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Use of bisphosphonates among women and risk of atrial
fibrillation and flutter: population based case-control study

Henrik Toft Sørensen,1 Steffen Christensen,1 Frank Mehnert,1 Lars Pedersen,1 Roland D Chapurlat,2

Steven R Cummings,3 John A Baron4

ABSTRACT

Objective To assess the association between atrial

fibrillation and flutter and use of bisphosphonates for

osteoporosis among women.

Design Population based case-control study, using

medical databases from Denmark.

Setting Northern Denmark.

Participants 13586 patients with atrial fibrillation and

flutter and 68054 population controls, all with complete

hospital and prescription history.

Main outcome measure Adjusted relative risk of atrial

fibrillation and flutter.

Results 435 cases (3.2%) and 1958 population controls

(2.9%) were current users of bisphosphonates for

osteoporosis. Etidronate and alendronate were used with

almost the same frequency among cases and controls. The

adjusted relative risk of current use of bisphosphonates

comparedwith non-usewas 0.95 (95%confidence interval

0.84 to 1.07). New users had a relative risk of 0.75 (0.49 to

1.16), broadly similar to the estimate for continuing users

(relative risk 0.96, 95% confidence interval 0.85 to 1.09).

The relative risk estimates were independent of number of

prescriptions and the position of the atrial fibrillation and

flutter diagnosis in the discharge record, and were similar

for inpatients and outpatients.

Conclusion No evidence was found that use of

bisphosphonates increases the risk of atrial fibrillation

and flutter.

INTRODUCTION

Bisphosphonates are widely used to treat osteoporosis
after the menopause.1 Recently an international trial
reported that the bisphosphonate zoledronic acid
substantially reduced the risk of fractures2 but unex-
pectedly was associated with serious atrial fibrillation.2

A reanalysis of an earlier placebo controlled clinical
trial of zoledronic acid showed similar rates of atrial
fibrillation in the twogroups,3 but a reanalysis of a third

trial found a trend towards an increased risk of atrial
fibrillation among patients treated with oral alendro-
nate comparedwithplacebo.4We investigatedwhether
bisphosphonates are associated with a risk of atrial
fibrillation and flutter.

METHODS

Wecarried out this population based case-control study
using databases from four northern Danish counties,
withacombinedpopulationof1.7million (about30%of
theDanish population).We used the personal identifier
assigned toeachDanishcitizen5 to linkrecords topeople
across all the Danish medical registries and databases.
Because bisphosphonates are primarily used bywomen
we focused our study on Danish women.

Cases and population controls

To identify incident cases of atrial fibrillation and flutter
we used computerised data from the Danish National
Registry of Patients. For each hospital admission since
1977 (since 1995 for hospital outpatient visits and
emergency room visits) the registry records the civil
registration number of the patient; dates of admission
and discharge; surgical procedures, and up to 20
discharge diagnoses, coded by doctors (international
classification of diseases, eighth revision until the end of
1993 and the 10th revision thereafter).6 7 We searched
the registry for patients with discharge codes for atrial
fibrillation and flutter. These were coded separately in
ICD-8 but together in ICD-10. We therefore studied
atrial fibrillation and atrial flutter as one end point.
Wechose caseswhohada first diagnosis during1999-

2005 because the availability of computerised prescrip-
tion data for people living in the four counties has been
complete since1998. In thiswaywehad at least a yearof
prediagnosis prescription history for all cases.
For each case we used risk set sampling to select five

controlsmatchedon age, sex, and county, and assigned
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an index date identical to the diagnosis date of atrial
fibrillation or flutter for the matched case.8 We
included 68 054 population controls in the study.

Prescription data

Weused thehealthservice’sprescriptiondatabases910 to
identify prescriptions for bisphosphonates filled by
cases and controls before the date of hospital admission
(or outpatient visit), with atrial fibrillation of the cases or
the index date among controls. We defined current use
of bisphosphonates as the filling of at least one
prescription within 90 days before admission for atrial
fibrillation and flutter or the corresponding date for
controls, and former use as the absence of recorded
prescriptions within 90 days before admission or the
indexdateand the fillingof at least oneprescriptionafter
1997 up to 91 days before the diagnosis or index date.10

