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Abstract. - OBJECTIVE: Hyperlipidemia is
a risk factor of cerebrovascular disease (CVD).
However, the relationship between CVD and
cholesterol variability is less clear. This study
assesses the relationship between cholesterol
change and CVD risk.

PATIENTS AND METHODS: We reviewed
480,830 people from 20 to 99 years with 2 health
check-ups from 2002 to 2015 from the Kore-
an National Health Insurance (KNHI) database.
People’s baseline and follow-up cholesterol lev-
els were classified into low (<180 mg/dL), mod-
erate (=180 mg/dL and <240 mg/dL), and high
(=240 mg/dL). Participants were divided into
9 groups (low-to-low, low-to-moderate, low-to-
high, moderate-to-low, moderate-to-moderate,
moderate-to-high, high-to-low, high-to-moder-
ate, high-to-high).

RESULTS: Low to high cholesterol level is as-
sociated with hemorrhagic stroke (aHR1 = 1.59;
95% CI 1.12-2.28 and aHR2 = 1.56; 95% CI 1.07-
2.25). Low to moderate/high cholesterol level is
associated with ischemic stroke and occlusion/
stenosis (for low to moderate, aHR1 = 1.11; 95%
Cl 1.04-1.17 and aHR2 = 1.14; 95% CI 1.07-1.21
for ischemic stroke and aHR1 = 1.18; 95% CI
1.07-1.29 and aHR2 = 1.20; 95% CI 1.08-1.32 for
occlusion/stenosis, for low to high, aHR1 = 1.42;
95% CI 1.20-1.67 and aHR2 = 1.28; 95% CI 1.08-
1.52 for ischemic stroke and aHR1 = 1.86; 95%
Cl11.46-2.36 and aHR2= 1.74; 95% CI 1.36-2.23 for
occlusion/stenosis). Moderate to high cholester-
ol level is associated with ischemic stroke and
occlusion/stenosis (for ischemic stroke, aHR1 =
1.12; 95% CI 1.05-1.20 and aHR2 = 1.10; 95% CI
1.03-1.17, for occlusion/stenosis, aHR1 = 1.21;
95% CI 1.10-1.33 and aHR2 = 1.19; 95% CI 1.08-
1.32). Moderate to low cholesterol level is as-
sociated with ischemic and hemorrhagic stroke
and occlusion/stenosis (for ischemic, aHR1 =
1.15; 95% CI 1.09-1.21, for hemorrhagic, aHR1
= 1.14; 95% CI 1.01-1.28, for occlusion/stenosis,
aHR1 = 1.14; 95% CI 1.05-1.23). High to low cho-

lesterol level is associated with ischemic stroke
and occlusion/stenosis (for ischemic stroke,
aHR1 = 1.51; 95% CI 1.33-1.71 and aHR2 = 1.20;
95% Cl 1.05-1.36, for occlusion/stenosis, aHR1 =
1.50; 95% CI 1.24-1.81).

CONCLUSIONS: Our study shows that choles-
terol changes, especially larger changes, lead
to an increase in CVD, which demonstrates that
cholesterol variability may increase CVD.
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Introduction

Stroke refers to a permanent ischemic or hem-
orrhagic injury of a cerebral vascular territory
based on radiological, pathological, and/or clin-
ical evidence'. Stroke is the second most com-
mon cause of mortality which accounts for up to
11.1% of death and caused about 5.8 million death
in 2010 worldwide, roughly splitting equally be-
tween ischemic and hemorrhagic stroke®. Also,
stroke is the third most common cause of disease
burden as calculated by disability-adjusted life
years, with hemorrhagic stroke-causing 2.5% and
ischemic stroke causing 1.6% of total disease bur-
den worldwide®.

While there is evidence that strokes among
the elderly have been declining over periods glob-
ally*®, there have been possible findings where
strokes among young adults are increasing”’. Since
up to 85% of all strokes could be preventable with
modifications of risk factors including hyperten-
sion, smoking, diabetes, alcohol intake, diet, and
physical activities®, modifications of risk factors
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for stroke prevention must be executed properly.
One of those risk factors to be monitored is dys-
lipidemia. There have been many epidemiological
studies”® suggesting dyslipidemia to be one of the
main stroke risk factors. Furthermore, studies'-"?
have found that cholesterol-lowering agents, partic-
ularly statins, reduce strokes where the use of sta-
tin can lead to up to a 31% reduction of strokes and
statin has been used as one of the preventive medi-
cations for ischemic stroke. However, scholars'* on
the relationship between dyslipidemia and stroke
have been mostly conducted on middle-aged/elder-
ly populations and there has been insufficient evi-
dence on the advantages/disadvantages of finding
and treating dyslipidemia in younger individuals.

Some studies'> 7 showed dyslipidemia is pres-
ent in 12%-13% of young adults and that hyper-
lipidemia confers a higher risk of stroke in the
younger population. In addition, there was a cor-
relation between the decrease in total cholesterol
and a decreased risk of cardiovascular disease'®-".
This suggests a possible similar association be-
tween total cholesterol and stroke because cardio-
vascular disease, like stroke, is associated with
dyslipidemia. Especially, an increase in total cho-
lesterol level to 240 or above is correlated with a
21% increase in ischemic heart disease®®?!. While
those findings suggest a need to modify dyslip-
idemia among young adults as well, there have
not been enough studies with diverse age groups
to elucidate the relationship between cholesterol
change and stroke risk.

Thus, this paper seeks to determine the correla-
tion between cholesterol change and stroke risk
using a nationwide database covering multi-mil-
lion populations with a wide range of ages.

Patients and Methods
Study Population

Database source

This retrospective nationwide popula-
tion-based study was performed using the Kore-
an National Health Insurance (KNHI) database,
which covers approximately 50 million Korean
people. The KNHI database includes medical
information of each participant including demo-
graphics, clinical diagnoses (per ICD-10), pre-
scribed medications, blood pressure, lipid profile,
fasting glucose, height, weight, body-mass index
(BMI), physical activity, smoking history, alcohol
consumption, income, and family history.

We reviewed the KNHI database for all people
who were >20 years old from 2002. We identified
480,830 participants who had two health check-ups,
the first one on the period from 2002 to 2008 and the
second one from 2009 to 2015. We excluded people
with no cholesterol level data (n=629), the deceased
population (n=14,980), and people with cerebrovascu-
lar disease (CVD) (n=1,549) before the two check-ups.

CVD (160-169) for exclusion was defined by
using an ICD-10 code based on claim data for
KNHI.

The overall flow for patient enrollment is illus-
trated in Figure 1.

Ethical Review of Study

This study was conducted under ethical stan-
dards. This study followed the tenets of the Dec-
laration of Helsinki and was approved by the
Institutional Review Board/Ethics Committee
of Sejong University. This study was approved
by the SJU-HR-E-2020-014 institutional Review
Board and Privacy Office as an exempt study with
a waiver of informed consent. To protect patients’
private information, the data were anonymized
under confidentiality guidelines and informed
consent from individual patients was waived.

Change in Cholesterol Levels

Serum cholesterol levels were measured after
8 hours of fasting. Both baseline and follow-up
cholesterol levels during 2002-2015 period were
classified into low (cholesterol <180 mg/dL), mod-
erate (180 < cholesterol <240 mg/dL), and high
(cholesterol > 240 mg/dL).

