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mg/dL presented more often severe neurological deficit (NIHSS !15), with an adjusted odds
ratio [aOR] of 1.80; 95% confidence interval [CI], 1.41-2.30), and 3-month mRS 2 (aOR,
1.41;95% Cl, 1.11-1.78) using patients with TC 200 mg/dL as reference. Those with TC
1160 mg/dL and body mass index (BMI) 22 kg/m? had higher risk of 3-month mortality
(aOR 3.94, 95% CI 1.76-8.80). Prior use of lipid-lowering drugs (2.8% of the ICH popula-
tion) was not associated with initial severity and 3-month outcomes. A total cholesterol level
lower than 160 mg/dL was common in patients with acute ICH and was associated with
greater neurological severity on presentation and poor 3-month outcomes, especially with
lower BMI.

Introduction

Hypercholesterolemiis associatewvith increasedisksof coronaryarteryeventscoronary
revascularizatiomndischemicstroke.Reductionof low-densitylipoprotein cholesterol
(LDL-C) with lipid-lowering agentshasbeendemonstratedo significantlyreducethe cardio-
vascularisks[1]. However therelationshipbetweercholesterolevelsand strokeseemsess
evidentthantherelationshipbetweerthe extentof reductionof LDL-C andcardiovascular
eventsPreviousepidemiologicstudiesshowedhat hypercholesterotaeia wasassociatedith
alowerrisk of intracerebrahemorrhaggICH) [2], whilethelow LDL-C levelincreasedhe
risk of ICH mortality [3, 4]. A recentsystematiceviewand meta-analysiseportedaninverse
relationshipbetweertotal cholestero(TC) levelsandtherisk of hemorrhagicstroke[5]. How-
evertherewereconflicting studyfindings on the associatiorbetweerlipid-lowering medica-
tionsandtherisk of ICH [6, 7]. A meta-analysisf randomizedcontrolledtrials showedhat
statins the medicationof choicefor hypercholesteremiamayreducethe overallincidenceof
stroke[8], but conflicting resultswerealsofound in theimpactof prior useof statinson the
prognosiof ICH; it couldbeneutral[4], favorablewith reducedmortality [9], or evenworse
[10]. TherelationshipbetweenTC andICH risk hasnot beenwell studiedyetfor the Asian
population,which maybedifferentfrom Westernpopulations.Thereforethis studyuseda
multi-centerstrokeregistryto investigatehe relationshipbetweerserumcholesteroleveland
the severityand prognosisof acutel CH, andfunctionaloutcomeand deathsat 3 month after
stroke.

Methods
Patients

TheTaiwanStrokeRegistry(TSR)is anationwideprospectiveegistrywith 39 participating
strokecentersThe detailsof diagnosisinclusioncriteriaand collectionof variablesof this pro-
gramhasbeenpresentealsewher§l 1]. In brief, patientswith anacutecerebrovasculagvent
wereprospectivel\enrolledin the registrywithin 10daysof admissionor during hospitaliza-
tion andfollowedup prospectivelyAn expertpanelestablishe@consensuprotocolon data
collectioncriteria,including demographiaata,relatedmedicationsgtiologicafactors clinical
courseprognosiscomplicationsof theindex cerebrovasculagventsDiagnosisand stroke
subtypesveredeterminedbasedn clinical featuresandlaboratoryexaminationsbrain imag-
ing, echocardiographyasculaultrasonographyndangiographyAll patientswith non-trau-
maticICH werereferredto neurologistor neurosurgeongor confirmation of the diagnosis.
Patientswith ICH secondaryo acutecerebralinfarct wereexcludedrom the dataanalysis.
Strokepatientswerescheduledo follow-up checkupsat1, 3,6 and 12 monthsafterstroke
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onset.The TaiwanStrokeRegistrywasapprovedoy 2ResearcltthicsCommittee ChinaMedi-
calUniversityandHospital, Taichung,Taiwan®andeveryinstitutional ReviewBoardof each
strokecenterapprovedhe participationin theregistryprogram.Written informed consent
for participationin theregistryprogramwasobtainedfrom eachpatientor his/herlegalrepre-
sentativesvith the approvalof attendingphysician A numeric codewasassignedo each
patientwhoseclinical datain the registrycontainingno individual identification numbersor
anyprivacydata.Thewholedataset,a big databasdhasbeenapprovedor big dataanalytics
for researchopicssuchasthe onein this study.

