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Current antipsychotic agent use and risk of
venous thromboembolism and pulmonary
embolism: a systematic review and meta-
analysis of observational studies
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Abstract

Background: Antipsychotic agents (APS] are widely used drugs to treat psychotic symptoms
and can effectively reduce both positive and negative symptoms of schizophrenia. For decades,
some studies suggested that there is a relationship between using APS and the risk of venous
thromboembolism (VTE] and pulmonary embolism (PE). However, results remain inconclusive.
Method: This review has been registered in International Prospective Register of Systematic
Reviews (PROSPERO, ID: CDR42020155620). Relevant studies were identified among observational
studies published up to 1 October 2019 in the databases MEDLINE, EMBASE, and Cochrane
Library. Random or fixed-effects models were used to calculate the pooled odds ratio (OR).
Results: In total, 28 observational studies were included. The results showed that compared
with non-users, current APS users have significantly increased risks of VTE [OR 1.55 95%
confidence interval (Cl) 1.36, 1.76] and PE (OR 3.68, 95% CI 1.23, 11.05). Subgroup analyses
suggested that new users were associated with a higher risk of VTE (OR 2.06, 95% CI 1.81,
2.35). For individual drugs, increased risk of VTE and PE was observed in taking haloperidol,
risperidone, olanzapine, prochlorperazine but not in chlorpromazine, quetiapine or
aripiprazole. However, careful interpretation is needed because of high heterogeneity among
studies and scarce data.

Conclusion: The present comprehensive meta-analysis further indicates a significantly
increased risk of VTE and PE in current APS users compared with non-users. Subgroup
analyses suggest that new users are more likely to develop VTE. However, due to significant
heterogeneity among studies, conclusions should be considered with caution.

Keywords: antipsychotic agents, meta-analysis, pulmonary embolism, systematic review,
venous thromboembolism
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Introduction

Antipsychotic agents (APS) are a group of drugs
with a wide range of indications used mainly for
psychotic symptom treatment, and are recom-
mended for treating schizophrenia, bipolar disor-
der, resistant depression, autism spectrum
disorder, Tourette’s disorder er al.l** Most APS
can effectively reduce both positive and negative

symptoms of schizophrenia.> However, as APS
use is widespread, the safety of APS must be con-
sidered. The life expectancy of schizophrenia
patients has been shown to be 14.5years less than
that of the healthy population,® and sudden unex-
pected death was found to be correlated with
multiple APS in a meta-analysis.” Pulmonary
embolism (PE) is a severe condition that can lead
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to sudden death and can be caused by a venous
thromboembolism (VTE) that has broken free
from the vein wall.

Many cases of sudden death caused by PE related
to APS exposure have been reported for dec-
ades,®12 but the relationship between APS usage
and risk of VTE and PE is still controversial. The
first epidemiological study of APS associated with
VTE risk was conducted by Walker ez al. in 1997,
showing that current clozapine exposure related
to a five-fold increase in risk of fatal PE compared
with past exposure to clozapine.!? Thereafter,
Zornberg and Jick performed a nested case-
control study to investigate whether any APS
have an influence on VTE and concluded first-
generation antipsychotic medication (FGA)
exposure increased the risk of VTE significantly.!4
However, a few studies failed to recognize this
association.15:16 To identify the precise VTE and
PE risk in APS users, Zhang et al. conducted a
meta-analysis of seven case-control studies, indi-
cating that the risk of VTE was increased 2.39-
fold in APS users.!” Afterward, Barbui ez al
performed a systematic review and meta-analysis
of 17 observational studies in 2014 and ascer-
tained that APS users were at higher risk for VTE
[odds ratio (OR) 1.54, 95% confidence intervals
(CIs) 1.28-1.86] than non-users but not for PE
(OR 4.90, 95% CIs 0.77-30.98). More pro-
nounced VTE risk was found for both FGA (OR
1.74,95% ClIs 1.28-2.37) and second-generation
antipsychotic medication (SGA) (OR 2.07, 95%
CIs 1.74-2.52).18 Moreover, the same group of
researchers conducted a nested case-control study
and updated the meta-analysis to suggest that
APS users have a higher risk for PE (OR 3.68,
95% CIs 1.22-11.07).1° However, high heteroge-
neity of included studies limited the reliability of
the practice. Recently, a meta-analysis updated
this risk to 1.53-fold for VTE and 3.69-fold for
PE?° but failed to include several observational
studies.!321-25 Jn addition, studies that have
recurrent VTE as the outcome were not included
in the analysis.26-28

Thus, a comprehensive meta-analysis of all obser-
vational studies is needed to ascertain the correla-
tion of APS with VTE and PE risk. Studies with
recurrent VTE risk as the outcome were also eval-
uated in subgroup analysis. Furthermore, VTE
risk associated with APS of different types, poten-
cies, doses, usage durations, and individual APS
exposure were also assessed to provide more
information on clinical practice.

Methods

Data sources and searches

This review has been registered in PROSPERO
(International Prospective Register of Systematic
Reviews, ID: CDR42020155620)%° and con-
ducted by Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)3° and
Meta-Analyses of Observational Studies in
Epidemiology (MOOSE).3! Articles published up
to 1 October 2019 in the databases MEDLINE,
EMBASE, and Cochrane Library were searched.
The keywords used in the search were “antipsy-
chotic agents,” “antipsychotic drugs,” “antipsy-
chotics” AND “thrombosis,” “deep venous
thrombosis,” “venous thrombosis,” “pulmonary
embolism,” and the full electronic search strategy
is in the supplemental materials. In addition, fur-
ther relevant studies were found in the references
of retrieved articles.

» <«

Eligible criteria and quality assessment

The following inclusion criteria were used to
select eligible studies: (1) observational design,
(2) APS users versus a non-users group, (3) evalu-
ation of the relationship between APS and risk of
VTE and PE, (4) Risk ratios (RR), ORs, or haz-
ard ratios (HR) with corresponding CIs were
reported or these values could be calculated with
sufficient information.

Two authors (LYZ and X]) independently
selected the eligible studies following the criteria
above and assessed the quality of included studies.
As recommended by the Cochrane Collaborations,
the Newcastle-Ottawa Scale (INOS) was used to
assess the methodological quality of the included
studies. A study with a below-average NOS score
was defined as low quality, and a study with a
NOS score at or above the average was defined as
high quality.

Data extraction

Two authors (LYZ and X]) extracted data inde-
pendently, and discrepancies were resolved through
discussion with the third author (XY). Data related
to the characteristics and reported results of each
study were extracted. The following data were
extracted: study name, data source, study design,
study population characteristics, total population,
ascertainment of APS exposure, outcome, defini-
tion of outcome, VTE risk factors exclusion, con-
trolled variables, raw data, unadjusted OR, RR or
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HR with corresponding 95% CIs and adjusted OR,
RR or HR with corresponding 95% ClIs in the
analysis.

Statistical analysis

Review Manager (RevMan) Version 5.2 software
was utilized for all statistical analyses. The occur-
rence of VTE or PE in current APS users com-
pared with unexposed individuals or past APS
users was the outcome measure of this analysis.
Adjusted ORs, RRs, or HRs with their corre-
sponding 95% CIs were synthesized for analysis.
Moreover, raw data were also used to calculate
unadjusted ORs. Because the outcome of interest
was rare, the OR, RR, and HR can be regarded as
equivalent. The inverse variance method was used
for combining studies, and both fixed and ran-
dom-effects models were performed for pooling.
Heterogeneity was assessed by Cochran’s Q chi-
square test and I? index.3? When I? value was
above 50% and p=<0.1, there was considered to
be significant heterogeneity among the study
results, and a random-effects model was per-
formed for pooling. Otherwise, a fixed-effects
model was used. Subgroup meta-analyses were
performed according to the following: (1) recur-
rent VTE, (2) cohort study design, (3) case-con-
trol study design, (4) high quality of study
methodology, (5) gender, (6) age, (7) psychiatric
disorder category, (8) types of APS (FGA only,
SGA only, combined), (9) duration of current
APS use [new users (defined as participants who
had no APS prescription from the current usage
time window to at least 1year before the index
date), continuing users (defined as exposure to
APS during both the current usage time window
and from the current usage time window to at
least 1year before the index date)], (10) potency
of APS (high potency, low potency), (11) dose of
APS, and (12) individual APS. Sensitivity analysis
was performed by eliminating one study in turn to
estimate the stability and reliability of the results
of the meta-analysis. Publication bias of the
included studies was investigated by funnel plot.

Results

Search results

The three databases were searched by using the
keywords, and a total of 2275 potentially relevant
articles were identified after duplicates were
removed. Of all these articles, 2202 were excluded
by the screening of titles and abstracts. Of these, 19

articles are conference abstracts, 116 articles are a
letter or note, 352 are case reports, 685 are reviews,
and 1030 articles are obviously not relevant.
Thereafter, 73 articles were included in the full-text
assessed. Of these, 45 studies were excluded
because of the reasons reported in the diagram
(Figure 1). Therefore, 28 studies!3-16:19,21-28,33-47
were eligible for inclusion and quality assessment.

Characteristics of included studies

Table 1 shows the characteristics of the 28
studies included in the meta-analysis. Of all
the included studies, 17 were case-control
Studies,14’16’19’21’22’24’33_35’37_42’45’46 Of Wthh nine
had a nested case-control design.1416,19,21,40-42,45,46
Eleven were cohort studies.!315:23:25-28,36,43,44.47 Tp
terms of data sources, 20 studies identified patients
from databases’l3—16,l9,21,23,25,26,28,36,37,40—47 four
studies identified patients from hospital medical
records,?2:2427:38 two used autopsy records,3>3° one
study used both police records and hospital
records,?* and one used previous cohort study data.
The patient populations of most of these studies
were heterogeneous, and diagnostic categories were
not restricted. In addition, two studies included
dementia patients only,*:47 six studies focused on
elderly patients,13:36:41:4547 gnd two studies focused
on female APS users,?34 of which one study
included menopausal women?® and the other study
focused on pregnant women.23 While the majority
of included studies ascertained VITE and PE by
diagnostic codes, six studies used PE diagnostic
codes only,!3:19:34,:35,39,44 gnd 18 studies excluded or
controlled mainly confounding factors of VTE and
PE.14—16,19,21,23,27,28,34,36,37,40-43,45—47 ’Ihree Studies
employed recurrent VTE as the outcome. One
study is a re-analysis of the Leiden Thrombophilia
Study (LETS), a case-control study on patients
with venous thrombosis, rather than a case-control
design directly for the purpose on the VTE risk of
antipsychotics. Supplemental materials show the
results of the NOS score that was used to assess the
quality of observational studies. The mean score
was 6.6 for the 28 studies.

Main results

Figure 2 shows the ORs of VTE and PE risks with
APS used in individual studies and summary esti-
mates. Twenty-one studies (22 estimates) pro-
vided data eligible for the risk of VTE analysis,
showing that compared with non-users, current
APS use can significantly increase the risk of VTE
by about 50% (OR 1.55 95% CIs 1.36, 1.76).
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Figure 1. Flow diagram of relevant studies identification.

However, a high heterogeneity was observed
(»<0.00001; I?=85%).

