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A B S T R A C T

Background: Atrial Fibrillation (AF) has been associated with various behavioral risk factors such as tobacco,
alcohol, and/or substances abuse.
Objective: The main objective is to describe the national trends and burden of tobacco and substance abuse in
AF hospitalizations. Also, this study identifies potential population who are more vulnerable to these sub-
stance abuse among AF hospitalizations.
Methods: The National Inpatient Sample database from 2007 to 2015 was utilized and the hospitalizations
with AF were identified using the international classification of disease, Ninth Revision, Clinical Modification
code. They were stratified into without abuse, tobacco use disorder (TUD), substance use disorder (SUD),
alcohol use disorder (AUD) and drug use disorder (DUD).
Results: Of 3,631,507 AF hospitalizations, 852,110 (23.46%) had TUD, 1,851,170 (5.1%) had SUD, 155,681
(4.29%) had AUD and 42,667 (1.17%) had DUD. The prevalence of TUD, SUD, AUD, and DUD was substantially
increased across all age groups, races, and gender during the study period. Female sex was associated with
lower odds TUD, SUD, AUD, and DUD. Among AF hospitalizations, the black race was associated with higher
odds of SUD, and DUD. The younger age group (18�35 years), male, Medicare/Medicaid as primary insurance,
and lower socioeconomic status were associated with increased risk of both TUD and SUDs.
Conclusion: TUD and SUD among AF hospitalizations in the United States mainly affects males, younger indi-
viduals, white more than black, and those of lower socioeconomic status which demands for the develop-
ment of preventive strategies to address multilevel influences.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Atrial fibrillation (AF) is one of the most common arrhythmias in
the U.S. and the prevalence of AF continue to rise secondary to the
increased detection rate and population aging.1, 2 AF is predomi-
nantly associated with hypertension, heart failure, coronary artery
disease, diabetes mellitus, and valvular heart disease.3 AF has also
been associated with various behavioral risk factors such as tobacco
abuse,4 alcohol abuse5, 6 and substances abuse.6 Tobacco abuse has
been shown to increase the risk of AF in the Framingham Heart Study
(FHS) and Rotterdam study.7, 8 Alcohol has been strongly associated
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with the risk of AF and reducing intake was shown to be associated
with reduction in AF recurrences.9, 10 Similarly, various substances
such as cocaine, amphetamine and other illicit drugs have been
shown to have cardiotoxic effects resulting in cardiac arrhythmias.11,
12 Furthermore, rates of tobacco, alcohol and illegal drug use in the
U.S. continue to increase, especially in the young adults, which may
add to the incidence and prevalence of AF.13-15 Prior studies on sub-
stance use and AF in the U.S. are not nationally representative.
National tobacco abuse and substance abuse rates among heart fail-
ure hospitalizations have been studied.16 The national burden of
tobacco and other substance use disorders among AF hospitalizations
is not well described.

Nationally representative data helps to understand the prevalence
and influence of tobacco and substance use disorders on health out-
comes among AF hospitalizations. Identifying AF hospitalizations
with tobacco, alcohol or other substance use disorders is critical in
developing preventive policies. This study describes the national bur-
den and trend of tobacco and substance abuse in AF hospitalizations.
Also, this study identifies potential population who are more vulnera-
ble to these substance abuse among AF hospitalizations. Moreover,
we stratified these trends by age, race, and sex to observe predomi-
nant group characteristics in AF hospitalizations.
Methods

Data source

The National Inpatient Sample (NIS) was used for the present
analysis. The NIS is created and maintained by the Agency for Health-
care Research and Quality and is developed for the Healthcare Cost
and Utilization Project (HCUP). The NIS contains data from more than
7 million unweighted hospital discharges each year and weighted,
and the NIS estimates more than 35 million hospitalizations nation-
ally. The design of the NIS was changed after the year 2012. The NIS
included all inpatient discharges from a random 20% sample of hospi-
talizations from 2007 to 2011. From 2012 onwards, the database was
built using a systematic sampling of 20% of discharges from all the
hospitals. Additionally, we used “trend weights” for the database
prior to the year 2011, as recommended. These trend weights help
facilitate comparison of estimates from the year prior to 2012. These
changes in the NIS database structure has been described previ-
ously.17, 18 Since, the NIS uses de-identified hospital discharges as
samples with prior ethical committee approval, no additional ethical
committee approval was required for the present analysis.
Study population

AF hospitalizations were identified using the international classifi-
cation of disease, Ninth Revision, Clinical Modification (ICD-9-CM)
code 427.31 in the primary diagnosis column. We included the data-
base from January 2007 to September 2015 since the coding system
changed to ICD-10-CM after September 2015. These codes for identi-
fying AF hospitalizations from the NIS have been utilized in previous
studies.19-21 Hospitalizations under 18 years of age were excluded
from the present analysis. Demographic data including age, sex, race,
co-morbidities, region of hospital, location of the hospital, hospital
size, payment type and median household income category for hospi-
talization’s zip code were retrieved for each of the included hospital-
izations. Tobacco, alcohol and drug use disorders were defined using
ICD-9-CM codes (Supplementary Table 1), as described previously.16

