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BACKGROUND: This study aimed to evaluate secular trends in the control of major risk factors at the time of ischemic stroke 
to assess the real-world implementation of prevention guidelines and identify areas needing greater clinical attention for 
improved early stroke outcomes.

METHODS: We retrospectively analyzed data from a prospective, multicenter, nationwide registry of consecutive patients with 
acute ischemic stroke between 2011 and 2022. For risk factor controls of interest, hypertension, diabetes, dyslipidemia, and 
atrial fibrillation (AF) were considered. Well-controlled risk factors were defined as follows: “well-controlled hypertension”: 
hypertension with prior antihypertensive medication and systolic blood pressure <140 mm Hg on admission; “well-controlled 
diabetes”: prior antidiabetic medication with glycated hemoglobin <7.0%; “well-controlled dyslipidemia”: prior statin therapy 
with low-density lipoprotein cholesterol <100 mg/dL; and “well-controlled AF”: presence of AF with prior oral anticoagulant 
use. Linear trends in control rates were tested via the Cochran–Armitage and linear contrast tests.

RESULTS: Among 76 962 patients (68.8±13.3 years;men, 59.0%), the adjusted rate of well-controlled hypertension decreased 
from 35.7% (95% CI, 34.0%–37.5%) in 2011 to 25.5% (95% CI, 24.4%–26.7%) in 2022, whereas well-controlled status improved 
for diabetes (26.4%–29.4%), dyslipidemia (22.2%–48.6%), and AF (26.0%–55.7%) from 2011 to 2022 (Ptrend<0.001). The rates 
of well-controlled risk factors were relatively higher in patients with a history of stroke than in those with no history of stroke, 
except for hypertension. The 3-month composite of stroke, myocardial infarction, and all-cause death significantly declined 
from 10.0% in 2011 to 8.6% in 2022 (Ptrend<0.001).

CONCLUSIONS: Our study confirmed a continuous increase in prestroke risk factor control, including diabetes, dyslipidemia, 
and AF, but the rate remained suboptimal at stroke onset. These findings may help inform strategies to improve risk factor 
management by identifying priority areas that warrant targeted intervention in clinical practice and population-level guidelines.
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Stroke is a significant cause of death and disabil-
ity worldwide, particularly among older adults. 
Control of major vascular risk factors—hyper-

tension, dyslipidemia, diabetes, and atrial fibrillation 
(AF)—is fundamental for reducing the stroke burden.1,2 
Prestroke risk factor control, defined as appropriate 
medication use with guideline-recommended bio-
marker targets at stroke onset, has been linked to 
milder stroke severity and better outcomes.3–6

Despite guideline recommendations,7,8 real-world 
control remains suboptimal: fewer than half of patients 
with hypertension achieve blood pressure (BP) goals,9 

and statin use for dyslipidemia is especially low in pri-
mary prevention.10,11 These observations raise con-
cerns about health care quality and emphasize the 
need to evaluate temporal changes in control status 
and outcomes. However, limited contemporary data 
exist on how well vascular risk factors are controlled 
at stroke onset and whether these rates have changed 
over time.

Therefore, using a large, prospective multicenter 
stroke registry, the aims of this study were to (1) ex-
amine annual trends in the proportion of patients with 
adequately controlled risk factors at the time of isch-
emic stroke between 2011 and 2022 and (2) examine 
whether changes in the proportion of patients with 
adequately controlled risk factors over time coincide 
with shifts in 3-month functional outcomes to infer a 
potential relationship.

METHODS
Subjects
This study was a retrospective analysis of a prospec-
tive, multicenter, nationwide registry of consecutive 
patients with acute stroke or transient ischemic attack 
admitted to 18 academic hospitals in South Korea, 
the CRCS-K-NIH (Clinical Research Collaborations for 
Stroke in Korea–National Institutes for Health) regis-
try.12,13 Patients with acute ischemic stroke, confirmed 
by a positive ischemic lesion on diffusion-weighted 
imaging and apparent diffusion coefficiency within 
7 days of onset and admitted between January 2011 
and December 2022 were included in the analysis for 
the study. Patients without information on glycated 
hemoglobin (HbA1c), plasma glucose, and low-density 
lipoprotein cholesterol (LDL-C) levels at admission were 
excluded (Figure S1).

