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Aims The national incidence, risk factors, and associated mortality of atrial fibrillation (AF) in breast cancer patients
are unknown.

...................................................................................................................................................................................................
Methods
and results

Using the Surveillance, Epidemiology, and End Results-Medicare-linked database, we identified females,
>_66 years old, with a new primary diagnosis of breast cancer from 2007 through 2014. These patients
were individually matched 1:1 to Medicare enrolees without cancer, and each pair was followed for 1 year
to identify a primary outcome of AF. Cumulative incidence was calculated using competing risk survival
statistics. Following this, identifying risk factors of AF among breast cancer patients was conducted using
the adjusted Cox proportional hazards model. Finally, Kaplan–Meier methods and adjusted Cox propor-
tional hazards modelling were performed to estimate mortality in breast cancer patients with incident and
prevalent AF. This study included 85 423 breast cancer patients. Among these 9425 (11.0%) had AF diag-
nosis prior to the breast cancer diagnosis. New-onset AF was diagnosed in 2993 (3.9%) patients in a 1-
year period after the breast cancer diagnosis [incidence 3.3%, 95% confidence interval (CI) 3.0–3.5%, at
1 year; higher rate in the first 60 days (0.6%/month)]. Comparatively, the incidence of new-onset AF in
matched non-cancer controls was 1.8% (95% CI 1.6–2.0%). Apart from traditional demographic and car-
diovascular risk factors, breast cancer stage was strongly associated with the development of AF
[American Joint Committee on Cancer (AJCC) Stage II/III/IV vs. I: adjusted hazard ratio (aHR) 1.51/2.63/
4.21, respectively]. New-onset AF after breast cancer diagnosis (aHR 3.00) is associated with increased 1-
year cardiovascular mortality.

...................................................................................................................................................................................................
Conclusion AF incidence is significantly higher in women after a breast cancer diagnosis. Higher breast cancer stages at

diagnos are significantly associated with a higher risk of AF. New-onset AF in the new breast cancer diagnosis
setting increases 1-year cardiovascular mortality but not breast cancer-related mortality.

...................................................................................................................................................................................................
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See the editorial comment for this article ‘Atrial fibrillation and breast cancer: casual or causal relationship?’, by Jose L.
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Key Question
What are the incidence, prevalence, risk factors and mortality outcomes of atrial fibrillation (AF) in a multi-ethnic representative
United States cohort of breast cancer patients?
...................................................................................................................................................................................................
Key Finding
Annual incidence for AF is 3.9% with highest rate in the first 60 days after cancer diagnosis.
Cancer stage and grade are the strongest risk factors for AF.
New onset AF after breast cancer increases all-cause and cardiovascular mortality.
...................................................................................................................................................................................................
Take Home Message
AF incidence is higher in breast cancer patients and is associated with later stage and grade at diagnosis of breast cancer. Involving
cardio-oncology in those who develop AF after cancer diagnosis should be encouraged to improve their cardiovascular and overall
prognosis.
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Structured Graphical Abstract Cumulative incidence function plot for atrial fibrillation in breast cancer patients compared with matched
non-cancer patients. The start of follow-up is at breast cancer diagnosis or pseudo-diagnosis date for the non-cancer cohort. Partial forest plot show-
ing risk factor analysis of atrial fibrillation after breast cancer diagnosis. Partial forest plot showing fully adjusted model for all-cause, cardiovascular,
and breast cancer-specific mortality in those after new-onset atrial fibrillation after breast cancer diagnosis as well as those with atrial fibrillation prior
to breast cancer diagnosis. AF, atrial fibrillation; HR, hazard ratios; ref, reference; AJCC, American Joint Committee on Cancer.
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Introduction

Atrial fibrillation (AF) is a leading cause of significant thrombotic
morbidity and overall cardiovascular mortality.1–4 Over the last
two decades, AF has become an increasingly common concern,
particularly among patients diagnosed with cancer. In the USA,
breast cancer is the leading cause of malignancy among women.
Over the last two decades, there has been an increase in the treat-
ment efficacy with resulting increase in survival following a breast
cancer diagnosis.

However, increased cardiovascular disease has become a limitation
of optimal outcomes among breast cancer patients.5,6 While AF in the
non-cancer population is associated with an overall poor prognosis
after diagnosis,7–9 little is known regarding the outcomes of AF after
cancer diagnosis or how AF affects breast cancer prognosis.6,10–16

Within this study, we leveraged a multi-ethnic representative co-
hort of early- and late-stage breast cancer patients from the
Surveillance, Epidemiology, and End Results (SEER)-Medicare registry
to determine the incidence, prevalence, cancer-specific risk factors,
and mortality outcomes of AF development among contemporary
breast cancer populations.

Methods

Data source
This study used linked SEER-Medicare databases from 2007 to 2014.17

The SEER programme, supported by the National Cancer Institute
(NCI), collects data from various state registries and covers 35% of the
US population. The Medicare programme insures over 95% of Americans
above the age of 65 years. The SEER-Medicare linkage started in 1991 and
has been updated every 3–4 years, with the final relevant linkage done in
2014. For each linkage, 95% of persons aged 65 years and older in SEER
files were matched to the Medicare enrolment files. SEER provides data
from a 5% random sample of Medicare beneficiaries without cancer resid-
ing in SEER geographic regions, which enabled us to compare the risk of
AF in patients with breast cancer vs. matched patients without can-
cer.18,19 The Ohio State University’s institutional review board approved
this study under exempt status due to the de-identified nature of the
registry.

Study population
Patients included in this study were females 66 years of age or older diag-
nosed with any stage of breast cancer between 2007 and 2013. The date
of the last follow-up was 31 December 2014.

