3) 803 (15.7) 3911 (16.0) 664 (20.4) 2727 (17.5)

BMI recorded, No. (%) 8147 (77.3) 37071 (74.0) 3831 (75.0) 17196 (70.3) 2359 (72.6) 10834 (69.7)

BMI, median (interquartile 25.5(22.8 10 29.0) 254 (22.7t029.1)  26.1 (23.5t029.0) 26.0 (23.51029.0)  26.1(23.51028.9) 26.1 (23.6 t0 29.0)
range)

Months of previous data, 61 (37 to 95) 61 (37 to 94) 66 (40 to 102) 67 (40 to 102) 68 (39 to 102) 69 (39 to 102)
median (interquartile
range)

Comorbidities, No. (%)
Diabetes mellitus 431 (4.1) 2028 (4.1) 424 (8.3 1553 (6.3) 254 (7.8) 1021 (6.6)
Ischemic heart disease 546 (5.2) 2793 (5.6) 683 (13.4) 3092 (12.6) 404 (12.4) 2057 (13.2)
Rheumatoid arthritis 131 (1.2) 745 (1.5) 40 (0.8 339 (1.4) 39(1.2) 213 (1.4)
Hypertension 2292 (21.8) 10 520 (21.0) 1452 (28.4) 6877 (28.1) 927 (28.5) 4080 (26.2)

Use of medications, No. (%)
NSAIDs 1273 (12.1) 5832 (11.6) 562 (11.0) 2916 (11.9) 362 (11.1) 1934 (12.4)
Aspirin 1270 (12.1) 5830 (11.6) 1139 (22.3) 5295 (21.6) 667 (20.5) 3342 (21.5)
Cyclooxygenase 2 591 (5.6) 2442 (4.9) 240 (4.7) 1075 (4.4) 111 (3.4) 681 (4.4)

inhibitors
Statins 573 (5.4) 2855 (5.7) 454 (8.9) 2149 (8.8) 271 (8.3) 1339 (8.6)
Hormone therapy 2458 (23.3) 9940 (19.9) 283 (5.5) 1363 (5.6) 140 (4.3) 765 (4.9)
Oral contraceptives 626 (5.9) 2573 (5.1) 35(0.7) 151 (0.6) 24(0.7) 104 (0.7)
Antidepressant SSRIs 1219 (11.6) 5736 (11.5) 374 (7.3) 1747 (7.1) 195 (6.0) 1095 (7.0)
Antidepressant TCAs 1855 (17.6) 8344 (16.7) 682 (13.4) 3196 (13.1) 367 (11.3) 2034 (13.1)
Antipsychotics 1478 (14.0) 6643 (13.3) 639 (12.5) 2962 (12.1) 334 (10.3) 1806 (11.6)
(continued)

mental health problems were somewhat younger and more
likely to smoke and had lower rates of some comorbidi-
ties than the group with neither mental health problem.

Table 4 gives the ORs for each cancer associated with
schizophrenia and bipolar disorder, unadjusted and ad-
justed for socioeconomic status, smoking, BMI, comor-
bidities, and use of medications. The adjusted analysis
(also shown in the Figure) shows that people with schizo-
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Table 2. Characteristics of Cases and Controls by Cancer Type (cont)

Gastroesophageal Cancer

Prostate Cancer Respiratory Cancer

Townsend score, median
(interquartile range)

-1.05(-3.01102.05) -1.34 (-3.14 10 1.76)

-1.80 (-3.38 10 0.99)

-1.60 (-3.26 0 1.19) -0.01 (-2.48 t0 3.03)

Cases Controls Cases Controls Cases Controls

Characteristic (n = 3854) (n =18477) (n =10190) (n = 48748) (n = 7506) (n =35981)
Sex, No. (%)

M 2503 (64.9) 11 966 (64.8) 10 190 (100) 48 748 (100) 4843 (64.5) 23 156 (64.4)

F 1351 (35.1) 6511 (35.2) 0 0 2663 (35.5) 12 825 (35.6)
Age, me()iian (interquartile 72 (64 to 79) 72 (64 to 79) 73 (67 to 79) 73 (67 to 79) 71 (63 to 78) 71 (6310 77)

range), y
Tov'\\llnse(g/d)score recorded, 3743 (97.1) 17 850 (96.6) 9989 (98.0) 47 222 (96.9) 7305 (97.3) 34729 (96.5)

0. (70

-0.92 (-2.92 t0 2.26)

Sm'\(l)kirzg/ s)tatus recorded, 3251 (84.4) 14 674 (79.4) 8727 (85.6) 38 499 (79.0) 6528 (87.0) 28 965 (80.5)
0. (%
Smokers, No. (%) 1007 (26.1) 3230 (17.5) 1612 (15.8) 8149 (16.7) 3554 (47.3) 6747 (18.8)
BMI recorded, No. (%) 2884 (74.8) 13 008 (70.4) 7893 (77.5) 34 342 (70.4) 5637 (75.1) 25 820 (71.8)
BMI, me;jian (interquartile 25.5 (22.9t0 28.6) 26.0 (23.51028.9) 26.0 (23.910 28.4) 26.1(23.81028.7)  25.0 (22.4t028.1) 26.1 (23.6 t0 29.0)
range
Months of previous data, 69 (42 to 103) 69 (42 to 102) 71 (42 t0 107) 72 (42 to 106) 66 (39 to 100) 65 (39 to 99)
median (interquartile
range)
Comorbidities, No. (%)
Diabetes mellitus 340 (8.8) 1240 (6.7) 750 (7.4) 3835 (7.9) 534 (7.1) 2499 (6.9)
Ischemic heart disease 561 (14.6) 2585 (14.0) 1714 (16.8) 8076 (16.6) 1161 (15.5) 5115 (14.2)
Rheumatoid arthritis 40 (1.0) 264 (1.4) 92 (0.9) 460 (0.9) 143 (1.9) 477 (1.3)
Hypertension 1058 (27.5) 4960 (26.8) 2966 (29.1) 13094 (26.9) 1898 (25.3) 9953 (27.7)
Use of medications, No. (%)
NSAIDs 476 (12.4) 2195 (11.9) 1273 (12.5) 5535 (11.4) 880 (11.7) 4120 (11.5)
Aspirin 919 (23.8) 4160 (22.5) 2730 (26.8) 12510 (25.7) 1980 (26.4) 8204 (22.8)
Cygl?%){genase 2 174 (4.5) 788 (4.3) 472 (4.6) 1935 (4.0) 390 (5.2) 1785 (5.0)
inhibitors
Statins 344 (8.9) 1584 (8.6) 1159 (11.4) 5121 (10.5) 787 (10.5) 3709 (10.3)
Hormone therapy 136 (3.5) 663 (3.6) 0 0 433 (5.8) 1862 (5.2)
Oral contraceptives 24 (0.6) 128 (0.7) 0 0 33(0.4) 167 (0.5)
Antidepressant SSRIs 257 (6.7) 1220 (6.6) 561 (5.5) 2554 (5.2) 703 (9.4) 2674 (7.4)
Antidepressant TCAs 541 (14.0) 2271 (12.3) 1028 (10.1) 4605 (9.4) 1261 (16.8) 4613 (12.8)
Antipsychotics 486 (12.6) 2196 (11.9) 988 (9.7) 4678 (9.6) 940 (12.5) 4236 (11.8)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); NSAIDs, nonsteroidal anti-inflammatory drugs;

