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Background: Osteoporosis is one of the most common diseases of the skeletal system, particularly occurring in 
older adults. Bisphosphonates are frequently used to treat osteoporosis and prevent bone fractures. Studies evalu-
ating the association between treatment with bisphosphonate and the risk of atrial fibrillation have reported con-
flicting results. This meta-analysis of observational studies was performed to assess this association.
Methods: Databases were searched to find relevant observational studies, and the identified articles were selected 
according to the selection criteria. Sensitivity and subgroup analysis based on various confounding factors were 
performed. The pooled odds ratios (ORs) and 95% confidence intervals (CIs) for the risk of atrial fibrillation were 
estimated using a random-effects model.
Results: We selected 12 studies, including four case-control and eight cohort studies, for the meta-analysis. Assess-
ment of the estimated effect size yielded an OR of 1.171 (95% CI, 1.011–1.356; P=0.035), with substantial heteroge-
neity (I2=84.74%, P<0.001). When the studies were excluded one-after-another, the pooled OR remained un-
changed in only six studies. In addition, subgroup analyses found that treatment with bisphosphonates was posi-
tively associated with the risk of atrial fibrillation in studies performed in Western countries (OR, 1.263; 95% CI, 
1.092–1.462) and lower-quality studies (OR, 1.214; 95% CI, 1.035–1.423). No publication bias was observed.
Conclusion: This meta-analysis showed that treatment with bisphosphonates may be associated with an increased 
risk of atrial fibrillation. Therefore, bisphosphonates should be carefully prescribed to patients at a high risk of atrial 
fibrillation.
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INTRODUCTION

Osteoporosis is one of the most common diseases of the skeletal sys-

tem, particularly occurring in older individuals.1) According to the Na-

tional Osteoporosis Foundation, 54 million adults in the United States, 

aged ≥50 years, are affected by osteoporosis or low bone mass, and 43 

million adults are at a risk of developing osteoporosis.2)

	 Bisphosphonates (BPs) are a class of drugs most frequently pre-

scribed to treat osteoporosis and prevent bone fracture.3-5) BPs sup-

press bone turnover, prevent bone loss, preserve bone architecture by 

tightly binding to the bone, and are internalized by osteoclasts to in-

hibit bone resorption.6,7) Four BPs, alendronate, risedronate, ibandro-

nate, and zoledronate, have been approved for the treatment and pre-

vention of osteoporosis in Korea.3,6) Although BPs are considered first-

line treatments for osteoporosis, they are associated with various side 

effects, including gastrointestinal disorders, renal toxicity, flu-like 

symptoms with fever, ocular events, and, more rarely, osteonecrosis of 

the jaw and atrial fibrillation (AF).8,9) Studies evaluating the association 

between treatment with BPs and an increased risk of AF have yielded 

conflicting results, making the association between BPs with AF un-

certain.3-5,7,10-17)

	 Globally, AF is one of the most common clinical arrhythmias, espe-

cially in older persons.18,19) The Framingham Heart Study reported that 

the prevalence of AF has increased by three-folds over the past 50 

years.20) In addition to age, AF has many risk factors, including hyper-

tension, diabetes mellitus, heart failure, coronary heart disease, chron-

ic obstructive pulmonary disease, and chronic kidney disease. Envi-

ronmental risk factors for AF include obesity, physical inactivity, alco-

hol consumption, and smoking.5,18,21) AF is a leading cause of morbidity 

and is associated with a poor quality of life, heart failure, myocardial 

infarction, dementia, stroke, and death.18,19,22) The incidence and over-

all prevalence of AF increases with age, making AF a major con-

cern.19,23,24) The prevalence of osteoporosis also increases with age, and 

so does the requirement of treatment with BPs, suggesting a need to 

evaluate whether the use of BPs is associated with a greater risk of 

AF.1,12,25) This meta-analysis of observational studies aimed to evaluate 

the association between BP treatment and the risk of AF in patients 

with osteoporosis.