Suitable data were extracted from four studies for
PE risk estimates and showed that current APS
use also increased the risk of PE (OR 3.68, 95%
CIs 1.23, 11.05), but the heterogeneity was sig-
nificantly high (p<<0.00001; 2=90%).

Subgroup meta-analysis

The results of the subgroup meta-analyses are
shown in Table 2. The risk of recurrent VTE was
increased for APS users based on three studies’
data analysis (OR 1.62 95% CIs 1.18, 2.24), and
no heterogeneity was observed (p=0.66, I?=0%).
Subgroup analysis of both cohort (OR 1.50, 95%
CIs 1.22, 1.83) and case-control (OR 1.58, 95%
ClIs 1.33, 1.89) designs shows that APS also sig-
nificantly increases the risk of VTE. A similar
result was observed in the high-quality subgroup
(OR 1.50, 95% CIs 1.30, 1.72). Both male (OR
1.80, 95% ClIs 1.52, 2.14) and female (OR 1.63,
95% CIs 1.37, 1.93) patients taking APS were

found to have significantly increased risk of VTE.
This association was not found in elderly patients
(OR 1.33, 95% CIs 0.99, 1.79). However, high
heterogeneity was observed (p<<0.00001,
I2=95%). When studies were grouped by diag-
nostic categories, a significant increase in VTE
risk was observed among schizophrenia patients
(OR 1.34, 95% CIs 1.15, 1.55), but not among
dementia patients (OR 1.44, 95% CIs 0.99,
2.08). One study researched the VTE risk in
patients with bipolar disorder, and the result
showed that the VTE risk is not significantly
increased in bipolar disorder (OR 1.22, 95% CIs
0.91, 1.65).

In the subgroup of meta-analyses concerning cat-
egories of APS, using FGA (OR 1.47, 95% CIs
1.21, 1.78) and SGA (OR 1.62, 95% CIs 1.28,
2.05) both significantly increased the risk of VTE.
A similar association was observed for combina-
tion use of two types of APS (OR 2.01, 95% CIs
1.47, 2.75). When studies were grouped by usage
duration, new users were more vulnerable to VTE
(OR 2.06 95% ClIs 1.81, 2.35) than continuing

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp

Y Liu, J Xu et al.

(panunuo))

2)ep X3apul 3y} 31043q

syyuow ¢ ayy burnp

Adedayy yuswaoeidad

yuiq jo Jeak pue xas Aq
$10J3U0D % Payd}eW ased
yoea ‘844 | Jaquiadaq

LE PUE 0661 Asenuer
| Usamiaq 34 wody

puejeaz
MaN Ul spJodau jeyd

auow.Joy pue asn S)S9} 9Al} (syruow g paip oym sieak G-g| -S0Y pUB S3}ed1413192
aAlydaoesjuod jedo -29[qo g Ksnoinsud) $10J3U0d 0Q¢ pabe uswom pue Apms yjeap ‘spJodal
oN pauiquod ‘yybiapm ON S@pod Q| d asn juaJin) S9Sed 3d 18194 G usaw puejeaz maN 1043U02-8sE) 921j0d pue Jauolo) 4671€ 39 Uded
dnoub
wniyy) ‘uabouysa 1043U0D BY} SE SaUOWLIoY
‘ullejlem ‘ysy jo 10J43U02 SE pasn yuawaoe)dad ploJAyy
uondiiosaud pue sauouwlloy plodAyy ‘sbnup juessatdapiue
Jaoued ‘uoneziey eak | €€0'e¢ ‘pasn sbnup Jo sbnup onoyshsdiue
-1dsoy Jolud yuadau ul ullejlem pasn (skepgl ul juessaudapliue Jayyie paguiosaud
‘Ay1oe) 1B13UBpISaL 'sieakg ul 3d/3IA pasn Ajsnolaaud)  4%9'Gy tpasn syuabe KjaAisnioxa Jano pue Apnys y104y0d -e}ep aAljed)siul
SaA u1 BuiAn ‘xas ‘aby Asnoinaud ‘usdue)y  sapod QY| EITN asnjuaJiny  dnoydhsdiue #16'zz  sieakgg pabe sienpiaipu]  aAladsodiay 2Jed Yjeay payur 51 7e 19 Aey
abe pue Japuab Aq
10J43U0D B paydjew ased
1A pauljep yoea ‘dnoub ased ayj se
jualindal ‘salpueubly  s)s8) aAl (uoniulyap Jes)d S10Jju0d A aposide-isuly pausy Apmis EEMVEIGRERITEIN] cc1€ 19
oN Jeajun -ew ‘g/ ueyy Jap)o -23[qQ JIA -un)asnjusling Y71y S9S€D JIA YLY -jns oym syuaieding 1043U02-3s€) Ayisianiun uapia uassewoy|
pa4in220 JJA
Kisnoinaud ‘suapaosip
asn aoueysqns pue
joyodje ‘aposida
o130y2Asd ‘sisoua)ds 9)ep xapul
a1dinw ‘sisouquy pue ‘papuaje ad13oeud
213542 ‘snyaw 1edauab ‘xas ‘abe Aq
uolsuajadAy sajaqelp ‘Asdajide paydiew S1043U0D ‘8441
‘juessaudapijue  ‘anjiej |euad ‘4adued 1970300 |E PUB 0661
‘aunsodxa suabodjsa  ‘uoijoJejul jeipdedofw Aienuer | usamiaq uol}
‘IINg ‘snieys Bul ‘aunyie} Jeay aAn $10J3U0D -edipaw d1joydAsdijue
-}oWs ‘a)ep xapul -sabuod ‘saiyjedo) payojew g9| pue uolelauab-puosas Jo
pue ‘qydo ui sieak -nbeod ‘A1abuns 2)ep Xapul ay} wIS110quaoquiody}y uoljelauab-isiiy suo aseqeleq
‘papuane ad13oeud ‘foueubaud ‘ewnedy 210jaq skep9-| snouaa diyjedoipl }Sea) B pasn oym g9 Apnys 1043u02 yoJeasay adloeld I
SaA 1edauab ‘xas ‘aby ‘09 JaA0 s|enplAlpu| EITY 195N Jualing Y}M Ss1enpiAlpul Zy ueyy JabunoA syusied -95Bd PajsaN 1eJ8Udg paseq-yn pue biaquioz
uoledIPaW 2130Yd
-Asdipue yyum pajealy
Jou 34aM Z8Z'0E pueIaZ}IMS pue
‘uorledIpaw 2130YydAs Auewuag ul sjeydsoy
-dijue Jayjo paniadal oujeIydAsd gg Jo syuany Auewuag
££9'6G ‘auidezo)d -edul Buowe suoiyoeal Apnjs yoyod ut a1d3eIyahsd Jap ul
oN OoN oN Jeajun EITN Jeayoun panl@dal 180'cl Bnup asianpe auanssg aA1}09ds0dd  }BYJBYDIS|ONIWIBUZIY ¢z 1€ 18 UI9}SIOM
(shepy| dnoub aunsodxa
uly}Im ainsodxa auidezo)d ysed snsuan
auidezoyd ise) dnoub aunsodxs auidez
aouls) auidezo)d -0]2 JU8J8J pUE JUSLIND Apnys y1oyod (YND) Ansibay
oN abe pue ‘xas ‘aoey abe jo sueakyg uanQ  sapod Q9| d asn juaJin) syuaned 2£0'L9 josajel 34 1.9y ayl  andadsodiay JEUONIEN |11BZO)] ¢, ']€ 19 JaY1eM
ainsodxa sjuabe
finenb uoisndxa  uoniuyap anoydAsdiue jo sansiiadeIRYD
ybIH so)qelieA pajjoayuo) SJ012BJ)SII JLIA  SWOdINQ  SWOINQ  JUSWUIBLIAISY uone)ndod je30) uonendog ubisag 921nos ejeq Apms

"SaIpN)s JO S2I3sIdajorIRY) "| d1qeL

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com

Therapeutic Advances in Psychopharmacology 11

(panunuo))
Usapamg ul
papn)oxa aJ4am yjesp 3UIDIPaIN 2ISUdJ04 JO
JO 9SNed 8y} Se suol} sashAjeue $1043U0d (09|, sased 3d Asdoyne Apnys  pJdeog jeuoneN uiyium
oN xas ‘aby  -eoixojul pue saunfu]  sapod Q9| 3d 18194 W9}Jow}sod ¥ ‘sjusned 34 642  G9 pue g| usamiaq aby 10Jju0d-3se) spJodal Asdoyny e jo uossuor
Syeamy jsea) je dnoub jou3u0d %00¢ 12qwiadaQq
Joj uonesipaw se sjualjed uoisuayiadAy 1€-966| Adenuer |
o130ydAsdiue 1eldayJe ‘dnoub ased ayy Bulanp wajysAs uon
SpJ0dal Aue buiyey se abe Jo sueak(9-g| -BWJ0JUl D1U0J}D3)D
1edlpaw se pauljap $1043U0d usamiaqg 3d/1AQ YIm Apnis s 1eydsoy Ayisaaaiun NS ERE]
oN oN oN 1eyudsoy 34 40 JIA SJasn jualing %/ S9582 31\ 992 pazieydsoy sjualied 10Jju02-9se) 99A01BEUY| J9peIH ysndosepy
pauljsp
Kisnoinaud se suoyoey
)SI4 padinboe solew ou (1eydsoH
uolssiwpe pey pue ‘uapuab pue AysJanlun ysauag ul
0y Jonid yaam | abe Aq sased ay) yum %007 4eqwiadaq pue
uonje syjuow ¢ ysed uey) aJow Joj pay2jew a4am S10J3u0) 000z Aejy usamiaq
-luea auab yglzozo  ul Aoueubnew aanoe Buisn uaaq aney "I LA WOJj PaIayNs oym Buluundso sased
uiquioJdyjoud pue ‘Kaaanap ‘Aoueubaud S159) 0} 9ABY pue S)0J3U0D | A-UOU sjyuaned pazneydsoy Apnis J1A pPajuswnoIop
S9N Uapla] AJopey |Ng  ‘ised dayseld ‘Auabing  aanoalqo JIA SJasn jualing 119 'S9SED JIA LL9 abe jo sueakg| JanQ 10Jju02-3se) -Nem) Apnis H11a3 46778 19 3ndeT]
(smimaw
sa)agelp ‘aJnyiey
}eay ‘eseasip Jejnd
-SBA0JQaJ3d ‘9SeasIp
Jejnasen jedaydidad
‘uoissaudap ‘enuaw
-3p) sanIplgJow-0d
'suaboudysa ‘sya)aie)d
-njue uuidse ‘syue)
-nbeoonue) sbnup (SAW) 1S eieq
pue ‘Jssued ‘qd0)d winuwiulpy ay) wodj
‘aunyoedy diy ‘sisoq B1EP SUIBIUOD YDIYM
-woJy) snouan desp 10JjU0d Jasn ‘aseqeiep (39vs) Abo
jo Auoysiy ‘snyeys -uou 8/0'zL 1 pue dn-moyj04 syyuow 9 -lolwapidy e asn
aAljIubod pue jeuoly sjyuaied (shep, snoin  syusbe onoysAsdinue  ‘syuspisad swoy buisinu Apnis 1oyod  BnuQ d13eIIRY JO JusW
S9A  -dunj'|Ng ‘xas ‘aby elualydoziyog 6-0a2l JIA -24d) siasn maN 03 pasodxa 0%6'41 abe Jo sieakgg JanQ  aAldadsouiay -SS9SSY 211BW)SAS  oc7e J9 1oJadi
Jd Wodj s19ssan Aueuouwnd
yjeap se pauiyep  Jolew ay} jo uswin) ayy
949M S95BD 87 ‘SJasn pal 1eyl snquioayy ueder
UOI}BDIPAW D130YD  SAISSEW AQ pauljap alam ul 00z 49qwiada( 0}
spJodal -Asdijue yg "spJod  sase) ‘spJodad Asdoyne Apnis 8661 Adenuer wouy 7819
oN NG ‘Jopuab ‘aby Jeajoun Asdoiny Id Jeaun -al Asdoyne gz||  Yieap usppns pamalnay 10Jju02-3se) spJodad Asdoyny eyeueweH
ainsodxa sjuabe
finenb uoisn)oxa  uoniuldp anoyafsdijue jo salisilajoeaeyd
ybIH sa)qelieA pajjoauo) SJ012BJ)SIIJLIA  SWOdINQ  SWOINQ  JUSWUIBLIAISY uone)ndod je30p uonendog ubisag 921nos ejeq Apms

(panunuog) | aqeL

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp

Y Liu, J Xu et al.

