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[ Original Research Sleep Disorders ]
Relationship of Bisphosphonate Therapy and
Atrial Fibrillation/Flutter

Outcomes of Sleep Disorders in Older Men (MrOS Sleep) Study

Samir R. Thadani, MD, MEng; Bryan Ristow, MD; Terri Blackwell, MS; Reena Mehra, MD; Katie L. Stone, PhD;
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BACKGROUND: Prior studies suggested an association between bisphosphonates and atrial
fibrillation/flutter (AF) in women. This relationship in men, including those with sleep-
disordered breathing (SDB), remains unclear. This study evaluated the relationship
between bisphosphonate use and prevalent (nocturnal) and incident (clinically relevant)
AF in a population of community-dwelling older men.

METHODS: A total of 2,911 male participants (mean age, 76 years) of the prospective
observational Osteoporotic Fractures in Men Study sleep cohort with overnight in-home
polysomnography (PSG) constituted the analytic cohort. Nocturnal AF from ECGs during
PSG and incident AF events were centrally adjudicated. The association of bisphosphonate
use and AF was examined using multivariable-adjusted logistic regression for prevalent AF
and Cox proportional hazards regression for incident AF.

RESULTS: A total of 123 (4.2%) men were current bisphosphonate users. Prevalent nocturnal
AF was present in 138 participants (4.6%). After multivariable adjustment, there was a sig-
nificant association between current bisphosphonate use and prevalent AF (OR, 2.33; 95% CI,
1.13-4.79). In the subset of men with moderate to severe SDB, this association was even more
pronounced (OR, 3.22; 95% CI, 1.29-8.03). However, the multivariable-adjusted relationship
between bisphosphonate use and incident AF did not reach statistical significance (adjusted
hazard ratio, 1.53; 95% CI, 0.96-2.45).

CONCLUSIONS: These results support an association between bisphosphonate use and prev-
alent nocturnal AF in community-dwelling older men. The data further suggest that those
with moderate to severe SDB may be a particularly vulnerable group susceptible to
bisphosphonate-related AF. Similar associations were not seen for bisphosphonate use and
clinically relevant incident AF. CHEST 2016; 149(5):1173-1180
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Bisphosphonates, commonly used to treat
osteoporosis, have been shown to increase bone
mineral density (BMD) and decrease the risk
of osteoporotic fractures.1-6 However, several
randomized trials and observational studies have
shown an association between bisphosphonate
use and development of atrial fibrillation/
flutter (AF).

These trials and the meta-analyses of these trials
have relied on adverse event reporting, with follow-up
from approximately 2 to 4 years.7-12 Bisphosphonate
use was not related to the occurrence of any AF
event but was, however, related to the occurrence
of serious AF events in some7,12 but not all8,10,11

studies.

The results from observational studies are inconsistent.13-19

Most studies have been retrospective case-control
studies using registry or health-care claims data.
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Some prior studies have been criticized because the
populations were older or had increased comorbid
burden, which can predispose people to developing
AF. Many studies had few AF events. Most studies
have been of women.7,9,10,13,15,18,19 Of those with
male participants,8,11,14,16 only one reported results
by sex.14 These studies lacked a standardized
methodology to assess AF, which could result in
clinically unrecognized AF and misclassification.

Although the relationship between sleep-disordered
breathing (SDB) and AF has been previously
described,20,21 the role of bisphosphonates in
modulating this relationship has not been evaluated. We
hypothesized that in a community-dwelling population
of older men, bisphosphonate use would be associated
with both increased prevalence of nocturnal AF
observed during overnight polysomnography (PSG) and
increased incidence of symptom-based or clinically
relevant AF.
Materials and Methods
Participants

Participants were from the Osteoporotic Fractures in Men Study
(MrOS), a prospective cohort study of 5,994 community-dwelling
men 65 years or older enrolled between 2000 and 2002 at six clinical
centers in the United States. Participants needed to be able to walk
without assistance and must not have had a bilateral hip
replacement.22,23

The MrOS Sleep Study, an ancillary study of the MrOS cohort,
was conducted between December 2003 and March 2005
and recruited 3,135 MrOS participants for a comprehensive
sleep assessment. Men undergoing sleep apnea treatment
(eg, positive airway pressure therapy) or receiving nocturnal
oxygen therapy were excluded. Of the 2,859 men who did not
participate, 349 died before the visit, 39 had terminated the study,
324 were not asked because recruitment goals were met, 150 were
ineligible, and 1,997 refused. The 2,859 men who did not participate
were similar in age, race, and BMI compared with the 3,135 MrOS
Sleep Study participants. Of the 3,135 men, PSG recordings were
available for 2,911. Incident AF was adjudicated in 2,861.