More than 40,00Gstrokepatientswereregisteredrom 1stMay 2006to 30" April 2009.
Patientawithout dataof fastingTC during hospitalizationwereexcludedrom this study.
Patientaverecategorizednto threegroupsbasedn the baselindevelsi<160,160+200and
>200mg/dL of TC. The cut-off pointsof 160and200mg/dL wereadoptedfrom the Framing-
hamHeartStudy[12] and Adult TreatmentPanel(ATP) Il classificatiorj13]. Both National
Institute of Health StrokeScalgNIHSS)and GlasgowComaScald GCS)wererecordedat the
emergentoom or attheadmissiono assestheinitial severityof stroke.Thebaselinescores
of NIHSSwerestratifiedby the cut pointsof 14and24[14] and GCSwerestratifiedby the cut
pointsof 4 and 12.Patientswith aNIHSS>15weredefinedasseverandveryseverestroke
case$l15]. Modified RankinScalegmRS)and deathddentified within 3 monthsafterstroke
wereusedto asseskinctionaloutcomesandtherisk of mortality. Thevascularisk factors
weredefinedto conformto the consensusf TSRcriteria[11]. Thefunctionaloutcomeand
vital statusof all patientsweredeterminedby examiningmedicalrecordsand/or telephone
interviews.

Statistical analysis

Dataanalysidirst comparedistributionsof sexmeanage meanbodymassndex,risk factors
of stroke medicationhistory andlaboratorydataamongthree TC groups(levelsof <160,
160+20@&nd >200mg/dL). We usedy? testto examinethe distribution of eachcategorical
variableamongtheseT C groupsandusedKruskall-Wallistestto examinedifferencesamong
meansuysingasignificancdevelof 0.05 Becaus¢éhe baselineeharacteristicef ICH patientsin
threegroupsmayconfoundthe outcomeof interestswefurther selectedhe studysubjects
with the propensityscorematchingmethodto determineif therewassignificantdifferenceof
clinicalcharacteristicamongthethreegroups.

WesstratifiedTC into 11levelgto determinetherelationshipbetweermeaninitial NIHSS
scoreaand TC, whichwasin a20mg/dL incrementof TC, from <100,100+119andthrough
>280mg/dL. Univariateand multivariatelogisticregressioranalysesvereusedto determine
crudeoddsratios(OR) andadjustedoddsratios(aOR),respectivelyand 95%confidencenter-
vals(Cl) of initial NIHSSscore>15,0f 3-monthmRS>2 and of 3-month mortality in associa-
tion with TC usingpatientswith TC >200mg/dL asthereferencegroup.Furtherdataanalysis
evaluatedhejoint effectof TC (<160vs.>160mg/dL) andbodymassndex(<22.0,22.0+26.9
and>27.0kg/m?) on the outcomesof interest.The multivariateanalysidirst includedonly sex
andagefor adjustmentFurtheranalysisncludedvariablessignificantatp <0.05in the univari-
ateanalysisandvariableswith biologicalplausibility.We usedthe SASstatisticapackagégver-
sion9.1;SASInstitute, Cary,NC, USA)to performdataanalysis.

Results

A total of 2444spontaneou$CH patientswith baselindastingTC levelaneasuredmmedi-
atelyafterstrokewereincludedin this studyafterexcluding4139patientswithout fastingTC
recordsfrom the TSR(Fig 1). Of thesepatients(meanage 62.5+14.3earsmen,64.2%),
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42610 patients in TSR

A
6741 with ICH
Excluded:
4282 patients without baseline
—*| total cholesterol check
15 patients without 3-month
! follow-up or complete data
2444 with ICH
h 4 h 4 Y
854 with TC 942 with TC 648 with TC
<160 mg/dL 160-200 mg/dL >200 mg/dL

Fig 1. Flowchart for selecti on of spontane ous ICH patients in the Taiwan Stroke Registry. ICH:
intracerebral hemorrhage; TC: total cholesterol levels.

