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Running head: Lithium reduces risk of stroke in bipolar disorder

Abstract

Objectives. The risk of strokes increased in patientsith bipolar disorderLithium exhibits

neuroprotective effects but the association of lithium use and the risk of ateakeknown.

Methods: A populationbased retrospective cohort study was conducted by utilizing the
National Health Insurance Research Databaselaiwan. Subjects firstly diagnosed with
bipolar disorderfrom 2001 to 2006 were identified. A propensity score (PS) for receiving
lithium was"calculated with variables of age, genderd comorbidities. The patientgth
bipolar disorder-receiving lithium within the period from diagnosis through December 2011
were designated=as the lithium group=1635). A 1:2 ratio was used to select-&tched
subjectswith bipolar disordewithout lithium use (r= 1,250). Multivariate Cox proportional
hazards regression models were used to explomsguaxidbn, rather than causal inference, of
lithium exposure and the risk of stroke.

Results: Of the 1,885 subjects, 86 (4.6%) experienced stroke, including 2.8% of the lithium
growp and 5.4% of the nelithium group. Lithium usewas associated with a significant
reducedrisk of stroke hazard ratioHR) = 0.39 95% confidence intervg[Cl): 0.22—-0.68]

Reducedisks of stroke weralso associated with theghest cumulativdithium dose $ 720
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defined daily doseDD), HR = 0.25 95% CI 0.10-0.59],the longest cumulativexposure
period & 720 days, HR= 0.2Q 95% CI 0.06-0.64) and the higheséxposure rate>( 2
DDD/day, HR= 0.39,95% CI.0.21-0.70).

Conclusions: Lithium usewassignificantly related to aeduced risk of stroke in patients with

bipolar disorder.

Keywor ds. bipolardisorder +Hthium — neuroprotection #sk —stroke

Stroke is one'of the most severe medical conditamtit accounted for 5.5 million deathsdan

44 million disabilityadjusted lifeyears lostworldwide annually(1). Previous studies have
demonstrated increased risk of strakeup to twoefold amongpatients with bipolar disorder
(2-4). However, the possible effects of medication on the risk of stroke were not further
analyzedn these studied.ithium was first suggested as a treatmentpfeychotic excitement

in 1949(5) andestablishedf its efficacy in the management of bipolar disoritkethe 1970s

(6). In addition, lithium has been showmincreaseneuronal density and gray matter volume in
patientswith*bipolar disorder (7, 8).

In vitro "and“in"vivo animal studies havedemonstrated multiple neurotrophic and
neuroprotective effects of lithium{9). The princple mechanisms underlying lithium’'s
neuroprotection-are: 1. Inhibition of glycogen synthase ki8ag&SK-3), an enzyme linked to
apoptosis induced by various neural ins(di®). In animal stroke mods, GSk3 beta was up
regulated, and itsnhibition by lithium was implicated as an important neuroprotective
mechanisn(11). 2. Induction of brairderived neurotrophic factor (BDNF), which plays a key
role in neurenal development, plasticity and survi\i@). 3. Increased expression of vascular
endothelial growth factor (VEGF), which induces neuronal proliferation and neunteasc
remodeling (13)4. Inhibition of Nmethyl-D-aspartate (NMDA) receptanediated calcium
influx and dewnstream apoptotic pathways, resulting in decreased glutamategosiaty
(14).5. Inhibition of phosphoinositol phosphatase and regulation of autop{i&gya critical

process for neuronal survival and functioning.

Animal studiesalsoshowed that lithium reduced neuronal injury after various insults including

ischemia (16-18), hemorrhage(19), and trauma(20). However, only one human study
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investigated the neuroprotective effects of lithium after stroke, and thdtsresare
inconclusive that only the subgroup of patients with cortical ischemic stiakeed enhanced

motor recovey with lithium treatmen(21).

