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Abstract

Background Venous thromboembolism (VTE) is a serious
disorder that may be complicated by pulmonary embolism
(PE). Case reports and observational studies published in the
early 1950s suggested that antipsychotic (AP) drugs may
represent a risk factor, while observational studies conducted
in the last 3 decades have provided conflicting results.
Objective The aim was to investigate whether AP drugs
increase the risk of VTE and PE, and to ascertain the risk
associated with first- and second-generation AP drugs and
with exposure to individual drugs.

Data Source Relevant studies were located by searching
MEDLINE, PubMed, EMBASE, PsychINFO, CINAHL and
Scopus up to March 2013. Reference lists of relevant papers
and previous review articles were hand searched for other
relevant studies.

Study Selection Based on the titles and abstracts of 1,386
citations, we identified 30 potentially relevant studies. Of
these, 17 studies were eligible for inclusion and were
included in the meta-analysis.

Main Outcomes and Measures The primary outcome
measure of this meta-analysis was the occurrence of VTE or

Electronic supplementary material The online version of this
article (doi:10.1007/s40264-013-0127-6) contains supplementary
material, which is available to authorized users.

C. Barbui (X)) - A. Cipriani

Section of Psychiatry, Department of Public Health and
Community Medicine, University of Verona, Policlinico GB
Rossi, Piazzale Scuro 10, 37134 Verona, Italy

e-mail: corrado.barbui @univr.it

URL: http://www.psychiatry.univr.it

V. Conti
Regional Centre for Pharmacovigilance, Lombardy Region,
Milan, Italy

PE in individuals exposed to AP drugs in comparison with
individuals unexposed or with past exposure to AP drugs.
Results  Antipsychotic exposure was associated with a sig-
nificant increase in risk of developing VTE [odds ratio (OR)
1.54, 95 % confidence interval (CI) 1.28-1.86, 11 studies].
Exposure to APs did not significantly increase the risk of PE
(OR 4.90,95 % CI0.77-30.98, three studies), but the overall
estimate was highly heterogeneous and the CI included the
possibility of substantial harm. Random-effects meta-ana-
lysis on the risk of VTE associated with exposure to first- (OR
1.74,95 % CI 1.28-2.37, six studies) and second-generation
(OR 2.07, 95 % CI 1.74-2.52, five studies) APs revealed an
increased risk. Only a few studies provided data on individual
drugs, and estimates of effect were very uncertain.
Conclusions Antipsychotic exposure in unselected patient
populations may be associated with a 50 % increase in the risk
of developing VTE. However, between-study heterogeneity
limits the confidence in this estimate. This increased risk
similarly applies to first- and second-generation AP drugs.

1 Background

Venous thromboembolism (VTE) is a serious disorder
affecting up to one in 1,000/2,000 adults annually [1]. It may
be complicated by pulmonary embolism (PE) and is associ-
ated with significant morbidity and mortality. Advanced age,
pregnancy, surgery, malignancies and other inherited and
acquired characteristics are known risk factors [2—4]. VTE
and PE may additionally be associated with use of medicines,
and several case reports and observational studies published
in the early 1950s and 1960s suggested that antipsychotic
(AP) drugs may represent a risk factor [5—12].

In 1997, Walker et al. [13] conducted an epidemiolog-
ical study suggesting that exposure to clozapine, an agent
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belonging to the group of the so-called second-generation AP
drugs (SGAs), significantly increased the risk of PE mortal-
ity. Since then, other epidemiological cohort and case—con-
trol studies have provided additional data on this association,
but still unclear is the magnitude of effect and whether all AP
drugs bear the same risk [12]. In 2011, a review of case—
control studies concluded that AP exposure was associated
with a more than doubled risk of VTE [14]. This finding
raised concerns among clinicians, and criticism among
researchers, as cohort studies were not included and crude
instead of adjusted data were pooled, possibly inflating the
relative estimate of the association [15].

Therefore, we planned a systematic review and meta-
analysis of epidemiological cohort and case—control studies
to investigate if AP drugs increase the risk of VTE and PE and
to ascertain the risk associated with first-generation AP drugs
(FGAs) and SGAs and with exposure to individual drugs.

2 Materials and Methods
2.1 Registration of Review Protocol

The protocol for this review was registered in advance with
PROSPERO (International Prospective Register of Sys-
tematic Reviews) [16].

2.2 Type of Studies

Studies were included if they were observational cohort or
case—control studies that reported all VTE or PE only
outcomes in individuals exposed to AP drugs (NO5SA group
excluding lithium of the Anatomical Therapeutic Chemical
Classification System) as compared with individuals
unexposed or with past exposure to AP drugs. Study par-
ticipants were of either sex and any age, with no restric-
tions in terms of diagnostic categories.

Included and excluded studies were collected following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram. Additionally,
because included studies were observational in design, we
followed the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) guidelines for the meta-analysis
of observational studies.