METHODS

We searched three databases, CINAHL with Full Text, PubMed, and 

SCOPUS, for articles concerning the association between treatment 

with BPs and the risk of AF that were published between January 2007 

and July 15, 2020. Search terms included “Bisphosphonates” OR “Alen-

dronate” OR “Risedronate” OR “Ibandronate” OR “Zoledronate” AND 

“Atrial fibrillation.”

	 The identified publications were independently reviewed by two 

authors (J.H.P. and H.J.K.) who selected relevant observational studies. 

Duplicate articles and articles that were not written in English were ex-

cluded. The titles and abstracts of articles were reviewed to exclude ir-

relevant studies, along with comments, reviews, errata, editorials, let-

ters, and research articles. The full texts of the remaining articles were 

read, and relevant studies were selected. The references of each select-

ed article were also reviewed to identify other relevant articles. All re-

sults were exported to a reference manager (EndNote X9; Clarivate, 

Philadelphia, PA, USA).

	 The inclusion criteria were as follows: (1) studies that were per-

formed in humans; (2) observational studies; (3) studies that included 

patients who required BPs for any indication; (4) studies that reported 

the association between treatment with BPs and the risk of AF; (5) 

studies that provided calculable data and effects estimates such as 

odds ratios (ORs) or hazard ratios with 95% confidence intervals (CIs), 

or P-values; and (6) studies that were written in English.

	 Studies were excluded if they were: (1) duplicated studies; (2) non-

observational studies; (3) in vitro or pre-clinical in vivo studies; (4) 

comments, reviews, errata, editorials, letters, or abstracts; or (5) con-

taining inadequate data.

	 The association between treatment with BPs and the risk of AF was 

evaluated by calculating the pooled OR and 95% CI using the Dersi-

monian and Laird random effects model. This method is regarded as a 

standard approach for meta-analyses of clinical studies, and is consid-

ered useful in providing an overall effect estimate across related stud-

ies.26)

	 The heterogeneity of the selected studies was assessed by calculat-

ing the P-value of the χ2-based Cochrane Q tests, with a P-value<0.05 

indicating significant heterogeneity.27) Study heterogeneity was also 

determined by calculating the inconsistency score (I2), which ranged 

from 0% (no heterogeneity) to 100% (maximum heterogeneity), with I2 

values of 25%, 50%, and 75% indicating low, moderate, and high het-

erogeneity, respectively, and I2 values ≥50% considered as significant 

heterogeneity. 27)

200 Articles reviewed after

duplicates removed

67 Articles reviewed

by screening form

Duplicated articles

(n=103)

Exclude by title

and abstract (n=133)

303 Articles searched by screening

CINAHL with Full Text (n=96),

PubMed (n=77), SCOPUS (n=130)

Comments, reviews,

erratums, editorials,

letters (n=46)
21 Full-text articles reviewed

for detailed evaluation
No available data (n=4)

Meta-analysis (n=4)

Inadequate data (n=1)
12 Articles are included

in the final analysis

Figure 1. Flow diagram of the process of study selection.
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	 The methodological quality of the studies was assessed using the 

Newcastle-Ottawa Scale (NOS),28) which included eight criteria, 

grouped into three parts: selection, comparability, and exposure (case-

control studies) or outcome (cohort studies). The NOS scores ranged 

from 0 to 9, with no definitive cut-off value to identify a high-quality 

study. In this meta-analysis, the mean NOS value of the selected stud-

ies was 7.75. Therefore, studies with an NOS score >7 were defined as 

high-quality.

	 To estimate the accuracy of the pooled effect size and to supplement 

the substantial heterogeneity, we conducted a sensitivity analysis by 

excluding each study individually and evaluating the impact after each 

study was removed. Subgroup analyses were also performed accord-

ing to various confounding factors, including study design (case-con-

trol versus cohort), countries of publication (Asian versus Western), 

quality of study (NOS >7 versus ≤7), and sex (female only).

	 Potential publication bias was assessed using Begg’s funnel plot and 

rank test.29) The asymmetry of distribution was analyzed in the funnel 

plot of standard error by determining log OR, with a P-value <0.05 in-

dicating statistically significant publication bias.

