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Abstract
Background: Epidemiological evidence regarding the link between cancer and atrial 
fibrillation (AF) are limited and outcomes of metastatic cancer comorbid with AF 
need to be elucidated.
Objective: This study aims to evaluate the prevalence, temporal trends, and outcomes 
of AF in hospitalized metastatic cancer patients.
Methods: The National Inpatient Sample (NIS) database was used to identify adult 
patients with metastatic tumors from 2003 to 2014. We analyzed the trends in AF 
prevalence, in-hospital mortality, total cost, length of stay (LOS), and comorbidities 
pertaining to metastatic cancer. Multivariable-adjusted models were used to evaluate 
the association of AF with clinical factors, in-hospital mortality, total cost, and LOS.
Results: Among 2,478,598 patients with metastatic cancer, 8.74% (216,737) were 
diagnosed with AF. The proportion of comorbid AF increased from 8.28% in 2003 to 
10.06% in 2014 (p < 0.0001). Older age, white race, male, Medicare, higher income, 
larger hospital bed size, and urban teaching hospital were associated with higher AF 
occurrence. Among primary tumor sites, lung cancer experienced the highest odds 
of AF compared to other cancers. Patients with metastasis to lymph node and res-
piratory organ had higher odds of AF. In metastatic cancer, AF was associated with 
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1  |   INTRODUCTION

Atrial fibrillation (AF) is the most common arrhythmia and 
almost 2%–3% of the general population in the United States 
(US) suffer from AF. An estimate of 2.7–6.1 million U.S. 
people in 2010 have AF, which is predicted to more than 
double by 2030.1 According to the trend analysis of the 
Framingham Heart Study, the adjusted AF prevalence has 
increased fourfold from 1958 to 2007 over a period of 50 
years of observation.2 AF is associated with increased risk of 
death, renal disease, and cardiovascular events such as stroke 
or heart failure.3

Cancer is the second cause of death and approximately 
1,762,450 new cancer cases and 606,880 cancer deaths are 
projected to occur in the United States in 2019.4 Metastases 
account for a majority of cancer-related deaths.5 Recent data 
indicated an increased incidence and prevalence of AF in 
cancer patients.6 The occurrence of AF in cancer may be at-
tributable to direct tumor effect or comorbid conditions or 
cancer treatments such as surgery or medications.7,8 In partic-
ular, post-operative AF is the most common form of cancer-
associated AF.9,10 Previous studies focusing on several types 
of cancer have suggested the increased AF risk following 
surgery, especially pulmonary resection for lung cancer.9 In 
a large cohort study, AF was post-operatively present in as 
high as 12.6% of patients who underwent lung cancer sur-
gery.11 Anticoagulant therapy for AF in cancer posed phy-
sicians a challenge due to the possibility of both increased 
risk of thrombus and bleeding.9,10 Current guidelines do not 
address the issue of anticoagulation for AF in cancer patients 
and existing randomized clinical trials of anticoagulants for 
the prevention of stroke routinely excluded patients with can-
cer, particularly metastatic cancer.12 Optimal preventive and 
treatment management strategies targeting this specific pop-
ulation are not well-established.

The increased incidence and prevalence of AF among 
patients with cancer would be of considerable public health 
importance. However, epidemiological evidence with regards 
to the link between cancer and AF are limited and outcomes 

of metastatic cancer comorbid with AF need to be elucidat-
ed.8–10 This study aims to (1) describe temporal trends in the 
prevalence of AF in hospitalized metastatic cancer patients 
in the United States from 2003 to 2014; (2) evaluate the as-
sociation between demographic, hospital-related character-
istics, tumor-related characteristics, and AF occurrence; (3) 
examine the impact of AF on in-hospital mortality, hospital 
cost, and length of stay (LOS) among patients with metastatic 
cancer.

2  |   MATERIALS AND METHODS

2.1  |  Data source

National Inpatient Sample (NIS) is the largest all-payer care 
database in the United States, which provided the Healthcare 
Cost and Utilization Project. Before 2012, the database was 
constructed by sampling 20% of U.S. community hospitals. In 
2012, the NIS underwent a redesign and was drawn as a 20% 
stratified systematic sample of discharges from all participat-
ing hospitals, which could decrease the sampling error and 
make estimates more generalizable to the target population.

