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Background and PurposezzSecondary stroke prevention guidelines recommend statins for 
the management of dyslipidemia in ischemic stroke and transient ischemic attack (TIA). This 
study assessed the guideline-based statin prescription (GBSP) rate in Korea and the associated 
physician and patient factors.

MethodszzA survey was conducted to assess Korean neurologists’ knowledge of and attitude 
toward the current dyslipidemia management guidelines. The characteristics and discharge 
statin prescription for all consecutive patients with acute ischemic stroke or TIA treated by par-
ticipating neurologists during the 6 months prior to the survey were abstracted. Using algo-
rithms to determine GBSP, we assessed the rate and independent factors of GBSP. 

ResultszzOf the 174 participating neurologists, 79 (45.4%) were categorized as a higher-level 
knowledge group. For the 4407 patients (mean age, 66.4 years; female, 42.5%; 90.6% with 
ischemic stroke and 9.4% with TIA) enrolled in this study, the GBSP rate at discharge was 
78.6%. The GBSP rate increased significantly with increasing physician knowledge level (test 
for trend, p<0.0001), and was higher among patients treated by the higher-level knowledge 
group than for those treated by the lower-level knowledge group (81.6% vs. 74.7%; unadjusted 
p<0.0001 and adjusted p=0.045). Other independent factors associated with a higher GBSP rate 
were hypercholesterolemia and higher low-density lipoprotein cholesterol level, while those as-
sociated with a lower GBSP rate were cardioembolism, undetermined etiology due to negative 
or incomplete work-up, other determined etiology, and TIA presentation.

ConclusionszzMore than three-quarters of acute ischemic stroke survivors and TIA patients re-
ceive a GBSP at discharge, and this proportion would be further improved by improving the 
knowledge of dyslipidemia management guidelines among neurologists.
 J Clin Neurol 2013;9:214-222
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Introduction

In Korea, stroke is the second leading cause of death after can-

cer and the first leading cause of death due to a single-organ 
disease. Every year more than 100000 Korean people experi-
ence a new or recurrent stroke, and ischemic stroke accounts 
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for more than 75% of all strokes.1 One in five ischemic strokes 
is a recurrent stroke, which usually leads to greater mortality or 
disability.2,3 With the evolution of vascular prevention treat-
ments, recurrent strokes, fatal strokes, and major cardiovascu-
lar events in stroke survivors treated using therapies with prov-
en efficacy have substantially declined over the last 5 decades.4

Statins are one of the therapies with proven efficacy for both 
primary and secondary stroke prevention,5,6 and most guide-
lines recommend statins for patients with non-cardioembolic 
ischemic stroke and low-density lipoprotein cholesterol (LDL-
C) levels ≥100 mg/dL. However, a lack of familiarity or dis-
agreement with the guidelines among physicians can hamper 
the appropriate use of statins. In addition, the gap between the 
physicians’ perception and their actual practices may further 
increase the failure of appropriate dyslipidemia management.7

In the USA, the number of patients with acute ischemic 
stroke who were discharged on statins increased between 2005 
and 2007, but the rates of discharge statin use varied substan-
tially across hospitals, with 20% of eligible patients not receiv-
ing statin medication at discharge.8 The current Korean stroke 
guidelines also recommend statins for eligible patients with 
ischemic stroke or transient ischemic attack (TIA), generally in 
accordance with the National Cholesterol Education Program-
Adults Treatment Panel III (NCEP-ATP III) guidelines. In 
brief, the target LDL-C level is <100 mg/dL for patients with 
atherothrombotic stroke or TIA, or those with coexisting cor-
onary heart disease (CHD), and a more aggressive lowering 
might be considered for high-risk patients with multiple risk 
factors. According to a nationwide, hospital-based Korean 
stroke registry, 22% of patients admitted in 2010 due to acute 
ischemic stroke or TIA had hypercholesterolemia defined as 
current use of a lipid-lowering agent, total cholesterol >240 
mg/dL, or LDL-C >160 mg/dL.2 However, the management of 
dyslipidemia by Korean neurologists has not been systemati-
cally investigated. The aim of this study, entitled the ROLL-
ERKOST (Real World of Lipid-Lowering Therapy in Korean 
Stroke Patients), was to elucidate the knowledge of and attitude 
toward the current guidelines of Korean neurologists, to deter-
mine the rate of guideline-based statin prescription (GBSP) at 
discharge, and to identify the factors of physicians and patients 
associated with guideline adherence for dyslipidemia manage-
ment in patients hospitalized with acute ischemic stroke or TIA 
in Korea.