	 All statistical analyses were performed using a random effects model 

and Comprehensive Meta-Analysis ver. 2.2.064 software (Biostat Inc., 

Englewood, NJ, USA), with statistical significance set at P<0.05.

RESULTS

1. Study Selection
After searching the CINAHL with Full Text, PubMed, and SCOPUS da-

tabases between January 2007 and July 2020, we identified 96, 77, and 

130 potentially relevant articles, respectively. After excluding duplicate 

articles, 200 articles remained, of which 133 were deemed irrelevant 

and were excluded after their titles and abstracts were screened. An 

additional 46 articles were found to be comments, reviews, errata, edi-

torials, and letters, and were therefore excluded. A full text review of 

the 21 remaining articles resulted in the exclusion of nine additional 

articles: four with no available data; four meta-analyses, including 

three meta-analyses of randomized controlled trials (RCTs); and one 

with inadequate data. Finally, 12 articles were selected for analysis. 

Figure 1 shows the flowchart of the process of study selection.

	 Of the 12 selected studies, four were case-control studies and eight 

were cohort studies. They were published between January 1, 2007 

and July 15, 2020 in various countries. Three studies were conducted 

in the United States,5,12,14) three in Denmark,7,13,15) three in Taiwan,3,11,16) 

one in Korea,4) one in Italy,10) and one in the United Kingdom.17) The 12 

studies included 518,331 subjects, with a follow-up duration ranging 

from 1 to 15 years. The mean age of the study participants ranged from 

51 to >75 years, and seven studies only included women.3,4,11,13,14,16,17) BP 

was administered intravenously in two studies,5,7) orally in seven stud-

ies,3,10,13-17) and as a mixture of both in three studies.4,11,12) The diagnosis 

of AF was based on International Classification of Diseases (ICD)-9 

codes in seven studies,3,5,10-12,14,16) ICD-10 codes in four studies,4,7,13,15) 

and medical information systems in one study.17) Eight studies were of 

high quality,3,4,10-15) whereas four studies were not.5,7,16,17) Two studies 

evaluated the risk of AF associated with treatment with BPs and raloxi-

fene,3,16) and one study evaluated the risk of AF associated with treat-

ment with BPs, vitamin D, and neither.11) The baseline characteristics 

of the selected studies are summarized in Table 1.

2. Treatment with Bisphosphonates and the Risk of Atrial 
Fibrillation

A meta-analysis using a random-effects model showed that treatment 

with BPs was significantly associated with the risk of AF (pooled OR, 

1.171; 95% CI, 1.011–1.356; P=0.035), with studies showing substantial 

heterogeneity (I2=84.74%, P<0.001) (Figure 2).

3. Sensitivity Analysis
According to the pooled OR of each sensitivity analysis performed by 

Study name
Relative
weight

Abrahamsen et al. (2009)

Heckbert et al. (2008)

Sorensen et al. (2008)

Bunch et al. (2009)

Grosso et al. (2009)

Herrera et al. (2015)

Huang et al. (2010)

Wilkinson et al. (2010)

Erichsen et al. (2011)

Lu et al. (2011)

Rhee et al. (2012)

Yang et al. (2018)

Total (95% CI)

Heterogeneity: I =84.74, P-value<0.001

15)

14)

13)

12)

17)

10)

16)

5)

7)

3)

4)

11)

2

Z-value

3.652

2.292

-0.831

-0.331

1.050

0.519

5.352

3.001

-2.840

-2.242

5.771

3.114

2.112

Subgroup within study Statistics for each study OR (95% CI)

12.02

4.75

11.59

3.84

11.51

9.80

11.93

7.39

7.28

4.32

10.27

5.29

OR (95% CI)

1.180

1.860

0.950

0.900

1.070

1.060

1.300

1.700

0.600

0.520

1.780

2.162

1.171 (1.011 1.356

(1.080 1.290)

(1.094 3.162)

(0.842 1.072)

(0.483 1.679)

(0.943 1.214)

(0.851 1.321)

(1.181 1.431)

(1.202 2.404)

(0.422 0.854)

(0.294 0.921)

(1.463 2.165)

(1.331 3.512)

)

