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ORIGINAL RESEARCH

Incident Strokes Among American Indian 
Individuals With Atrial Fibrillation
José M. Sanchez, MD; Stacey E. Jolly, MD, MAS; Thomas A. Dewland , MD; Zian H. Tseng, MD, MAS; 
Gregory Nah, MA; Eric Vittinghoff, PhD, MPH; Gregory M. Marcus , MD, MAS

BACKGROUND: American Indian individuals experience a relatively high risk for cardiovascular disease and have exhibited a 
higher risk of stroke compared with other racial and ethnic minorities. Although this population has the highest incidence of 
atrial fibrillation (AF) compared with other groups, the relationship between AF and nonhemorrhagic stroke among American 
Indian individuals compared with other groups has not been thoroughly studied.

METHODS AND RESULTS: We used the Healthcare Cost and Utilization Project to evaluate risk of nonhemorrhagic stroke among 
American Indian individuals, with comparisons to White, Black, Hispanic, and Asian individuals, among all adult California 
residents receiving care in an emergency department, inpatient hospital unit, or ambulatory surgery setting from 2005 to 
2011. Of 16 951 579 patients followed for a median 4.1 years, 105 822 (0.6%) were American Indian. After adjusting for age, 
sex, income level, insurance payer, hypertension, diabetes mellitus, coronary artery disease, congestive heart failure, cardiac 
surgery, valvular heart disease, chronic kidney disease, smoking, obstructive sleep apnea, pulmonary disease, and alcohol 
use, American Indian individuals with AF exhibited the highest risk of nonhemorrhagic stroke when compared with either non- 
American Indian individuals with AF (hazard ratio, 1.38; 95% CI, 1.23– 1.55; P<0.0001) or to each race and ethnicity with AF. 
American Indian individuals also experienced the highest overall risk for stroke, with no evidence that AF disproportionately 
heightened that risk in interaction analyses.

CONCLUSIONS: American Indian individuals experienced the highest risk of nonhemorrhagic stroke, whether in the presence 
or absence of AF. Our findings likely suggest an opportunity to further study, if not immediately address, guideline- adherent 
anticoagulation prescribing patterns among American Indian individuals with AF.

Key Words: atrial fibrillation ■ race and ethnicity ■ stroke

Stroke is the second leading cause of 
cardiovascular- related death and serious long- 
term disability in the United States.1,2 Across mul-

tiple studies, racial and ethnic minority groups have 
consistently exhibited the highest incidence of stroke 
compared with White individuals.3– 6 Atrial fibrillation 
(AF) is a potent risk factor for stroke, and, despite a lower 
prevalence of AF among some minority groups,1,7– 10 
those same populations often experience a higher risk 
for stroke once AF is present.4,11– 13 Understanding the 
relationship between AF and stroke in particular pop-
ulations is important for several reasons: first, given 

an AF diagnosis, the great majority of strokes can be 
prevented with appropriate guideline- based antico-
agulation prescription.14,15 Second, stroke is a readily 
identifiable marker of AF- associated thromboembolic 
risk, likely indicative of AF- related risks of myocardial 
infarction,16 chronic kidney disease,17 and dementia.18

We recently demonstrated that American Indian 
individuals exhibit the highest risk of AF com-
pared with other racial or ethnic groups.10 Although 
American Indian individuals are known to carry a 
particularly high risk for stroke in general,6,19 the re-
lationship between AF and nonhemorrhagic stroke 
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among American Indian individuals has not been 
thoroughly studied.

METHODS
All patients aged ≥18  years who received care in a 
California emergency department, inpatient hos-
pital unit, or ambulatory surgery setting between 
January 1, 2005 and December 31, 2011 were iden-
tified using Healthcare Cost and Utilization Project 
(HCUP, Agency for Healthcare Research and Quality) 
California State Emergency Department Databases, 
State Inpatient Databases, and State Ambulatory 
Surgery Databases. Individual databases specific to 
calendar year and healthcare setting were merged 
using an encrypted linkage variable to identify re-
peat visits for a given patient. Patients with missing 
admission date data, residence outside of the state 
of California, unknown race or ethnicity, or a race or 
ethnicity other than American Indian, White, Black, 
Hispanic, or Asian were excluded. Patients with prev-
alent stroke (defined as stroke at the first recorded 
hospital encounter) were also excluded from incident 
analyses. Individuals entered the study cohort at 
their first healthcare encounter and were censored 
upon the diagnosis of stroke or at the time of inpa-
tient death. Patients who did not experience either 
of these outcomes were administratively censored at 
the end of the study period (December 31, 2011). The 
data belong to HCUP, and the authors therefore do 

not have the authority to share the study data with 
investigators outside the University of California, San 
Francisco; however, investigators can submit an ap-
plication to obtain the data directly from HCUP using 
their established processes.