(panunuog)
}oyod yafoud Jsiwauy (s1endsoy
xapul A}Ip1giow-0d SspJodal  siasn onjoydhsdiue  ayy ul bunedidiued ‘abe 9.4e2 9)NJE 00G
uosyiey) ayy aseqelep Aq -UoU Ul 0Z8'74Z'8Z 0 Ssueakg| Jano ‘900z ul Jnoge wodj aseqelep
Jo syjusuodwiod paljljuapl pasn  ‘34oyod sJasn syuabe 20uo )sea) je paziend 21WOU023 puUe |edIuld
1enplAIpul uoI}edIpaW | o1joydAsdiue ui -S0y Uaaq Jo uoleyns Apnis yo0yod SN) @seqeiep aAN
oN ay} ‘xas ‘aby ON S9pod Q9| 3d  -1oydhsdipue Auy syuaned |G4'0Gy -uodjeydsoy e papusyy  aAldadsodlay -29dsJad S JalWald, S ERETEN Y]
010z 14dy og pue
uoljedipaw Kiannep %00z Adenuer | usamiaq
jualund ‘Auoisiy ‘foueubaud ‘sbnup saoljoedd jesauab yym
1eJIpawW ‘snieys uolelnbeodijue jedo (shep g paJaysibad syuaned
Bupjows ‘xapul ‘wisIoquiaoquIoJy} snoined)  JJA JO S8SED 9G/'7|  WoJ) umedp siesdvg-Gz eypuejdnog pue
SO\ ssew Apoq ‘aby snouaA Jo AI0)siH  Sapod Q9| JIA asn jJuaJin) tsyuaned |gs'vLe'z  pabe sjuaned jo 1uoyo) Apnis 10yo) aseqejep Yyoleasayp x0)-Aa)s1ddiy
syjuow 9 snoiraud 9)ep xapul ayy ao10eud
ay} uiypm Aoueubaad 240J9q syjyuow g pue ‘xas ‘awl} Jepuajed
uoledIpul 40 ‘aunjoedy quin se pauljap asn ‘abe jo ueak 9)6uls Aq
yneay jejusw ‘ayep  Jamoj Jo diy ‘Ausbins 1uaJ4dnd ‘ayep $)041U0D ¥ paydlew
X3pul 8y} 8404aq ejep diy ‘aunyiey oeipaed Xapul 8y} 240jaq ased yoe3 ‘dnoub ased
0 syjuow 93a)dwod aAIISsabuod ‘ay0d)s Sapod syjuow #g 2y} Aq paljiauapl ausm
JO Jaquinu ayy ‘aseasip 1Jeay onsoubeiqg 3y} ul panssi aseqejep ay3 ul £00Z
‘sa)qeldeA bnup pue  AJBU0J0D ‘JBDUBD SNO spJodal suondiiosald $10J3U0D AInr pue 944 Adenuer
Aypigiow-0d 8y} ‘sny  -IAau4d ‘pasn uliejiem wayow uol}edIpaW I payolew |44'68 usamiaq JJ A aposids Apnjs 1043u00
S9A  -B)S 2IWOU0290120G  }sed ‘ejep jualdiyynsu| -1s0d JIA -loydhsdiue Auy  JJA Jo S8SED Z2EG'GE -1541) 83U} yum sjualied -9sed pajsaN aseqelep Yoieasayp 2y18 18 Jd¥ded
JuswieaJy sulle
-day Jo sysiuobejue
Y UlwellA ‘syjuow g
ulyyIm uosead Aue Joj
uonezijeydsoy Jorud spJodal aseqejep ay)
‘91BN "UOI}I3)Ul J0) saseqejep Aq ul uonjedysibad jo uony
pajeaJ} uoljedipaw uleplsdse (s1ep -ednp pue ‘xas ‘abe uo
SRR ETVIRT-INEN Xapul 8y} 840jaq payojew dnoub payjody
-2eq ‘qd0) ‘aseasip shepge< pue -u09 "800z JeqwedaQ
JBINdSEeAOIpIeD 49D ‘06-1€ ‘08-Gl pue g4 | Auenuer
-ue) “Adesayy Jusw ‘71-8 ‘L-0 usamiaq gdy ue Joj uon
-9oe)dad auowdoy :sali0hajed -diuosaud yym payieys
‘fuebans ewnedy Jusd 3AIJ Ul PapIAIp) S)043U0D GZ ¥ oym abe jo sieakg9 Apnis 1043u0d  Wwa)sAs abeyur) p1odad
SoA -84 ‘uoljeziiqoww| ON S8pod Q)| 1A SJasn juaJing ‘3] A Jo sesed zeo| Jano pabe syuaiied -9sed pajsaN s,21N1SuUl QWY VHJ 1y1e 19 Jalioy
sisiu
-obejue y ulweyin
pue Adesayy jusw 9)ep uols
-9oe)dad auowdoy -sjwpe jeydsoy
jesnedouswysod pajelal-J A ayy
‘p1oe onkonesihlede 240jaq skepgog
9S0p-MO] 'SUl}e)S JO syjuow ¢ Ulyyim uayey
asn jualund pue say  bBuimoyjoy pue ‘oy Joruid o1joyoAsdiyue
-aqgelp ‘adn)iey Jeay ‘UIyMm Jadued Aue se pauljap Aunod
‘sba) ay} Ul SIS04810S 'syyuow ¢ Jotud ayy aunsodxa bnup pue xas ‘abe uo sjoJ3u0d
-oJayje jedaydisad ulyym Aoueubaud onnoyoAsdiuy 01 paydjew ased
'ad09 ‘@xodis ‘uony ‘saunjoedy ‘ewned) ‘e}Ep ,S95€E(q $1043U02 04665 3d yoe3 'sased 40y JJA JO Apnis 1043u00 saseqejep
SaA -2Jejul |eIpJedoA Jofew 'A1abing  sapod Q9| JIA -ejep 1edIpaN /3LA J0 S8SBD 644G sisoubelp awi-3sdi4 -9sed pajsaN 1EDIPAW YJBWUS(Q  ¢y]€ J9 UOSSUO[
ainsodxa sjuabe
fmnenb uoisndXa  uoniuyap anoyaAsdnue jo sals1I9dRIRYD
ybiH sa)qeLieA payjosuo) S10)0BJ)SII LA  dWOodINQ  dSWO0d}NQ  JUSWUIRLIdISY uonejndod jejop uonejndod ubisag 934nos ejeq Apnmis

(panunuol) | a1qeL

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com

Therapeutic Advances in Psychopharmacology 11

(panunuo))
(218p
Xapul 8y} 840jaq
syjuow g| Jano Lm_ucwm pue Aiyus
sbnip /ZL=%/€ ulypm 110402 1e 8be Aq S1041
2130qWOJY}I}ue Jay}o suondiuosaud -uo0d gz 03 dn paydjew
uondiiosald J0 UlJejJem Jo asn 9J0W 10 BUO se $1043U0d 9sed Yoe3 ‘aseqejep
Bnup ‘saljipigJow-0d ‘wsejdoau ‘aunyoedy pauljap alam Japuab pue sbe Ag  @y3 ut dn-moyjo4 bulinp Key ‘ApiequioT jo
‘uonezieydsoy diy/69) ‘Aoueubaud sJasn jsed payojew sjo4juod  Id 18384 10 |BjEj-UOU 104 Apnisjoiuod  saseqelep (SHY) 82IA
SaA oljeIydAsqd  ‘IAQ 40 3d fisnoinald  sapod QI Jd /wuedal/iusding €GEv s9sed 3d 767 pazneydsoy gl=2aby  -ssespayssN  -J8S ynesH jeuoibay 4177818 Qu0)
sbnup juessaud 9)Ep X3pul 8y}
-apiue pue sbnup aJ0jaq shepgog Ki01s1y
Buiuieyuod-usbouysy Jusw -121/021-19/09 1e21paw jo yibua) pue
'sasoydAsd Jayjo pue -adinbau Uly}Im 0} papusy ‘awiy Jepuaied ‘ao1poeud
‘uoissaldap ‘Japio Adeuayy -X8 asn panly 1edauab ‘xas ‘abe uo
-sip uejodiq ‘etuaiyd aseasip aunwuwl  uolenbe asoym uondiios $]0J43U0D % pPayd}ew ased
-0z1y2s ‘siigayd JljewnayJ ‘asnge -odnue -a4d e jo ydiadal yoe3 'sased se J|A 10}
‘erwaplidijuadAy ‘uols 90UPr)SQNS ‘S10)oRy pue Se pauljap Sem SJ40)28) ¥sid Jolew ou
-uayiadAy jo Aioysiy )SIJ1B21UID ‘J A 404 spJodal aunsodxa jsed S)0J4JU0D §GLE  YMM Sased JJ A sdeak4g Apnjs 1043u00 julneyeq yoleasay
SaA  ‘|INg ‘snieis Bupjows sasned 9jewlixold  aseqeleq JIA  /Aus28y/i1usdin) ‘J1A 0 59582 898 pue gz usamiaq aby  -ased pajseN 9d110e1d 1B2IUNY  ¢,77€ 18 04nbiys|
Japuab pue abe
Aq $1043U02 9 paydlew
Jeak | ueyy ased A1ang ‘sjusijed
SS9) 10} aseqejep 9)ep Xapul ay) 0} 1A SE pauljap aJam
Jeak | ulyym uol 8y} ul uonedidijed Joiud syyuow |, sase) "0 0z Joquwadeq
-ezI)11n aJed yyesy ‘abe jo sueakg| ay) uIyIm pue | 0oz Asenuer
‘asn uoljedipaw uey} ssa) ‘z1°0002 Addns bnup usamiaq abe Jo sueakg| aseqele(
‘sassaul)l o1deIydAsd 240j9q JIA JO o1joyoAsdiyue S)043U0D 99471 Jano syuedidiyed jo Apnjs 1043u00 yoJeasay aduednsu|
SoA  ‘|eJIpawl pigJow-0)  sisoubelp yym sase)  sapod QJ| JIA  Johep|isea) JIAJ0 S9SBI 2917 pasiidwod sem y1oyo) -9sed pajsaN ynesH jeuonen 12’7818 N\
*9)ep Xxapul ay} JLIA®Y
240437 syjuow g JO 8w} JEpUd)Ed puE
se pauljap ‘|HS ‘x8s ‘yiiq jo seak
asn JuaJind Aq 51043U02 ¥ paydlew
sbnup ‘uon ‘a)ep xapul ay) ased yoe3 ‘dnodb ased
-ezieydsoy ‘Auabins 240jaq shepggog 9y} sé 3d 40 | AQ 404
‘a1n)oel) ‘JIA SNO ay) uIyIm sisoubelp abieyasip
-1n84d ‘Japaosip Je) uondiuosaud urew e ypm pazijeydsoy aseqeje( yoleasay
-odiq ‘eluaaydoziyos uoledIpaw ol $10J43U0D 401 % sjuaned enuawap Apnys 1043u0d 1eo160)01Wapidand ¢y90Jeq
'SOA ‘sa Jow-0) ON S@pod (9| JIA -loydAsdiyue Auy ‘3 1A 40 S8SB2 8701 abe jo sueakg9< -9sed paiseN -ewleyd uewdusg pue jpawysg
ainsodxa sjuabe
finenb uoisn)oxa  uoniuldp anoyafsdijue jo salisilajoeaeyd
ybIH sa)qelieA pajjoauo) SJ0)0BJHSIIJIA  dWOdINQ  BSWO0d}NQ  JudWUIeLIdISY uone)ndod je30p uonendog ubisag 921nos ejeq Apms