A breast cancer diagnosis was established using the ICD-O-3 site re-
code classification C500 to C509. Patients were required to have
Medicare Parts A and B and not be members of a health maintenance or-
ganization (HMO) for 1 year before and after their breast cancer diagno-
sis. The identification of comorbidities and AF is not complete for HMO
members. In addition, patients should have qualified for Medicare based
on age only. Patients were excluded if their cancer was diagnosed at aut-
opsy, their month of cancer diagnosis was missing, if they had a
pre-cancerous or in situ lesion only (e.g., ductal carcinoma in situ), or had
previously been diagnosed with any cancer.20

The non-cancer control population was matched to breast cancer
patients by year of birth, race [White or non-white (Black, Asian, Pacific
Islander, others)], SEER registry (a surrogate for geographic region cate-
gorized into Northeast, South, Midwest, and West regions), and

Charlson comorbidity index in the year before study entry (dichotomized
into 0 or >_1).18,19 Non-cancer patients were ineligible for matching if
they lacked Medicare Part A or B coverage, belonged to an HMO, or had
a Medicare claim for AF before the index date.

The index date for matching was also referred to as pseudo-diagnosis
date in non-cancer controls. Non-cancer patients were first matched
using incidence-density sampling, where one breast cancer patient was
matched to multiple non-cancer patients. Then, the control group was
narrowed to a 1:1 match using a propensity-matched sample using calli-
per matching where calliper width was set at 10%.

Data extraction and definitions
We used two different methods to determine a new and prior diagnosis
of AF. The cohort of breast cancer patients and matched non-cancer
patients were merged to their Medicare inpatient, outpatient, and pro-
vider claims. These claims were coded using ICD-9-CM codes. Those
who had at least one inpatient, one provider, or two outpatient claims for
AF (427.31) after a breast cancer diagnosis were considered to have
new-onset AF.21 The chronic condition flag file that accompanies the
claims file and is a part of the Chronic Condition segment of the Master
Beneficiary Summary File was also utilized to identify AF since it is one of
the 27 tracked chronic conditions. If the AF diagnosis date appeared in
more than one source, then the earliest date of diagnosis was used.
Those who were determined to have AF before cancer diagnosis were
considered to have a prior diagnosis of AF.

Covariates were divided into four broad groups, namely, demographic,
cancer-specific, non-cancer comorbidities, and medications. Further dis-
cussion regarding covariates is presented in Supplementary material on-
line, Methods with the definition of each covariate, and the source of data
is listed in Supplementary material online, Table S1. A comorbidity score
was calculated using the cancer-specific SEER-Medicare comorbidity
index and Klabunde’s adaptation of the Charlson comorbidity index.22

Outcomes
This study quantifies the incidence of AF in those with a new diagnosis of
breast cancer compared to those without cancer, identifies the cancer-
specific risk factors that are associated with the incidence of AF, and
assesses if incident AF or prior AF is associated with increased mortality
after a breast cancer diagnosis. Secondary outcomes include the quantifi-
cation of cause-specific mortality.

Statistics
Descriptive statistics were used to evaluate baseline characteristics of
breast cancer patients stratified by the development of AF. As death is a
frequent competing risk in patients with cancer that can preclude AF
from developing, competing risk survival statistics accounting for death
were used to calculate the cumulative incidence of AF.23 The follow-up
was limited to 1 year. The incidence of AF between breast cancer and
non-cancer patients was compared by performing the Gray-K test.24

Follow-up was calculated from the case patient’s date of cancer diagnosis
until AF (event), death (competing risk), or end of study (end of follow-
up). We further presented the standardized incidence at 1 year after
breast cancer diagnosis.2

To evaluate the association of cancer-specific variables with the devel-
opment of new-onset AF, all covariates were checked for proportional
hazards assumption. Schoenfeld’s residual P-values and univariable hazard
ratios (HRs) from Cox models for all variables are presented in
Supplementary material online, Table S1. If cancer-specific variables did
not meet the proportional hazards assumption, then extended Cox mod-
els were used. The non-cancer variables that met proportional hazards
assumption were used for adjusting in a Fine–Gray competing risk model
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where cause-specific HRs were presented for cancer-specific risk factors.
The non-cancer variables that did not meet the proportional hazards as-
sumption were added as stratifying variables. The final multivariable
model was adjusted or stratified for age, race, Hispanic ethnicity, SEER
registry, marital status, urban location of the patient, poverty level, marital
status, history of obesity, history of smoking, history of hypertension, his-
tory of stroke, and SEER-Medicare comorbidity index. The decision to
not include variables in the final model was based on the univariable HR
results or if the variable was accounted for by the SEER-Medicare index,
thus avoiding multicollinearity.

Subgroups of breast cancer grade, American Joint Committee on
Cancer (AJCC) stage, first treatment as surgery, and first treatment as radi-
ation therapy were performed. The same cancer-specific variables included
in the primary risk factor analysis were considered in each subgroup ana-
lysis (Supplementary material online, Figure S1). An interaction term was
introduced in the model to study one significant cancer-specific variable’s
effect in relation to another significant cancer-specific variable. This is also
known as a joint test.25 For example, if radiation therapy was significant in
the above analysis, effect modification of breast cancer surgery and cancer
stage would be evaluated in the subgroup of patients who did and did not
undergo radiation therapy. Missing data were not imputed due to sufficient
statistical power obtained from patients where data were available.
However, none of the cancer variables analysed had >10% missing data.

After appropriate proportional hazards testing, proportions, 1-year
overall survival, and HRs were calculated for all-cause mortality, stratified
by incident AF and AF prior to breast cancer diagnosis. Kaplan–Meier sur-
vival curves were generated to determine median-time-to-event for mor-
tality in those who developed AF. Multivariable Cox proportional
hazards models were used to estimate the association between AF and
all-cause mortality in the form of crude and adjusted HRs. The adjustment
scheme included variables in the following order: demographics, followed
by breast cancer-specific variables, followed by cardiovascular comorbid-
ities, anticancer medications, and finally, cardiovascular medications
(Supplementary material online, Table S2). This analysis was repeated for
cancer-specific mortality, determined by breast cancer cause of death
code of 26000, and cardiovascular-specific mortality, determined by
death code for ‘disease of heart’ (50060) or ‘cerebrovascular diseases’
(50080). Appropriate ICD-9 codes were utilized to re-classify the cause
of death in breast cancer patients with incident AF related to heart failure,
ischaemic stroke, systemic embolism, or arrhythmic. Those breast cancer
patients who died of other aetiologies contributed person-time to the
analysis until the end of follow-up due to mortality from a different cause
than being assessed. Survival curves were generated using the unadjusted
(Model 1, Supplementary material online, Table S2) and fully adjusted
model (Model 6, Supplementary material online, Table S2).