2.3 Search Strategy and Data Extraction

Relevant studies were located by searching MEDLINE,
PubMed, EMBASE, PsychINFO, CINAHL and Scopus up
to March 2013 using the terms ‘antipsychotic agents’,
‘antipsychotic drugs’, ‘antipsychotics’ AND ‘venous
thromboembolism’, ‘pulmonary embolism’, ‘deep venous
thrombosis’, ‘thrombosis’ (full search strategies reported in
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Electronic Supplementary Material 1). No language
restriction was applied. Reference lists of relevant papers
and previous review articles were hand searched for other
relevant studies. Two investigators (CB and AC) inde-
pendently examined all titles and abstracts, and obtained
full texts of potentially relevant papers. Working inde-
pendently and in duplicate, we read the papers and deter-
mined whether they met inclusion criteria. We resolved
disagreement by consensus, and extracted data indepen-
dently using an electronic spreadsheet. For all studies, we
extracted information on study design, source of data,
population characteristics, outcomes of interests, matching
and confounding factors.

2.4 Assessment of Risk of Bias

Two authors (CB and VC) assessed the risk of bias inde-
pendently. Since all the included studies were nonran-
domized and had a cohort or case—control design, the
Newecastle-Ottawa Scale (NOS) was used to judge study
quality, as recommended by the Cochrane Collaboration
[17]. This scale uses a star system to assess the quality of a
study in three domains: selection, comparability, and out-
come (cohort studies) or exposure (case—control studies).
The NOS assigns a maximum of four stars for selection,
two stars for comparability, and three stars for exposure/
outcome. Therefore, nine stars reflects the highest quality.
Any discrepancies were addressed by a joint revaluation of
the original article with a third author. We recorded the
review authors’ judgments about the three NOS domains
(selection, comparability and exposure or outcome) in the
Risk of Bias tool of the Review Manager software of the
Cochrane Collaboration. This tool allowed us to keep a
record of the background reasons for each judgment, and
was additionally used to produce a graphical representation
of quality ratings similar to that produced by Cochrane
reviews for randomized studies, as suggested by Wells
et al. [18].

2.5 Data Synthesis

The outcome measure of this meta-analysis was the
occurrence of VTE or PE in individuals exposed to AP
drugs in comparison with individuals unexposed or with
past exposure to AP drugs. The summary odds ratio (OR)
for exposure to AP drugs was the primary measure of
interest. Secondary measures of interest were exposure to
SGAs versus no exposure, exposure to FGAs versus no
exposure, and exposure to individual AP drugs versus no
exposure. When possible, we pooled adjusted relative risks
or ORs or hazard ratios, with their 95 % confidence
interval (CI), with the assumption that these are compara-
ble measures of association given that VTE and PE are
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relatively rare events [19]; otherwise we used raw data to
compute unadjusted ORs [20, 21]. Visual inspection of
graphs was used to investigate the possibility of statistical
heterogeneity. This was supplemented using, primarily, the
I-squared (/%) statistic. This provides an estimate of the
percentage of variability due to heterogeneity rather than
chance alone. According to Higgins and Thompson [22], a
rough guide to interpretation is as follows: /* around 25 %
represents low heterogeneity; I around 50 % represents
medium heterogeneity; I* around 75 % represents high
heterogeneity.

The results of studies were pooled and an overall esti-
mate of OR was obtained from a random effects model, as
this takes into account any differences between studies
even if there is no statistically significant heterogeneity
[23]. Publication bias was evaluated using funnel plot and
Egger’s regression test [24].

A summary of findings table was produced following
the methodology described by the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) working group [25] and the coding instructions
suggested by the World Health Organization [26].

2.6 Primary and Secondary Analyses and Meta-
Regression

The primary analysis included all VTE or PE studies
meeting the review inclusion criteria. Secondary analyses
were carried out to examine effect sizes when limiting the
analysis to the following subgroups of studies: elderly
participants; studies with nine stars on the NOS (high-
quality studies); studies that included only incident cases
and excluded patients at risk of VTE; studies without
autopsy design; studies employing a cohort design. Addi-
tionally, given the limited number of included studies, we

tested for possibly excessive influence of individual studies
using a meta-analysis influence test that eliminated each of
the included studies one at a time.

Unrestricted maximum likelihood random effects meta-
regression was used to find whether there was a relation-
ship between age and risk of VTE. All calculations were
done with Comprehensive Meta-Analysis version 2.

3 Results
3.1 Characteristics of Included Studies

Based on the titles and abstracts of 1,386 citations, we
identified 30 potentially relevant studies. Of these, we
excluded 13 studies for the reasons reported in the
PRISMA diagram (Fig. 1). Thus, 17 studies were eligible
for inclusion and were assessed for quality (Fig. 1) [13, 27—
42]. Of the included studies, 11 were case—control studies
[28, 30-34, 36-38, 40, 42] and six had a cohort design [13,
27, 29, 35, 39, 41]. Fourteen of the studies identified
patients from administrative databases, two used records of
autopsies and one used data from a previously performed
cohort study, the Leiden Thrombophilia Study (Table 1).
All studies included heterogeneous patient populations
without restrictions in terms of diagnostic categories, with
a focus on elderly subjects in three studies [33, 35, 39].
While the majority of studies employed VTE and PE
diagnostic codes as an outcome measure, in five studies,
only PE diagnostic codes were used (Table 1). In two of
these five studies, the outcome measure was fatal PE [13,
38]. Five studies included only incident cases and excluded
patients at VTE risk (Table 1).