Participants were then divided into 9 categories
(low-to-low, low-to-moderate, low-to-high, moder-
ate-to-low, moderate-to-moderate, moderate-to-high,
high-to-low, high-to-moderate, and high-to-high)
based on the change in cholesterol level from the two
health check-ups. Those who sustained the same cho-
lesterol level from the two check-ups were labeled as
the reference groups (low-to-low, moderate-to-mod-
erate, and high-to-high) (Figure 2).

Cerebrovascular Disease Incidence (CVD)
and Characteristics

To identify CVD incidence, hospital admission
records between January 1, 2002, and December
31, 2015, were utilized. Hospitalizations lasting
from 2 days or more with ICD-10 diagnoses related
to CVD were defined as CVD events; hemorrhagic
infarction (160, 161, 162), Ischemic infarction (163,
164), Occlusion and stenosis (165, 166) were includ-
ed as ICD-10 diagnoses related to CVD.

545



Y. Bae, J. Heo, Y. Chung, S.-Y. Shin, S.W. Lee

at least 2 times from 2002 to 2015
(n=516,938)

Adults aged 20 to 99 years who underwent KNHI

~ =
Exclude subjects who does not have sufficient data
| (n=629)

J

(" Exclude subjects who died
" (n=14,980)

~

( Exclude subjects who were diagnosed with
L Hemorrhagic infarction (n = 3, 072)

.
.| Exclude subjects who were diagnosed with
| Ischemic infarction (n = 15, 878)

J

p
Exclude subjects who were diagnosed with
|_Occlusion and stenosis before index date {n = 1, 549) |

~

Total 480, 830 individuals were Evaluate the incidence of newly
followed up until December 2015 diagnosed CVD according to cholesterol

Figure 1. Flow chart of the selection of study population.

Participants were divided into 6 groups of
age, 20-t0-29, 30-to-39, 40-to-49, 50-t0-59, 60-
to0-69, and 70-and-above. Body mass index (BMI)
was calculated weight (kg) divided by height (m)
squared. BMI was classified into categories of

<18.5, 18.5 to 22.9, 23.0 to 24.9, and > 25.0 kg/
m?. Physical activity was classified into none, 1-2
per week, 3-4 per week, and 5-7 per week). Par-
ticipants were classified into never, former, and
current smokers regarding the smoking history

15t health Examination

Events of Hemorrhagic Infarction, Ischemic infarction, Occlusion and
stenosis according to (1) TC level; (2) change in TC level

2M health Examination

1t TC: 2nd TC :

Classification to Converted to other categories?
Low ( TC < 180 mg/dL ) —  Low; Middle ; High;

Middle ( 180 < TC < 240 mg/dL) —  Low; Middle ; High ;

High ( TC > 240 mg/dL ) _— Low ; Middle ; High ;

Figure 2. Diagram of comparison from first to second health exam based on TC level and TC change.
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and were classified into none, 1 bottle per week, 2
bottles per week, and 3 bottles and more per week
regarding alcohol use. Income status was grouped
into 3 groups, 1'to 3%, 4" to 7" and 8" — 10" of
10th quarter. Comorbidities were determined by
the Charlson comorbidity index (CCI) with ICD-
10 diagnoses before the index date*’. Aspirin and
statin uses were indicated with a defined daily
dose (DDD), which is the average maintenance
dose per day to compare dosing of different as-
pirin/statins as standardized by the World Health
Organization (WHO)?. The sum of defined daily
dose for 3 years or more was used; people with as-
pirin or statin usage with 30 or more total defined
daily doses were defined as aspirin or statin us-
ers. Hypertension history was defined as positive
if there was physician diagnosis, anti-hyperten-
sive medication usage, or blood pressure > 140/90
mmHg. Diabetes history was defined positive if
there was physician diagnosis, oral hypoglycemic
agents or insulin usage, or fasting blood sugar
(FBG) > 126 mg/dL.

Statistical Analysis

Cox proportional hazards regression analysis
was used to assess the risk of CVD with choles-
terol level change. In Model 1, hazard ratios were
adjusted for age and sex. In Model 2, hazard ra-
tios were adjusted for age, sex, lifestyle variables
(BMI, physical activity, smoking status, and al-
cohol consumption), socioeconomic factors (in-
come status), and medical information (Charlson
comorbidity index, aspirin, and statin medication,
history of hypertension, diabetes mellitus, systolic
blood pressure, and FBG level). Subgroup analyses
stratified by age, sex, statin use, hypertension, and
diabetes were also obtained. All statistical analyses
were done in R software version 3.0.1 (R Project
for Statistical Computing, Vienna, Austria).

Results

Population Characteristics

The mean age of the participants was 42.4
years (SD 13.3). Males accounted for 50.7% of the
participants. 192.1 mg/dL (SD 43.3) was the mean
cholesterol level in the first health check-up (base-
line). 190,808 (39.6%) participants had low cho-
lesterol levels as a baseline and 241,319 (50.2%)
participants and 48,703 (7.0%) had moderate and
high cholesterol levels as baseline, respectively.
People with high cholesterol were more likely to

be older males with higher Charlson comorbidity
index and fasting blood glucose; also they were
more likely to have hypertension and diabetes and
had higher aspirin and statin prescription rates
(1.4% and 0.3%, respectively). People with low
cholesterol group had more physical activities and
less likely to smoke or drink (Table I).

Total Cholesterol and CVD Incidence
and Hazard Ratios

10.3 years was the median period for CVD
incidence. Higher cholesterol was correlated
with ischemic infarction, occlusion, and steno-
sis but not with hemorrhagic infarction. Also, an
increase in cholesterol level was correlated with
CVD incidence but not with hemorrhagic infarc-
tion. In the unadjusted hazard ratio, higher hem-
orrhagic infarction was observed in moderate and
high cholesterol groups compared to the low total
cholesterol group (Unadjusted HR Model = 1.10;
95% confidence interval (CI) = 1.02-1.19, Unad-
justed HR Model = 1.26; 95% CI = 1.12-1.43) but
there was a statistical difference in hemorrhagic
infarction risk for low, moderate, and high choles-
terol groups when hazard ratio was adjusted.

Higher ischemic infarction risk was observed
in the high cholesterol group (adjusted HR Model
1 [aHR1] = 1.29; 95% CI = 1.23-1.35, adjusted HR
Model 2 [aHR2] = 1.46; 95% CI = 1.36-1.54) and
the moderate cholesterol group (adjust HR Mod-
el 1 [aHRI] =1.11; 95% CI=1.07-1.15, adjust HR
Model 2 [aHR2] =1.24; 95% CI=1.20-1.29) com-
pared to the low cholesterol group.

Higher risks of occlusion and stenosis were
found in the high cholesterol group (adjusted HR
Model 1 [aHRI1] = 1.55; 95% CI = 1.44-1.67, ad-
justed HR Model 2 [aHR2] = 1.62; 95% CI = 1.50-
1.75) and the moderate cholesterol group (adjusted
HR Model 1 [aHRI1] = 1.19; 95% CI = 1.13-1.26,
adjusted HR Model 2 [aHR2] = 1.28; 95% CI =
1.21-1.36) compared to the low cholesterol group
(Table II).

CVD Incidence: Subgroup Analyses

The subgroup analysis stratified by character-
istics including age, sex, aspirin, statin, hyperten-
sion, and diabetes demonstrated the CVD inci-
dences by each stratified group. Women of the age
of 20-29 years without hypertension, diabetes, or
aspirin/statin use had the lowest CVD incidence.
A change in cholesterol levels, either an increase
or decrease, according to age were not associated
with hemorrhagic/ischemic infarction, occlusion,
or stenosis.
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Table I. Baseline characteristics of study populations.