SSRIs, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

phrenia had significantly higher risks of breast cancer (ad-
justed OR, 1.52; 95% confidence interval [CI], 1.10-
2.11) and colon cancer (adjusted OR, 2.90; 95% CI, 1.85-
4.57) and a significantly lower risk of respiratory cancer
(adjusted OR, 0.53; 95% CI, 0.34-0.85). There were no
significant differences in their risks of rectal, gastro-
esophageal, or prostate cancer. Patients with bipolar dis-
order had ORs closer to unity for each cancer, and there
were no statistically significant associations after adjust-
ment for confounders.

Restricting the respiratory cancer analysis to lung can-
cer cases and their controls made little difference to the
observed reduction in risk for people with schizophre-
nia (adjusted OR, 0.59; 95% CI, 0.37-0.95). Restricting
the analysis for each cancer to patients with full data on
all confounding variables made no substantial differ-
ence to the adjusted ORs for colon, rectal, gastroesopha-
geal, or prostate cancer. For breast and respiratory can-
cers, the adjusted ORs were closer to unity and the Cls
were wider (breast: OR, 1.28; 95% ClI, 0.84-1.96; respi-
ratory: OR, 0.67; 95% CI, 0.39-1.15).

Overall, 489 of the 710 patients with schizophrenia
(68.9%) had 1 or more prescriptions for antipsychotic
medications at least 12 months before their index date.
Table 5 shows separate ORs for each cancer for pa-
tients with schizophrenia who had or had not been pre-

scribed antipsychotic medications compared with pa-
tients with neither mental health condition, first
unadjusted and then adjusted as described in the “Sta-
tistical Methods” subsection of the “Methods” section.
The 52.2% increase in breast cancer risk found for pa-
tients with schizophrenia overall (after adjustment) was
not substantially different in the subgroups with and with-
out antipsychotic medication use (55.0% and 42.6%, re-
spectively). The almost 3-fold increased risk of colon can-
cer in patients with schizophrenia overall was stronger
(>4-fold) in the subgroup of patients with schizophre-
nia also prescribed antipsychotic medications. The over-
all 46.5% reduced risk of respiratory cancer in patients
with schizophrenia was most marked (85.8%) in the sub-
group not taking antipsychotics. In view of the small num-
bers in some of the subgroup analyses, particularly for
rectal and gastroesophageal cancers, caution is needed
in interpreting these ORs.

BN  COMMENT Sy

This is a very large population-based study to determine
the risks of 6 common cancers (breast, colon, rectal,
gastroesophageal, prostate, and respiratory) in patients
with schizophrenia or bipolar disorder. The key finding
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Table 3. Characteristics of Patients With and Without Schizophrenia or Bipolar Disorder

Patients With Schizophrenia?

Patients With Bipolar Disorder?

Patients With Neither Condition

Townsend score, median
(interquartile range)

1.16 (-1.98 10 4.02) 1.26 (-1.81 t0 4.35) -0.56 (-2.53 t0 3.60)

-0.55 (-2.84 10 2.68) -1.28 (-3.10t0 1.68)

Cases Controls Cases Controls Cases Controls

Characteristic (n=139) (n=571) (n=123) (n = 491) (n=40188) (n = 192 265)
Sex, No. (%)

M 56 (40.3) 289 (50.6) 50 (40.7) 212 (43.2) 22125 (55.1) 105808 (55.0)

F 83 (59.7) 282 (49.4) 73 (59.3) 279 (56.8) 18063 (44.9) 86457 (45.0)
Age, median (interquartile 67 (58 to 74) 68 (59 to 75) 67 (60 to 75) 69 (60 to 76) 70 (61 to 78) 70 (61 to 78)

range), y
Townsend score recorded, 135 (97.1) 554 (97.0) 121 (98.4) 461 (93.9) 39242 (97.6) 185937 (96.7)

No. (%)

-1.38 (-3.16 to 1.55)

Smoking status recorded, 120 (86.3) 436 (76.4) 107 (87.0) 418 (85.1) 34159 (85.0) 153574 (79.9)
No. (%)

Smokers, No. (%) 59 (42.4) 185 (32.4) 56 (45.5) 135 (27.5) 9603 (23.9) 34101 (17.7)

BMI recorded, No. (%) 103 (74.1) 372 (65.1) 99 (80.5) 379 (77.2) 30558 (76.0) 137545 (71.5)

BMI, median (interquartile  26.5(23.3t030.8) 26.0(23.01029.9) 251 (22.11029.1) 26.3(23.1t1029.8) 257 (23.1t028.7) 25.9 (23.4t0 28.9)
range)

Months of previous data, 60 (40 to 93) 58 (35 to 88) 61 (37 to 96) 59 (35 to 98) 67 (39 to 101) 67 (39 to 101)
median (interquartile
range)

Comorbidities, No. (%)
Diabetes mellitus 9 (6.5) 47 (8.2) 10 (8.1) 45(9.2) 2715 (6.8) 12089 (6.3)
Ischemic heart disease 10 (7.2) 47 (8.2) 15(12.2) 79 (16.1) 5045 (12.6) 23598 (12.3)
Rheumatoid arthritis 3(2.2) 2(0.4) 1(0.8) 6(1.2) 481 (1.2) 2490 (1.3)
Hypertension 26 (18.7) 94 (16.5) 28 (22.8) 90 (18.3) 10543 (26.2) 49300 (25.6)