Methods

Physician survey
Among 86 neurology training hospitals in Korea, we selected 
33 centers which actively enroll their patients in the Korean 
Stroke Registry.2 The principal investigator (B.-C. Lee) sent an 

e-mail describing the purpose of this study to the physicians in 
charge of stroke care in the 33 centers, and received an agree-
ment to participate from 27 centers. A survey was then con-
ducted in which the neurologists (board-certified neurolo-
gists and residents) of the 27 centers were directly interviewed 
with the aid of a structured questionnaire between November 
2010 and December 2011. The questionnaire comprised the 
following four main physician domains: characteristics (5 
items), practice pattern of dyslipidemia management (15 
items), knowledge of the current dyslipidemia management 
guidelines (10 items), and attitude toward the current guide-
lines (21 items) (Table 1).

Patient demographics and prescription of a 
lipid-lowering agent
A retrospective review was undertaken of the medical records 
of patients with ischemic stroke or TIA who were 1) treated by 
participating neurologists, 2) hospitalized during the 6 months 
prior to the survey, and 3) hospitalized within 48 hours from 
symptom onset. The following data were obtained for each pa-
tient: 1) demographics of age, sex, height, weight, abdominal 
circumference, body mass index (BMI), and blood pressure at 
admission, 2) past medical history of stroke, CHD, peripheral 
artery disease, symptomatic carotid artery disease, abdominal 
aortic aneurysm, or other cardiac disease, 3) vascular risk fac-
tors of current or ex-smoker, diabetes, familial history of pre-
mature CHD, hypertension, hypercholesterolemia (defined as 
current use of a lipid-lowering agent, total cholesterol >240 
mg/dL, or LDL-C >160 mg/dL), and atrial fibrillation (AF), 4) 
stroke subtype based on the Trial of Org 10172 in Acute Stroke 
Treatment (TOAST) classification, 5) baseline laboratory data 
including fasting blood glucose, glycosylated hemoglobin 
(HbA1c), total cholesterol, triglyceride, LDL-C, and high-den-
sity lipoprotein cholesterol (HDL-C), and 6) statin prescription 
at discharge. This study was approved by the institutional re-
view boards of the 27 participating hospitals.

Outcomes
The primary outcome of interest was the percentage of patients 
discharged with a GBSP for secondary stroke prevention. Al-
gorithms were developed to determine the GBSP rate, based on 
the Korean guidelines as well as those of the American Stroke 
Association/American Heart Association and NCEP-ATP III 
(Table 2). The GBSP group included patients who were 1) in-
dicated for and received statin therapy and 2) not indicated for 
and did not receive statin therapy. In contrast, the non-GBSP 
group included patients who were 1) indicated for but did not 
receive statin therapy and 2) not indicated for but received 
statin therapy.

To explore whether the physician’s knowledge of current 
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Table 1. Domains and items included in the questionnaire

Domain Item
Physicians’ characteristics Age

Sex
Stroke subspecialty
Year of achieving medical doctor certification
Year of achieving neurology board certification

Lipid management pattern Lipid profile assessed within 48 hours
Reference guidelines for lipid management
Education of lifestyle modification prior to statin prescription
Time point of initiating statin if necessary
Who decides the use of statin at discharge?
Factors for determining statin dosage
Frequency of prescribing high dose statin
Reason for not using high dose statin
Time point of lipid profile follow-up after statin prescription
Time point of lipid profile follow-up if statin is not initiated during hospitalization
Maintenance of statin after achieving target goal 
Initiating statin dosage for atherothrombotic ischemic stroke with LDL-C level of ≥130 mg/dL
Whether to actively prescribe statin for secondary stroke prevention
Reason for not actively prescribing statin for secondary stroke prevention
Quality assessment program in the hospital

Knowledge of current guidelines Most important lipid profile for statin prescription
Target goal for secondary stroke prevention in patients with ischemic stroke and DM
CHD equivalents
LDL-C target goal for patients with CHD
Application of NCEP-ATP III guidelines for atherothrombotic ischemic stroke patients with  
  LDL-C level of ≥130 mg/dL and TG level of >200 mg/dL
Major risk factors for determining LDL-C target goal according to NCEP-ATP III guidelines
Age criteria of premature CHD
LDL-C target goal for hypothetical case 1
Recommended treatments for hypothetical case 1
Recommended treatments for hypothetical case 2