Substance use disorder (SUD) was defined as any drug or alcohol use
disorder excluding tobacco. This method has been utilized previously
for heart failure hospitalization using the same database.16 Finally,
Charlson’s comorbidity index score has been explained in the Sup-
plementary Table 2. This was later stratified by 0, 1, 2 or �3.
Statistical analysis

AF hospitalizations were stratified into without abuse, tobacco use
disorder (TUD), SUD, alcohol use disorder (AUD) and drug use disor-
der (DUD). Descriptive statistics of hospitalizations in each stratum
with in-hospital outcomes were reported. AF hospitalizations were
later stratified based on sex. All analyses in the present study
accounted for NIS clustering, survey nature, stratification, and
weights per recommendations (Supplementary Table 3).22 Continu-
ous variables were expressed as mean (standard deviations [SD]) or
median (interquartile range [IQR]) depending on the data distribu-
tion and analyzed using the Student t-test or Wilcoxon rank sum test,
as appropriate. Categorical data were expressed in frequency and
percentages and analyzed using the Pearson’s chi-square test. We
used the Jonckheere-Terpstra trend test to analyze the trend of the
frequency of substance use percentage combined, stratified into five
age groups (18�35, 36�50, 51�65, 66- 80 and more than 80), sex
and race. Statistical significance was set at a P-value of <0.05. The
cost was calculated by multiplying the total cost with the cost-to-
charge ratio provided by the sponsor for each given year and adjusted
for inflation to year 2011. Finally, we performed multivariable logistic
regression analysis to analyze demographic factors associated with
TUD, SUD, AUD and DUD. We included age, sex, race, hospital region,
median household income, primary payor, hospital bedsize and hos-
pital location in this model. SAS, version 9.4 (SAS Institute Inc.) was
used for all statistical analyses.
Results

A total of 3,631,507 AF hospitalizations from 2007 - 2015 over
18 years of age were included in the present analysis. Of the hospital-
izations, 852,110 (23.46%) had TUD, 1,851,170 (5.1%) had SUD,
155,681 (4.29%) had AUD and 42,667 (1.17%) had DUD. 2,689,315
(74.06%) had no documented history of any abuse.

Atrial fibrillation hospitalization without a history of abuse

Hospitalizations without a history of abuse had a mean age of
71.8§ 30.1 years. Majority of the hospitalizations without drug abuse
were between 66 and 80 years (38.7%), females (57.4%) and whites
(72.6%). Hypertension (67.6%) and dyslipidemia (43.3%) were the
most frequently occurring co-morbidities. Most of the AF hospitaliza-
tions without a history of drug abuse had CHA2DS2VASc score �3
(62%) (CHA2DS2VASc scores are used in AF patients to stratify the risk
of stroke). The majority of the hospitalizations were at large hospitals
by bed-size (60.1%) and urban teaching locations (44.3%) with Medi-
care/Medicaid (72.5%) being the most common primary payment
type among AF hospitalizations with drug abuse (Table 1).
Tobacco use disorder in AF hospitalizations

AF hospitalizations with TUD had a mean age of 67§29.5 years.
The majority of the hospitalizations in TUD were between 51 and
65 years of age (41.4%), male (61%), and white (76.7%). Most of the AF
hospitalizations with TUD had CHA2DS2VASc score � 3 (48.4%). Like
AF hospitalizations without drug abuse, AF hospitalizations with TUD
were predominantly admitted to a large bed-sized hospital (60.1%),
urban teaching hospitals (47.4%) with Medicare/Medicaid being the
primary payor in AF hospitalizations with TUD (66.7%). Among AF
hospitalizations, 1.1% had a stroke, 0.7% died in hospital, and 78.5%
were discharged to home (Table 1). TUD was most common in age
groups >50 years, the majority were whites, and Medicare/Medicaid
was the primary payor for AF hospitalizations with TUD in both sexes
(Table 2).



Table 1
Demographics, baseline characteristics and in-hospital outcomes of patients admitted with atrial fibrillation and substance abuse.

Variable Without Abuse
(2,689,315)

TUD (852,110) SUD (185,170) AUD (155,681) DUD (42,667)