Use of medications, No. (%)
NSAIDs 17 (12.2) 25 (4.4) 15(12.2) 58 (11.8) 4795 (11.9) 22452 (11.7)
Aspirin 23 (16.5) 97 (17.0) 29 (23.6) 107 (21.8) 8655 (21.5) 39144 (20.4)
Cyclooxygenase 2 5(3.6) 15 (2.6) 12 (9.8) 23 (4.7) 1961 (4.9) 8671 (4.5)

inhibitors

Statins 7(5.0) 31 (5.4) 12 (9.8) 41 (8.4) 3570 (8.9) 16688 (8.7)
Hormone therapy 11(7.9) 22 (3.9) 24 (19.5) 72 (14.7) 3419 (8.5) 14511 (7.5)
Oral contraceptives 0 2(0.4) 1(0.8) 6(1.2) 744 (1.9) 3120 (1.6)
Antidepressant SSRIs 29 (20.9) 100 (17.5) 57 (46.3) 151 (30.8) 3226 (8.0) 14783 (7.7)
Antidepressant TCAs 39 (28.1) 114 (20.0) 54 (43.9) 241 (49.1) 5645 (14.0) 24725 (12.9)
Antipsychotics 110 (79.1) 379 (66.4) 65 (52.8) 253 (51.5) 4698 (11.7) 21918 (11.4)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); NSAIDs, nonsteroidal anti-inflammatory drugs;

SSRls, selective serotonin reuptake inhibitors; TCAs, tricyclic antidepressants.

2Forty-six patients had both schizophrenia and bipolar disorder and are included in both groups.

in patients with schizophrenia was a 3-fold increased
risk of colon cancer, which was more than 4-fold in
patients also prescribed antipsychotic medications,
despite adjustment for the potential confounding effects
of socioeconomic status, smoking, obesity, comorbidity,
and concurrent use of other medications. This is a
novel and unexpected finding that needs further inves-
tigation. We also found a 52.2% increased risk of breast
cancer, and a 46.5% decreased risk of respiratory cancer
(predominantly lung cancer) after adjustment for the
same variables. Patients with bipolar disorder had simi-
lar cancer risks as people without either mental health
condition after adjustment for the potential confound-
ing variables.

COLON AND RECTAL CANCERS

The most important finding in this study is a marked in-
creased risk of colon cancer in patients with schizophre-
nia. This is a novel finding and one that is in contrast
with previous studies,"®?* which have tended to suggest

no difference in risk of colon cancer in patients with
schizophrenia. The previous UK study by Goldacre et al**
found a nonsignificant rate ratio of 0.72. Their study dif-
fered from this one in a variety of ways, being based on
records of hospital admissions rather than on the pri-
mary care records of the whole population, the refer-
ence cohort being drawn from patients admitted to the
hospital for other conditions, and rates being standard-
ized by age and sex but no adjustment being made for
potential confounding variables. The finding of an al-
most 3-fold increased risk of colon cancer persisted
whether or not the results were adjusted for known risk
factors, including obesity*® and socioeconomic status,**
and for use of hormone therapy or oral contraceptives,
which might reduce risk.”> We did not adjust for diet,
exercise, or alcohol consumption,? and these factors tend
not to be reliably recorded in electronic medical rec-
ords. We found that the increase in colon cancer was great-
est in patients with schizophrenia prescribed antipsy-
chotic agents. This is in contrast to a recent study?’ that
reported a reduction in risk associated with these drugs,
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Table 4. 0dds Ratios for Risk of Each Cancer Associated With Schizophrenia and Bipolar Disorder?
Participants, No. (%) 0dds Ratio (95% CI)®
Cases Controls I Unadjusted Adjusted

Breast cancer n=10535 n=50074

Neither mental health problem 10444 (99.14) 49767 (99.39) 1 [Reference] 1 [Reference]

Schizophrenia 49 (0.47) 153 (0.31) 1.50 (1.08-2.07) 1.52 (1.10-2.11)

Bipolar disorder 44 (0.42) 164 (0.33) 1.25 (0.89-1.76) 1.21 (0.86-1.71)
Colon cancer n=5108 n=24458

Neither mental health problem 5064 (99.14) 24 352 (99.57) 1 [Reference] 1 [Reference]

Schizophrenia 32 (0.63) 51 (0.21) 2.85 (1.82-4.45) 2.90 (1.85-4.57)

Bipolar disorder 13 (0.25) 58 (0.24) 0.97 (0.52-1.79) 0.95 (0.51-1.76)
Rectal cancer n =23248 n=15552

Neither mental health problem 3234 (99.57) 15472 (99.49) 1 [Reference] 1 [Reference]

Schizophrenia 8 (0.25) 50 (0.32) 0.77 (0.36-1.63) 0.78 (0.36-1.66)

Bipolar disorder 6(0.18) 32 (0.21) 0.91 (0.37-2.24) 0.99 (0.40-2.43)
Gastroesophageal cancer n = 3854 n=18477

Neither mental health problem 3833 (99.46) 18 388 (99.52) 1 [Reference] 1 [Reference]

Schizophrenia 14 (0.36) 53 (0.29) 1.25 (0.69-2.27) 1.06 (0.58-1.93)

Bipolar disorder 9(0.23) 41(0.22) 1.05 (0.50-2.17) 0.98 (0.47-2.05)
Prostate cancer n=10190 n=48748

Neither mental health problem 10 162 (99.73) 48 547 (99.59) 1 [Reference] 1 [Reference]

Schizophrenia 13(0.13) 116 (0.24) 0.54 (0.30-0.95) 0.59 (0.33-1.05)

Bipolar disorder 16 (0.16) 93 (0.19) 0.86 (0.50-1.47) 0.87 (0.51-1.49)
Respiratory cancer n =7506 n=235981

Neither mental health problem 7451 (99.27) 35739 (99.33) 1 [Reference] 1 [Reference]

Schizophrenia 23 (0.31) 148 (0.41) 0.71 (0.46-1.11) 0.53 (0.34-0.85)

Bipolar disorder 35 (0.47) 103 (0.29) 1.68 (1.13-2.48) 1.21 (0.79-1.85)

Abbreviation: Cl, confidence interval.

