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RESEARCH ARTICLE

Electrocardiogram Changes Following Intravenous
Bisphosphonate Infusion: A Systematic Review and
Meta-Analysis
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Alexander J Rodríguez6,9
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5Department of Medicine, Monash University, Clayton, Australia
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7Monash Cardiovascular Research Centre, Monash University and Monash Heart, Monash Health, Clayton, Australia
8Department of Endocrinology, Monash Health, Clayton, Victoria, Australia
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ABSTRACT
Bisphosphonates are first-line treatments for several bone and mineral disorders. Studies have reported an increased incidence of
serious atrial fibrillation in patients receiving bisphosphonates; however, uncertainty remains as to whether electrical disturbances
are precipitated by bisphosphonates. We aimed to review the literature for studies reporting electrocardiogram (ECG) findings in
patients receiving intravenous bisphosphonates for any indication. We searched MEDLINE and EMBASE from inception until January
14, 2023, for studies reporting ECG parameters after intravenous bisphosphonate infusion. We excluded studies that only reported
atrial fibrillation. Study quality was assessed using the Newcastle-Ottawa scale. Continuous data were meta-analyzed if reported in
at least two studies. Random-effects models were fitted and reported as standardized mean difference (SMD) with 95% confidence
intervals (95% CIs). We found 1083 unique records, of which 11 met our inclusion and exclusion criteria. Studies had a low to
low/moderate risk of bias. Six prospective cohort studies were included in the meta-analysis. Five studies used zoledronic acid,
whereas one study used pamidronate. Most studies (n = 4) were conducted in postmenopausal womenwith osteoporosis, one study
was conducted in patients with bone metastases, and one study in children with osteoporosis secondary to cerebral palsy. Study
populations ranged from n = 15 to n = 116. Heart rate–corrected QT (QTc) was significantly longer post-infusion (SMD = 0.46 ms
[95% CI 0.80 to 0.11]; n = 67 patients, k = 2 studies, τ2 = 0). There were no differences in heart rate, P wave (maximum), P wave (min-
imum), P wave dispersion, PR interval, QRS duration, QTc, QTc (maximum), QTc (minimum), and QTc dispersion. The correlation
between pre- and post-infusion QTc was not significant (p = 0.93). Overall, there is a weak association between intravenous bispho-
sphonate infusion and a QTc interval prolongation. However, there is insufficient evidence to support an association between intra-
venous bisphosphonate and any ECG variable changes, which may precipitate atrial fibrillation. © 2023 The Authors. Journal of Bone
and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research (ASBMR).

KEY WORDS: BISPHOSPHONATE; ARRHYTHMIA; ELECTROPHYSIOLOGY

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
Received in original form May 24, 2023; revised form August 6, 2023; accepted August 23, 2023.
Address correspondence to: Alex Shoung, MD, Sunshine Coast University Hospital, 6 Doherty Street, Birtinya QLD 4575, Australia.
E-mail: alexshoungg@gmail.com
Additional Supporting Information may be found in the online version of this article.

Journal of Bone and Mineral Research, Vol. 00, No. 00, Month 2023, pp 1–10.

DOI: 10.1002/jbmr.4911
© 2023 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research
(ASBMR).

1 n

https://orcid.org/0000-0002-9716-9106
https://orcid.org/0000-0002-1780-1627
https://orcid.org/0009-0001-5877-4995
https://orcid.org/0000-0002-3437-8648
https://orcid.org/0000-0002-2921-3742
https://orcid.org/0000-0002-2955-0642
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:alexshoungg@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjbmr.4911&domain=pdf&date_stamp=2023-09-25


Introduction

Aminobisphosphonates are first-line agents used in the man-
agement of osteoporosis, hypercalcemia, Paget’s disease of

bone, and skeletal complications of malignancy,(1) exerting their
effects by inhibiting farnesyl pyrophosphate synthase, an enzyme
required for cholesterol synthesis and cell wall integrity in osteo-
clasts.(1) They are commonly prescribed because of their efficacy in
decreasing osteoclast-mediated bone resorption and are generally
well tolerated in clinical practice.(2) However, the HORIZON Pivotal
Fracture Trial (HORIZON-PFT), the seminal trial in the clinical develop-
ment of zoledronic acid (an intravenous [IV] bisphosphonate),
reported an increased incidence of serious atrial fibrillation
(AF) associated with its administration.(3) Since then, large population
and registry-based studies have demonstrated mixed results con-
cerning bisphosphonates and AF, with some showing increased
incidence,(4-7) some decreased incidence,(8,9) and others showing no
association.(10) Pharmacovigilance studies have also demonstrated
an increased incidence of AF with bisphosphonates.(11,12)