It is still unelearwhether lithium has any effect on the susceptibility to caratrolar disease.
The progression from atherosclerotic plaque formation, plague rupture to ischerke ist
driven by inflammation, extracellular matrix degradation, and neovasctianizé2?2).
Macrophages played an important role in the inflammatory process of ateevestl In an
animal study, lithium chloride induced macrophage apoptosis via inhibition of inositol
monophosphatase (23)ithium also reduced the expression of vascular cell adhesion molecule
(VCAM)-1 andfinfiltration of macrophages into the atherosclerotic pl&gde This in turn
decreased the macrophage load within the atherosclerotic plaques and @upigatbque
stabilizing effect Jexhibited by lithium. Metalloproteinases participated in the initiation,
progression, and rupture of atherosclerotic plaque and the formation of thr(gBhudatrix
metalloproteinase (MMP9 was associated with abnormal degradation of the extracellular
matrix when.its.production by macrophages was deregulatthium treatment was found to
suppress MMM, gene expression and reduce the level of this metalloprotd@se¢hereby
reducing plague instability. Vascular smooth muscle cell (VSMC) proliferatahmigration

in the inima_ofsthe arterial wall also play an important role in atheroma progre€&mn
VSMCs are also important mediators of abnormal neovascularization in the d#retasc
plaque which expedites the process toward plaque rugf®e Lithium inhibited VSMC
proliferation and migration in an animal stu®®). Lithium also reduced blood glucose and
cholesterol levels/ in mice fed with high fat di@4) and this may alleviate the dietental
effects of diabetes or hyperlipidemia on stroke events. The above mechanigibsiteotat the

beneficial effect of lithium on atherosclerosis and cerebral ischemia.

Lithium treatment has been demonstrated to dramatically reduce atheroscléagtie p
formation in=mice(24). Anotheranimal study discovered that the combination of-thvge
lithium withscaptopril preverdd stroke and improwe survival in sakloaded, strokgrone
spontaneously hypertensive raas, animal model for cerebrovascular dise@8. However,

no study has focused on the effect of lithium on the risk of stroke in human populHtions.
lithium were to consistently demsinate neurotrophic and neuroprotective effects that could be
translated into clinical benefits for central nervous system disorders sustiokes, it would

have significant implications for patients at risk for stroke and other cerebudtis.
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We corducked a retrospectivecohort study by analyzing a populatibased dataset from the
National Health Insurance Research Database in Taiwan. The aim was to determime wheth
lithium is related tothe susceptibility to stroke and its occurrencepatientswith bipolar

disorder.

M ethods

Database

The National Health Research InstitutdHRI), Taiwan, maintain the National Health
Insurance Research Database (NHIRD) for research purposes. We obtainedt afsthes
NHIRD with 1,000,000 random subjects, which accounted for about 5% of all enrollees in the
National Health Insurance program. The random sampling gsdcem the NHIRD to yield

the onemillion subject database were performed by the NHRI and including the fojow
main steps: (A-serial numbewas assigned to each of the 23,251,700 stshjeche original
population; (ii)A.random number generator was used to ggreonamillion random numbers;

(i) The subjects with their serial number matching the generated random numbers were
selected tdorm.the database subg8tl). There were no statistically significant differences in
age, gender, or costs between the sample group and all other enfidilestabase contains
information _of medicalclaims for ambulatory care, inpatient care, dental services, and
prescription drugs as well as registration files of the enrollees, insun@dJanuary 1996 to
December 2011. The International Classification of Diseases, Ninth Revisi@9fIC

diagnostic system was incorporated into the data since the year 2000.

Study design

This is an ldyear retrospective cohostudyfrom January 1, 2001 to December 31, 2011
Subjectsnewly’diagnosed witlbipolar disorder (i.e.ICD-9 codes: 296.0, 296.1, 296.4~296.9
in threeor more.eutpatient visits @nyinpatient hospitalization records) within the interval of
January 12001 through December 31, 20@6refirst identified The subjects were ebluded
if they had anydiagnosis of stroke before the diagnasidipdar disorder The patientsvith

bipolar disorder were further divided into the lithium group and the-littiom group
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depending on lithium exposure from the prescription record. This compghsednmatched

cohort in our study.

Sincethe patientswith bipolar disorder in the study were not randomly assigned to lithium
treatment,~we=further utilized propensity score (PS) to reduce potentiaduoaditig and
selection biasesA multivariate logistic regression model was generated to predict the
probalility of receiving lithium, given the following set of covariates: age, gended
comorbidities including diabetes mellitus, hypertension, hyperlipidemia, cgromdery
disease, and.chronic kidney disea&ePS was calculated for eashibject and subgeently
utilized to match/the lithium group with the néithium group at a ratio of 1:2Both the
unmatched cohort and the fAgtched cohort were analyzed. The endpoints of the fallow
were the occurrénces of the first stroke event (after lithium expasuthe lithium group),

death, or end of study on December 31, 2011.