2\lental health categories do not sum to overall totals because 46 patients had both schizophrenia and bipolar disorder and are included in both groups.

b All models are adjusted for smoking, obesity, socioeconomic status, diabetes mellitus, hypertension, ischemic heart disease, rheumatoid arthritis, and use of
nonsteroidal anti-inflammatory drugs, cyclooxygenase 2 inhibitors, aspirin, statins, selective serotonin reuptake inhibitors, tricyclic antidepressants, and
antipsychotics. In addition, the breast, colon, and rectal cancer models are adjusted for use of hormone therapy and oral contraceptives.

although this was found in a wider population, of whom
only 6% had schizophrenia.

For rectal cancer, which has few established risk fac-
tors, we found no significant increase or decrease in risk
for patients with severe mental illness, in contrast to other
studies,*®*? which demonstrate a decrease in risk, but our
numbers in these subgroups were small.

BREAST CANCER

We found a marginal 52.2% increase in risk of breast can-
cer in women with schizophrenia. This is consistent with
some**®* but not all studies, which have generally found
no difference®®*** or areduction in risk.? There have been
suggestions that an increase in risk of breast cancer could
be mediated by a prolactin-releasing effect of neurolep-
tic medications,* but a recent study did not confirm this,*
and we found only a marginal association with medica-
tion. We adjusted for some risk factors that could con-
found the relationship between schizophrenia and can-
cer risk, including obesity*? and use of oral contraceptives
or hormone therapy.**2* However, we did not adjust for
the observed lower parity in women with schizophre-
nia,* which tends to be associated with an increased risk
of breast cancer. In other words, it is possible that the
marginal increased risk of breast cancer demonstrated in
this study is due to residual confounding by lower par-
ity rather than a true increase in risk.

4501
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Figure. Adjusted odds ratios (ORs) for each cancer for patients with
schizophrenia (S) and bipolar disorder (B) compared with patients without
mental health problems. Error bars represent 95% confidence intervals.

RESPIRATORY CANCER

Some previous studies have reported a higher incidence
or mortality due to respiratory cancer,®®!° but others re-
port a lower risk consistent with the present findings*’
or a nonsignificant difference.”** Smoking is a major risk
factor for lung cancer and is more prevalent in people
with schizophrenia,'? making it a potential source of sub-
stantial confounding in these studies; it was adjusted for
in the present analysis. The largely institutionalized life
of many people with schizophrenia could protect them
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Table 5. 0dds Ratios for Risk of Each Cancer in Patients With Schizophrenia With and Without Antipsychotic Medication Use
Participants, No. (%) Odds Ratio (95% Cl)
Cases Controls Unadjusted Adjusted?

Breast cancer n=10535 n=50074

Neither mental health problem 10444 (99.14) 49767 (99.39) 1 [Reference] 1 [Reference]

Schizophrenia without medication 9(0.09) 31 (0.06) 1.34 (0.64-2.83) 1.43 (0.68-3.01)

Schizophrenia with medication 40 (0.38) 122 (0.24) 1.51 (1.05-2.16) 1.55 (1.08-2.23)
Colon cancer n=5108 n=24458

Neither mental health problem 5064 (99.14) 24 352 (99.57) 1 [Reference] 1 [Reference]

Schizophrenia without medication 4 (0.08) 19 (0.08) 0.92 (0.31-2.74) 0.97 (0.32-2.91)

Schizophrenia with medication 28 (0.55) 32 (0.13) 4.07 (2.43-6.82) 4.08 (2.43-6.84)
Rectal cancer n = 3248 n=15552

Neither mental health problem 3234 (99.57) 15472 (99.49) 1 [Reference] 1 [Reference]

Schizophrenia without medication 0 20 (0.13) NA NA

Schizophrenia with medication 8 (0.25) 30 (0.19) 1.29 (0.59-2.81) 1.26 (0.58-2.78)
Gastroesophageal cancer n = 3854 n=18477

Neither mental health problem 3833 (99.46) 18388 (99.52) 1 [Reference] 1 [Reference]

Schizophrenia without medication 7(0.18) 24 (0.13) 1.34 (0.57-3.14) 1.07 (0.45-2.53)

Schizophrenia with medication 7(0.18) 29 (0.16) 1.19 (0.52-2.74) 1.07 (0.46-2.49)
Prostate cancer n=10190 n=48748

Neither mental health problem 10162 (99.73) 48547 (99.59) 1 [Reference] 1 [Reference]

Schizophrenia without medication 7(0.07) 47 (0.10) 0.69 (0.31-1.54) 0.75 (0.34-1.68)

Schizophrenia with medication 6 (0.06) 69 (0.14) 0.43 (0.18-0.98) 0.47 (0.20-1.08)
Respiratory cancer n =7506 n=235981

Neither mental health problem 7451 (99.27) 35739 (99.33) 1 [Reference] 1 [Reference]

Schizophrenia without medication 2(0.03) 51 (0.14) 0.18 (0.04-0.76) 0.14 (0.03-0.60)

Schizophrenia with medication 21(0.28) 97 (0.27) 0.98 (0.61-1.58) 0.72 (0.44-1.18)

Abbreviations: Cl, confidence interval; NA, not applicable.

2All models are adjusted for smoking, obesity, socioeconomic status, diabetes mellitus, hypertension, ischemic heart disease, rheumatoid arthritis, bipolar
disorder, and use of nonsteroidal anti-inflammatory drugs, cyclooxygenase 2 inhibitors, aspirin, statins, selective serotonin reuptake inhibitors, and tricyclic
antidepressants. In addition, the breast, colon, and rectal cancer models are adjusted for use of hormone therapy and oral contraceptives.

from some environmental risks, and antipsychotic drugs
have been suggested as being protective, but in this sample
the reduction in risk was greatest in patients not taking
antipsychotic medications. The authors of a recent study*
that found an increased risk of lung cancer associated with
antipsychotic medication suggested residual confound-
ing by smoking. Again, we found that patients with bi-
polar disorder did not share the reduced risk associated
with schizophrenia.