P-value

0.000

0.022

0.406

0.740

0.294

0.604

0.000

0.003

0.005

0.025

0.000

0.002

0.035

Cohort study

Case-control study

Case-control study

Cohort study

Case-control study

Cohort study

Cohort study

Cohort study

Cohort study

Cohort study

Case-control study

Cohort study

0.1 0.2 0.5

Decreased risk of AF Increased risk of AF

1 2 5 10

Figure 2. Forest plot of the association between treatment with bisphosphonates and the risk of atrial fibrillation, using a random-effects model. OR, odds ratio; CI, confidence 
interval; AF, atrial fibrillation.
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excluding each study individually, treatment with BPs was positively 

associated with the risk of AF in only six studies. There was no signifi-

cant change in the results of the analysis (Table 2).

4. Subgroup Analysis
Subgroup analyses were also performed to assess whether the study 

design, country of publication, study quality, and female sex had an ef-

fect on the association between treatment with BPs and the risk of AF. 

A positive association between these factors was consistently observed 

only in studies performed in the Western countries and in lower-quali-

ty studies (Table 3).

	 Pooled analysis of the eight studies performed in four Western 

countries (United States, Denmark, Italy, and the United Kingdom) 

showed that treatment with BPs was positively associated with the risk 

of AF (OR, 1.263; 95% CI, 1.092–1.462). However, this association was 

not observed in the pooled analysis of the four studies performed in 

two Asian countries (Taiwan and Korea: OR, 0.925; 95% CI, 0.549–

1.558).

	 Of the 12 studies included in this meta-analysis, four were case-con-

trol studies and eight were cohort studies. The association between 

treatment with BPs and AF was not statistically significant in both the 

pooled analysis of case-control (OR, 1.290; 95% CI, 0.960–1.725) and 

cohort (OR, 1.116; 95% CI, 0.927–1.343) studies.

	 The 12 included studies were also grouped based on quality, with 

eight studies being of high quality (NOS, 8–9) and four of lower quality 

(NOS, 7). Treatment with BPs was associated with a greater risk of AF 

in lower-quality studies (OR, 1.214; 95% CI, 1.035–1.423) but not in 

high-quality studies (OR, 1.125; 95% CI, 0.880–1.438).

	 Of the 12 studies, seven studies only included women. Assessment 

of this subgroup analysis showed that treatment with BPs was posi-

tively associated with the risk of AF (OR, 1.025; 95% CI, 0.829–1.267), 

but the difference was not statistically significant.

5. Publication Bias
Publication bias was evaluated using the Begg’s rank test and by creat-

ing a funnel plot. The funnel plot was symmetrical, with no evidence 

of obvious asymmetry (Figure 3). The Begg’s rank test for asymmetry 

showed no significant publication bias in this meta-analysis (P=0.784).

DISCUSSION

This meta-analysis aimed to clarify the association between the risk of 

AF and treatment with BPs, which are increasingly used in aging soci-

eties around the world. This study is valuable because it evaluates up-

to-date observational studies performed in various countries. Twelve 

studies, including 518,331 patients, were analyzed using a random-ef-

fects model. To summarize, this meta-analysis showed that treatment 

with BP was significantly associated with a 17% greater risk of develop-

ing AF. Notably, the results of this meta-analysis of observational stud-

ies are consistent with those of a previous meta-analysis that included 

RCTs, which showed that the risk of AF increased with BP treatment, 

as compared to the non-BP comparators.30)

	 Although the mechanism by which BP treatment increases the risk 

-2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5

0
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0.2

0.3

0.4

2.0

Log odds ratio

Funnel plot of standard error by log odds ratio
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Figure 3. Funnel plot for pulibcation bias. 