Total Baseline Total Cholesterol p-value
Low Moderate High
(TC < (180< TC (TC
180 mg/dL) <240 mg/dL) = 240 mg/dL)

All subjects, n (%) 480,830 190,808 (39.6) 241,319 (50.2) 48,703 (10.1)

Age, mean (SD) 42.4 (13.3) 38.8 (13.2) 43.9 (13.0) 48.4 (12.2) <0.001

20 to 29 106,540 (22.1) 61,995 (32.4) 40,905 (16.9) 3,640 (7.4) <0.001
30to 39 90,651 (18.8) 38,257 (20.0) 45,032 (18.6) 7,362 (15.1)
40 to 49 141,161 (29.3) 51,417 (26.9) 75,448 (31.2) 14,296 (29.3)
50 to 59 82,068 (17.0) 21,748 (11.3) 46,517 (19.2) 13,803 (28.3)
60 to 69 46,146 (9.5) 12,959 (6.7) 25,686 (10.6) 7,501 (15.4)
>70 14,264 (2.9) 4,432 (2.3) 7,731 (3.2) 2,101 (4.3)

Sex, n (%)

Male 244,243 (50.7) 95,001 (49.7) 124,794 (51.7) 24,448 (50.1) <0.001
Female 236,587 (49.2) 95,807 (50.2) 116,525 (48.2) 24,255 (49.8)

Baseline TC, mean (SD), mg/dL  192.1 (43.3) 157.5 (16.3) 204.5 (16.3) 266.3 (72.4) <0.001

Body mass index, n (%), kg/m’
<18.5 21,279 (4.4) 12,978 (6.8) 7,675 (3.1) 626 (1.2) <0.001

18.5t022.9 199,959 (41.5) 96,466 (50.5) 90,762 (37.6) 12,731 (26.1)
23.0to 24.9 112,170 (23.3) 39,670 (20.7) 59,899 (24.8) 12,601 (25.8)
>25.0 147,383 (30.6) 41,676 (21.8) 82,965 (34.3) 22,742 (46.6)
N/A 39 (0.0) 18 (0.0) 18 (0.0) 3(0.0)

Physical activity, n (%), times per week
None 235,898 (49.0) 93,359 (48.9) 118,049 (48.9) 24,490 (50.2) <0.001
1to2 119,092 (24.7) 47,091 (24.6) 59,973 (24.8) 12,028 (24.6)
3to4 58,269 (12.1) 22,805 (11.9) 29,791 (12.3) 5,673 (11.6)
5to7 66,925 (13.8) 27,270 (14.2) 33,199 (13.6) 6,456 (13.2)

N/A 646 (0.1) 283 (0.1) 307 (0.1) 56 (0.1)

Smoking status, n (%)

Never 312,825 (65.0) 125,528 (65.7) 156,040 (64.6) 31,257 (64.1) <0.001
Former 40,213 (8.3) 14,475 (7.5) 21,164 (8.7) 4,574 (9.3)

Current 127,517 (26.5) 50,684 (26.5) 63,991 (26.5) 12,842 (26.3)

N/A 275 (0.0) 121 (0.0) 124 (0.0) 30 (0.0)

Drinking, n (%), bottles (Soju) per week
0 276,829 (57.5) 109,915 (57.6) 138,737 (57.4) 28,177 (57.8) <0.001
1 50,372 (10.4) 21,604 (11.3) 24,471 (10.1) 4,297 (8.8)

2 59,026 (12.2) 23,512 (12.3) 29,740 (12.3) 5,774 (11.8)
>3 45,912 (9.4) 16,758 (8.7) 24,020 (9.9) 5,134 (10.5)
N/A 48,691 (10.1) 19,019 (9.9) 24,351 (10.0) 5,321 (10.9)

Income status, n (%)
1to3 134,149 (27.7) 58,553 (30.5) 63,550 (26.2) 12,046 (24.6) <0.001
4t07 194,968 (40.3) 79,081 (41.3) 96,727 (40.0) 19,160 (39.0)

8 to 10 140,038 (29.0) 47,854 (24.9) 75,646 (31.2) 1,6538 (33.8)
N/A 11,675 (2.4) 5,320 (2.7) 5,396 (2.2) 959 (1.9)

Charlson comorbidity index, n (%)

0 181,594 (37.7) 75,872 (39.7) 89,458 (37.0) 16,264 (33.3) <0.001

1 121,885 (25.3) 49,090 (25.7) 60,811 (25.1) 11,984 (24.6)

2 76,029 (15.8) 29,074 (15.2) 38,751 (16.0) 8,204 (16.8)
>3 74,516 (15.3) 26,332 (13.4) 17,539 (15.7) 9,585 (19.3)
N/A 26,806 (5.5) 10,440 (5.4) 13,700 (5.6) 2,666 (5.4)

Aspirin medication, n (%)

No 475,592 (98.9) 188,873 (98.9) 238,738 (98.9) 47,981 (98.5) <0.001
Yes 5,238 (1.0) 1,935 (1.0) 2,581 (1.0) 722 (1.4)

Statin medication, n (%)

No 479,684 (99.7) 190,371 (99.7) 240,787 (99.7) 48,526 (99.6) <0.001
Yes 1,146 (0.2) 437(0.2) 532 (0.2) 177 (0.3)
Hypertension, n (%)
No 451,670 (93.9) 181,975 (95.3) 225,417 (93.4) 44,278 (90.9) <0.001
Yes 29,160 (6.0) 8,833 (4.6) 15,902 (6.5) 4,425 (9.0)
Systolic blood pressure, mean 121.9 (16.1) 119.1 (15.1) 123.1 (16.2) 127.3 (17.1) <0.001
(SD), mm Hg

Diabetes mellitus, n (%)

No 46,8017 (97.3) 186,015 (97.4) 234,947 (97.3) 47,055 (96.6) <0.001
Yes 12,813 (2.6) 4,793 (2.5) 6,372 (2.6) 1,648 (3.3)
Fasting blood glucose, 94.5 (25.9) 91.6 (23.0) 95.3 (24.7) 102.0 (37.7) <0.001

mean (SD), mg/dL
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Table Il. Hazard ratios and incidence of hemorrhagic infarction, ischemic infarction, occlusion and stenosis by total cholesterol level.