Attitude toward current guidelines Too simplified for use in clinical practice
Too strict for use in clinical practice
Infringement of physician’s autonomy
Increased probability of medicolegal suit
Developed by less-experienced physicians
Pressure on physician’s decision-making in clinical practice
Too inaccessible for use in clinical practice
Disagreement with guidelines
Treatments following guidelines are likely to be ineffective
Difficulty in changing his/her current practice pattern
Lack of time to strictly follow guidelines
Lack of educational materials
Difficulty in using guidelines
Developed to improve quality of care
Developed to cut down healthcare cost
Developed by experts without any bias
Providing expert advice in a convenient way
Good educational tool
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guidelines was associated with the GBSP rate, the knowledge 
level of each of the participating physicians was quantified us-
ing the number of correct responses to ten questions in the phy-
sician’s knowledge domain (a score of 10 was assigned to each 
question, so a score of 100 was a perfect score). For analytical 
purposes, the physicians were then categorized into two groups: 
1) the higher-level knowledge group, who achieved a score that 
was higher than the median value, and 2) a lower-level 
knowledge group, who achieved a score that was equal to or 
lower than the median. The physicians’ preference for guide-
lines was calculated by summing the ratings (5 grades) of re-
sponses to 21 questions in the physicians’ attitude domain. The 
physicians were then categorized into the higher- and lower-
preference groups (preference of guidelines) according to a 
median value.

Sample size calculation and power estimation
We assumed that the GBSP rate in the higher-level knowledge 
group would be 90%, based on a projection from the observa-
tion of statin prescription for 4018 patients enrolled in the Clin-
ical Research Center for Stroke Registry (http://www.stroke-
crc.or.kr/). The GBSP rate in the lower-level knowledge group 
was assumed to be 87%, which was determined by a consensus 
among experts. When recruiting the 33 centers that actively en-

roll their patients in the Korean Stroke Registry,2 the projected 
sample size of neurologists was 211, and that of patients admit-
ted during the previous 6 months was 5200. Taking into ac-
count a refusal rate of 10-15%, the final projected sample size 
was 180-190 for neurologists and 4400-4700 for patients. If the 
ratio of the higher-level knowledge group versus the lower-lev-
el knowledge group was 1 : 1, a sample size of 4500 patients 
could detect the absolute 3% difference with 88% power and 
5% alpha error, whereas for a 2 : 1 ratio the power would de-
crease to 85%.

Statistical analysis
Categorical variables are summarized as frequencies and per-
centages, while continuous variables are presented as mean± 
SD values. Variables exhibiting substantial skewing are report-
ed using geometric means and geometric SDs. Among the phy-
sician survey responses, data not provided by physicians were 
treated as missing values. For group comparisons, categorical 
variables were compared using the chi-square test or Fisher’s 
exact test as appropriate, while continuous variables were com-
pared using Student’s t-test. Variables with a substantial skewed 
distribution were compared using logarithmically transformed 
values. The Cochran-Armitage test of trend was used to deter-
mine whether there was an increasing trend for the GBSP rate 

Table 1. Continued

Domain Item
Attitude toward current guidelines Too complicated

Have you ever read the dyslipidemia management of the current Korean stroke guidelines?
Are you well aware of the dyslipidemia management guidelines for secondary stroke 
  prevention?

CHD: coronary heart disease, DM: diabetes mellitus, LDL-C: low-density lipoprotein cholesterol, NCEP-ATP III: National Cholesterol Edu-
cation Program-Adults Treatment Panel III, TG: triglyceride.

Table 2. Algorithms for determining a GBSP

TOAST classification
Initial LDL-C level, mg/dL

<100 100 to <130 ≥130 to <160 ≥160

LAA, SVO, or UD due to ≥2 etiologies
Regardless of existence of other  
  risk factors*

Lifestyle modification Lifestyle modification  
  and drug intervention

Lifestyle modification  
  and drug intervention

Lifestyle modification  
  and drug intervention

CE, UD due to negative or  
  incomplete work-up, OD, or TIA

CHD or CHD equivalents† Lifestyle modification Lifestyle modification  
  and drug intervention

Lifestyle modification  
  and drug intervention

Lifestyle modification  
  and drug intervention

Neither CHD nor CHD equivalents
≥2 risk factors No intervention Lifestyle modification Lifestyle modification  

  and drug intervention
Lifestyle modification  
  and drug intervention

0 or 1 risk factor No intervention Lifestyle modification Lifestyle modification Lifestyle modification  
  and drug intervention

