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risk factor for non-accidental falls.10 Vitamin K antagonists, 
which are used to prevent stroke in AF, might be associated 
with reduced bone mineral density (BMD) and increased 
risk of osteoporotic fracture.11–13 With respect to bone 
strength, the thromboembolic effects of AF may reduce 
bone mass through reduction in the osseous blood supply.14 
We thus hypothesized that comorbid AF would be associ-
ated with incidental bone fractures. However, there is 
controversy regarding the association between AF and 
fracture risk.15–17 We also hypothesized that AF would be 
related to increased mortality after fracture events. We 
aimed to investigate whether comorbid AF was associated 
with fracture occurrence or death in patients with osteopo-
rosis using a large-scale database maintained by the Korean 
National Health Insurance Service (NHIS).

A trial fibrillation (AF) is the most common sustained 
cardiac arrhythmia in the elderly and it is associated 
with an increased risk of stroke, heart failure (HF), 

dementia, and death.1,2 Osteoporosis is another common 
medical issue in the elderly. The 2 conditions share common 
etiological factors, including age, hypertension (HTN), 
diabetes mellitus (DM), and HF.3,4 Bone fractures are a 
frequent and important cause of disability and medical costs 
worldwide.5,6 Prior studies have found that cardiovascular 
diseases, such as ischemic heart disease, stroke, HF, and 
peripheral vascular disease, increase a patient’s risk of hip 
and other bone fractures.7–9

AF is a potential risk factor for fractures, because it not 
only causes structural and functional alterations in the 
cardiovascular system, but also exerts thromboembolic 
effects on the nervous system, and disturbs postural steadi-
ness. Therefore, AF is now recognized as an independent 
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Background: Both atrial fibrillation (AF) and osteoporosis are common in older adults. The purpose of this study was to investigate 
whether comorbid AF in patients with osteoporosis is associated with fracture incidence, or death after fracture.

Methods and Results: From the National Health Insurance Service database of Korea, we selected 31,778 patients with osteoporosis. 
During a median follow-up of 48 months, the incidence of bone fractures was higher in AF patients than in non-AF patients (3.20 vs. 
2.18 per 100 person-years), respectively. In the multivariate Cox regression analysis, AF was associated with fracture independently 
of other risk factors with an adjusted hazard ratio (HR) of 1.21 (95% confidence interval [CI], 1.02–1.41; P=0.031). The mortality rate 
after fracture was significantly higher in AF patients than it was in non-AF patients (adjusted HR, 1.92; 95% CI, 1.35–3.27; P=0.016). 
After propensity score-matching, AF was consistently associated with a higher risk of osteoporotic fracture and subsequent death 
after fracture. In AF patients, older age, female sex, being underweight (body mass index <18.5 kg/m2), decreased physical activity 
(exercise <3 times/week), history of stroke or transient ischemic attack, thiazide use, sedative use, and higher CHADS2 (≥2 points) 
or CHA2DS2-VASc (≥2 points) scores were associated with the incidence of fractures.

Conclusions: Comorbid AF in patients with osteoporosis was associated with an increased risk of bone fracture and death after 
fracture.
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fracture (n=4,401) were excluded. Finally, 31,778 patients 
were included (Figure 1).

Baseline comorbidities were evaluated during the 7-year 
screening period (January 2002–December 2008), and 
identified from the medical claims according to the codes 
of the International Classification of Disease 10th Revision 
(ICD-10). Osteoporosis was diagnosed using ICD-10 codes 
M80-, M81-, and M82- (excluding M82.0; osteoporosis in 
multiple myelomatosis). AF was diagnosed using ICD-10 
code I48, which includes both AF and atrial flutter. We 
excluded patients with a record of either mitral stenosis 
(I05.0, I05.2, and I34.2) or prosthetic heart valves (Z95.2–
Z95.4), resulting in a typical “non-valvular” AF population. 
In order to ensure diagnostic accuracy, we defined patients 
with osteoporosis, AF, and other comorbidities (including 
HF, HTN, DM, chronic obstructive pulmonary disease 
[COPD], chronic kidney disease [CKD], peripheral arterial 
disease [PAD], a history of myocardial infarction [MI], and 
a history of stroke and/or transient ischemic attack [TIA]) 
when it was a discharge diagnosis or was confirmed at least 
twice in an outpatient setting, which was similar to previous 
studies using the NHIS-NSC.19–21 The definitions of 
comorbidities are presented in Table S1. The CHADS2 and 
CHA2DS2-VASc scores for each subject were estimated at 
the end of the screening period. Prescription medication 
use was ascertained by identifying NHIS database claims. 
To avoid underestimation of aspirin utilization because of 
over-the-counter (OTC) purchases in the study population, 
we included this source in our analysis.