Baseline TC Low Moderate p-value High p-value
(TC <180 (180=< TC (TC = 240
mg/dL) <240 mg/dL) mg/dL)
Number of people 190,808 241,319 48,703
Hemorrhagic infarction
Cases 1,029 1,494 354
Incidence rates® (mean) 0.59 (9.10) 0.66 (9.03) 0.76 (9.09)
Unadjusted HR (95% CI) 1.00 1.10 (1.02-1.19) 0.013 1.26 (1.12-1.43) 0.0001
Model 1 aHR (95% CI) 1.00 0.98 (0.90-1.06) 0.637 1.02 (0.90-1.15) 0.731
Model 2 aHR (95% CI) 1.00 1.00 (0.91-1.09) 0.970 1.07 (0.94-1.22) 0.283
Ischemic infarction
Cases 4,749 9,004 2,648
Incidence rates® (mean) 2.76 (9.35) 4.04 (9.24) 5.82(9.32)
Unadjusted HR (95% CI) 1.00 1.45 (1.40-1.50) <0.001 2.08 (1.98-2.18) <0.001
Model 1 aHR (95% CI) 1.00 1.11 (1.07-1.15) <0.001 1.29 (1.23-1.35) <0.001
Model 2 aHR (95% CI) 1.00 1.24 (1.20-1.29) <0.001 1.46 (1.39-1.54) <0.001
Occlusion and stenosis
Cases 1,851 3,666 1,170
Incidence rates® (mean) 1.07 (9.50) 1.63 (9.34) 2.54 (9.46)
Unadjusted HR (95% CI) 1.00 1.50 (1.42-1.59) <0.001 2.32 (2.16-2.50) <0.001
Model 1 aHR (95% CI) 1.00 1.19 (1.13-1.26) <0.001 1.55 (1.44-1.67) <0.001
Model 2 aHR (95% CI) 1.00 1.28 (1.21-1.36) <0.001 1.62 (1.50-1.75) <0.001

2Case per 1,000 person-years

Model 1: hazard ratio calculated by Cox proportional hazards regression adjusted for age and sex.

Model 2: additionally, adjusted for body mass index, Charlson comorbidity index, aspirin medication, statin medication, alcohol
consumption, smoking habit, physical activity, income status, hypertension, diabetes, blood pressure and fasting serum glucose.
Acronyms: TC, total cholesterol; HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval.

An increase in cholesterol levels in all age
groups conferred more risk of ischemic infarc-
tion (@aHR1 = 1.42; 95% CI=1.20-1.67 and, aHR?2
= 1.28; 95% CI=1.08-1.52 in the low-high group
for ischemic infarction), and occlusion and ste-
nosis (aHR1 = 1.86; 95% CI=1.46-2.36 and aHR2
= 1.74; 95% CI=1.36-2.23 in the low-high group
for occlusion and stenosis). Decreased cholesterol
levels were not associated with reduced CVD in
the entire study population.

However, in the age group 40-49, decreased
cholesterol was associated with reduced CVD
incidence. A decrease in cholesterol levels from
low and moderate cholesterol baseline levels was
both associated with less CVD risk in the entire
study population. Decreased cholesterol levels
from high cholesterol levels were not associated
with lower hemorrhagic infarction, ischemic in-
farction, stenosis, or occlusion in both statin us-
ers and non-statin users. However, the group who
changed from high to moderate cholesterol levels
tended to have higher ischemic infarction, occlu-
sion, and stenosis (Table III).

Subgroup Analysis and Hazard Ratio
for CVD

Two models were applied for calculating the
hazard ratio for CVD. The first model (Model 1)
was the model adjusted from age and sex. Anoth-
er model (Model 2) was adjusted from not just age
and sex but also other variables including body
mass index, Charlson comorbidity index, aspi-
rin/statin usage, alcohol usage/smoking, physical
activity, income status, hypertension, diabetes,
blood pressure, and fasting serum glucose.

An increase in cholesterol levels to the high level
was associated with more CVD risk except hemor-
rhagic infarction. (aHR1 = 1.11; 95% CI =1.04-1.17
and aHR2 = 1.14; 95% CI=1.07-1.2 in the low-to-mod-
erate group for ischemic infarction); (@aHR1 = 1.18;
95% CI =1.07-1.29 and aHR2 = 1.20; 95% CI=1.08-
1.32 in the low-to-moderate group for occlusion and
stenosis); (@HR1 = 1.42; 95% CI =1.20-1.67 and aHR2
= 1.28; 95% CI=1.08-1.52 in the low-to-high group for
ischemic infarction); (@HR1 = 1.86; 95% CI =1.46-
2.36 and aHR2 = 1.74; 95% CI=1.36-2.23 in the low-
to-high group for occlusion/stenosis).
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Furthermore, in people with high cholesterol
level as baseline, a decrease in cholesterol was not
associated with decreased CVD; a change from
high cholesterol to low cholesterol level was asso-
ciated with higher ischemic infarction, occlusion
and stenosis risk even with the decrease in choles-
terol (Table 1V).

The mean changes for each group were 13.87
(SD, 30.85), -1.87 (SD, 35.63), and -32.20 (SD,
84.04) in the low-, moderate-, and high-choles-
terol group, respectively (Table V). The adjusted
hazard ratio from the change of 1 and 2 standard
deviations was carried out in the low-, moderate-,
and high-colesterol groups. Finally, a change in
cholesterol level did not influence hemorrhagic in-
farction. Moreover, the group that had cholesterol
levels reduced by 2 standard deviations from high
cholesterol levels did not demonstrate statistically
significant reductions in ischemic infarction, oc-
clusion, or stenosis. Importantly, a high risk for
ischemic infarction, occlusion, and stenosis was
observed in the rest of the group by the change of
cholesterol level. (aHR=1.11; 95% CI 1.04-1.18 in
low-, aHR=1.12; 95% CI=1.07-1.18 in moderate-
and aHR=1.15; 95% CI=1.03-1.30 in high- cho-
lesterol group per 1 SD [29.1 mg/dL] increase for
ischemic infarction) (aHR=1.20; 95% CI 1.07-1.33
in low-, aHR=1.29; 95% CI=1.16-1.44 in moder-
ate- and aHR=1.11; 95% CI=0.93-1.32 in high- cho-
lesterol group per 2 SD [58.2 mg/dL] increase for
ischemic infarction) (aHR=1.15; 95% CI 1.04-1.28
in low-, and aHR=1.08; 95% CI=1.00-1.17 in mod-
erate- cholesterol group per 1 SD [29.1 mg/dL] in-
crease for occlusion and stenosis). (aHR=1.30; 95%
CI 1.10-1.54 in low-, and aHR=1.24; 95% CI=1.05-
1.47 in moderate- cholesterol group per 2 SD [58.2
mg/dL] increase for ischemic infarction) (Table V).

Discussion

While it was found that low cholesterol level
at baseline correlates with a lower risk of stroke
compared to moderate/high cholesterol level
which is consistent with prior findings suggest-
ing a higher risk of stroke with higher choles-
terol®!%1”24 our result indicates that a decrease
in cholesterol level may not correlate with a de-
creased risk of stroke and may even be associated
with a higher risk of stroke. Our findings showed
that low to high cholesterol level on both Mod-
el 1 and 2 is associated with more hemorrhagic
stroke. Also, it is demonstrated that low to moder-
ate or high cholesterol levels, as well as moderate
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to a high level of cholesterol, are associated with
more ischemic stroke and occlusion/stenosis in
both models. Such discoveries are consistent with
prior findings from the relationship between cho-
lesterol level and cardiovascular disease risk!s!%24,
However, our study also found that a change from
moderate to low cholesterol levels correlates with
more hemorrhagic and ischemic stroke and occlu-
sion/stenosis on Model 1 and that a change from
high to low cholesterol levels correlates with more
ischemic stroke on both models and more occlu-
sion/stenosis on Model 1; those findings would
contradict previous findings from cardiovascular
disease risk and cholesterol level.