(PenunuoY) | 31qeL

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp

Y Liu, J Xu et al.

[panunuoy)
ON ON
ON sa}agelp pue xag

sauldazelpozuaq pue
sankjoixue ‘soijoudAy

Jo @sn ‘saniplgJow

ON  -02 pue Japuab ‘aby

piglow

-02/9A9/s!sAeded
‘A1abuns/ainyoely
‘suoljedipaw-0d

JO 85N ‘suol}puod

ynesy jejusw ‘3 A

S8\ J0j 510108 Sl Jolejy

uonedIpaw
auidazelpozuagq Jo
Jazl)ige)s poow
‘syuessaudapiue

S\ |4SS-uou pue |4ss

Koueubijew uanroad
‘eniydoquioayy payl
-Jayul ‘1A jo Aoy

Jeapun

Jeaun

uon
-1ulyap Jeaun

ajep xapul
2y} 240)aq Jeak
ay) ul asn o130yd
-Asdijue Auy

ajep
K1aAnep ay) pue
ajep uondasuod
a3y} usamiaq
pany bnup
o1o0ydoAsdiue ue
Joy suondiuosaud
9AI}NJ9SU0D

0M} }sed) 1y

dnoub 1043u0d Z¥|
“31A J0 Sesed |

SJasn-uou

$0z¢ ‘syuaned yasn
onoydAsdiue pge
‘31A J0 958 GG

dnouf ains

-odxa 2130ydAsdiyue
ou Ul 484G ‘dnoub
ainsodxa bnup
onoydAsdnue ul GeLg

$1041U0D ££2'72
*JLA 0 S8sed 0zGe

lcol
1s49SN-Uou |Z0|
:s1asn 2130ydAsdijuy

$]0J3U0D Se 3 o
1AQ dojanap jou oym
sjuaijed jeaibins ‘dnodb

9SED 9y} SE Jusawieal)
1ea1buns Jayse shkep gl
ulyym 34 4o 1Ad

ueder uj sjeydsoy
aJed 3ynde ul 10z 439
-waydag gg pue o0z

1dy | usamiag 1A
yym pasoubelp sjualyed

(e00z Asenuer

1) potiad Apnis ayy jo
}9SU0 8y} Je seak /G
Jano pabe pue ad1yoeud
d9 buikiddns s e
0} paJajsibad aydoad

Kiabuns

Jofew Aue pue ‘uadued
Jo @ouasaud ‘ayep Aujua
}Joyod ‘abe Aq s)043u0d
01 03 dn yum paydjew
sem ased yoe3 ‘dnodb
ased se |0z 4aqwada(
L€ pue |00z Asenuer |
uaamyaq Jeak ayy ul uoly
-edIpawl 2n0ydAsdiue
Aue pasn oym uswiom
1esnedouaw}sod

wyyldobe

SdaH Aq1013u00 |
paydjew yoes ‘syusijed
aunsodxa se AuaAnap
pue uol}dadsuod usamiaqg
uoljedIpaw 2130ydAs
-dijue jo suondiiosaud
9AI}N23SUOD OM) }SED)
}e pey pue olIejuQ

ul syuejul uoyeibuls
PaJaAI|ap OYM USWIOAN

Kpmis
104jU02-8s€)

Apnis 110yod
aAlpadsoday

Apnis 110yod
aAI}0adsod}ay

Apnys 1043u0d
-9sed pajsaN

Apnis 110yod
aAnpadsold

1eyidsoH jedausg
£}0(0G BYSIN| 3y} 38
yuswJedap jeaibing

aseqejep aJeayyesy
Japirodd Ng3 By L

Ayisdanlun easuemsg
‘JIUN yoeasay uon
-BWJOJU| YyeaH ayy
e paseq yuegejep
abeyui] uoljewJoyu)
paziwAuouy a1ndag

aseqele( Yoleasay
9oueINSU| Yy eaH
JeuoljeN uemie|

oleuQ

‘0juodo] Ul (S391)
S90UdIDG dAljEN]BAT
1€21UNg J04 33nysu|
3y} je pasnoy saseq
-B1ep BAljRJ}SIUIWpE

yneay uoneindod

1€ 19 QIgnIeN
snwa.d

9z'1€ 19
einweyeN

e e sluuaq

9y7€ 10 Buepm

¢z'7€ 19 pobl

fnenb

ybIH sa)qelieA pa)jjouod

-s1y ‘ewnedikjod Jeajoun EITN
juswiyjodus
Jaye pouad Aep-gg|, JIA
oy} bulnp Juane 3] S9p0od Q)|  JUB4INIDY
Jaoued
‘19pJ0SIp BAI}D3)je JB)
-odiq ‘ejuauydoziyos
jo sisoubelp Jolud  Sapod QJ| EITN
Anua
}10Y02 910jaq Jeak
ayy ui sisoubeip 3 1A s2pod g 1A
ON s9p0d> 3| 1A
uoisnaxa  uoniuyap
SJ012BJ)SIIJLA  dwodnQ  dwodng

ainsodxa sjyuabe
anoyafsdijue jo
JUsWUIRLIDISY

uonejndod jejo)

salsiiaydeIeyd
uone)ndod

ubisag

92.1nos ejeq

Apms

(panunuog) | aqeL

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com

Therapeutic Advances in Psychopharmacology 11

Jauonyoeuad jeuasusb ‘g9 fabeyul uoljewdoju| pasiwAuouy a1ndag “|yS ‘4239Y}ed SNOUSA |BI3USD ‘QAD '40}IqIYyul 93 e3dnal uiuojolas aAl}d9)9s
‘|4SS ‘aJ00s Ayisuadoud Jeuoisuawip ybiy ‘sqgH ‘seduednsui yyeay A1oynieis uewdag ‘|HS ‘sisoquuolyy snouan dasp ‘| AQ ‘bndp d130ydAsdijue ‘gdy ‘eseasip Adeuouwnd aA13oNJISqo
21U0JYD ‘040D ‘pIoe dNAdNESIAIRY ‘YSY ‘Xapul Ssew Apoq ‘|Ng ‘eseqeie( Ydoleasay a2130eld 1Blauag paseq-yn ‘aydo ‘Wsnoquiaoquiody} SNoUaA ‘J | A ‘wshoquis Adeuownd ‘34

snyawW say
-agelp ‘uoisuayladAy
‘elwaplodijuadAy ‘bul
-yows apaJebid pue

Koueubnew ‘foueu

Jeajdun
Sem uolniulyap
Jasn jualind

$)043U0d
JLIA-UOU G9L9

[4WAN

pue 10°¢L0¢ usamiaq
sJeakg snoinaud ayy
UIY}IM 3dIM} JSea) je
uaas bulaq 0} uoljippe ul
paubisse uapinoad aied

FEMVER]
1e21paW dJWaped. ue

Apnis 1e 21uN)d AuoyeInquie

oN ‘Aysaqo ‘uapuab ‘eby -beud ‘sieakg| > abe S8pod Q9| JIA ‘MalAal Jiey) ‘JIAJosesed g Auewiad e yyum syuaned 10J1u02-3se) auIdIpaw jeudalu| 42’18 19 Molluey
dnoub j043u02 By}
se ainsodxa uoledipaw
sonjoudAy o130ydAsdiue ou ‘ayep
‘syuessaudaplyue X3pul 8y} Jo}e JUaAS
‘syuabe jo)193€)dIUE Buisuadsip payuswnoop
‘sbnup Buliemoy pidin 9)ep xapul ay) auo Jsea) je buiney se
"A13s16a. 1eUOINYISUI SJasn uol} Jaye Auysibau pauljap uoljedipaw eunuabiy ‘sady
9y} Wouy pajeniul  -edipawl dloydAsdiue s Aoewueyd onjoyaAsdiue jo siasn souang ui jeydsoy
Jusweady jo adAy ysed ‘ayep xapul ay} 1euoN}ISUl uol}edIpaW d130yd MaN “£10Z dunf pue Buiyoes) Aejusy e
‘J1A JO SJ0}0B) ¥SIU Jaye shep g isJiy ul ayjuljuand  -Asdijue pasn uanau 10°010Z usamiag J A ul 9seas|p d1j0qwd
umouy ‘uoisuajtadAy Buliindoo 3| A ‘e1ep fuisuadsip  pey oym a1doad /94 Jo sisoube|p pawJijuod -0QqWO0Jy} SNOUdA
‘snjejs 020eqo} ‘asn Xapul 8404aq pasn 159} JIA pajuswnoop ‘syuabe o1joyoAsdiy e Y1Im (sdeak /| ueyy Apnis yoyod jo A1ysibad jeuonny
SoA 10yodje ‘xas ‘afy  syusbe onoyohsdipuy  8AdalgQ  JusuInday 9U0 }SEa) )y  -UE JO SJ9SN Mau 9¢| Japio) syuaned ynpy  aandadsouiay -13sul 8Aldadsold gz e 19 Sldedla
juswieady uonenbe
-0211Ue JO pud 8y} Jaye
sbnap o1joyoAsdiue jo
uondiiosaud auo )ses) je
Buiney se pauiyep sem
aunsodx3 "dn-mo1jo}
Juswieady 2y} burinp paqriosaud
1A 40 uolyeinbeooijue jo uonejnbeodijue sbnup a1joyoAsdijue
Kaoisiy Ajiwey pue fuiddoys ou ‘a9dued JO pua ay) Jaye ou buiAey se pauljap
‘J1A Jo uonejussaud ‘J]A JUaJddndad ueyy sbnap o130yd sjualjed pasn 9JaM sJasn-uoN ‘Apnis
1eniul ‘Adesayy J89Y)0 uoseal 1oy -Asdnue jo -2130y24sdiyue-uou 8y) Ul pa]10Jus alam
jue|nbeodIjuUe JO UL} SYJUOW € UIY}IM Judaw S159) JIA uondiuosadd  G/9 ‘syuanjed aunsod  juaaed | A dnewoydwAs 1eydsoy
SaA  -BANp ‘|Ng 'xas ‘eby  -jeasyjuenbeodijuy  aA1dalqQ  juadunday auo)sea)ly  -xa donoydhsdiue |9 }S41} B Y}IM Sjualjed Apnys yoyo) AjsJaniun ysalg ;7€ 39 pAeN oW
ainsodxa sjuabe
finenb uoisndXxa  uoniuyap anoyafsdnue jo salsLI9dRIRYD
ybIH sa)qelieA pajjoajuo) SJ0)0BJHSII JIA  dWOodINQ  dSWO0d}NQ  JUdWUILLIdISY uonejndod jej01 uonejndod ubisag 934nos ejeq Apmis