Age, sex, race, income level, and insurance payer 
were recorded at each healthcare encounter by the 
discharging institution. Race and Hispanic ethnicity 
are reported separately in HCUP data, and Hispanic 
was analyzed as a mutually exclusive category if ei-
ther White or “other” race was selected. American 
Indian was defined by sole selection of the American 
Indian race. Income level was categorized by quar-
tiles using the median household income for the pa-
tient’s ZIP code. Up to 25 International Classification 
of Diseases, Ninth Edition (ICD- 9) codes and 21 
Current Procedural Terminology codes were pro-
vided for each encounter. Stroke was defined using 
the ICD- 9 codes for nonhemorrhagic stroke: 434.01, 
434.11, and 434.91. The association between race 
and incident nonhemorrhagic stroke was exam-
ined, including comparisons among those with and 
without a diagnosis of AF occurring either before 
or during the same encounter. Medical comorbidi-
ties postulated to confound or mediate the associ-
ation between race and stroke were recorded using 
ICD- 9 and Current Procedural Terminology codes 
as previously described (Table S1).7,20 Because 
postoperative stroke may have a different under-
lying mechanism than stroke occurring outside of 
the acute surgical setting, stroke was not recorded 
if a patient had undergone cardiothoracic surgery 
during the same hospitalization or within the previous 
30 days. Dichotomous medical comorbidity variables 
were accumulated at each healthcare encounter and 
carried forward over time. We also performed inter-
action testing to determine if AF was a statistically 
significant effect modifier of the relationship between 
race, ethnicity, and nonhemorrhagic stroke.

To address the possibility that our observations 
were driven by a differential representation of race 
by varying levels of patient acuity or by frequency of 
healthcare encounters, we performed 2 sensitivity 
analyses. First, we repeated our analyses after exclud-
ing all outpatient surgery encounters. Second, we re-
peated the analyses excluding those under age 35 as 
well as those with only 1 encounter.

Statistical Analysis
Continuous variables with a normal distribution are 
presented as means± SD and were compared using 
t tests. Nonnormally distributed continuous vari-
ables are presented as medians with interquartile 
ranges and were compared using the Kruskal- Wallis 
test. The association between categorical variables 

CLINICAL PERSPECTIVE

What Is New?
• American Indian individuals experience the 

highest risk of stroke when compared with 
other racial and ethnic groups, whether in the 
presence or absence of atrial fibrillation, and 
despite multivariable adjustment.

What Are the Clinical Implications?
• Our study highlights the significant health 

risks accrued by American Indian individuals 
and their vulnerability to stroke and suggests 
that unaccounted- for factors are driving these 
observations.

• This may help guide community efforts aimed at 
cardiovascular risk factor prevention.
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was determined using χ2 tests. Kaplan- Meier analy-
sis was used to estimate the incidence of nonhem-
orrhagic stroke. Adjusted person- time incidence 
rates by race and ethnicity for incident stroke were 
estimated and compared using Poisson models 
with log follow- up time as an offset. Cox propor-
tional hazards models were used to investigate the 
association both before and after adjusting for po-
tential mediators and confounders. In these models, 
insurance payer, income level, and medical comor-
bidities were treated as time- dependent covariates. 
Proportional hazard assumptions were tested and 
confirmed using log- log survival plots, comparison 
of Kaplan- Meier and predicted survival plots, and 
test for the correlation of scaled Schoenfeld residu-
als with time. Interaction testing, with the outcome 
of stroke, was performed with the fully adjusted 
Cox model absent the candidate effect modifier of 
interest.