For ischemic stroke and occlusion/stenosis, there
have been multiple studies??® that demonstrated
an association between LDL and total cholesterol
level and ischemic stroke risk and there have been
findings*"* that showed an association between
LDL level and total cholesterol level which are in
line with the increase in ischemic stroke after an
increase in total cholesterol from low to moderate/
high total cholesterol level in this study. For the
trend of increasing ischemic stroke and occlusion/
stenosis after a decrease in total cholesterol level, the
variability of cholesterol level from such decreases
may have accounted for the increased incidence of
ischemic stroke and occlusion/stenosis. There have
been researches demonstrating that more variabil-
ities in total cholesterol level, as well as HDL and
LDL levels, are associated with more ischemic
stroke and occlusion/stenosis®-!. Such variabilities
in cholesterol level may lead to more crystallization
and dissolution of cholesterol in vessel plaques lead-
ing to plaque rupture and more atheroma formation;
all of those can lead to increased risk of stroke and
occlusion/stenosis**. Furthermore, LDL variability
correlates with lower cerebral blood flow leading to
stenosis/occlusion and ischemic stroke*, and cho-
lesterol variabilities are associated with conditions
leading to more ischemic stroke such as frailty®.
With such a positive association between cholesterol
variability and ischemic stroke and occlusion/steno-
sis, the finding where a decrease in total cholesterol
is associated with more ischemic stroke and occlu-
sion/stenosis may be explained.

For hemorrhagic stroke, there have been find-
ings*** where less cholesterol level is associated
with more hemorrhagic stroke just as in the finding
from this study where hemorrhagic stroke increased
in Model 1 when cholesterol level decreased from
moderate to low. Such an inverse relationship be-
tween total cholesterol level and hemorrhagic stroke
may be explained by biological mechanisms.
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Table V. Hazard ratios of hemorrhagic infarction, ischemic infarction, occlusion and stenosis by total cholesterol level change

as a continuous variable.

Baseline TC Low Moderate High
Adjusted HR p-value Adjusted HR p-value Adjusted HR p-value
(95% ClI) (95% Cl) (95% ClI)
Mean Change of TC* 13.87 (30.85) -1.87 (35.63) -32.20 (84.04)
Per 1 SD of change®
hemorrhagic infarction  1.02 (0.88-1.18)  0.81 1.09 (0.96-1.24) 0.175 1.04 (0.74-1.46) 0.817
Ischemic infarction 1.11 (1.04-1.18) ~ 0.002 1.12 (1.07-1.18) <0.001 1.15 (1.03-1.30)  0.015
Occlusion and stenosis ~ 1.15 (1.04-1.28)  0.0058 1.08 (1.00-1.17) 0.04 1.11 (0.93-1.32)  0.026
Per 2 SD of change®
hemorrhagic infarction  1.12 (0.87-1.45)  0.385 1.17 (0.87-1.58) 0.304 1.16 (0.37-3.65)  0.801
Ischemic infarction 1.20 (1.07-1.33)  0.001 1.29 (1.16-1.44) <0.001 1.10 (0.73-1.66)  0.636
Occlusion and stenosis ~ 1.30 (1.10-1.54)  0.002 1.24 (1.05-1.47) 0.0122 0.75 (0.37-1.54)  0.438

Adjusted for age, sex, body mass index, Charlson comorbidity index, statin medication, alcohol consumption, smoking habit,
physical activity, income status, hypertension, diabetes mellitus, blood pressure, and fasting serum glucose. CI indicates
confidence interval; HR, hazard ratio; SD, standard deviation; TC, total cholesterol.

Values are presented to mean (SD) mg/dL.
] SD of change was calculated as 29.1 mg/dL.

There have been scome scholars* demon-
strating that high triglyceride levels can lead to
prothrombotic states as factor VII and factor IX
are positively correlated with triglyceride; there-
fore, low triglyceride levels would be more likely
seen with low total cholesterol levels may lead
to pro-hemorrhagic states. Also, as cholesterol is
an essential component of cell membranes, there
have been findings from animal studies*** where
low cholesterol levels cause endothelial weakness
in intracerebral arteries, and it has been proposed
that low cholesterol levels can lead to endothe-
lium being more prone to damage and eventual
rupture. For the finding in this study where hem-
orrhagic stroke increased when cholesterol level
was increased from low level to high level in both
models, it could be from increased variability
of cholesterol rather than an increase in choles-
terol itself. It has been found that high variabil-
ity of HDL is associated with more hemorrhag-
ic stroke®®. Although we only looked at the total
cholesterol level in this study, it may have been
a change in HDL that could have contributed to
more hemorrhagic stroke when cholesterol level
increased from low to high because high variabil-
ity in HDL is linked to more atheroma progres-
sion which makes vessels prone to hemorrhage™®.

Our study is not without limitations. First, the
data from the national database are not collected
exclusively for our study and thus it is difficult
to determine which factors may have contribut-
ed to a change in cholesterol level. For instance,
a decrease in cholesterol level may reflect poor
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health conditions that may have contributed to
more stroke®. Second, the study does not have
information on LDL, HDL, TG, or other spe-
cific cholesterol levels. While there are studies
that demonstrated that LDL levels correlate with
total cholesterol levels?™?®, changes in total cho-
lesterol level may not necessarily correlate with
changes in LDL and total cholesterol level. Also,
its changes may not necessarily have a robust as-
sociation with HDL, TG, and other specific cho-
lesterol levels. Third, in this study, there was no
specific information on details of statin used for
the population. As there can be different dosag-
es and different kinds of statins, a future study
specifying details of statin usage by low, moder-
ate, or high intensity may aid in evaluating the
relationship between total cholesterol level and
stroke.

Conclusions

Our study demonstrated that cholesterol
changes from baseline, especially huge changes
in the level such as low level to high level or high
level to a low level, may lead to an increase in
ischemic and hemorrhagic stroke. Such findings
illustrate that total cholesterol variabilities may
lead to more ischemic and hemorrhagic stroke.
Further interventional studies are warranted to
see if reductions in the variability of total choles-
terol levels help control the risk of ischemic and
hemorrhagic stroke.



Cholesterol level variabilities and cerebrovascular disease

Funding Acknowledgments

This research was supported by a grant of the MD-Ph.D/
Medical Scientist Training Program through the Korea
Health Industry Development Institute (KHIDI), funded
by the Ministry of Health & Welfare, Republic of Korea.

Conflict of Interests

The authors declare that they have no conflict of interests.

ORCID ID

Youngoh Bae https://orcid.org/0000-0002-1226-1414
Jaeyeong Heo http://orcid.org/0000-0002-4697-5538
Yeon-Gu Chung https://orcid.org/0000-0001-9139-0988
Soo-Yong Shin https://orcid.org/0000-0002-2410-6120
Seung-Won Lee https://orcid.org/0000-0001-5632-5208

References

1) Sacco RL, Kasner SE, Broderick JP, Caplan LR,
Connors JJ, Culebras A, Elkind MS, George MG,
Hamdan AD, Higashida RT, Hoh BL, Janis LS,
Kase CS, Kleindorfer DO, Lee JM, Moseley ME,
Peterson ED, Turan TN, Valderrama AL, Vinters
HV. An updated definition of stroke for the 21st
century: a statement for healthcare professionals
from the American Heart Association/American
Stroke Association. Stroke 2013; 44: 2064-2089.