https://doiorg/10.1371§urnal.pon®171379.g001

13.7%hadpreviousischemicstrokeor transientischemicattackand 7.8%hada history of

ICH (Tablel). Theaverageaime from symptomonsetto hospitalarrivalwass.3+7.&hours.
Patientson admissionpresentedvith amedianGCSscoreof 15(interquartilerange[IQR],
11+15@andamedianNIHSSscoreof 9 (IQR, 4+18).Thesiteof ICH occurredmostfrequently
atthe putamen(31.6%)followedby the thalamug19.2%)]obes(12.8%)pons(6.8%) cerebel-
lum (6.7%)andintraventricularhemorrhagg2.2%) Sixteerpercentof patientshadICH at
morethanonesite.During hospitalization,14.6%of themhadreceivechematomaevacuation
or ventriculardrainagesurgery The overallcase-fatalityate of ICH atdischargevas4.9%and
at 3-monthwas8.2%.The medianmRSat dischargavas4 (IQR, 2+5),with 48.8%of patients
hadamRSof >2.

Tablel showshat aboutonethird (854,34.9%)f patientshadabaselindastingTC <160
mg/dL andaboutonefourth (648,26.5%had TC >200mg/dL. Patientswith TC <160mg/dL
wereolderandmainly male,andhadalower BMI. Thesepatientswerealsomore prevalent
with previousischemicstrokeandtransientischemicattack atrial fibrillation, end-stageenal
diseas@andsmoking,but lessprevalentwith hypertensionTherewasa positiveassociation
betweenT C levelsandblood pressurediematocritand plateletcounts but areverseassociation
betweenT C levelsandcreatininelevelsThe neurologicabresentatiorin Tablel alsoshows
that patientswith TC <160mg/dL hadhigherNIHSSandlower GCSscoresyeremorelikely
to receivesurgeryfor ICH, andhadahigherrateof mMRS>2 andahigher3-month mortality.

Fig 2 showghatthe meanNIHSSscoredecreasettom 20pointsfor patientswith aTC <100
mg/dL to 11 pointsfor thosewith a TC >280mg/dL (Pearsorcorrelationcoefficient= -0.74,
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Table 1. Character istics of patients with intracer ebral hemorrha ge by the levels of initial total choleste rol.

Total cholester ol levels
All patients (n =2444) |<160mg/dL (n =854) |160£200mg/dL (n =942) |>200mg/dL (n=648) |Pvalue
Age,y 62.514.2 65.0 “14.8 62.3“14.2 59.512.9 0.0001
Male 1570 (64.2) 618 (72.4) 593 (63.0) 359 (55.4) 0.0001
Body mass index, kg/m? 24.744.3 23.94.3 24.84.3 25.54.3 0.0001
Medical history

Hypertension 2102 (86.6) 715 (84.2) 809 (86.4) 578 (89.9) 0.006

Diabetes mellitus 619 (25.6) 222 (26.3) 227 (24.3) 170 (26.4) 0.55

Previous ischemic stroke / TIA 334 (13.7) 137 (16.1) 117 (12.5) 80 (12.4) 0.04

Previous ICH 187 (7.8) 74 (8.8) 71(7.7) 42 (6.6) 0.28

Atrial fibrillation 116 (4.8) 65 (7.6) 33 (3.5) 18 (2.8) 0.0001

ESRD 84 (3.5) 43 (5.1) 25 (2.7) 16 (2.5) 0.007

Smoking 898 (37.1) 335 (39.7) 347 (37.1) 216 (33.5) 0.049

Alcohol consumption 525 (21.6) 190 (22.5) 198 (21.1) 137 (21.3) 0.77
Pre-ICH medications

Lipid-lowering drugs 68 (2.8) 25(2.9) 22 (2.3) 21(3.2) 0.53

Antiplatelets 200 (8.2) 84 (9.8) 69 (7.3) 47 (7.3) 0.09

Anticoagulants 43(1.8) 18 (2.1) 17 (1.8) 8(1.2) 0.44

Anti-hypertensive drugs 971 (39.7) 347 (40.6) 373 (39.6) 251 (38.7) 0.75

Anti-diabetic drugs 321 (13.1) 123 (14.4) 111 (11.8) 87 (13.4) 0.25
Laboratory data’

Systolic blood pressure, mmHg | 178.2 “36.2 174.6 “37.4 179.5“35.5 181.2“35.3 0.0009

Diastolic blood pressure, mmHg | 100.8 “23.3 97.523.7 102.0 “22.3 103.4 “23.7 0.0001

