


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% CI, 1.11–1.78) using patients with TC �!200 mg/dL as reference. Those with TC

�!160 mg/dL and body mass index (BMI) ��22 kg/m2 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
Hypercholesterolemiaisassociatedwith increasedrisksof coronaryarteryevents,coronary
revascularizationandischemicstroke.Reductionof low-densitylipoproteincholesterol
(LDL-C) with lipid-loweringagentshasbeendemonstratedto significantlyreducethecardio-
vascularrisks[1]. However,therelationshipbetweencholesterollevelsandstrokeseemsless
evidentthantherelationshipbetweentheextentof reductionof LDL-C andcardiovascular
events.Previousepidemiologicstudiesshowedthathypercholesterolemiawasassociatedwith
alowerrisk of intracerebralhemorrhage(ICH) [2], while thelow LDL-C levelincreasedthe
risk of ICH mortality [3, 4]. A recentsystematicreviewandmeta-analysisreportedaninverse
relationshipbetweentotal cholesterol(TC) levelsandtherisk of hemorrhagicstroke[5]. How-
ever,therewereconflictingstudyfindingson theassociationbetweenlipid-loweringmedica-
tionsandtherisk of ICH [6, 7]. A meta-analysisof randomizedcontrolledtrialsshowedthat
statins,themedicationof choicefor hypercholesteremia,mayreducetheoverallincidenceof
stroke[8], but conflictingresultswerealsofound in theimpactof prior useof statinson the
prognosisof ICH; it couldbeneutral[4], favorablewith reducedmortality [9], or evenworse
[10]. TherelationshipbetweenTC andICH risk hasnot beenwellstudiedyetfor theAsian
population,whichmaybedifferentfrom Westernpopulations.Therefore,thisstudyuseda
multi-centerstrokeregistryto investigatetherelationshipbetweenserumcholesterolleveland
theseverityandprognosisof acuteICH, andfunctionaloutcomeanddeathsat3 month after
stroke.

Methods

Patients

TheTaiwanStrokeRegistry(TSR)isanationwideprospectiveregistrywith 39participating
strokecenters.Thedetailsof diagnosis,inclusioncriteriaandcollectionof variablesof thispro-
gramhasbeenpresentedelsewhere[11]. In brief,patientswith anacutecerebrovascularevent
wereprospectivelyenrolledin theregistrywithin 10daysof admissionor during hospitaliza-
tion andfollowedup prospectively.An expertpanelestablishedaconsensusprotocolon data
collectioncriteria,includingdemographicdata,relatedmedications,etiologicalfactors,clinical
course,prognosis,complicationsof theindexcerebrovascularevents.Diagnosisandstroke
subtypesweredeterminedbasedon clinical featuresandlaboratoryexaminations,brain imag-
ing,echocardiography,vascularultrasonographyandangiography.All patientswith non-trau-
maticICH werereferredto neurologistsor neurosurgeonsfor confirmationof thediagnosis.
Patientswith ICH secondaryto acutecerebralinfarct wereexcludedfrom thedataanalysis.
Strokepatientswerescheduledto follow-upcheckupsat1,3,6and12monthsafterstroke
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onset.TheTaiwanStrokeRegistrywasapprovedbyªResearchEthicsCommittee,ChinaMedi-
calUniversityandHospital,Taichung,TaiwanºandeveryInstitutional ReviewBoardof each
strokecenterapprovedtheparticipationin theregistryprogram.Written informedconsent
for participationin theregistryprogramwasobtainedfrom eachpatientor his/herlegalrepre-
sentativeswith theapprovalof attendingphysician.A numericcodewasassignedto each
patientwhoseclinicaldatain theregistrycontainingno individual identificationnumbersor
anyprivacydata.Thewholedataset,abigdatabase,hasbeenapprovedfor bigdataanalytics
for researchtopicssuchastheonein thisstudy.

