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ABSTRACT

Keywords: Objectives: Several studies have suggested a possible relationship between atrial fibrillation (AF) and falls.
Atrial fibrillation However, whether the relationship depends on AF types is unclear. We investigated the relationship
falls

between sustaining AF and falls.
Design: Single hospital-based cohort study with a follow-up of falls within 3 years after baseline.
Setting and Participants: A total of 14,056 patients from our cohort between February 2010 and
March 2016.
Measures: Incidence of falls within 3 years by baseline cardiac rhythm was measured, and we investi-
gated the effects of AF types on incidence of falls.
Results: The study population was divided into younger (<75 years old; n = 11,808) and older (>75 years
old; n = 2248) groups, and then divided into 3 groups according to the baseline cardiac rhythm: sinus
rhythm (SR), paroxysmal AF (PAF), and persistent AF (PeAF). There were more male patients in the PeAF
group; these patients had more comorbidities both in the younger and older groups. The cumulative
incidence rates of falls at 1 year in patients with SR, PAF, and PeAF were similar in the younger group
(0.4%, 0.4%, and 0.6%, respectively; P = .496), whereas those were significantly different in the older
group (2.3%, 2.7%, and 5.0%, respectively; P =.024). In multivariate analysis, both PAF [hazard ratio (HR)
1.179; 95% confidence interval (CI) 0.553—2.511, reference SR] and PeAF (HR 1.502; 95% CI 0.635—3.556)
were not associated with falls in the younger group. In the older group, PeAF was independently asso-
ciated with incidence of falls (HR 2.257; 95% CI 1.262—4.037), but PAF was not (HR 1.317; 95% CI 0.673
—2.574).
Conclusions/Implications: PeAF, not PAF, was associated independently with falls in older patients, sug-
gesting the possible effect of irregular beats on physical frailty in the older population.
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ventricular beats,® the decline should be promoted especially while AF
is sustaining.

As there have not been reports evaluating whether the effects on
falls are different between sustaining and transient AF, we investi-
gated it using a single-center database in a cardiovascular hospital.

Methods
Study Patients and Data Collection

We established a single hospital-based cohort with a cardiovas-
cular hospital in Tokyo, Japan, in June 2004, which contains data on all
new patients attending our hospital, excluding foreign travelers and
patients with active cancer. The principle aim of establishing this
hospital-based database is to monitor the prevalence and prognosis of
cardiovascular diseases in urban areas of Japan.”'® Data on patients’
health status and incidence of cardiovascular events and mortality are
linked with hospital medical records and data collected through a
postal survey repeated approximately once or twice anually.>'°

The data used in this study were derived from the records of 14,056
patients registered between February 2010, when the electronic
medical charts were introduced in our institute, and March 2016. The
study population was divided into 2 groups by age (younger <75 years
of age and older >75 years of age groups). Each group was further
divided into 3 groups according to the baseline cardiac rhythm: SR
(n = 10,254/1872), paroxysmal AF (PAF; n = 1044/193), and persistent
AF (PeAF; n = 510/183).

Data Collection

After taking electrocardiogram (ECG) and chest radiogram, cardio-
vascular status was evaluated for each patient by echocardiography,
exercise test, 24-hour Holter recordings, and blood laboratory data
according to the discretion of attending physicians. In addition, the
following information was collected: patient data, including sex, age,
height, and weight; cardiovascular risk factors, including hypertension
(use of antihypertensive agents, systolic blood pressure >140 mm Hg,
or diastolic blood pressure >90 mmHg on admission) and diabetes
mellitus (use of oral hypoglycemic agents or insulin, or glycosylated
hemoglobin >6.5%); cardiovascular disease, including structural heart
disease, congestive heart failure, or a history of a disabling cerebral
infarction or transient ischemic attack (TIA); and use of medications.
Body mass index was calculated as weight in kilograms divided by the
square of height in meters. An estimated glomerular filtration rate
(eGFR) was calculated using the equation for the Japanese population:
eGFR = 194 x (serum creatinine) %% x (age) %287 x (0.739, if the
patient is female)."" Chronic kidney disease was defined as eGFR
of <60 mg/min/1.73 m?, anemia was defined as hemoglobin level
<11 g/dL, and symptomatic heart failure was defined as New York Heart
Association class >2.