(PenunRuUOY) | 31qeL

journals.sagepub.com/home/tpp

10


https://journals.sagepub.com/home/tpp

Y Liu, J Xu et al.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight [V, Random, 95% CI IV. Random, 95% CI
1.1.1 APS used and VTE risk
Dennis 2017 0.6655 0.03 7.3% 1.95 [1.83, 2.06] =
Ferraris 2019 0.077 0.5343 1.2% 1.08 [0.38, 3.08] = =
Hippisley-Cox 2011 female 0.4383 0.0804 6.7% 1.55[1.32, 1.81] -
Hippisley-Cox 2011 male 0.6081 0.0987 6.3% 1.84 [1.51, 2.23] i
Ishiguro 2014 0.2311 0.1314 5.7% 1.26 [0.97, 1.63] I~
Jonsson 2009 0.6259 0.1011 6.3% 1.87 [1.53, 2.28] k3
Kleijer 2010 -0.1054 0.1068 6.2% 0.90 [0.73, 1.11] -
Lacut 2007 1.2528 0.2917 3.0% 3.50 [1.98, 6.20] -
Liperoti 2005 0.2193 0.115 6.0% 1.25[0.99, 1.56] =
Marusic 2017 0.3685 0.361 2.2% 1.45[0.71, 2.93] T
Masopust 2007 1.0152 0.5134 1.3% 2.76 [1.01, 7.55]
Mollard 2018 0.6259 0.2848 3.1% 1.87 [1.07, 3.27] -
Nakamura 2017 0.47 0.2146 4.1% 1.60 [1.05, 2.44] o
Parker 2010 0.4447 0.0589 7.0% 1.56 [1.39, 1.75] -
Rarrick 2019 0.3927 0.1673 5.0% 1.48 [1.07, 2.06] EB
Ray 2002 0.0953 0.0748 6.8% 1.10 [0.95, 1.27] I
Schmedt 2013 0.207 0.1005 6.3% 1.23 [1.01, 1.50] ==
Thomassen 2001 2.205 1.4925 0.2% 9.07 [0.49, 169.06] >
Vigod 2015 -0.0483 0.4429 1.7% 0.95 [0.40, 2.27] - 1
Wang 2016 0.6393 0.0738 6.8% 1.90 [1.64, 2.19] =
Wu 2013 0.4187 0.1229 5.9% 1.52[1.19, 1.93] -
zornberg 2000 1.9601 0.5751 1.1% 7.10[2.30, 21.92]
Subtotal (95% CI) 100.0% 1.55 [1.36, 1.76] L 4
Heterogeneity: Tau? = 0.06; Chi? = 136.91, df = 21 (P < 0.00001); 12 = 85%
Test for overall effect: Z = 6.73 (P < 0.00001)
1.1.2 APS used and PE risk
Allenet 2012 0.157 0.0177 30.7% 1.17 [1.13, 1.21] -
Conti 2015 0.8372 0.3501 27.4% 2.31[1.16, 4.59] .
Hamanaka 2004 2.3503 0.4983 24.7% 10.49 [3.95, 27.85] .
Parkin 2003 2.5878 0.8954 17.2% 13.30 [2.30, 76.92] =
Subtotal (95% CI) 100.0% 3.68 [1.23, 11.05] i
Heterogeneity: Tau? = 1.02; Chi? = 30.42, df = 3 (P < 0.00001); I> = 90%
Test for overall effect: Z = 2.33 (P = 0.02)

0.01 0.1 1 10 100

Favours [experimental]

Test for subarouo differences: Chiz2=2.36. df =1 (P =0.12). 12=57.7%

Figure 2. Forest plot of the association between current antipsychotic agents (APS) used and risk of venous thromboembolism (VTE)

and pulmonary embolism (PE).
Cl, confidence interval; OR, odds ratio.

users (OR 1.29,95% CIs 1.04, 1.61). Significantly
increased risk of VTE was found in high-potency
(OR 1.31, 95% CIs 1.22, 1.41) but not in low-
potency (OR 1.65, CIs 95% 0.99, 2.77) APS.
Association of the dose of APS use with VTE risk
was also assessed. The results showed the risk of
VTE was significantly higher in both high-dose
(OR 1.86, 95% CIs 1.12, 3.09) and low-dose
(OR 1.45, 95% CIs 1.11, 1.90) APS. For the
association between individual drugs and VTE
and/or PE risks, only a few studies provided anal-
yses. Increased risk of VTE and PE was observed
for haloperidol (OR 1.64, 95% CIs 1.20, 2.23),
risperidone (OR 1.63, 95% CIs 1.16, 2.31), olan-
zapine (OR 1.63, 95% CIs 1.12, 2.37), and
prochlorperazine (OR 1.90, 95% CIs 1.06, 3.40).

A significant association was not found for chlor-
promazine (OR 1.36, 95% ClIs 0.98, 1.87), que-
tiapine (OR 1.61, 95% CIs 0.57, 4.55) or
aripiprazole (OR 2.79, 95% CIs 0.31, 25.37).
However, substantial heterogeneity was found for
most of these analyses. Further details of sub-
group analyses of individual studies and summary
estimates are shown in Figure 3.

Sensitivity analysis and publication bias

Sensitivity analysis was performed by eliminating
each study in turn. The pooled ORs of associa-
tion between APS exposure and VTE risks were
not altered after omitting each individual study in
turn. However, for APS and PE risks, the ORs
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Table 2. Association between antipsychotic agent use and VTE and/or PE in subgroup meta-analysis.

Category Outcome No. of studies Pooled OR (95% Cl) Heterogeneity 2(%)  Model used
Total VTE 21 1.55 (1.36-1.76) 85% Random effects
PE 4 3.68 (1.23-11.05) 90% Random effects
Recurrent VTE VTE 3 1.62(1.18, 2.24) 0% Fixed effects
Cohort VTE 8 1.50 (1.22, 1.83) 88% Random effects
Case-control VTE 12 1.58 (1.33, 1.89) 82% Random effects
High-quality studies VTE 15 1.50 (1.30-1.72) 82% Random effects
Gender
Male VTE 2 1.80(1.52, 2.14) 0% Fixed effects
Female VTE 4 1.63(1.37, 1.93) 51% Random effects
Elder VTE 6 1.33(0.99, 1.79) 95% Random effects
Psychiatric disorders
Schizophrenia VTE 2 1.34(1.15, 1.55) 0% Fixed effects
Dementia VTE 3 1.44(0.99, 2.08) 94% Random effects
Types of APS
FGA only VTE 9 1.47 (1.21-1.78) 80% Random effects
SGA only VTE 8 1.62 (1.28-2.05) 69% Random effects
Combined VTE 6 2.01 (1.47-2.75) 53% Random effects
Duration of current use APS
New users VTE 5 2.06 (1.81, 2.35) L% Fixed effects
Continuing users VTE 5 1.29 (1.04, 1.61) 82% Random effects
Potency of APS
High potency APS VTE 5 1.31(1.22, 1.41) 43% Fixed effects
Low potency APS VTE 5 1.65(0.99, 2.77) 79% Random effects
Dose of APS
High dose using of APS VTE 5 1.86(1.12, 3.09) 81% Random effects
Low dose using of APS VTE 5 1.45(1.11, 1.90) 78% Random effects
Individual APS used
Haloperidol VTE and PE B) 1.64(1.20, 2.23) 87% Random effects
Risperidone VTE and PE 5 1.63(1.16, 2.31) 86% Random effects
Olanzapine VIEand PE 5 1.63 (1.12, 2.37) 78% Random effects
Prochlorperazine VTE 3 1.90 (1.06, 3.40) 95% Random effects
Chlorpromazine VTE 3 1.36 (0.98, 1.87) 58% Random effects
Quetiapine VTE and PE 2 1.61(0.57, 4.55) 95% Random effects
Aripiprazole VTE and PE 2 2.79 (0.31, 25.37) 92% Random effects

APS, antipsychotic agents; FGA, first-generation antipsychotic agents; PE, pulmonary embolism; SGA, second-generation antipsychotic agents;
VTE, venous thromboembolism.
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Recurrent VTE
Odds Ratio Odds Ratio

Study or Subgroup __log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
1.2.1 Recurrent VTE

Ferraris 2019 0.077 0.5343 9.3% 1.08[0.38, 3.08] N
Mollard 2018 0.6259 0.2848 32.8% 1.87[1.07,3.27] el
Nakamura 2017 0.47 0.2146 57.8% 1.60[1.05, 2.44] Ld
Subtotal (95% CI) 100.0% 1.62[1.18, 2.24] L 4

Heterogeneity: Chiz = 0.83, df = 2 (P = 0.66); I = 0%
Test for overall effect: Z = 2.97 (P = 0.003)

L 2

Total (95% ClI) 100.0% 1.62[1.18, 2.24]
Heterogeneity: Chi? = 0.83, df =2 (P = 0.66); 1> = 0%
Test for overall effect: Z = 2.97 (P = 0.003)

Test for subaroup differences: Not aoolicable

001 04 1 10 100
Favours [experimental]

study design, high-quality study

Odds Ratio Odds Ratio
% Cl IV, Random, 95% ClI

1.3.1 Case-control study
Ishiguro 2014 0.2311 0.1314 10.0% 1.26 [0.97, 1.63] B
Jonsson 2009 0.6259 0.1011 11.0% 1.87 [1.53, 2.28] =
Kleijer 2010 -0.1054 0.1068 10.8% 0.90[0.73, 1.11] -
Lacut 2007 1.2528 0.2917 5.5% 3.50 [1.98, 6.20]
Marusic 2017 0.3685 0.361 4.2% 1.45[0.71, 2.93] ]
Masopust 2007 1.0152 0.5134 2.5% 2.76 [1.01, 7.55] -
Parker 2010 0.4447 0.0589 12.1% 1.56 [1.39, 1.75] -
Rarrick 2019 0.3927 0.1673 8.9% 1.48 [1.07, 2.06] N
Schmedt 2013 0.207 0.1005 11.0% 1.23 [1.01, 1.50] [
Wang 2016 0.6393 0.0738 11.7% 1.90 [1.64, 2.19] o
Wu 2013 0.4187 0.1229 10.3% 1.52 [1.19, 1.93] -
zornberg 2000 1.9601 0.5751 2.1% 7.10 [2.30, 21.92] - <
Subtotal (95% CI) 100.0% 1.58 [1.33, 1.89] L 4