To further clarify the associatiorof lithium exposureandthe risk of stroke irpatientswith
bipolar disorderwe utilized three indexes, the cumulative lithium dose, the cumulktiniem
exposure period,.and the lithium exposure rate, to describe these specificetisticath the
PSmatched ‘cohortThe cumulative lithium dose of each subject was represented by the
number of cumulative defined daily dose (DDD) of lithium. This number of cumulative DDD
was acquired from dividing the total lithium dosage during the study period by theddDD
lithium (one_DDD equals 24 mmol of lithium). The cumulative lithium dose was stratified into
5 subgroups: no use, < 60 DDD, @59 DDD, 366719 DDD, and> 720 DDD. The
cumulative lithium exposure period was the sum of the number of days each subject was
prescribed withithium; it was stratified into fivesubgroupsno use, < 60 days, 6859 days,
360719 days, ang 720 days. And the lithium eposure rate wathe ratio ofthe cumulative
lithium dosedivided by the cumulative lithium exposure perjotl was stratified into four
subgroups: @DD{day, <1 DDD/day, 1-2DDD/day, > 2 DDD/day.

Definition of-stroke and comorbidities

The stroke diagnosis was defined by IS[Bodes 430 to 438 (ischemic: 4337, hemorrhagic
430-432) in any inpatient or threer more outpatient treatments during the study period.
Patients who had a diagnosis of transient ischemic aft@&kx9 code: 43%b were excluded.

Comorbiditiesin the 12month period prior to the diagnosis of bipolar disorgwiuding
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diabetes mellitugICD-9 code: 250), hypertensioftode: 401-405)hyperlipidemia (code:
272), chronic kidney diseasecqde: 585),coronary arterydisease(code: 410-413)and
congestive heart failureode: 428)wereconfirmed by any inpatierdr two or moreoutpatient
treatmentdor the diagnoses the NHI records.

Statistical aalysis

Distributions; of lithium users and narsers in age, gendecjinical comorbidities,use of
typical antipsychotics, use of atypical antipsychotics, use of mood stabilizetsling
valproate and _carbamazepirmad stroke were examined usiStudentt-tests for continuous
variables anathi-square ésts forcategorical variablesviultivariate Cox proportional hazards
regression modéls were used in both the unmatched cohort and -thaté®d cohorto
explore the relationship between lithium exposure and occurrence of stroke, adjustgd, f
gender comorbdities, use of antipsychotics, and use of mood stabiliZdrsee additional Cox
proportional‘hazards regression models were implemented in theafe8ed cohortModel 1
was adjusted.for.age, gender, comorbidities, use of antipsychotics, use of nidaistzand
the cumulative'lithium doseModel 2 was adjusted for age, gender, comorbidities, use of
antipsychoticspse’ of mood stabilizers, and the cumulative lithium exposure pdviode 3
was adjusted for‘age, gender, comorbidities, use of antipsyshse of mood stabilizerand
the lithium exposure rateéThe proportional hazard assumpsomere satisfied bytesing
graphically and by including the interaction of time with each gatain the Cox regression
models.The strokefree survivalcurves of the lithium group and ndithium group of bothtie
unmatched cohort and the fatatched cohort were plotted with the prodiutit survival
estimators for_strokeAll statistical tests were twsided, conducted at a significance level of
0.05, and reported using p values and 95% confidence inteAlalnalyses were performed
using the SAS software, version 9.1 (SAS Institute, Cary, NC, USA).

Results

Data for a total,of 3,68kubjectsin the unmatched cohort and 1,886bjectsin the PS
matche& cohort during the observation perirdm 2001 to2011were analyzedThe lithium
group of the unmatched cohort was younger in age, consists of more male sahpbdtad
significantly lower rates of diabetes mellitus, hypertension, hyperlipideamd,coronary

artery diseaseompared to the nelithium groupandhad zerocase ofchronic kidney disease
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(Table 1). In the contrary, the propensity score matching process successfulbyedthese
differences in the R8&atched cohort. The lithium group in the-P@tched cohort was not
significantly different in terms of age, gender, and comorbiddmspared to the nelithium
group (Table 1). Of note, none of the subjects in thenRfichedcohort had chronic kidney
disease.The rates of the use of typical antipsychotics, atypical antipsychatitsnmenod
stabilizers were all significantly lower in the rbthium group compared to the lithium group
in both the unmatched and the P@&tched cobrt.