*Risk factor: hypertension, current smoking, familial history of premature CHD, HDL-C<40 mg/dL, age, †CHD equivalent: >50% carotid 
stenosis, peripheral arterial disease, abdominal aortic aneurysm, or DM.
CE: cardioembolism, CHD: coronary heart disease, DM: diabetes mellitus, GBSP: guideline-based statin prescription, HDL-C: high-density 
lipoprotein cholesterol, LAA: large-artery atherosclerosis, LDL-C: low-density lipoprotein cholesterol, OD: other determined etiology, SVO: 
small-vessel occlusion, TIA: transient ischemic attack, TOAST: Trial of Org 10172 in Acute Stroke Treatment, UD: undetermined etiology.
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relative to the physicians’ knowledge scores.
A generalized estimating equation (GEE) model was em-

ployed to account for the multilevel structure of the data set, 
which comprised the physician’s level and the associated pa-
tient’s level variables. The GEE model was used to explore 
whether the physician’s knowledge level and their characteris-
tics were independent factors influencing the GBSP rate, after 
adjusting for those of the patients. This multivariable analysis 
included all covariates of the physicians’ demographic factors 
of knowledge level group, age, sex, and stroke subspecialty. 
Among the patients’ factors, covariates with p<0.1 on the com-
parisons of baseline characteristics between the GBSP group 
and the non-GBSP group were included, in addition to age. 
Furthermore, the variable of history of CHD was included; 
statin therapy is generally recommended for patients with a 
history of CHD. Since most patients were cared for by both a 
board-certified neurologist and a resident, the knowledge of the 
board-certified neurologist was used in the analysis of the asso-
ciation between the physician’s knowledge level and their pa-
tient’s statin prescription status. Where the patient was matched 
only to a resident (18 out of 4407), the resident’s knowledge 
level was used for that analysis. Statistical analyses were per-
formed using SAS version 9.2 (SAS, Cary, NC, USA). The lev-
el of statistical significance was set at p<0.05 (all two-tailed).

Results

Physicians’ characteristics
Of the 33 centers contacted, 174 neurologists from 27 centers 
agreed to participate in this study. The characteristics of the 
participating neurologists are presented in Table 3. In brief, 73 
(42.0%) were board-certified neurologists, and 66 (37.9%) re-
sponded that their subspecialty was stroke. They were aged 
33.6±7.1 years, and 49 (28.2%) were female. Among the par-
ticipating neurologists, 173 (99.4%) responded that they as-
sessed their patients’ LDL-C level within 48 hours of hospital-
ization. The response rates of measuring total cholesterol, 
HDL-C, and triglyceride levels within 48 hours were greater 
than 97%. For statin prescription, 167 (96.0%) neurologists 
chose the LDL-C level as an indicator. For referencing guide-
lines, 111 (63.8%) used the Korean guidelines and 56 (32.2%) 
the American Stroke Association guidelines.

The median score for the neurologists’ knowledge of the cur-
rent dyslipidemia management guidelines was 70 (range, 30-
100); 79 (45.4%) neurologists were thus categorized into the 
higher-level knowledge group (achieving a score of >70), and 
95 (54.6%) were categorized into the lower-level knowledge 
group. Those in the higher-level knowledge group were more 
likely to have a neurology board certification and to use the 
American Stroke Association guidelines than those in the low-
er-knowledge group. However, age, sex, stroke subspecialty, 

Table 3. Physicians’ characteristics

Characteristic
Overall
(n=174)

Higher-level knowledge 
group (n=79)

Lower-level knowledge 
group (n=95)

p-value**

Age (years) 33.6±7.11 34.6±7.2 32.8±6.9  0.106
Female   49 (28.2) 22 (27.8)    27 (28.4)  0.933
Board certification   73 (42.0) 41 (51.9)    32 (33.7)  0.015
Stroke subspecialty   66 (37.9) 36 (45.6)    30 (31.6)  0.058
Lipid profile measure

Total cholesterol 169 (97.1) 77 (97.5)    92 (96.8) >0.999†

LDL-C 173 (99.4)                79 (100)    94 (98.9) >0.999†

HDL-C 170 (97.7) 77 (97.5)    93 (97.9) >0.999†

Triglyceride 171 (98.3) 76 (96.2)   95 (100)   0.092†

LDL-C as a treatment decision criterion 167 (96.0) 76 (96.2)    91 (95.8) >0.999†