Age, years (Mean§SD) 71.8 § 30.1 67§29.5 58.4 § 29.9 58.7 § 28.4 55§34.2
18�35 36,563 (1.4) 18,501 (2.2) 11,213 (6.1) 7717 (5) 5194 (12.17)
36�50 145,669 (5.4) 655,012 (7.7) 30,297 (16.4) 24,838 (16) 8833 (20.7)
51�65 558,193 (20.8) 256,048 (30.1) 84,068 (45.4) 72,562 (46.7) 18,261 (42.8)
66�80 1,040,383 (38.7) 353,048 (41.4) 48,255 (26.1) 42,391 (27.2) 7121 (16.7)
>80 908,560 (33.8) 159,011 (18.7) 11,338 (6.1) 8172 (5.3) 3258 (7.6)
Sex
Male 1,146,283 (42.6) 519,812 (61) 152,287 (82.2) 132,378 (85) 31,569 (74)
Female 1,543,032 (57.4) 332,290 (39) 32,880 (17.8) 23,299 (15) 11,098 (26)
Race
White 1,952,137 (72.6) 653,703 (76.7) 129,093 (70) 110,263 (70.8) 27,259 (63.9)
Black 168,472 (6.3) 58,933 (6.9) 19,759 (10/7) 14,708 (9.5) 7200 (16.9)
Other 568,498 (21.1) 139,428 (16.36) 36,319 (20) 30,710 (19.7) 8208 (19.2)
Comorbidities
Hypertension 1,817,966 (67.6) 582,136 (68.32) 112,540 (60.8) 95,368 (61.3) 24,327 (57)
Diabetes Mellitus 675,975 (25.1) 209,941 (24.64) 30,737 (16.6) 24,325 (15.6) 8106 (19)
Chronic Lung Disease 465,053 (17.3) 314,874 (40) 49,966 (30) 41,160 (26.4) 12,284 (28.8)
Congestive Heart Failure 10,335 (0.38) 2422 (0.28) 727 (0.4) 565 (0.4) 192 (0.45)
Dyslipidemia 1,164,022 (43.3) 409,553 (48) 55,868 (30.2) 46,912 (30.1) 11,811 (27.7)
Chronic Kidney Disease 355,061 (13.2) 102,391 (12) 13,632 (7.4) 9965 (6.4) 4351 (10.2)
Chronic Liver Disease 27,935 (1) 20,258 (2.38) 19,619 (10.6) 18,184 (11.7) 3387 (7.9)
Cancer with or without metastasis 103,601 (3.9) 46,776(5.5) 4586 (2.5) 3578 (2.3) 1195 (2.8)
Obesity 355,338 (13.2) 143,394 (16.8) 27,414 (14.8) 22,128 (14.2) 7153.2 (16.8)
Thyroid Dysfunction 495,453 (18.4) 121,424 (14.25) 14,882 (8) 11,480 (7.4) 4149 (9.72)
Obstructive sleep apnea 195,427 (7.3) 84,731.2(9.9) 14,430 (7.8) 11,565 (7.4) 3673 (8.6)
Electrical cardioversion 386,458 (14.4) 132,616 (15.6) 22,537 (12.2) 19,051 (12.2) 4837 (11.3)
CHA2DS2VASc Score
0 168,234 (6.3) 80,497 (9.5) 41,160 (22.2) 34,745 (22.3) 10,941 (25.6)
1 354,086 (13.2) 160,896 (18.9) 62,612 (33.8) 54,124 (34.8) 13,722 (32.16)
2 499,746 (18.6) 198,084 (23.3) 42,936 (23.2) 36,650 (23.5) 8705 (20)
>=3 1,667,302 (62) 412,633 (48.4) 38,463 (20.8) 30,161 (19.4) 9299 (21.8)
Charlson’s Comorbidity Index
0 998,579 (37.1) 239,955 (26.2) 70,618 (38.1) 60,977 (39.2) 15,332 (36)
1 755,457 (28.1) 248,203 (29.1) 55,835 (30.2) 47,664.3 (30.6) 12,117 (28.4)
2 436,110 (16.2) 167,244 (19.6) 30,350 (16.4) 24,944.3 (16.0) 7315 (17.1)
>=3 499,221 (18.6) 196,707(23.1) 28,368 (15.3) 22,096 (14.2) 7903 (18.5)
Hospital-level Characteristics
Region of the Hospital
Northeast 588,634 (21.9) 157,460 (18.5) 40,140 (21.7) 34,797 (22.3) 8036 (18.8)
Midwest 661,976 (24.6) 230,076 (27) 40,074 (21.6) 34,048 (21.9) 8734 (20.4)
South 1,045,666 (38.9) 328,662 (38.6) 67,163 (36.3) 56,466 (36.2) 15,208 (35.6)
West 392,903 (14.6) 135,787 (15.9) 37,773 (20.4) 30,350 (20) 10,690 (25)
Hospital Bed Size
Small 398,144 (14.9) 117,024 (13.8) 26,754 (14.5) 22,727 (14.7) 5933 (14)
Medium 668,824 (25) 220,502 (26) 49,723 (27) 42,011 (27.1) 11,278 (26.6)
Large 1,607,656 (60.1) 510,336 (60.1) 107,666 (58.5) 90,071 (58.2) 25,263 (59.5)
Location of the Hospital
Rural 389,364 (14.6) 106,388 (12.6) 20,677 (11.2) 17,624 (11.4) 4346 (10.2)
Urban, Nonteaching 1,100,741 (41.2) 339,788 (40.1) 75,276 (40.9) 63,937 (41.3) 16,231 (38.2)
Urban, Teaching 1,184,520 (44.3) 401,685(47.4) 88,190 (47.9) 73,247 (47.31) 21,895 (51.6)
Median household income category for patient's zip