Structural heart diseases include (1) valvular heart disease (mod-
erate or severe stenosis or regurgitation using echocardiography), (2)
coronary heart disease (diagnosed by angiography or scintigraphy),
(3) hypertrophic and dilated cardiomyopathy (diagnosed by echocar-
diography or magnetic resonance imaging), and (4) congenital heart
disease (diagnosed by echocardiography).

Definition of AF

In the present study, AF was diagnosed based on electrocardiog-
raphy at the initial visit, which included 12-lead surface ECG or 24-
hour Holter monitor recordings. AF was also diagnosed based on any
medical history of AF by the referring physicians.

PAF at the initial visit was defined as (1) SR on ECG and previous
diagnosis of PAF by the referring physicians; (2) symptomatic AF on
ECG at the initial visit and duration of AF estimated as <7 days

according to symptoms or ECG recordings; and (3) asymptomatic AF
on ECG at the initial visit and no AF within the recent 1 week. Patients
whose AF was estimated to continue for >7 days were categorized as
PeAF.

Clinical Outcomes

Patients were monitored for accidental falls by 2 ways. First, fall
history outside of the hospital (not during the period of hospitaliza-
tion) was self-reported by patients or accompanying family members
at daily clinical visits. Second, admission with bone fracture or injury
by falls was informed by being linked to the medical records, and by
study documents of prognosis sent once per year to those who
stopped hospital visits or who were referred to other hospitals.

Statistical Analysis

Among the baseline characteristics, continuous and categorical
variables are expressed as means =+ standard deviation and number
(percentage), respectively. One-way ANOVA and 72 were used to test
the differences of continuous and categorical variables between the 3
groups by cardiac rhythm, respectively. To determine the relationships
between the 3 groups and falls, univariate and multivariate Cox
regression analyses were performed, where the variables with P value
of <.10 in the univariate models were entered into the multivariate
model using the stepwise method. Statistical analyses were per-
formed using SPSS v 19.0 (IBM Corp, Armonk, NY) for Windows
(Microsoft Corp, Redmond, WA). In all analyses, P < .05 was taken to
indicate statistical significance.

Ethical Issues

The ethics committee at our institute granted ethical permission
for this study, and all of the patients provided written informed
consent.

Results
Characteristics of the Study Population

The 14056 patients in the study population included 8496 men
(60.4%) and had a mean age of 58.4 years. The number of patients in
the younger and older groups were 11,808 (84.0%) and 2248 (16.0%),
respectively.

Baseline characteristics according to baseline cardiac rhythm in the
younger and older groups are shown in Table 1. The patients with PeAF
were more male and had more symptomatic heart failure and chronic
kidney disease, and had higher CHADS, scores compared to those with
SR and PAF in both of the younger and older groups. Diuretics and
anticoagulants were prescribed more frequently in patients with PeAF
than in those with SR and PAF.

Incidence of falls within 3 years by baseline cardiac rhythm are
shown in Figure 1A and B.

During the follow-up period of 555 (interquartile: 14—1096) days, a
total of 152 (1.1%) patients experienced falls: 66 (0.6%) in the younger
group and 86 (3.8%) in the older group. The Kaplan—Meier curves of
incidence of falls according to baseline cardiac rhythm are shown in
Figure 1A and B. The cumulative incidence rates of fall events at 1 year
in patients with SR, PAF, and PeAF were 0.4%, 0.4%, and 0.6%, respec-
tively, in the younger group (log-rank test, P = .496) and 2.3%, 2.7%,
and 5.0%, respectively, in the older group (log-rank test, P =.024).