All men provided written informed consent. The study was approved
by the institutional review board at each site. The committee names
and approval numbers are as follows: University of Alabama at
Birmingham Institutional Review Board for Human Use,
F030725004; Human Research Protection Program at the
University of Minnesota, 0307M50161; Stanford University, Protocol
ID, 13647; University of Pittsburgh Institutional Review Board,
IRB980305; Oregon Health & Science University, Institutional
Review Board IRB00001296, CR00020385; University of California,
San Diego Human Research Protections Program, 071795; and
Sutter Health Institutional Review Board, 348922-9.
Prevalent Nocturnal AF

In-home overnight PSG was completed using unattended, portable
units (Safiro; Compumedics Ltd). The data collection method has
been previously described.20 Data quality was excellent, with a failure
rate of < 4% and > 70% of studies graded as being of excellent or
outstanding quality.

ECG-specific software was used to analyze the ECG data collected
during PSG (Somté; Compumedics Ltd). Data were scored as
supraventricular (including AF as a subcategory), ventricular
ectopic, or normal sinus beats. The data were manually reviewed
by a polysomnologist with ECG training, with arbitration by a
board-certified critical care physician (R.M.) for any uncertainty in
event categorization. The intraclass correlation coefficients for this
reviewer and the physician for coding arrhythmia in a random
sample of 20 PSGs were 0.98 to 0.99.21 All PSG recordings
demonstrating nocturnal AF were confirmed by the physician. Any
questionable categorization of arrhythmias was referred to a
cardiologist for further arbitration. Prevalent nocturnal AF was
considered the presence of any duration of AF during sleep
observed during the course of the overnight sleep study
(mean � SD, 5.9 � 1.2 hours).
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Incident AF

Participants were surveyed for potential incident cardiovascular events
by postcard and/or phone contact every 4 months, with a 99% response
rate. Medical records and supporting documentation from any
potential event, including death certificates, were obtained and used
in centralized adjudication. When no medical records were available
for out-of-hospital deaths, proxy interviews with next of kin were
obtained. All documents were adjudicated by a board-certified
cardiologist using a prespecified protocol developed using methods
that had been successfully used for randomized trials and
epidemiologic studies (e-Appendix 1).

Clinically relevant arrhythmia events were defined as those that resulted
in symptoms (fatigue, palpitations, light-headedness, presyncope,
syncope, chest pain, or dyspnea) or an ED visit, hospitalization and/or
prolongation of hospitalization, or invasive procedure directly
attributable to the potential arrhythmia in question. Documentation
required for adjudication of an event included one or more of the
following: emergency medical services notes and/or rhythm strips,
ECG (including stress testing), in-hospital telemetry, ambulatory ECG
(Holter monitor and/or event monitor), pacemaker or defibrillator
telemetry (for patients with a device already implanted), or invasive
cardiac electrophysiology testing results.

Bisphosphonate Use

Participants were asked to bring all medications used within 30 days. If
a participant forgot to bring medications, clinic staff obtained this
information over the telephone or at a return visit. Medications were
entered into an electronic database and were matched to their
ingredient(s) on the basis of the Iowa Drug Information Service
Drug Vocabulary (College of Pharmacy, University of Iowa).24

Bisphosphonate use occurring after the sleep visit was gathered at
four subsequent visits 1.2 � 0.3, 3.4 � 0.5, 5.5 � 0.5, and 6.5 � 0.7
years later. Men were considered previous users of bisphosphonates
if they had not taken a bisphosphonate within 30 days of the sleep
visit but had been classified as a bisphosphonate user in the past.