code
1. 0�25th percentile 669,952 (25.4) 228,195 (27.3) 54,488 (30.5) 44,264 (29.4) 14,866 (36.1)
2. 26�50th percentile 709,693 (27) 224,826 (27) 45,751 (25.6) 38,426 (25.5) 10,650 (25.9)
3. 51�75th percentile 651,437 (25) 207,050 (24.9) 42,771 (23.9) 36,452 (24.2) 9168 (22.3)
4. 76�100th percentile 604,831 (23) 175,363 (22) 35,913 (20.1) 31,320 (20.8) 6452 (15.7)
Payment Type
Medicare/Medicaid 1,947,167 (72.5) 567,002 (66.7) 98,681 (53.4) 80,383 (51.8) 24,598 (57.8)
Private insurance 630,849 (23.5) 215,899 (25.4) 52,650 (28.5) 46,832 (30.2) 8830 (20.8)
Self pay/no charge/others 107,154 (4) 67,743 (8) 33,317 (18) 28,005 (18) 9131 (21.5)
In-hospital Outcomes
Stroke 35,355 (1.3) 8924 (1.1) 1762 (1) 1472 (1) 374 (0.9)
In-hospital Mortality 26,753 (1) 5953 (0.7) 1530 (0.8) 1166 (0.75) 438 (1.0)
Discharge to Home 1,971,907 (73.4) 668,381 (78.5) 142,544 (77) 121,483 (78.1) 31,368 (73.6)
Length of Stay (Median, IQR) 3 (1�4) 3 (1�4) 3 (2�5) 3 (2�5) 3 (1�5)
Cost, $$ (Median, IQR) 5409 (3366�9363) 5637 (3551�9532) 6037 (3855�9920) 6008 (3848�9790) 6083 (3871�10,226)

SD-Standard Deviation; IQR: Interquartile range; TUD-tobacco use disorder; SUD-substance use disorders; AUD-alcohol use disorders, DUD-drug use disorders.
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Substance use disorder in AF hospitalizations

AF hospitalizations with SUD had a mean age of
58.4 § 29.9 years, with the majority in the age group of 51�65
(45.4%). Majority of the hospitalizations were male (82.2%) and
whites (70%), at a large bed-sized hospital (58.5%) and urban teach-
ing hospitals (47.9%) with Medicare/Medicaid being the primary
payor. Among AF hospitalization with SUD, 1% had a stroke, 0.8%



Table 2
Atrial fibrillation patient characteristics by substance abuse disorders stratified by sex.

MALE

Variable TUD (519,812) SUD (152,287) AUD (132,378) DUD (31,486)