2.2  |  Study population

We identified adult patients (aged ≥18 years) with a primary 
diagnosis of cancer among the 10 most common solid-organ 
malignancies in the United States13 using the International 
Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) codes for cancer of lung, stom-
ach, pancreas, colon/rectum, prostate, bladder, breast, endo-
metrium, ovary, and kidney, along with secondary diagnostic 
codes for metastasis (Supplemental eTable 1).14 Metastatic 
sites for evaluation included bone & bone marrow, brain & 
spinal cord, lymph nodes, liver, respiratory organs, urinary 
organs, adrenal glands, gastrointestinal organs (other than 
liver), genital organs, and other organs.

higher in-hospital mortality (odds ratio: 1.48; 95% confidence interval: 1.43–1.54), 
18% longer LOS, and 19% higher cost.
Conclusions: AF prevalence in metastatic cancer continues to increase from 2003 
to 2014. AF is linked to poorer prognosis and higher healthcare resource utilization. 
As the population ages, optimal preventive and treatment management strategies are 
needed for metastatic cancer comorbid with AF.

K E Y W O R D S
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2.3  |  Covariate assessment

The NIS contains data on patient-level and hospital-
level characteristics for each admission record. 
Demographic  characteristics included age, gender, race, 
type of insurance, and income. Hospital characteristics in-
cluded hospital bed size, type, and region. Comorbidities 
were classified using the Elixhauser comorbidity index 
(ECI) score which included 29 comorbidities to represent 
the severity of comorbid conditions (excluded cancer).15 
We further extracted additional information regarding coro-
nary artery disease, prior stroke, chemotherapy, CHA2DS2-
VASc score, and long-term anticoagulants that were not 
included in the ECI score. Major diagnostic or therapeutic 
operating room procedures based on the principal Clinical 
Classifications Software procedure codes related to the 
same admission were considered.

2.4  |  Primary and secondary outcomes

The primary outcome was the temporal trend of AF preva-
lence among patients with metastatic cancer. AF was defined 
through secondary diagnoses fields using ICD-9-CM code 
427.31. This established methodology for AF ascertainment 
has been previously used and validated with high specific-
ity (98%) and positive predictive value (89%).16 The second-
ary outcomes included AF predictors, in-hospital mortality, 
LOS, and total cost. We used the cost-to-charge ratio to ad-
just total charges to the total cost and then used the consumer 
price index to account for inflation.

2.5  |  Statistical analysis

Using the NIS sampling and weighting strategy, we estab-
lished national estimates for all measures in the analyses. 
Demographic, hospital, and tumor-level characteristics were 
expressed with proportions and compared using χ2 test. 
Cochran–Armitage trend test was used to assess the trends of 
AF prevalence (categorized by age, gender, race, insurance 
type or primary tumor site) and in-hospital mortality. Cuzick 
nonparametric test was used to detect the trend of LOS and 
total cost over time.17

We performed univariable logistic model (model 1) and 
two multivariable-adjusted logistic models (models 2 and 3) 
to assess the risk predictors of AF. Adjustments in model 2 
included demographics, hospital-level factors, tumor-related 
factors (primary tumor sites, metastatic sites, and the number 
of metastatic sites), major operating room procedure, chemo-
therapy, long-term anticoagulants, ECI score, and CHA2DS2-
VASc score. Adjustments in model 3 were demographics, 
hospital-level factors, tumor-related factors, major operating 

room procedure, chemotherapy, long-term anticoagulants, 
individual ECI comorbidities, coronary artery disease, and 
prior stroke.

We used two multivariable-adjusted models (models 
a and b) to evaluate the association of AF with LOS, cost, 
and in-hospital mortality. Model a was adjusted for demo-
graphics, hospital-level factors, tumor-related factors, and 
ECI score. In model b, we replaced the ECI score with indi-
vidual comorbidities. Because the distributions of LOS and 
cost are skewed, we made log-transformations before multi-
variable analysis. Subgroup analyses were further conducted 
according to various patient characteristics. We also evalu-
ated trends in in-hospital mortality, LOS, and cost in patients 
with and without comorbid AF treating year as a continuous 
variable.