Other Measurements

At the time of the visit, participants completed questionnaires with
items about demographics, medical history, self-reported health
status, physical activity, smoking, and caffeine and alcohol intake.
Physical activity level was assessed using the Physical Activity Scale
for the Elderly (PASE).25 Caffeine intake was calculated based on
intake of caffeinated coffee, tea, and soda.26
journal.publications.chestnet.org
An examination included measurements of blood pressure, body
weight, and height. BMI was calculated as weight in kilograms
divided by height in meters squared. Femoral neck BMD was
obtained from dual x-ray absorptiometry scans (Hologic). SDB was
measured by means of PSG by using the apnea-hypopnea index
(AHI), with hypopneas defined as reduction in breathing amplitude
at least 30% lower than baseline breathing lasting > 10 seconds and
associated with a $ 3% oxygen desaturation.27

Statistical Analysis
Participant characteristics were compared between current users and
nonusers of bisphosphonates by using c2 tests for categorical
variables, Student t tests for normally distributed continuous
variables, and Wilcoxon rank-sum tests for skewed continuous
variables. The association between current bisphosphonate use and
prevalent nocturnal AF was examined using logistic regression, with
results presented as ORs and 95% CIs.

The association between current bisphosphonate use and incident
AF was examined using Cox proportional hazards regression with
results presented as hazard ratios (HRs) and 95% CIs. Because the
follow-up for incident AF extended across multiple time points at
which medication data were gathered, bisphosphonate use was also
examined as a time-dependent covariate in secondary analyses, with
use updated at each subsequent examination.28,29

Models were unadjusted and then multivariable adjusted. Covariates
included age, race, and clinic site plus those covariates thought to be
clinically relevant (history of cardiovascular disease) or related to
bisphosphonate use at P < .10: BMI, femoral neck BMD,
hypertension, diabetes mellitus, fracture history, use of angiotensin-
converting enzyme inhibitors, and calcium supplementation. Digoxin
use, a common treatment for AF, was not included because it may
be a marker for the outcome. Because SDB was associated with
prevalence of AF in a prior study, we examined the possible
interaction between bisphosphonate use and AHI in secondary
analyses.20 Results were stratified by AHI (< 15, $ 15) where the
interaction was significant. Sensitivity analyses were performed
removing previous bisphosphonate users from the nonuser category,
removing digoxin users, and removing those with a history of AF
from the incident AF models.

Significance levels reported were two-sided. Analyses were conducted
using SAS version 9.4 (SAS Institute Inc).
Results

Overall

Of the 2,911 men in our analysis, 123 (4.2%) were
current bisphosphonate users, and 2,788 (95.8%) were
nonusers. Bisphosphonates used included alendronate
(n ¼ 93), risedronate (n ¼ 25), etidronate (n ¼ 3),
and zoledronate (n ¼ 3). Compared with nonusers,
bisphosphonate users had lower BMI and BMD, were
less likely to have a history of diabetes mellitus, and
were more likely to have a history of fracture or to
have used calcium supplements (Table 1). Rates of
SDB and prior history of AF were similar in both
groups (P $ .19). Digoxin use was related to baseline
AF (P < .001), with 57% of users self-reporting a
history of AF.
Prevalent Nocturnal AF

On nocturnal ECG recordings from PSG, 10 (8.1%)
bisphosphonate users had a prevalent nocturnal
AF event compared with 128 (4.6%) in the nonuser
group (P ¼ .071). Although the unadjusted model
examining the association of current bisphosphonate
use and prevalence of nocturnal AF was not
significant (OR, 1.84; 95% CI, 0.94-3.60), the
multivariable-adjusted model demonstrated a significant
relationship (OR, 2.33; 95% CI, 1.13-4.79) (Table 2).
Results were similar after removing prior
bisphosphonate users (OR, 2.34; 95% CI, 1.13-4.82).
Because prevalent nocturnal AF was seen in 33% of
digoxin users, results were attenuated after excluding
digoxin users (OR, 2.05; 95% CI, 0.82-5.11).
1175
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TABLE 1 ] Baseline Characteristics by Current Bisphosphonate Use