Of the included studies, seven received nine stars on the
NOS, indicating low risk of bias (Electronic Supplementary

Fig. 1 Included and excluded
studies with reasons: PRISMA
flow-diagram. AP antipsychotic,
VTE venous thromboembolism

Records identified through
database searching
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Additional records identified
through other sources
(n=4)

L
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and VTE outcomes

¥

Full-text articles assessed Full-text articles excluded

for eI|_g|3t;I|ty » (n=13): no focus on AP and VTE
(n=30) (5 studies); lack of comparison
group (4 studies); wrong
v comparison group (4 studies)

Studies included in
systematic review
(n=17)

A\ Adis



C. Barbui et al.

82

Aunoo
KoueuZaxd I90UED ‘syjuow pue Xas ‘a3e uo paydjew ‘dsed [z€l
‘uoneoIpawt (skep 06 ¢ Joud ay) urygm S[ONUOD yoea 10j sjonuod uone[ndod Apms yrewuo(g (6002)
JUQLIND snoraaxd) AJuo sosed Koueugord ‘sormoery 066°6S pue uQ) pue LA Jo sisouSerp [onuod ur saseqeyep e 1
ON ‘K101S1Y [BOIPAIN $9pod DI asn jualIn)  Juaproul ‘s9X  ‘ewmen Jolew ‘A193ing Sased 666°S  ALA QWN-ISIY B M SJUANRJ  —AseO PAlSON [eOIPIIA uossuof
PIYNUIPI 1M [Ieap
SIUOAD Jo osned oy sem HJ woym
dd 6LT ur syuedionred :popnoxa S00T 01 T661 (1€l
‘sorsdoine QI9M SUONEBIIXOJUT pue saLm(ur WOIJ UIPIMS (8002)
J1SULI0J {papnjour a1om G9-8[ pade Apms ur sorsdojne e 1
ON X3s pue a3y S9pod DI Iedpoun ON ON Al ad uQWoM pue udw ur sarsdony  [0NUOI-ISB) JO SpI1029Y uossuof
600 01 8661 WO} payhuapl
QIom S[ONUOD paydjewt
PUB 66—-GT PITE HLA JO $osBD oseqeeq [og]
donoerd (uontuyop S[Onuod JuapIoUl ‘sSnIp Jy UoneIauad Kpms [oreasoy (1102)
[e1oua3 pue arep Iedoun) AJuo sased SLE -puodas pue -1s1y Jo syuardioar [onuod Qonoeld BLRE]
ON Xopul ‘Iopuad ‘afy Tedpoun oSN JUAIIND  JUSPIOUT ‘SOX Ied[oun puesased g[T  HLA Jo uonendod oseq © WoOL]  —OSEO PAISON [e1ouan) 3N omSmys|
Anuo Apnis 10ije (sore My
uonEdIpIUt ALA s1eak ¢ ‘ejep pozueindwod pue pue[sug) [62]
JuaLING ‘AI0ISTY Jo sosed Jo peoydn jse| ‘oonoed aseqeyep (1102)
[edIpow ‘snye)s (skep ¢ KoueuFaxd ‘s3nip 9GL b1 ) PIM uoneNsISaIop [o1easay ) oyl puerdno)
Supjows ‘xoput snoraaid) AJuo sased uone[ngeodnue [eIo ‘syuoned ‘yreap ‘LA Jo sisouserp [run Apmis 11000 woiy syuaned pue xo0D)
SO ssewr Apoq 93y $Opod DI oSN JUALIND  JUSPIOUT ‘S9X  JO osn ‘GILA JO AIOISTH 10Lv1€T  ALA Pamor[oJ $8—Gg pase syuaned aAnadsolg ored Arewnig -Korsiddryg
paynuapt
1om s[assaa Areuowrnd
Jofewr o) Jo uowiny oy
SIUQAD PAIIY 1Y) SNQUIOIY) QAISSBUL
Paynuapl a1om yreap qd v¢ Jo sased ‘yieap pajoadxoun 00T 01 8661 [szl
JO asned JYy) 0 paje[al ‘sarsdone uoppns Jo asned Ay} woiy uedep (+#002)
Xopur sseur sSurpuy J1 papnjoxa J1SUQI0J Jo uonesnsoAur 1oy pauriojrad Kpms ur sarsdoyne e 1
ON Apoq ‘1opuad ‘93y Iedpoun Ied[oun ON arom sarsdony STI'l ad uswom pue uaul ur sarsdoiny  [onuodI—-ose) JO sp102oy eyeURWRH
SIUOAD
xopup Hd v189L
Kypigiowo) fs10sn 900¢ Ieak oy Suunp
uosyIey) Yy dv-uou 9ou0 )sed[ I8 pazifendsoy [L2]
Jo syuouoduwod 900 Suunp 078°TLT'8T u29q pey oym JO UOTBI[NSUOD (Z102)
[enpIAIpur uondurosaid pue s1osn rendsoy e Surpuoype a5e jo Apnys 11040d srendsoy 00s NiRE]
ON ay) pue xas ‘9fy $9pod DI dv Auy ON ON dV 1S6°0SH dd  SIedk g1 I9A0 UOWIOM pue Ul  oAnoadsoney  wolj aseqeiep S Uy
papn[oxa
HLA
Kpms uonuyp snoraaxd papn[oxa
Kirenb so[qeLIeA QuwoNo amsodxo gy s $10308] S LA vonendod  owoo SOSLIRIORIRYD
-ysSiH pajjonuo) 10 9se)  JO uonmuye( syuedronteq yim syuedronred 01,  -nQ uone[ndog usisoq 901n0s vleqg Apmg

sSnp v 01 2imsodxd yym pajerdosse gd 10 LA JO JSLI oY) Sulssasse SAIPNIS [BUONEBAIISQO JO SONSLIdeIey) [ dqel,