Referencing guidelines*
Korean 111 (63.8) 41 (51.9)    70 (73.7)  0.003
American Stroke Association   56 (32.2) 35 (44.3)    21 (22.1)  0.002
Reimbursement   8 (4.6) 3 (3.8)    5 (5.3)   0.730†

None   2 (1.1) 2 (2.5) 0 (0)   0.205†

Physicians with higher preference for  
  guidelines‡

  89 (51.1) 42 (53.2)    47 (49.5)  0.628

Data are number of patients (%) or mean±SD values.
*Multiple responses were made, **Values of p were obtained using Student’s t-test or chi-square test, unless otherwise specified, †By 
Fisher’s exact test, ‡Physicians with higher preference for guidelines indicate those who had a score greater than the median value 
on rating of responses to 21 questions in physicians’ attitude to guidelines.
HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol.
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lipid assessment within 48 hours of hospitalization, using LDL-
C as an indicator, and guideline preference did not differ signif-
icantly between the two groups.

Table 4. Patients’ characteristics 

Characteristic
Overall

(n=4407)
GBSP group

(n=3465, 78.6%)
Non-GBSP group

(n=942, 21.4%)
p-value*

Age (years)   66.4±13.1   66.5±12.8   66.4±14.2  0.957
Female 1872 (42.5) 1476 (42.6) 396 (42.0)  0.758
BMI (kg/m2) 23.7±3.3 23.7±3.3 23.5±3.3  0.088
Initial BP and blood test

SBP (mm Hg) 126.8±17.7 127.1±17.6 125.5±17.9  0.016
DBP (mm Hg)   76.1±11.1   76.4±11.0   75.2±11.7  0.005
Lipid profile measured 4401 (99.9) 3459 (99.8)   942 (100.0) >0.999†

TG (mg/dL)‡ 122.6±91.6 125.0±94.0 113.7±81.4  <0.0001
LDL-C (mg/dL) 110.8±36.7 114.3±37.0   98.0±32.2  <0.0001
HDL-C (mg/dL)   44.4±13.2   44.5±12.9   44.3±14.2  0.763
T-Chol (mg/dL) 174.3±42.8 177.9±42.5 161.2±41.7  <0.0001
Glucose (mg/dL)‡ 120.9±51.2 121.7±52.2 117.9±47.3  0.023
HbA1c (%), mean (SD)‡   6.4±1.4   6.5±1.5   6.2±1.2  <0.0001

Risk factors
Hypertension 2949 (66.9) 2332 (67.3) 617 (65.5)  0.297
DM 1477 (33.5) 1208 (34.9) 269 (28.6)    0.0003
CHD 285 (6.5) 232 (6.7) 53 (5.6)  0.237
AF   772 (17.5)   547 (15.8) 225 (23.9)  <0.0001
Hypercholesterolemia 1367 (31.0) 1330 (38.4) 37 (3.9)  <0.0001
Symptomatic carotid stenosis 120 (2.7)   95 (2.7) 25 (2.7)  0.883
PAD   18 (0.4)   15 (0.4)   3 (0.3)   0.779†

Abdominal aortic aneurysm   10 (0.2)   10 (0.3)   0 (0.0) >0.999†

Smoking 1648 (37.4) 1323 (38.2) 325 (34.5)  0.038
Current smoker 1096 (24.9)   880 (25.4) 216 (22.9)

Ex-smoker   552 (12.5)   443 (12.8) 109 (11.6)

Other cardiac disease 344 (7.8) 236 (6.8) 108 (11.5)  <0.0001
Family history of premature CHD 118 (2.7)   93 (2.7) 25 (2.7)   0.765†

TOAST classification
LAA 1412 (32.0) 1245 (35.9) 167 (17.7)  <0.0001
SVO   916 (20.8)   833 (24.0) 83 (8.8)  <0.0001
CE   808 (18.3)   533 (15.4) 275 (29.2)  <0.0001
UD (≥2) 261 (5.9) 223 (6.4) 38 (4.0)  0.006
UD (negative) 298 (6.8) 186 (5.4) 112 (11.9)  <0.0001
UD (incomplete) 257 (5.8) 163 (4.7)   94 (10.0)  <0.0001
OD   41 (0.9)   18 (0.5) 23 (2.4)  <0.0001
TIA 414 (9.4) 264 (7.6) 150 (15.9)  <0.0001