Analyses were performed using Stata version 15 
(StataCorp) and SAS 9.4 (SAS Institute Inc.). A 2- tailed 
P<0.05 was considered statistically significant. The 
HCUP research protocol was approved by its insti-
tutional review board, and all participants provided 
written informed consent. Certification to use de- 
identified HCUP data was obtained from the University 
of California, San Francisco Committee on Human 
Research and the institutional review board. In accord 
with regulations governing use of HCUP data, no de-
tails for cells of <10 patients are reported.

RESULTS
After incorporating exclusion criteria, 16  951  579 pa-
tients were available for analysis (Figure S1). Of these, 
105 822 (0.6%) were American Indian, 9 618 043 (56.7%) 
were non- Hispanic White, 1 367 992 (8.1%) were Black, 
4 395 503 (25.9%) were Hispanic, and 1 464 219 (8.7%) 

Table 1. Baseline Characteristics by Race

American Indian
(n=105 822)

White
(n=9 618 043)

Black
(n=1 367 992)

Hispanic
(n=4 395 503)

Asian 
(n=1 464 219) P Value

Mean age, y 45.5±17.8 50.5±19.3 43.6±17.8 41.9±17.7 49.7±18.7 <0.0001

Female, n (%) 58 642 (55.4) 5 013 667 (52.1) 735 066 (53.7) 2 388 853 (54.3) 876 569 (59.9) <0.0001

Hypertension, n (%) 17 570 (16.6) 1 691 221 (17.6) 289 000 (21.1) 625 536 (14.2) 305 597 (20.9) <0.0001

Diabetes mellitus, n (%) 12 307 (11.6) 686 852 (7.1) 132 065 (9.7) 441 171 (10.0) 158 617 (10.8) <0.0001

Coronary artery disease, n (%) 3873 (3.7) 435 393 (4.5) 40 475 (2.9) 107 058 (2.4) 62 073 (4.2) <0.0001

Heart failure, n (%) 1765 (1.7) 170 778 (1.8) 32 682 (2.4) 49 522 (1.1) 22 567 (1.5) <0.0001

Cardiothoracic surgery, n (%) 631 (0.6) 45 990 (0.5) 7527 (0.5) 18 279 (0.4) 5825 (0.4) <0.0001

Valvular disease, n (%) 710 (0.7) 106 242 (1.1) 7945 (0.6) 18 660 (0.4) 11 449 (0.8) <0.0001

Smoking, n (%) 6764 (6.4) 533 216 (5.5) 91 198 (6.7) 144 936 (3.3) 37 758 (2.6) <0.0001

Obstructive sleep apnea, n (%) 847 (0.8) 97 040 (1.0) 10 873 (0.8) 23 405 (0.5) 6959 (0.5) <0.0001

Pulmonary disease, n (%) 1399 (1.3) 181 749 (1.9) 16 972 (1.2) 25 543 (0.6) 14 084 (1.0) <0.0001

Chronic kidney disease, n (%) 1951 (1.8) 140 099 (1.5) 35 858 (2.6) 61 144 (1.4) 34 065 (2.3) <0.0001

Obesity, n (%) 4105 (3.9) 322 316 (3.4) 57 046 (4.2) 154 964 (3.5) 20 908 (1.4) <0.0001

Alcohol use, n (%) 1578 (1.5) 92 483 (1.0) 9730 (0.7) 32 130 (0.7) 3072 (0.2) <0.0001

Insurance, n (%)

Medicare 21 435 (20.2) 2 493 338 (25.9) 201 435 (14.7) 544 139 (12.4) 293 244 (20.0) <0.0001

Medicaid 19 650 (18.6) 609 796 (6.3) 241 131 (17.6) 915 212 (20.9) 143 682 (9.8)

Private 36 377 (34.4) 5 021 253 (52.3) 533 829 (39.1) 1 824 659 (41.5) 839 904 (57.4)

Self- pay 18 484 (17.5) 911 101 (9.5) 277 761 (20.3) 744 512 (16.9) 99 001 (6.8)

Other 9876 (9.3) 582 555 (6.0) 113 836 (8.3) 366 981 (8.3) 88 388 (6.0)

Income quartile, n (%)

1 Lowest 36 454 (34.5) 1 638 257 (17.0) 596 600 (43.6) 1 542 393 (35.1) 211 019 (14.4) <0.0001

2 29 927 (28.3) 2 149 633 (22.4) 325 238 (23.8) 1 413 693 (32.2) 269 149 (18.4)