Data Collection
Demographic, clinical, imaging, and laboratory data 
were prospectively collected with standardized proto-
cols. The monthly meetings of the steering committee 
monitored the completeness and consecutiveness of 
case registration throughout the study. For risk fac-
tor controls of interest, hypertension, diabetes, dys-
lipidemia, and AF were considered. In our registry, the 
presence of risk factors was determined via a com-
bination of self-reported data, medical records, and 
laboratory measurements during the hospital stay. 
Hypertension was defined as (1) clinically diagnosed 
hypertension (history of hypertension) or (2) use of an-
tihypertensive medication. Diabetes was defined as (1) 

CLINICAL PERSPECTIVE

What Is New?
•	 This study examined how well common vas-

cular risk factors are managed before stroke 
onset in South Korea over a 12-year period and 
how these trends may be related to early stroke 
outcomes.

•	 Over the past 12 years, the control of 
dyslipidemia, diabetes, and atrial fibrillation has 
improved among patients who experienced 
ischemic stroke; however, hypertension control 
declined during the same period, highlighting a 
gap in prevention efforts.

What Are the Clinical Implications?
•	 These longitudinal trends in risk factor control 

highlight both progress and persistent gaps 
in stroke prevention practices and these find-
ings may help inform region-specific strategies 
and public health policies by identifying priority 
areas, such as hypertension control, that war-
rant targeted intervention in clinical practice and 
population-level guidelines.

Nonstandard Abbreviations and Acronyms

APC	 annual percent change
CRCS-K-NIH	 Clinical Research 

Collaborations for Stroke in 
Korea–National Institutes for 
Health

NOAC	 non–vitamin K antagonist oral 
anticoagulant

TST	 Treat Stroke to Target
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clinically diagnosed diabetes (history of diabetes), (2) use 
of insulin or antidiabetic agents, or (3) HbA1c level ≥6.5% 
at admission. Dyslipidemia was defined as (1) clinically 
diagnosed dyslipidemia (history of dyslipidemia), (2) use 
of lipid-lowering medication, or (3) LDL-C ≥130–160 mg/
dL or total cholesterol ≥200 to 240 mg/dL at admission. 
AF (including paroxysmal or persistent) was defined as 
(1) a history of AF or (2) AF detected on the basis of in-
hospital tests. Prior medication use was defined as the 
use of relevant drugs for at least 1 month before stroke 
onset, confirmed by self-reports, medical records, or 
prescription data.

Definition of Risk Factor Controls
For this study, prestroke risk factor control, specifically, 
“well-controlled” status at the time of the index stroke, 
was assessed via both medication history and admis-
sion biomarker levels: For example, although LDL-C 
<100 mg/dL may suggest adequate lipid control, pa-
tients not receiving statin therapy were not classified 
as well controlled given the importance of statins in im-
proving outcomes.14–17 “Well-controlled hypertension” 
was defined as prior antihypertensive use with an ad-
mission systolic blood pressure (SBP) <140 mm Hg.18,19 
To address the limitation that poststroke BP elevation is 
common and that defining control solely by admission 
SBP may be problematic, we also analyzed trends in 
patients with “hypertension and on antihypertensive,” 
regardless of admission SBP. “Well-controlled diabe-
tes” was defined as prior use of antidiabetic medica-
tion with an admission HbA1c <7.0%.20 “Well-controlled 
dyslipidemia” was defined as prior statin use with an 
admission LDL-C <100 mg/dL.21 “Well-controlled AF” 
was defined as prior use of oral anticoagulants before 
stroke. To complement this definition, we also exam-
ined annual trends in patients with AF treated with non–
vitamin K antagonist oral anticoagulants (NOACs) or 
with warfarin within the therapeutic range (international 
normalized ratio, 1.7–3.0). Temporary discontinuation 
of NOACs before admission may have contributed to 
stroke occurrence, which we recognize as a limitation 
of the study. We additionally analyzed the proportion of 
patients who achieved target levels of SBP, LDL-C, and 
HbA1c regardless of treatment status to examine trends 
in biomarker control independent of prior medication 
use.

For each risk factor, the rate of well-controlled status 
was defined as the proportion of patients with that risk 
factor who met the criteria for well-controlled status.

Patient Follow-Up and Additional 
Outcomes
Three months after initial ischemic stroke admission, 
patients were followed up by trained research 
coordinators via face-to-face or telephone interviews 

via a standardized interview protocol.12,13 The outcomes 
analyzed were as follows: (1) a composite of stroke 
(either ischemic or hemorrhagic), myocardial infarction, 
and all-cause death; (2) recurrent stroke; and (3) all-
cause death.