Among the total . samplef 3,681 subjects in the unmatched cohort, 325%8.Bad stroke,
including 18(2.8%) among the lithium group and 307 (). Amongnon-usersAmong the
1,885 subjectsin‘the RBatched cohort, 86 (4.6%padstroke, including 18 (2.8%) among the
lithium groupand 68 (5.4%) among narsers.

As shown in_Table 2, after adjusting for possible confounders by using the multivasiate C
proportional“hazards regression model, lithium users in the unmatched weh®rssociated
with a significantly lower risk of stroke compared to agers [hazardatio (HR) = 0.43 p =
0.0010] The,ageelated risk on stroke wak.06 times per decade older (HR 1.06 p <
0.0001) An increased risk of stroke was also associatigd male gender (HR= 1.32, p=
0.0130),diabetes'mellitus (HR 1.87 p < 0.0001), hypertensiofHR = 1.45 p = 0.0055), and
moodstabilizer use (HR:= 1.54, p= 0.008).Typical antipsychotic uséHR = 0.95, p= 0.6784)

or atypical antipsychotics use (HR1.05, p= 0.6992)werenot significantly associated with

therisk of stroke.

In the PSmatched cohort, the lithium group alassociated witla significant reduced risk of
stroke compared to neasers (HR= 0.39 p = 0.00). The ageelated risk on stroke was 1.07
times per dcade.older (HR 1.07, p < 0.0001No comorbidities were shown to be associated
with the riskrofsstroke in the P®atched cohortTypical antipsychotic use (HR 0.81, p=
0.4392) or satypical antipsychotics use (HR1.32, p= 0.2792) were not significantly
associated.with the risk of stroke. The use of mood stabilizers was asswdihtad increased
risk of stroke (HR= 2.23, p = 0.0017).

The risk of stroke associated widifferent levelsof lithium exposure among the &ached
cohort was listed in Table 3. Significant reduced risks of stroke was demedhstrahe
subgroupswith the cumulative lithium dose 720DDD (HR = 0.25, p < 0.0} the subgroup
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with the cumulative exposure lithium periotil60-359 days (HR= 0.35, p < 0.05) 720 days
(HR = 0.2Q p< 0.0), andthe subgroup with the lithium exposure rate> 2 DDD/day (HR =
0.39, p < 0.05).

The strokefree=survival curves of the lithium group and the Hfidnium group of the
unmatched fcohort and the {atched cohort were shown in Figuré and Figure 2
respectivelyThe strokefree survival probabilities wergignificantly lower in the notithium
group in both the unmatched cohort and theniched cohort (g 0.00@ and p= 0.0080
respectively)..ThéiRs within each subsequent year during the study perier@ &lso marked

in the figure The HRs for strokeassociated with lithium use reached statistical significance in
the seventhqand eidhtear of followup in the unmatched cohort and the PS matched cohort,

respectively.

Discussion

Our study shewed thaithium treatmentvas significantly related toreduced risk of stroke in
patients with,bipoelar disordeiThe associationappeaed to bemost prominent with greater
amount or longeduration of lithium treatmentSignificant reduced risks of stroke were
observed in thessubgroups withe highest cumulative lithium dqasene longestcumulative
lithium exposure period, antthe highest lithimm exposure rateThis indicated that the dose,
duration, and rate dfthium exposuremight be related to the risk of stroke patients with

bipolar disorder.

Around 93% of the stroke cases in therR&ched cohort were of ischemic orighdditional
analysisrevealedhat theHR of ischemic stroke associated with lithium use in therR&hed
cohort was.0.40[95% confidencénterval CI): 0.22—0.71p = 0.0019]after adjusted for age,
sex, and related-confoundekghium mightalter the process @itherosclerosisia its effect on

inflammationgextracellular matrix degradation, and neovascularization

Our findings that,age, male gender, diabetes mellitus, and hyperteasswtiatingwith an
increasd risk of strokein patientswith bipolar disordemere compatible withtwo previous
studes similarly focusing on patientsith bipolar disorder2, 3). Of note, our finding that
female gender was associated with a reduced risk of stroke omasstent with these two

studies but thenderlying mechanism isot well understood. Lin et &l3) also pointed out that
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renal disease was a risk factbtowever, ithium treatment is generally avoided in patients
with severe renal disease due to heigéterisk of toxicity(32). None of the 635 patientgith
bipolar disorder in the lithium group in our study had chronic kidney disease. This cefleete
extreme precaution doctors took when prescribing lithium to patients with bipoladetisor

with renal dfunetion.