A\ Adis



83

Antipsychotic Drugs and Venous Thromboembolism

asn 3nip
pue A)1prqiowod
‘erep Jo syjuowr

syuowr 9
snoraaid oy urgpm
Koueu3axd 10 ‘@rnjoely
quup Jomof Jo diy
‘K1931ms dy ‘anyrey
JBIPIED 9ANSTUOD

donoerd
pue ‘xas ‘O Iepuded
‘o3e £q sjonuod moj oy dn

‘uonedIpur w)sAs ‘oIS ‘SBISIP YA POYDIBW SBM 9SBD OB
yiresy uoneuLIOuL (s&ep 06 1189y ATEUOIOD S[OTU0D £L00T K[ pue 9661 Arenuer Apmys aseqejep [Lg]
[ejusw ‘snjess JIUO0IIJ snoraaxd) K[uo sased ‘100ued snoradxd 16%°68 pue udam)aq LA JO pIoda1 [o1nu0d ared Arewrnid 0102)
SOX STUIOU0II01I0S [o18asY O oSN JUAIIND)  JUIPIOUT ‘SO ‘ULIRJIEM JO OS[)  SOSBO 7EGGT  HLA  JOAQ ISIJ B YIIM (SOsed) sjuoned — —OSBO PAISON qoreosayd 3N e 10 IoIed
(dno13 [onuod) uorsuairadAy orqndoy
woIsAs ey Jo ‘(dnoid yooz)) oy [9¢]
uoneuLIOuL S[ONU0D ased) gd IO SISOqUIOIY) ur suoIssrupe (L00T)
JTUOIOJ[ (syoom §) A[uo sased ¥.T uroA-doop yym pazifendsoy Apnis Teydsoy NLRE]
ON ON s [eydsoyq oSN JUAIIN))  JUSPIOUT ‘S ON PpuESasEBd 997  HLA s1eak ()9—8] poSe sjuoned  [0NUOI—0SED) JO SpI1009Y jsndosey
sased
HLA 6€S
{SJuapIsaI
asn Snip posodxoun syyuowr 9
pue A)IpIqiowod suagonsa 1o 8L0CI1 :dn-mo[[oJ ‘s1esnuou SIS SN [sel
‘smyels 9ANIUS0d (sKep £ sjuoSe juen3eoonue pue 10 sSnIp JV JO sIosn mou QA UI SJUIPISAI (S002)
pue [euonouny snoraaid) Kuo sased M Juduiear) pasodxa Q1M OUM IOP[O IO sIedk G9 Apnis 110y0d Quwoy Sursinu RURE]
SOX  ‘xopur ssewr Apog Sopod DI oSN JUAIIN))  JUSPIOUT ‘S ‘100uRd ‘armyoery dry ov6'6T  HLA sjuopIsar owoy SursinN  9Andadsonoy Jo eseqeleq noxadry
(19pua3 pue d3e uo payojew)
uoneLIBA KoueuSi[ew 9ANOR pue plem owes ay) ur pazieydsoy
quad VO1207D ‘sypuowt ¢ Jsed oy ur sjuaned JO 19)S0X Y} WOI)
urquioxyjoid $159) uorssrupe K1oa1op 10 AoueuSord P9109[9s SeM [OTJUOD JUO “SBD Qouery
pue aAndRlqo + Jo owun ‘sypuowt ¢ Jsed oy ur S[ONU0D [oea 10y ‘gLA onewoidwis ur suoIssrupe [¥€]
uopIoT A JIojoey sisougerp oYy Je s3nip 1sed 19)serd ‘sypuowr ¢ LL9 PAIUOWINIOP-[[oM © Apmys rendsoy jo (L00T)
SOX  ‘xopur ssewr Apog [eorur[)  JO 9sn jualn)) ON jsed oy ur 108Ing  pue sesed //9  HLA Wia pazieydsoy sjuoned Jnpy  [0)U0d-ase) SPI0JAI [BOIPAJN  Te 39 OB
(aseqejep oy ur uonensigal
JO uoneInp pue ‘xa3s ‘ofe
uo payodrewr) 110yod ansodxad
QY WoIj Pajod[es Auopuer
QI0M S[ONUOD INOJ ‘SBD OB SPUBLIOYION
103 ‘qLA Jo sisouSerp [eydsoy Q) UT SJUIPISAI
Arewnd e yim syuaned 000°0S6
(shep © S[OUO0D asoy) a1om sased ‘uondrrosard Apnys SuL19A00 [g€]
asn Snip snojaaid) GZIv pue dV QU0 1SBI[ JB IIM I9p[O [onuod aseqeiep 0102)
SOX pue KjIprgiowo)) Sopod QDI asn juaxIn) ON ON sased 70T ALA 10 sIBAA ()9 paSe JI0Yod B U]  —3SBO PAISIN OIWMVHd Te 30 1oftory]
Papn[oxa
dLA
Kpmys uonruyap snoraaid papn[oxad
Ayrenb S9[qELIBA QWo9INO amsodxd gy s $10J9®J S LA uonendod  owod SOI)SLIA)ORIRYD
-yS1 pajonuo) 10 9se)  JO uonIuyaq sjuedronreq piw sjuedronred [®oL  -nQ uone[ndog uStsoq 90IN0S ele([ Apmg

penunuod T dqe],

A\ Adis



C. Barbui et al.

84

WISI[OqUI20qUIOIY) SNOUdA F A ‘wsijoquio Areuownd 74 ‘soseasi Jo UONBIYISSE[D [euonewtaiu] )7 ‘Onoyoksdnue gy