2) Lozano R, Naghavi M, Foreman K, Lim S, Shibuya
K, Aboyans V, Abraham J, Adair T, Aggarwal R,
Ahn SY, Alvarado M, Anderson HR, Anderson
LM, Andrews KG, Atkinson C, Baddour LM, Bark-
er-Collo S, Bartels DH, Bell ML, Benjamin EJ,
Bennett D, Bhalla K, Bikbov B, Bin Abdulhak A,
Birbeck G, Blyth F, Bolliger I, Boufous S, Bucello
C, Burch M, Burney P, Carapetis J, Chen H, Chou
D, Chugh SS, Coffeng LE, Colan SD, Colquhoun
S, Colson KE, Condon J, Connor MD, Cooper LT,
Corriere M, Cortinovis M, de Vaccaro KC, Couser
W, Cowie BC, Criqui MH, Cross M, Dabhadkar KC,
Dahodwala N, De Leo D, Degenhardt L, Delossan-
tos A, Denenberg J, Des Jarlais DC, Dharmaratne
SD, Dorsey ER, Driscoll T, Duber H, Ebel B, Erwin
PJ, Espindola P, Ezzati M, Feigin V, Flaxman AD,
Forouzanfar MH, Fowkes FG, Franklin R, Fransen
M, Freeman MK, Gabriel SE, Gakidou E, Gaspari
F, Gillum RF, Gonzalez-Medina D, Halasa YA, Har-
ing D, Harrison JE, Havmoeller R, Hay RJ, Hoen
B, Hotez PJ, Hoy D, Jacobsen KH, James SL,
Jasrasaria R, Jayaraman S, Johns N, Karthikeyan
G, Kassebaum N, Keren A, Khoo JP, Knowlton
LM, Kobusingye O, Koranteng A, Krishnamurthi
R, Lipnick M, Lipshultz SE, Ohno SL, Mabweijano
J, Macintyre MF, Mallinger L, March L, Marks GB,
Marks R, Matsumori A, Matzopoulos R, Mayosi
BM, McAnulty JH, McDermott MM, McGrath J,
Mensah GA, Merriman TR, Michaud C, Miller M,
Miller TR, Mock C, Mocumbi AO, Mokdad AA,

Moran A, Mulholland K, Nair MN, Naldi L, Narayan
KM, Nasseri K, Norman P, O’'Donnell M, Omer
SB, Ortblad K, Osborne R, Ozgediz D, Pahari B,
Pandian JD, Rivero AP, Padilla RP, Perez-Ruiz F,
Perico N, Phillips D, Pierce K, Pope CA, 3rd, Porri-
ni E, Pourmalek F, Raju M, Ranganathan D, Rehm
JT, Rein DB, Remuzzi G, Rivara FP, Roberts T, De
Leodn FR, Rosenfeld LC, Rushton L, Sacco RL, Sa-
lomon JA, Sampson U, Sanman E, Schwebel DC,
Segui-Gomez M, Shepard DS, Singh D, Singleton
J, Sliwa K, Smith E, Steer A, Taylor JA, Thomas
B, Tleyjeh IM, Towbin JA, Truelsen T, Undurraga
EA, Venketasubramanian N, Vijayakumar L, Vos T,
Wagner GR, Wang M, Wang W, Watt K, Weinstock
MA, Weintraub R, Wilkinson JD, Woolf AD, Wulf
S, Yeh PH, Yip P, Zabetian A, Zheng ZJ, Lopez
AD, Murray CJ, AlMazroa MA, Memish ZA. Global
and regional mortality from 235 causes of death
for 20 age groups in 1990 and 2010: a systematic
analysis for the Global Burden of Disease Study
2010. Lancet 2012; 380: 2095-2128.

3) Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman

AD, Michaud C, Ezzati M, Shibuya K, Salomon JA,
Abdalla S, Aboyans V, Abraham J, Ackerman I,
Aggarwal R, Ahn SY, Ali MK, Alvarado M, Ander-
son HR, Anderson LM, Andrews KG, Atkinson C,
Baddour LM, Bahalim AN, Barker-Collo S, Barrero
LH, Bartels DH, Basanez MG, Baxter A, Bell ML,
Benjamin EJ, Bennett D, Bernabé E, Bhalla K,
Bhandari B, Bikbov B, Bin Abdulhak A, Birbeck G,
Black JA, Blencowe H, Blore JD, Blyth F, Bolliger |,
Bonaventure A, Boufous S, Bourne R, Boussinesq
M, Braithwaite T, Brayne C, Bridgett L, Brooker S,
Brooks P, Brugha TS, Bryan-Hancock C, Bucello
C, Buchbinder R, Buckle G, Budke CM, Burch
M, Burney P, Burstein R, Calabria B, Campbell
B, Canter CE, Carabin H, Carapetis J, Carmona
L, Cella C, Charlson F, Chen H, Cheng AT, Chou
D, Chugh SS, Coffeng LE, Colan SD, Colquhoun
S, Colson KE, Condon J, Connor MD, Cooper LT,
Corriere M, Cortinovis M, de Vaccaro KC, Couser
W, Cowie BC, Criqui MH, Cross M, Dabhadkar
KC, Dahiya M, Dahodwala N, Damsere-Derry J,
Danaei G, Davis A, De Leo D, Degenhardt L,
Dellavalle R, Delossantos A, Denenberg J, Der-
rett S, Des Jarlais DC, Dharmaratne SD, Dherani
M, Diaz-Torne C, Dolk H, Dorsey ER, Driscoll T,
Duber H, Ebel B, Edmond K, Elbaz A, Ali SE,
Erskine H, Erwin PJ, Espindola P, Ewoigbokhan
SE, Farzadfar F, Feigin V, Felson DT, Ferrari A,
Ferri CP, Févre EM, Finucane MM, Flaxman S,
Flood L, Foreman K, Forouzanfar MH, Fowkes
FG, Fransen M, Freeman MK, Gabbe BJ, Gabriel
SE, Gakidou E, Ganatra HA, Garcia B, Gaspari F,
Gillum RF, Gmel G, Gonzalez-Medina D, Gosselin
R, Grainger R, Grant B, Groeger J, Guillemin F,
Gunnell D, Gupta R, Haagsma J, Hagan H, Hala-
sa YA, Hall W, Haring D, Haro JM, Harrison JE,
Havmoeller R, Hay RJ, Higashi H, Hill C, Hoen B,
Hoffman H, Hotez PJ, Hoy D, Huang JJ, Ibeanusi
SE, Jacobsen KH, James SL, Jarvis D, Jasrasaria
R, Jayaraman S, Johns N, Jonas JB, Karthikeyan
G, Kassebaum N, Kawakami N, Keren A, Khoo
JP, King CH, Knowlton LM, Kobusingye O, Ko-
ranteng A, Krishnamurthi R, Laden F, Lalloo R,