18�35 15,617 (3) 10,136 (6.7) 7118 (5.3) 4601 (14.6)
36�50 51,076 (9.8) 26,902 (17.7) 22,563 (170 7295 (23.1)
51�65 179,858 (34.6) 73,038 (48) 64,416 (48.7) 14,687 (46.5)
66�80 200,661 (38.6) 36,078 (23.7) 33,038 (24.9) 4032 (12.8)
>80 72,601 (13.8) 6132 (4) 524 1 (4) 953 (3)
Race
White 393,822 (75.8) 105,250 (69.1) 93,178 (70.4) 19,597 (62)
Black 35,107 (6.8) 15,916 (10.5) 12,152 (9.2) 5561 (17.6)
Other 90,870 (17.5) 31,121 (20.4) 27,049 (20.4) 6410 (20.3)
Hospital-level Characteristics
Region of the Hospital
Northeast 95,692 (18.4) 33,139 (21.8) 29,390 (22.2) 6104 (19.3)
Midwest 139,362 (26.8) 33,261 (21.8) 29,170 (22) 6504 (20.6)
South 202,783 (39) 55,542 (36.5) 48,474 (36.6) 11,056 (35)
West 81,910 (15.8) 30,324 (20) 25,324 (19.1) 7903 (25)
Hospital Bed Size
Small 69,796 (13.5) 22,019 (14.5) 19,286 (14.7) 4422 (14)
Medium 132,635 (25.7) 40,772 (26.9) 35,641 (27.1) 8344 (26.5)
Large 314,700 (60.9) 88,646 (58.5) 76,692 (58.3) 18,679 (59.4)
Location of the Hospital
Rural 64,939 (12.6) 16,848 (11.1) 14,946 (11.4) 3053 (9.7)
Urban, Nonteaching 204,953 (39.6) 61,447 (40.6) 54,055 (41.1) 11,726 (37.3)
Urban, Teaching 247,239 (47.8) 73,142 (48.3) 62,618 (47.6) 16,666 (53)
Median household income category for patient's zip code
1. 0�25th percentile 138,746 (27.3) 45,111 (30.7) 38,041 (29.8) 11,155 (36.8)
2. 26�50th percentile 137,480 (27.1) 37,570 (25.6) 32,768 (25.7) 7726 (25.5)
3. 51�75th percentile 125,988 (24.8) 35,178 (24) 30,968 (24.2) 6721 (22.1)
4. 76�100th percentile 106,077 (20.9) 28,932 (20) 25,859 (20.3) 4740 (15.6)
Payment Type
Medicare/Medicaid 312,469 (60.2) 75,498 (49.7) 64,836 (49.13) 16,070 (51)
Private insurance 154,280 (29.7) 46,218 (30.4) 41,520 (31.5) 7458 (23.7)
Self-pay/no charge/others 52,010 (10) 30,107 (19.8) 25,600 (19.4) 7957 (25.3)
FEMALE
Variable TUD (332,290) SUD (32,880) AUD (23,299) DUD (11,074)
18�35 2884 (0.9) 1077 (3.3) 599 (2.6) 593 (5.4)
36�50 14,426 (4.3) 3395 (10.3) 2275 (9.8) 1539 (13.9)
51�65 76,190 (23) 11,025 (33.5) 8142 (35) 3573 (32.2)
66�80 152,383 (45.9) 12,177 (37) 9353 (40.1) 3088 (27.8)
>80 86,406 (26) 5205 (15.8) 2931 (12.6) 2304 (20.8)
Race
White 259,881 (78.2) 23,843 (72.5) 17,085 (73.3) 7661 (69)
Black 23,828 (7.2) 3843 (11.7) 2556 (11) 1639 (14.8)
Other 48,550 (14.6) 5194 (15.80 3657 (15.7) 1797 (16.2)
Hospital-level Characteristics
Region of the Hospital
Northeast 61,768 (18.6) 7001 (21.3) 5408 (23.2) 1931 (17.4)
Midwest 90,706 (27.3) 6808 (20.7) 4874 (21) 2229 (20.1)
South 125,879 (37.9) 11,621 (35.3) 7991 (34.3) 4152 (37.4)
West 53,877 (16.2) 7449 (22.3) 5026 (21.6) 2786 (25.1)
Hospital Bed Size
Small 47,219 (14.30) 4731 (14.5) 3437 (14.8) 1511 (13.7)
Medium 87,867 (26.6) 8951 (27.4) 6370 (27.5) 2934 (26.6)
Large 195,635 (59.2) 19,020 (58.2) 13,379 (57.7) 6584 (59.7)
Location of the Hospital
Rural 41,449 (12.5) 3829 (11.7) 2678 (11.6) 1293 (11.7)
Urban, Nonteaching 134,827 (40.8) 13,825 (42.3) 9878 (42.6) 4506 (40.8)
Urban, Teaching 154,446 (46.7) 15,048 (46) 10,629 (45.8) 5229 (47.4)
Median household income category for patient's zip code
1. 0�25th percentile 89,445 (27.3) 9377 (29.2) 6223 (27.2) 3711 (34.4)
2. 26�50th percentile 87,342 (26.7) 8177 (25.5) 5653 (24.8) 2923 (27.1)
3. 51�75th percentile 81,062 (24.8) 7593 (23.6) 5484 (24) 2446 (22.7)
4. 76�100th percentile 69,285 (21.2) 6980 (21.7) 5460 (24) 1712 (15.9)
Payment Type
Medicare/Medicaid 254,525 (76.7) 23,179 (70.6) 15,544 (66.8) 8528 (77)
Private insurance 61,620 (18.6) 6432 (19.6) 5311 (22.8) 1372 (12.4)
Self-pay/no charge/others 15,733 (4.7) 3210 (9.8) 2404 (10.3) 1174 (10.6)
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died in hospital, and 77% were discharged to home. (Table 1)
Among males, the most common age group was 51�65 years,
while it was 66�80 years in females, with whites being majority
among both sexes. (Table 2)
Alcohol use disorder in AF hospitalizations

AF hospitalizations with AUD had a mean age of 58.7 § 28.4 years,
with the majority in the age group of 51�65 years (46.7%). The



Table 3
Demographic factors associated with Tobacco or Substance use disorders Among Hospitalized Atrial Fibrillation Patients.

TUD SUD AUD DUD
Variable

Age groups

18�35 Reference Reference Reference Reference
36�50 0.96 (0.94�0.98)# 0.74 (0.72�0.75) # 0.93 (0.9�0.95) # 0.46 (0.44�0.48) #

51�65 1.05 (1.03�1.07) # 0.59 (0.57�0.6) # 0.8 (0.78�0.82) # 0.27 (0.26�0.28) #

66�80 0.76 (0.75�0.78) # 0.17 (0.16�0.17) # 0.25 (0.25�0.26) # 0.04 (0.04�0.05) #

>80 0.42(0.42�0.44) # 0.06 (0.06�0.06) # 0.08 (0.07�0.08) # 0.03 (0.01�0.01) #

Female vs. Male 0.57 (0.56�0.57) # 0.27 (0.26�0.27) # 0.22 (0.22�0.22) # 0.51 (0.5�0.52) #

Black vs. White 0.85 (0.84�0.86) # 1.12 (1.1�1.14) # 1 (0.99�1.02)$ 1.42 (1.38�1.47) #

Region of the Hospital
Northeast Reference Reference Reference Reference
Midwest 1.45 (1.44�1.46) # 0.88 (0.87�0.9) # 0.86 (0.84�0.87) # 1.01 (0.98�1.04)£