More than40,000strokepatientswereregisteredfrom 1stMay2006to 30th April 2009.
Patientswithout dataof fastingTC during hospitalizationwereexcludedfrom thisstudy.
Patientswerecategorizedinto threegroupsbasedon thebaselinelevels:<160,160±200,and
>200mg/dL of TC.Thecut-off pointsof 160and200mg/dLwereadoptedfrom theFraming-
hamHeartStudy[12] andAdult TreatmentPanel(ATP) III classification[13]. BothNational
Instituteof HealthStrokeScale(NIHSS)andGlasgowComaScale(GCS)wererecordedat the
emergentroom or at theadmissionto assesstheinitial severityof stroke.Thebaselinescores
of NIHSSwerestratifiedby thecut pointsof 14and24[14] andGCSwerestratifiedby thecut
pointsof 4 and12.Patientswith aNIHSS>15weredefinedassevereandveryseverestroke
cases[15]. Modified RankinScales(mRS)anddeathsidentifiedwithin 3 monthsafterstroke
wereusedto assessfunctionaloutcomesandtherisk of mortality.Thevascularrisk factors
weredefinedto conformto theconsensusof TSRcriteria [11]. Thefunctionaloutcomeand
vital statusof all patientsweredeterminedbyexaminingmedicalrecordsand/or telephone
interviews.

Statistical analysis

Dataanalysisfirst compareddistributionsof sex,meanage,meanbodymassindex,risk factors
of stroke,medicationhistoryandlaboratorydataamongthreeTC groups(levelsof<160,
160±200and>200mg/dL).Weusedχ2 testto examinethedistribution of eachcategorical
variableamongtheseTC groupsandusedKruskall-Wallistestto examinedifferencesamong
means,usingasignificancelevelof 0.05.Becausethebaselinecharacteristicsof ICH patientsin
threegroupsmayconfoundtheoutcomeof interests,wefurther selectedthestudysubjects
with thepropensityscorematchingmethodto determineif therewassignificantdifferenceof
clinicalcharacteristicsamongthethreegroups.

WestratifiedTC into 11levelsto determinetherelationshipbetweenmeaninitial NIHSS
scoresandTC,whichwasin a20mg/dL incrementof TC, from<100,100±119,andthrough
�280mg/dL.Univariateandmultivariatelogisticregressionanalyseswereusedto determine
crudeoddsratios(OR)andadjustedoddsratios(aOR),respectively,and95%confidenceinter-
vals(CI) of initial NIHSSscore>15,of 3-monthmRS>2andof 3-monthmortality in associa-
tion with TC usingpatientswith TC>200mg/dLasthereferencegroup.Furtherdataanalysis
evaluatedthejoint effectof TC (<160vs.�160mg/dL) andbodymassindex(<22.0,22.0±26.9
and�27.0kg/m2) on theoutcomesof interest.Themultivariateanalysisfirst includedonly sex
andagefor adjustment.Furtheranalysisincludedvariablessignificantatp<0.05in theunivari-
ateanalysisandvariableswith biologicalplausibility.WeusedtheSASstatisticalpackage(ver-
sion9.1;SASInstitute,Cary,NC,USA)to performdataanalysis.

Results
A totalof 2444spontaneousICH patientswith baselinefastingTC levelsmeasuredimmedi-
atelyafterstrokewereincludedin thisstudyafterexcluding4139patientswithout fastingTC
recordsfrom theTSR(Fig1).Of thesepatients(meanage,62.5±14.2years;men,64.2%),
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13.7%hadpreviousischemicstrokeor transientischemicattackand7.8%hadahistoryof
ICH (Table1).Theaveragetime from symptomonsetto hospitalarrivalwas5.3±7.8hours.
Patientson admissionpresentedwith amedianGCSscoreof 15(interquartilerange[IQR],
11±15)andamedianNIHSSscoreof 9 (IQR,4±18).Thesiteof ICH occurredmostfrequently
at theputamen(31.6%),followedby thethalamus(19.2%),lobes(12.8%),pons(6.8%),cerebel-
lum (6.7%),andintraventricularhemorrhage(2.2%).Sixteenpercentof patientshadICH at
morethanonesite.During hospitalization,14.6%of themhadreceivedhematomaevacuation
or ventriculardrainagesurgery.Theoverallcase-fatalityrateof ICH atdischargewas4.9%and
at3-monthwas8.2%.ThemedianmRSatdischargewas4 (IQR,2±5),with 48.8%of patients
hadamRSof>2.