An exploratory analysis to study the role of anticoagulation use and
direct-current cardioversion for the outcome of all-cause mortality was
performed. Given the limited sample size for those who developed new
AF, the Cox proportional hazards model was adjusted for age, race,
Hispanic ethnicity, SEER registry, history of hypertension, history of
stroke, SEER-Medicare comorbidity index, and AJCC stage.

SAS version 9.4 (Cary, NC, USA) was used for analysis. All statistical
tests were two-sided, and a P-value of <0.05 was considered statistically
significant.

Results

Demographics
A total of 85 423 patients aged 66 years or older with early and
advanced breast cancer were identified (Supplementary material

online, Figure S1). Among these, 9425 (11.0%) had an AF diagnosis
prior to a breast cancer diagnosis, with a median age of 81 [interquar-
tile range (IQR) 75–85) years. In the 1 year after a breast cancer diag-
nosis, 2993 (3.9%) patients were diagnosed with new-onset AF, with
a median age of 78 (IQR 72–84) years. The demographics of breast
cancer patients with a new diagnosis of AF, AF prior to cancer diag-
nosis, and no AF diagnosis at 1-year follow-up are presented in
Table 1. Patients with new-onset or prior AF were older (78 and
81 years, respectively; P < 0.001) than those who did not develop AF
(74 years) during the 1-year follow-up. In addition, the incidence of
AF after a breast cancer diagnosis was higher in those who had not
received surgery (23.5% vs. 10.4%; P < 0.001) or radiation (66.5% vs.
52.3%; P < 0.001) as their first course of therapy and had advanced-
vs. early-stage disease at diagnosis (Stage IV 14.8% vs. 6.3%;
P < 0.001).

Incidence
The incidence of new-onset AF after breast cancer diagnosis was
0.6% [95% confidence interval (CI) 0.5–0.7%] at 30 days, 2.1% (95%
CI 1.9–2.4%) at 6 months and 3.3% (95% CI 3.0–3.5%) at 1 year. This
remained higher than the non-cancer matched control through the
1-year follow-up (Figure 1). Among the breast cancer population
(n = 75 998), the rate of a new diagnosis of AF was highest in the first
60 days, increasing at 0.6%/30 days followed by 0.3%/30 days over the
period of 1-year follow-up (Supplementary material online, Figure
S2A). The 1-year incidence across the entire cohort was 40.4 per
1000 person-years (Supplementary material online, Figure S2B). The
race-standardized AF incidence was 31.9 per 1000 person-years in
females aged 66–70 years, with an increase in AF incidence with age.
From 2007 to 2014, there was an annual increase in AF incidence by
3.4% (Supplementary material online, Table S3). The age-
standardized AF incidence was 49.9 per 1000 person-years in Whites
vs. 58.8 per 1000 person-years in Black females in 2014.

Risk factors for AF
Age, race, and several other socioeconomic features were strongly
associated with the development of new-onset AF in this breast can-
cer population (Supplementary material online, Table S1). Multiple
cardiovascular risk factors such as hypertension [HR 1.46 (95% CI
1.34–1.58)], diabetes [HR 1.55 (95% CI 1.44–1.67)], prior history of
stroke [HR 1.70 (95% CI 1.53–1.88)], and the NCI comorbidity index
>0 [HR 1.84 (95% CI 1.70–2.00)] were associated with a new diagno-
sis of AF. Notably, history of depression [HR 1.21 (95% CI 1.12–
1.32)] and anaemia [HR 1.46 (95% CI 1.36–1.57)] were also associ-
ated with the development of AF. Among the cancer-specific covari-
ates, cancer stage was strongly associated with the development of
AF [AJCC Stage II vs. I: adjusted HR (aHR) 1.51 (95% CI 1.37–1.65);
AJCC Stage III vs. I: aHR 2.63 (95% CI 2.35–2.94); AJCC Stage IV vs. I:
aHR 4.21 (95% CI 3.74–4.74)]. Those who did not undergo surgery
or radiation as their first-line treatment were at a higher risk of devel-
oping AF [Table 2; aHR for no surgery vs. simple mastectomy as first
treatment option in the first 90 days after cancer diagnosis: 4.39 (95%
CI 3.80–5.07); aHR for no radiation therapy vs. external beam radi-
ation as first option: 1.46 (95% CI 1.34–1.59)].
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Table 1 Characteristics of breast cancer patients included in the study from 2007 to 2014

Variable New-onset AF after

cancer diagnosis

(n 5 2993)

Prior AF before

cancer diagnosis

(n 5 9425)

No AF at 1-year

follow-up

(n 5 (73 005)

P-value*

Age at cancer diagnosis, years, median (IQR) 78 (72–84) 81 (75–85) 74 (69–80) <0.001

Race, n (%) <0.001

White 2585 (86.4) 8590 (91.1) 61 879 (84.8)

Black 280 (9.4) 571 (6.1) 6686 (9.2)

Other 128 (4.3) 264 (2.8) 4440 (6.1)

Hispanic, n (%) 144 (4.8) 377 (4.0) 4721 (6.5) <0.001

Registry, n (%)a <0.001

West 1227 (41.0) 3579 (38.0) 31 642 (43.3)

Northeast 649 (21.7) 2074 (22.0) 13 423 (18.4)

Midwest 544 (18.2) 1837 (19.5) 12 495 (17.1)

South 573 (19.1) 1935 (20.5) 15 445 (21.2)

Marital status, n (%) <0.001

Unmarried, single 271 (9.1) 651 (6.9) 6440 (8.8)

Married 1089 (36.4) 3192 (33.9) 32 237 (44.2)

Previously married 1499 (50.1) 5205 (55.2) 31 226 (42.8)