Outcomes and Follow-up
The primary clinical outcome was a bone fracture requiring 
hospitalization during the 5-year follow-up period (January 
2009–December 2013). Bone fracture was based on the 
principal diagnosis of hospital admission according to the 
ICD-10 codes (Table S1). To exclude fractures caused by 
trauma, any fractures that accompanied a record of motor 

Methods
Data Source
We used the National Sample Cohort (NSC) of the 
NHIS database, which was released by the Korean NHIS 
in 2015 for research purposes. The Korean NHIS was 
founded in 1963 as the single insurer managed by the 
Korean government. Most (97.1%) South Koreans are 
mandatory subscribers, with the remaining 3% of the 
population being medical aid subjects, so every South 
Korean is enrolled in the NHIS database. The NHIS-NSC 
database consists of detailed healthcare data from 1,025,340 
enrollees, representing approximately 2.2% of Korea’s 
population in 2002 (46,604,433). These patients were 
followed for 11 years (up to 2013). The database contains 
the following medical information: sociodemographic 
information, use of inpatient and outpatient services, 
pharmacy dispensing claims, and mortality data. Because 
all enrollees are required to undergo at least biennial 
national health examinations, the database also provides 
baseline laboratory data and health-related risk factors, 
which were updated periodically during the 5-year follow-
up period (January 2009–December 2013).18

This study was approved by the Institutional Review 
Board of Yonsei University Hospital. Informed consent was 
waived. Data were fully de-identified prior to analysis.

Study Population and Data Collection
Among 506,805 subjects (aged ≥18 years) who underwent 
national health examinations between 2009 and 2013, a 
total of 43,227 patients aged ≥50 years with a diagnosis of 
osteoporosis during the screening period from January 2002 
to December 2008 were identified. Patients with malignant 
neoplasms (n=6,563) were excluded in order to avoid 
pathologic fractures related to underlying malignancies. A 
total of 485 patients were excluded because of missing 
health examination data. Patients with a history of bone 

Figure 1.  Study population. *Patients 
previously diagnosed or those who 
developed atrial fibrillation (AF) during 
the follow-up period. NHIS, National 
Health Insurance Service of South 
Korea.
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inpatient course.

Diagnosis Validation
In order to evaluate the accuracy of our definition of 
osteoporosis, we conducted a validation study using 
medical records between 2009 and 2013. After excluding 
patients with M82.0 (as described), we identified 5,314 
patients using the ICD-10 codes M80-, M81-, and M82-. 
Osteoporosis diagnosis was based on the patient’s BMD, 
measured using central dual X-ray absorptiometry according 
to the World Health Organization criteria.22 The positive 
predictive value (PPV) was 96% (5,101 of 5,314 patients).

vehicle accident on the same date, open fractures, skull/
facial bone fractures, finger fractures, and toe fractures 
were excluded. Major fracture events were defined as hip 
fractures, vertebral fractures, and fractures of the pelvis 
and acetabulum. All remaining bony fractures were 
considered as minor. The follow-up period was from the 
index date to the date of either the first fracture, detection 
of a malignancy, withdrawal from the NHIS-NSC (including 
death), motor vehicle accident, or the end of data collection 
(31 December 2013), whichever occurred first. To evaluate 
deaths after fracture, patients were followed from the 
time of the first fracture until death during any subsequent 

Table 1. Baseline Characteristics of the Patients With Osteoporosis

Characteristics
All patients with osteoporosis (n=31,778)