Table1 showsthataboutonethird (854,34.9%)of patientshadabaselinefastingTC<160
mg/dLandaboutonefourth (648,26.5%)hadTC>200mg/dL.Patientswith TC<160mg/dL
wereolderandmainlymale,andhadalowerBMI. Thesepatientswerealsomoreprevalent
with previousischemicstrokeandtransientischemicattack,atrial fibrillation, end-stagerenal
diseaseandsmoking,but lessprevalentwith hypertension.Therewasapositiveassociation
betweenTC levelsandbloodpressures,hematocritandplateletcounts,but areverseassociation
betweenTC levelsandcreatininelevels.Theneurologicalpresentationin Table1alsoshows
thatpatientswith TC<160mg/dLhadhigherNIHSSandlowerGCSscores,weremorelikely
to receivesurgeryfor ICH, andhadahigherrateof mRS>2andahigher3-monthmortality.

Fig2showsthat themeanNIHSSscoredecreasedfrom 20pointsfor patientswith aTC<100
mg/dLto 11pointsfor thosewith aTC�280mg/dL(Pearsoncorrelationcoefficient= -0.74,

Fig 1. Flowchart for selecti on of spontane ous ICH patients in the Taiwan Stroke Registry. ICH:

intracerebral hemorrhage; TC: total cholesterol levels.

https://doi.org/10.1371/journal.pone.0171379.g001
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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) < 160 mg/dL (n = 854) 160±200 mg/dL (n = 942) > 200 mg/dL (n = 648) P value

Age, y 62.5�“14.2 65.0�“14.8 62.3�“14.2 59.5�“12.9 ��0.0001

Male 1570 (64.2) 618 (72.4) 593 (63.0) 359 (55.4) ��0.0001

Body mass index, kg/m2 24.7�“4.3 23.9�“4.3 24.8�“4.3 25.5�“4.3 ��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 97.5�“23.7 102.0�“22.3 103.4�“23.7 ��0.0001

Hematocrit, % 40.8�“5.9 39.5�“6.3 41.4�“5.2 41.8�“5.8 ��0.0001

White blood cell count, cumm 9.5�“9.7 9.4�“6.7 9.5�“13.9 9.50�“3.7 0.96

Platelet count, cumm 209.1�“79.6 195.9�“77.2 212.6�“82.3 221.2�“76.3 ��0.0001

Creatinine, mg/dL 1.4�“1.6 1.5�“1.8 1.3�“1.4 1.3�“1.6 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 1.3�“1.5 1.3�“1.6 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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P = 0.009).Comparedto patientswith TC>200mg/dL,thosewith TC<160mg/dLhadhigher
frequencyof initial NIHSS>15(aOR,1.80;95%CI, 1.41±2.30)(Table2).Thecorresponding
adjustedORsof 3-monthmRS>2and3-monthmortality were1.41(95%CI, 1.11±1.78)and2.19
(95%CI, 1.44±3.33).Fig3showsthat the3-monthsurvivalfor patientswith TC<160mg/dLwas
significantlylowerthanthosewith TC 160±200mg/dLand>200mg/dL(86.3%vs.93.4%and
96.9%,P<0.001bylog-ranktest).Bythepropensityscorematchingmethod,therewasstill signifi-
cantlyinverseassociationbetweeninitial NIHSSandTC levels,but theassociationof 3-month
outcomeandTC levelswasborderline.