3 23 848 (22.5) 2 731 022 (28.4) 298 318 (21.8) 944 348 (21.5) 475 811 (32.5)

4 Highest 15 593 (14.7) 3 099 131 (32.1) 147 836 (10.8) 495 069 (11.2) 508 240 (34.7)

First encounter location, n (%)

Ambulatory surgery 19 674 (18.6) 2 445 219 (25.4) 135 517 (9.9) 656 519 (14.9) 352 800 (24.1) <0.0001

Emergency department 62 729 (59.3) 4 803 586 (49.9) 889 054 (65.0) 2 748 961 (62.5) 703 294 (48.0)

Inpatient hospitalization 23 419 (22.1) 2 369 238 (24.7) 343 421 (25.1) 990 023 (22.6) 408 125 (27.9)
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were Asian. American Indian individuals had a lower 
prevalence of private health insurance, exhibited lower 
incomes, and frequently carried diagnoses of diabetes 
mellitus, obesity, and smoking (Table 1).

There were 166  826 incident nonhemorrhagic 
strokes over a median follow- up of 4.1  years (inter-
quartile range, 2.5– 5.3), of which 36  950 occurred 
in patients with AF. American Indian individuals as a 
group experienced the highest rates of nonhemor-
rhagic stroke whether compared with all other racial 
and ethnic groups combined or to each individual ra-
cial and ethnic group (Table  2). Similarly, American 
Indian individuals with AF exhibited higher rates of 
nonhemorrhagic stroke compared with all other ra-
cial and ethnic groups with AF, either combined or 
in individual- group comparisons (Table 2). After ad-
justing for age, sex, income level, insurance payer, 
hypertension, diabetes mellitus, coronary artery dis-
ease, congestive heart failure, cardiac surgery, valvu-
lar heart disease, chronic kidney disease, smoking, 
obstructive sleep apnea, pulmonary disease, and 
alcohol use, American Indian individuals as a group 
exhibited a 47% higher risk of nonhemorrhagic 
stroke than the rest of the cohort (hazard ratio [HR] 
1.47; 95% CI, 1.40– 1.55; P<0.0001), and American 
Indian individuals with AF exhibited a nearly 40% 
higher risk of nonhemorrhagic stroke compared with 

non- American Indian individuals with AF (HR, 1.38; 
95% CI, 1.23– 1.55; P<0.0001; Figure  1). Similar re-
sults were obtained in sensitivity analyses when 
restricted to individuals with encounters in only emer-
gency departments or inpatient hospital units, and in 
individuals of age >35 years with at least 2 encoun-
ters (Figure S2). After adjusting for the same covari-
ates, the risk of nonhemorrhagic stroke in American 
Indian individuals with AF was significantly higher 
compared with each racial and ethnic group with AF 
(Figure 2). Interaction analyses failed to demonstrate 
that AF accentuated the increased risk for nonhemor-
rhagic stroke among American Indian individuals: an 
approximate 60% increased risk for American Indian 
individuals without AF (HR, 1.59; 95% CI, 1.51– 1.67) 
and approximate 40% increased risk for American 
Indian individuals with AF (HR, 1.39; 95% CI, 1.24– 
1.57, P for interaction = 0.05).

DISCUSSION
American Indian individuals experienced the highest 
risk of nonhemorrhagic stroke, whether assessed 
among different racial and ethnic groups and whether 
in the presence or absence of AF. A persistently ele-
vated risk after adjusting for conventional risk factors, 
including several that could mediate these relation-
ships such as hypertension and diabetes mellitus, 
suggests that unknown or unaccounted for factors 
are driving these observations and warrant further 
attention.