The amount of missing data was less than 1% for most 
variables, except for race (17.13%), cost (6.45%), and income 
(2.25%; Supplemental eTable 2). Missing race was regarded 
as the missing group. Missing data of other categorical vari-
ables were imputed with the dominant category. Sensitivity 
analyses were conducted in the following alternative settings: 
(1) unweighted analysis; (2) complete case analysis with the 
exclusion of all missing records; (3) exclusion of patients re-
ceiving major operating room procedure; (4) double robust 
inverse probability of treatment weighting analysis using the 
propensity score18; (5) multiple imputation to deal with miss-
ing data using five imputed datasets with the assumption that 
the data were missing at random.

All tests were two-sided and p-values ≤0.05 were con-
sidered significant. Statistical analyses were performed using 
SAS version 9.4 (SAS Institute Inc., Cary, NC).

3  |   RESULTS

3.1  |  Basic characteristics

From 2003 to 2014, this study identified a weighted cohort 
of 2,478,598 (unweighted 503,060) patients with meta-
static cancer. Basic characteristics are displayed in Table 1. 
Overall, 8.74% (n = 216,737) patients had a diagnosis of 
AF. Patients with AF were older (74.51 vs. 64.59 years), 
less likely to be female (44.90% vs. 56.53%), more likely 
to be white (71.79% vs. 59.98%), had higher CHA2DS2-
VASc score (2.52 vs. 1.39), higher ECI score, and frequent 
individual comorbidities (Supplemental eTable 3). Among 
cancer patients with comorbid AF, most had lung cancer 
(42.02%) as the primary tumor site, followed by colorectal 
cancer (24.84%) and pancreas cancer (8.20%) and the most 
common metastatic sites were lymph nodes (38.39%), liver 
(26.60%), and respiratory organs (20.57%). Multiple meta-
static sites occurred in 30.74% of cancer patients with co-
morbid AF.
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T A B L E  1   Demographics, hospital characteristics, cancer-related factors, and outcomes of metastatic cancer patients with and without AF

Variables AF (N = 216,737, %) Without AF (N = 2,261,861, %) p-value

Mean age (SE) 74.51 (0.07) 64.59 (0.09) <0.0001

Age group <0.0001

18–44 797 (0.37) 151,370 (6.69)

45–64 34,416 (15.88) 947,975 (41.91)

65–74 64,921 (29.95) 601,752 (26.61)

≥75 116,603 (53.80) 560,764 (24.79)

Female 97,323 (44.90) 1,276,372 (56.43) <0.0001

Race <0.0001

White 155,604 (71.79) 1,356,773 (59.98)

Black 12,327 (5.69) 254,715 (11.26)

Hispanic 6,798 (3.14) 142,857 (6.32)

Other 7,332 (3.38) 116,810 (5.17)

Missing 34,676 (16.00) 390,706 (17.27)

Type of insurance <0.0001

Medicare 166,783 (76.95) 1,102,480 (48.74)

Medicaid 7,515 (3.47) 222,056 (9.82)

Private 35,695 (16.47) 783,485 (34.64)

Self-pay 2,673 (1.23) 78,290 (3.46)

Other 4,072 (1.88) 75,551 (3.34)

Income quartile <0.0001

Q1 53,446 (24.66) 637,573 (28.19)

Q2 55,505 (25.61) 564,110 (24.94)

Q3 53,935 (24.89) 537,191 (23.75)

Q4 53,851 (24.84) 522,987 (23.12)

Hospital bed size 0.1389

Small 23,687 (10.93) 248,453 (10.98)

Medium 50,656 (23.37) 513,621 (22.71)

Large 142,394 (65.70) 1,499,787 (66.31)

Hospital type <0.0001

Rural 21,203 (9.78) 217,659 (9.62)

Urban non-teaching 86,647 (39.98) 833,700 (36.86)