Statin at discharge 3375 (76.6) 2718 (78.4) 657 (69.8)  <0.0001
Treated by the higher-knowledge level group 2528 (57.4) 2062 (59.5) 466 (49.5)  <0.0001

Data are number of patients (%) or mean±SD values.
*p-values for Student’s t-test or chi-square test as appropriate, comparing the GBSP group with the non-GBSP group, unless otherwise 
specified, †Fisher’s exact test, ‡Geometric mean and SD, and logarithmically transformed values were used to compare the two groups.
AF: atrial fibrillation, BMI: body mass index, BP: blood pressure, CE: cardioembolism, CHD: coronary heart disease, DBP: diastolic blood 
pressure, DM: diabetes mellitus, GBSP: guideline-based statin prescription, HDL-C: high-density lipoprotein cholesterol, LAA: large-ar-
tery atherosclerosis, LDL-C: low-density lipoprotein cholesterol, OD: other determined etiology, PAD: peripheral arterial disease, SBP: 
systolic blood pressure, SVO: small-vessel occlusion, TG: triglyceride, TIA: transient ischemic attack, UD: undetermined etiology.

Patients’ characteristics
Of the 4476 eligible patients, 4407 (98.5%) were included in 
the current analysis; 69 patients were excluded due to lack of a 
lipid profile (lipid profiles were not available for 82 patients; 
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however, 13 of those patients were registered as having hyper-
cholesterolemia and discharged with a statin, and were thus in-
cluded and assigned to the GBSP group) (Table 4). The pa-
tients were aged 66.4±13.1 years, and 1872 (42.5%) were 
female. The qualifying event was ischemic stroke in 3993 
(90.6%) patients (large-artery atherosclerosis, 32%; cardio-
embolism, 18.3%; small-vessel occlusion, 20.8%; undeter-
mined etiology, 18.5%; and other determined etiology, 0.9%) 
and TIA in 414 (9.4%) patients. The following risk factors 
were noted among the patients: hypertension, 66.9%; diabetes, 
33.5%; AF, 17.5%; hypercholesterolemia, 31.0%; current or 
ex-smoker, 37.4%; CHD, 6.5%; and symptomatic carotid ste-
nosis, 2.7%. Regarding lipid profiles, the levels of LDL-C, to-
tal cholesterol, HDL-C, and triglyceride were 110.8±36.7, 
174.3±42.8, 44.4±13.2, and 122.6±91.6 mg/dL, respectively. 

Statin prescription at discharge
The GBSP rate at discharge among the 4407 patients was 
78.6% (Table 4). Of the 2528 patients treated by the higher-
level knowledge group, 2062 (81.6%) were on GBSP at dis-
charge. In contrast, of the 1879 patients managed by the low-
er-level knowledge group, 1403 (74.7%) were on GBSP at 
discharge. The proportion of patients with a GBSP differed 
significantly between the higher- and lower-level knowledge 
groups (p<0.0001). In addition, the proportion of patients with 
a GBSP increased significantly with increasing physicians’ 
knowledge (p<0.0001 for Cochran-Armitage’s chi-square trend 
test) (Fig. 1).

On univariable analyses, patients in the GBSP group were 
more likely to have higher systolic and diastolic blood pres-
sure, higher levels of LDL-C, total cholesterol, triglyceride, 
glucose, and HbA1c, higher frequencies of diabetes, dyslipid-
emia, and smoking, lower frequencies of AF and other cardiac 

disease, and (for TOAST classification) higher frequencies of 
large-artery atherosclerosis, small-vessel occlusion, and unde-
termined etiology due to having two or more etiologies, and 

Fig. 1. GBSP rate according to physician’s knowledge level. The 
number (n) in the parenthesis indicates the number of patients 
treated by physicians with each knowledge score. Error bars indi-
cate standard errors. GBSP: guideline-based statin prescription.
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Table 5. Estimated adjusted ORs and 95% CIs for a GBSP at 
discharge

Covariates OR* 95% CI p-value
Physician variables

Higher-level knowledge  
  group

1.40 (1.01-1.96) 0.045

Age 0.98 (0.95-1.01) 0.222
Male sex 0.69 (0.47-1.03) 0.068
Stroke subspecialty 0.71 (0.48-1.04) 0.079