The results of our study add to the growing body 
of data that race and ethnicity are important factors in 
determining stroke risk, now highlighting the vulnera-
bility of American Indian individuals to this severe out-
come in both the presence and absence of AF. Initially, 
Black individuals were shown to have a higher risk of 
stroke and more disabling strokes than White individ-
uals.3,21– 23 Subsequently, Hispanic individuals were 
found to have a high incidence of stroke, with partic-
ularly strong evidence of this higher risk specifically 
among Mexican American individuals.4,5,12 In popula-
tions with AF, the risk of stroke mirrors a similar pattern, 
where Black individuals have the highest risk followed 
by Hispanic and then White individuals.11,13

The relationship between race, ethnicity, and AF- 
related stroke may play an important role in clinical 
practice. For example, inclusion of the Black race 
to the congestive heart failure, hypertension, age ≥ 
75 years, diabetes mellitus, stroke or transient isch-
emic attack, vascular disease, age 65 to 74 years, 
sex category (CHA2DS2- VASc) scoring system has 
been shown to significantly improve the prediction of 
stroke events among newly diagnosed AF patients.13 
Because thromboembolic stroke in AF is preventable 
using appropriate anticoagulation therapy, evidence 

Table 2. Adjusted Incident Rates of Stroke

Adjusted Incident 
Rates per 1000 

patient years (95% 
CI) P Value

Overall strokes 2.70 (2.68– 2.71)

American Indian 3.30 (3.15– 3.47) <0.0001*

Non- American Indian 2.69 (2.68– 2.70)

White 2.84 (2.83– 2.86) <0.0001†

Black 3.05 (3.00– 3.10) <0.0001†

Hispanic 2.04 (2.02– 2.06) <0.0001†

Asian 2.87 (2.82– 2.91) <0.0001†

Strokes among atrial fibrillation 
patients

17.6 (17.4– 17.8)

American Indian 21.8 (19.3– 24.4) <0.0001*

Non- American Indian 17.6 (17.4– 17.7)

White 16.6 (16.4– 16.8) <0.0001†

Black 20.1 (19.7– 20.5) <0.0001†

Hispanic 19.9 (19.4– 20.4) <0.0001†

Asian 19.2 (18.5– 19.9) <0.0001†

Incident rates are adjusted for age, sex, income level, insurance payer, 
hypertension, diabetes mellitus, coronary artery disease, congestive heart 
failure, cardiac surgery, valvular heart disease, chronic kidney disease, 
smoking, obstructive sleep apnea, pulmonary disease, and alcohol use.

*P value for comparison of American Indian vs non- American Indian 
individuals.

†P value for comparison of American Indian individuals vs each individual 
race/ethnicity.
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of heightened AF- related stroke in certain populations 
may point to opportunities for quality improvement in 
guideline adherence that could translate into meaning-
ful improvements in care. In addition, AF- related stroke 
in a given population may be considered the “tip of the 
iceberg,” as other thromboembolic complications less 
readily attributed to AF, such as myocardial infarction,16 
progressive chronic kidney disease,17 dementia,18 
and perhaps other manifestations of acute or chronic 
showering of thromboemboli are now recognized as 
complications of AF that may be mitigated by appro-
priate anticoagulation.24,25

Among American Indian individuals, cardiovascular 
disease is the leading cause of death, with particularly 
high rates of hypertension, diabetes mellitus, smok-
ing, and coronary heart disease.19,26– 29 Furthermore, 
we recently demonstrated that American Indian indi-
viduals exhibit the highest risk of AF when compared 
with White, Black, Hispanic, and Asian individuals.10 
Observational studies also have demonstrated a high 
incidence of stroke in American Indian individuals 
compared with White, Black, and Hispanic individuals, 
but the relative influence of AF has not previously been 
analyzed.5,6,19,30,31

To our knowledge, only 1 previous study has re-
ported the relationship between American Indian 

individuals and stroke in comparison to other racial 
and ethnic minorities with AF.13 In that study, the au-
thors reported that Black individuals have the highest 
rate of AF- related stroke followed by American Indian, 
Hispanic, White, and then Asian individuals. Although 
that study was thorough and longitudinal in design, 
the population was limited to those over the age of 
65 years and with a mean follow- up of 18 months, and 
interactions related to the presence versus absence 
of AF were not examined. Interestingly, a subsequent 
study limited to Black and Hispanic individuals with 
AF demonstrated that the elevated stroke risk per-
sisted despite adjustment for anticoagulation status.11 
Regardless, as anticoagulation has proven to be such 
an effective approach to mitigating stroke and throm-
boembolic risk in AF,32,33 our findings likely suggest 
an opportunity to further study, if not immediately ad-
dress, guideline- adherent anticoagulation prescribing 
patterns among American Indian individuals with AF.