AF (n=1,213) Non-AF (n=30,565) P value

Age, years 69.9±8.4　　 65.3±8.7　　 <0.001

Female 1,031 (85.0)　　　 28,086 (91.9) <0.001

BMI, kg/m2 24.4±3.6　　 24.1±3.2　　 　0.003

Ex-/current smoker 137 (11.3) 2,463 (8.1) <0.001

Alcohol use, glasses/week 1.5±6.4 1.8±8.3 　0.167

Physical activity, times of exercising/week* 2.6±2.6 2.8±2.6 　0.009

CHADS2 score 2.1±1.4 1.1±1.2 <0.001

CHA2DS2-VASc score 3.9±1.7 2.7±1.6 <0.001

Medical history

  HF 404 (33.3) 2,289 (7.5) <0.001

  HTN 983 (81.0) 16,440 (53.8) <0.001

  DM 271 (22.3)   4,379 (14.3) <0.001

  History of stroke/TIA 291 (24.0)   3,689 (12.1) <0.001

  History of MI 100 (8.2)　　   599 (2.0) <0.001

  PAD 394 (32.5)  7,259 (23.7) <0.001

  COPD 335 (27.6)  4,878 (16.0) <0.001

  CKD 351 (28.9)  4,360 (14.3) <0.001

Cardiac medications

  Antiplatelet drugs 677 (55.8)  8,462 (27.7) <0.001

  Vitamin K antagonists 288 (23.7)     97 (0.3) <0.001

  β-blockers 538 (44.4)  6,030 (19.7) <0.001

  Calcium-channel blockers 618 (50.9) 10,363 (33.9)　 <0.001

  Digoxin 210 (17.3)   261 (0.9) <0.001

  Antiarrhythmic drugs* 100 (8.2)　　     47 (0.2) <0.001

  ACEI or ARB 597 (49.2)  7,801 (25.5) <0.001

  Loop diuretics 210 (17.3)   943 (3.1) <0.001

  Thiazide diuretics 427 (35.2)  6,084 (19.9) <0.001

  Spironolactone 161 (13.3)   856 (2.8) <0.001

  HMG-CoA reductase inhibitors 457 (37.7)  7,877 (25.8) <0.001

Noncardiac medications

  Proton pump inhibitors 169 (13.9) 2,948 (9.6) <0.001

  Corticosteroids 149 (12.3)   3,615 (11.8) 　0.630

  Osteoporosis medications† 182 (15.0)   5,561 (18.2) 　0.005

  Thyroid replacement 66 (5.4) 1,272 (4.2) 　0.030

  Anticonvulsants 146 (12.0) 2,491 (8.1) <0.001

  Sedatives‡ 618 (50.9) 11,170 (36.5) <0.001

  Selective serotonin reuptake inhibitors 41 (3.4)    571 (1.9) <0.001

Data are expressed mean ± standard deviation or number (%). *Antiarrhythmic drugs included class Ic and class III 
drugs. †Osteoporosis medications included bisphosphonates, calcitonin, estrogen preparations, hormone replacement 
therapy, selective estrogen-receptor modulators, ipriflavone, and recombinant parathyroid hormone. ‡Sedatives 
included benzodiazepines, chloral hydrate, buspirone, and zopliclone. ACEI, angiotensin-converting enzyme inhibitor; 
AF, atrial fibrillation; ARB, angiotensin-receptor blocker; BMI, body mass index; CKD, chronic kidney disease; 
COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HF, heart failure; HTN, hypertension; MI, 
myocardial infarction; PAD, peripheral artery disease; TIA, transient ischemic attack.
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bone fractures and deaths after fractures were constructed. 
They were compared in-between using the log-rank test. In 
order to investigate the association between the presence 
of AF and the risk of fracture in patients with osteoporosis, 
we used Cox proportional hazards regression models. We 
also conducted a sensitivity analysis: to control for possible 
confounding by instability caused by stroke, the regression 
models were reevaluated with exclusion of patients who 
had a stroke history at the time of entry into the cohort.

P<0.05 were considered statistically significant. All 
analyses were performed using SPSS software version 23.0 
(SPSS, Chicago, IL, USA).