With the varied results thus far, it is also possible that IV
bisphosphonates have no effect on AF. There was no change
in total prevalence of AF in the HORIZON-PFT, and with most
serious AF cases occurring more than 30 days after administra-
tion, it is unlikely that this can be attributed to acute effects
from bisphosphonates, given that they remain in circulation
for less than 24 hours and do not typically deposit in cardiac
tissue.(1,13)

Contrary, the mechanisms by which bisphosphonates may
precipitate AF are not completely understood but have been
hypothesized to involve disturbances to cardiomyocyte calcium
activity.(3,14,15) On this assumption, it can be hypothesized that
bisphosphonates may also precipitate other arrhythmias
that are also dependent on cardiomyocyte calcium and electro-
lyte activity. Few studies have directly explored this relationship
and whether such abnormalities may be detected through an
electrocardiogram (ECG). As such, this systematic review and
meta-analysis will explore reported changes in ECG parameters
after bisphosphonate administration.

Fig. 1. Study flow diagram.
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Table 1. Summary of Prospective Cohort Studies Included in Meta-Analysis

Study (year),
country

Cohort (sex,
diagnosis, mean
age [years] [�SD])

Total
population

(n) Bisphosphonate Dose

Electrolytes
reported

(before/after
infusion)

Inclusion (I)/exclusion (E)
criteria

Zhuang et al.
(2021), China

100% women, OP,
69.6 � 9.5

116 ZA 5 mg Yes/no I: primary osteoporosis,
aged ≥50 years

E: secondary osteoporosis,
bone metastases, severe
arrhythmias,
antiarrhythmic therapy,
severe ischemic heart
disease

Aktas et al. (2016),
Turkey

91% women, OP,
70.5 � 11.6

100 ZA N/A Yes/no I: N/A
E: chronic AF, valvular heart
disease, chronic renal
failure, serious
electrolyte imbalance,
thyroid disease,
antiarrhythmic therapy,
previous IV
bisphosphonate therapy,
oral bisphosphonates
within past 3 months

Güzelant et al.
(2016), Turkey

100% women, OP,
73.3 � 6.9

33 ZA 5 mg Yes/yes I: osteoporosis, aged
≥65 years

E: male, history of
treatment with
bisphosphonate, cardiac
pathology, undefinable P
waves in baseline ECG,
primary biliary cirrhosis,
renal pathology, anemia

Cipriani et al.
(2015), Italy

100% women, OP
or fragility
fractures,
70.7 � 6.9

15 ZA 5 mg Yes/yes I: osteoporosis, fragility
fractures

E: history of paroxysmal or
permanent AF, left
bundle branch block,
pacemakers, ventricular
pre-excitation,
hypertrophic
cardiomyopathy, severe
valvular disease

Rothenbuhler et al.
(2010), France

50% girls, children
with OP
secondary to
cerebral palsy,
13.0 (9.0–15.7)

34 Pamidronate 3 mg/kg/year Yes/yes N/A

Demirtas et al.
(2017), Turkey

57% women,
cancer with new
bone
metastases,
53.70 � 14.1

37 ZA N/A Yes/no I: diagnosis of cancer and
new bone metastases

E: malignant
hypercalcemia requiring
dialysis, hyperkalemia,
previous antiarrhythmic
or antihypertensive
therapy, uncontrolled
diabetes mellitus,
ischemic heart disease.

Abbreviations: AF = atrial fibrillation; OP = osteoporosis; ZA = zoledronic acid.
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Materials and Methods

Data sources and searches

MEDLINE and EMBASE databases were searched from inception to
January 14, 2023, without language restrictions. A title and abstract
search were performed (Supplemental Table S1). A citation man-
ager was used to store records and remove duplicates. Records
were screened based on titles and abstracts, and full texts were
then evaluated for eligibility. Reference lists of eligible studies were
also hand-searched and similar meta-analyses were evaluated for
potentially relevant articles missing from the primary search.

Study selection

This systematic review and meta-analysis was performed in accor-
dancewith the PRISMA statement and is registered with PROSPERO
(CRD42021273998).(16) Studies were included if patients received IV
bisphosphonates and at least one ECG parameter (other than AF)
was reported. Exclusion criteria included non-human studies,
systematic reviews, narrative reviews, conference abstracts, letters,
editorials, and studies that included patients with pre-existing car-
diovascular disease or electrolyte abnormalities.