Table3 showsthat theestimatedrisksof NIHSS>15pointswerehigherfor patientswith
TC<160mg/dL in anyBMI categoryusingTC>160mg/dLandBMI >27.0kg/m2 astheref-
erence.Theestimatedrisksof 3-monthmRS>2and3-monthmortality werehigherin
patientswith TC<160mg/dL andBMI <22kg/m2 or 22.0±26.9kg/m2. In thegroupsof TC�

Table 1. (Continued)

Total cholester ol levels

All patients (n = 2444) < 160 mg/dL (n = 854) 160±200 mg/dL (n = 942) > 200 mg/dL (n = 648) P value

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
† ANOVA test and
#Kruskal-Wallis test.

https://doi.org/10.1371/journal.pone.0171379.t001

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://doi.org/10.1371/journal.pone.0171379.g002
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160mg/dL,BMI <22.0kg/m2 hadsignificantlyhigherrisksof initial NIHSS>15,3-month
mRS>2andmortality,with aORsof 1.81(95%CI, 1.31±2.52),1.53(95%CI, 1.14±2.07)and
3.94(95%CI, 1.76±8.80),respectively.Patientswith bothTC<160mg/dL andBMI <22.0kg/
m2 hadanaORof 3-monthmortality of 4.11(95%CI, 1.71±9.86).Amongthegroupswith BMI
>27.0kg/m2, thosewith TC<160mg/dLhadasignificanthigheraORof initial NIHSS
score>15(2.09;95%CI 1.33±3.30).

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 �!200 mg/dL 1.00 1.00 1.00

160–200 mg/dL 1.02 (0.80–1.28) 1.01 (0.80–1.29) 1.03 (0.81–1.32)

��160 mg/dL 1.91 (1.52–2.40)‡ 1.92 (1.52–2.44)‡ 1.80 (1.41–2.30)‡

Pre-ICH lipid-lowering drugs use 0.74 (0.42–1.31) 0.74 (0.42–1.31) 0.67 (0.37–1.21)

3-month mRS >2

Total cholesterol �!200 mg/dL 1.00 1.00 1.00

160–200 mg/dL 1.18 (0.95–1.46) 1.09 (0.87–1.35) 1.10 (0.88–1.38)

��160 mg/dL 1.66 (1.34–2.07)‡ 1.45 (1.16–1.82)† 1.41 (1.11–1.78)†

Pre-ICH lipid-lowering drugs use 0.72 (0.43–1.21) 0.72 (0.43–1.22) 0.59 (0.34–1.02)

3-month mortality

Total cholesterol �!200 mg/dL 1.00 1.00 1.00

160–200 mg/dL 1.30 (0.85–1.99) 1.23 (0.81–1.89) 1.27 (0.81–1.97)

��160 mg/dL 2.69 (1.82–4.00)‡ 2.40 (1.60–3.60)‡ 2.19 (1.44–3.33)‡

Pre-ICH lipid-lowering drugs use 0.90 (0.37–2.19) 0.92 (0.38–2.23) 0.80 (0.33–1.97)

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

Initial NIHSS score >15

Total cholesterol �!200 mg/dL 1.00 1.00 1.00

160–200 mg/dL 0.97 (0.64–1.47) 0.97 (0.64–1.47) 0.87 (0.56–1.37)

��160 mg/dL 1.62 (1.09–2.40)� 1.62 (1.09–2.40)� 1.70 (1.11–2.60)�

Pre-ICH lipid-lowering drugs use 1.50 (0.65–3.48) 1.49 (0.64–3.48) 1.52 (0.56–4.11)

3-month mRS >2

Total cholesterol �!200 mg/dL 1.00 1.00 1.00

160–200 mg/dL 1.28 (0.99–1.84) 1.26 (0.87–1.85) 1.26 (0.84–1.88)

��160 mg/dL 1.28 (1.88–1.84)‡ 1.30 (0.89–1.89) 1.37 (0.92–2.04)

Pre-ICH lipid-lowering drugs use 0.81 (0.35–1.87) 0.76 (0.32–1.81) 0.65 (0.24–1.73)

3-month mortality

Total cholesterol �!200 mg/dL 1.00 1.00 1.00

160–200 mg/dL 1.97 (0.90–4.34) 1.93 (0.87–4.25) 1.79 (0.74–4.33)

��160 mg/dL 2.09 (0.96–4.56) 2.01 (0.92–4.41) 2.23 (0.94–5.31)

Pre-ICH lipid-lowering drugs use 2.87 (0.94–8.70) 2.90 (0.94–8.93) 1.53 (0.35–6.80)

�, indicating P��0.05

†, P��0.001

‡, P��0.0001.

