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Abstract

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 substance abuse among AF hospitalizations.
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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 individuals, white more than black, and those of lower socioeconomic status which 

demands for the development of preventive strategies to address multilevel influences.
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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 predominantly 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 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 

substance use and AF in the U.S. are not nationally representative. National tobacco abuse 

and substance abuse rates among heart failure 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 outcomes 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 burden and trend of 

tobacco and substance abuse in AF hospitalizations. Also, this study identifies potential 

population who are more vulnerable to these substance abuse among AF hospitalizations. 
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Moreover, we stratified these trends by age, race, and sex to observe predominant 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 Healthcare 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 nationally. The design of the NIS was changed after the year 

2012. The NIS included all inpatient discharges from a random 20% sample of 

hospitalizations 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 previously.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 classification of disease, Ninth 

Revision, Clinical Modification (ICD-9-CM) code 427.31 in the primary diagnosis column. 

We included the database from January 2007 to September 2015 since the coding system 

changed to ICD-10-CM after September 2015. These codes for identifying 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 hospitalization’s zip code were 

retrieved for each of the included hospitalizations. 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 

Supplementary 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 disorder (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 Continuous variables were expressed as mean (standard 

deviations [SD]) or median (interquartile range [IQR]) depending on the data distribution 

and analyzed using the Student t-test or Wilcoxon rank sum test, as appropriate. Categorical 
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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 hospital 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 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. 

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 hospitalizations 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 Medicare/

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).

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 teaching hospitals (47.9%) with 
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Medicare/Medicaid being the primary payor. Among AF hospitalization with SUD, 1% had 

a stroke, 0.8% 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 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 hospitalizations 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 majority 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 highest 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, stratified 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 
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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 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 prevalence of TUD, SUD, AUD, and DUD was 

substantially up trended across all age groups, races, and gender during the study period. 

The younger 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 hospitalizations were more likely to be admitted to urban teaching 

hospitals. 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.

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 catecholamine 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 evidenced 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, opioid use 

disorder, opioid overdose from 2006 to 2016,29 and increasing 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 

consumption 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 
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cardiomyopathy which can eventually lead to AF.9 Additionally, substance abuse has been 

strongly associated 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 

prevalence 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 steeper as compared to the female in 

this study. The difference in trend and prevalence by gender could be explained by the 

neurobiological 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 represented 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 disadvantaged 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 predisposing 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 

predicts the increased risk for adulthood AF.43 The Rotterdam Study reported a similar risk 

of AF in former smokers as it is current smokers.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 consequences. 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, 
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marijuana, amphetamine, and others) on AF and its rising trend among AF hospitalizations 

across the age, gender, and race demands for the development 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 status 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 hospitalization can have more than one substance abuse 

which was not accounted for in this study given the complex nature of the combinations. 

However, the NIS is a large and nationally representative database that allows us to 

generalize findings and utilize it as a reference 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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Abbreviations and Acronyms:

AF Atrial Fibrillation

AUD Alcohol Use Disorder

DUD Drug Use Disorder

FHS Framingham Heart Study

HCUP Healthcare Cost and Utilization Project

ICD-9-CM International classification of disease, Ninth Revision, Clinical 

Modification

NIS National Inpatient Sample

SUD Substance Use Disorder

TUD Tobacco Use Disorder

US United States
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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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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 

females. Panel C represents temporal trends in white race and Panel D represents temporal 

trends in black race. 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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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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