South 1.16 (1.15�1.17) # 0.83 (0.82�0.85) # 0.81 (0.8�0.83) # 0.93 (0.9�0.96) #

West 1.34 (1.33�1.35) # 1.36 (1.34�1.38) # 1.22 (1.2�1.23) # 2.05 (1.99�2.1) #

Median household income category for patient's zip code
1. 0�25th percentile Reference Reference Reference Reference
2. 26�50th percentile 0.93 (0.92�0.93) # 0.85 (0.84�0.86) # 0.87 (0.85�0.88) # 0.8 (0.78�0.83) #

3. 51�75th percentile 0.91 (0.91�0.92) # 0.85 (0.83�0.86) # 0.87 (0.86�0.89) # 0.75 (0.73�0.77) #

4. 76�100th percentile 0.84 (0.83�0.85) # 0.78 (0.77�0.79) # 0.82 (0.8�0.83) # 0.63 (0.61�0.65)#

Payment Type
Medicare/Medicaid Reference Reference Reference Reference
Private insurance 0.71 (0.71�0.71) # 0.45 (0.45�0.46) # 0.52 (0.51�0.52) # 0.27 (0.26�0.27) #

Self-pay/no charge/others 1.2 (1.19�1.2) # 1.36 (1.34�1.38) # 1.46 (1.43�1.48) # 1.03 (1.01�1.06) #

Hospital Bed Size
Small Reference Reference Reference Reference
Medium 1.08 (1.07�1.09) # 0.99 (0.97�1) b 0.99 (0.97�1)& 0.99 (0.96�1.02) <

Large 1.02 (1.02�1.04) # 0.85 (0.84�0.86) # 0.84 (0.83�0.85) # 0.89 (0.87�0.92) #

Location of the Hospital
Rural Reference Reference Reference Reference
Urban, Nonteaching 1.15 (1.14�1.16) # 1.19 (1.17�1.21) # 1.17 (1.15�1.2) # 1.22 (1.18�1.27) #

Urban, Teaching 1.25 (1.24�1.26) # 1.15 (1.13�1.17) # 1.09 (1.08�1.12) # 1.39 (1.34�1.44) #

# P<0.001.
b:P = 0.124.
$:P = 0.034.
&:P = 0.1.
£:P = 0.521.
<:P = 0.078.
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majority of the hospitalizations were male (85%), whites (70.8%), at a
large bed-sized hospital (58.2%), urban teaching settings (47.31%)
with Medicare/Medicaid being a significant payor for AF hospitaliza-
tions with AUD. Among AF hospitalizations with AUD, 1% had a
stroke, 0.75% died in the hospital, and 78.1% were discharged to
home (Table 1). Among males, the most common age group was
50�65 years, while it was 66�80 years in females. (Table 2)

Drug use disorder in AF hospitalizations

AF hospitalizations with DUD had a mean age of 55§34.2 years,
and the majority were in the age group of 51�65 (42.8%). The major-
ity of the hospitalizations were male (74%), whites (63.9%), at a large
bed-sized hospital (59.5%), urban teaching settings (51.6%) with
Medicare/Medicaid (57.8%) being the primary payor. Hypertension
(57%) and chronic lung disease (28.8%) were the most prevalent
comorbidities. Among AF hospitalization with DUD, 0.9% had a stroke,
1% died in the hospital, and 73.6% were discharged to home (Table 1).
DUD among AF hospitalizations was most common in the
51�65 years age group in both sexes (Table 2).

Associated demographic factors

Among AF hospitalizations, compared to the age group of
18�35 years, all the other age groups had lower odds of TUD, SUD,
AUD, and DUD. The exception to this was the age group of
51�65 years, which had an increased odds of TUD as compared with
the age group 18�35 years (1.05 (1.03�1.07), P-value <0.001).
Female sex was associated with lower odds of TUD (0.57 (0.56�0.57),
P-value <0.001), SUD (0.27 (0.26�0.27), P-value <0.001), AUD (0.22
(0.22�0.22), P-value <0.001), and DUD (0.51 (0.5�0.52), P-value
<0.001). Among AF hospitalizations, the black race was associated
with higher odds of SUD (1.12 (1.1�1.14), P-value <0.001), and DUD
(1.42 (1.38�1.47), P-value <0.001). Midwest (1.45 (1.44�1.46), P-
value <0.001), south (1.16 (1.15�1.17), P-value <0.001) and west
(1.34 (1.33�1.35), P-value <0.001) hospital regions had a higher
odds of TUD as compared with northeast region. The hospitalizations
in the lower percentile median household income category had
higher odds of TUD and SUDs. Private insured patients had the lowest
odds of TUD, and SUDs and self-pay/no charge patients had the high-
est odds of TUD and SUDs (Table 3).