Patient variables
Age 0.99 (0.99-1.00) 0.272
BMI 0.98 (0.95-1.01) 0.104
TOAST

LAA Reference
SVO 1.24 (0.81-1.92) 0.326
CE 0.26 (0.17-0.40) <0.0001
UD (≥2) 0.95 (0.60-1.49) 0.814
UD (negative) 0.15 (0.10-0.22) <0.0001
UD (incomplete) 0.22 (0.14-0.33) <0.0001
OD 0.12 (0.06-0.23) <0.0001
TIA 0.22 (0.14-0.32) <0.0001

Risk factors
DM 1.00 (0.77-1.31) 0.980
CHD 0.99 (0.61-1.63) 0.983
AF 1.07 (0.74-1.54) 0.719
Hypercholesterolemia 14.34 (8.64-23.79) <0.0001
Other cardiac disease 0.74 (0.53-1.03) 0.076
Smoking

None Reference
Current smoker 0.99 (0.78-1.25) 0.924
Ex-smoker 0.95 (0.74-1.21) 0.666

Initial BP and blood tests
SBP 1.00 (0.99-1.01) 0.999
DBP 1.01 (1.00-1.02) 0.059
LDL-C 1.02 (1.00-1.03) 0.004
TG 1.00 (1.00-1.00) 0.328
Total cholesterol 1.00 (0.99-1.00) 0.313
Glucose 1.00 (1.00-1.00) 0.075
HbA1c 1.10 (1.00-1.21) 0.053

*By GEE analysis, which accounts for a multilevel structure of vari-
ables comprising the physicians’ and associated patient levels.
AF: atrial fibrillation, BMI: body mass index, BP: blood pressure, CE: 
cardioembolism, CHD: coronary heart disease, CI: confidence 
interval, DBP: diastolic blood pressure, DM: diabetes mellitus, 
GBSP: guideline-based statin prescription, GEE: generalized esti-
mating equation, LAA: large-artery atherosclerosis, LDL-C: low-
density lipoprotein cholesterol, OD: other determined etiology, 
OR: odds ratio, SBP: systolic blood pressure, SVO: small-vessel oc-
clusion, TG: triglyceride, TIA: transient ischemic attack, TOAST: Tri-
al of Org 10172 in Acute Stroke Treatment, UD: undetermined eti-
ology, UD: undetermined etiology.
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lower frequencies of cardioembolism, undetermined etiology 
due to negative or incomplete work-up, other determined eti-
ology, and TIA. The rate of overall statin prescription at dis-
charge was 76.6%, and was higher in the GBSP group than in 
the non-GBSP group (78.4% vs. 69.8%; p<0.0001).

Factors independently associated with GBSP rate are pre-
sented in Table 5. The current multivariable model included 
covariates of the physician factors of knowledge level, age, 
sex, and stroke subspecialty and the patient factors of age, 
BMI, TOAST classification, diabetes, CHD, AF, dyslipidemia, 
other cardiac disease, smoking, blood pressure, and levels of 
LDL-C, triglyceride, total cholesterol, glucose, and HbA1c. 
The higher-level knowledge group, hypercholesterolemia, and 
LDL-C level were independently associated with GBSP rate. 
In contrast, stroke mechanisms of cardioembolism and unde-
termined etiology due to negative or incomplete work-up, and 
other determined etiology, and presentation with TIA were in-
dependent factors that were negatively associated with GBSP 
rate.

Analysis of statin prescription instead of GBSP at discharge 
revealed that the rates of statin prescription at discharge were 
77.7% and 75.5% among patients treated by the higher- and 
lower-knowledge level groups, respectively; the difference 
was significant on univariable analysis, [unadjusted odds ra-
tio (OR)=1.161, 95% confidence interval (CI)=1.01-1.34; p= 
0.037]. On multivariable analysis, in contrast to the associa-
tion between physician’s knowledge level and GBSP, the high-
er-level knowledge group was not independently associated 
with statin prescription at discharge (adjusted OR=0.99, 95% 
CI=0.36-2.74; p=0.992).

Discussion

The GBSP rate at discharge among patients with acute isch-
emic stroke or TIA was 78.6% in this study, which suggests 
that Korean neurologists are generally familiar with and adhere 
to guidelines in clinical practice. The higher percentages of lip-
id profile assessment, recognition of LDL-C level as an indica-
tor for statin therapy, and referencing the dyslipidemia manage-
ment guidelines of the Korean or American Stroke Association 
in their clinical practice would support the relevance of the cur-
rent findings. However, given that at least one in five patients 
was discharged without a GBSP, there remains room for im-
provement.