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

https://doi.org/10.1371/journal.pone.0171379.t002
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Discussion
Theproportion of spontaneousICH was16.1%in all strokepatientsregisteredin theTSR
[11], similar to thosein Westernstrokepopulations(10±15%)[16] andJapanesepopulation

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

https://doi.org/10.1371/journal.pone.0171379.g003

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 2) BMI (kg/m 2)

<22.0 22.0~26.9 >27.0 <22.0 22.0~26.9 >27.0

Initial NIHSS score �!15 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 �!2 2.52 (1.80–3.51)‡ 1.31 (0.93–1.84)‡ 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)† 2.64 (1.17–5.96)� 1.00

�, indicating P ��0.05

†, P��0.001

‡, 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�!0.05.

https://doi.org/10.1371/journal.pone.0171379.t003
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(18%)[17], but lowerthanthosein China(24±64%)[18]. Epidemiologicalstudieshaveshown
no obviousdecliningincidenceof ICH in thepastdecadein spiteof improvedcontrol of
hypertension,whichremainsaleadingcauseof ICH [19±21].It couldbepartlyexplainedby
theagingpopulationworldwideandtheincreasinguseof antithromboticmedicationsfor pre-
ventingischemicstrokeandcoronaryheartdiseases[19,22].

Althoughepidemiologicalstudies,clinicalstudiesandmeta-analysishaveshownthathigher
cholesterollevelsaresignificantlyassociatedwith anelevatedrisk of coronaryheartdisease
[23±25],therelationshipbetweencholesterolandcerebrovasculardiseaseiscomplex.While
thereisevidencerelatinghighercholesterollevelsto significantlyincreasedmortality from
ischemicstroke,evidencealsoshowsaninverserelationshipbetweenTC levelsandhemor-
rhagicstrokerisks[5]. Lowercholesterollevelshavebeenassociatedwith increasedmortality
from intracranialhemorrhage[26,27],beingmoreprominently in theelderly[24,26].

In thepresentstudy,ICH patientswith baselineTC lowerthan160mg/dLhadgreaterini-
tial strokeseverityandhigher3-monthmortality.Acutehematomagrowthof ICH might
explaintheearlyneurologicaldeteriorationandmortality,especiallyfor thosewith lower
LDL-C levels[28]. Somestudiesshowedthat low LDL-C levelswereassociatedwith worseini-
tial severityof ICH patientsandwith higherin-hospitalICH mortality [4, 29].Amongour
ICH patients,7.8%hadpasthistoryof ICH, whichcouldbearisk factorfor recurrentICH,
with annualrecurrentratesfrom 2.1to 3.2%[30±32].ICH recurrenceisconsideredasoneof
theadverseeffectsof treatmentfor hyperlipidemia[33].

Is dyslipidemiaper se or intensivelipid-lower treatmentrelatedto greaterseverityand
worseoutcomeof ICH?Prospectivestudiessupportedtheassociationbetweenlow LDL-C lev-
elsandtheICH risk [3, 34].Wangetal.usedalargemeta-analysisto demonstratetheinversed
associationbetweenlowerTC levelsandtherisk of hemorrhagicstroke[5]. Prospectivestudies
in Japanalsoshowedanelevatedrisk of ICH mortality in patientswith LDL-C<80mg/dLor
TC<160mg/dL [1, 3]. Theinteractionof useof statinsandTC levelsexhibithigherrisk
towardstheICH [35]. Thesefindingsarewarningindicationsthataggressivelipid-lower ther-
apymight beaconcernon theICH risk.Lowcholesterollevelsresultingfrom treatingpatients
with cardiovasculardiseasesandischemicstrokemayincreasetheICH risk instead[1].