Hematocrit, % 40.85.9 39.56.3 41.445.2 41.85.8 0.0001

White blood cell count, cumm 9.59.7 9.4“6.7 9.5“13.9 9.50 “3.7 0.96

Platelet count, cumm 209.1“79.6 195.977.2 212.6“82.3 221.2“76.3 0.0001

Creatinine, mg/dL 1.4“1.6 1.51.8 1.3“1.4 1.31.6 0.02

Sugar, mg/dL 152.3 “68.8 151.8 “63.4 150.8 “68.3 156.5 “76.1 0.24

International normalized ratio 1.31.5 1.31.6 1.2"1.2 1.3"1.6 0.21
NIHSS score on admission

0-14 1592 (69.1) 484 (60.1) 658 (73.9) 450 (74.1) 0.0001

15-24 360 (15.6) 149 (18.5) 127 (14.3) 84 (13.8)

>25 352 (15.3) 173 (21.5) 106 (11.9) 73 (12.0)

Median (IQR)* 9 (4-18) 11 (5-23) 8 (4-16) 8 (4-15) 0.0001
Initial GCS

3-4 98 (4.1) 52 (6.2) 28 (3.0) 18(2.8) 0.0001

5-12 683 (28.4) 292 (35.0) 230 (24.8) 162 (25.2)

>13 1621 (67.5) 491 (58.8) 671 (72.2) 459 (71.9)

Median (IQR)* 15 (11-15) 14 (9—-15) 15 (12-15) 15 (12-15) 0.0001
Hematoma enlargement 120 (4.9) 42 (4.9) 51 (5.4) 27 (4.2) 0.53
Surgery for ICH 356 (14.6) 163 (19.1) 113 (12.0) 80 (12.4) 0.0001
Stroke-in-evolution 92 (3.8) 41 (4.8) 34 (3.6) 17 (2.6) 0.09
Infratentorial ICH 194 (7.9) 59 (6.9) 81(8.6) 54 (8.3) 0.38
Outcome at 3 months

Death 200 (8.2) 108 (12.7) 60 (6.4) 32 (4.9) 0.0001

(Continued)
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Table 1. (Continued)

Total cholester ol levels
All patients (n =2444) |<160mg/dL (n =854) |160£200mg/dL (n =942) |>200mg/dL (n=648) |Pvalue
Modified Rankin Scale !2 1082 (48.8) 430 (55.5) 401 (46.9) 251 (42.8) 0.0001

Data were presented as mean “standard deviation or number (percentage) unless otherwise indicated.

TIA: transient ischemic attack, ICH: intracerebral hemorrhage; ESRD: end stage renal disease; NIHSS: National Institute of Health and Stroke Scale.
Chi-square test

T ANOVA test and

#Kruskal-Wallis test.

https://da.org/10.1371durnal.pon®171379.t001

P =0.009) Comparedo patientswith TC >200mg/dL, thosewith TC <160mg/dL hadhigher
frequencyofinitial NIHSS>15(aOR,1.80;95%Cl, 1.41+2.30{Table2). Thecorresponding
adjustedORsof 3-monthmRS>2 and 3-month mortality were1.41(95%Cl, 1.11+1.783nd2.19
(95%Cl, 1.44+3.33)-ig 3 showghat the 3-month survivalfor patientswith TC <160mg/dL was
significantlylowerthanthosewith TC 160+200ng/dL and >200mg/dL (86.3%vs.93.4%and
96.9%P<0.001by log-ranktest).Bythe propensityscorematchingmethod,therewasstill signifi-
cantlyinverseassociatioetweerinitial NIHSSand TC levelshut the associatiomf 3-month
outcomeand TC levelsvasborderline.

Table3 showghatthe estimatedisksof NIHSS>15pointswerehigherfor patientswith
TC<160mg/dL in anyBMI categoryusingTC >160mg/dL andBMI >27.0kg/m? astheref-
erenceTheestimatedisksof 3-month mRS>2 and 3-month mortality werehigherin
patientswith TC <160mg/dL andBMI <22kg/m? or 22.0+26.%g/m?. In thegroupsof TC>

40 -
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NIHSS score
M
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O D P P » D D H P
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N v

Q
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Cholesterol

Fig 2. Correlation between initial NIHSS score (median [interquartil e range]) and total cholesterol levels in 2444 ICH patient s.
(Pearson correlation coefficient = -0.74, p = 0.009).

https://doiorg/10.1371§urnal.pon®171379.g002
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Table 2. Association between initial stroke severity and three month outcome by total cholesterol levels and pre-ICH lipid-lowe ring drugs use.