Urban teaching 108,887 (50.24) 1,210,502 (53.52)

Hospital region <0.0001

Northeast 51,183 (23.62) 501,539 (22.17)

Midwest 53,317 (24.60) 513,334 (22.70)

South 74,932 (34.57) 829,744 (36.68)

West 37,305 (17.21) 417,244 (18.45)

Elixhauser comorbidity index <0.0001

0 11,921 (5.50) 407,519 (18.02)

1 35,519 (16.39) 543,291 (24.02)

2 51,049 (23.55) 538,129 (23.79)

≥3 118,248 (54.56) 772,922 (34.17)

CHA2DS2-VASc (median, IQR) 2.52 (1.44–3.57) 1.39 (0.46–2.57) <0.0001

Primary tumor site <0.0001

(Continues)
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3.2  |  Trends of AF prevalence in 
metastatic cancer

Overall, the rate of AF in metastatic cancer patients increased 
significantly from 8.28% in 2003 to 10.06% in 2014 (p for 
trend <0.0001) (Supplemental eTable 4). Figure 1 shows the 
temporal trend of AF prevalence in subgroups categorized by 
age, gender, race, and income. In all subgroups, AF preva-
lence consistently increased from 2003 to 2014 (all p for trend 
<0.05). With regards to the primary tumor site, AF preva-
lence consistently increased over the study period (p for trend 
<0.05) except endometrium cancer (p for trend = 0.9944).  
Higher prevalence was observed in lung (12.40%), bladder 
(10.25%), and colorectal cancer (8.56%).

3.3  |  Trends in risk factor profiles and 
clinical outcomes in metastatic cancer with and 
without AF

Trends in risk factor profiles in patients with and without 
AF are shown in Supplemental eFigure 1 in the Supplement. 
The prevalence of most risk factors including hypertension, 
diabetes, obesity, renal failure, coronary artery disease, and 
prior stroke has significantly increased from 2003 to 2014 
(p for trend <0.0001). Moreover, patients with comorbid AF 
had higher rates of risk factors over the whole study period. 
In-hospital mortality (with AF: 17.44% in 2003 to 12.50% 
in 2014; without AF: 10.72% in 2003 to 7.75% in 2014; 
Supplemental eFigure 2) and LOS (with AF: 7.89 days in 

Variables AF (N = 216,737, %) Without AF (N = 2,261,861, %) p-value

Lung 91,082 (42.02) 643,636 (28.46)

Stomach 10,807 (4.99) 116,679 (5.16)

Pancreas 17,774 (8.20) 199,589 (8.82)

Colon/rectum 53,848 (24.84) 575,091 (25.42)

Prostate 7,045 (3.25) 79,387 (3.51)

Bladder 7,544 (3.48) 66,048 (2.92)

Breast 10,741 (4.96) 294,559 (13.02)

Endometrium 3,632 (1.68) 61,454 (2.72)

Ovary 8,162 (3.77) 149,744 (6.62)

Kidney 6,104 (2.81) 75,674 (3.35)