Unmarried partnered 134 (4.5) 377 (4.0) 3102 (4.3)

Urban, n (%) 0.0002

Large metro 1783 (59.6) 5178 (54.9) 40 684 (55.8)

Small metro 805 (26.9) 2788 (29.6) 21 768 (29.8)

Other urban areas 362 (12.1) 1285 (13.6) 9285 (12.7)

Rural 43 (1.4) 174 (1.9) 1268 (1.7)

Poverty, n (%) 0.47

0–<5% 678 (23.0) 2228 (24.0) 17 478 (24.2)

5–<10% 837 (28.4) 2594 (27.9) 19 793 (27.4)

10–<20% 861 (29.2) 2705 (29.1) 20 758 (28.8)

20–100% 572 (19.4) 1762 (19.0) 14 135 (19.6)

Breast cancer characteristicsb

Laterality—left, n (%) 1482 (50.2) 4742 (50.8) 37 219 (51.3) 0.32

Grade, n (%) <0.001

1 481 (18.4) 2169 (25.6) 17 595 (26.1)

2 1161 (44.4) 3839 (45.2) 31 217 (46.4)

3 958 (36.6) 2418 (28.5) 18 188 (27.0)

4 15 (0.6) 59 (0.7) 343 (0.5)

AJCC stage, n (%)c <0.001

I 987 (35.5) 4205 (48.5) 37 182 (53.3)

II 908 (32.6) 2947 (34.0) 21 630 (31.0)

III 476 (17.1) 945 (10.9) 6509 (9.3)

IV 411 (14.8) 568 (6.6) 4384 (6.3)

SEER stage, n (%) <0.001

I (localized) 1540 (52.5) 6125 (66.7) 49 692 (69.0)

II (regional direct extension) 157 (5.4) 438 (4.8) 2062 (2.9)

III (regional lymph node extension only) 599 (20.4) 1627 (17.7) 13 206 (18.3)

IV (regional direct and lymph node extension) 218 (7.4) 410 (4.5) 2624 (3.6)

VII (distant) 417 (14.2) 587 (6.4) 4478 (6.2)

Surgical therapy, n (%) <0.001

No surgery 682 (23.5) 1573 (17.0) 7277 (10.4)

Localized therapy such as lumpectomy 1217 (41.9) 4618 (50.0) 40 754 (58.0)

Total simple mastectomy 452 (15.6) 1495 (16.2) 11 173 (15.9)

Modified radical mastectomy 556 (19.1) 1557 (16.9) 11 038 (15.7)

Lymph node surgery, n (%) <0.001

Continued
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..Cancer grade and stage (subgroup
analysis)
Among the individual breast cancer grades (1–3, Supplementary ma-
terial online, Table S4) and individual AJCC stages (I–IV,
Supplementary material online, Table S5), associations noted be-
tween covariates and incident AF were similar to those noted in

Table 2. However, there was greater likelihood of AF in those not
undergoing hormonal therapy with lower-grade breast cancer com-
pared with higher-grade breast cancer [comparison of no hormonal
therapy to treatment with hormonal therapy: grade 1, aHR 11.18
(95% CI 8.90–14.04); grade 2, aHR 8.32 (95% CI 5.97–11.60); grade
3, aHR 6.28 (95% CI 4.81–8.21); joint test P-value = 0.01;

....................................................................................................................................................................................................................

Table 1 Continued

Variable New-onset AF after

cancer diagnosis

(n 5 2993)

Prior AF before

cancer diagnosis

(n 5 9425)

No AF at 1-year

follow-up

(n 5 (73 005)

P-value*

<4 lymph nodes removed 938 (48.1) 3460 (55.7) 34 829 (59.1)

>_4 lymph nodes removed 1013 (51.9) 2756 (44.3) 24 080 (40.9)

Radiation therapy, n (%) <0.001

No radiotherapy 1869 (66.5) 5908 (66.7) 35 885 (52.3)

Beam radiation 902 (32.1) 2731 (30.8) 30 155 (43.9)

Implanted radiation 40 (1.4) 220 (2.5) 2631 (3.8)

Tumour oestrogen receptor status, n (%) 2191 (80.3) 7434 (85.0) 59 082 (85.4) <0.001

Tumour progesterone receptor status, n (%) 1816 (67.0) 6324 (72.8) 50 440 (73.4) <0.001

Tumour HER2 status, n (%)d 237 (14.0) 563 (11.3) 4323 (10.9) 0.0003

Breast tumour subtype based on combination receptor status, n (%)d <0.001

HER2þ/hormone receptor (HR)þ 158 (9.4) 400 (8.1) 2985 (7.5)

HER2þ/HR- 77 (4.6) 161 (3.2) 1325 (3.4)

HER2-/HRþ 1233 (73.4) 3905 (78.7) 31 451 (79.5)

HER2-/HR- 213 (12.7) 496 (10.0) 3809 (9.6)

Comorbidities before breast cancer diagnosis, n (%)

Hypertension 22 234 (74.6) 8874 (94.2) 48 725 (66.7) <0.001

Diabetes 1115 (37.3) 4295 (45.6) 20 155 (27.6) <0.001

Obesitye 233 (7.8) 981 (10.4) 2281 (3.1) <0.001

History of ischaemic stroke/transient ischaemic attack 429 (14.3) 2509 (26.6) 6552 (9.0) <0.001

Hyperlipidaemia 1933 (64.6) 7944 (84.3) 46 117 (63.2) <0.001

History of congestive heart failure 935 (31.2) 5824 (61.8) 11 487 (15.7) <0.001

History of myocardial infarction 121 (4.0) 726 (7.7) 1310 (1.8) <0.001

History of ischaemic heart disease 1340 (44.8) 7158 (76.0) 23 205 (31.8) <0.001

History of lung disease 714 (23.9) 3451 (36.6) 11 852 (16.2) <0.001

Smokinge 377 (12.6) 1388 (14.7) 4616 (6.3) <0.001

Peripheral vascular disease 208 (7.0) 1090 (11.6) 2732 (3.7) <0.001

Rheumatological diseases 1506 (50.3) 6526 (69.2) 32 984 (45.2) <0.001

Alzheimer’s dementia 393 (13.1) 1842 (19.5) 5982 (8.2) <0.001

History of depression 749 (25.0) 3356 (35.6) 15 818 (21.7) <0.001

Chronic kidney disease 545 (18.2) 2722 (28.9) 7909 (10.8) <0.001

History of anaemia 1492 (49.9) 6629 (70.3) 29 557 (40.5) <0.001

History of hypothyroidism 780 (26.1) 3888 (41.3) 17 764 (24.3) <0.001

Charlson comorbidity indexf (mean ± SD) 0.71 ± 1.60 1.18 ± 2.05 0.36 ± 1.03 <0.001