It is noteworthy that neurologists with a higher knowledge 
level were more likely to adhere to GBSP. The absolute differ-
ence in the proportion of patients on a GBSP between the high-
er- and lower-knowledge level groups was 6.9%, and the dif-
ference was significant in both the adjusted and unadjusted 
analyses. The significance of the increased GBSP rate with 

higher levels of physician’s knowledge (Fig. 1) would fur-
ther support the robustness of the finding. It is assumed - but 
has not been well demonstrated - that the knowledge level of 
a neurologist is associated with the adherence to guidelines in 
clinical practice. A previous study from the USA analyzing 
data of patients enrolled in the Get With The Guidelines-
Stroke participating hospitals found that the rate of statin pre-
scription at discharge among hospitalized patients with isch-
emic stroke or TIA increased over time between 2005 and 
2007,8 which coincided with a period of dissemination of the 
results of the Stroke Prevention by Aggressive Reduction in 
Cholesterol Levels (SPARCL) trial and secondary stroke pre-
vention guidelines.5,9 The physician’s increased familiarity with 
and improved knowledge of the guidelines might account for 
this improvement, but that study did not directly demonstrate 
an association between neurologists’ knowledge and statin use. 
In the secondary prevention of CHD, physicians having knowl-
edge of guidelines were more likely to initiate lipid-lowering 
treatment and to comply with an overall measure of guideline 
adherence.10 Another study also showed that a physician’s lack 
of familiarity with and knowledge of guidelines were identified 
as important barriers to an appropriate management of dyslip-
idemia.11 Regarding the management of blood pressure, physi-
cians familiar with the Joint National Committee guidelines 
were more likely to recognize the blood pressure threshold for 
initiating blood-pressure-lowering therapy as recommended in 
the guidelines.12 In accord with these previous findings, our re-
sults suggest that educating physicians is essential to imple-
ment therapies with proven efficacy into clinical practice for 
secondary stroke prevention. Case-based learning would help 
to enhance the knowledge of guideline-based dyslipidemia 
management among neurologists, as shown by a cardiology 
study that demonstrated an improvement in physicians’ knowl-
edge of NCEP-ATP III guidelines after a validated case-based 
interactive educational program.13

In the present study, patients presenting with TIA were less 
likely to receive a GBSP, which has also been reported previ-
ously.8 In addition to the presentation with TIA, stroke mecha-
nisms of cardioembolism, undetermined etiology due to nega-
tive or incomplete work-up, and other determined etiology were 
associated with a lower GBSP rate. However, many of these 
patients are likely to be at high risk of coronary event or non-
stroke vascular death. A meta-analysis showed that the annual 
risks of nonstroke vascular death and myocardial infarction 
among stroke survivors were 2.1% and 2.2%, respectively.14 
Another study found that the 5-year risk of cardiac death was 
twice that of fatal recurrent stroke.15 In the SPARCL trial, the 
relative risk reduction with statin treatment was greater for any 
coronary event and major coronary event than for recurrent 
stroke.5 Therefore, neurologists should also take into account 
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events in vascular beds other than the cerebrovascular bed 
when performing the long-term management of stroke survi-
vors.

This study has several limitations. The physicians were affil-
iated with and patients were enrolled from neurology training 
hospitals, which would limit the generalizability of the find-
ings. The observational design of this study made it impossible 
to adjust for unmeasured confounders. The current GBSP rate 
defined by our algorithms does not necessarily indicate the ap-
propriateness of statin therapy. Physicians may prescribe statin 
to some patients who had LDL-C <100 mg/dL but had a sig-
nificant stenosis in cerebrovascular or other vascular beds. 
However, the mechanical algorithms used herein could not ful-
ly reflect these kinds of deliberate considerations by physi-
cians. Finally, rather than a discharge statin prescription rate, 
the rate of target LDL-C goal achievement would be more 
clinically important, but it was not possible to assess the lat-
ter in the present study. Analysis of target LDL-C goal achieve-
ment in patients with ischemic stroke or TIA would be of great 
interest as a topic of future study. However, hospitalization 
due to stroke or TIA would be a good opportunity to initiate 
statin treatment and to increase patient adherence. Therefore, 
the status of discharge statin prescription per se is worthy of in-
vestigation.
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