Data extraction and quality assessment

Data extraction was performed by a single reviewer (AS) and ver-
ified by another (AJR) for accuracy. Data extracted included the
total number of patients, average age, proportion of women,
average body mass index, length of time for follow-up (post-
infusion ECG), and the mean and standard deviation of pre-
infusion and post-infusion values for ECG parameters reported.

Risk of bias was assessed using the Newcastle-Ottawa quality
assessment scale for cohort studies.(17) This scale provides a
score out of 14 and assesses for bias across three domains: selec-
tion of the cohort, comparability of cohorts, and evaluation of
outcome. All included studies were independently reviewed by
two reviewers (AS and AJR) and overall risk of bias was deter-
mined with consensus between both reviewers. Studies were
judged as having an overall low risk of bias if the overall score
on the assessment scale was 13 or higher and as low/moderate
risk if the score was between 10 and 12.

Data synthesis and statistical analysis

For ECGmeasures, estimates were expressed as standardizedmean
difference (SMD) with 95% confidence intervals (95% CIs) to
account for reporting differences. Data were meta-analyzed in an
inverse-variance random-effects model using the DerSimonian–
Laird estimator to calculate between-study variance (τ2), with
smaller τ2 and I2 values indicating less variance in between-study
heterogeneity. All analyses were computed using R version 4.0.4
(R Foundation for Statistical Computing, Vienna, Austria; https://
www.R-project.org/) and considered statistically significant when
the bounds of the 95% CI did not cross zero for SMD.

Results

Literature search

A total of 1250 records were identified from database searches.
One hundred sixty-seven duplicates were removed, resulting in
1083 unique records for screening. Of these, 1072 records were
excluded, with the main reason for exclusion being that the Ta
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Fig. 2. Forest plot of electrocardiogram parameters before and after bisphosphonate infusion.
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study did not use a bisphosphonate as the intervention
(n = 465). Other common reasons included not reporting an
outcome of interest, namely ECG parameters (n = 250), inappro-
priate study design (n = 220), and conference abstracts
(n = 129). In total, 11 records were included in this study (Fig. 1).

Details of prospective cohort studies included in meta-
analysis

Six prospective cohort studies were reviewed (Table 1). The larg-
est cohort studied consisted of 116 patients and the smallest of
15 patients.(18,19) The mean age of cohorts ranged from 13.0 to
73.3 years. Women comprised the majority of the cohorts, mak-
ing up 87.5% of the total population of meta-analyzed data. Indica-
tions for bisphosphonates varied; four studies focused on patients
with primary osteoporosis,(18-21) one on new diagnoses of bone
metastases,(22) and one on osteoporosis secondary to cerebral palsy
in children.(23) All studies provided pre- and post-infusion outcome
data. Five of the studies used zoledronic acid,(18-22) whereas one
used pamidronate.(23) Length of follow-up for ECG monitoring var-
ied greatly between studies and ranged from 24 hours to 30 days
post-bisphosphonate infusion. Patients in four of six cohorts
received vitamin D and calcium supplements during the
study.(18,19,21,23) The most frequently reported outcome was P wave
dispersion (Pwd), with four studies recording it.(18,20-22)

We reasonably assume that the units of heart rate–corrected
(QTc) data presented in Guzelant and colleagues(21) have been
reported in error, as abnormally short QTc intervals were pre-
sented in the range of 40 to 50 ms, but the authors reported that
ECG data were within normal limits. Nevertheless, as our meta-
analysis uses the SMD to measure effect size, the units of data
become insignificant.

Literature quality

Four studies were judged as having a low/moderate risk of
bias,(18,19,22,23) and two studies as low risk of bias (Table 2).(20,21)

Studies generally scored poorly on representativeness of the
exposed cohort, adequacy of follow-up length, and comparability.

Meta-analysis

Six studies with a total of 375 patients were eligible for meta-
analysis. Ten ECG parameters including heart rate, P wave (max-
imum), P wave (minimum), Pwd, PR interval, QRS duration, QTc,
QTc (maximum), QTc (minimum), and QTc dispersion were
reported in at least two studies each, enabling meta-analysis.
QTc was found to be significantly longer post-infusion
(SMD = 0.46 ms [95% CI 0.80 to 0.11]; n = 67 patients, k = 2
studies, I2 = 0%, τ2 = 0) (Fig. 2). No significant differences were
found in any of the other ECG parameters pre- and post-infusion.