National Cancer Institute comorbidity indexf (mean ± SD) 0.76 ± 1.51 1.28 ± 1.90 0.43 ± 1.04 <0.001

Demographics, cancer-specific data, and comorbidities are presented.
AF, atrial fibrillation; HER, human epidermal growth factor receptor; IQR, interquartile range; SD, standard deviation; SEER, Surveillance, Epidemiology, and End Results.
aWest = San Francisco, Hawaii, New Mexico, Seattle, Utah, San Jose, Los Angeles; Northeast = Connecticut, New Jersey; Midwest = Detroit, Iowa, Kentucky; and South =
Atlanta, rural Georgia, Louisiana, greater Georgia.
bPresent proportions exclude missing data.
cII (includes II, II not otherwise specified, IIA, IIB, IIC); III (includes III, III not otherwise specified, IIIA, IIIB, IIIC); IV (includes IV, IV not otherwise specified, IVA, IVB, IVC).
dOnly available after 2010.
eUnderreported and overall proportion reported and not just prior to breast cancer diagnosis.
fThese indices were calculated using macro provided by SEER-Medicare (Klabundke’s modification of Charlson comorbidity index and NCI comorbidity index). Charlson
comorbidity index is calculated using 7 years prior to breast cancer diagnosis utilized. NCI comorbidity index is calculated using 1 year prior to breast cancer diagnosis utilized.
*P-value is Pearson’s Chi-square test for categorical variables and analysis of variance (ANOVA) for continuous variables.
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..Supplementary material online, Table S4]. Similar differences were
noted across the different grades among those receiving HER2-
targeted therapy as first-line therapy for breast cancer (joint test P-
value across all grades = 0.008; Supplementary material online, Table
S4). Cardiac medications (beta-blockers, angiotensin-converting en-
zyme inhibitor/angiotensin receptor blocker, and spironolactone/
eplerenone) lowered the likelihood of incident AF in those with
breast cancer across all grades with no significant difference across
the grades (joint test P-values >0.05 for all three classes of medica-
tions). For example, in grade 3 breast cancer, those on beta-blockers
had a lower likelihood of developing AF than those not on beta-
blockade (aHR 0.27; 95% CI 0.18–0.37).

A difference was noted across the various breast cancer sub-
types based on receptor status across the four AJCC cancer
stages (joint test P-value = 0.02; Supplementary material online,
Table S5). HER-/HRþ receptor status was associated with a lower
risk of AF in those with Stage I (aHR 0.71; 95% CI 0.52–0.97) and

Stage II (aHR 0.75; 95% CI 0.57–0.99) diseases as compared to
those with HERþ/HRþ receptor status. Beta-blockers and
angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers lowered the likelihood of incident AF in those with
breast cancer across all grades with no significant difference
across the grades (joint test P-values >0.05 for both medications;
Supplementary material online, Table S5).

Cancer treatment: surgery and radiation
(subgroup analysis)
Although the highest risk of AF was associated with those who did
not undergo surgery, the risk of AF was higher in more complex sur-
geries compared to those undergoing simple breast cancer surgeries
such as lumpectomy (total simple mastectomy vs. lumpectomy, aHR
in the first 90 days after cancer diagnosis: 1.55; 95% CI 1.31–1.85;
modified radical mastectomy vs. lumpectomy: aHR 2.07; 95% CI
1.75–2.44; Table 2). There was no difference across the other cancer-

Gray K-Sample Test P-value: <0.0001
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Figure 1 Cumulative incidence function plot for atrial fibrillation in breast cancer patients compared to 1:1 incidence density sampling and propen-
sity-matched non-cancer patients. The breast cancer and non-cancer patients were obtained from Surveillance, Epidemiology, and End Results-
Medicare 2007–2014 with matched 5% non-cancer control Medicare sample. Death was a competing risk. Matched for the year of birth, race, US
state, and Charlson score; follow-up period of 1 year after cancer diagnosis.
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..specific covariates and cardiac medications among the four categories
of surgery (all joint test P-values >0.05; Supplementary material on-
line, Table S6).

The risk of AF was noted to be lower in those who received
implanted radiation vs. beam radiation as first-choice treatment (aHR
0.51; 95% CI 0.37–0.70; Table 2). In all categories of surgical therapy,
and in non-hormonal therapy patients, the likelihood of AF was noted

to be higher in those who received beam radiation as the first treat-
ment of choice vs. no radiation therapy (joint test P-values <0.05; e.g.
aHR for those receiving modified radical mastectomy vs. lumpectomy
in breast cancer patients who have received beam radiation therapy
as first treatment of choice: 2.28; 95% CI 1.67–3.12 vs. who have not
received any radiation therapy: 1.62; 95% CI 1.30–2.02; joint test P-
values <0.0001; Supplementary material online, Table S7). There was

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

Table 2 Multivariable cause-specific hazards ratio of cancer-specific variables modelling for new-onset atrial fibrilla-
tion in breast cancer patients

Variable HR 0–90 days after

cancer diagnosis (95% CI)

HR 91–180 days after

cancer diagnosis (95% CI)

HR >180 days after

cancer diagnosis (95% CI)

SEER stage

I (localized) Ref Ref Ref

II (regional direct extension) 2.52 (1.98–3.21) 1.55 (1.05–2.27) 1.69 (1.24–2.30)