GASTROESOPHAGEAL CANCER

We found no significant difference in risk of gastro-
esophageal cancer in people with schizophrenia, which
is consistent with 2 previous studies.*® Other studies have
reported a higher risk of cancer of the esophagus after
adjusting for age and sex*** and reduced mortality from
gastric cancer.” In the present study, adjustment for po-
tential confounders, including socioeconomic status,**
moved the OR closer to unity, but we did not adjust for
alcohol consumption, which is a strong risk factor for
cancers of the upper digestive tract.”®

PROSTATE CANCER

The adjusted analysis suggests a 40.7% lower risk of pros-
tate cancer in people with schizophrenia, but in view of
the small numbers in these subgroups, this was not a sta-
tistically significant reduction. The magnitude of the as-

sociation is consistent with that of previous studies, which
have shown an approximately 50% lower risk.*® Little
is known about risk factors for prostate cancer, but a pro-
tective effect of neuroleptic medications, particularly phe-
nothiazines, has been suggested*”*’; our subgroup analy-
sis is consistent with this but is based on numbers too
small to reach a firm conclusion. Alternatively, the lower
risk could represent an ascertainment bias if patients with
schizophrenia are less likely to have screening for pros-
tate cancer.

STRENGTHS AND LIMITATIONS
OF THIS STUDY

Aggregated general practice databases, such as
QRESEARCH, have previously been used successfully to
evaluate risk factors for diseases in the population.’**!
The use of routine clinical records and a nested case-
control design gave this study a large and representative
population-based sample, matched cancer cases and con-
trols, no response or recall bias, and a comparison group
with another mental health condition (bipolar disor-
der). Recording of clinical diagnoses was shown to have
good levels of accuracy and completeness in general prac-
tice in the United Kingdom, including malignancy and
psychiatric illness, where the diagnosis is recorded after
specialist investigations and consultations.*** The qual-
ity of the electronic medical record is thought to be high-
est in practices that contribute to primary care data-
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bases.** Advantages of this study in contrast to previous
work are that we adjusted for confounders such as smok-
ing, BMI, and socioeconomic status and for commonly
used medications, including antipsychotics. Informa-
tion on alcohol consumption, diet, exercise, and repro-
ductive history is less reliably recorded and was not in-
cluded. However, in people with bipolar disorder, who
would be expected to share some of the increased risk
attributable to these lifestyle factors, we did not find the
associations with cancer observed in patients with schizo-
phrenia. Even with almost 19 million person-years of ob-
servation, the small number of patients with mental health
problems in some subgroups limited the size of the effect
that could be detected.

It is possible that some cancers were undiagnosed in
people with schizophrenia or bipolar disorder, perhaps
owing to underreporting of physical problems or lack of
participation in screening programs. However, such a mis-
classification of outcomes would tend to bias the OR
downward rather than generating spuriously positive find-
ings, such as the increased risk of colon cancer in pa-
tients with schizophrenia. By excluding diagnoses of
schizophrenia or bipolar disorder made in the 12 months
preceding the diagnosis of cancer, we minimized the pos-
sibility that apparent psychiatric symptoms were a mani-
festation of the cancer.

IMPLICATIONS FOR RESEARCH
AND CLINICAL PRACTICE

The possible association between schizophrenia and in-
creased risk of colon and breast cancers is of practical
and theoretical importance not only in terms of the or-
ganization of services (such as screening) but also in the
understanding of the etiology of disease. Given the study
design, it is not possible to eliminate the possibility of
residual confounding by such factors as alcohol con-
sumption, diet, and reproductive history. However, in
people with bipolar disorder, who would be expected to
share some of the increased risk attributable to lifestyle,
we did not find higher rates of breast or colon cancer.

In particular, the increased risk of colon cancer dem-
onstrated in this study, which was greatest for those tak-
ing antipsychotic medications, is a novel and unex-
pected finding. The magnitude of the risk and the degree
of statistical significance does not rule out a chance find-
ing, although it does make it unlikely. The finding of a
lower risk of respiratory cancer, particularly in those who
were not taking antipsychotic drugs, argues for an in-
trinsic protection associated with schizophrenia rather
than the previously suggested effect of medication. Fur-
ther research is needed to confirm or refute these find-
ings using an independent data source with a more de-
tailed analysis of individual drugs, including a comparison
of the older class of antipsychotics with the newer atypi-
cal agents.

The higher rate of some common cancers in people
with schizophrenia emphasizes the need for proactive
monitoring of their physical health, which has previ-
ously been highlighted.* Factors such as obesity, smok-
ing, and high alcohol consumption are more prevalent
in this group'*"® and increase the risk not only of cancer

but of many other conditions, including diabetes melli-
tus and cardiac disease. Antipsychotic medications dif-
fer in the extent to which they increase the risk of obe-
sity and other conditions.**” If there is an inherently
higher risk of some cancers in people with schizophre-
nia, it is particularly important to minimize any addi-
tional risks associated with lifestyle or prescribed medi-
cations.
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of people with diabetes

Background

People with mental health problems are more likely to die
prematurely than the general population but no study has
examined this in individuals with diabetes.

Aims
To compare survival rates in people with diabetes with and
without schizophrenia or bipolar disorder.

Method

A total of 43992 people with diabetes were drawn from the
QRESEARCH database population of over 9 million patients.
Survival rates during the study period, between 1 April 2000
and 1 April 2005, and hazard ratios for deaths associated
with schizophrenia and bipolar disorder were adjusted by
age and gender and additionally for socioeconomic status,
obesity, smoking and use of statins.

Results

Among the participants, we identified 257 people diagnosed
with schizophrenia, 159 with bipolar disorder and 14 with
both conditions. Although crude survival rates did not show

Effects of severe mental illness on survival

Yana Vinogradova, Carol Coupland, Julia Hippisley-Cox, Sean Whyte and Catherine Penny

significant differences between the groups during the study
period, people with schizophrenia or bipolar disorder and
diabetes, compared with those with diabetes alone, had a
significantly increased risk of death after adjusting for age
and gender, with hazard ratios for schizophrenia of 1.84 (95%
Cl 1.42-2.40) and for bipolar disorder of 1.51 (95% CI 1.10-
2.07). After adjusting for the other factors, hazard ratios were
1.52 (95 CI 1.17-1.97) for schizophrenia and 1.47 (95% ClI
1.07-2.02) for bipolar disorder.

conclusions

People with schizophrenia or bipolar disorder in addition to
diabetes have a relatively higher mortality rate. This suggests
that diabetes either progresses more rapidly or is more
poorly controlled in these individuals, or that they have
higher levels of comorbidity and so are more likely to die of
other causes.