Odds ratio (95% con®dence interval s)

Crude Age/sex-a djusted Multivariate adjusted§
All ICH patient s (n = 2444)
Initial NIHSS score >15
Total cholesterol 1200 mg/dL 1.00 1.00 1.00

160—200 mg/dL
160 mg/dL
Pre-ICH lipid-lowering drugs use
3-month mRS >2
Total cholesterol 1200 mg/dL
160200 mg/dL
160 mg/dL
Pre-ICH lipid-lowering drugs use
3-month mortality
Total cholesterol 1200 mg/dL
160—-200 mg/dL
160 mg/dL
Pre-ICH lipid-lowering drugs use

Selected ICH patients by Propensi ty Score Matching Method (n = 747)

Initial NIHSS score >15
Total cholesterol 1200 mg/dL
160—-200 mg/dL
160 mg/dL
Pre-ICH lipid-lowering drugs use
3-month mRS >2
Total cholesterol 1200 mg/dL
160—-200 mg/dL
160 mg/dL
Pre-ICH lipid-lowering drugs use
3-month mortality
Total cholesterol 1200 mg/dL
160200 mg/dL
160 mg/dL
Pre-ICH lipid-lowering drugs use

, indicating P 0.05
1, P 0.001
1, P 0.0001.

1.02 (0.80-1.28)
1.91 (1.52-2.40)t
0.74 (0.42-1.31)

1.00
1.18 (0.95-1.46)
1.66 (1.34-2.07)%
0.72 (0.43-1.21)

1.00

1.30 (0.85-1.99)
2.69 (1.82-4.00)%
0.90 (0.37-2.19)

1.00
0.97 (0.64-1.47)
1.62 (1.09-2.40)
1.50 (0.65-3.48)

1.00

1.28 (0.99-1.84)
1.28 (1.88-1.84)t
0.81 (0.35-1.87)

1.00
1.97 (0.90-4.34)
2.09 (0.96-4.56)
2.87 (0.94-8.70)

1.01 (0.80-1.29)
1.92 (1.52-2.44)f
0.74 (0.42-1.31)

1.00
1.09 (0.87-1.35)
1.45 (1.16-1.82)t
0.72 (0.43-1.22)

1.00

1.23 (0.81-1.89)
2.40 (1.60-3.60)f
0.92 (0.38-2.23)

1.00
0.97 (0.64—1.47)
1.62 (1.09-2.40)
1.49 (0.64-3.48)

1.00

1.26 (0.87—1.85)
1.30 (0.89-1.89)
0.76 (0.32-1.81)

1.00
1.93 (0.87—4.25)
2.01 (0.92—4.41)
2.90 (0.94-8.93)

§, model adjusted for age, gender, all medical history, pre-ICH medications and laboratory data.

https://da.org/10.137 1§urnal.pon®171379.t002

1.03 (0.81-1.32)
1.80 (1.41-2.30)f
0.67 (0.37—1.21)

1.00
1.10 (0.88-1.38)
1.41 (1.11-1.78)t
0.59 (0.34-1.02)

1.00
1.27 (0.81-1.97)
2.19 (1.44-3.33)t
0.80 (0.33-1.97)

1.00
0.87 (0.56—1.37)
1.70 (1.11-2.60)
1.52 (0.56-4.11)

1.00

1.26 (0.84-1.88)
1.37 (0.92-2.04)
0.65 (0.24-1.73)

1.00
1.79 (0.74-4.33)
2.23(0.94-5.31)
1.53 (0.35-6.80)

160mg/dL, BMI <22.0kg/m? hadsignificantlyhigherrisksof initial NIHSS>15,3-month
MRS>2 andmortality, with aORs0f 1.81(95%Cl, 1.31+2.52)1.53(95%Cl, 1.14+2.07and
3.94(95%Cl, 1.76+8.80)espectivelyPatientswith both TC <160mg/dL andBMI <22.0kg/
m? hadanaORof 3-month mortality of 4.11(95%C!, 1.71+9.86)Among the groupswith BMI
>27.0kg/m?, thosewith TC <160mg/dL hadasignificanthigheraORof initial NIHSS
score>152.09;95%Cl 1.33+3.30).
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1.007

