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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 et  al.1–4 Most APS 
can effectively reduce both positive and negative 

symptoms of schizophrenia.5 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 14.5 years less than 
that of the healthy population,6 and sudden unex-
pected death was found to be correlated with 
multiple APS in a meta-analysis.7 Pulmonary 
embolism (PE) is a severe condition that can lead 
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Background: Antipsychotic agents (APS) are widely used drugs to treat psychotic symptoms 
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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,8–12 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 et 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.13 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.14 
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.17 Afterward, Barbui et  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% CIs 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).19 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 
PE20 but failed to include several observational 
studies.13,21–25 In 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)29 and con-
ducted by Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA)30 and 
Meta-Analyses of Observational Studies in 
Epidemiology (MOOSE).31 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 XJ) 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 (NOS) 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 XJ) 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% CIs 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 I2 index.32 When I2 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 1 year 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 1 year 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 studies13–16,19,21–28,33–47 
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 which nine 
had a nested case-control design.14,16,19,21,40–42,45,46 
Eleven were cohort studies.13,15,23,25–28,36,43,44,47 In 
terms of data sources, 20 studies identified patients 
from databases,13–16,19,21,23,25,26,28,36,37,40–47 four 
studies identified patients from hospital medical 
records,22,24,27,38 two used autopsy records,35,39 one 
study used both police records and hospital 
records,34 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,45,47 six studies focused on 
elderly patients,15,36,41,45–47 and two studies focused 
on female APS users,23,46 of which one study 
included menopausal women46 and the other study 
focused on pregnant women.23 While the majority 
of included studies ascertained VTE and PE by 
diagnostic codes, six studies used PE diagnostic 
codes only,13,19,34,35,39,44 and 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 Three 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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However, a high heterogeneity was observed 
(p < 0.00001; I² = 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; I² = 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, I² = 0%). 
Subgroup analysis of both cohort (OR 1.50, 95% 
CIs 1.22, 1.83) and case-control (OR 1.58, 95% 
CIs 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% CIs 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% CIs 1.81, 2.35) than continuing 

Figure 1.  Flow diagram of relevant studies identification.
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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% CIs 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 

Figure 2.  Forest plot of the association between current antipsychotic agents (APS) used and risk of venous thromboembolism (VTE) 
and pulmonary embolism (PE).
CI, confidence interval; OR, odds ratio.
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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% CI) Heterogeneity I2 (%) 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) 44% 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 5 1.64 (1.20, 2.23) 87% Random effects

Risperidone VTE and PE 5 1.63 (1.16, 2.31) 86% Random effects

Olanzapine VTE and 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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Figure 3.  (Continued)
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Figure 3.  (Continued)
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Figure 3.  (Continued)
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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 
studies19,34,35 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,22,25 most of 
the studies identified VTE and PE by International 
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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 users than non-users, with a 
pooled OR estimate of 1.55 (95% CIs 1.36, 1.76) 
for VTE and 3.68 (95% CIs 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,20 
nine additional studies were identified in this rev
iew.13,21–28 Our 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.16,21,42,45,46 This 
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.48 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 VTE risk in the initial stage. Interestingly, 
a similar finding was reported in a meta-analysis 
about APS exposure and myocardial infarction 
(MI) risk.49 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 
FGA21,40,45 and two additional studies with 
SGA21,45 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.50 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 

Figure 4.  Funnel plot on the publication bias of all included studies.
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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.51 However, 
among the few observational studies that provide 
data on this issue, one study conducted in 1997 
did not provide CIs,13 and the strength of another 
study was limited by methodological quality.44 
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.5 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.52 
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,53 but a conflict-
ing result was suggested in an in vitro study,54 
showing that this question remains controversial. 
In addition, first-episode drug-naïve schizophrenia 
patients have been shown to have higher expres-
sion of platelet integrins αIIb and βIIIa compared 
with healthy individuals, suggesting that psychiat-
ric disorders might be involved in platelet aggrega-
tion hyperactivity.55

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,53 but the opposite result was reported 
in another one.56 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.57 

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.58 The other possible mechanisms 
include hyperhomocysteinemia, inflammatory pro-
cess et  al., but the actual mechanism is still not 
clear.59,60 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.18,20 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-naïve 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 100 mg.14,16,21 One study defined 
low-dose and high-dose group by chlorpromazine-
equivalent dose ⩽150 mg, >300 mg.46 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 et al.15 
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.15 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.61 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.62

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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