Results
Patients’ Characteristics
The patients’ clinical characteristics are presented in Table 1. 
In general, the AF group was older (69.9±8.4 vs. 65.3±8.7, 
P<0.001) and included fewer females (85.0% vs. 91.9%, 
P<0.001) than the non-AF group. The proportions of 
comorbidities, including HF, HTN, DM, stroke/TIA, MI, 
PAD, COPD, and CKD, were higher in the AF group than 
in the non-AF group (all P<0.001). The CHADS2 and 
CHA2DS2-VASc scores were higher in the AF group (both 
P<0.001). The patients in the AF group had higher BMI 
(P<0.001) and were less physically active (P=0.009).

Risk of Osteoporotic Fracture by the Presence of AF
During a median 48 months of follow-up (interquartile 
range, 36–60 months), the incidence rates of fracture were 
higher in the AF group than in the non-AF group (total 
fracture: 3.20 vs. 2.18 per 100 person-years; major fracture: 
1.92 vs. 1.13 per 100 person-years; Table S2). The test for 
subgroup difference indicated consistent higher fracture risk 
of the AF group across prespecified subgroups according 
to age (<65 years; 65–74 years; ≥75 years) and sex (P for 
interaction, age: 0.206; sex: 0.624). The cumulative incidence 
of fracture events according to the presence of AF is 
presented in Figure 2. The cumulative incidence of fractures 
was significantly higher in the AF group than in the 
non-AF group (log-rank P<0.001).

AF was associated with osteoporotic fracture with an 
unadjusted hazard ratio (HR) of 1.47 (95% confidence 
interval [CI], 1.24–1.74; P<0.001). HRs for the association 
between AF and fracture with sequentially greater degrees 
of multivariable adjustment are shown in Figure 3. After 
adjusting for age and sex (model 1), the risk of fracture in 
patients with AF was 23% higher than in patients without 
AF (95% CI, 4–46%; P=0.018). With progressive sequential 
adjustment by comorbidities including HF, HTN, DM, 
previous stroke/TIA, previous MI, PAD, COPD, and CKD, 
AF was independently correlated with fracture incidence 
with a HR of 1.22 (95% CI, 1.03–1.45; P=0.021) (model 2). 
In the final fully adjusted model (model 3), adjusted for 
lifestyle including smoking, alcohol intake, and physical 
activity, and medication use in addition to model 2, the 
association remained statistically significant, with a HR of 
1.21 (95% CI, 1.02–1.41; P=0.031).

The following variables were found to be associated with 
fractures using multivariate Cox regression analysis of 
demographic and comorbid variables: older age, female 
sex, decreased physical activity, DM, stroke/TIA, MI, 
PAD, loop diuretics use, corticosteroid use, and sedative 
use (Table S3). In subgroup analyses stratified by sex 
(Table S4), the association between AF and fracture was 

In order to validate our diagnosis of bone fracture, 498 
patients were randomly chosen based on their inpatient 
principal diagnoses using ICD-10 codes from a single 
tertiary medical center. Their radiographic findings, 
including x-rays and CT scans, were reviewed. The PPV 
was 98% (494 of 504 patients).

The diagnostic accuracy of AF (with a PPV of 94.1%), 
MI (with a PPV of 86.5%), ischemic stroke (with a PPV of 
88–95%), and intracranial hemorrhage (with a PPV of 
78–92%) in the Korean NHIS has been validated previ-
ously.19–21,23

Propensity Score-Matching Analysis
We performed propensity score-matching to reduce the 
potential selection bias associated with an observational 
study. Propensity scores were estimated using a non-
parsimonious multiple logistic regression model. The 
following 16 variables were entered: age, sex, BMI (body 
mass index), HF, HTN, DM, previous stroke/TIA, previous 
MI, PAD, COPD, CKD, CHADS2 score, CHA2DS2-VASc 
score, smoking history, alcohol (glasses per week), and 
physical activity (exercise sessions/week). The cases were 
then matched (without replacement) with controls 1:1 based 
on the closest possible value of the propensity score (nearest 
neighbor matching). The caliper size was set at 0.10-fold 
the standard deviation of the logit of the propensity scores.24 
Based on this propensity score-matching, we assembled a 
cohort of patients with AF (n=1,209) and matched patients 
without AF (n=1,209). The balance between the 2 groups 
was checked by paired comparison tests and standardized 
differences of the 16 baseline covariates.25

Statistical Analysis
Continuous variables are expressed as mean ± standard 
deviation. Normally distributed continuous data in both 
cohorts were compared using unpaired Student’s t-test. 
Categorical variables were compared with χ2-analysis with 
Fischer’s exact correction. Kaplan-Meier survival curves for 

Figure 2.  Cumulative incidence of bone fractures according 
to comorbid atrial fibrillation (AF).
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are shown in Table S8. There were no significant differences 
between the AF and non-AF groups with regard to 
demographic characteristics and comorbidities.