SIOPIOSIP asn
QouEISqNS pue [0YodTe
‘oposide onoyoAsd
‘15019108 o[dnnu
‘SIS0IQY O1SAD
‘SmI[[oW $9319qeIp
‘Asdoride ‘amyrey reuax
‘I0URD ‘uonoIeJuUI
[erpresoAw ‘aInrej

qep

Xapul pue ‘papuane sonoeid
[e10Ud3 ‘xS ‘oFe uo paydrewr
PI1II[S 2IOM S[OUOD

asn 3nip 1189y 9A1ISO3U0D pue ‘GLA Jo sisouderp
pue £)1pigiowod ‘saryedongeod QWIN-ISIY B YIIM S[enpIAIpUI aseqereq [cv]
‘Xopur sseut $159) 9A1}O3[qO0 ‘K1931ns S[OJUOD Q1om sased ‘uonerndod Apnys [oIBasay (0002)
Apoq ‘smyess M PAEpPIBA (sKep (09) Auo sased ‘Koueugaid ‘ewnen 891 SIY) woltj ‘{Jy 03 pasodxa [onuod donoeld YoI[ pue
so  Sunjows ‘xas ‘afy $9p0d DI asn JUAIIND  JUSPIOUT ‘SO X ‘09 I9AO S[ENPIAIPU]  PUE SASBO Tf  HLA SIEOA ()9> UQWIOM pUE USJ  —OSED PRISON [e1ouan) 3N S1oquioyz
S[oNuod
poesodxaoun
T8T°0¢ pue
ouidezoro [1¥]
(uonmuyap 0) pasodxa SUOIoBaI SNIp ISIOAPE PUB[IOZIIMS (0002)
Ieaoun) syuonedur QI0A3s 10} palojruow s[eydsoy Apmis 110402 pue Aueuiron e 1
ON ON Iedpoun asn JuaLIn) ON ON 180°€l  ALA oweiyaAsd g¢ jo syuanedug aAnoadsolg ur saseqereq UIdIS[O M
(#6—01 dnoi3 oFe) amsodxo [e1]
sjuanyed jsed ur sojer yym ainsodxo Ansi3oy (L661)
age pue xos (skep $1) QqI31e ad ourdezo[o Ju9d9I PuE JUALIND Apms 110402 [euoneN e 1
ON ‘Kyroruyyg $9p0d DI asn JuarIn ON $G I0AO S[eNpIATPU] TLOLY  Tereq ur paredwoo sem g [eie]  oanooedsonoy [rezor) SN oMM
xas pue a3e uo Apmg [ov]
$159) (uonuyap s[onuod PayojewW S[ONUOD Pue (SAsed) eirydoquuoay g, (1002)
QANY3[qQO YIM Iegoun) Kuo sased 0L 1oA0 LY ALA Jo aposida js1y & yim Apmys udpI RURE]
ON Iedoun  pajepIeA LA oSN JUAIIND  JUSPIOUT ‘S9X  S[ENPIAIPUT pUE IodUB))  PUE SaSed p/  HILA sjuenedino Jo saseo JUOPIOU]  [OIU0I-3sE)) oy) woIy vle  UASSeWOY],
asn 3nip (Anua
pue K)prqiowod Apmys pasodxa
‘uonezifeyndsoy 0} Joud J0U €€0‘CE dnoi3 [onuod jJuaIdyar
Joud syIuowr 9¢ pue gy o) ‘souowrioy jusuraoeydor epeue)
JuadalI ‘AIoe] (skep 081 unm 0} pasodxa p1o1Ay) 10 s3nIp Jv Joylre ‘oLeIu0 [6€]
[enuapIsal snoraaxd) ALA Ou) S[enpIAIpur paquiosard AJOAISN[OXd T9AO Apmis 110402 ur saseqerep (2002)
SOX  ur SurAl] ‘xes 93y S9p0d DI asn juern) SOSEO MON  ULIRJIEM JO dsn ‘Iadue)) $16CC  ALA pue s1eak G9 page s[enpiaipup  aandadsonoy QANENSIUTWPY ‘e 10 Aey
Aydes3or3ue Po109[as 2IoM ‘YMIq
10 sueds Jo 1edK pue X9s 10J payoreur pueeaz
Kdexoy) uorsnjrod ‘SJONUOD INOJ ASBd [IBd MON UI SPI0JAI
Juouraoeydar -UOTIB[IIUAA 10J ‘Fd TereJ jo sisouSerp e Tendsoy
quouLioy pue asn ‘Ksdoxoou YIM 8661 19qUI0J PUB 0661 pu® S$9)BOYILID
aandooenuod s (skep 06 S[onuod Krenue[ usomioq paIp oym yreap [8¢]
[e10 uonepIfeA snoraaxd) 00€ ad SIBOA 6G—G] poSe uowom pue Apms ‘sp102a1 9d110d (€002)
ON  pouiquod ‘JySrop\  pue sapod DI asn JuarIn ON ON  pue sased G/ [eje] UQW PUB[EIZ MAN 9JOM SIsB)  [ONU0I—-3se)) pue S10U0I0D)  Te 10 UnjIed
papn[oxe
dLA
Kpms uonuyop snotaaxd papn[oxo
Ayrenb S9[qELIBA QWo9INO amsodxd gy s $10108] YSU LA uonendod  owod SONSLISIORIRYD
-ySig pajjonuo) 10 9se)  Jo uonmuye( syuedronteq yim syuedronreg 0L  -nQ uone[ndog ugisoq 901n0s vleqg Apmg