III (regional lymph node extension only) 1.50 (1.29–1.75) 1.55 (1.28–1.88) 1.48 (1.26–1.73)

IV (regional direct and lymph node extension) 2.91 (2.35–3.61) 2.65 (1.98–3.53) 1.93 (1.47–2.53)

VII (distant) 4.70 (4.04–5.48) 3.48 (2.75–4.40) 2.20 (1.72–2.83)

Surgical therapy

No surgery 4.39 (3.80–5.07) 2.83 (2.31–3.48) 1.70 (1.39–2.07)

Localized therapy such as lumpectomy ref ref Ref

Total simple mastectomy 1.55 (1.31–1.85) 1.20 (0.95–1.51) 1.16 (0.97–1.40)

Modified radical mastectomy 2.07 (1.75–2.44) 1.63 (1.32–2.01) 1.35 (1.13–1.62)

Variable HRa

Laterality—left vs. right 0.95 (0.89–1.02)

Grade

1 Ref

2 1.31 (1.18–1.46)

3 1.92 (1.72–2.15)

4 1.64 (0.98–2.76)

AJCC stage

I Ref

II 1.51 (1.37–1.65)

III 2.63 (2.35–2.94)

IV 4.21 (3.74–4.74)

Radiation therapy

No radiotherapy 1.46 (1.34–1.59)

Beam radiation Ref

Implanted radiation 0.51 (0.37–0.70)

Tumour oestrogen receptor status vs. not 0.66 (0.60–0.73)

Tumour progesterone receptor status vs. not 0.72 (0.66–0.78)

Tumour HER2 status vs. not 1.37 (1.19–1.58)

Breast tumour subtype based on combination receptor status

HER2þ/hormone receptor (HR)þ Ref

HER2þ/HR- 1.26 (0.95–1.66)

HER2-/HRþ 0.75 (0.63–0.89)

HER2-/HR- 1.10 (0.89–1.36)

Univariable analysis =presented in Supplementary material online, Table S1 was utilized in model building. All variables are adjusted for age, race, ethnicity, marital status, poverty
level, urban location status, geographic SEER location, NCI comorbidity index, obesity, smoking, history of hypertension, history of depression, history of anaemia, and history
of stroke. Lymph node biopsy status had >10% missing data and hence not modelled for. HER2 status and type of breast cancer included breast cancer patients after 2010.
CI, confidence interval; HER, human epidermal growth factor receptor; HR, hazard ratio; NCI, National Cancer Institute; SEER, Surveillance, Epidemiology, and End Results.
aVariables at the latter part of the table meet proportional hazards assumption and presented hazard ratios are for the entire year.
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.no difference across the other cancer-specific covariates and cardiac
medications among the four categories of surgery (all joint test P-val-
ues >0.05; Supplementary material online, Table S7).

Mortality outcomes
Mortality differed among breast cancer patients depending on the
time of AF onset. We studied two groups: those who developed AF
within 30 days after breast cancer diagnosis (Group 1), and those
who had AF prior to breast cancer diagnosis (Group 2). Among
those who developed AF within the first 30 days after breast cancer
diagnosis (Group 1), the 1-year survival was 62.2% (95% CI 57.6–
67.1%, Supplementary material online, Figure S3A). However, 1-year
survival among those in Group 2 was�85% (Supplementary material
online, Figure S3B). In the adjusted Cox proportional hazards model,
after full adjustment (Model 7, Table 3), there was a significant in-
crease in all-cause mortality at 1 year with incident AF within the first
30 days after breast cancer diagnosis [Group 1; aHR 2.15 (95% CI =
1.32–3.48); Figure 2] but no difference in those with AF prior to can-
cer diagnosis [Group 2; aHR 0.91 (95% CI 0.78–1.07); Supplementary
material online, Figure S4]. Cardiovascular mortality was increased in
breast cancer patients with incident AF within the first 30 days of
breast cancer diagnosis [Table 3, Model 7, Group 1: aHR 3.00 (95%
CI 1.28–7.00); Figure 3A and B] but not in those with AF prior to
breast cancer diagnosis [Table 3, Model 7, Group 2: aHR 1.36 (95%
CI 1.00–1.84); Figure 3C and D]. The cause of cardiovascular death
in breast cancer patients with incident AF was heart failure
(63.3%), systemic embolism (16.7%), ischaemic stroke (16.7%),
and arrhythmic (13.3%). In contrast, there was no difference in

breast cancer-specific mortality at 1 year, either in females with
breast cancer and new-onset AF within 30 days of breast cancer
diagnosis [Table 3, Model 7, Group 1: aHR 1.42 (95% CI 0.77–
2.62); Supplementary material online, Figure S5], or in those with
AF prior to breast cancer diagnosis [Table 3, Model 7, Group 2:
aHR 0.75 (95% CI 0.35–1.23); Supplementary material online,
Figure S6].

An exploratory analysis showed a decrease in all-cause mortality
(aHR 0.43; 95% CI 0.21–0.89) in breast cancer patients with incident
AF who were anticoagulated vs. not. Only two direct-current cardio-
versions were performed in breast cancer patients with incident AF,
and the exploratory mortality analysis did not converge.

Discussion

In this contemporary evaluation of older female breast cancer
patients, the incidence, risk factors, and mortality associated with AF
were quantified using the SEER-Medicare registry. The incidence for
AF was highest in the first 60 days, and higher among older and Black
females. Breast cancer severity, i.e. stage and grade, is strongly associ-
ated with the risk of AF development, with over 300% higher likeli-
hood of AF in those with advanced- (Stage IV) vs. early-stage (Stage I)
breast cancer (Graphical Abstract). In fact, patients who did not receive
surgery, radiation therapy, or hormonal therapy as first-line treat-
ment for breast cancer were at the higher risk of developing AF than
those who received these treatments. Furthermore, more complex
surgeries such as modified radical mastectomy have a higher risk of

...............................................................................................................................................

....................................................................................................................................................................................................................