Ethics Statement
Clinical information was collected from the CRCS-K-
NIH registry with approval from the local institutional 
review boards of all the participating centers. A waiver 
for informed consent was provided because of study 
subject anonymity and minimal risk to the participants.

Data Availability
The data used in this study are available upon reason-
able request to the corresponding author. Access to 
the data requires the submission of a legitimate aca-
demic research proposal, which will be reviewed and 
approved by the steering committee.

Statistical Analysis
The general characteristics are presented as the 
means±SDs or medians with interquartile ranges for 
continuous variables and numbers and percentages 
for categorical variables. To obtain the P values for 
linear trends in baseline characteristics according 
to the 3 time periods, the Cochran–Armitage trend 
test, Mantel–Haenszel χ2 test, and linear contrast 
test for ANOVA were used for categorical variables 
and continuous variables. Missing values for con-
tinuous variables were imputed using the median 
value of each variable. For categorical variables, 
missing entries were replaced with a reference or 
absence category. The following parameters had 
missing data, and the proportions of missing val-
ues were as follows: height (2.0%), weight (1.2%), 
creatinine (0.1%), hemoglobin (0.5%), platelet count 
(0.1%), and white blood cell count (0.1%). Linear 
trends in risk factors and rates of well-controlled 
risk factors were tested with the Cochran–Armitage 
trend test and the linear contrast test in logistic re-
gression. The linear contrast test in logistic regres-
sion was performed to evaluate the linear trend of 
the adjusted rates of well-controlled risk factors, 
where the adjusted variables were considered to 
be the clinical relevance of risk factor control before 
ischemic stroke: age, sex, body mass index, his-
tory of stroke, history of coronary artery disease, 
history of transient ischemic attack, and history 
of peripheral artery disease. Additionally, to iden-
tify changes in the trend of adjusted rates of well-
controlled risk factors, joinpoint regression was 
estimated via the Joinpoint Regression Program.22 
By fitting segmented linear regression models to the 
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data, joinpoint analysis can identify points at which 
the rate of change in the data significantly deviates. 
The average annual percentage change (APC) is 
then calculated on the basis of these identified join-
points, providing a comprehensive understanding of 
the average annual percentage change.

The log-rank test for trend and a linear contrast 
test in Cox proportional hazards regression were used 
to evaluate the statistical significance of changes in 
survival outcomes according to the calendar year. 
To examine the associations between calendar year 
and outcomes, a marginal Cox model with a robust 
variance estimator was used to account for the cen-
ter effect.23 Adjusted variables were considered clin-
ically relevant variables for outcome as follows: age, 
sex, National Institutes of Health Stroke Scale score, 
body mass index, history of stroke, history of coronary 
artery disease, hypertension (control status), diabetes 
(control status), dyslipidemia (control status), AF (con-
trol status), large-artery steno-occlusion, reperfusion 
therapy, stroke subtypes, glucose, SBP, creatinine, 
and calendar year.

All the statistical analyses were performed via 
SAS software version 9.4 (SAS Institute Inc., Cary, 
NC). For the joinpoint analysis, we used the Joinpoint 
Regression Program version 5.0.2 (Statistical Research 
and Applications Branch, National Cancer Institute).

RESULTS
General Characteristics
In total, 76 962 patients (aged 68.8±13.3 years; 
men, 59.0%) were ultimately analyzed. The general 
characteristics of the study population at 4-year 
intervals from 2011 to 2022 are shown in Table 1. After 
the initial period of 2011 to 2014, there was an increase 
in the proportion of men, early arrivals within 24 hours 
of stroke onset, and minor strokes with a National 
Institutes of Health Stroke Scale score of 0 to 4. The 
mean age, weight, height, and body mass index of the 
study patients increased over time. Risk factors such 
as hypertension, diabetes, and dyslipidemia decreased 
from 2015 to 2018 but rose again from 2019 to 2022. 
However, the rates of prior anticoagulant and statin use 
continued to increase over time.