Characteristic Nonusers (n ¼ 2,788) Users (n ¼ 123) P Valuea

Age, y 76.36 � 5.56 76.80 � 4.77 .32

Race, % .82

White 90.8 90.2

Black 3.4 2.4

Asian 2.9 3.3

Other 2.9 4.1

BMI, kg/m2 27.25 � 3.80 25.36 � 3.32 <.001

Femoral neck BMD, g/cm2 0.785 � 0.129 0.683 � 0.104 <.001

Systolic blood pressure, mm Hg 126.90 � 16.37 125.61 � 15.19 .39

Diastolic blood pressure, mm Hg 67.70 � 9.39 67.54 � 10.87 .88

Apnea-hypopnea index $ 15, % 43.4 43.9 .91

Medical history, %

Atrial fibrillation/flutter 11.3 15.3 .19

Hypertension 50.3 41.5 .055

Diabetes mellitus 13.6 6.5 .02

Congestive heart failure 6.1 4.1 .36

Cardiovascular diseaseb 32.1 33.6 .73

Stroke or TIA 11.0 12.2 .67

Myocardial infarction 17.5 16.3 .72

Angina 14.9 20.3 .099

Pacemaker placement 4.1 4.1 .99

COPD 5.1 6.5 .50

Nonspine fracture after age 50 years 24.6 44.7 <.001

Self-reported health good or excellent, % 87.0 82.1 .12

Current use of medications, %

ACE inhibitors 25.6 17.9 .055

Nitrates 4.4 4.1 .85

Statins 41.8 43.9 .65

Warfarin 8.6 12.2 .16

Aspirin 58.6 52.0 .15

Beta-blockers 27.8 26 .66

Calcium channel blockers 15.2 10.6 .16

Digoxin 5.0 8.9 .055

Amiodarone 1.1 1.6 .39

Calcium supplements 29.6 70.7 <.001

Current smoker, % 2.0 1.6 .79

Alcohol use per week, % .81

0-2 drinks 59.5 60.2

3-13 drinks 35.1 33.3

14þ drinks 5.3 6.5

Caffeine intake, mg/day 236.55 � 246.20 212.39 � 251.44 .11

PASE physical activity score 145.94 � 71.49 140.01 � 67.79 .37

Data are presented as mean � SD unless indicated otherwise. ACE ¼ angiotensin-converting enzyme; BMD ¼ bone mineral density; PASE ¼ Physical
Activity Scale for the Elderly; TIA ¼ transient ischemic attack.
aP values for normally distributed continuous variables are from a Student t test, P values for skewed data are from a Wilcoxon rank-sum test, and P values
for categorical data are from a c2 test.
bCardiovascular diseases included myocardial infarction, angina, congestive heart failure, bypass surgery, or percutaneous coronary intervention.
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TABLE 2 ] Association of Current Bisphosphonate Use and Prevalent Nocturnal AF at the Sleep Visit

Model Total No. of Users
Prevalent Nocturnal
AF Events, No. (%) OR (95% CI)

Unadjusted

Current bisphosphonate nonusers 2,788 128 (4.6) 1 (reference)

Current bisphosphonate users 123 10 (8.1) 1.84 (0.94-3.60)

Multivariable adjusteda

Current bisphosphonate nonusers 2,756 127 (4.6) 1 (reference)

Current bisphosphonate users 121 10 (8.3) 2.33 (1.13-4.79)

Multivariable adjusted removing previous usersb

Current bisphosphonate nonusers 2,739 126 (4.6) 1 (reference)

Current bisphosphonate users 121 10 (8.3) 2.34 (1.13-4.82)

AF ¼ atrial fibrillation/flutter.
aAdjusted for age, race or ethnicity, clinic site, history of cardiovascular disease (myocardial infarction, angina, congestive heart failure, bypass surgery,
and percutaneous coronary intervention), BMI, femoral neck bone mineral density, history of hypertension, history of diabetes mellitus, history of a
nonspine fracture after age 50 years, use of angiotensin-converting enzyme inhibitors, and use of calcium supplements.
bRemoving 17 prior users from the nonuser category.
There was a significant interaction of current
bisphosphonate use and SDB (P-interaction ¼ .046).
Among men with AHI $ 15, there was a significant
association of current bisphosphonate use and prevalent
AF (OR, 3.22; 95% CI, 1.29-8.03) (Fig 1). There was no
significant association seen among men with AHI < 15.