A meta-analysisincluding randomizedtrials,cohortstudiesandcase-controlstudiesfailed
to find asignificantassociationbetweenstatinuseandincreasedICH [7]. Theyfounda
reducedICH risk in statinusersin case-controlstudies,but therelationshipisnot significant
in cohortstudies[7]. However,severalmeta-analysesonly including randomizedcontrol stud-
iesdid showanon-significantexcessof hemorrhagicstrokein thegroupsof statintreatment
[1, 36±38].Thesimilar trendswereshownin thegroupsof randomizedplacebo-controlledtri-
alsof statinandezetimibe[39,40].TheICH risk isnot relatedto thedegreeof LDL-C reduc-
tion or achievedLDL-C [38]. However,anearliermeta-analysis,including8832patientswith
ahistoryof cerebrovasculardisease,foundasignificantincreasein therisk of hemorrhagic
strokefor statinsusersdespitethereducedrisk of ischemicstroke[41]. Thelevelof LDL-C is
no longerthetreatmentgoalfor hyperlipidemiain high risk patientsin thecurrentAmerican
Collegeof Cardiology/AmericanHeartAssociationtaskforceguideline[33]. Theeffectof
prior statinusein our studywasconsistentwith otherstudies,neitherassociatedwith TC lev-
elsatpresentation,nor with worseinitial severity[42] and3-monthmortality in otherstudies
[4, 43,44].Pre-ICHuseof lipid-loweringdrugsin smallpercentageof theICH population
(2.8%)wasnot associatedwith initial severityand3-monthoutcomes,but prior useof statins
wereassociatedwith betterinitial GlasgowComaScalescore[4], and3-monthfunctionalout-
comein onestudy[9] but not in another[43].

SeveralstudieshaveshownanincreasedICH risk in extremelylow or highBMI [45±47].
Thepresentstudydemonstratedthat theimpactof low cholesterolon ICH severityanda
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worseprognosiswasevenmoresignificantin patientswith low BMI. BMI <22.0kg/m2 was
associatedwith 1.8-foldincreasein thepresentingICH severityandnearly4-fold increasein
3-monthmortality.An eight-yearhypertensionfollow-upstudyin Chinashowedthateither
low or highBMI wasassociatedwith anincreasedrisk in deepICH, but not in lobarICH [46].
A multi-centerItalian case-controlstudyfound thatobesitywasassociatedwith anincreased
risk of deepICH indirectly throughhypertensionanddiabetesmellitus,but without major
effecton therisk of lobarICH [48].

Thisstudyshowsthatalowercholesterollevelat thepresentationof ICH isassociatedwith
worseinitial severityand3-monthsmortality,especiallyfor thosewith alow BMI, but not with
prior lipid-lower medication.A total cholesterollevellowerthan160mg/dL might beacon-
cernin treatingpatientswith dyslipidemiaandhigh risk of intracerebralhemorrhage.For fur-
therverifyingtheconclusion,weperformedfurther dataanalysisbyestablishingpropensity
scorematchedstudygroupsandshowedapproximatelysimilar findings.However,thereare
limitations to thisstudy.First,theimpactof high-densityandlow-densitycholesterolwasnot
investigatedin thestudy.Second,cholesterollevelsmayvaryovertimein theacutestageof
stroke,althoughthedifferencewasnot significantin cerebralhemorrhage[49]. Third, thespe-
cific typesof pre-ICH lipid-loweringdrugswerenot recordedin theregistryandthepercent-
ageof pre-ICH lipid-loweringdrugusewastoo smallto haveasolidconclusionof its impact
on theICH outcome.Fourth,fastingcholesterollevelswerenot measuredin alargeportion of
ICH patients,andthereforetheanalysismight beweakened(S1Table).

Supporting information
S1 Table. Characteristics of patients with intracerebral hemorrhage by total cholesterol

levels on admission. Valuesarepresentedasmean± standarddeviation,number(percentage)
or median(interquartilerang).TIA: transientischemicattack,ICH: intracerebralhemorrhage;
NIHSS:NationalInstituteof HealthandStrokeScale.Chi-squaretest,² t- testand#Wilcoxon
rank-sumtest.
(DOC)
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