panunuod | Jqe],

A\ Adis



Antipsychotic Drugs and Venous Thromboembolism

85

seiecion [N |
comparavitty [
Exposure or outcome [N I

F

0%

25% 50% 75% 100%

|.Luwriskofhias [[Junciearrisk otvias [l High riskofhias'

Fig. 2 Risk of bias graph: review authors’ judgments about each
domain of the Newcastle-Ottawa Scale presented as percentages
across all included studies

Material 2). Comparability of cohorts, or comparability of
cases and controls, was judged to be at high risk of bias in
eight studies, and in one study, it was unclear if the outcome
of interest was present at the start of the study (Fig. 2 and
Electronic Supplementary Material 3).

3.2 Antipsychotics and Risk of PE and VTE

The distribution of studies by estimate of the association
between AP exposure and risk of PE or VTE outcome is
plotted in Fig. 3. Three studies provided data suitable for
analysis of PE outcomes, and 11 studies (12 comparisons)
provided data suitable for analysis of VTE outcomes.
Significant heterogeneity was detected among studies
belonging to both groups (Fig. 3).

Table 2 presents the results of meta-analyses carried out
under different assumptions. Three studies provided data
suitable for analysis of the risk of PE outcomes. Exposure
to APs did not significantly increased the risk of PE

(random effect OR 4.90, 95 % CI 0.77-30.98, I* = 92 %),
but the overall estimate was highly heterogeneous and the
CI included the possibility of substantial harm. However,
eliminating each of the three PE studies from the analysis
affected the overall treatment estimate: after removing
Allenet et al. [27], the two remaining studies showed a
statistically significant increased risk (two studies, random
effect OR 11.09, 95 % CI 4.73-26.03, I> = 0.0 % indi-
cating no evidence of heterogeneity) (Table 2).

Eleven studies (12 comparisons) provided data suitable
for analysis of the risk of VTE outcomes. Exposure to APs
significantly increased the risk of VTE (random effect OR
1.54, 95 % CI 1.28-1.86, I* = 84 % suggesting high het-
erogeneity) (Table 2). Although Egger’s regression test did
not show statistically significant asymmetry, visual
inspection of the funnel plot suggested that there might be a
lack of small studies that failed to show an excess risk
associated with AP exposure (Electronic Supplementary
Material 4). The sensitivity analysis that included studies
with only elderly participants failed to detect an association
between AP exposure and VTE outcomes (Table 2). By
contrast, limiting the analysis of VTE outcomes to high-
quality studies, or to studies that included only incident
cases and excluded patients at VTE risk, did not substan-
tially affect the primary analysis (Table 2). Similarly,
excluding autopsies studies and excluding case—control
studies provided overall treatment estimates consistent
with the primary analysis. Additionally, eliminating each
of the included studies from the analysis had no effect on
the overall risk of VTE.

Study name Outcome Odds Lower Upper OR and 95% ClI

ratio limit limit
Allenet 2012 [27] PE 117 1.13 1.21 [j
Hamanaka 2004 [28] PE 10.49 3.95 27.85
Parkin 2003 [38] PE 13.30 2.30 76.30 ]
Heterogeneity Q-value = 26.74, p < 0.001, I-squared = 92%
Kleijer 2010 [33] VTE 0.90 0.73 1.10 E[fj
Ray 2002 [39] VTE 1.10 095 1.27
Liperoti 2005 [35] VTE 1.25 0.99 1.56 2
Parker 2010 [37] VTE 1.32 119 147 ]
Hippisley-Cox 2011 [29] (women) VTE 1.55 1.32 1.81 o
Hippisley-Cox 2011 [29] (men) VTE 1.84 1.51 2.23 O
Jonsson 2009 [32] VTE 1.87 1.53 2.28 o
Ishiguro 2011 [30] VTE 2.1 0.68 6.75 ]
Masopust 2007 [36] VTE 2.76 1.01 7.55
Lacut 2007 [34] VTE 3.70 1.90  7.10 -
Zornberg 2000 [42] VTE 7.10 2.30 21.90 -1
Thomassen 2001 [40] VTE 9.07 0.48 169.05
Heterogeneity Q-value = 68.13, p < 0.001, |-squared = 84%

0.01 0.1 1 10 100

Decreased risk Increased risk

Fig. 3 Forest plot on the risk of venous thromboembolism (VTE) or pulmonary embolism (PE) associated with exposure to antipsychotics
versus no exposure to any antipsychotic. CI confidence interval, OR odds ratio
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Fig. 4 Meta-regression on the effect of age on the Log odds ratio for
the risk of venous thromboembolism associated with exposure to
antipsychotic drugs. Each circle represents a study. Slope = —0.0129,
Q0 =68.13, df = 11, p < 0.001

The meta-regression with average age as a moderator
and the risk of VTE as a dependent variable suggested a
higher effect of AP exposure on the risk of VTE among
adults and a decreased effect among elderly individuals
(Fig. 4).