Annual Changes in Risk Factor Controls
The detailed annual changes in the 4 risk factors and 
control status at the time of ischemic stroke are shown 
in Tables  S1 and S2 and Figure  1. In terms of well-
controlled risk factors, well-controlled hypertension 
gradually decreased annually, whereas well-controlled 
diabetes, dyslipidemia, and AF increased with time 
(Table  2). The rates of well-controlled hypertension 
at the time of ischemic stroke decreased from 35.5% 

in 2011 to 26.3% in 2022 (adjusted rates, 35.7% 
[95% CI, 34.0–37.5] and 25.5% [95% CI, 24.4–26.7], 
respectively). The rates of well-controlled diabetes 
increased over time, increasing from 26.6% in 2011 
to 31.2% in 2022 (Ptrend<0.001) (adjusted rates, 26.4% 
and 29.4%, respectively; Ptrend=0.02). Well-controlled 
dyslipidemia increased from 23.8% in 2011 to 49.6% in 
2022 (adjusted rates, 22.0% and 48.6%, respectively) 
during these 12 year-year intervals (Ptrend<0.001 in both 
analyses). Additionally, well-controlled AF increased 
from 14.6% in 2011 to 34.3% in 2022 (adjusted 
rates, 26.0% and 55.7%, respectively) over the same 
period. Supportive analyses of “hypertension and on 
antihypertensives” and “AF and on oral anticoagulants” 
(within the therapeutic range for warfarin or NOAC) are 
shown in Table  S2, and controlled risk factor status 
regardless of prior medication is shown in Table  S3 
and Figure S2.

The joinpoint analysis of the APC in adjusted rates 
of well-controlled risk factors is shown in Figure 2. With 
respect to the rates of well-controlled hypertension, the 
APC was significantly different from the 0 point (APC, 
–4.03[95% CI, −10.9 to −2.5]), with decreasing trends 
since 2013. For rates of well-controlled dyslipidemia, 
the APC was significantly different from the 0 point, 
and 2 joinpoints were observed in 2013 and 2020. For 
well-controlled AF, 1 joinpoint was observed in 2014 
with increasing trends. However, for well-controlled di-
abetes, although an increasing pattern was observed 
over the study period, the APC was not statistically 
significant.

Risk Factor Controls by Subgroup
Annual changes in the rates of well-controlled risk 
factors in a predefined subgroup of patients with 
a “history of stroke” are shown in Tables S4 and S5 
and Figure S3. The rates of well-controlled risk factors 
were relatively higher in patients with a history of stroke 
than in those with no history of stroke, except for 
hypertension.

Annual Changes in Early Vascular 
Outcome
The annual event rates of 3-month vascular outcomes 
are presented in Figure 3 and indicate significant trends 
toward decreasing event rates for the 3-month com-
posite of stroke, myocardial infarction, and all-cause 
death (Ptrend<0.001); stroke (Ptrend=0.02); and all-cause 
death (Ptrend<0.001) (Table S6). After adjusting for rel-
evant variables, similar trends were observed in the 3-
month composite of stroke, myocardial infarction, and 
all-cause death, stroke, and all-cause death (Table S7). 
Joinpoint regression analyses are shown in Figure S4. 
From approximately 2011 to 2017, the 3-month com-
posite of stroke, myocardial infarction, and all-cause 
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Table 1.  General Characteristics of the Subjects According to the Time Period

Total 2011–2014 2015–2018 2019–2022 Ptrend value*

No. 76 962 17 964 26 860 32 138

Age, y, mean±SD 68.8±13.0 67.8±12.8 68.5±12.9 69.6±13.2 <0.001

Male, n (%) 45 415 (59.0) 10 442 (58.1) 15 673 (58.4) 19 300 (60.1) <0.001

Arrival within 24 h, n (%) 54 394 (70.7) 12 513 (69.7) 19 033 (70.9) 22 848 (71.1) 0.001

Height, cm, mean±SD 162.5±9.0 162.2±8.9 162.5±9.0 162.8±9.1 <0.001

Weight, kg, mean±SD 63.1±12.1 62.3±11.5 62.9±12.0 63.7±12.4 <0.001

Body mass index, mean±SD 23.8±3.6 23.6±3.5 23.7±3.5 23.9±3.7 <0.001

NIHSS, median (IQR) 3 (1–7) 4 (1–8) 4 (1–8) 3 (1–7) <0.001

NIHSS score 0–4 45 923 (59.7) 10 395 (57.9) 15 706 (58.5) 19 822 (61.7) <0.001

Prestroke modified Rankin Scale score 0–1, n (%) 67 136 (87.2) 15 295 (85.1) 23 720 (88.3) 28 121 (87.5) <0.001

TOAST, n (%) 0.012

Large-artery atherosclerosis 26 591 (34.6) 6451 (35.9) 8903 (33.1) 11 237 (35.0)

Small-vessel occlusion 13 751 (17.9) 3094 (17.2) 4980 (18.5) 5677 (17.7)

