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Supplementary Methods

Study population
We initially screened 52,213 patients with ischemic stroke 
from a large dataset by linking the Clinical Research Center for 
Stroke (CRCS) registry and the Health Insurance Review and 
Assessment Service administrative claims database with clini-
cal data collected from patients with acute ischemic stroke 
within 7 days following the onset of stroke symptoms from 
2007 to 2014.1-3 The exclusion criteria for evaluating risk fac-
tors and medication information before index stroke using the 
linked dataset were as follows: (1) patients who were regis-
tered before January 2008 (n=4,756); (2) those with inaccurate 
claim data on prescribed drug information and those with in-
accurate vascular risk factors according to the International 
Classification of Disease, Tenth Revision (ICD-10) due to cen-
sored claim data after index stroke (n=4,578).1-4 Finally, we in-
cluded 42,879 patients to evaluate clinical factors associated 
with uncontrolled risk factors.

Baseline characteristics and clinical information
We collected details on baseline characteristics, including de-
mographic data (age and sex) and vascular risk factors such as 
hypertension (HT), diabetes mellitus (DM), dyslipidemia, coro-
nary artery disease (CAD), atrial fibrillation (AF), history of 
smoking, and history of stroke/transient ischemic stroke from 
the linked data. The history of risk factors, such as HT, DM, and 
dyslipidemia, was defined as the use of antihypertensive, anti-
diabetic, and antidyslipidemic medications, respectively, with 
associated ICD-10 codes assigned within 1 year before isch-
emic stroke, according to the linked claims data. The history of 
risk factors, AF and CAD, was determined using ICD-10 codes 
in claims data within 1 year before the ischemic stroke. The 
following clinical information on ischemic stroke: severity, 
mechanism, prestroke functional status, history of smoking, 
education years, and reperfusion therapy, including intravenous 
thrombolysis and endovascular recanalization therapy, were 
obtained from the CRCS registry of linked data. Stroke mecha-
nisms were classified into five categories according to the Trial 
of Org 10172 in Acute Stroke Treatment criteria as follows: (1) 
large artery atherosclerosis, (2) small vessel occlusion, (3) car-
dioembolism, (4) other determined etiology, and (5) undeter-
mined etiology, as previously described.5 Stroke severity was 
assessed using the National Institutes of Health Stroke Scale 
(NIHSS) at admission and discharge. The included patients 
were divided into the following two age groups: (1) 45 years or 
younger (≤45 years) and (2) over 45 years (>45 years) for fur-
ther comparison of risk factors according to age.6,7 Patients 

newly diagnosed with HT or DM were defined as the use of an-
tihypertensive or antidiabetic medications according to the 
ICD-10 codes of HT8 and DM9 after index ischemic stroke. For 
an accurate comparison, we defined the “non-hypertensive 
group” or “non-diabetic group” as patients with ICD-10 codes 
of HT or DM without prior claim records under these codes or 
prescription records of antihypertensives or antidiabetic medi-
cations before index ischemic stroke (1,605 [3.7%] patients 
with ICD-10 codes of HT without prescription of antihyperten-
sives before index stroke among patients with HT; 1,076 [2.5%] 
patients with ICD-10 codes of DM without prescription of an-
tidiabetic medications among those with DM). Furthermore, 
newly diagnosed AF was defined as patients with ICD codes of 
AF after index ischemic stroke. We also defined the “non-AF 
group” as patients whose diagnoses using ICD codes of AF 
were confirmed only before stroke (427 [1.0%] patients with 
ICD-10 codes of AF before index ischemic stroke). We evaluat-
ed the proportion of patients with newly identified major vas-
cular risk factors, such as HT, DM in all stroke subtypes, and AF 
in cardioembolic stroke after index stroke and assessed clinical 
factors that influence uncontrolled vascular risk factors. We 
defined uncontrolled vascular risk factors based on the pres-
ence or absence of prescription information on risk factors at 
the time of the index stroke. We did not analyze the percent-
age of patients with dyslipidemia. The presence of dyslipidemia 
was defined as the use of antidyslipidemic medications. How-
ever, 34,339 (80.1%) patients were treated with antidyslipid-
emic drugs after index stroke, regardless of total cholesterol or 
low-density lipoprotein. We believed that this working defini-
tion of dyslipidemia could overestimate the true prevalence of 
dyslipidemia and chose not to include dyslipidemia in the anal-
ysis.