Never use of bisphosphonates was the reference
category. We defined new users to be women who had
the first recorded prescription three months before the
indexdate and continuingusers tobewomenwithmore
than one recorded prescription.11

Data on potential confounding factors12 were col-
lected fromtheDanishNationalRegistryofPatientsand
the prescription databases. We searched hospital
registry files for discharge or (since 1995) outpatient
records before the index dates containing diagnoses of
cardiovascular disease, diabetes, cancer, pulmonary
disease, liver disease, hyperthyroidism, renal failure,

osteoporosis, and alcoholism (codes available at www.
kea.au.dk/doc/biscodes.pdf). A diagnosis of acute
alcohol intoxication was included in the analysis if it
occurred during the index outpatient visit or admission
to hospital, or index date among controls. As ameasure
of severity of the atrial fibrillation and flutter we also
obtained informationoncardioversionswithinoneyear
after the index date. From the prescription databases
(codes available at www.kea.au.dk/doc/biscodes.pdf),
we ascertained current use of cardiovascular, pulmon-
ary, antithyroid, thyroid, hormone replacement ther-
apy, and oral glucocorticoid drugs12 since these have
been linked to a risk of atrial fibrillation and flutter.

Statistical analysis

We calculated odds ratios and 95% confidence inter-
vals, using conditional logistic regression, as measures
of relative risk. Since we used risk set sampling of
controls, these odds ratios are unbiased estimates of the
corresponding rate ratios.8 In addition we fitted multi-
ple logistic regression models, controlling for other
variables (see bmj.com).We repeated the analysis with
osteoporosis and fractures excluded. We also did an
analysis limited to patients with an inpatient diagnosis
of atrial fibrillation and flutter and their controls as well
an analysis limited to patients who underwent cardio-
version within one year after the first episode of atrial
fibrillation and flutter and their controls.
Finally, we examined the association between

duration of bisphosphonate use and risk of atrial
fibrillation and flutter by assessing the risk of atrial
fibrillation and flutter according to the number of
prescriptions filled after 1997 up to the diagnosis or
index date (no prescriptions, 1-3 prescriptions, 4-9
prescriptions, and ≥10 prescriptions). In the inpatient
analysis we included only patients who had an
outpatient and an inpatient record of atrial fibrillation
and flutter at the same time.

RESULTS

We identified 13 586womenwith atrial fibrillation and
flutter and 68 054 controls; 11 994 patients (88.3%)
were inpatients.A total of 996 (8.3%)hadcardioversion
within oneyear after diagnosis.About 74%of cases and
controls were agedmore than 70 years. Overall, 26.4%
of the cases had a hospital diagnosis of cardiovascular
disease and 81.6% had received a prescription for
cardiovascular drugs compared with 13.4% and 61.4%
among controls (see bmj.com).
Bisphosphonate use was uncommon in both cases

and controls: around 2% were former users and 3%
current users (see bmj.com). The relative risk for
current use of bisphosphonates was 0.95 (95% con-
fidence interval 0.84 to 1.07), and for former use it was
similar (table). If osteoporosis and fractures were
excluded from the regression model the relative risk
estimates were virtually unchanged (adjusted relative
risk 0.96, 95% confidence interval 0.86 to 1.08).
Restriction to cases who underwent cardioversion
showed a similar relative risk estimate (0.84, 0.52 to
1.35). For new and continuing users the relative risks

Crudeandadjustedrelativerisk(95%confidenceintervals) foratrial fibrillationandflutteramong

current and former users of bisphosphonates

Bisphosphonate use

Current 1.10 (0.98 to 1.23) 0.95 (0.84 to 1.07)

Former 1.24 (1.08 to 1.41) 1.04 (0.90 to 1.21)

Never 1 (reference) 1 (reference)

New v continuing use:

New current users 0.90 (0.59 to 1.37) 0.75 (0.49 to 1.16)

Continuing users 1.12 (1.00 to 1.25) 0.96 (0.85 to 1.09)

Never users 1 (reference) 1 (reference)

No of prescriptions for bisphosphonates, current
users

1-3 1.27 (1.06 to 1.52) 1.05 (0.86 to 1.27)

4-9 1.24 (1.07 to 1.43) 1.07 (0.92 to 1.25)

≥10 1.05 (0.93 to 1.19) 0.90 (0.79 to 1.03)