555



Y. Bae, J. Heo, Y. Chung, S.-Y. Shin, S.W. Lee

Laslett LL, Lathlean T, Leasher JL, Lee YY, Leigh
J, Levinson D, Lim SS, Limb E, Lin JK, Lipnick M,
Lipshultz SE, Liu W, Loane M, Ohno SL, Lyons
R, Mabweijano J, Maclntyre MF, Malekzadeh R,
Mallinger L, Manivannan S, Marcenes W, March
L, Margolis DJ, Marks GB, Marks R, Matsumori A,
Matzopoulos R, Mayosi BM, McAnulty JH, McDer-
mott MM, McGill N, McGrath J, Medina-Mora ME,
Meltzer M, Mensah GA, Merriman TR, Meyer AC,
Miglioli V, Miller M, Miller TR, Mitchell PB, Mock C,
Mocumbi AO, Moffitt TE, Mokdad AA, Monasta L,
Montico M, Moradi-Lakeh M, Moran A, Morawska
L, Mori R, Murdoch ME, Mwaniki MK, Naidoo K,
Nair MN, Naldi L, Narayan KM, Nelson PK, Nel-
son RG, Nevitt MC, Newton CR, Nolte S, Norman
P, Norman R, O’Donnell M, O’Hanlon S, Olives
C, Omer SB, Ortblad K, Osborne R, Ozgediz D,
Page A, Pahari B, Pandian JD, Rivero AP, Patten
SB, Pearce N, Padilla RP, Perez-Ruiz F, Perico N,
Pesudovs K, Phillips D, Phillips MR, Pierce K, Pion
S, Polanczyk GV, Polinder S, Pope CA, 3rd, Popo-
va S, Porrini E, Pourmalek F, Prince M, Pullan RL,
Ramaiah KD, Ranganathan D, Razavi H, Regan
M, Rehm JT, Rein DB, Remuzzi G, Richardson K,
Rivara FP, Roberts T, Robinson C, De Ledn FR,
Ronfani L, Room R, Rosenfeld LC, Rushton L,
Sacco RL, Saha S, Sampson U, Sanchez-Riera L,
Sanman E, Schwebel DC, Scott JG, Segui-Gomez
M, Shahraz S, Shepard DS, Shin H, Shivakoti R,
Singh D, Singh GM, Singh JA, Singleton J, Sleet
DA, Sliwa K, Smith E, Smith JL, Stapelberg NJ,
Steer A, Steiner T, Stolk WA, Stovner LJ, Sudfeld
C, Syed S, Tamburlini G, Tavakkoli M, Taylor HR,
Taylor JA, Taylor WJ, Thomas B, Thomson WM,
Thurston GD, Tleyjeh IM, Tonelli M, Towbin JA,
Truelsen T, Tsilimbaris MK, Ubeda C, Undurraga
EA, van der Werf MJ, van Os J, Vavilala MS,
Venketasubramanian N, Wang M, Wang W, Watt
K, Weatherall DJ, Weinstock MA, Weintraub R,
Weisskopf MG, Weissman MM, White RA, Whit-
eford H, Wiebe N, Wiersma ST, Wilkinson JD,
Williams HC, Williams SR, Witt E, Wolfe F, Woolf
AD, Wulf S, Yeh PH, Zaidi AK, Zheng ZJ, Zonies
D, Lopez AD, AlMazroa MA, Memish ZA. Disabil-
ity-adjusted life years (DALYs) for 291 diseases
and injuries in 21 regions, 1990-2010: a systematic
analysis for the Global Burden of Disease Study
2010. Lancet 2012; 380: 2197-2223.

4) Rosengren A, Giang KW, Lappas G, Jern C,

Torén K, Bjérck L. Twenty-four-year trends in
the incidence of ischemic stroke in Sweden from
1987 to 2010. Stroke 2013; 44: 2388-2393.

5) Vangen-Lonne AM, Wilsgaard T, Johnsen SH,

Carlsson M, Mathiesen EB. Time trends in incidence
and case fatality of ischemic stroke: the tromsg study
1977-2010. Stroke 2015; 46: 1173-1179.

6) Kissela BM, Khoury JC, Alwell K, Moomaw CJ,

Woo D, Adeoye O, Flaherty ML, Khatri P, Ferioli
S, De Los Rios La Rosa F, Broderick JP, Klein-
dorfer DO. Age at stroke: temporal trends in
stroke incidence in a large, biracial population.
Neurology 2012; 79: 1781-1787.

7) Béjot Y, Daubail B, Jacquin A, Durier J, Osseby

GV, Rouaud O, Giroud M. Trends in the incidence
of ischaemic stroke in young adults between 1985

556

and 2011: the Dijon Stroke Registry. J Neurol
Neurosurg Psychiatry 2014; 85: 509-513.

8) O’Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL,

Rao-Melacini P, Rangarajan S, Islam S, Pais P,
McQueen MJ, Mondo C, Damasceno A, Lopez-Ja-
ramillo P, Hankey GJ, Dans AL, Yusoff K, Truelsen
T, Diener HC, Sacco RL, Ryglewicz D, Czlonkow-
ska A, Weimar C, Wang X, Yusuf S. Risk fac-
tors for ischaemic and intracerebral haemorrhagic
stroke in 22 countries (the INTERSTROKE study):
a case-control study. Lancet 2010; 376: 112-123.

9) Martin MJ, Hulley SB, Browner WS, Kuller LH,

Wentworth D. Serum cholesterol, blood pres-
sure, and mortality: implications from a cohort of
361,662 men. Lancet 1986; 2: 933-936.

10) Anderson KM, Castelli WP, Levy D. Cholesterol

and mortality. 30 years of follow-up from the
Framingham study. JAMA 1987; 257: 2176-2180.

11) Blauw GJ, Lagaay AM, Smelt AH, Westendorp

RG. Stroke, statins, and cholesterol. A me-
ta-analysis of randomized, placebo-controlled,
double-blind trials with HMG-CoA reductase in-
hibitors. Stroke 1997; 28: 946-950.

12) Byington RP, Davis BR, Plehn JF, White HD, Baker J,

Cobbe SM, Shepherd J. Reduction of stroke events
with pravastatin: the prospective pravastatin pooling
(PPP) project. Circulation 2001; 103: 387-392.

13) Powers WJ, Rabinstein AA, Ackerson T, Adeoye

14)

OM, Bambakidis NC, Becker K, Biller J, Brown M,
Demaerschalk BM, Hoh B, Jauch EC, Kidwell CS,
Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth
KN, Southerland AM, Summers DV, Tirschwell
DL. Guidelines for the early management of pa-
tients with acute ischemic stroke: 2019 update to
the 2018 guidelines for the early management of
acute ischemic stroke: A guideline for healthcare
professionals from the American Heart Associa-
tion/American Stroke Association. Stroke 2019;
50: e344-e418.

Chou R, Dana T, Blazina I, Daeges M, Bougatsos
C, Jeanne TL. Screening for dyslipidemia in younger
adults: A systematic review for the U.S. preventive ser-
vices task force. Ann Intern Med 2016; 165: 560-564.

15) Toth PP, Potter D, Ming EE. Prevalence of lipid

abnormalities in the United States: the National
Health and Nutrition Examination Survey 2003-
2006. J Clin Lipidol 2012; 6: 325-330.

16) Jeong JS, Kwon HS. Prevalence and clinical

characteristics of dyslipidemia in Koreans. Endo-
crinol Metab (Seoul) 2017; 32: 30-35.

17) Brunner FJ, Waldeyer C, Ojeda F, Salomaa V, Kee

F, Sans S, Thorand B, Giampaoli S, Brambilla P,
Tunstall-Pedoe H, Moitry M, lacoviello L, Vero-
nesi G, Grassi G, Mathiesen EB, Sdderberg S,
Linneberg A, Brenner H, Amouyel P, Ferriéres J,
Tamosiunas A, Nikitin YP, Drygas W, Melander O,
Jockel KH, Leistner DM, Shaw JE, Panagiotakos
DB, Simons LA, Kavousi M, Vasan RS, Dullaart
RPF, Wannamethee SG, Risérus U, Shea S, de
Lemos JA, Omland T, Kuulasmaa K, Landmesser
U, Blankenberg S. Application of non-HDL cho-
lesterol for population-based cardiovascular risk
stratification: results from the Multinational Car-
diovascular Risk Consortium. Lancet 2019; 394:
2173-2183.