There are several possible explanations for our ob-
servations. A differential impact of stroke risk factors 
across racial and ethnic groups has been proposed.34 
Although the current data set allows us to capture 
those diagnoses, we were unable to assess severity or 
control of those comorbidities. Indeed, poor control of 
hypertension, diabetes mellitus, and congestive heart 

Figure 1. Adjusted Kaplan- Meier curves for incident nonhemorrhagic stroke in American 
Indian and non- American Indian patients with and without AF.
The curves are adjusted for age, sex, income level, insurance payer, hypertension, diabetes 
mellitus, coronary artery disease, congestive heart failure, cardiac surgery, valvular heart disease, 
chronic kidney disease, smoking, obstructive sleep apnea, pulmonary disease, and alcohol use. 
AF indicates atrial fibrillation. *Comparison between American Indian to non- American Indian 
individuals, P value<0.0001. †Comparison between American Indian individuals with AF to non- 
American Indian individuals with AF, P value<0.0001.
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failure is often more common among minority popu-
lations,35– 37 which may augment nontraditional risk 
factors or result in a heightened degree of systemic 
inflammation leading to an increased risk of stroke.38– 41 
Our finding that AF did not accentuate incident stroke 
risk is important and may be attributed to the young 
age of American Indian individuals in our study popula-
tion (mean age of 45.5 years) that statistical adjustment 
did not adequately address. The effect of AF on stroke 
risk has been shown to be highly dependent on age.8 
For example, AF is the only independent stroke risk fac-
tor in those aged over 80 years, whereas other stroke 
risk factors carry more weight in younger populations.8

Equally important to our findings are the healthcare 
disparities experienced by American Indian individ-
uals. Limited funding of American Indian healthcare 
delivery systems and overall access to care among 
those living in urban areas are perpetual problems.42 
American Indian individuals have among the highest 
rates of obesity, diabetes mellitus, and cardiovascular 
disease, likely rooted in the lower health status that is 
experienced compared with other American individ-
uals.19,43 This translates into a lower life expectancy 
among American Indian individuals that is 5.5  years 
less than non- American Indian individuals in the United 
States.44 Our study results are critical in understanding 
the significant health risks accrued by American Indian 

individuals and may help guide community efforts 
aimed at cardiovascular risk factor prevention.

Our study has several strengths and limitations that 
should be considered when interpreting our findings. 
This is the first large study investigating the effect of AF 
on strokes in the American Indian race in a longitudinal 
analysis. Our broad inclusion criteria, using a common 
study cohort and large sample size, support the validity 
of our results. However, we acknowledge that HCUP 
relies on physician coding practices. Despite this, it is 
likely that such coding leads to lower sensitivity without 
sacrificing specificity, generally resulting in a reduced 
power to detect positive associations and minimizing 
the likelihood of false positive results. In addition, the 
assessment of stroke using ICD- 9 codes has been 
shown to have a high positive predictive value in ad-
ministrative data.45 Research using these methods, 
in particular the HCUP database, has proven to be a 
powerful tool and an accepted approach for large pop-
ulation studies.7,10,20,46,47 Another limitation of this study 
is the reliance on self- report for race and ethnicity. 
Even though self- report has been shown to correlate 
well with genotype- confirmed continental ancestry,48 
previous work has shown that American Indian indi-
viduals may be misclassified in administrative patient 
discharge data.49,50 Our analyses may also be prone to 
selection bias. By lacking outpatient clinic encounters, 

Figure 2. Adjusted Kaplan- Meier curves for incident stroke in American Indian, White, Black, Hispanic, and Asian patients 
with atrial fibrillation.
The curves are adjusted for age, sex, income level, insurance payer, hypertension, diabetes mellitus, coronary artery disease, 
congestive heart failure, valvular heart disease, chronic kidney disease, smoking, obstructive sleep apnea, pulmonary disease, and 
alcohol use. *Comparison between American Indian individuals to each individual race and ethnicity, P value<0.0001. AF indicates 
atrial fibrillation.
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it is possible that a higher number of non- American 
Indian patients were diagnosed with nonacute strokes 
in the outpatient setting when compared with American 
Indian patients, or in the opposite case where we may 
have underestimated the relative stroke burden among 
American Indian individuals. In addition, our analyses 
did not include adjustment for anticoagulation status 
or data on anticoagulation prescribing patterns across 
racial and ethnic groups. Although this would offer in-
sight into the mechanism of the observations, it would 
not necessarily negate the conclusions. Finally, as this 
was an observational study, we cannot exclude resid-
ual or unmeasured confounding and therefore these 
results should not be interpreted as evidence of causal 
effects.