Table 3 Association of atrial fibrillation with all-cause mortality, cardiovascular mortality, and cancer-specific mortal-
ity at 1 year after cancer diagnosis: results from Cox proportional hazards model

AF group and adjustment model HR (95% CI)

All-cause mortality Cardiovascular mortality Cancer-specific mortality

Breast cancer patients with new-onset AF in first 30 days after breast cancer diagnosis (Group 1)

Model 1—unadjusted 7.63 (6.50–8.96) 8.99 (6.25–12.94) 7.65 (6.20–9.43)

Model 2 7.68 (6.55–9.01) 8.95 (6.22–12.89) 7.71 (6.25–9.52)

Model 3 3.52 (2.34–5.28) 6.43 (3.17–13.01) 2.86 (1.57–5.22)

Model 4 3.94 (2.30–6.76) 9.16 (3.71–22.63) 2.44 (1.07–5.58)

Model 5 3.11 (2.06–4.68) 5.46 (2.69–11.10) 2.65 (1.44–4.87)

Model 6 2.20 (1.46–3.31) 3.85 (1.89–7.84) 1.85 (1.00–3.40)

Model 7 2.15 (1.32–3.48) 3.00 (1.28–7.00) 1.42 (0.77–2.62)

Breast cancer patients with AF prior to breast cancer diagnosis (Group 2)

Model 1—unadjusted 2.26 (2.12–2.40) 4.74 (4.17–5.40) 1.63 (1.49–1.79)

Model 2 2.23 (2.10–2.38) 4.76 (4.17–5.43) 1.61 (1.47–1.76)

Model 3 2.28 (2.00–2.60) 3.62 (2.85–4.60) 1.58 (1.27–1.97)

Model 4 2.20 (1.82–2.66) 3.72 (2.63–5.26) 1.39 (1.01–1.92)

Model 5 1.54 (1.34–1.78) 1.90 (1.46–2.48) 1.29 (1.02–1.65)

Model 6 1.02 (0.88–1.18) 1.27 (0.97–1.67) 0.83 (0.65–1.06)

Model 7 0.91 (0.78–1.07) 1.36 (1.00–1.84) 0.75 (0.35–1.23)

Model 2: Model 1þ demographic features; Model 3: Model 2þ breast cancer-related features; Model 4: Model 3 þ breast cancer tumour receptor subtype; Model 5: Model
3þ cardiovascular risk factors for AF; Model 6: Model 5þ breast cancer medication; Model 7: Model 6þ cardiac medications (beta-blocker, angiotensin-converting enzyme in-
hibitor/angiotensin receptor blocker, spironolactone/eplerenone). Detailed model description is presented in Supplementary material online, Table S2.
AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio.
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..AF development than simple surgeries such as lumpectomy. Also,
implanted radiation therapy is associated with a lower risk than beam
radiation in the development of AF. Notably, cardiovascular medica-
tions, namely, beta-blockers, angiotensin-converting enzyme inhibi-
tors/angiotensin receptor blocker, and spironolactone/eplerenone
use lowered the risk of developing AF. In fully adjusted models, mor-
tality in breast cancer patients is higher at 1 year among those who
have new-onset AF after a breast cancer diagnosis, and this mortality
risk is predominantly cardiovascular and not related to breast
cancer. This risk was not mitigated despite the use of the above car-
diovascular medications. Involving cardiovascular specialists or
cardio-oncology programmes in the care of breast cancer patients
who develop AF after cancer diagnosis should be encouraged.

This study found that the incidence of AF is higher in the first
60 days after cancer diagnosis. This finding is in line with two prior
studies,11,16 which observed a higher incidence of AF in the first year
after a breast cancer diagnosis, and contradictory to a study from
Denmark where AF incidence was lower in the first 6 months after a
breast cancer diagnosis compared with matched controls in those
above the age of 60.15 It is important to note that the Danish study
does not reflect our study multi-ethnic composition. Nevertheless,
they observed that the risk of AF increased after the first 6 months in
patients with breast cancer compared to non-cancer controls, similar
to our study. This study found a higher incidence of AF in Black
females. This finding is contrary to what is known from the general
population, where the incidence of AF is known to be higher in
Whites compared to Black females.2,3,26 Although not wholly
explained by our data, Black females have a higher likelihood of ER/
PR- and later stage of a breast cancer diagnosis, which may be

contributing factors.27,28 Our finding that patients who take hormo-
nal therapy are at a relatively lower risk of AF may also help to ex-
plain the higher incidence of AF in Black females.

Although no direct evidence was provided in our study, it is specu-
lated that the increased incidence of AF subsequent to cancer diagno-
sis might be biologically explained by pro-inflammatory state,
electrolyte and fluid imbalance, as well as a direct effect of cancer
therapy.29,30 Preclinical and clinical studies demonstrating cardiac fi-
brosis in late-stage cancer may also support our finding of AF in late-
stage breast cancer.30,31 We speculate that the epidemiologically
higher burden of AF in breast cancer patients may be explained by
lead-time bias due to a higher level of comprehensive screening for
various cardiovascular comorbidities that may affect cancer ther-
apy.32 Finally, Navi et al. noted an increase in stroke risk in the first
year after cancer diagnosis in another SEER-Medicare analysis.19 This
increase in stroke risk may now be partially explained by the increase
in AF burden after cancer diagnosis, as noted in our study.