Heterogeneity: Tau? = 0.06; Chi* = 60.60, df = 11 (P < 0.00001); I* = 82%
Test for overall effect: Z = 5.10 (P < 0.00001)

1.3.2 Cohort study

Dennis 2017 06655 0.03 16.5% 1.95 [1.83, 2.06] -
Ferraris 2019 0.077 0.5343  3.1% 1.08 [0.38, 3.08] pr——
Hippisley-Cox 2011 female 0.4383 0.0804 15.2% 1.55[1.32, 1.81] —-
Hippisley-Cox 2011 male 0.6081 0.0987 14.5% 1.84 [1.51, 2.23] ——
Liperoti 2005 0.2193 0.115 13.9% 1.25[0.99, 1.56] —
Mollard 2018 0.6259 0.2848  7.4% 1.87 [1.07, 3.27) ——
Nakamura 2017 0.47 02146  9.8% 1.60 [1.05, 2.44] —
Ray 2002 0.0953 0.0748 15.4% 1.10 [0.95, 1.27] -

Vigod 2015 -0.0483 0.4429  4.2% 0.95 [0.40, 2.27]

Subtotal (95% CI) 100.0% 1.50 [1.22, 1.83] >

Heterogeneity: Tau? = 0.06; Chi? = 65.12, df = 8 (P < 0.00001); I*> = 88%
Test for overall effect: Z = 3.87 (P = 0.0001)

1.3.3 High quality studies

Ferraris 2019 0.077 0.5343 1.5% 1.08 [0.38, 3.08]

Hippisley-Cox 2011 female 0.4383 0.0804 8.4% 1.55[1.32, 1.81] =T
Hippisley-Cox 2011 male 0.6081 0.0987 7.9% 1.84 [1.51, 2.23) i
Ishiguro 2014 0.2311 0.1314 71% 1.26 [0.97, 1.63] I
Jonsson 2009 0.6259 0.1011 7.9% 1.87 [1.53, 2.28] =
Kleijer 2010 -0.1054 0.1068 7.7% 0.90[0.73, 1.11] -

Lacut 2007 1.2528 0.2917 3.7% 3.50 [1.98, 6.20]

Liperoti 2005 0.2193 0.115 7.5% 1.25 [0.99, 1.56] I
Mollard 2018 0.6259 0.2848 3.8% 1.87 [1.07, 3.27] T
Parker 2010 0.4447 0.0589 8.8% 1.56 [1.39, 1.75] -3
Ray 2002 0.0953 0.0748 8.5% 1.10 [0.95, 1.27] =
Schmedt 2013 0.207 0.1005 7.9% 1.23 [1.01, 1.50] I
Vigod 2015 -0.0483 0.4429 2.1% 0.95 [0.40, 2.27]

Wang 2016 0.6393 0.0738 8.5% 1.90 [1.64, 2.19] il
Wu 2013 0.4187 0.1229 7.3% 1.52[1.19, 1.93] o
zornberg 2000 1.9601 0.5751 1.3% 7.10 [2.30, 21.92]

Subtotal (95% CI) 100.0% 1.50 [1.30, 1.72] L 4

Heterogeneity: Tau® = 0.06; Chi* = 85.23, df = 15 (P < 0.00001); I* = 82%
Test for overall effect: Z = 5.62 (P < 0.00001)

0.01 0.1 1 10 100

Favours [experimental
Test for subaroup differences: Chi? = 0.27. df = 2 (P = 0.87). 17 = 0% [oxpen ]

Figure 3. (Continued)
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Study population pooled by random effects model

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.4.2 Female
Hippisley-Cox 2011 female 0.4383 0.0804 37.8% 1.55[1.32, 1.81] =
Vigod 2015 -0.0483 0.4429 3.6% 0.95 [0.40, 2.27] -1
Wang 2016 0.6393 0.0738 39.8% 1.90 [1.64, 2.19] =
Wu 2013 female 0.3716 0.1647 18.7% 1.45[1.05, 2.00] B3
Subtotal (95% Cl) 100.0% 1.63 [1.37,1.93] 2
Heterogeneity: Tau? = 0.01; Chi?=6.10,df =3 (P=0.11); = 51%
Test for overall effect: Z = 5.58 (P < 0.00001)
1.4.3 Elder
Dennis 2017 0.6678 0.0324 17.9% 1.95[1.83, 2.08] -
Kleijer 2010 -0.1054 0.1068 16.5% 0.90 [0.73, 1.11] =
Liperoti 2005 0.2193 0.115 16.3% 1.25[0.99, 1.56] Bl
Ray 2002 0.0953 0.0748 17.2% 1.10 [0.95, 1.27] ol
Schmedt 2013 0.207 0.1005 16.7% 1.23[1.01, 1.50] e
Wu 2013 Elder 0.6419 0.1486 15.4% 1.90 [1.42, 2.54] ~u=
Subtotal (95% Cl) 100.0% 1.33 [0.99, 1.79] &
Heterogeneity: Tau? = 0.13; Chi? = 103.54, df = 5 (P < 0.00001); I* = 95%
Test for overall effect: Z = 1.89 (P = 0.06)
1.4.5 Dementia
Dennis 2017 0.6655 0.03 35.7% 1.95 [1.83, 2.06] L
Parker 2010 dementia 0.1823 0.1176 31.6% 1.20 [0.95, 1.51] i
Schmedt 2013 0.207 0.1005 32.7% 1.23[1.01, 1.50] -
Subtotal (95% CI) 100.0%  1.44[0.99, 2.08] <>
Heterogeneity: Tau? = 0.10; Chi? = 32.66, df = 2 (P < 0.00001); I? = 94%
Test for overall effect: Z=1.92 (P = 0.06)

0.01 0.1 1 10 100
i . Favours [experimental]
Test for subaroup differences: Chiz = 1.45.df =2 (P = 0.48). I = 0%
Study population pooled by fixed effects model
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_Weight |V, Fixed, 95% Cl IV, Fixed. 95% ClI
1.5.1 Male
Hippisley-Cox 2011 male 0.6081 0.0987 77.9% 1.84[1.51,2.23] .
Wu 2013 male 0.5188 0.1855 22.1% 1.68[1.17,2.42] -
Subtotal (95% Cl) 100.0% 1.80[1.52, 2.14] ‘

Heterogeneity: Chi* = 0.18, df = 1 (P = 0.67); I = 0%
Test for overall effect: Z = 6.75 (P < 0.00001)

1.5.4 Schizophrenia

Parker 2010 sch 0.2912 0.0755 99.2% 1.34[1.15, 1.55]
Zomberg 2000 sch 0.1823 0.8429 08% 1.20(0.23, 6.26]
Subtotal (95% CI) 100.0% 1.34[1.15, 1.55]

Heterogeneity: Chi? = 0.02, df = 1 (P = 0.90); I* = 0%
Test for overall effect: Z = 3.86 (P = 0.0001)

Test for subgroup differences: Chi* = 6.71, df = 1 (P = 0.010), I = 85.1%

Figure 3. (Continued)
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1 10 100
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journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp

Y Liu, J Xu et al.

Types of antipsychotic agents

_Study or Subgroup ~ log[Odds Ratio]  SE Weight IV. Random. 95% Ci

1.6.1 First generation antipsychotics

Ishiguro 2014 FGA
Jonsson 2009 HP FGA
Jonsson 2009 LP FGA
Lacut 2007 FGA
Liperoti 2005 FGA
Parker 2010 FGA
Schmedt 2013 FGA
Wang 2016 FGA

Wu 2013 HP FGA

Wu 2013 LP FGA
zornberg 2000 FGA
Subtotal (95% CI)

0.2469
0.5365
0.7608

1411
0.0198
0.2469

-0.0619

0.5596

0
0.0488
1.9601

0.1608

0.136
0.2057
0.3512
0.2144
0.0398
0.1248
0.0855

0.322
0.2494
0.5751

10.6%
11.5%
9.0%
5.2%
8.7%
14.3%
11.9%
13.2%
5.8%
7.6%
2.5%
100.0%

Odds Ratio

Odds Ratio

1V, Rand

m. 95% CI

1.28[0.93, 1.75]
1.71[1.31, 2.23]
2.14[1.43, 3.20]
4.10 [2.06, 8.16]
1.02 [0.67, 1.55]
1.28[1.18, 1.38]
0.94 [0.74, 1.20]
1.75[1.48, 2.07]
1.00 [0.53, 1.88]
1.05 [0.64, 1.71]

7.10 [2.30, 21.92]
1.47 [1.21, 1.78]

Heterogeneity: Tau? = 0.07; Chi? = 49.49, df = 10 (P < 0.00001); I1> = 80%
Test for overall effect: Z = 3.87 (P = 0.0001)

1.6.2 Second generation antipsychotics

Ishiguro 2014 SGA
Jonsson 2009 SGA
Lacut 2007 SGA
Liperoti 2005 SGA
Parker 2010 SGA
Schmedt 2013 SGA
Wang 2016 SGA
Wu 2013 SGA
Subtotal (95% Cl)

0.1823
0.8416
0.9933
0.6981
0.5458

-0.1165

0.6366
0.4272

0.2237

0.177
0.6673
0.1493
0.1164
0.1682
0.1717
0.2399

11.8%
13.9%
2.8%
15.2%
16.8%
14.3%
14.2%
11.1%
100.0%

Heterogeneity: Tau? = 0.07; Chi? = 22.36, df = 7 (P = 0.002); I =
Test for overall effect: Z = 4.05 (P < 0.0001)

1.6.3 Combined
Ishiguro 2014 Combined
Liperoti 2005 Combined
Parker 2010 Combined
Schmedt 2013 Combined
Wang 2016 Combined
Wu 2013 Combined
Subtotal (95% CI)

0.4272
1.5686

0.571
0.4824
0.9203
0.1906

0.6078
0.3792
0.2143
0.1731
0.1811
0.3726

5.8%
11.8%
21.5%
24.7%
24.1%
12.1%

100.0%

69%

Heterogeneity: Tau? = 0.07; Chi? = 10.71, df =5 (P = 0.06); 1> = 53%
Test for overall effect: Z = 4.34 (P < 0.0001)

1.20 [0.77, 1.86]
2.32[1.64, 3.28]
2.70[0.73, 9.99]
2.01[1.50, 2.69]
1.73[1.37, 2.17]
0.89 [0.64, 1.24]
1.89 [1.35, 2.65]
1.53 [0.96, 2.45]
1.62 [1.28, 2.05]

1.53 [0.47, 5.05]
4.80 [2.28, 10.09]
1.77 [1.16, 2.69]
1.62[1.15,2.27]
2.51[1.76, 3.58]
1.21 [0.58, 2.51]
2.01 [1.47, 2.75]