Effects of AF Types on Incidence of Falls

In univariate analyses, the hazard ratios (HR) of PAF and PeAF
compared with SR were 1.080 (95% confidence interval [CI],
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Table 1
Characteristics of the Study Population
Younger Group PeAF PAF SR
(n=510) (n = 1044) (n =10254)
Age (y) 62+9 58 + 11 53+ 14
Men 422 (83%) 816 (78%) 6193 (60%)
Body mass index (kg/m?) 24.8 + 4.1 23.8 +34 23.3 + 44
Hypertension 240 (47%) 428 (41%) 2851 (28%)
Diabetes mellitus 105 (21%) 118 (11%) 1216 (12%)
Dyslipidemia 149 (29%) 303 (29%) 2924 (294)
Previous cerebral infarction/TIA 33 (6%) 29 (3%) 116 (1%
Symptomatic heart failure 72 (14%) 54 (5%) 598 (6% )
Structural heart diseases 146 (29%) 147 (14%) 2314 (23%)
Chronic kidney disease 325 (64%) 559 (54%) 3198 (31%)
Anemia 6 (1%) 15 (1%) 197 (2%)
CHADS; score (points) 095 +1.03 0.63+082 048 +0.77
Medications
Antihypertensives 59 (12%) 103 (10%) 783 (8%)
Diuretics 51 (10%) 44 (4%) 284 (3%)
Antiplatelets 52 (10%) 120 (11%) 1360 (13%)
Anticoagulants 386 (76%) 578 (55%) 400 (4%)
Antiarrhythmics 177 (35%) 565 (54%) 722 (7%)
Hypnotics 236 (46%) 463 (44%) 3657 (36%)
Older Group PeAF PAF SR
(n=183) (n=193) (n =1872)
Age (y) 81+4 80+ 4 80+ 4
Men 109 (60%) 96 (50%) 860 (46%)
Body mass index (kg/m?) 232 +39 224 +35 23.0+3.7
Hypertension 108 (59%) 124 (64%) 995 (53%)
Diabetes mellitus 48 (26%) 38 (20%) 411 (22%)
Dyslipidemia 56 (31%) 72 (37%) 7]8 (38%)
Previous cerebral infarction/TIA 14 (8%) 15 (8%) 9 (5%)
Symptomatic heart failure 53 (29%) 33 (17%) 272 (15%)
Structural heart diseases 85 (46%) 74 (38%) 787 (42%)
Chronic kidney disease 131 (72%) 131 (68%) 994 (53%)
Anemia 26 (14%) 18 (9%) 200 (11%)
CHADS; score (points) 230+1.05 217 +£099 1.99 + 0.98
Medications
Antihypertensives 36 (20%) 39 (20%) 261 (14%)
Diuretics 39 (21%) 25 (13%) 432 (9%)
Antiplatelets 35 (19%) 41 (21%) 190 (23%)
Anticoagulants 129 (70%) 124 (64%) 190 (10%)
Antiarrhythmics 37 (20%) 78 (40%) 217 (12%)
Hypnotics 116 (63%) 120 (62%) 1149 (61%)

Categorical and consecutive data are presented as numbers (%) and
means + standard deviation, respectively. CHADS,, Congestive heart failure/Hy-
pertension/Age/Diabetes mellitus/Stroke.

0.509—-2.290) and 1.664 (95% CI 0.710—3.900), respectively, in the
younger group. On the other hand, the HRs of PAF and PeAF compared
to SR were 1.231 (95% CI 0.631—-2.404) and 2.198 (95% CI 1.230—3.930),
respectively, in the older group (Table 2).