Cholesterol level variabilities and cerebrovascular disease

18) Jeong SM, Choi S, Kim K, Kim SM, Lee G, Park SY,
Kim YY, Son JS, Yun JM, Park SM. Effect of change
in total cholesterol levels on cardiovascular disease
among young adults. J Am Heart Assoc 2018; 7.

19) Tian X, Zuo Y, Chen S, Li H, He Y, Zhang L, An
J, Wu S, Luo Y, Wang A. Association of changes
in lipids with risk of myocardial infarction among
people without lipid-lowering therapy. Atheroscle-
rosis 2020; 301: 69-78.

20) Silbernagel G, Scharnagl H, Kleber ME, Delgado
G, Stojakovic T, Laaksonen R, Erdmann J, Ranki-
nen T, Bouchard C, Landmesser U, Schunkert H,
Méarz W, Grammer TB. LDL triglycerides, hepat-
ic lipase activity, and coronary artery disease:
An epidemiologic and Mendelian randomization
study. Atherosclerosis 2019; 282: 37-44.

21) Guan XM, Wu SL, Yang XL, Han X, Yang YH, Li
XT, Bin Waleed K, Yue D, Zhan SY, Liu Y, Li HH,
Xia YL. Association of total cholesterol, low-den-
sity lipoprotein cholesterol, and non-high-density
lipoprotein cholesterol with atherosclerotic cardio-
vascular disease and cancer in a Chinese male
population. Int J Cancer 2018; 142: 1209-1217.

22) Sundararajan V, Henderson T, Perry C, Muggivan
A, Quan H, Ghali WA. New ICD-10 version of the
Charlson comorbidity index predicted in-hospital
mortality. J Clin Epidemiol 2004; 57: 1288-1294.

23) World Health Organization (WHO). Definition and
general considerations. World Health Organization
(WHO), 2018. https:/www.whocc.no/ddd/definition_
and_general_considera. Accessed Apr 14 2021.

24) Shen Y, Wang J, Wu J, Qu W, Wang C, Gao X,
Zhou Y, Wang A, Wu S, Zhao X. Elevated plasma
total cholesterol level is associated with the risk of
asymptomatic intracranial arterial stenosis. PLoS
One 2014; 9: e101232.

25) Baigent C, Blackwell L, Emberson J, Holland LE,
Reith C, Bhala N, Peto R, Barnes EH, Keech A,
Simes J, Collins R. Efficacy and safety of more
intensive lowering of LDL cholesterol: a meta-anal-
ysis of data from 170,000 participants in 26 ran-
domised trials. Lancet 2010; 376: 1670-1681.

26) Mihaylova B, Emberson J, Blackwell L, Keech A,
Simes J, Barnes EH, Voysey M, Gray A, Collins R,
Baigent C. The effects of lowering LDL cholesterol
with statin therapy in people at low risk of vascular
disease: meta-analysis of individual data from 27
randomised trials. Lancet 2012; 380: 581-590.

27) Lam CL, Munro C, Siu BP. A study of the cor-
relation between serum total cholesterol and
low-density lipoproteins (LDL) in Chinese. Fam
Pract 1990; 7: 301-306.

28) Nantsupawat N, Booncharoen A, Wisetborisut A,
Jiraporncharoen W, Pinyopornpanish K, Chutarat-
tanakul L, Angkurawaranon C. Appropriate Total
cholesterol cut-offs for detection of abnormal LDL
cholesterol and non-HDL cholesterol among low
cardiovascular risk population. Lipids Health Dis
2019; 18: 28.

29) Kim MK, Han K, Kim HS, Park YM, Kwon HS,
Yoon KH, Lee SH. Cholesterol variability and the
risk of mortality, myocardial infarction, and stroke:
a nationwide population-based study. Eur Heart J
2017; 38: 3560-3566.

30) Wang A, Li H, Yuan J, Zuo Y, Zhang Y, Chen S,
Wu S, Wang Y. Visit-to-visit variability of lipids
measurements and the risk of stroke and stroke
types: a prospective cohort study. J Stroke 2020;
22: 119-129.

31) Kalani R, Bartz TM, Suchy-Dicey A, Elkind MSV,
Psaty BM, Leung LY, Rice K, Tirschwell D, Long-
streth WT, Jr. Cholesterol variability and cranial
magnetic resonance imaging findings in older
adults: The cardiovascular health study. Stroke
2020; 51: 69-74.

32) Abela GS, Vedre A, Janoudi A, Huang R, Durga
S, Tamhane U. Effect of statins on cholesterol
crystallization and atherosclerotic plaque stabili-
zation. Am J Cardiol 2011; 107: 1710-1717.

33) Clark D, 3rd, Nicholls SJ, St John J, Elshazly
MB, Kapadia SR, Tuzcu EM, Nissen SE, Puri
R. Visit-to-visit cholesterol variability correlates
with coronary atheroma progression and clinical
outcomes. Eur Heart J 2018; 39: 2551-2558.

34) Smit RA, Trompet S, Sabayan B, le Cessie S,
van der Grond J, van Buchem MA, de Craen AJ,
Jukema JW. Higher visit-to-visit low-density lipo-
protein cholesterol variability is associated with
lower cognitive performance, lower cerebral blood
flow, and greater white matter hyperintensity load
in older subjects. Circulation 2016; 134: 212-221.

35) Bangalore S, Breazna A, DeMicco DA, Wun CC,
Messerli FH. Visit-to-visit low-density lipoprotein
cholesterol variability and risk of cardiovascular
outcomes: insights from the TNT trial. J Am Coll
Cardiol 2015; 65: 1539-1548.

36) Wang X, Dong Y, Qi X, Huang C, Hou L. Cho-
lesterol levels and risk of hemorrhagic stroke:
a systematic review and meta-analysis. Stroke
2013; 44: 1833-1839.

37) Wieberdink RG, Poels MM, Vernooij MW, Koud-
staal PJ, Hofman A, van der Lugt A, Breteler MM,
Ikram MA. Serum lipid levels and the risk of intra-
cerebral hemorrhage: the Rotterdam Study. Arte-
rioscler Thromb Vasc Biol 2011; 31: 2982-2989.

38) Ma Y, Li Z, Chen L, Li X. Blood lipid levels, statin
therapy and the risk of intracerebral hemorrhage.
Lipids Health Dis 2016; 15: 43.

39) Tanaka T, Okamura T. Blood cholesterol level and
risk of stroke in community-based or worksite co-
hort studies: a review of Japanese cohort studies
in the past 20 years. Keio J Med 2012; 61: 79-88.

40) Rosenson RS, Lowe GD. Effects of lipids and
lipoproteins on thrombosis and rheology. Athero-
sclerosis 1998; 140: 271-280.

41) Reed DM. The paradox of high risk of stroke in
populations with low risk of coronary heart dis-
ease. Am J Epidemiol 1990; 131: 579-588.

42) Konishi M, Iso H, Komachi Y, lida M, Shimamoto
T, Jacobs DR, Jr., Terao A, Baba S, Sankai T,
Ilto M. Associations of serum total cholesterol,
different types of stroke, and stenosis distribution
of cerebral arteries. The Akita Pathology Study.
Stroke 1993; 24: 954-964.

43) Iribarren C, Reed DM, Chen R, Yano K, Dwyer
JH. Low serum cholesterol and mortality. Which
is the cause and which is the effect? Circulation
1995; 92: 2396-2403.

557