By implementingpropensityscore matchingwe successfullyremovedthe differences of
comorbidities between the origingoupsof patients with bipolar disordedn the unmatched
cohort, thesubjects in th@ondithium group weresignificantlyolder in age and more prevalent
of diabetes mellitus, hypertension, hyperlipidemia, coronary artery dis@alschronic kidney
diseasewhich were all by themselvassk factors ofstroke (33, 34) This may potentially
cause overestimation dhe association betweelithium exposure and the reduced risk of
stroke,as the lithium gpup possessed significant fewsk factors atbaseline.The finding
that the risk of strokeemainedsignificantly reducedn association withthe lithium group in

the PSmatched cohort strengthened our finding

Psychiatric disordersuch asdepression35) and schizophreni§36) alsopossessed higher
risks forstroke. Lithiummaybe used as adjunctive treatment for subjects with mood swings or
those at risk_ofssuicide ithesepsychiatic patient groupsThere is possibility thalithium
altersthe 'risk of stoke in such patients but our results could not be extrapolated to subjects

beyond the bipolar disorder group.

Various psychotrgpic agents may as well alter the risk of stidkéortunately, there is no
previous study focusing on the association of medication use and the risk of strokernits pati
with bipolar‘disorderin ouranalyses of the unmatched cohort and therR&hed cohoyive
adjusted for both.the use of typiaitipsychoticsand atypical antipsychoticsvhich were not
associated withrthe risk of stroke in patients with bipolar disoFdlem studies targeting other
disease populationsuch as chizophrenia and dementithe risk of stroke associated with
antipg/choties*use were equivocal. Some studies reportinglifierencein the association
betweerthe risk.of stroke and both typical and atypical antipsychotic§3rgeothers rported
increased risk of stroke associated with typical antipsych(@&40), and stillothers reported
increased risk of stroke associated with atypigalipsychotics (41). Ais finding of no
significant associatiomayalsobe related to thdistinctiveeffects on the risk of strokemong

differentindividual antipsychotics. In addition, weund that the use of mood stabilizers was
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associated with and increased risk of stroke. No previous study has evaluateddiadi @s®f
the risk of stroke and mood stabilizers use. However, in previous epilepsy studibghrhe
mood stabilizers in our study were used as anticonvulsants, a similar idcrisksef stroke
associated with anticonvulsants use was demonst{42ed3) Further studies with a broader
range of subjectand a detailed ifferentiation of prescribed medication, are nedde fully

delineate thé effect of lithium treatment on the risk of stroke.

Strengths and limitations

One of the strengths of the current study was the use of the National iHealtinkce Research
Database of'Taiwan, which included diagnostic coding and records of prescribedtinedic

detail Lithiumis @ medication with clear clinical indications; records of lithium prescription
are therefore considered valid and reliable. The database also provided a sampléarge
number of subjects, allowing for analysis with strong statistical power.focused on the
lithium use“among people with bipolar disorder, and this can avoid the bias of use by
indication. Propensity score matching and Cox mdnal hazards regression models
minimized pessibleconfounding effects. In addition, this is the first study to take into
consideration of psychotropic medications when analyzing the risk of stroke in patigmt

bipolar disorder:

There were several limitations in our study. One of the most important limitatiagnhateour
study design precludes causal inference and the associations of lithium use aed risttuof
stroke should be jinterpreted with caution. In addition, becafiiege lackof informationin
NHIRD recordsof other possible risk factors of stroke, such as buodgs index, cigarette
smoking, and alcohol consumptioour study could not control these confounders. Due to the
fact that lithium_was rarely prescribed fpatients withsevere renal dysfunctioand the
lithium group=insourcohortscontained no patients with chronic kidney disease, the results
could not besextrapolated to patientish bipolar disordewith chronic kidney diseas€&inally,

the results should nbe generalizetb patients receiving lithium treatment for conditions other

than bipolar diserder.