Chemotherapy 9,466 (4.37) 108,479 (4.80) 0.0004

Number of metastatic sites (≥2) 66,625 (30.74) 752,664 (33.28) <0.0001

Major operating room procedure 118,321 (54.59) 1,301,566 (57.54) <0.0001

Long-term anticoagulants 25,168 (11.61) 36,399 (1.61) <0.0001

Coronary artery disease 51,628 (23.82) 238,528 (10.55) <0.0001

Prior stroke 10,962 (5.06) 55,662 (2.46) <0.0001

Metastatic site

Bone & bone marrow 37,831 (17.45) 381,635 (16.87) 0.0047

Brain & spinal cord 16,682 (7.70) 216,217 (9.56) <0.0001

Lymph nodes 83,206 (38.39) 891,809 (39.43) 0.0002

Liver 57,661 (26.60) 641,590 (28.37) <0.0001

Respiratory organs 44,591 (20.57) 400,215 (17.69) <0.0001

Urinary organs 5,595 (2.58) 62,941 (2.78) 0.0185

Adrenal glands 9,092 (4.19) 84,844 (3.75) <0.0001

Gastrointestinal organs 25,975 (11.98) 350,031 (15.48) <0.0001

Genital organs 4,645 (2.14) 84,046 (3.72) <0.0001

Other organs 22,873 (10.55) 235,877 (10.43) 0.4506

Death 30,550 (14.11) 206,446 (9.13) <0.0001

LOS (median, IQR) 7.11 (3.91–12.00) 5.08 (2.47–8.81) <0.0001

Total cost (median, IQR) 18,123 (9,805–31,794) 13,602 (7,797–23,166) <0.0001

Abbreviations: IQR, interquartile range; LOS, length of stay; Q1, 0–25th Percentile; Q2, 20–50th Percentile; Q3, 50–75th Percentile; Q4, 75–100th Percentile; SE, 
standard error.

T A B L E  1   (Continued)
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2003 to 6.34 days in 2014; without AF: 5.53 days in 2003 
to 4.70 days in 2014; Supplemental eFigure 3) decreased 
significantly regardless of AF status. Cost decreased only 
in those diagnosed with AF (1,7861$ in 2003 to 1,6418$ in 
2014; Supplemental eFigure 4).

3.4  |  Association of AF with patient and 
hospital characteristics in metastatic cancer

The results suggested that aged ≥75 years (odds ratio [OR], 
18.26; 95% confidence interval [CI]: 15.50–21.53), white 
race (OR, 0.52; 95% CI: 0.50–0.55), male (OR, 0.72; 95% 
CI: 0.70–0.73), Medicare insurance (OR, 0.87; 95% CI: 
0.82–0.93), higher income (OR, 1.11; 95% CI: 1.08–1.15), 
larger hospital bed size (OR, 1.05; 95% CI: 1.01–1.09), urban 
teaching hospital (OR, 1.12; 95% CI: 1.08–1.17), and major 
operating room procedure (OR, 1.15; 95% CI: 1.12–1.19) 
were risk predictors of AF. Higher ECI score and CHA2DS2-
VASC score were also significantly associated with increased 
AF prevalence. Continued description of the association 

between individual comorbidities and AF in model 3 is 
shown in Supplemental eTable 5.

Among primary tumor sites, odds of comorbid AF were 
higher in lung cancer compared to other cancers (all p < 
0.0001). Metastasis to lymph nodes and respiratory organs 
were related to higher odds of AF, whereas metastasis to 
bone & bone marrow, brain & spinal cord, liver and genital 
organs were related to lower odds of AF.

3.5  |  Association of AF with clinical 
outcomes in metastatic cancer

Adjusted analyses showed that both mortality and LOS de-
creased each year, while cost decreased only in those co-
morbid with AF (Table 2). In-hospital mortality was higher 
in patients with AF than without AF across the whole study 
period (Supplemental eFigure 2). Patients with AF had 48% 
higher odds of death than those without AF (OR, 1.48; 95% 
CI: 1.43–1.54). In addition, AF presence was associated with 
18% longer LOS and 19% higher cost.

F I G U R E  1   Temporal trends of AF prevalence in metastatic cancer in subgroups categorized by age (A), gender (B), race (C), and income (D)
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3.6  |  Subgroup and sensitivity analyses

Subgroup analysis based on tumor factors suggested that 
there were worse outcomes in patients’ comorbid with 
AF for all types of cancers, with the exception of mortal-
ity for prostate tumor site and metastasis to urinary organs 
(Table 3). Subgroup analyses based on patient character-
istics (Supplemental eTable 6) and sensitivity analyses 
(Supplemental eTable 7) yielded similar results as the pri-
mary findings.

4  |   DISCUSSION

The study using the largest inpatient database in the United 
States described the temporal trend in AF prevalence, de-
termined characteristics associated with AF, and evaluated 
the impact of AF on clinical outcomes in hospitalized meta-
static cancer patients. Among 2,478,598 patients with 10 
most common solid-organ metastatic malignancies, 8.74% 
(216,737) were diagnosed with AF. We also observed a sig-
nificant increasing trend in AF prevalence. Patient-, hospital-,  
and tumor-related factors could independently predict AF 

occurrence. Finally, AF in metastatic cancer was related to 
worse prognosis and higher healthcare resource utilization.