Statistical analysis
Baseline characteristics are presented as numbers (%). Contin-
uous variables with normal distributions are presented as 
mean±standard deviation, and other variables that were not 
normally distributed are presented as medians (interquartile 
range). We used absolute standardized differences (ASDs) to 
compare baseline characteristics. ASD analysis was performed 
because it is expected to be more informative than P-values 
for large linked datasets. For all variables, ASDs less than 0.1 
represent small standardized differences.10,11 We performed 
multiple logistic regression to evaluate the relationship be-
tween clinical factors and newly diagnosed risk factors for 
ischemic stroke among patients using all statistically signifi-
cant covariates and important clinical covariates associated 
with risk factors. In multivariable analyses, a two-tailed P-val-
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ue of less than 0.05 was considered statistically significant. All 
statistical analyses were conducted by professional medical 
statisticians (J.S. Lee and J.S. Yoon) using SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Supplementary Results

When comparing baseline characteristics between patients 
with known risk factors and those with newly identified risk 
factors after index stroke, those with newly diagnosed risk fac-
tors were significantly younger (Supplementary Tables 1-3). 
Patients with newly identified HT and DM were less likely to 
have other vascular risk factors (Supplementary Tables 1 and 
2). Furthermore, the proportion of patients with good function-
al status before stroke was significantly higher among patients 
with newly identified HT (Supplementary Table 1). Patients 
with newly identified HT and AF were more likely to have high-
er educational levels than those with known HT or AF (Supple-
mentary Tables 1 and 2). However, there were no differences in 
educational levels between patients with and without known 
DM (Supplementary Table 2). Among diabetic patients, newly 
diagnosed patients were more likely to be treated with reper-
fusion therapy than those previously diagnosed (Supplementa-
ry Table 2). However, newly diagnosed diabetic patients had 
significantly higher initial and discharge NIHSS scores (Supple-
mentary Table 2), while stroke severity was similar between 
hypertensive and AF patients (Supplementary Table 3).

Supplementary References
1.	 Kim TJ, Lee JS, Kim JW, Oh MS, Mo H, Lee CH, et al. Building 

linked big data for stroke in Korea: Linkage of Stroke Registry 

and National Health Insurance Claims Data. J Korean Med 
Sci 2018;33:e343.

2.	 Kim TJ, Lee JS, Yoon JS, Oh MS, Kim JW, Jung KH, et al. Im-

pact of the dedicated neurointensivists on the outcome in 

patients with ischemic stroke based on the linked big data 

for stroke in Korea. J Korean Med Sci 2020;35:e135. 

3.	 Kim TJ, Lee JS, Oh MS, Kim JW, Yoon JS, Lim JS, et al. Pre-

dicting functional outcome based on linked data after acute 

ischemic stroke: S-SMART Score. Transl Stroke Res 2020;11: 

1296-1305. 

4.	 Shin JY, Choi NK, Jung SY, Lee J, Kwon JS, Park BJ. Risk of 

ischemic stroke with the use of risperidone, quetiapine and 

olanzapine in elderly patients: a population-based, case- 

crossover study. J Psychopharmacol 2013;27:638-644.

5.	 Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J, Love BB, 

Gordon DL, et al. Classification of subtype of acute ischemic 

stroke. Definitions for use in a multicenter clinical trial. 

TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke 

1993;24:35-41. 

6.	 Park TH, Ko Y, Lee SJ, Lee KB, Lee J, Han MK, et al. Identifying 

target risk factors using population attributable risks of isch-

emic stroke by age and sex. J Stroke 2015;17:302-311.

7.	 Goldstein LB, Adams R, Becker K, Furberg CD, Gorelick PB, 

Hademenos G, et al. Primary prevention of ischemic stroke: a 

statement for healthcare professionals from the Stroke 

Council of the American Heart Association. Stroke 2001;32: 

280-299.

8.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, 

Burnier M, et al. 2018 ESC/ESH guidelines for the manage-

ment of arterial hypertension. Eur Heart J 2018;39:3021-

3104.

9.	 American Diabetes Association. 2. Classification and diagno-

sis of diabetes: standards of medical care in diabetes-2019. 
Diabetes Care 2019;42(Suppl 1):S13-S28.

10.	 Austin PC. Balance diagnostics for comparing the distribu-

tion of baseline covariates between treatment groups in 

propensity-score matched samples. Stat Med 2009;28:3083-

3107. 

11.	 Kim L, Kim JA, Kim S. A guide for the utilization of Health In-

surance Review and Assessment Service national patient 

samples. Epidemiol Health 2014;36:e2014008. 