3.3 First- and Second-Generation Antipsychotics
and Risk of PE and VTE

Random-effect meta-analysis on the risk of VTE associated
with exposure to SGAs revealed an increased risk (five
studies, random effect OR 2.07, 95 % CI 1.74-2.52,
P =0.0 % indicating no evidence of heterogeneity)
(Fig. 5). Similarly, random-effect meta-analysis on the risk
of VTE associated with exposure to FGAs revealed an
increased risk (six studies, eight comparisons, random
effect OR 1.74, 95 % CI 1.28-2.37, P =78% indicating
high heterogeneity) (Fig. 6).

Table 3 presents the results of random-effects meta-
analyses on the risk of VTE or PE associated with exposure

to individual AP drug. Only a few studies provided data on
individual drugs, and substantial heterogeneity was
observed for most of these analyses (Table 3).

Using GRADE methodology, the overall quality of
evidence was rated as very low, meaning that estimates of
effect were very uncertain, with the exception of the evi-
dence on the risk of VTE associated with SGAs, which was
rated as low, meaning that further research may have an
important impact on our confidence in the estimate (Elec-
tronic Supplementary Material 5).

4 Discussion

Current epidemiological evidence suggests that AP expo-
sure in unselected patient populations may be associated
with a 50 % increase in risk of developing VTE. However,
between-study heterogeneity and concerns about compa-
rability at baseline for some of the included studies limit
the confidence in this estimate. In addition, AP exposure
may substantially increase the risk of PE, as suggested by a
high overall estimate, but high heterogeneity and low sta-
tistical power accounted for a wide and nonsignificant CI.

These results, generated by pooling adjusted risk esti-
mates from cohort and case—control studies, mitigate the
findings from a previous meta-analysis of crude estimates
from case—control studies, which showed a considerable
increase in the risk of VTE associated with AP exposure
[14]. VTE is associated with a number of different risk
factors, and possibly none of the included studies was able
to fully adjust for the presence of all these factors in the
statistical analysis [15]. Therefore, we cannot rule out the
possibility that the small increase in risk that we observed
in this review might be explained by residual confounding.

Study name Comparison Outcome  Odds

ratio  limit
Ishiguro 2011 [30] SGA VTE 143  0.71
Parker 2010 [37]  SGA VTE 185 1.36
Jonsson 2009 [32] SGA VTE 2.32 1.64
Liperoti 2005 [35] SGA VTE 2.43 1.69
Lacut 2007 [34] SGA VTE 270 070

207 1.74

Heterogeneity Q-value = 2.88, p = 0.578, I-squared = 0.0%

Lower Upper

OR and 95% ClI
limit

2.90 ]
2.51
3.28
3.49

10.00

2.52

0.1 0.2 05 1 2 5 10

Decreased risk Increased risk

Fig. 5 Random-effect meta-analysis on the risk of venous thromboembolism (VTE) associated with exposure to second-generation
antipsychotics (SGAs) versus no exposure to any antipsychotic. CI confidence interval, OR odds ratio
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Study name Comparison Outcome ?:t?:
Ishiguro 2011 [30] FGAs VTE 0.97
Liperoti 2005 [35] FGAs VTE 1.00
Parker 2010 [37] FGAs VTE 1.26
Jonsson 2009 [32]  FGAs, High-potency VTE 1.71

Jonsson 2009 [32]  FGAs, Low-potency VTE 2.14
Zornberg 2000 [42] FGAs, High-potency VTE 3.30
Lacut 2007 [34] FGAs VTE 4.10
Zornberg 2000 [42] FGAs, Low-potency VTE 24.10

1.74

Heterogeneity Q-value = 31.50, p < 0.001, |-squared = 78%

Lower Upper

limit  limit OR and 95% ClI

0.50 1.89

0.57 1.78

1.18 1.40

1.31 2.23

1.43 3.20

0.80 13.61 0

210 820 —
3.30 172.70

1.28 237 ‘

0.1 0.2 05 1 2 5 10

Decreased risk Increased risk

Fig. 6 Random-effect meta-analysis on the risk of venous thromboembolism (VTE) associated with exposure to first-generation antipsychotics
(FGAs) versus no exposure to any antipsychotic. CI confidence interval, OR odds ratio

Table 3 Random-effects meta-analyses on the risk of VTE or PE associated with exposure to individual AP drugs

Individual AP drug ~ Number of Outcome OR with 95 % CI P value P Study

studies
Aripiprazole 1 PE 0.98 (0.83-1.15)
Chlorpromazine 2 PE and VTE 1.52 (0.87-2.66)
Clozapine 3 PE and VTE 1.53 (0.94-2.52)
Clozapine-quetiapine 1 VTE 4.88 (2.03-11.72)
Haloperidol 2 PE and VTE 1.35 (0.90-2.02)
Olanzapine 3 PE and VTE 1.35 (0.97-1.89)
Quetiapine 2 PE and VTE 1.79 (0.49-6.52)
Risperidone 3 PE and VTE 1.51 (0.96-2.36)
Ziprasidone 1 PE 1.21 (1.06-1.34)
AP polypharmacy 2 VTE 2.50 (0.68-9.10)