Leading this discussion are the rapidly increasing prev-
alence of the two public health problems: AF and cancer. 
The  interconnections between AF and cancer are compli-
cated with poorly understood mechanisms.8–10 On the one 
hand, AF was frequently observed in patients with cancer, 
especially in those undergoing pulmonary resection for lung 
cancer (ranged from 5.6% to 28%).9,11 Some drugs for cancer 
could induce AF, which covered cytotoxic agents, high-dose 
corticosteroids, antiemetic agents, and targeted therapies.19 
Additionally, outside the postoperative period or prior to any 
treatment, cancer itself may be regarded as a comorbid state 
that predisposed to AF occurrence as cancer patients shared 
several risk factors with AF including advancing age, hy-
poxia, and common comorbidities such as smoking, obesity, 
and hypertension.20,21 Autonomic nervous system imbalance, 
paraneoplastic conditions as well as direct invasiveness of 
cancer may also explain the higher AF prevalence in can-
cer patients.10,22 Both conditions may share common char-
acteristics of chronic inflammation.23 On the other hand, AF 
appeared to be a risk marker of occult cancer. Conen et al. 
conducted a large, long-term prospective cohort study and 

T A B L E  2   Association of AF with in-hospital mortality, LOS, and total cost in metastatic cancer patients

Outcomes

Model aa  Model bb 

Estimate p-value Estimate p-value

Association of AF with each outcome among all 
participants

Died (OR, 95% CI) 1.61 (1.55, 1.67) <0.0001 1.48 (1.43, 1.54) <0.0001

Total cost 0.22 <0.0001 0.19 <0.0001

LOS 0.21 <0.0001 0.18 <0.0001

Association of each outcome with a unit increase in a year 
in participants with comorbid AF

Died (OR, 95% CI) 0.94 (0.92, 0.95) <0.0001 0.94 (0.92,0.96) <0.0001

Total cost −0.01 <0.0001 −0.01 <0.0001

LOS −0.02 <0.0001 −0.03 <0.0001

Association of each outcome with unit increase in year in 
participants without comorbid AF

Died (OR, 95% CI) 0.94 (0.92, 0.96) <0.0001 0.94 (0.91, 0.96) <0.0001

Total cost <0.001 0.6300 0.001 0.4400

LOS −0.02 <0.0001 −0.03 <0.0001

Abbreviations: CI, confidence interval; LOS, length of stay; OR, odds ratio.
aModel a adjusted for age, race, gender, income, insurancetype, year, hospital region, hospital type, hospital bed size, primary tumorsite, multiple metastatic sites (≥2), 
major operating room procedure, chemotherapy, long-term anticoagulants, CHA2DS2-VASC score, metastatic sites and ECI score.
bModel b adjusted for age, race, gender, income, insurance type, year, hospital region, hospital type, hospital bed size, primary tumorsite, multiple metastatic sites 
(≥2), major operating room procedure, chemotherapy, long-term anticoagulants, metastatic sites, coronary artery disease, prior stroke, acquired immune deficiency 
syndrome (AIDS), alcoholabuse, deficiency anemias, rheumatoid arthritis, chronic blood loss anemia, congestive heart failure, chronic pulmonary disease, 
coagulopathy, depression, uncomplicated diabetes, diabetes with chronic complications, drug abuse, hypertension, hypothyroidism, obesity, lymphoma, fluid and 
electrolyte disorders, other neurological disorders, paralysis, peripheral vasculardisorders, psychoses, pulmonary circulation disorders, renal failure, ulcerdisease, 
valvular disease, weight loss and liver disease.
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concluded that women with new-onset AF had a significantly 
increased cancer risk after adjusting for potential confound-
ers.24 Overall, the underlying pathogenetic mechanisms with 
regards to the association between AF and cancer need to be 
further elucidated.