Declaration of interest
None.

People with mental disorders are considerably more likely to die
prematurely than the general population. In a systematic review,
Harris & Barraclough' found that the mortality rate remained
higher in individuals with mental disorders when deaths from
unnatural causes (suicide and violent death) were excluded. In
people with schizophrenia, the standardised mortality ratio
(SMR) for all natural causes was 137% (95% CI 134-141%)
compared with 100% for a general population of similar age
and gender, accounting for 62% of the excess deaths from all
causes. Most excess deaths were from infectious, respiratory and
digestive system disorders, but deaths from endocrine, circulatory
and genitourinary system disorders also had significantly raised
SMRs. The SMR for endocrine system disorders, including
diabetes, was 238% (95% CI 114-438%). In people with bipolar
disorder, the SMR for all natural causes was 150% (95% CI
137-164%), although only deaths from circulatory and respiratory
system disorders had significantly raised SMRs.

A subsequent study2 found an SMR of 260 (95% CI 219-306)
for all natural causes in people with schizophrenia, mainly as
a result of diseases of the circulatory, digestive, endocrine, nervous
and respiratory systems, with an SMR of 801 (95% CI 322-1651)
for endocrine system disorders. Studies from two states in the
USA> found the life expectancy of people with severe mental
illness to be about 9 years lower than that of the general
population.

The association between severe mental illness and diabetes is
now widely recognised. A consensus meeting in 2003 concluded
that the overall risk of type 2 diabetes in people with
schizophrenia is between two and four times that of the general
population, with a prevalence of approximately 15-18%, and that
impaired glucose tolerance may affect up to 30% of people with

schizophrenia.” Similar findings have been reported in people with
bipolar disorder.®

A study in the USA examined the impact of diabetes on
mortality in 197 individuals with co-occurring psychotic and
substance use disorders participating in a randomised controlled
study of integrated mental health and substance misuse treatment.
The study found that participants with evidence of diabetes were
significantly more likely to die during follow-up than participants
without evidence of diabetes.” However, no study has yet
demonstrated this in a naturalistic population sample. This study
examines mortality rates in a cohort of people with diabetes,
comparing those with and without schizophrenia and bipolar
disorder. It tests the hypothesis that having one of these mental
illnesses increases the risk of premature death in individuals with
diabetes in a large and representative primary care population
sample.

Method

Participants

The study used the QRESEARCH database version 8 (www.
qresearch.org/), which is derived from the computerised health
records of general practices using the Egton Medical
Information System (EMIS) medical record computer system
(Egton Medical Information Systems Limited, Leeds, UK). The
full database at the time of the study contained aggregated data
on more than 9 million patients from 525 representative general
practices across the UK and includes information on patient
demographics, diagnoses, clinical values, laboratory investigations,
prescriptions, consultations and referrals. The database has been



validated by comparing birth and death rates, consultation rates
and prevalence and mortality rates with other data sources,® and
has demonstrated good levels of completeness and consistency.’

Inclusion criteria

QRESEARCH practices were eligible for inclusion in the study if
their current EMIS computer system was installed before 1 April
1999 and they had complete data from then until 1 April 2005.
Individuals from these practices were included if they: had a
diagnosis of diabetes recorded between 1 January 1990 and 1 April
2000; were alive and registered with an eligible practice on 1 April
2000 (the study entry date for these analyses); had been registered
with an eligible practice for at least the previous 12 months; were
25 years or older on 1 April 2000; and were not registered as a
temporary resident.

Diagnoses

Individuals’ diagnoses for diabetes, schizophrenia and bipolar
disorder were determined using the standard computer codes
(Read codes) for general practice in the UK. These codes are
entered by general practitioners (GPs) when they make their
clinical records of a consultation. A full list of codes, developed
in consultation with GPs with an interest in the field, is available
from the authors. Diagnoses were included whether they were
coded as active or inactive, current or past, because the ‘inactive’
and ‘past’ codes were not reliably or consistently used by those
entering data.

Type 1 and type 2 diabetes were recorded and analysed
together, because the recording of diabetes in primary care does
not always distinguish between types. Smoking status and obesity
were defined according to the last recorded status of the individual
prior to 1 April 2000. Diagnoses of schizophrenia and bipolar
disorder were defined if they were recorded before 1 April 2000.
Data on deaths from all causes between 1 April 2000 and 1 April
2005 were extracted from the records.

Primary outcomes and analysis

The overall survival rates for people with diabetes were
determined, comparing those with and without schizophrenia
and those with and without bipolar disorder. Where people had
diagnoses of schizophrenia and bipolar disorder, they contributed
to the analyses of both groups. The date of diagnosis of diabetes
was used as the time origin in all analyses, with 1 April 2000
defined as the delayed entry date. The proportions of people alive
5 and 10 years after being diagnosed with diabetes were also
determined for each population subgroup using Kaplan—Meier
estimators and the differences between the groups were assessed
with the log-rank test.

To estimate the risk of death in individuals with each mental
disorder compared with those without, a Cox regression survival
analysis was performed adjusted for age at diagnosis of diabetes
(in years) and gender, and further for smoking status (smoker,
non-smoker, not recorded) and body mass index (<25 kg/mz,
25-29 kg/mz, =30 kg/rnz; not recorded). As it has been shown
that people with schizophrenia and bipolar disorders are
prescribed statins less often than the rest of the population,'
use of statins was included. The analysis was also adjusted for
Townsend deprivation score (in fifths, with higher values
indicating greater deprivation), which is based on 2001 post-
code-related census data, reflecting unemployment, overcrowding,
lack of home ownership and lack of car ownership, and is
associated with mortality in the general population.'' In an
additional analysis we also adjusted for antipsychotic use. The
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baseline characteristics of people with each mental disorder were
compared with those without mental illness using Student’s ¢-test
or the chi-squared test depending on the distribution of the
characteristic. All analyses were conducted in STATA version 10
for Windows.