Cardioembolism 15 856 (20.6) 3873 (21.6) 5675 (21.1) 6308 (19.6)

Other pathogenesis 2619 (3.4) 399 (2.2) 922 (3.4) 1298 (4.0)

Undetermined 18 145 (23.6) 4147 (23.1) 6380 (23.8) 7618 (23.7)

History of transient ischemic attack, n (%) 1334 (1.7) 380 (2.1) 437 (1.6) 517 (1.6) <0.001

History of stroke, n (%) 15 813 (20.5) 3710 (20.7) 5345 (19.9) 6758 (21.0) 0.123

History of coronary artery disease, n (%) 7150 (9.3) 1605 (8.9) 2353 (8.8) 3192 (9.9) <0.001

History of peripheral artery disease, n (%) 642 (0.8) 100 (0.6) 165 (0.6) 377 (1.2) <0.001

Hypertension, n (%) 51 256 (66.6) 12 314 (68.5) 17 495 (65.1) 21 447 (66.7) 0.003

Diabetes, n (%) 29 312 (38.1) 7496 (41.7) 9740 (36.3) 12 076 (37.6) <0.001

Dyslipidemia, n (%) 24 034 (31.2) 5612 (31.2) 7351 (27.4) 11 071 (34.4) <0.001

Current smoker, n (%) 17 713 (23.0) 4570 (25.4) 6067 (22.6) 7076 (22.0) <0.001

AF, n (%) 16 032 (20.8) 3761 (20.9) 5703 (21.2) 6568 (20.4) 0.1

Prior antiplatelet, n (%) 21 634 (28.1) 5377 (29.9) 7228 (26.9) 9029 (28.1) <0.001

Prior anticoagulant, n (%) 4817 (6.3) 817 (4.5) 1606 (6.0) 2394 (7.4) <0.001

Prior statin, n (%) 16 906 (22.0) 3061 (17.0) 5328 (19.8) 8517 (26.5) <0.001

Prior antihypertension, n (%) 39 363 (51.1) 9691 (53.9) 13 213 (49.2) 16 459 (51.2) <0.001

Prior antidiabetes, n (%) 19 293 (25.1) 5013 (27.9) 6281 (23.4) 7999 (24.9) <0.001

Large artery steno-occlusion, n (%) <0.001

No 37 317 (48.5) 8200 (45.6) 13 095 (48.8) 16 022 (49.9)

Mild (<50%) 6796 (8.8) 1706 (9.5) 2295 (8.5) 2795 (8.7)

Significant (>50%) 13 327 (17.3) 3215 (17.9) 4497 (16.7) 5615 (17.5)

Occlusion 19 522 (25.4) 4843 (27.0) 6973 (26.0) 7706 (24.0)

Reperfusion therapy, n (%) <0.001

No 63 662 (82.7) 15 037 (83.7) 22 075 (82.2) 26 550 (82.6)

Intravenous thrombolysis only 6518 (8.5) 1802 (10.0) 2360 (8.8) 2356 (7.3)

Endovascular thrombectomy only 3750 (4.9) 426 (2.4) 1294 (4.8) 2030 (6.3)

Combined intravenous 
thrombolysis+endovascular thrombectomy

3032 (3.9) 699 (3.9) 1131 (4.2) 1202 (3.7)

White blood cell count, mean±SD 8.2±3.6 8.4±3.6 8.2±3.2 8.2±4.0 <0.001

Blood urea nitrogen, mg/dL, mean±SD 17.6±9.1 17.4±9.0 17.4±8.9 17.9±9.2 <0.001

Creatinine, mg/dL, mean±SD 1.01±0.90 1.01±0.90 1.01±0.90 1.02±0.90 0.131

Hemoglobin, mg/dL, mean±SD 13.6±2.1 13.6±2.0 13.6±2.0 13.6±2.1 0.157

Low-density lipoprotein, mg/dL, mean±SD 106.0±38.2 109.8±37.8 105.8±37.5 104.1±38.9 <0.001

Platelet count, mean±SD 229.9±74.9 229.8±78.6 230.5±73.6 229.4±73.8 0.575

Glycated hemoglobin, %, mean±SD 6.3±1.4 6.4±1.4 6.3±1.4 6.3±1.4 <0.001

 (Continued)
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death significantly decreased, but there was no signifi-
cant change from 2017 to 2022.