Incidence of falls within 3 years by baseline cardiac rhythm in younger group (<75years)
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In multivariate analysis, both PAF (HR 1.179; 95% CI 0.553—2.511)
and PeAF (HR 1.502; 95% CI 0.635—3.556) were not significantly
associated with falls in the younger group, although age (HR 1.036 [per
year|; 95% CI 1.008—1.064), male (HR 0.498; 95% CI 0.296—0.840),
diabetes mellitus (HR 1.974; 95% CI 1.099—3.544) and symptomatic
heart failure (HR 2.159; 95% CI 1.146—4.071) were independently
associated with them. In the older group, PeAF was independently
associated with incidence of falls (HR 2.257; 95% CI 1.262—4.037),
whereas PAF was not (HR 1.317; 95% CI 0.673—2.574). Otherwise, age
(HR 1.103 [per year]; 95% CI 1.057—1.151) and structural heart diseases
(HR 1.741; 95% CI 1.121-2.705) were associated independently with
falls.

Discussion

We investigated the impact of AF types on the incidence of falls in
patients in a cardiovascular hospital. In our patients, both PAF and
PeAF were not associated with falls in the younger group, whereas
PeAF, but not PAF, was independently associated with falls in the older
group.

The number of older patients is increasing along with the aging of
society. In older patients, the prevention of falls is important because
activity of daily living will decline as a result of falls. Moreover, falls are
independently associated with increased mortality risk.*'>!> Simi-
larly, AF is known to be closely associated with older age'* and in-
creases the risks of death.”” O’'Neal et al’ reported that falls were more
likely to be reported in patients with AF (10%) than in those without AF
(6.5%) (P < .001). Our data were consistent with the previous study,
although the incident rates were slightly less.

Notably, our data demonstrated that PeAF but not PAF was asso-
ciated significantly with falls in older patients, suggesting that sus-
taining form plays a specific role. Although the mechanisms
underlying the relationship between sustaining AF and falls are un-
known, several mechanisms can be proposed. First, AF, especially PeAF
instead of PAF, may represent worse patient profiles including age,
diabetes, depression, and cognitive decline,>'® which are associated
with the physical impairment and, thus, increase the risk of falls.!” 19

Second, impaired mobility because of sustaining AF could be a
specific mechanism. Atwood et al reported that patients with PeAF
have decreased exercise tolerance, and after successful cardioversion
their exercise capacity was improved.® This may be due to adverse
hemodynamic statuses during AF. An irregular sequence of RR in-
tervals produces poorer hemodynamic consequences that are inde-
pendent of heart rate.’® AF decreases cardiac output because of
irregular ventricular rate, and also due to a lack of atrial

Incidence of falls within 3 years by baseline cardiac rhythm in elderly group (=75 years)
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Fig. 1. (A) Kaplan—Meier event-free survival curves for fall events within 3 years by baseline cardiac rhythm in younger group; (B) Kaplan—Meier event-free survival curves for fall