Results

A total of 43992 people with diabetes from 372 practices met all
the inclusion criteria for the analysis. At those practices, there were
a total of 1896944 patients aged 25 or over on the study entry
date who had been permanently registered for at least 12 months,
giving a prevalence of diabetes in those aged 25 and over of 2.3%.
Of the 43 992 people with diabetes, 257 (0.58%) had a diagnosis of
schizophrenia, 159 (0.36%) had a diagnosis of bipolar disorder
and 14 were diagnosed with both conditions (these individuals
are also included in the 257 and 159 figures above). These
proportions are broadly comparable with other UK population
surveys.' !

Table 1 and Fig. 1 show the characteristics of the individuals
with schizophrenia, bipolar disorder and with neither condition.
The proportion of women was higher in both mental illness
groups: 55% of individuals with schizophrenia were female and
60% of those with bipolar disorder were female compared with
46% of those with diabetes alone. Participants in both mental
illness groups were less likely to live in rural areas, more likely
to live in deprived areas (Townsend score fifths 4 or 5) and to
smoke, and — for individuals with schizophrenia — to have a higher
body mass index. Individuals in both mental illness groups had a
lower mean systolic blood pressure.

People with schizophrenia were younger at study entry and
when diagnosed with diabetes. In total, 48% were aged 60 years
or older at diagnosis compared with 59% of those without
schizophrenia or bipolar disorder. Use of statins in the 12 months
prior to the study reference date was lower in individuals with
both schizophrenia and diabetes than in the population with
diabetes alone (10% v. 17%).

Survival rates

During the study period, 8698 people died. Of these, 57 had
schizophrenia, 39 had bipolar disorder and 1 had both conditions.
In total, 22% of those with schizophrenia and 25% of those with
bipolar disorder died during follow-up compared with 20% with
diabetes alone.

Table 2 shows 5- and 10-year survival rates for individuals
with diabetes and schizophrenia or bipolar disorder and with
diabetes alone; these are estimates of the proportions of
individuals who are still alive 5 years and 10 years after being
diagnosed with diabetes. Although people with these mental
health problems had lower survival rates than individuals with
diabetes alone, the differences in the survival rates were
not statistically significant for either schizophrenia or bipolar
disorder.

Hazard ratios

Table 3 presents the hazard ratios for dying in those with diabetes,
comparing individuals with and without schizophrenia and
bipolar disorder. The adjusted hazard ratios show the risks taking
into account the differences in age and gender and also the
differences in deprivation, obesity, smoking habits and use of
statins between the groups. Whereas the unadjusted hazard ratios
do not reach statistical significance, the adjusted hazard ratios are
significantly increased for people with schizophrenia and those
with bipolar disorder compared with those with diabetes alone.
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Table 1 Characteristics of individuals with diabetes: numbers (%) and means (s.d.) in the groups with schizophrenia and bipolar

disorder and without these mental illnesses

With schizophrenia With bipolar disorder No schizophrenia or bipolar disorder
(n=257) (n=159) (n=43589)

Female, n (%) 141 (54.9)* 96 (60.4)* 19854 (45.5)
Male, n (%) 116 (45.1)* 63 (39.6)* 23736 (54.5)
Age on 1 April 2000, years: mean (s.d.) 60.9 (12.5)* 64.5 (13.0) 65.2 (13.8)
Body mass index, kg/m? mean (s.d.) 29.8 (6.4)* 30.0 (6.2) 29.0 (5.8)
Systolic blood pressure, mmHg: mean (s.d.) 138.4 (21.0)* 139.2 (19. 3) 144.8 (20.1)
Diastolic blood pressure, mmHg: mean (s.d.) 80.9 (11.3) 80.5 (9.1 81.2 (10.1)
Age at diagnosis of diabetes *

Age, years: mean (s.d.) 57.2 (12.6)* 60.4 (13.1) 61.1 (13.9)

Under 50 years, n (%) 67 (26.1) 30 (18.9) 8563 (19.6)

50-59 years, n (%) 68 (26.5) 34 (21.4) 9566 (21.9)

60-69 years, n (%) 2 (31.9) 58 (36.5) 12666 (29.1)

70 years plus, n (%) 40 (15.6) 37 (23.3) 12795 (29.4)
Townsend score: fifths, n (%) * *

1 (least deprived) 19 (7.4) 20 (12.6) 7927 (18.2)

2 26 (10.1) 21 (13.2) 7853 (18.0)

3 34 (13.2) 22 (13.8) 8342 (19.1)

4 49 (19.1) 40 (25.2) 8477 (19.4)

5 (most deprived) 120 (46.7) 45 (28.3) 8969 (20.6)

Lives in rural area 2 (20.2)* 37 (23.3)* 15165 (34.8)
Smoking status, n (%) * *

Smoker 84 (32.7) 46 (28.9) 7054 (16.2)

Non-smoker 132 (51.4) 103 (64.8) 32739 (75.1)

Not recorded 41 (16.0) 10 (6.3) 3796 (8.7)
Medication, n (%)

On antipsychotics prior to study period 168 (65.4)* 68 (42.8)* 4925 (11.3)

On statins prior to study period 26 (10.1)* 24 (15.1) 7561 (17.3)
Died during study period, n (%) 57 (22.2) 39 (24.5) 8603 (19.7)
*Significantly different from the group without mental illness, P<0.01.
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Fig. 1 Proportion of individuals with basic characteristics.

a. Age 60 or older at diagnosis of diabetes.
b. Deprived areas with Townsend score fifths of 4 and 5.

Deprived areas®

W Schizophrenia
[@ Bipolar disorder
[0 No schizophrenia or bipolar disorder

Females Smokers

The adjusted hazard ratios were 1.52 (95 CI 1.17-1.97) for
schizophrenia and 1.47 (95% CI 1.07— 2.02) for bipolar disorder.
After additional adjustment for overall use of antipsychotics, the
effects of schizophrenia and bipolar disorders on mortality were
diminished but remained statistically significant (adjusted odds

ratios 1.38, 95% 95%CI 1.03-1.94
respectively).