Test for subaroun differences: Chi? = 2.74. df =2 (P = 0.25). 12 = 27.1%

Figure 3. (Continued)
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Potency, dose, and duration of APS use pooled by random effects model

Test for subaroup differences: Chi? = 35.50. df = 1 (P < 0.00001)

Figure 3. (Continued)

L 2=97.2%

Favours [experimental]

Favours [control]

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio! SE Weight IV, Random. 95% CI IV. Random, 95% CI
1.7.2 Low potency
Ishiguro 2014 LP FGA -0.3567 0.3803 18.3% 0.70[0.33, 1.48] i
Jonsson 2009 LP FGA 0.7608 0.2057 25.2% 2.14[1.43,3.20] ——
Parker 2010 LP 0.6896 0.1399 27.5% 1.99 [1.51, 2.62] =
Wu 2013 LP FGA 0.0488 0.2494 23.5% 1.05 [0.64, 1.71] B
Zornberg 2000 LP 3.1822 1.0048 55% 24.10[3.36, 172.70]
Subtotal (95% Cl) 100.0% 1.65 [0.99, 2.77] N
Heterogeneity: Tau? = 0.23; Chi? = 18.63, df =4 (P = 0.0009); I> = 79%
Test for overall effect: Z = 1.92 (P = 0.05)
1.7.3 High dose
Ishiguro 2014 HD FGA 0.3436 0.2178 19.8% 1.41[0.92, 2.16] T,
Ishiguro 2014 HD SGA 0.1655 0.2521 18.9% 1.18[0.72, 1.93] i
Parker 2010 HD 0.9517 0.3644 15.8% 2.59[1.27,5.29] -
Wang 2016 HD 1.5254 0.2383 19.2% 4.60 [2.88, 7.33] — =
Wu 2013 HD 0.1398 0.1788 20.7% 1.15[0.81, 1.63] ) [
Zornberg 2000 HD 0.8329 0.9533 5.6% 2.30[0.36, 14.90]
Subtotal (95% Cl) 100.0% 1.86 [1.12, 3.09] -
Heterogeneity: Tau? = 0.30; Chi? = 26.47, df = 5 (P < 0.0001); I> = 81%
Test for overall effect: Z = 2.38 (P = 0.02)
1.7.4 Low dose
Ishiguro 2014 LD FGA 0.0583 0.2951 13.0% 1.06 [0.59, 1.89] e
Ishiguro 2014 LD SGA 0.0198 0.5991 4.5% 1.02[0.32, 3.30] - |
Parker 2010 LD 0.2311 0.0378 32.3% 1.26 [1.17, 1.36] L]
Wang 2016 LD 0.5306 0.0812 29.6% 1.70 [1.45, 1.99] -
Wu 2013 LD 0.2731 0.2294 17.1% 1.31[0.84, 2.06] 1
Zornberg 2000 LD 25177 0.6938 3.5%  12.40[3.18, 48.30]
Subtotal (95% CI) 100.0% 1.45[1.11, 1.90] L 4
Heterogeneity: Tau? = 0.06; Chi? = 22.33, df = 5 (P = 0.0005); I> = 78%
Test for overall effect: Z = 2.74 (P = 0.006)
1.7.6 Continuing
Ishiguro 2014 Continuing 0.0862 0.1434 17.8% 1.09[0.82, 1.44] =
Parker 2010 Continuing 0.257 0.0788 22.3% 1.29[1.11,1.51] -
Schmedt 2013 Continuing 0.0862 0.1133 20.0% 1.09[0.87, 1.36] ™
Wang 2016 Continuing 0.6152 0.0805 22.2% 1.85[1.58, 2.17] el
Wu 2013 Continuing 0.1655 0.1439 17.7% 1.18[0.89, 1.56] T
Subtotal (95% CI) 100.0% 1.29 [1.04, 1.61] L 2
Heterogeneity: Tau? = 0.05; Chi = 22.15, df = 4 (P = 0.0002); I = 82%
Test for overall effect: Z =2.29 (P = 0.02)
0.01 0.1 1 10 100
. X Favours [experimental]
Test for subaroup differences: Chi2 = 2.15. df = 3 (P = 0.54). 1> = 0%
Potency, dose, and duration of APS use pooled by fixed effects model
Odds Ratio Odds Ratio
r r | Rati E Weigh 1V. Fix 5% Cl 1V, Fix 95% Cl
1.8.1 High potency
Ishiguro 2014 HP FGA 0.3784 0.1731 46% 1.46[1.04, 2.05] =
Jonsson 2009 HP FGA 0.5365 0.136 74% 1.71[1.31,2.23] -
Parker 2010 HP 0.2469 0.0398 86.4% 1.28[1.18, 1.38] .
Wu 2013 HP FGA 0 0.322 1.3% 1.00[0.53, 1.88] i
Zornberg 2000 HP 1.1939 0.7073 0.3% 3.30[0.82, 13.20] T
Subtotal (95% ClI) 100.0% 1.31[1.22, 1.41] {
Heterogeneity: Chi? = 6.97, df = 4 (P = 0.14); I = 43%
Test for overall effect: Z=7.40 (P < 0.00001)
1.8.5 New users
Ishiguro 2014 New users 1.1663 0.3433 3.7% 3.21[1.64,6.29] '
Parker 2010 New users 0.678 0.0864 58.5% 1.97[1.66, 2.33] O
Schmedt 2013 New users 0.4874 0.1982 11.1% 1.63[1.10, 2.40] ES
Wang 2016 New users 0.7324 0.1524 18.8% 2.08[1.54, 2.80] =
Wu 2013 New users 1.1817 0.2352 7.9% 3.26[2.06, 5.17] =
Subtotal (95% Cl) 100.0% 2.06 [1.81, 2.35] ‘
Heterogeneity: Chiz2 = 7.16, df =4 (P = 0.13); 1> = 44%
Test for overall effect: Z = 10.97 (P < 0.00001)
t t t i
0.01 0.1 1 10 100
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Individual APS

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI

1.9.1 Haloperidol

Allenet 2012 Haloperidol 0.157
Ishiguro 2014 Haloperidol 0.1931
Parker 2010 Haloperidol 0.7729
Ray 2002 Haloperidol 0.3577
Wang 2016 Haloperidol 0.9528

Subtotal (95% Cl)

0.0287 27.8%
0.5465 6.4%
0.1696 21.2%
0.1001 25.2%
0.199 19.4%
100.0%

Odds Ratio

Odds Ratio
IV, Rando

1.17 [1.11, 1.24]
1.21[0.42, 3.54]
2.17 [1.55, 3.02]
1.43 [1.18, 1.74]
2.59 [1.76, 3.83]
1.64 [1.20, 2.23]

Heterogeneity: Tau? = 0.09; Chi? = 30.44, df = 4 (P < 0.00001); I = 87%

Test for overall effect: Z = 3.14 (P = 0.002)

1.9.2 Risperidone

Allenet 2012 Risperidone 0.1398
Ishiguro 2014 Risperidone 0.6043
Liperoti 2005 Risperidone 0.6806
Parker 2010 Risperidone 0.2151
Wang 2016 Risperidone 0.9757

Subtotal (95% Cl)

0.0356 25.7%
0.3736 12.0%
0.1752 20.7%
0.1545 21.7%
0.19 20.0%
100.0%

1.15 [1.07, 1.23]
1.83 [0.88, 3.81]
1.98 [1.40, 2.78]
1.24 [0.92, 1.68]
2.65 [1.83, 3.85]
1.63 [1.16, 2.31]

Heterogeneity: Tau? = 0.12; Chi* = 28.18, df = 4 (P < 0.0001); I* = 86%

Test for overall effect: Z = 2.78 (P = 0.005)

1.9.3 Olanzapine

Allenet 2012 Olanzapine 0.1133
Ishiguro 2014 Olanzapine 0.2807
Liperoti 2005 Olanzapine 0.6233
Parker 2010 Olanzapine 0.3988
Wang 2016 Olanzapine 1.5476

Subtotal (95% Cl)

0.0427 29.1%
0.3202 16.1%
0.2865 17.7%
0.1702 23.9%
0.3923 13.1%

100.0%

Heterogeneity: Tau? = 0.12; Chi? = 18.43, df =4 (P = 0.001); I? = 78%

Test for overall effect: Z = 2.55 (P = 0.01)

1.9.4 Prochlorperazine

Ishiguro 2014 PCPZ 0.7812
Parker 2010 PCPZ 0.2021
Wang 2016 PCPZ 0.9795

Subtotal (95% CI)

0.2028 30.7%
0.0424 35.5%
0.1216 33.8%

100.0%

1.12[1.03, 1.22]
1.32[0.71, 2.48]
1.87 [1.06, 3.27)
1.49 [1.07, 2.08]

4.70 [2.18, 10.14]
1.63 [1.12, 2.37]

2.18 [1.47, 3.25]
1.22[1.13, 1.33]
2.66 [2.10, 3.38]
1.90 [1.08, 3.40]

Heterogeneity: Tau? = 0.25; Chi? = 42.17, df = 2 (P < 0.00001); I = 95%

Test for overall effect: Z = 2.16 (P = 0.03)

1.9.5 Chlorpromazine

Allenet 2012 CPZ 0.174
Ishiguro 2014 CPZ -0.0202
Parker 2010 CPZ 0.5727

Subtotal (95% Cl)

0.0756 54.6%
0.5301 8.3%
0.1712 37.0%

100.0%

Heterogeneity: Tau? = 0.04; Chi? = 4.77, df = 2 (P = 0.09); I? = 58%

Test for overall effect: Z = 1.85 (P = 0.06)

1.9.6 Quetiapine
Allenet 2012 Quetiapine
Parker 2010 Quetiapine
Subtotal (95% CI)

-0.0305
1.0332

0.0346 52.5%
0.2403 47.5%
100.0%

1.19 [1.03, 1.38]
0.98 [0.35, 2.77]
1.77 [1.27, 2.48]
1.36 [0.98, 1.87]

0.97 [0.91, 1.04]
2.81[1.75, 4.50]
1.61 [0.57, 4.55]

Heterogeneity: Tau? = 0.54; Chi? = 19.20, df = 1 (P < 0.0001); I = 95%

Test for overall effect: Z = 0.89 (P = 0.37)

1.9.7 Aripiprazole
Allenet 2012 Aripiprazole
Wang 2016 Aripiprazole
Subtotal (95% CI)

-0.0202
2.2396

0.0829 53.7%
0.6229 46.3%
100.0%

0.98 [0.83, 1.15]
9.39 [2.77, 31.83]
2.79 [0.31, 25.37]

Heterogeneity: Tau? = 2.36; Chi? = 12.93, df = 1 (P = 0.0003); I = 92%

Test for overall effect: Z = 0.91 (P = 0.36)

Test for subaroun differences: Chiz = 1.61. df = 6 (P = 0.95). 17 = 0%

1

).l 0’+H' N 0“"%

0.01

0.1

1 10 100
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Figure 3. Forest plot of individual studies and summary estimates of subgroup analyses on recurrent venous thromboembolism
(VTE), study design, high-quality study, study population, types of antipsychotic agents (APS), potency, dose, and duration of APS use,

individual APS.