Table 2. Sensitivity analysis by excluding each study one-after-another

Excluded study (author, year)
Effect size

OR* (95% CI) P-value

Abrahamsen et al.15) (2009) 1.168 (0.975–1.399) 0.091
Heckbert et al.14) (2008) 1.145 (0.986–1.329) 0.076
Sorensen et al.13) (2008) 1.204 (1.030–1.406) 0.019
Bunch et al.12) (2009) 1.184 (1.018–1.376) 0.028
Grosso et al.17) (2009) 1.184 (1.002–1.399) 0.048
Huang et al.16) (2010) 1.184 (1.010–1.387) 0.037
Wilkinson et al.5) (2010) 1.154 (0.973–1.370) 0.100
Erichsen et al.7) (2011) 1.137 (0.978–1.322) 0.094
Lu et al.3) (2011) 1.232 (1.071–1.418) 0.004
Rhee et al.4) (2012) 1.213 (1.051–1.401) 0.008
Herrera et al.10) (2015) 1.116 (0.970–1.285) 0.126
Yang et al.11) (2018) 1.133 (0.979–1.312) 0.095

OR, odds ratio; CI, confidence interval.
*Mean OR without this study.

Table 3. Subgroup analysis of the association between treatment with 
bisphosphonates and the risk of atrial fibrillation according to study design, countries, 
quality of study, and sex, using a random-effects model

Subgroup No. of studies
Effect size

OR (95% CI) P-value

Study design
   Case-control 413,14,16,17) 1.290 (0.960–1.725) 0.091
   Cohort 83-5,7,10-12,15) 1.116 (0.927–1.343) 0.247
Countries
   Asian 43,4,11,16) 0.925 (0.549–1.558) 0.769
   Western 85,7,10,12-15,17) 1.263 (1.092–1.462) 0.002
Quality of study
   High (NOS >8) 83,4,10-15) 1.125 (0.880–1.438) 0.347
   Low (NOS ≤7) 45,7,16,17) 1.214 (1.035–1.423) 0.017
Women only 73,4,11,13,14,16,17) 1.025 (0.829–1.267) 0.820

OR, odds ratio; CI, confidence interval; NOS, Newcastle-Ottawa Scale.
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of AF remains unclear, several potential mechanisms have been sug-

gested. First, inflammatory cytokines induced by BPs may increase the 

risk of AF.23,30) Inflammation is a risk factor for AF and may play a sig-

nificant role in its initiation.31) BPs, particularly parenteral types, can 

stimulate the release of inflammatory cytokines, including interleu-

kin-6, C-reactive protein, and tumor necrosis factor-α.32,33) This in-

crease in cytokines can alter atrial conduction and may be responsible 

for atrial remodeling and fibrosis.10,14) Second, animal studies have 

shown that BP may affect arterial contraction by being accumulated in 

the arterial wall.5) Because of their high affinity to calcium and hy-

droxyapatite, BPs may accumulate in the calcified matrix outside of 

bones, including in atherosclerotic arteries.8,34) Moreover, BPs may ac-

cumulate in an inhomogeneous manner in different histological vessel 

layers, thereby affecting arterial contraction. However, further studies 

are needed to clarify this mechanism.8,35) Third, electrolyte imbalance, 

such as hypocalcemia or hypophosphatemia, can cause AF.13,14,36) BPs, 

such as calcium, phosphate, zinc, and magnesium, tend to bind to 

several key electrolytes involved in cardiac conduction. Thus, treat-

ment with BPs may lead to electrolyte imbalance, ultimately causing 

AF.23,25,30) BPs can also induce hypocalcemia and hypophosphatemia, 

altering calcium dynamics in atrial cells by inducing self-sustained 

calcium oscillations. The atrium is sensitive to reductions in calcium 

concentration, resulting in irregular depolarization of atrial cells and 

the induction of AF.25,37) In addition, hypocalcemia and associated sec-

ondary hyperparathyroidism caused by treatment with BPs may be re-

sponsible for AF.13,25,38) The mechanisms underlying these processes 

have not yet been clarified, and several hypotheses have been suggest-

ed. Fourth, BPs, particularly the intravenous type, can chelate zinc, 

thereby suppressing zinc-dependent endopeptidases such as matrix 

metalloproteinases, which promote microvascular growth and are as-

sociated with long-term structural changes in the heart, such as colla-

gen deposition and atrial remodeling.23,30) Because the effects of BPs on 

atrial conduction remain unclear, further studies are needed to assess 

the effects of the dose and duration of treatment with BPs on the oc-

currence of AF.