Figure 2 shows the estimated survival proportions of over a
number of years based on a diagnosis of diabetes at 60 years of

age. The estimates were based on the model where only gender

CI 1.06-1.80 and 1.41,
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Table 2 Crude survival rates (95% ClI) after diagnosis of diabetes

% (95% ClI)
With schizophrenia With bipolar disorder No schizophrenia or bipolar disorder
(n=257) (n=159) (n=43589)
Crude survival rates at 5 years after diabetes diagnosis 79 (69-87) 91 (80-96) 82 (81-83)
Crude survival rates at 10 years after diabetes diagnosis 63 (53-71) 60 (49-70) 65 (64-67)

Table 3 Hazard ratios (95% ClI) for mortality during follow-up for people with schizophrenia and bipolar disorder between

1 January 2000 and 1 April 2005
Hazard ratios (95% Cl)

Unadjusted Adjusted for age® and gender  Adjusted for all factors®
Individuals without schizophrenia or bipolar disorder 1.00 1.00 1.00
Individuals with schizophrenia 1.21 (0.93-1.57) 1.84 (1.42-2.40) 1.52 (1.17-1.97)
Individuals with bipolar disorder 1.30 (0.95-1.78) 1.51 (1.10-2.07) 1.47 (1.07-2.02)

a. Age at diagnosis of diabetes.
b. Adjusted for age at diagnosis of diabetes, gender, smoking status, deprivation, obesity, use of statins.

and age were taken into account (Table 3). Survival rates were (@
lowest for the people with schizophrenia, then for the group with 100
bipolar disorder and were highest for those without these mental
health problems. 90
80
Discussion
° 70
Findings o
: : : 14-16 g 60 -
In line with previous research, these results show that people ]
with diabetes who also had schizophrenia or bipolar disorder, 2 5o
were more likely to live in more deprived areas, to be smokers e
and to be female than those who did not have these disorders. 40 -
Individuals with schizophrenia or bipolar disorder had a lower —— No schizophrenia or bipolar disorder
mean systolic blood pressure, which could be explained by the 30 - — — Bipolar disorder
younger age and higher proportion of women.'” People with —— Schizophrenia
schizophrenia were also younger at diagnosis of diabetes and 20
had a higher body mass index. (') T {'5 T 1'0 T 1'5
An analysis of Kaplan—-Meier estimates of survival rates Years since diagnosis of diabetes
showed no significant differences between those with and without
the mental disorders. However, people with schizophrenia were )
younger and those in both groups were more likely to be female 100
so, after adjusting for age and gender, individuals with diabetes
and schizophrenia or bipolar disorder had a significantly increased 90
risk of death compared with those with diabetes alone. Adjusting
for additional confounding variables (smoking status, deprivation, 80
obesity, use of statins) slightly reduced the risk of death in people
with schizophrenia and diabetes, but it still remained 50% higher o 70 1
(the adjusted hazard ratio was 1.5) than for those with diabetes %
alone. The risk of death for people with bipolar disorder adjusted T 607
for age and gender was 50% higher than for those without these =
mental health problems and changed very little after adjusting @ 0
for the other confounders. 10 -
We have shown that people with diabetes and schizophrenia —— No schizophrenia or bipolar disorder
or bipolar disorder have higher mortality rates than individuals 30 S _
. . . . Bipolar disorder
with diabetes alone. There are several possible explanations
for this difference. In people with schizophrenia or bipolar 0  — Schizophrenia

disorder, diabetes may progress more rapidly, it may be more T T

poorly controlled, or these individuals may have more 0 Years sinie diagnosis 10(]2 diabetes 15

comorbid physical illnesses and therefore be more likely to

die of other causes. Fig. 2 Estimated survival rates in (a) women and (b) men with
In the UK, it seems unlikely that people with schizophrenia or diabetes at 60 years of age.

bipolar disorder now have more poorly controlled diabetes. A
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recent study was conducted as part of the same Disability Rights
Commission project'® as this study and used a similar sample
derived from the same database. It found that, since the
introduction of the new General Medical Services contract for
general practitioners on 1 April 2004, diabetes care in the UK
has been as good for people with schizophrenia or bipolar
disorder as for those without and, in particular, that they had
as good or better glucose control as measured by HbA,. The
new contract was, however, introduced towards the end of
the period from which data for this study was collected so it
is possible that prior to its introduction diabetes care was worse
for those with schizophrenia or bipolar disorder, partly or
wholly accounting for the difference in mortality seen in this
study.

It seems more likely that the increased mortality rate is related
to greater rates of comorbid physical illnesses in individuals with
schizophrenia and bipolar disorder. This has been found in other
studies"'® and, in relation to chronic obstructive pulmonary
disease, stroke, coronary heart disease and certain cancers, in some
studies associated with the Disability Rights Commission
project.'®"?

Limitations

This study only included people who were registered with a GP, so
it cannot comment on people who do not access primary care and
who may have different rates of diabetes, schizophrenia or bipolar
disorder. These include some prisoners and people with
schizophrenia or bipolar disorder known to a community mental
health team but not to primary care services. It also cannot
comment on people who have diabetes, schizophrenia or bipolar
disorder, but who have not been diagnosed as such. There are,
for example, an estimated 600000 people in the UK with
undiagnosed diabetes."

A greater concern is that because people with schizophrenia
and bipolar disorder have a shorter life expectancy, on average
more of them might have died before being included in the study
than might those with diabetes alone. It is, therefore, possible that
the survivors are not typical of the whole population with
schizophrenia or bipolar disorder.

The survival analyses were based on all-cause mortality rather
than deaths attributed to diabetes. This avoids inaccuracy as a
result of the known unreliability of recorded causes of death,
but prevents differentiation between a diabetes-related cause of
increased mortality and increased mortality due to comorbidity.
A high proportion of the people with mental disorders in this
study were prescribed antipsychotic drugs and it is possible that
these might have increased or decreased their survival rates
depending on the type of drug and its duration of use, as shown
in a study of mortality in people with schizophrenia.*® However,
we did not carry out a detailed analysis according to type of
antipsychotic drug prescribed, dose or duration of use as this
was not within the scope of this study, but, adjusting for the
overall use of antipsychotics in the survival analysis did not
explain the increased mortality in the groups with bipolar disorder
or schizophrenia.

These findings demonstrate the importance of good-quality
diabetes care for people with schizophrenia or bipolar disorder.
Individuals with schizophrenia or bipolar disorder have both an
increased prevalence of diabetes and lower survival rates after
diabetes is diagnosed. Diagnosing and treating people with
schizophrenia or bipolar disorder proactively and ensuring that
they take advantage of the healthcare available to them is necessary
to reduce the inequality in outcomes between those with and
without these mental illnesses.
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