CPZ, chlorpromazine; FGA, first-generation antipsychotics; HD, high dose; HP, high potency; LD, low dose; LP, low potency; PCPZ, prochlorperazine;
Sch, schizophrenia; SGA, second-generation antipsychotics.

were altered after eliminating three individual
studies!®3%35 in turn, indicating that the result
was not stable. The funnel plot was used to assess
the publication bias, and the results were shown
in Figure 4. Visual inspection of the funnel plot
showed obvious asymmetry. Therefore, the pub-

lication bias needs to be considered.

Discussion

The aim of this meta-analysis is to ascertain the
risk of VTE and PE among users of APS com-
pared with non-users. Cohort and case-control
studies were included in the review. Except for
two studies with unclear definition,?2:25 most of
the studies identified VTE and PE by International

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com

Therapeutic Advances in Psychopharmacology 11

0__SE(Iog[0R])

0.1 1 10 100

Figure 4. Funnel plot on the publication bias of all included studies.

Classification of Diseases codes, medical records,
and objective tests, which can result in reliable
VTE and PE diagnoses. The results of this study
indicate that the risk of both VTE and PE is
higher for APS wusers than non-users, with a
pooled OR estimate of 1.55 (95% ClIs 1.36, 1.76)
for VTE and 3.68 (95% ClIs 1.23, 11.05) for PE.
For individual drugs, increased risk of VTE and
PE was observed in taking haloperidol, risperi-
done, olanzapine, prochlorperazine, but not in
chlorpromazine, quetiapine, or aripiprazole.

This finding is consistent with previously pub-
lished meta-analyses that found correlations
between APS use and VTE risk.17:18:20 However,
compared with the most recent meta-analysis,2?
nine additional studies were identified in this rev
iew.13:21-28 Qur subgroup analysis also suggests
that APS exposure increases the risk of VTE recur-
rence. This finding further implicates APS as an
independent factor contributing to VTE. Subgroup
analysis of cohort, case-control and high-quality
studies also showed that VTE risk significantly
increased in APS users, which strengthens the con-
fidence of the results. However, the results still
need to be interpreted with care because of high
heterogeneity among the included studies. Our
finding that APS use increased risk of PE is also
consistent with previous studies, though the
strength of this finding is limited by high heteroge-
neity among included studies and wide CIs.19:20
The present sensitivity analysis also suggested that
this result is not stable, which indicates that the
result of high risk of PE is not reliable.

As far as we know, this is the first meta-analysis of
pooled comprehensive data based on five studies
about APS new users and VTE risk reported by
observational studies, indicating that VTE risk
appears to be greater in new users.10:21:42,45,46 T'hjig
result suggests that APS users in the initial stage
are more vulnerable to VTE. Several possible
explanations might be involved in this result.
Continuing APS users were not observed to have
as high a risk for VTE as new APS users, indicat-
ing that tolerance is increased with longer APS
exposure. Another possible explanation is that
some psychotic symptoms are related to VTE.
Increased risk for VTE among patients with con-
current depressive, bipolar, and schizophrenic dis-
orders was reported that implied psychiatric
symptoms might take part in the process of VTE
risk.#® Psychiatric symptoms relieved after APS
treatment may partially explain the higher risk in
new APS users. In addition, the VTE test usually
was arranged in the first few days of medication
treatment, potentially leading to a biased overesti-
mation of VT E risk in the initial stage. Interestingly,
a similar finding was reported in a meta-analysis
about APS exposure and myocardial infarction
(MI) risk.#® A common pathway might contribute
to both MI and VTE in APS users.

FGA use and SGA use were both related to the
risk of VTE, and the effect sizes are quite similar.
Compared with the most recent review, three
additional studies for evaluating VTE with
FGA?1:4045 and two additional studies with
SGA21L% were included, and a consistent result
was observed. The study conducted by Ballard
et al. was not included in this analysis because this
study was performed as a clinical trial rather than
an observational study.5? Although the subgroup
analyses showed that a combination of two types
of APS increased risk of VTE two-fold, this result
cannot be explained by the combined use of FGA
and SGA because of overlapping CIs. Studies
reporting the relationship between individual APS
use and VTE or PE outcome were all included in
the analysis to supplement scarce data. Statistical
differences were observed in the subgroup of halo-
peridol, risperidone, olanzapine, prochlorperazine
users compared with APS non-users, but not in
the subgroup of chlorpromazine, quetiapine, and
aripiprazole users. Although definitive conclu-
sions cannot be drawn because there was high het-
erogeneity among the included studies and scarce
data, this result calls for clinicians to remain cau-
tious about using certain drugs. In addition, a
recent systematic review showed that 34 cases of
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PE occurred after clozapine treatment and nearly
half of them did not have other co-morbidities for
PE, indicating that clozapine exposure may be
associated with a high risk of PE.3! However,
among the few observational studies that provide
data on this issue, one study conducted in 1997
did not provide CIs,!3 and the strength of another
study was limited by methodological quality.**
The proper risk of using clozapine for VTE and/or
PE cannot yet be determined.

The mechanism of VTE risk and exposure to APS
remains unclear. Psychotic disorders and APS
might both play a role in the occurrence of VTE.
Possible mechanisms that have been reported
include immobilization, metabolic syndrome,
antiphospholipid antibody increases, and hyper-
prolactinemia. Immobilization leads to circulatory
stasis, which as one of Virchow’s triad is a well-
known risk factor contributing to VTE. Many
kinds of APS have been indicated to have a side
effect of sedation, which can cause immobiliza-
tion.> Also, symptoms of mental illness, such as
negative symptoms of schizophrenia, dementia,
and major depressive disorder, could lead to social
withdrawal and immobilization. There is a signifi-
cantly increased risk of weight gain involved in
using a variety of APS, especially SGA, a relation-
ship that has been known for decades. Metabolic
syndrome and obesity could contribute to increased
platelet activity via the inflammation process.>?
Platelet aggregation plays a direct role in coagula-
tion hyperactivity, which has been reported in APS
users. Blood platelet aggregation was observed to
increase after clozapine treatment,>3 but a conflict-
ing result was suggested in an in wvizro study,>*
showing that this question remains controversial.
In addition, first-episode drug-naive schizophrenia
patients have been shown to have higher expres-
sion of platelet integrins allb and pIIla compared
with healthy individuals, suggesting that psychiat-
ric disorders might be involved in platelet aggrega-
tion hyperactivity.>5

Antiphospholipid syndrome is frequently observed
as an increase in anticardiolipin antibodies (aCL)
and most commonly manifests as VTE, potentially
relating to increased VTE risk among APS users. A
significant positive relationship between serum
IgM aCL and serum clozapine level was shown in a
clinical trial,>® but the opposite result was reported
in another one.’® Hyperprolactinemia is another
underlying reason for APS use being related to high
risk of VTE. It has been reported that hyperprol-
actinemia may contribute to coagulation disorder.>”

In addition, a positive correlation was observed
between prolactin levels and some coagulation acti-
vation markers in male patients taking APS but not
in females.’® The other possible mechanisms
include hyperhomocysteinemia, inflammatory pro-
cess et al., but the actual mechanism is still not
clear.5%%0 More evidence needs to be provided to
clarify the exact mechanism of the relationship
between APS use and VTE risk.

This analysis has some limitations that should be
considered. The most noticeable one is the high
heterogeneity among included studies, which is
similar to the previous meta-analysis.!820 The het-
erogeneity can be observed in various aspects.
First, the populations in each study are quite dif-
ferent. As reported above, VTE risk could be
increased in first-episode drug-naive schizophre-
nia patients. Hence the different study popula-
tions could result in different baseline VTE risks.
Second, the definition of current use is inconsist-
ent. We collected data on current APS exposure
rather than recent or past exposure to mitigate
heterogeneity caused by different durations of
APS exposure. However, the definition of current
exposure also was not consistent among studies;
thus, VTE risk in APS users might be underesti-
mated since greater risk was observed for short-
term APS use. In addition, for some subgroup
analyses, different definitions of subgroup expo-
sure among included studies contributed to sig-
nificant heterogeneity. For instance, for the
subgroup analysis of the dose group, three studies
defined a high dose as a chlorpromazine-equiva-
lent dose over 100mg.1416:21 One study defined
low-dose and high-dose group by chlorpromazine-
equivalent dose <150mg, >300mg.4¢ Another
one considered the low-dose group as <25% of
the maximum recommended in British National
Formulary, and high dose as maximum and over.42
It is worth noting that the present study directly
combined the data in high and low-dose groups of
these five publications that might result in statisti-
cal bias. Third, the inconsistent nature of non-
users leads to different interpretations of the
findings in each cohort study, which can also
result in heterogeneity. For example, Ray ez al.l>
used a thyroid hormone-prescribed population as
a control group and interpreted their results rela-
tive to those prescribed thyroid hormones, and
suggested that antipsychotic medication intake is
not related to a higher risk of VTE.!5 Fourth, the
effect size in the association between APS use and
PE risk is not reliable. There are only four studies
that provided data on the correlation of APS
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exposure with PE risk alone, but some studies
used PE and deep venous thrombosis as the out-
come. Consequently, hardly separated PE in
mixed outcomes leads to inaccurate assessment of
PE risk. In addition, only a few studies provided
data on VTE risk of individual drugs, resulting in
inadequate strength to determine the safety of
individual drugs. In addition, although the
Cochrane Collaboration has recommended NOS
as a methodological quality assessment tool for
observational studies, the low reliability between
individual reviewers shows that the tool is not
objective enough.®! Moreover, the weights of each
study in pooling OR cannot be based on the study
quality, which might cause the result to be easily
influenced by low-quality studies. Based on these
considerations, further studies could focus on spe-
cific populations of APS users, for example, schiz-
ophrenia patients. It will help to know the exact
risk of taking certain drugs. In addition, studies
about individual APS that have only PE as the
outcome also need to be conducted to provide
more evidence based in clinical practice.

This comprehensive systematic review provides
more information and strengthens the evidence
on APS use and VTE risk for guideline develop-
ers, policymakers, and clinicians. In addition, the
subgroup analyses draw clinician attention to an
initial period of APS use and provide clues into
the risk of individual APS. Therefore, the neces-
sary physical health monitoring is needed to pro-
vide for psychiatric patients prescribed continuing
antipsychotic medication in clinical practice. For
example, the Two-level DVT Wells score assess-
ment, D-dimer test and the proximal leg vein
ultrasound scan can be considered for these
patients, especially new antipsychotic drug users,
in order to comprehensively evaluate the risk of
VTE and PE.%?

Conclusion

The comprehensive meta-analysis indicates that
both the significantly increased VTE and PE risk
were found in current APS users compared with
non-users. Subgroup analyses suggest that new
users are more likely to develop VTE. Using halo-
peridol, risperidone, olanzapine, or prochlorpera-
zine significantly increased the risk for VTE, but
not chlorpromazine, quetiapine, or aripiprazole.
However, high heterogeneity among studies and
scarce data for individual APS calls for cautious
interpretation of the findings from this review.
Further studies could focus on specific populations

of APS users and VTE risk of individual APS. In
addition, more studies listing only PE as the out-
come need to be conducted to provide more evi-
dence based in clinical practice.
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