	 Although treatment with BPs is associated with the risk of AF, BPs 

have benefits in patients with osteoporosis, including the prevention 

of fractures.2,9) BPs have been found to not only reduce the rates of hip, 

vertebral, and nonvertebral fractures, but also to reduce morbidity and 

health care-related costs, and significantly enhance survival rates.9,39) 

Risk-benefit analysis showed that BPs might have more benefits than 

risks in elderly patients with osteoporosis and a high risk of fracture, 

despite the increased risk of AF.

	 In this meta-analysis, the effect sizes of subgroup analyses based on 

the type of study design, country of study, study quality, and female 

sex were not changed. However, only two subgroup analyses, i.e., stud-

ies performed in Western countries and lower quality studies, showed 

a positive association between treatment with BPs and the risk of AF. 

In the subgroup analysis according to countries, a positive association 

was observed in studies performed in Western countries, but not in 

Asian countries. The prevalence of AF is lower in Asian countries as 

compared to Western countries.19) Moreover, the present meta-analy-

sis included more studies performed in Western countries with a 

three-fold higher population of Western than Asian patients. These 

populations differ in the prevalence of risk factors, including genetic 

and other factors, such as cardiovascular disease and obesity, resulting 

from lifestyle differences, such as diet, exercise, and other environ-

mental factors.40) Additional studies are needed to assess the effects of 

geographical location on the association between BP treatment and 

the risk of AF.

	 This meta-analysis had several limitations. First, it included only ob-

servational studies, which may have introduced biases inherent to the 

design of these studies, including selection, information, and response 

biases.41,42) These are innate limitations of meta-analyses, indicating a 

need for RCTs in large populations and subsequent meta-analyses of 

the trials. Second, this meta-analysis included studies that were only 

written in English, therefore, it may have publication bias based on 

language, although there was no significant publication bias found us-

ing Begg’s rank test. Third, the studies included in the present meta-

analysis showed a high degree of heterogeneity, including differences 

in the dose and duration of treatment, route of administration, and 

type of BP used to treat patients. To overcome these limitations, we 

used a random-effects model to determine the average effect size of 

these heterogeneous populations and performed sensitivity and sub-

group analyses using various factors. Fourth, we did not assess the as-

sociation between dose or duration of treatment with BPs and the risk 

of AF, because only four of the 12 included studies analyzed dose re-

sponses to BPs,3,5,16,17) and the duration of treatment with BPs was un-

clear in each study. In addition, the type of BP differed among the in-

cluded studies, with seven involving treatments with oral administra-

tion of BPs,3,10,13-17) two including intravenous administration of BPs,5,7) 

and three including both oral and intravenous administration of 

BPs.4,11,12) Finally, not all included studies reported other risk factors as-

sociated with AF, such as history of cardiovascular disease or diabetes. 

Although two studies reported history of alcohol use as a potential 

confounder,2,13) none provided information about other aspects of pa-

tient history, including smoking, health behavior, and other potential 

confounders. Therefore, further evaluation is needed to determine 

whether the risk of AF is associated with the dose, duration, or type of 

BP.

	 Despite these limitations, this is a comprehensive meta-analysis as-

sessing the association between treatment with BPs, most frequently 

administered to patients with osteoporosis around the world, and the 

risk of AF. In addition, all meta-analyses utilize a random-effects mod-

el, studies were performed in Asian and Western countries, the total 

study population was large, and patients were treated with all types of 

BPs prescribed currently in Korea. Finally, a lack of publication bias in-

dicates that this meta-analysis has high reliability.

	 In conclusion, this meta-analysis of observational studies showed 

that treatment with BP was significantly associated with an increased 

risk of AF. BPs are one of the most effective classes of medications used 

to treat osteoporosis and to prevent related fractures, which are the 
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leading cause of mortality, and reduced quality of life among elderly 

persons. The present findings indicate that BPs should be prescribed 

with care to patients at a high risk of AF. Therefore, healthcare provid-

ers should evaluate the benefits and risks of BPs in individual patients.
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