Details of case studies included in qualitative synthesis

We identified five case reports that reported ECG changes after
IV bisphosphonate administration (Table 3).(24-28) The indication
for treatment was malignancy or its complications in four stud-
ies(24,26-28) and was unclear in another.(25) All cases reported QT
segment prolongation. Four cases reported prolongation of at
least 500 ms, and one did not specify length.(26) Four cases
reported hypocalcemia,(24,26-28) and one case reported normo-
calcemia.(25) Non-sustained polymorphic ventricular tachycardia
was identified on ECG in one case.(25)

Discussion

This systematic review and meta-analysis evaluated changes in
ECG parameters after IV bisphosphonate administration, hypoth-
esizing that this may provoke arrhythmias. This phenomenon
has been described in previous randomized controlled trials
(RCTs) and several observational cohorts, but such an effect
remains controversial. Though we did not find conclusive evi-
dence of this phenomenon, our findings did reveal small effects
on the QTc interval, noting that themagnitude of the SMD found
in our study represents an approximate variation from normal of
10% and is thus of uncertain clinical significance. Published case
reports have also indicated potential effects on the QT interval;
however, those reports may have been published precisely
because an arrhythmia was discovered, underscoring inherent
publication bias of case reports, and may not be reflective of
the typical patient undergoing bisphosphonate administration.
Because there is limited evidence from this meta-analysis sup-
porting an effect of IV bisphosphonates on atrial electrophysio-
logical parameters, we speculate previously reported
associations between IV bisphosphonate administration and AF
are potentially related to a direct effect that currently has an
undescribed mechanism, that certain patients may be at
increased risk of such effect after bisphosphonate exposure, or
the alternative that there is no association. Regardless, given
the potential for arrhythmias, clinicians should be aware of these
effects and optimize patient factors such as monitoring renal
function and use of concomitant nephrotoxic medications and
ensuring replete vitamin D status and normal serum calcium
levels before commencing treatment because of
hypocalcemia risk.

The scientific and clinical motivation for this study were find-
ings from the seminal trial of IV zoledronic acid, HORIZON, which
demonstrated an increased incidence of serious AF.(3)

Given the uncertain relationship between bisphosphonates
and cardiac electrophysiological abnormalities, our study
explored the potential precipitants of AF, which may not be
monitored in routine clinical practice or are impractical to sys-
tematically report in large cohorts. In this respect, we have ana-
lyzed information reported in several small cohorts and case
reports, systematically reviewing ECGs both pre- and post-infu-
sion of IV bisphosphonates (predominantly zoledronic acid).
Ourmeta-analysis of six cohort studies showed that QTc intervals
were on average longer after infusion, and is supported by evi-
dence from the collective summary of the case reports, which
tended to report that QT intervals were prolonged in those
patients. In effect, we are observing the same phenomenon
and hypothesize that there is either a direct effect of the bispho-
sphonate on these features or that changes in these features
may be related to an autonomic effect post-infusion. We have
attempted to account for electrolyte abnormalities, which may
explain any changes, but we were limited in the data reported
to explore this. Given what the case reports demonstrated, care-
ful examination of the patient characteristics of these patients
will help inform physicians about the potential risk for similar
adverse outcomes in their own patients. However, despite the
meta-analysis demonstrating prolonged QTc after bisphospho-
nate administration, the clinical significance of 0.46 ms is
questionable.

It is unlikely that the small-magnitude QTc prolongation iden-
tified in this meta-analysis is of clinical importance. A normal QTc
is between 350 and 450 ms for men and 360 and 460 ms for
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women and follows a normal distribution.(29) Although it is
accepted that QTc prolongation is associated with increased
mortality risk, there are no defined thresholds for risk stratifica-
tion based on QT intervals.(29) This is also complicated in that
up to 20% of otherwise healthy individuals will have a QTc inter-
val outside of this normal range,(29) and while the upper limit of
normal is 450 to 460 ms for adults, arrhythmias such as torsade
de pointes are rarely associated with a QTc value less than
500 ms.(30) Furthermore, a threshold for which QT prolongation
is free of proarrhythmic risk has not been established.(31)

Another possible reason for electrophysiological abnormali-
ties from bisphosphonates could be related to direct electro-
chemical changes on the cell. An ex vivo animal perfusion
study demonstrated increased Pwd after zoledronic acid infu-
sion, and this was hypothesized to be involved in the pathogen-
esis of AF.(32) Pwd reflects inhomogeneous electrical conduction
within the atria and is a predictor of AF.(33) However, our results
contradict this, and our analysis found no significant difference in
Pwd either before or after bisphosphonate infusion.