DISCUSSION
Our study, a prospective nationwide stroke registry in 
South Korea that analyzed 12 years of data from the 
CRCS-K-NIH registry and included >75 000 patients 

with acute ischemic stroke, observed a rising annual 
trend in the proportion of patients with well-controlled 
prestroke risk factors, particularly dyslipidemia and 
AF. However, the overall rate of risk factor control at 
the time of stroke remained suboptimal. Although we 
were not able to directly analyze the causal relationship 
between improved risk factor control and outcomes, 
we noted a decreasing trend in the risk of early vas-
cular events within 3 months over time. These findings 

Total 2011–2014 2015–2018 2019–2022 Ptrend value*

Glucose, mg/dL, mean±SD 145.6±63.4 146.4±65.8 145.6±63.2 145.2±62.3 0.037

SBP, mm Hg, mean±SD 149.0±27.9 146.7±27.1 147.5±27.5 151.5±28.6 <0.001

DBP, mm Hg, mean±SD 85.0±16.5 85.2±15.9 84.1±16.0 85.5±17.1 0.038

AF indicates atrial fibrillation; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; SBP, systolic blood pressure; and TOAST, Trial 
of Org 10 172 in Acute Stroke Treatment.

*P value by the Cochran–Armitage trend test, the Cochran–Mantel–Haenszel test, and the linear contrasts test in ANOVA.

Table 1.  Continued

Figure 1.  Annual proportions of risk factors and well-controlled risk factors.
A, Hypertension, (B) dyslipidemia, (C) diabetes, and (D) AF. The definitions of well-controlled risk factors were as follows: (1) well-
controlled hypertension: prior antihypertensive therapy and admission SBP <140 mm Hg; (2) well-controlled diabetes: prior antidiabetic 
medication and admission HbA1c <7.0%; (3) well-controlled dyslipidemia: prior statin medication and admission LDL-C <100 mg/dL; 
and (4) well-controlled AF: prior oral anticoagulant medication before stroke. AF indicates atrial fibrillation; DL, dyslipidemia; DM, 
diabetes; HbA1c, glycated hemoglobin; HTN, hypertension; LDL-C, low-density lipoprotein cholesterol; OAC, oral anticoagulant; and 
SBP, systolic blood pressure.
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suggest that efforts to improve prestroke risk factor 
management have been partially successful, yet sub-
stantial gaps remain.

Controlling risk factors is crucial, particularly in 
primary and secondary prevention, where lifestyle 
modifications and appropriate pharmacotherapy are 
recommended for effective management.2,24–26 Our 
study revealed a progressive increase in the well-
controlled status of prestroke risk factors over time. 
To address the possibility that improvements in risk 
factor control were merely due to an increased num-
ber of treated patients, we analyzed the proportion of 
patients who achieved target levels of LDL-C, HbA1c, 
and SBP regardless of treatment status. As shown in 
Figure S2, target achievement trends closely mirrored 
those in the treated population, with minimal differ-
ences between the ever-treated and target-achieved 
groups. These findings suggest that improvements in 
prestroke risk factor management reflect both broader 
treatment coverage and more effective achievement of 
guideline-recommended targets.

Among the evaluated risk factors, dyslipidemia was 
associated with the most pronounced improvement 
in control status. The adjusted proportion of patients 
with well-controlled dyslipidemia increased by ≈26.6% 
during the study period, from 22.0% (95% CI, 19.9–
24.1) in 2011 to 48.6% (95% CI, 46.7–50.5) in 2022. 
Joinpoint regression identified notable inflection points 
in approximately 2013 and 2020. The sharp increase 
after 2020 likely coincides with the publication of the 
TST (Treat Stroke to Target) study in 2019,27 highlight-
ing the importance of LDL-C lowering in stroke and 
suggesting a coincidental correlation. Additionally, 
the increasing trend before 2013 seems to correlate 
with previous findings indicating that lower LDL-C lev-
els were associated with a lower risk of vascular out-
comes.28,29 Over time, dyslipidemia guidelines have 
increasingly recommended lower LDL-C targets and 
emphasized the importance of intensive lipid-lowering 
treatment.17 Our study suggests a growing inclination 
in real-world practice among patients with stroke to 
use statins for LDL-C control.