The trend of tobacco, substance, alcohol and drug use disorder from 2007
to 2015 among AF hospitalizations

There was a significant increase in trend of AF hospitalizations
with TUD, SUD, AUD, and DUD from 2007 to 2015 combined, strati-
fied gender, and race (Fig. 1, Fig. 2). TUD has the highest prevalence
of hospital admissions as shown in the Fig. 1. DUD has the lowest
prevalence of hospital admission for Afib as explained in the Fig. 1. In
males (Fig. 2A) and in females (Fig. 2B), TUD had highest prevalence
throughout the study period. The prevalence of TUD consistently
increases during the study period in males and as well in females.
Similarly, TUD had the highest prevalence in whites as well as African
Americans (Fig. 2C and 2D). Further, TUD, SUD, AUD and DUD
increased significantly in all age groups; 18�35 years, 36�50 years,
51�65 years, 66�80 years and >80 years (Fig. 3). Prevalence of TUD
was highest in the younger population (below 35 years of age) as



Fig. 1. Temporal trend of TUD, SUD, AUD and DUD.
Panel A represent overall hospitalizations included in the study. X-axis represents

timeline in years, and Y-axis represents frequency of substance use disorder in
percentages.

Abbreviations: TUD: Tobacco Use Disorder; SUD: Substance Use Disorder; AUD:
Alcohol Use Disorder; and DUD: Drug Use Disorder.
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shown in Fig. 3A. Additionally, prevalence of SUD, AUD and DUD is
also highest compared to other population (Fig. 3 panel B-D).
Discussion

This current nationwide research of ~3.6 million hospitalizations
for AF from 2007 to 2015 demonstrated the rates and temporal
trends of AF hospitalizations with TUD, AUD, DUD, or SUD. Of
~3.6 million hospitalizations with AF, 23.46% had TUD, which was the
most commonly associated disorder followed by 5.1% had SUD, 4.3%
had AUD, and 1.2% had DUD. Among AF hospitalizations, the preva-
lence of TUD, SUD, AUD, and DUDwas substantially up trended across
all age groups, races, and gender during the study period. The youn-
ger age group (18�35 years), male, and lower socioeconomic status
were associated with increased risk of both TUD and SUDs. Patients
with private insurance were associated with lower odds of all types
of substance abuse compared with Medicare/Medicaid. All AF hospi-
talizations were more likely to be admitted to urban teaching hospi-
tals. While white race and Midwest regional hospitals were
associated with increased risk of TUD, the black race, and west
regional hospitals were associated with higher rates of SUD, AUD,
and DUD in AF hospitalizations.
Fig. 2. Trend plots for TUD, SUD, AUD and DUD stratified based on gender and race.
Panel A represents temporal trends in males and Panel B represented temporal trends in

poral trends in black race. X-axis represents timeline in years, and Y-axis represents frequenc
Abbreviations: TUD: Tobacco Use Disorder; SUD: Substance Use Disorder; AUD: Alcohol
Several former studies showed an association between tobacco
and the incidence of AF.4, 8, 23 This study showed an increasing trend
of TUD among hospitalization with AF, consistent with the most
recent report by Wang et al.14 Several mechanisms may explain an
association between smoking and AF. Nicotine has sympathomimetic
activity leading to tachycardia and elevated blood pressure from cat-
echolamine release.24 Nicotine also has a profibrotic response leading
to atrial structural and electric remodeling in the animal study.25 All
these point towards a causal pathway between tobacco and AF as evi-
denced in the former literature depicting the role of nicotine in atrial
fibrosis leading to AF.26 Few small studies showed that alcohol and
opioid use are independently associated with AF.6, 12, 27, 28 Literature
showed an increasing trend of alcohol use from 2000 to 201615, opi-
oid use disorder, opioid overdose from 2006 to 2016,29 and increas-
ing trend of AF among opioid overdose hospitalizations from 2005 to
2015, consistent with our results.28 Three large observational studies
documented a dose-dependent relationship between alcohol con-
sumption and the risk of AF.30�32 Furthermore, as explained above,
cessation of alcohol was associated with reduction in the trends of AF
in a previous study.10 Several mechanism have also been proposed
for a strong association between alcohol and AF which may include,
but not limited to sympathetic activation, direct myocardial injury
and inflammation, and increasing oxidative stress.9 Alcohol also has
indirect effects such as increasing blood pressure, causing obstructive
sleep apnea and left ventricular cardiomyopathy which can eventu-
ally lead to AF.9 Additionally, substance abuse has been strongly asso-
ciated with heart failure which can eventually lead to AF.16, 33

In the general population, TUD and SUDs are continually on the
rise without discriminating against age. Across the age strata, young
adults were more predilected towards the TUD and SUDs, as shown
in this study. Among the young adults, depression, peer pressure,
desire to be among the 'cool', whereas, among old adults, psychiatric
illness, stress, social factors like divorce, life events, and prescription
medications misuse could be the contributing factors towards
abuse.34 The TUD and SUD would have a different magnitude of
impact among the younger as compared with older patients with AF
hospitalization due to differences in the prevalence of comorbidities.
Among the AF hospitalizations, the TUD and SUDs had a high preva-
lence of male that goes with a similar trend of TUD and SUD in the
general population.35 Noticeably, the up-trend in the male was
females. Panel C represents temporal trends in white race and Panel D represents tem-
y of substance use disorder in percentages.
Use Disorder; and DUD: Drug Use Disorder.