events within 3 years by baseline cardiac rhythm in elderly group.
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Table 2
Univariate and Multivariate Cox Regression Analyses for Falls Within 3 Years
HR (95% CI) P Value
Younger Group Variables
Univariate model
SR reference
PAF 1.080 (0.509—2.290) .842
PeAF 1.664 (0.710—3.900) 241
Age (pery) 1.048 (1.020—1.077) .001
Men 0.553 (0.333-0.919) .022
Body mass index (per kg/m?) 1.000 (0.936—1.068) 995
Hypertension 2.255 (1.342—-3.790) .002
Diabetes mellitus 2442 (1.416—-4.212) .001
Previous cerebral infarction/TIA 0.911 (0.126—6.575) 926
Symptomatic heart failure 2.810 (1.542—-5.122) .001
Structural heart diseases 1.908 (1.146—3.177) .013
Chronic kidney disease 0.797 (0.473—-1.343) 395
Anemia 2.399 (0.751-7.660) .140
Medications
Antihypertensives 2.141 (1.189—-3.855) .011
Diuretics 3.117 (1.532—6.346) .002
Antiarrhythmics 1.187 (0.630—2.237) .596
Hypnotics 1.885 (1.112—3.194) .019
Multivariate model
SR Reference
PAF 1.179 (0.553-2.511) .670
PeAF 1.502 (0.635—3.556) 354
Age (pery) 1.036 (1.008—1.064) .011
Men 0.498 (0.296—0.840) .009
Diabetes mellitus 1.974 (1.099—3.544) .023
Symptomatic heart failure 2.159 (1.146—4.071) .017
Older Group Variables
Univariate model
SR Reference
PAF 1.231 (0.631—-2.404) 542
PeAF 2.198 (1.230—-3.930) .008
Age (pery) 1.105 (1.060—1.153) <.001
Age (>75y) - <.0
Men 1.071 (0.700—1.640) 751
Body mass index (per kg/m?) 0.964 (0.902—1.031) 285
Hypertension 1.834 (1.128—2.982) .014
Diabetes mellitus 1.076 (0.662—1.748) .768
Previous cerebral infarction/TIA 1.354 (0.590—3.105) 474
Symptomatic heart failure 1.688 (1.046—2.725) .032
Structural heart diseases 1.765 (1.137—-2.738) .011
Chronic kidney disease 1.622 (1.017—-2.587) .042
Anemia 2.062 (1.196—3.552) .009
Medications
Antihypertensives 1.801 (1.133—-2.862) .013
Diuretics 1.722 (1.022-2.902) .041
Antiarrhythmics 1.340 (0.788—-2.281) 280
Hypnotics 1.182 (0.745—1.876) 478
Multivariate model
SR Reference
PAF 1.317 (0.673—2.574) 421
PeAF 2.257 (1.262—4.037) .006
Age (pery) 1.103 (1.057—1.151) <.001
Structural heart diseases 1.741 (1.121-2.705) .014

contraction.”'?> Low cardiac output can decrease multiorgan perfu-

sion, which may include legs.

Third, such a decrease of multiorgan perfusion may also result in
decreased cerebral perfusion, which may decrease cognitive function.
In particular, attention disorders and decline of executive function
would be the risk of falls.>> Thus, AF could be a risk of falls via neu-
rocardiovascular instability.>*

Fourth, AF-related medications may also explain the risk of falls.
Patients with AF are usually prescribed medications for rate or rhythm
control, which suppress the response of heart rate and somewhat
lower blood pressure. As a consequence, especially in older patients,
these medications may cause dizziness and staggering, both of which
increase the risk of falls. By similar reasons, antihypertensive medi-
cations can be a strong risk for falls.”> Moreover, polypharmacy is a

risk factor for falls, independent of the type of drugs and other
comorbidities.”®

Finally, TIA can be a cause of falls. Although coincidence of falls and
TIA were not recorded in our database, coexistence of undetermined
TIA can possibly be speculated.

Our data confirmed that AF is a risk factor for falls, consistent with
a previous report.” Moreover, our data indicated that persistence of AF
increases the fall risk, whereas the PAF was not a clinically significant
risk. Notably, effect of PeAF on falls was significant only in age
>75 years, but not in age <75 years. Future studies should examine
methods of preventing falls in patients with PeAF in the older popu-
lation. Eliminating unnecessary medications and exercise to increase
muscle strength or functional mobility may be effective in-
terventions.”” It will also be necessary to investigate whether sup-
pression of progression to PeAF is effective for preventing falls.
Pulmonary vein isolation should be an ideal intervention because
successful catheter ablation can reduce both PeAF- and AF-related
medications.>®

Our study had several limitations. First, our database consisted of a
cohort at a single cardiovascular hospital. Therefore, our results

cannot necessarily be generalized to community-based populations.

Second, as not all falls are reported to the attending physicians,*® our

data, based on patient-reported events, may have underestimated the
incidence of falls. Third, although we adjusted for potential con-
founders, residual confounding factors may remain.

Conclusions/Implications

In conclusion, in this single-center cohort study, we found that
PeAF was independently associated with falls in older patients, sug-
gesting the possible effect of irregular beats on physical frailty in the
older population.
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