The use of oral anticoagulants for the treatment of AF 
before stroke occurrence has significantly increased; it 
rose from ≈26.0% (95% CI, 20.8–32.1) in 2011 to 55.7% 
(95% CI, 49.6–61.6) in 2022, an absolute increase of 
nearly 30%. Significant changes in the rates of well-
controlled AF were observed from 2014 to 2015. In 
Korea, since the introduction of NOAC insurance cov-
erage in 2015, the use rate of oral anticoagulants has 
increased. Recent evidence has demonstrated that 
the use of NOAC serves as a mediator for improved 
annual outcomes in patients with stroke.30 However, 
between 2011 and 2015, before the widespread avail-
ability of NOACs in Korea, the proportion of patients 
admitted with an international normalized ratio of 1.7 to Ta
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3.0 while on warfarin was <10%. This low rate of con-
trolled AF likely reflects that many patients receiving 
subtherapeutic anticoagulation therapy experienced 
stroke rather than indicating a general failure in risk fac-
tor control among all patients with AF. In other words, 
because this study population consisted of individuals 
who had already had a stroke, the low rate may reflect 
selection bias, where inadequately anticoagulated pa-
tients were more likely to be represented. Therefore, 
caution is warranted when interpreting the low rate of 
risk factor control during this period.

The well-controlled status of diabetes increased 
with time by 3.0% from 2011 to 2022. The relatively 

low absolute control rate may have stemmed from the 
unclear relationship between diabetes control and out-
comes in patients with diabetes. Diabetes control in 
older age groups tends to be more lenient, with ac-
ceptable HbA1c levels of 7.0% to 8.0%,31,32 which may 
have contributed to the modest improvement rates ob-
served. However, with the emergence of new diabetes 
medications, such as sodium–glucose cotransporter 
2 inhibitors, which are associated with a reduction in 
mortality risk,33 this trend may gradually change.

Proportions of optimal risk factor control at the time 
of the index stroke remained notably low at <50% in our 
study. Despite guidelines emphasizing the importance 

Figure 2.  Joinpoint analysis of well-controlled risk factors.
A, Hypertension, (B) dyslipidemia, (C) diabetes, and (D) AF. AF indicates atrial fibrillation; APC, annual percentage change; DL, 
dyslipidemia; DM, diabetes; and HTN, hypertension.
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of risk factor management for primary prevention, real-
world studies have revealed challenges in implement-
ing recommended controls.7,8 Importantly, the need to 
improve health care quality is emphasized by the pos-
sibility that inadequate control of major vascular risk 
factors may adversely influence clinical outcomes.

Nevertheless, our findings show a 19.7% absolute 
increase in management for AF, 26.6% for dyslipidemia, 
and 3.0% for diabetes, highlighting a growing aware-
ness of the importance of risk factor management in the 
real world. Furthermore, higher rates of well-controlled 
risk factors were observed in patients with a history 
of stroke, with adjusted rates of well-controlled risk 
factors >50%. Our research underscores the ongoing 

need to improve vascular risk factor control, particu-
larly through medication, emphasizing the importance 
of efforts in both secondary prevention strategies and 
controlling prestroke risk factors to ensure favorable 
outcomes in patients with ischemic stroke.

Despite hypertension being the most crucial 
risk factor for stroke, the annual change in its well-
controlled status did not show significant prominence. 
This finding contrasts with other risk factors and was 
somewhat unexpected. Although the exact reason is 
unclear, this may be partly explained by a persistent 
misconception among the general public that antihy-
pertensive medications, once started, must be taken 
for life, leading to reluctance in initiating treatment, 

Figure 3.  Annual changes in the 3-month event rates of composite of stroke, myocardial 
infarction, and all-cause death.
In unadjusted (A) and adjusted (B) analyses.
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particularly among older or frail individuals.34 In addi-
tion, the transient fluctuation in hypertension control 
rates between 2015 and 2017 may partly reflect age-
specific changes in hypertension management guide-
lines. The 2014 Eighth Joint National Committee and 
subsequent 2015 to 2016 American Heart Association/
American College of Cardiology recommendations 
adopted a more lenient BP target (<150/90 mm Hg) 
for older adults, which may have led to a temporary 
decrease in treatment intensity.35,36 In contrast, the 
2017 American Heart Association/American College 
of Cardiology guideline introduced a lower diagnostic 
threshold (≥130/80 mm Hg) and emphasized stricter 
BP control (<130/80 mm Hg) across all age groups,25 
likely contributing to the rebound in treatment rates 
observed thereafter. However, the recent decline 
in hypertension control rates after 2020 is more dif-
ficult to explain, although the indirect impact of the 
COVID-19 pandemic, such as reduced access to rou-
tine medical care and lifestyle disruptions, cannot be 
excluded. In contrast, with an antihypertensive use of 
75% (adjusted rates exceeding 80%), it is understand-
able why this annual increase was not pronounced, as 
at least 3 of 4 patients had controlled hypertension. 
Furthermore, defining well-controlled hypertension 
at the time of ischemic stroke is inherently challeng-
ing. BP typically increases following ischemic stroke, 
making it difficult to assess whether prestroke hyper-
tension is adequately controlled. Therefore, our find-
ings about hypertension control must be interpreted 
cautiously.