Conclusions
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Lithium use maybe associated witheducedrisk of stroke in patients with bipolar disorder
This associatioomay be most prominent among the patiemtf bipolar disordemith higher
dose, longer duration, and higher raftdithium exposureln clinical practice, prevention of
stroke by monitoring and early intervention for relevant cerebrovascslarfactos is of
paramountsimportance for patiemsth bipolar disorder, since bipolar disorder itself is a risk
factor for stroke.Lithium treatment in patientsith bipolar disordermay be a reasonable
choice if the patient'does not have chronic kidney dis@dse lithium treatment duration or
timing of discontinuation may influendee associationvith therisk of stroke. As our study
design precludes causal inferenedufestudies arendicatedto clarify whether lithium exerts
protective effect an stroke drithe possibleunderlying mechanisms if such a protective effect
exists
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Figurelegends

Fig. 1. The produciimit survival estimates for stroke of the unmatched colibldzard ratio.
*p < 0.50, **p < 0.01.
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Fig. 2. The produciimit survival estimates for stroke of thgropensity scorematched

cohort.*Hazard ratio. *p < 0.50.
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Table 1. Characteristics of study participants

Variables Wlt_hOUt With lithium
lithium
(n=3046) (n=635)

Age, yearsmeant SD 445+ 17.2 36.0+ 13.7
Sex n (%)

Female 1800 (59.1) 335(52.8)

Male 1246 (40.9) 300 (47.2)
Diabetes mellitusn (%)

No 2849 (93.5) 624 (98.3)

Yes 197 (6.5) 11 (1.7)
Hypertensionn (%)

No 2561 (84.1) 602 (94.8)

Yes 485 (15.9) 33(5.2)
Hyperlipidemia n (%)

No 2886 (94.7) 621 (97.8)

Yes 160 (5.3) 14 (2.2)
Chronic kidney disease, n (%

No 3017 (99.1) 635(100

Yes 29 (0.9) 0 (0)
Coronary artery disease (%)

No 2882 (94.6) 625 (98.4)

Yes 164 (5.4) 10 (1.6)
Congestiveheart failurg'n’(%)

No 3004 (98.6) 630 (99.2)

Yes 42 (1.4) 5(0.8)
Typical antipsychoticsn (%)

No 882 (29.0) 76 (12.0)

Yes 2164 (71.0) 559 (88.0)

Atypical antipsychoticsn (%)
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Unmatched cohort

p-value

< 0.0001

0.0030

<0.0001

< 0.0001

0.0010

0.0140

< 0.0001

0.2270

< 0.0001

PSmatched cohort

Without o
o With lithium
lithium

(n=1250) (n=635)
37.0+14.3 36.0+13.7
692 (55.4) 335 (52.8)
558 (44.6) 300 (47.2)
1232 (98.6) 624 (98.3)
18 (1.4) 11 (1.7)
1185 (94.8) 602 (94.8)
65 (5.2) 33(5.2)
1221 (97.7) 621 (97.8)
29 (2.3) 14 (2.2)
1233 (98.6) 625 (98.4)
17 (1.4) 10 (1.6)
1243 (99.4) 630 (99.2)
7 (0.6) 5(0.8)
338 (27.0) 72 (11.3)
912 (73.0) 563 (88.7)

p-value

0.1610

0.2830

0.6260

0.9980

0.8740

0.7110

0.5520

<0.0001



No 1855 (60.9) 154 (24.3)  <0.0001 727 (58.2) 150 (23.6)  <0.0001

Unmatched cohort PSmatched cohort
Variables
Hazard ratiq95% CI) p-value Hazard atio (95% CI) p-value
Lithium 0.43 (0.26-0.71) 0.0010 0.39 (0.22-0.68) 0.0010
Age (10 years) 1.06 (1.05-1.07) <0.0001 1.07 (1.06-1.09) < 0.0001
Sex (maldemale) 1.32 (1.06-1.65) 0.0130 1.50 (0.98-2.32) 0.0639
Diabetes mellitus 1.87 (1.37-2.54) <0.0001 2.60 (0.87-7.78) 0.0872
Yes 1191 (39.1) 481 (75.7) 523 (41.8)  485(76.4)
Mood stabilizersn (%)
No 1949 (64.0) 185(29.1)  <0.0001 742 (59.4)  180(28.3)  <0.0001
Yes 1097 (36.0) 450 (70.9) 508 (40.6) 455 (74.7)
Incident stroke events, n (%)
No 2739 (89.9) 617 (97.2)  0.0030 1182 (94.6) 617 (97.2)  0.0100
Yes 307 (10.1)  18(2.8) 68 (5.4) 18 (2.8)