Our results and the described case reports suggest that bispho-
sphonates may be associated with QT interval prolongation. The
likely mechanism behind this is the effect that bisphosphonates
have on lowering the serum calcium concentration. Bisphospho-
nates cause osteoclast apoptosis, leading to decreased calcium
release from bone and possible hypocalcemia,(34) a known cause
for prolonged QT interval on ECG.(35) Hypocalcemia, which was
observed in four of five described case studies,(24,26-28) decreases
influx of calcium into myocytes phase 2 of the cardiac action
potential,(36,37) prolonging ventricular repolarization, which is
reflected in an ECG as a prolonged QT interval. QT prolongation is
a risk factor for ventricular arrhythmias, which prompts the impor-
tant consideration of monitoring in patients receiving IV bispho-
sphonates. Long QT is not known to cause atrial tachycardias;
however, etiologies of long QT, both congenital and acquired, have
been suggested to be contributory to AF.(37,38) This could potentially
be extended to IV bisphosphonate therapy.

An alternative explanation for the association between
bisphosphonates and AF may be explained by inflamma-
tion.(14,39) Histopathology from atrial biopsies in patients with
AF have shown chronic inflammatory changes(40) and bispho-
sphonate administration has been shown to increase release of
pro-inflammatory cytokines such as C-reactive protein,(41,42)

hypothesized to be involved in the pathogenesis AF.(43,44) Other
inflammatory markers such as interleukin-6 (IL-6) have also been
associated with AF;(45) however, there is conflicting evidence in
literature with some studies finding bisphosphonates increasing
IL-6 levels(42,46) and others decreasing it.(47) Bisphosphonates
have also been associated with an increase in tumor necrosis fac-
tor alpha,(46) another inflammatory marker associated with atrial
remodeling and development of AF.(48)

Although the HORIZON-PFT demonstrated an increased inci-
dence of serious AF, a subsequent study of zoledronic acid in
older patients with hip fractures reported no effects on AF and
other tachyarrhythmias.(49) More recent trials in osteopenic
patients have also found no association with AF,(50) leading us
to speculate whether we are indeed observing a true effect. This
is especially relevant given that observational studies have also
demonstrated conflicting findings regarding electrophysical
consequences of bisphosphonate exposure.(4,51)

The HORIZON-PFT showed an increased incidence of AF
reported as a serious adverse event increase but no change in
the total prevalence.(3) AF in the study also occurred more than
30 days after zoledronic acid infusion in 47 of 50 patients.(3)

However, it is unlikely that bisphosphonates still exert acute
effects on cardiac tissue in this timeframe, given that bispho-
sphonates in circulation have a short half-life (0.5–2 hours),(52)

with drug not deposited within the skeleton being rapidly renally
excreted,(1) and the amount of bisphosphonate deposited in
noncalcified tissue such as cardiac tissue is negligible.(13) Given
this, the possibility that IV bisphosphonates are unrelated to AF
should be reconsidered.

The strengths of this review include interpreting data from a
meta-analysis of small observational cohort data alongside five
case reports, strengthening the internal validity of the associa-
tion between bisphosphonates and prolonged QT interval. We
also looked at numerous different outcomes in terms of ECG
parameters and had a broad approach to inclusion criteria to
capture all relevant literature. The limitations of our systematic
review was the use and availability of aggregate data, using only
observational studies, small study sizes, and clinical heterogene-
ity for indications of bisphosphonates, along with limited report-
ing of electrolyte levels in patients. Further, other data reporting
the effect that bisphosphonates have on ECG parameters have
been found but have been published in a language other than
English(53) or as conference abstracts only.(54-58)

In conclusion, we showed there is some evidence of IV bispho-
sphonate administration prolonging the QT interval, which has
been associated with ventricular arrhythmias and may also less
commonly be associated with atrial arrhythmias. However, the
meaningful collective of our analysis is that there is insufficient
evidence to suggest IV bisphosphonates alter other cardiac elec-
trophysiological parameters detectable on an ECG. To aid our
understanding, future trials of bisphosphonates could consider
including ECG measurements as part of their suite of safety out-
comes. It would also be beneficial for existing trials to publish
these data if available.
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