Stratified on cardiovascular disease††

Previous hospital diagnoses of cardiovascular
disease, bisphosphonate use:

Current 1.25 (0.90 to 1.74) 1.13 (0.78 to 1.64)

Former 1.21 (0.81 to 1.79) 1.07 (0.70 to 1.65)

Never 1 (reference) 1 (reference)

No previous hospital diagnoses of cardiovascular
disease, bisphosphonate use:

Current 1.06 (0.92 to 1.21) 0.93 (0.80 to 1.07)

Former 1.11 (0.94 to 1.32) 0.97 (0.81 to 1.16)

Never 1 (reference) 1 (reference)

*Adjusted for cardiovascular disease; renal failure; diabetes; pulmonary diseases; cancer, liver diseases;

alcoholism; acute alcohol intoxication; hyperthyroidism; osteoporosis; hip or wrist fracture; use of

cardiovascular drugs, antithyroid drugs, hormone replacement therapy, respiratory drug use, use of oral

glucocorticoids.

†Defined as previous hospital diagnosis of cardiovascular disease.
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were 0.75 (0.49 to 1.16) and 0.96 (0.85 to 1.09).
Etidronate and alendronate were used with almost the
same frequency among cases and controls.
The relative risks for current use of bisphosphonates

were similar in patients with and without a previous
hospital diagnosis of cardiovascular disease (table). If
analysis was restricted to patients with an inpatient
diagnosis of atrial fibrillation and flutter only, the
relative risk for current use was almost identical to the
overall result of 0.97 (95% confidence interval 0.86 to
1.09). For an inhospital discharge diagnosis listed first
in the registry record, the relative risk estimatewas 0.92
(0.76 to 1.12). More generally, the relative risks were
independent of the position of atrial fibrillation and
flutter in the discharge record. The adjusted relative
risk did not differ for current users of etidronate (0.94,
0.78 to 1.13) and alendronate (0.96, 0.82 to 1.12).
No association was found between number of

prescriptions and risk of atrial fibrillation and flutter.
The relative risk estimate for 1-3 prescriptionswas 1.05
(95% confidence interval 0.86 to 1.27), for 4-9
prescriptions was 1.07 (0.92 to 1.25), and for 10 or
more prescriptions was 0.90 (0.79 to 1.03).

DISCUSSION

In this large case-control studywe foundnoevidenceof
an increased risk of atrial fibrillation and flutter
associated with use of the bisphosphonates etidronate
and alendronate.
Our data are consistentwith a reanalysis of a placebo

controlled trial of about 15 000 patients followed up for
up to three years. In that study the cumulative
incidence of atrial fibrillation was 1.4% in the placebo
group compared with 1.3% in the 2.5 mg risedronate
group and 1.4% in the 5 mg risedronate group.3

Similarly, in a recent trial of patients with hip fracture,
participants assigned to intravenous zoledronic acid
had a rate of serious atrial fibrillation similar to that in
participants given placebo (14 of 1065 v 12 of 1062).13

In contrast, Black et al reported a significant increase in
the risk of “serious” atrial fibrillation among patients
treated with zoledronic acid,2 and another study
reported a trend towards an increased risk of atrial
fibrillation among patients treated with alendronate.4

The events in Black et al’s trial were uniformly
distributed over the year after treatment. Most events
occurred more than 30 days after infusion, by which

time zoledronic acid is not detectable in the
circulation.2 The mechanisms that might explain such
an association are not clear but it has been suggested
that hypocalcaemia and associated secondary hyper-
parathyroidism might play a part.14

Strength and limitations

The strengths of our study include the population
based design within a free tax healthcare systemwith a
complete hospital prescription history and access to
population controls. This reduces the risk of biases
from referral, diagnosis, and information.6 In addition
our analysis adjusted for themost important risk factors
for atrial fibrillation.12 Although some hospital dis-
charge diagnoses may not be accurate,6 the specificity
of the diagnosis of atrial fibrillation and flutter is
reported to behigh.15 The accuracy ofmost of the other
hospital discharge diagnoses we used in this study is
likewise high.6 The universal provision of health care
reduced the likelihood that our null finding was due to
selection bias or unmeasured confounding; in parti-
cular since osteoporosis and cardiovascular disease
share risk factors such as smoking and obesity, and
evidence is increasing that osteoporosis in itself is a risk
factor for cardiovascular disease in post-menopausal
women.16 As zoledronic acid was not used by out-
patients and risedronate use was limited our results do
not necessary hold for those bisphosphonates.
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Effect of high throughput RHD typing of fetal DNA in
maternal plasma on use of anti-RhD immunoglobulin in RhD
negative pregnant women: prospective feasibility study