Fig. 3. Trend plots for TUD, SUD, AUD and DUD stratified based on age groups.
(Panel A is for 18�35 years, Panel B is for 36�50 years, Panel C is for 51�65 years,

Panel D is for 66�80 and Panel E is for >80 years). X-axis represents timeline in years
and Y-axis represents frequency of substance use disorder.

Abbreviations: TUD: Tobacco Use Disorder; SUD: Substance Use Disorder; AUD:
Alcohol Use Disorder; and DUD: Drug Use Disorder.
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steeper as compared to the female in this study. The difference in
trend and prevalence by gender could be explained by the neurobio-
logical mechanism.36

This study reported that white and black were associated with an
increased risk of TUD and SUDs, respectively. A national survey
reported the maximum prevalence of TUD and DUD among the
American Indians and whites.35 However, the authors categorized
the race by white, black, and others. There is no substantial research
revealing the disparity by race in the past. However, certain factors
such as multiple peers, family (poor parenting), school (location),
community domain (neighborhood deterioration), culture-specific
risk (greater acculturation), protective correlates (cultural pride)
might influence the difference.37 In the general population, AUD was
more prevalent among the higher socioeconomic status (SES), but
TUD and DUD were more prevalent among lower SES.38 Among AF
hospitalizations, our study showed that the prevalence of TUD and
SUDs was higher for patients with lower socioeconomic status as rep-
resented by payor status (Medicaid/Medicare, self-pay, or no other
charge) and median household income quartiles. These are consistent
with the results of previous studies.39, 40 This result can be attributed
to the possible “downward drift” of substance users into disadvan-
taged neighborhood overtime.41 This could also explain the higher
odds of TUD, SUD, AUD, and DUD reported among hospitalizations,
where the primary payor was Medicare/Medicaid. The results in the
study were not adjusted for other complex community factors pre-
disposing to TUD or SUD. Geographically, the Midwest, west region
stood out for high rates of TUD and SUD among AF hospitalizations,
which mirror the data from NSDUH reporting a high prevalence of
illicit drug use by individuals 18 years or older in the west region.35

TUD and SUD in the AF hospitalizations have broader implications
on the healthcare system. The REGARDS study demonstrated that
environmental tobacco smoke exposure is associated with a higher
prevalence of AF,42 and childhood second-hand smoke exposure pre-
dicts the increased risk for adulthood AF.43 The Rotterdam Study
reported a similar risk of AF in former smokers as it is current smok-
ers.8 In general, substance use leads to increased costs from
decreased productivity, healthcare expenditure, and crime.44 SUDs
have a lasting impact on social, economic, health, and legal conse-
quences. Screening for TUD and SUDs is inadequate in primary care,
emergency room, and hospital settings for a long time.45 Considering
the effect of tobacco, alcohol, and drugs (cocaine, opioids, marijuana,
amphetamine, and others) on AF and its rising trend among AF hospi-
talizations across the age, gender, and race demands for the develop-
ment of preventive strategies to address multilevel influences.
Additional education must be provided to the patients during clinic
visit or hospital admission to explain the preventable behavioral risk
factor, which may be contributing to their AF risk.

The limitations of this study are as following: The NIS database is
prone to inherent miscoding among diagnoses and procedural codes.
However, the authors used authenticated codes from literature laid
out by HCUP/AHRQ to recognize the ICD-9-CM codes for diagnosis or
procedure. Occasionally, patients with recent history of tobacco or
substance use but presently under abstinence may not be coded as
TUD and SUDs that might have led to under-coding of conditions.
The authors could not quantify the amount and duration of tobacco,
alcohol, or illicit substance use disorder due to the nature of the NIS
dataset where such information is unavailable. However, these codes
have been utilized previously.16 The unmeasured factors related to
lifestyle or cardiovascular risk factors not measured may influence
some of these associations, primarily as related to socioeconomic sta-
tus or race. This study is only focused on hospitalized AF and did not
include any patients who were diagnosed in the clinic, given the
nature of the database. This affects the actual rates of substance
abuse. The frequency for opioid abuse, amphetamine abuse and other
drug abuse was low and hence, were not reported in this study. We
have not adjusted out trend analysis with demographics. Finally, one
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hospitalization can have more than one substance abuse which was
not accounted for in this study given the complex nature of the com-
binations. However, the NIS is a large and nationally representative
database that allows us to generalize findings and utilize it as a refer-
ence tool for potential implications on healthcare policy.

In nationally representative data, despite these limitations, the
authors highlighted the rising trend of the TUD, AUD, DUD and SUD
among hospitalized AF patients. To our knowledge, this is the most
extensive study of its kind that reveals that TUD and SUD among AF
hospitalizations in the U.S. affects more males, younger individuals,
white individuals, and those of lower socioeconomic status. An AF
hospitalization is an opportunity to screen for and treat TUD, AUD or
SUD. Further research on the prevalence of TUD and SUD, its impact
on outcomes such as readmission, mortality, and the intervention
that reduces rates of TUD or SUD among discharged AF are imminent.
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