0.957

0.907

Survival curve

0857 _r<160 mgldL

-"1160-200 mg/dL
--77>200 mgl/dL

0.80- Log-rank test, p < 0.0001

1 I I I I I I I I I
0 10 20 30 40 50 60 70 80 90
Time (day)

Fig 3. Three-mon th survival in different choleste rol groups in 2444 ICH patients.

https://abi.org/10.1371durnal.por.0171379.908

Discussion

Theproportion of spontaneou$CH wasl16.1%n all strokepatientsregisteredn the TSR
[11], similarto thosein Westernstrokepopulations(10+15%]16] and Japanespopulation

Table 3. Odds ratios (95% confidence intervals) of three month outcome by total choleste rol levels and body mass index.

Total CHO <160 mg/dL Total CHO >160 mg/dL

BMI (kg/m?) BMI (kg/m?)

<22.0 22.0~26.9 >27.0 <22.0 22.0~26.9 >27.0
Initial NIHSS score 115 3.49 (2.47-4.94)% 1.55 (1.06-2.25)% 2.09 (1.33-3.30) 1.81 (1.31-2.52) 1.23 (0.89-1.70) 1.00
3-month mRS 12 2.52(1.80-3.51)f 1.31 (0.93-1.84)1 1.51(0.99-2.31) 1.53 (1.14-2.07) 1.42 (1.07-1.88) 1.00
3-month mortality 4.11(1.71-9.86) 2.77 (1.12-6.85) 2.46 (0.89-6.84) 3.94 (1.76-8.80)1 2.64 (1.17-5.96) 1.00
, indicating P 0.05
1, P 0.001
1, P 0.0001.

BMI, body mass index.

Model adjusted for age, gender, hypertension, diabetes mellitus, previous stroke, atrial fibrillation, end-stage renal disease, smoking and pre-ICH lipid-
lowering drugs use.

All interaction test P !10.05.

https://da.org/10.1371durnal.pon®171379.t003
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(18%)[17], but lowerthanthosein China(24+64%]18]. Epidemiologicaktudieshaveshown
no obviousdecliningincidenceof ICH in the pastdecaden spiteof improvedcontrol of
hypertensionwhichremainsaleadingcauseof ICH [19+21].It couldbepartly explainedby
theagingpopulationworldwideandtheincreasinguseof antithrombotic medicationdor pre-
ventingischemicstrokeandcoronaryheartdiseasefl 9, 22].

Althoughepidemiologicastudiesglinical studiesand meta-analysisaveshownthat higher
cholesterolevelsaresignificantlyassociate@ith anelevatedisk of coronaryheartdisease
[23+25] therelationshipbetweercholesterobnd cerebrovasculatiseasés complex While
thereis evidenceelatinghighercholesterolevelgo significantlyincreasednortality from
ischemicstroke evidencealsoshowsaninverserelationshipbetweenr C levelsandhemor-
rhagicstrokerisks[5]. Lowercholesterolevelshavebeenassociatewvith increasednortality
from intracranialhemorrhagd26, 27], beingmore prominently in the elderly[24, 26].

In the presentstudy,ICH patientswith baselinelr C lowerthan 160mg/dL hadgreatetini-
tial strokeseverityand higher3-month mortality. Acutehematomagrowth of ICH might
explainthe earlyneurologicableteriorationand mortality, especialljor thosewith lower
LDL-C levelg28]. Somestudiesshowedhatlow LDL-C levelsnvereassociateavith worseini-
tial severityof ICH patientsandwith higherin-hospitallCH mortality [4, 29]. Among our
ICH patients,7.8%hadpasthistory of ICH, which couldbearisk factorfor recurrentICH,
with annualrecurrentratesfrom 2.1to 3.2%{30+32].ICH recurrencds consideredasone of
the adverseffectof treatmentfor hyperlipidemia33].