Increasing AF prevalence in hospitalized metastatic cancer 
may be attributed to multiple factors. At first glance, the aging 
population in the United States may play a role in the increased 
incidence and prevalence of AF, especially in patients with 
metastatic cancer.25 Our analysis showed that more than half 
of AF patients aged ≥75 years old. On another note, improved 
survival (decreasing in-hospital mortality) in metastatic cancer 
patients made recurrent hospital admissions possible, which 
indirectly resulted in an increasing prevalence of AF hospital 

encounters.26 Advanced detection technology and increased 
surveillance for AF may also be involved through the improved 
detection rate.2 Concurrently, the prevalence of most coexisting 
comorbidities in metastatic cancer patients has significantly in-
creased, such as coronary artery disease, congestive heart fail-
ure, obesity, diabetes, and hypertension.2,25 These risk factors 
are more frequently observed in cancer patients and may thus 
be linked to increased AF prevalence.

Several factors significantly predict AF in hospitalized met-
astatic cancer patients. Older age, white race, male, Medicare 
insurance, higher income, and admission to an urban teaching 
hospital or hospital in the Northeast were related to higher AF 
prevalence, consistent with previous publications focusing on 
other conditions.27 Higher ECI or the presence of conditions 

T A B L E  3   Association of AF with in-hospital mortality, LOS, and total cost in metastatic cancer patients by tumor factors