Similar to the results of the non-matched cohort, the 
incidence rates of fracture were higher in the AF group 
than in the non-AF group (total fracture: 3.18 vs. 2.68 per 
100 person-years; major fracture: 1.90 vs. 1.54 per 100 
person-years; Table S9). AF was associated with a higher 
risk of fracture in comparison with patients without AF 
(HR 1.18, 95% CI 1.02–1.35; P=0.033). Among the patients 
with bone fractures (n=259), those with AF had a higher 
mortality rate after the fracture event than did those 
without AF (6.85 vs. 4.73 per 100 person-years). AF was 
associated with a higher risk of death after a fracture event 
(HR 1.44, 95% CI 1.24–1.69, P<0.001).

consistently significant in both sexes. In females, increasing 
alcohol use, smoking, and anticonvulsant use were addi-
tionally found to be independently correlated to fracture.

In a sensitivity analysis that excluded patients with stroke 
history at the time of entry into the cohort (n=28,944), the 
adjusted risk of fracture had a similar magnitude and was 
statistically significant (HR, 1.20; 95% CI, 1.01–1.42; 
P=0.040) in the final fully adjusted model.

Death After Fracture Event According to the Presence of AF
The Kaplan-Meier survival curves of patients after fracture 
according to the presence of AF are presented in Figure 4. 
During the follow-up after fracture event, 18 (12.7%) 
patients with AF and 95 (3.8%) patients without AF died 
(mortality rate, with AF: 6.82 vs. without AF: 1.85 per 100 
person-years; log-rank P<0.001). The clinical characteristics 
of the patients with fracture events are presented in 
Table S5.

Among patients with bone fractures, those with AF had 
a higher mortality rate than those without AF (adjusted 
HR, 1.92; 95% CI, 1.35–3.27; P=0.016). Other factors 
independently associated with death were older age, being 
underweight (BMI <18.5 kg/m2), smoking, decreased phys-
ical activity, DM, and CKD (Table S6). In the subgroup 
analyses stratified by sex (Table S7), the association 
between AF and death was consistently significant in 
both sexes.

Predictors for Osteoporotic Fracture in Patients With AF
In patients with AF and osteoporosis, the following 
variables were identified as predictors of bone fracture 
using multivariate Cox regression analysis: older age, 
female sex, being underweight, decreased physical activity 
(exercising <3 times/week), history of stroke/TIA, thiazide 
use, and sedative use (Table 2, model 1). Cox regression 
analysis also demonstrated that higher CHADS2 (≥2 points) 
and CHA2DS2-VASc (≥2 points) scores independently 
correlated with the incidence of bone fractures (HR 2.46, 
95% CI 1.62–3.72; P<0.001; and HR 1.61, 95% CI 1.14–
2.82; P=0.007), compared with those with scores of 0–1 
point (Table 2, models 2 and 3).

Propensity Score-Matching Analysis
Baseline characteristics after propensity score-matching 

Figure 3.  Hazard ratios for the asso-
ciation between atrial fibrillation (AF) 
and fractures with sequentially greater 
degrees of multivariable adjustment. 
CI, confidence interval; CKD, chronic 
kidney disease; COPD, chronic 
obstructive pulmonary disease; DM, 
diabetes mellitus; HTN, hypertension; 
MI, myocardial infarction; PAD, 
peripheral artery disease; TIA, tran-
sient ischemic attack.