Kirstin Finning,1 Pete Martin,1 Joanna Summers,1 Edwin Massey,1 Geoff Poole,2 Geoff Daniels1

ABSTRACT

Objectives To assess the feasibility of applying a high

throughput method, with an automated robotic

technique, for predicting fetal RhD phenotype from fetal

DNA in the plasma of RhD negative pregnant women to

avoid unnecessary treatment with anti-RhD

immunoglobulin.

Design Prospective comparison of fetal RHD genotype

determined from fetal DNA in maternal plasma with the

serologically determined fetal RhD phenotype from cord

blood.

Setting Antenatal clinics and antenatal testing

laboratories in the Midlands and north of England and an

international blood group reference laboratory.

Participants Pregnant women of known gestation

identified as RhD negative by an antenatal testing

laboratory. Samples from 1997 women were taken at or

before the 28 week antenatal visit.

Main outcome measures Detection rate of fetal RhD from

maternal plasma, error rate, false positive rate, and the

odds of being affected given a positive result.

Results Serologically determined RhD phenotypes were

obtained from 1869 cord blood samples. In 95.7%

(n=1788) the correct fetal RhD phenotype was predicted by

the genotyping tests. In 3.4% (n=64) results were either
unobtainable or inconclusive. A false positive result was

obtained in 0.8% (14 samples), probably because of

unexpressed or weakly expressed fetal RHD genes. In only

three samples (0.2%) were false negative results obtained.

If these results had been applied as a guide to treatment,

only 2% of the women would have received anti-RhD

unnecessarily, comparedwith 38%without thegenotyping.

Conclusions High throughput RHD genotyping of fetuses

in all RhD negative women is feasible and would

substantially reduce unnecessary administration of anti-

RhD immunoglobulin to RhD negative pregnant women

with an RhD negative fetus.

INTRODUCTION

In 2002 the National Institute for Health and Clinical
Excellence (NICE) recommended that all RhD nega-
tive pregnant women should be offered anti-RhD
immunoglobulin at 28 and 34weeks’ gestation.1 It also

“endorsed studies into the feasibility of mass testing
antenatally for fetal blood group by analysis of fetal
DNA inmaternal plasma.”1 Benefits would be twofold.
Firstly, a substantial reduction in the use of anti-RhD
immunoglobulin, an expensive blood product in short
supply and, secondly, women with an RhD negative
fetus would be spared unnecessary exposure to this
pooled human blood product. The antigens of the Rh
blood group system are located on two proteins
encoded by two homologous genes, RHD and RHCE.2

The most immunogenic of the Rh antigens, RhD, is
encoded by RHD and the RhD negative phenotype
usually results from homozygosity for a complete
deletion of RHD (see bmj.com for further details).
In 2001 the International Blood Group Reference

Laboratory of the English National Blood Service
introduced fetal RHD genotyping from fetal DNA in
maternal plasma as a service.Maternal plasmahas now
almost replaced fetal cells, obtained by amniocentesis
or chorionic villus sampling, as the source of fetal
DNA. The method currently used routinely for fetal
RHD genotyping is labour intensive and expensive and
therefore not suitable for themass screening of all RhD
negative women. Recent developments in technology
and the introduction of automated robotic techniques
have brought down costs and increased the potential
for higher throughput.
We validated a high throughput RHD fetal genotyp-

ing technique by comparing the results obtained with
the RhD serological phenotype obtained from cord
blood taken at delivery.

METHODS

Blood samples—Anticoagulated blood samples were
chosen for fetal genotyping from any RhD negative
pregnant women attending antenatal clinics that use
the Birmingham and Sheffield centres of the National
Blood Service for routine ABO and RhD blood
grouping and antibody screening. This did not involve
taking additional blood samples to those collected for
routine testing.Theblood sampleswere collectedat the
women’s 28week visit to the antenatal clinic. Ethnicity
was 55%white, 8%Asian, 1.5% black, 0.5%Caribbean
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