Tumor factors

Deatha  LOS Cost

OR (95% CI) p-value Estimate p-value Estimate p-value

Primary tumor site

Lung 1.45 (1.38, 1.52) <0.0001 0.19 <0.0001 0.21 <0.0001

Stomach 1.54 (1.33, 1.80) <0.0001 0.21 <0.0001 0.27 <0.0001

Pancreas 1.26 (1.13, 1.42) <0.0001 0.14 <0.0001 0.15 <0.0001

Colon/rectum 1.48 (1.35, 1.62) <0.0001 0.13 <0.0001 0.17 <0.0001

Prostate 1.00 (0.82, 1.21) 0.9786 0.13 <0.0001 0.09 0.0002

Bladder 1.30 (1.03, 1.63) 0.0259 0.15 <0.0001 0.16 <0.0001

Breast 1.43 (1.15, 1.78) 0.0012 0.14 <0.0001 0.10 <0.0001

Endometrium 1.62 (1.10, 2.38) 0.0145 0.17 <0.0001 0.13 <0.0001

Ovary 1.84 (1.50, 2.25) <0.0001 0.20 <0.0001 0.22 <0.0001

Kidney 1.64 (1.32, 2.03) <0.0001 0.18 <0.0001 0.20 <0.0001

Metastatic sites

Bone & bone marrow 1.48 (1.39, 1.58) <0.0001 0.15 <0.0001 0.17 <0.0001

Brain & spinal cord 1.45 (1.32, 1.60) <0.0001 0.13 <0.0001 0.17 <0.0001

Lymph nodes 1.68 (1.56, 1.82) <0.0001 0.23 <0.0001 0.24 <0.0001

Liver 1.38 (1.30, 1.47) <0.0001 0.14 <0.0001 0.17 <0.0001

Respiratory organs 1.53 (1.42, 1.65) <0.0001 0.17 <0.0001 0.20 <0.0001

Urinary organs 1.26 (0.98, 1.63) 0.0752 0.15 <0.0001 0.15 <0.0001

Adrenal glands 1.47 (1.27, 1.72) <0.0001 0.19 <0.0001 0.22 <0.0001

Gastrointestinal organs 1.49 (1.34, 1.65) <0.0001 0.16 <0.0001 0.19 <0.0001

Genital organs 1.65 (1.15, 2.38) 0.0072 0.16 <0.0001 0.20 <0.0001

Other organs 1.62 (1.45, 1.81) <0.0001 0.22 <0.0001 0.24 <0.0001

Number of metastatic sites

<2 1.53 (1.46, 1.60) <0.0001 0.20 <0.0001 0.21 <0.0001

≥2 1.51 (1.42, 1.60) <0.0001 0.17 <0.0001 0.19 <0.0001

Abbreviations: CI, confidence interval; LOS, length of stay; OR, odds ratio.
aAdjusted for age, race, gender, income, insurance type, year, hospital region, hospital type, hospital bed size, primary tumor site, multiple metastatic sites (≥2), major 
operating room procedure, chemotherapy, long-term anticoagulants, metastatic sites, coronary artery disease, prior stroke, acquired immune deficiency syndrome 
(AIDS), alcohol abuse, deficiency anemias, rheumatoid arthritis, chronic blood loss anemia, congestive heart failure, chronic pulmonary disease, coagulopathy, 
depression, uncomplicated diabetes, diabetes with chronic complications, drug abuse, hypertension, hypothyroidism, obesity, lymphoma, fluid and electrolyte 
disorders, other neurological disorders, paralysis, peripheral vascular disorders, psychoses, pulmonary circulation disorders, renal failure, ulcer disease, valvular 
disease, weight loss and liver disease.
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like coronary artery disease, prior stroke, hypertension, obe-
sity or congestive heart failure may reflect higher severity of 
comorbidities burdens and therefore were associated with in-
creased odds of AF. The results also suggested that cancer pa-
tients with major operating room procedure were more likely to 
be diagnosed with AF, which supported the evidence of higher 
post-operative prevalence of AF in cancer patients in count-
less  epidemiological  studies.9,10 Considering primary tumor 
sites, lung cancer had the highest AF prevalence (12.40%), 
which is consistent with previous evidence, especially the 
higher AF rate in lung cancer patients undergoing pulmonary 
resection.9,10 Furthermore, metastasis to lymph nodes and re-
spiratory organs was related to higher odds of AF, whereas me-
tastasis to bone & bone marrow, brain & spinal cord, liver and 
genital organs was related to lower odds of AF. In the light of 
our present knowledge, this study for the first time examined 
the independent association between specific invasion sites of 
cancer and AF occurrence. Possible underlying mechanisms 
need to be assessed in further studies.

The decreasing trends of in-hospital mortality and LOS 
in metastatic cancer patients both with and without AF are 
encouraging. Particularly, declines in patients with AF were 
more pronounced. The results also suggested that AF pres-
ence was a risk predictor for in-hospital mortality. However, 
previous publications focusing on the prognosis of AF in 
cancer patients are conflicting. Imperatori et al. reported 
an increased post-operative mortality after lung cancer 
surgery, while Walsh et al. found that AF was not an inde-
pendent predictor for mortality in patients with colorectal 
cancer.28,29 Small sample size or different types and severity 
of cancers in previous analyses may account for the incon-
sistent results. The present study with a larger relatively ho-
mogeneous sample focused on metastatic cancer patients. 
Our subgroup analysis by cancer types indicated that AF 
was a risk predictor for all types of cancers except for pros-
tate cancer.

The current study has several strengthens which allowed 
for a comprehensive evaluation of temporal trends, character-
istics, and outcomes of metastatic cancer patients comorbid 
with AF. There are also limitations. First, the identification of 
cancer and metastatic sites was based on ICD-9-CM codes. 
There was a possibility of undercoding or miscoding in the 
administrative database. Metastatic status may be accu-
rately ascertained through the review of medical records or 
other confirmatory data.30 Second, we could not distinguish 
index admissions from readmitted hospitalizations because a 
unique patient identifier was not available in the NIS. In ad-
dition, readmission rates between metastatic cancer with and 
without AF were unknown so our analysis may underestimate 
or overestimate the true AF prevalence among individual 
metastatic cancer patients. Third, unmeasured confounders 
such as medications that could be intrinsically related to both 
AF and outcomes may potentially contribute to some of the 

observable differences. Nevertheless, the results were proved 
robust and reliable in subgroup and sensitivity analyses from 
different statistical models.

5  |   CONCLUSIONS

Patients with AF represent 8.74% of patients diagnosed with 
metastatic cancer. AF prevalence continued to increase from 
2003 to 2014. Accounting for potential confounders, AF is 
linked to poorer prognosis and higher healthcare resource uti-
lization. As the population ages, high-quality preventive and 
treatment management strategies are needed for metastatic 
cancer comorbid with AF.
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