Figure 4.  Kaplan-Meier survival curves of patients after 
fracture according to comorbid atrial fibrillation (AF).
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from loss of the atrial kick and irregular ventricular 
response; these changes can impair brain perfusion, causing 
a loss of postural tone, which in turn, can result in falls.29 
Patients with AF often have sinus node diseases,30 which 
can result in bradycardia, and even asystole post-AF 
termination. With regard to bone strength, AF might 
affect the microvasculature in bones through thromboem-
bolism, thus affecting bone formation.31

Recent studies from Taiwan and Australia showed that 
individuals with AF have a 2-fold increase in risk of 
fracture,15,17 but Wallace et al found no significant associa-
tion between AF and fracture risk.16 In our study, the 
association was modest but remained statistically signifi-
cant, with a 21% increase in risk. The strength of this study 
over previous studies is the use of extensive data to adjust 
for potential confounders that would not have been avail-
able in the other studies, including more varied comor-
bidities, BMI, lifestyle factors, and cardiac/noncardiac 
medications. It is a novel finding that AF was associated 
with a 1.92-fold increase in death among patients after 
fracture events. Our findings on higher fracture incidence 
and mortality rates suggested that individuals with AF 
may potentially benefit from close screening by clinical 
history and BMD testing and should be at least carefully 
monitored after fracture.

Predictors for Osteoporotic Fracture in Patients With AF
In the general population, older age, low BMI, and 
decreased physical activity are important risk factors for 
both osteoporosis and fractures.32,33 We demonstrated that 
older age, low BMI, and decreased physical activity are 
independent risk factors for osteoporosis-related fractures 

Discussion
Main Findings
Using a nationwide cohort of Korean patients with 
osteoporosis, we found that the incidence of bone fractures 
was significantly higher in patients with AF than in those 
without AF. In addition, AF was associated with a 21% 
increase in the risk of fractures during a median 4 years of 
follow-up. This association appeared to remain significant 
after adjusting for potential confounders such as age, sex, 
comorbidities, lifestyle, and medication use. The mortality 
rate after fracture was significantly higher in patients with 
AF than in those without. After propensity score-matching, 
AF was consistently associated with a higher risk of 
osteoporotic fracture and subsequent death after fracture. 
In AF patients, the risk of fracture was significantly 
increased in those who were older, female, underweight, 
and less physically active, with a history of stroke/TIA, 
thiazide/sedative use, and higher CHADS2 or CHA2DS2-
VASc score.

Risk of Osteoporotic Fracture and Death After Fracture 
Event by the Presence of AF
Our data supported the hypothesis that AF is an indepen-
dent risk factor for bone fractures. There are several 
probable explanations for this association. Previous studies 
have indicated that bone fracture is associated with multiple 
exogenous and endogenous factors that increase fall risk 
and weaken bony structures.26–28 Sanders et al found that 
AF is independently associated with increased falls.10 
Possible explanations for this association include hemody-
namic alterations with regard to decreased cardiac output 

Table 2. Independent Correlates of Fracture Incidence: Multivariable Cox Proportional Hazards Model in AF 
Patients With Osteoporosis (n=1,213)

Variables Level
Osteoporotic fracture

Adjusted HR (95% CI) P value

Model 1a

  Age Per year increase 1.07 (1.05–1.10) <0.001　
  Female 2.69 (1.33–5.43) 0.006

  Underweight BMI <18.5 kg/m2 2.27 (1.16–4.47) 0.017

  Decreased physical activity <3 times/week of exercise 1.08 (1.01–1.14) 0.020

  Ischemic stroke/TIA 1.46 (1.02–2.09) 0.040

  Thiazide use 1.35 (1.01–1.81) 0.042

  Sedative use* 1.53 (1.14–2.05) 0.020

Model 2b

  CHADS2 score ≥2 2.46 (1.62–3.72) <0.001　
  Female 2.52 (1.18–5.36) 0.017

  Underweight BMI <18.5 kg/m2 2.91 (1.49–5.68) 0.002

  Sedative use* 1.46 (1.04–2.07) 0.031

Model 3c

  CHA2DS2-VASc score ≥2 1.61 (1.14–2.82) 0.007

  Underweight BMI <18.5 kg/m2 2.91 (1.49–5.69) 0.002

  Decreased physical activity <3 times/week of exercise 1.51 (1.07–2.14) 0.020

  Thiazide use 1.52 (1.08–2.13) 0.017

  Sedative use* 1.57 (1.12–2.22) 0.010

aAdjusted for all patient characteristics and medications shown in Table 1. bAdjusted for sex, CHADS2 score, 
BMI-group, lifestyle (smoking, alcohol use, and physical activity), and all medications shown in Table 1. cAdjusted for 
CHA2DS2-VASc score, BMI-group, lifestyle (smoking, alcohol use, and physical activity), and all medications shown 
in Table 1. *Sedatives included benzodiazepines, chloral hydrate, buspirone, and zopliclone. CI, confidence interval; 
HR, hazard ratio. Other abbreviations as in Table 1.
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establish causality, only correlation.