In conclusion, we observed that American Indian in-
dividuals with AF are at highest risk of nonhemorrhagic 
stroke. This persisted after multivariable adjustment for 
known conventional confounders. Furthermore, as AF 
did not accentuate the increased risk for stroke, these 
findings are suggestive of an unidentified characteristic, 
including those possibly related to genetic differences or 
environmental exposures that increase the risk of stroke 
of American Indian individuals in general, whether or not 
AF is present.
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Table S1. International Classification of Diseases-9th Edition (ICD-9) and Current 

Procedural Terminology (CPT) Codes Used for Disease Identification. 

Diagnosis ICD-9 / CPT Codes 

Atrial fibrillation ICD-9 427.31 

Hypertension ICD-9 401.X, 402.X, 403.X, 404.X, 405.X, 437.2 

Diabetes mellitus ICD-9 249.X, 250.X, 790.X, 791.5, 791.6, 

V458.5, V539.1, V654.6 

Coronary artery disease ICD-9 36.01, 36.02, 36.03, 36.05, 36.09, 36.1X, 

411.0, 411.1, 411.8, 411.89, 412, 413.X, 

414.X, 429.7, V458.2 

Heart failure ICD-9 402.01, 402.11, 402.91, 404.91, 404.93, 

425.X, 428.X 

Cardiothoracic surgery ICD-9 35.3X, 35.41, 35.42, 35.50, 35.51, 35.52, 

35.53, 35.54, 35.60, 35.61, 35.62, 35.63, 

35.70, 35.71, 35.72, 35.73, 36.1X, 37.10, 

37.11, 37.12, 37.24, 37.25, 37.31, 37.32, 

37.33, 37.35, 37.40 

Valvular disease ICD-9 394.X, 395.X, 396.X, 397.0, 397.1, 424.0, 

424.1, 424.2, 424.3, V422, V433 

Pulmonary disease ICD-9 494.2X, 491.8, 491.9, 492.0, 492.8, 494, 

494.0, 494.1, 496 

Chronic kidney disease ICD-9 

 

 

CPT 

39.93, 54.98, 585.X, V420, V451, V451.1, 

V451.2, V560, V561, V562, V563.1, 

V563.2, V568, V56 

90921, 90925, 90935, 90937, 90945, 

90947, 90989, 90993 

Obesity ICD-9 278.X 

Alcohol use ICD-9 291.0, 291.1, 291.3, 291.4, 291.81, 303, 

303.0, 303.00, 303.01, 303.02, 303.03, 

303.9, 303.90, 303.91, 303.92, 303.93, 

305.0 

Active smoking ICD-9 305.1 

Obstructive sleep apnea ICD-9 327.20, 327.21, 327.22, 327.23, 327.24, 

327.25, 327.26, 327.27, 327.29, 780.51, 

780.53, 780.57 

Non-hemorrhagic stroke ICD-9 434.91, 434.11, 434.01 

 



Figure S1. Study Sample Selection. 

 

 
 

 

 

 

  



Figure S2. Adjusted Kaplan Meier Curves for Incident Non-Hemorrhagic Stroke in 

American Indian and Non-American Indian Patients with and without AF.   

 

 
 



Top: Analysis includes only the Emergency Department and State Inpatient Databases – the 

Ambulatory Surgery Database was excluded. Bottom: Analysis includes only those over the age 

of 35 with at least two encounters. The curves are adjusted for age, sex, income level, insurance 

payer, hypertension, diabetes, coronary artery disease, congestive heart failure, cardiac surgery, 

valvular heart disease, chronic kidney disease, smoking, obstructive sleep apnea, pulmonary 

disease, and alcohol use. AF indicates atrial fibrillation. * Comparison between American 

Indians to non-American Indians, P value < 0.0001. † Comparison between American Indians 

with AF to non-American Indians with AF, P value < 0.0001. 

 

 

 

 

  