Our study indirectly supports previous findings that 
effective management of prestroke risk factors may be 
associated with favorable outcomes in patients with 
ischemic stroke. Prestroke statin use has been linked 
to milder initial stroke severity and improved early prog-
nosis,37 whereas elevated HbA1c levels at admission 
are associated with worse outcomes and an increased 
risk of subsequent vascular outcomes in patients with 
acute ischemic stroke.38 In our study, there was a coin-
cidental similarity between the increasing proportion of 
well-controlled risk factors and the decreasing risk of 
early vascular event outcomes, except notably for the 
COVID-19 pandemic period. These findings suggest 
that optimal risk factor control may impact subsequent 
vascular outcomes. Further ongoing research is nec-
essary to explore this relationship.

This study has limitations, primarily in the arbitrary 
definition of risk factor control. While recent guide-
lines recommend risk-stratified targets, particularly for 
lipid management, we adopted conservative thresh-
olds (eg, LDL-C <100 mg/dL) to reflect general or 
moderate-risk populations.21 This approach ensured 
consistency across the cohort, although it may not 
have fully captured individualized treatment goals. 
Additionally, in some patients, vascular risk factors 

were newly identified or diagnosed during hospital-
ization. However, for the purpose of this study, such 
cases were considered preexisting, and control status 
was determined on the basis of the clinical and labo-
ratory findings at the time of admission. The extent of 
in-hospital evaluation for AF may have varied among 
participating centers, which represents a potential lim-
itation. However, most participating hospitals routinely 
performed electrocardiography, continuous ECG 
monitoring, and Holter monitoring as part of standard 
stroke care. Second, the limited information on previ-
ous medication use, including dosage and duration, 
poses a limitation. However, since our study revealed 
changes in risk factor control over time, the impact of 
insufficient medication information on the results was 
likely minimal. Third, smoking, although an important 
prestroke risk factor, was not included as a major vari-
able in this study, as the primary focus was on phar-
macologically modifiable risk factors. This omission 
may limit the comprehensiveness of our analysis, and 
the potential mediating effects of smoking on stroke 
outcomes should be explored in future research. 
Fourth, conditions such as a history of stroke or cor-
onary artery disease may have a higher recurrence 
risk despite well-controlled risk factors. Adjusting for 
risk factors for secondary prevention may have a more 
significant impact on outcomes than adjusting for risk 
factor control status at the time of the first-ever stroke. 
Detailed analyses considering these factors may be 
necessary in the future. Fifth, caution is needed when 
interpreting the P values in our results. Owing to the 
large sample size, even minor differences that may not 
have clinical relevance can result in statistically signifi-
cant findings (P<0.05). It is essential to assess whether 
the observed statistical significance reflects genuine 
clinical significance carefully. Sixth, as this was a study 
conducted in South Korea, even though it was a mul-
ticenter, prospective registry analysis, there are lim-
itations to generalizability. Moreover, several hospitals 
have been added to the CRCS-K-NIH registry since 
2011, and the impact of these additions on the ob-
served increase in stroke cases cannot be excluded. 
The results may differ across countries or races and 
ethnicities, and the retrospective nature of the analysis 
makes it challenging to completely control for unmea-
sured confounders or selection bias. Despite rigorous 
adjustments, the study may not be entirely free from 
these limitations. Nevertheless, leveraging a large pro-
spective stroke registry for thorough analysis adds no-
table value to the study.

In conclusion, our study, which used a comprehen-
sive stroke registry in South Korea over 12 years, con-
firmed improvements in the management of vascular 
risk factors such as dyslipidemia and AF at the onset 
of ischemic stroke. However, we found that the rate of 
controlling risk factors remained suboptimal in patients 
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with first-ever ischemic stroke. These longitudinal 
trends in risk factor control highlight both progress and 
persistent gaps in stroke prevention practices. These 
findings may help inform strategies to improve risk 
factor management by identifying priority areas that 
warrant targeted intervention in clinical practice and 
population-level guidelines. Further investigations are 
warranted to implement effective risk factor control 
strategies.
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