Conclusions
Patients with AF were at a higher risk of osteoporotic 
fracture and subsequent death after fracture than were 
patients without AF in this study. Older age, female sex, 
being underweight, decreased physical activity, history of 
stroke or TIA, usage of thiazides or sedatives, and higher 
CHADS2 or CHA2DS2-VASc score were associated with 
fractures in patients with AF. We suggest that a diagnosis 
of AF portends a substantially increased risk of fractures 
and thus such patients require close screening, as well as 
counseling regarding preventive strategies.
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in AF patients. In our study, although sedative use was 
associated with increased fracture risk in both the general 
osteoporosis group and the AF subgroup, thiazide use 
correlated with fracture only in the AF subgroup. Those 
medications might be related to increased risk of fall, 
and the finding implies that thiazide diuretics should be 
prescribed more carefully in AF patients with osteoporosis. 
The CHADS2 and CHA2DS2-VASc scores, which are 
validated tools that predict stroke and systemic embolism 
in patients with AF,34,35 share common etiological factors 
with osteoporosis including older age, HF, HTN, and DM. 
We found that in AF patients, the risk of bone fracture 
increases with higher CHADS2 or CHA2DS2-VASc score. 
That finding suggested that among patients diagnosed with 
AF, the risk of fracture can be detected using a well-known 
stroke risk score and its cutoff. In doing so, we can identify 
patients who need to be screened with BMD testing. 
Furthermore, we can properly counsel these patients with 
regard to calcium and vitamin D supplementation, regular 
exercise, smoking cessation, and identification of unneces-
sary medications.

Antithrombotic Therapy and the Risk of Bone Fractures in 
Patients With AF
There is controversy regarding warfarin’s deleterious effects 
on bone density and subsequent increased fracture risk. 
Several studies have reported that warfarin therapy might 
be associated with reduced BMD,12,13 but this observation 
is inconsistent across the literature.36 Prior groups have 
investigated whether warfarin exposure is associated with 
fracture, and have found conflicting results. Gage et al 
found that long-term (≥1 year) warfarin use was associated 
with osteoporotic fractures in men with AF.11 In contrast, 
a more recent Taiwanese national cohort study found that 
warfarin users had significantly lower risk of bone fractures 
than did non-warfarin users among AF patients with 
CHA2DS2-VASc score ≥1 point.17 In our study, warfarin 
use did not independently correlate with the incidence of 
fracture in the entire osteoporosis population or in the AF 
subgroup. Further understanding of the mechanisms and 
randomized prospective studies are needed to resolve the 
ongoing controversy.

Study Limitations
First, although we adjusted for many potential risk factors 
of osteoporotic fracture, we did not measure others, 
including falls, frailty, BMD, calcium/vitamin D status 
(supplements are available without prescription), and 
non-vitamin K antagonist oral anticoagulant prescription. 
These unmeasured variables may confound the observed 
association between AF and fracture. Second, studies 
using administrative databases are potentially susceptible 
to errors arising from coding inaccuracies, although we 
applied the definition that we had already validated in 
previous studies using a Korean NHIS sample cohort.19–21,23 
Third, we could not distinguish the types of AF (paroxysmal 
or nonparoxysmal) and patients with atrial flutter were 
included without being distinguished. A fourth limitation 
is that we did not include minor bone fractures not requiring 
hospitalization. Fifth, we analyzed only all-cause death 
data and it is unclear whether the increased mortality rate 
observed was directly related to AF. Sixth, our study only 
enrolled Asian patients, potentially making it difficult to 
generalize our results to other populations. Finally, because 
of the observational nature of this study, we could not 
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