0.808 - Allenet et al. (2012) [27]
0.135 84 % Allenet et al. (2012) [27], Parker et al. (2010) [37]

0.086 14 % Allenet et al. (2012) [27], Walker et al. (1997) [13],
Wolstein et al. (2000) [41]

<0.001 - Liperoti et al. (2005) [35]
0.142 66 % Allenet et al. (2012) [27], Parker et al. (2010) [37]

0.073 59 % Allenet et al. (2012) [27], Liperoti et al. (2005) [35],
Parker et al. 2010 [37]

0.374 93 % Allenet et al. (2012) [27], Parker et al. (2010) [37]

0.071 91 % Allenet et al. (2012) [27], Liperoti et al. (2005) [35],
Parker et al. (2010) [37]

0.003 - Allenet et al. (2012) [27]
0.165 86 % Liperoti et al. (2005) [35], Parker et al. (2010) [37]

AP antipsychotic, CI confidence interval, OR odds ratio, PE pulmonary embolism, VTE venous thromboembolism

We note, however, that it is also possible that the true
effect might be higher than that estimate here, as differ-
ential case definition, i.e. inclusion/exclusion of partici-
pants with VTE risk factors, inclusion/exclusion of incident
cases, and differential definitions of AP exposure, might
have mitigated the harmful effect of drug exposure.

The increased risk associated with AP drugs was higher
in studies carried out in younger populations as compared
with studies carried out in older populations. This is a
challenging finding, as the epidemiology of VTE in the
population shows a progressive rise in incidence with
increasing age [37], possibly because older people have
more comorbidities, risk factors, and other proximate

A\ Adis

causes for VTE. Since many of these studies did not strictly
restrict themselves to idiopathic cases regardless of age,
case definition might be an explanation for the difference in
results; it is possible that in late life, when the absolute
baseline risk is high, AP exposure adds little relative risk;
by contrast, in younger age, with lower absolute baseline
risk, AP exposure may become a more evident risk factor.
Additionally, it may be of interest to check if the biological
mechanisms potentially involved in the pathogenesis of
this adverse reaction act differently in different age groups.
So far several mechanisms have been suggested, including
drug-induced sedation, obesity, increased levels of anti-
phospholipid antibodies, enhanced platelet aggregation,
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hyperhomocysteinaemia and hyperprolactinaemia [12, 43,
441, but the exact mechanism has not been clarified yet.

Some limitations of this analysis should be acknowl-
edged. Studies were quite heterogeneous in terms of
design, criteria to define exposed and non-exposed cohorts,
definition of cases and controls, comparability at baseline
and outcome assessment. Patient populations were simi-
larly heterogeneous, as studies did not select specific
diagnostic groups, and this affected the exposed cohorts as
well as the unexposed groups. In some cohort studies, for
example, the unexposed group included individuals who
had never been exposed to AP drugs, while in other cohort
studies the unexposed group included individuals who had
been exposed to AP drugs in the past. Clearly, this dif-
ference may have a relevant impact in terms of the overall
risk estimate, as in the latter case all study individuals
shared the key characteristic of being exposed to AP drugs.

These considerations would suggest the need for
additional observational studies with enough statistical
power to allow stratification by age and individual AP
drugs, and with careful consideration given to adjustment
and group comparability. For example, limiting the study
only to individuals who were exposed to AP drugs would
make the sample of included individuals more homoge-
neous. With such a design, it might be possible to
ascertain if different levels of AP exposure, say, for
example, occasional use, frequent use and long-term/
chronic use, predict the outcome of interest. The reference
group would this way include individuals who have been
exposed to AP in the past rather than individuals who
have never been exposed.

This systematic review has implications for practice and
policy. Physicians should consider that current best evi-
dence shows a small but statistically significant increased
risk of VTE in individuals exposed to AP drugs, and this
risk similarly applies to FGAs and SGAs. Policymakers
and guideline developers should consider that for many
tolerability questions evidence in the form of randomized
trials is not available, and that epidemiological studies
cannot easily be described using the templates suggested
by guideline developers, such as, for example, GRADE
tables [26, 45]. A risk therefore exists of omitting the
contribution of nonrandomized research in the develop-
ment of clinical recommendations, which would represent
a major source of bias. In the present study, we showed that
it is feasible to summarize the evidence base into GRADE
tables following the same logic that is applied to the pro-
duction of GRADE tables for randomized evidence. This
may be a useful tool for synthesizing and presenting
observational evidence on the harmful effects of interven-
tions, to be used as supporting material by policymakers
and guideline developers when making policy decisions or
drafting clinical recommendations.

5 Conclusions

Our findings suggest that AP exposure may be associated
with a 50 % increase in the risk of developing VTE. This
increased risk seems to similarly apply to FGAs and SGAs,
with sparse and inconclusive data on individual AP drugs.
We note that statistical heterogeneity, overall study quality
and concerns about comparability at baseline limit the
confidence in these estimates. Future studies investigating
this compelling association should carefully consider group
comparability, adjustment for confounders and statistical
power, focusing on risk estimates associated with individ-
ual AP drugs and on outcome measures that consider VTE
but also PE outcomes.
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