After adjustment for traditional risk factors, higher breast cancer
stage and grade stood out as significant risk factors associated with an
increased incidence of AF. Remarkably, left-sided breast cancer and
breast cancer subtype based on receptor status (HER2Neu/HR)
were not associated with AF risk. Moreover, patients who did not re-
ceive initial treatment with surgery, radiation, or hormonal therapy
were noted to be at a higher risk of AF. This finding is potentially
related to the fact that those with higher-stage cancer, which is
related to a higher risk of AF, are likely to receive systemic chemo-
therapy as first-line treatment.33,34 This is further supported by the
joint test results shown in Supplementary material online, Table S7,
where aHR for surgical therapy and hormonal therapy is higher in

Figure 2 Survival curves showing all-cause mortality plot of breast cancer patients who developed atrial fibrillation within 30 days of breast cancer
diagnosis compared to those who did not at 1-year follow-up (A, unadjusted—Kaplan–Meier; B, adjusted). The plot is adjusted for standard demo-
graphic features, breast cancer-related features, cardiovascular risk factors for atrial fibrillation, and breast cancer medication. Detailed model de-
scription is presented in Supplementary material online, Table S2.
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..those who did not receive radiation therapy vs. those who did. In
addition, complex surgical treatments such as modified radical mast-
ectomy increased the risk of AF compared to simple surgeries like
lumpectomy. Although not described before, blood loss or electro-
lyte imbalance associated with longer cancer surgeries35, the impact
of cardiac fibrosis in late-stage cancer as described above, may ex-
plain this finding.30 This is also the first study to report a difference in
AF risk based on beam radiation vs. implanted radiation. The lower
risk with implanted radiation, also known as brachytherapy, is likely
due to lower cardiac dose from radiation implants into the breast.36

Furthermore, neither anthracycline nor HER2-targeted therapy was
found to increase the risk of AF, consistent with prior findings.11

Although this differs from a recent study of the World Health

Organization dataset VigiBase which reported that anthracyclines
were disproportionally used among those who developed AF
[reporting odds ratio 2.32 (95% CI 1.36 - 3.97)] compared to other
medications, taken together with data from this study,37 AF develop-
ment after a breast cancer diagnosis may also be linked to poor sys-
temic health related to the cancer state rather than cardiotoxic
therapies alone. Finally, cardiovascular medications such as
angiotensin-converting enzyme inhibitors appeared to lower the risk
of developing AF, suggesting the potential for cardio-protection
against AF in breast cancer patients.38

This is the first study to evaluate the morbidity and mortality of
new-onset AF after a breast cancer diagnosis. It is noted that new-
onset AF worsens all-cause mortality, which is mainly driven by

Figure 3 (A, B) Survival curves showing cardiovascular mortality plot in breast cancer patients who developed atrial fibrillation within 30 days of
breast cancer diagnosis compared to those who did not at 1-year follow-up (A, unadjusted—Kaplan–Meier; B, adjusted). (C, D) Survival curves show-
ing cardiovascular mortality plot in breast cancer patients who had atrial fibrillation prior to breast cancer diagnosis compared to those who did not
at 1-year follow-up (C, unadjusted—Kaplan–Meier; D, adjusted). The plot is adjusted for standard demographic features, breast cancer-related fea-
tures, cardiovascular risk factors for atrial fibrillation, and breast cancer medication. Detailed model description presented in Supplementary material
online, Table S2.
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.
cardiovascular mortality. The common causes of mortality were
heart failure followed by systemic embolism and ischaemic stroke.
There is no change in breast cancer-related mortality in those with
new-onset AF or AF prior to cancer diagnosis. The increased mortal-
ity is similar to that observed in patients with left ventricular dysfunc-
tion after cancer diagnosis, whether due to cancer therapy or other
causes.39,40 Given that variably used cardiovascular medications did
not reduce the risk of cardiovascular mortality at 1-year follow-up, it
may be important to screen and proactively mitigate AF in the first
month after cancer diagnosis to reduce cardiovascular morbidity and
mortality. Since AF was not associated with any specific cancer ther-
apy, this study is reassuring from the standpoint of continuing cancer
therapy even after AF diagnosis. Notably, anticoagulant use lowered
all-cause mortality; however, the study was not powered to study
cardiovascular mortality. We speculate that this reduction in mortal-
ity was due to reducing the burden of systemic embolism, but more
studies are needed to explore this further.

Several limitations should be addressed in this study. First, patients
below the age of 66 years were excluded since we used the Medicare
database. Second, given that this study is based on medical claims, the
findings are potentially less reliable than clinically collected data.
Nevertheless, prior studies have shown good sensitivity and specifi-
city of AF diagnosis in Medicare claims.41 In addition, the increased
likelihood of cardiovascular events proximal to cancer diagnosis has
been noted in other SEER-Medicare studies.19 Third, even though we
performed two-step matching for cancer and non-cancer patients
using incidence density sampling followed by propensity matching,
hidden confounders may not have all been accounted for. This issue
may be resolvable by future studies on this topic. Fourth, SEER-
Medicare covers �30% of the USA17 and represents the population
at large; nevertheless, if compared with data gathered from the entire
USA, minor discrepancies could be observed. Fifth, even though
Medicare claims may identify major conditions like AF, the prevalence
of obesity was noted to be around 3–10% in our study. This finding
likely represents obesity ICD-9 code under-reporting, given that at
least one-third of Americans above the age of 65 are obese.42 Along
the lines of such, essential risk factors for AF, such as performance
status, are not available in SEER. Sixth, the analysis that included part
D data should inherently be considered limited since 30–50% of
patients who are enrolled in Medicare at the age of 65 do not utilize
part D for oral medications.43 Seventh, we limited our study to 1-
year follow-up. Prior studies have shown that following cancer
patients for extended durations have led to proportional hazards as-
sumption violation, perhaps due to differential mortality related to
disparate cancer strata; hence, we limited the incidence and HR quan-
tification to 1 year.44 In addition, the role of rhythm control measures
on mortality could not be studied efficiently due to sample size limita-
tion. Also, the identification of specific cardiovascular causes of death
is relatively uncertain due to the coding system used by SEER. Finally,
this study was conducted during the period of 2007 to 2014 to avoid-
ing crossing over to ICD-10, which appeared in claims in 2015.

Conclusion

AF incidence is significantly higher in women after a breast cancer
diagnosis. Apart from traditional risk factors, higher breast cancer

stages and grades at diagnosis are associated with increased risk of
AF, suggesting a systemic effect of advanced breast cancer itself on
the heart. All-cause mortality was found to be increased in those
with breast cancer who have new-onset AF, which is mainly driven
by cardiovascular mortality. Early involvement of cardiology and tar-
geted application of cardioprotective medications after a breast can-
cer diagnosis may mitigate this excess mortality; however, further
prospective studies are required.

Supplementary material

Supplementary material is available at European Heart Journal online.
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