Incident AF

Incident AF events occurred in 368 men during
8.2 � 2.4 years of follow-up, with 20 (16.3%) in the
bisphosphonate group and 348 (12.5%) in the nonuser
O
R

 (9
5%

 C
I)

0

1

2

3

4

5

6

7

AHI < 15 AHI ≥ 15

8

9

Nonuser

P-interaction = .046

User

Figure 1 – Multivariable-adjusted association of current bisphosphonate
use and prevalent nocturnal atrial fibrillation/flutter at the sleep visit
stratified by sleep-disordered breathing status. The adjustment is for age,
race or ethnicity, clinic site, history of cardiovascular disease (myocar-
dial infarction, angina, congestive heart failure, bypass surgery, and
percutaneous coronary intervention), BMI, femoral neck bone mineral
density, history of hypertension, history of diabetes mellitus, history of a
nonspine fracture after age 50 years, use of angiotensin-converting
enzyme inhibitors, and use of calcium supplements. AHI ¼ apnea-
hypopnea index.

journal.publications.chestnet.org
group (P ¼ .20). No significant relationship was seen
between current bisphosphonate use and incident AF
(Table 3). Results were similar after removing previous
bisphosphonate users or those with a history of AF and
when bisphosphonate use was analyzed as a time-dependent
variable. No significant interaction of bisphosphonate
use and SDB was seen (P-interaction ¼ .75).

Discussion
In a large, community-dwelling population of older
men, bisphosphonate use, after adjusting for potential
confounding variables, was associated with a more than
twofold increase in the likelihood of prevalent nocturnal
AF. This relationship was even stronger in men with
significant SDB. However, there was no association
between bisphosphonate use and the incidence of
clinically relevant AF.

The Food and Drug Administration investigated the
association between bisphosphonates and AF and
determined that results were inconclusive and that
health-care professionals should not change their
prescribing patterns.30 In the HORIZON Pivotal
Fracture Trial, serious AF occurred more often in the
group that received zoledronic acid once yearly.7 Most
events occurred 30 days after infusion, when serum
levels of zoledronic acid are undetectable. Although the
association of bisphosphonate use and clinically relevant
incident AF was not statistically significant in our study
(HR, 1.53; 95% CI, 0.96-2.45; P ¼ .07), the effect size was
similar to the association of bisphosphonate use and
serious AF events in women found in two meta-analyses
using data from randomized controlled trials of
1177
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TABLE 3 ] Association of Current Bisphosphonate Use at the Sleep Visit and Clinically Relevant Incident AF

Model
Total No.
of Users

Incident AF Events,
No. (%)

Age-Adjusted Rate per
1,000 Person-Years (95% CI)

Hazard Ratio
(95% CI)

Unadjusted

Current bisphosphonate nonusers 2,741 348 (12.7) 16.1 (14.4-17.8) 1 (reference)

Current bisphosphonate users 120 20 (16.7) 26.4 (9.9-42.9) 1.34 (0.86-2.12)

Multivariable adjusteda

Current bisphosphonate nonusers 2,709 344 (12.7) 16.1 (14.4-17.8) 1 (reference)

Current bisphosphonate users 118 20 (17.0) 26.5 (9.9-43.1) 1.53 (0.96-2.45)

Multivariable adjusted removing
previous usersb

Current bisphosphonate nonusers 2,692 341 (12.7) 16.1 (14.4-17.8) 1 (reference)

Current bisphosphonate users 118 20 (17.0) 26.5 (9.8-43.2) 1.52 (0.95-2.44)

Multivariable adjusted removing those
with a self-reported history of AFc

Current bisphosphonate nonusers 2,185 230 (10.5) 13.1 (11.4-14.8) 1 (reference)

Current bisphosphonate users 91 14 (15.4) 21.5 (4.5-38.6) 1.65 (0.94-2.91)