PS =propensity scoreSb. = standard deviation

Table2. Multivariate Coxproportional analyses for hazard ratio of stroke
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Hypertension 1.45 (1.12-1.89) 0.0055 1.56 (0.86-2.84) 0.1458
Hyperlipidemia 0.85 (0.57-1.26) 0.4139 0.70 (0.20-2.41) 0.5659
Chronic kidney disease 0.96 (0.42-2.19) 0.9125 - -
Coronary artery diseas 1.15 (0.82-1.61) 0.4114 1.29 (0.49-3.39) 0.6002
Congestive heart-failur 0.62 (0.27-1.42) 0.2599 0.59 (0.08-4.40) 0.6082
Typical antipsychotics 0.95 (0.74-1.22) 0.6784 0.81 (0.48-1.37) 0.4392
Atypical antipsychotics 1.05 (0.82-1.34) 0.6992 1.32 (0.80-2.19) 0.2792
Mood stabilizers 1.54 (1.19-1.97) 0.0008 2.23 (1.35-3.67) 0.0017
Cl = confidence.interval.
Table3. Adjusted hazard ratigsiR) of lithium dosage or duration for stroke in-Rfatched cohort
Variables Model 1 Model 2 Model 3
n Adjusted Adjusted Adjusted
95% ClI 95% ClI 95% ClI
Age (10 years) 1.07 (1.06-1.09f 1.07 (1.06-1.09% 1.07 (1.06-1.09%
Sex 151 (0.982.33) 152 (0.99-2.35) 1.48 (0.96-2.27)
Male 858
Female 1,027
Cumulative lithium dose
No use 1,250 1.00 Reference
< 60 DDD 86 0.61 (0.19-1.98)
60-359 DDD 151 0.49 (0.19-1.24)
360-719 DDD 75 0.58 (0.20-1.63)
> 720 DDD 323 0.25  (0.10-0.59)
Cumulative lithium exposure period
No use 1,250 1.00 Reference
< 60 days 179 0.70 (0.33-1.48)
60-359 days 181 0.35 (0.14-0.88¥
360-719 days 79 0.36 (0.09-1.51)
> 720 days 196 0.20  (0.06-0.64f
Lithium exposure rate
0 DDD/day 1,250 1.00 Reference
<1 DDD/day 24 1.05 (0.24-4.58)
1-2 DDD/day 67 0.19 (0.03-1.41)
> 2 DDD/day 544 0.39 (0.21-0.70¥
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Diabetes mellitus

Yes

No
Hypertension

Yes

No
Hyperlipidemia

Yes

No

Coronary artery disease

Yes
No
Congestive heartflure
Yes
No
Typical antipsychotic
Yes
No
Atypical antipsychotic
Yes
No
Mood stablizers
Yes
No

29
1,856

98
1,787

43
1,842

27
1,858

12
1,873

1,475
410

1,008
877

963
922

2.65

1.54

0.66

1.32

0.54

0.82

1.31

2.27

(0.88-7.98)

(0.85-2.81)

(0.19-2.28)

(0.50-3.48)

(0.07-4.09)

(0.49-1.38)

(0.79-2.18)

(1.38-3.72)

2.62

1.54

0.67

1.28

0.52

0.81

1.34

2.28

(0.87-7.87)

(0.85-2.82)

(0.19-2.29)

(0.49-3.38)

(0.07-4.03)

(0.48-1.37)

(0.81-2.21)

(1.39-3.74f

2.70

1.53

0.68

1.26

0.52

0.81

1.32

2.23

(0.89-8.13)

(0.84-2.80)

(0.19-2.39)

(0.48-3.33)

(0.07-3.98)

(0.48-1.37)

(0.79-2.19)

(1.35-3.67f

PS = propensity scor€| = confidence interval; DDD defined daily dose

% <0.001.
bp <0.01.

% < 0.05.
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