Is dyslipidemiaper se or intensivelipid-lower treatmentrelatedto greaterseverityand
worseoutcomeof ICH? Prospectivestudiessupportecthe associatiometweeriow LDL-C lev-
elsandthe ICH risk [3, 34]. Wangetal. usedalargemeta-analysito demonstratéheinversed
associatiobetweerower TC levelsandtherisk of hemorrhagicstroke[5]. Prospectivestudies
in Japaralsoshowedan elevatedisk of ICH mortality in patientswith LDL-C <80mg/dL or
TC <160mg/dL [1, 3]. Theinteractionof useof statinsand TC levelsexhibithigherrisk
towardsthe ICH [35]. Thesdindingsarewarningindicationsthataggressivipid-lower ther-
apymight beaconcernon the ICH risk. Low cholesterolevelsresultingfrom treatingpatients
with cardiovasculadiseaseandischemicstrokemayincreasehe ICH risk instead[1].

A meta-analysigcluding randomizedtrials, cohortstudiesand case-controstudiesfailed
to find asignificantassociatiometweerstatinuseandincreasedCH [7]. Theyfound a
reducedCH riskin statinusersin case-controstudiesput the relationshipis not significant
in cohortstudieq7]. However severameta-analysesnly including randomizedcontrol stud-
iesdid showa non-significantexcessf hemorrhagicstrokein the groupsof statintreatment
[1,36+38].Thesimilartrendswereshownin the groupsof randomizedplacebo-controlledri-
alsof statinandezetimibg39,40]. TheICH risk is not relatedto thedegreeof LDL-C reduc-
tion or achieved_DL-C [38]. Howeveranearliermeta-analysisncluding 8832patientswith
ahistory of cerebrovasculatiseasefpund asignificantincreasen therisk of hemorrhagic
strokefor statinsusersdespitethe reducedrisk of ischemicstroke[41]. Thelevelof LDL-C is
no longerthe treatmentgoalfor hyperlipidemiain highrisk patientsin the current American
Collegeof Cardiology/Ameri@n Heart Associatiortaskforceguideline[33]. The effectof
prior statinusein our studywasconsistentvith otherstudiesneitherassociatedith TC lev-
elsat presentationpor with worseinitial severity{42] and 3-monthmortality in otherstudies
[4,43,44]. Pre-ICHuseof lipid-lowering drugsin smallpercentagef the ICH population
(2.8%)wasnot associatewvith initial severityand 3-month outcomesbut prior useof statins
wereassociatedvith betterinitial GlasgowComaScalescore[4], and 3-month functional out-
comein onestudy[9] but not in another[43].

SeverattudieshaveshownanincreasedCH risk in extremelylow or high BMI [45£47].
Thepresentstudydemonstratedhat theimpactof low cholesterobn ICH severityanda
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worseprognosisvasevenmoresignificantin patientswith low BMI. BMI <22.0kg/m?was
associatewvith 1.8-foldincreasen the presentingCH severityand nearly4-fold increasen
3-monthmortality. An eight-yeathypertensiorfollow-up studyin Chinashowedhat either
low or high BMI wasassociatedvith anincreasedisk in deeplCH, but notin lobarICH [46].
A multi-centerltalian case-controstudyfound that obesitywasassociatedith anincreased
risk of deeplCH indirectly throughhypertensioranddiabetesnellitus,but without major
effecton therisk of lobarICH [48].

This studyshowsthatalowercholesterolevelatthe presentatiorof ICH is associatedith
worseinitial severityand 3-monthsmortality, especiallyor thosewith alow BMI, but not with
prior lipid-lower medication A total cholesterolevellowerthan 160mg/dL might beacon-
cernin treatingpatientswith dyslipidemiaandhigh risk of intracerebrahemorrhageFor fur-
ther verifyingthe conclusionweperformedfurther dataanalysidy establishingpropensity
scorematchedstudygroupsand showedapproximatelysimilar findings.However thereare
limitations to this study.First,theimpactof high-densityandlow-densitycholesterolvasnot
investigatedn the study.Secondgcholesterolevelamayvaryovertimein the acutestageof
stroke althoughthe differencewasnot significantin cerebrahemorrhagd49]. Third, the spe-
cific typesof pre-ICH lipid-lowering drugswerenot recordedin theregistryandthe percent-
ageof pre-ICH lipid-lowering drug usewastoo smallto haveasolid conclusionof its impact
ontheICH outcome Fourth,fastingcholesterolevelsverenot measuredn alargeportion of
ICH patients andthereforethe analysisnight beweakenedS1Table).
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S1 Table. Characteristics of patients with intracerebral hemorrhage by total cholesterol
levels on admission. Valuesarepresentedaismean+ standarddeviation,number(percentage)
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