See Table 2 legend for expansion of abbreviation.
aAdjusted for age, race or ethnicity, clinic site, history of cardiovascular disease (myocardial infarction, angina, congestive heart failure, bypass surgery,
and percutaneous coronary intervention), BMI, femoral neck bone mineral density, history of hypertension, history of diabetes mellitus, history of a
nonspine fracture after age 50 years, use of angiotensin-converting enzyme inhibitors, and use of calcium supplements.
bRemoving 17 prior users from the nonuser category.
cRemoving 292 with a self-report of AF and 259 missing data on self-reported AF.
bisphosphonates vs placebo (relative risk, 1.53; 95% CI,
1.17-2.00; OR, 1.47; 95% CI, 1.01-2.14),12,31 as well as
results from the Fracture Intervention Trial of alendronate
vs placebo (HR, 1.51; 95% CI, 0.97-2.40; P ¼ .07).9 One
cohort study found a significant association of
bisphosphonate use and incident AF in men (HR, 1.39;
95% CI, 1.04-1.86).14 Although prior studies have been
mixed about the association of bisphosphonate use and
AF in women, to our knowledge, our study is the first to
demonstrate an association between bisphosphonate use
and prevalent nocturnal AF in men.

There are several possible explanations for the
biological mechanisms by which bisphosphonates may
increase AF risk. Increased inflammation is a known
risk factor for AF.32 A prior study showed an increase
in inflammatory markers after use of parenteral
bisphosphonates.33 Another possible mechanism is
alterations in cardiac conduction through ion channels
and electrolyte shifts.

Our study showed an association between
bisphosphonate use and prevalent nocturnal AF but
not incident clinically relevant AF. Although prevalent
AF was ascertained in a rigorous and uniform fashion
from nocturnal PSG recordings, incident clinically
relevant arrhythmia events represented the subset of
events that were severe enough to result in or contribute
1178 Original Research
to the prolongation of a hospitalization, an ED visit, a
medical or surgical procedure, or death. Up to 50% of
patients with AF are asymptomatic, and there are 12
times as many asymptomatic episodes as symptomatic
episodes.34 Therefore, incident AF can be occult because
patients often have no symptoms and ECGs may not
capture paroxysmal AF. By contrast, prevalent AF did
not rely on the presence of symptoms.

The significant interaction of bisphosphonate use and
SDB and the stronger association of bisphosphonate use
and prevalent AF in those with moderate to severe SDB
compared with those with AHI < 15 suggest that SDB-
related physiologic influences such as intermittent
hypoxia may be modulating this relationship. Biologic
plausibility is supported by data identifying hypoxia as
an influential factor in myocyte intracellular calcium
handling,35 lending credence to the possibility of
hypoxia and bisphosphonate intake adversely affecting
calcium metabolism and increasing cardiac
arrhythmogenicity. The clinical implications are
important because these data suggest that those with
moderate to severe SDB may be a particularly vulnerable
group susceptible to bisphosphonate-related AF.

The strengths of our study include its prospective
design, large community-based population, standardized
data collection, adjudicated events, several hours of
[ 1 4 9 # 5 CHE ST MA Y 2 0 1 6 ]



continuous nocturnal ECG monitoring, length of
follow-up, and centralized scoring of arrhythmias.
Our study also has limitations. It is difficult to generalize
the findings to a specific bisphosphonate. Alendronate
is a widely prescribed bisphosphonate, but power
was limited in this study to examine the association
of its use and AF. Bisphosphonate users might differ
from nonusers in several ways. They are taking a
medication presumably because of high risk of fracture,
which may be accompanied by comorbid disease.
However, bisphosphonate use in men is fairly rare
and may be influenced by greater access to care. We
adjusted our results for coexisting medical conditions;
journal.publications.chestnet.org
however, we also note that there may be unresolved
confounding. Finally, this study may have been
underpowered with an 80% power to detect an
adjusted HR of 2.2 for the incident AF outcome.

In summary, in a population of geriatric, community-
dwelling men, there is an association between bisphosphonate
use and prevalent nocturnal AF, which is even stronger
in those with moderate to severe SDB. No significant
association was seen with incident, clinically relevant
AF. Prospective studies are needed to characterize
further the biological basis of the relationship between
nocturnal AF and bisphosphonate use.
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