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ABSTRACT

Objective To determine whether antipsychotic drugs are
associated with an increased risk of venous
thromboembolism, and to examine risks by type of
antipsychotic, potency, and dose.

Design Population based nested case-control study.
Setting The UK QResearch primary care database.
Participants Patients (cases) with a first ever record of
venous thromboembolism between 1 January 1996 and 1
July 2007; each was matched with up to four controls by
age, calendar time, sex, and practice.

Main outcome measures Odds ratios for venous
thromboembolism associated with antipsychotic drugs
adjusted for comorbidity; concomitant drug exposure.
Results There were 25 532 eligible cases (15975 with
deep vein thrombosis and 9557 with pulmonary
embolism) and 89 491 matched controls from a study
population of 7 267 673. Individuals prescribed
antipsychotic drugs in the previous 24 months had a 32%
greater risk of venous thromboembolism than non-users,
despite adjustment for potential risk factors (odds ratio
1.32,95% confidence interval 1.23 to 1.42). Patients who
had started a new drug in the previous three months had
about twice the risk (1.97, 1.66 to 2.33). The risk was
greater for individuals prescribed atypical rather than
conventional drugs (adjusted odds ratio 1.73, 1.37 to
2.17, for atypical drugs; 1.28, 1.18 to 1.38, for
conventional drugs). It also tended to be greater for
patients prescribed low rather than high potency drugs
(1.99, 1.52 to 2.62, for low potency; 1.28, 1.18 to 1.38,
for high potency). The estimated number of extra cases of
venous thromboembolism per 10 000 patients treated
over one year was 4 (3 to 5) in patients of all ages and 10
(7 to 13) for patients aged 65 and over.

Conclusions There is an association between use of
antipsychotic drugs and risk of venous thromboembolism
in a large primary care population. The increased risk was
more marked among new users and those prescribed
atypical antipsychotic drugs.

INTRODUCTION

Venous thromboembolism is an important and pre-
ventable cause of morbidity and mortality.! Up to a
quarter of affected patients die within a week,” and
almost a third of survivors experience long term

effects.’* Some research has indicated that anti-
psychotic drugs, some of which are also widely pre-
scribed for nausea, vomiting, and vertigo, might be
associated with an increased risk of venous throm-
boembolism. Early case reports led to several studies,
but the findings have been inconsistent and the possi-
ble association has received little attention.

One case-control study found a sevenfold risk of
venous thromboembolism among current users of anti-
psychotic drugs,” and another a 13-fold risk of death from
pulmonary embolism.’ The studies were based on small
numbers, excluded older people, and were conducted
before the widespread use of atypical antipsychotic
drugs. A hospital based case-control study found a 3.5-
fold risk associated with antipsychotics, with a lower risk
for atypical drugs than for conventional drugs.” Two
large cohort studies focused on people aged 65 or over
who were taking antipsychotic drugs.®* One found anon-
significant overall association,® although the subgroup
taking butyrophenone conventional drugs showed a
43% increased risk. The other, based on residents of nur-
sing homes, found a doubled risk associated with atypical
drugs but no effect with conventional drugs.” A further
cohort study focused on the atypical clozapine and found
that current users had a fivefold risk of death from pul-
monary embolism compared with past users.'

There are therefore grounds for concern, but consid-
erable uncertainty remains on an association that, if
proved, would have important implications. Several
plausible biological mechanisms have been suggested,
including enhanced aggregation of platelets, raised
concentrations of anticardiolipin antibodies, and
exacerbation of venous stasis."!

We investigated whether antipsychotic drugs are
associated with an increased risk of venous throm-
boembolism and examined risks by type, potency,
and dose, adjusting for comorbidity and concomitant
drug exposure. We carried out a nested case-control
study in a large population based primary care cohort
in the United Kingdom.

METHODS

Data source

The QResearch database version 16 (www.qresearch.
org) holds the anonymised primary care clinical
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records of over 11 million people registered at any time
in the past 16 years with 525 UK general practices. The
database includes data on patients’ demographics,
characteristics, consultations, symptoms, diagnoses,
referrals, results of investigations, and prescribed
drugs. Ithasbeen subject to detailed analyses including
age-sex distributions, birth rates, death rates, and con-
sultation rates and shows good correspondence with
other sources.'” Recording of clinical diagnoses includ-
ing psychoticillness" and venous thromboembolism"
has good levels of completeness and accuracy in UK
general practice databases.

Study population

The study population consisted of an open cohort of
patients registered with participating practices
between 1 January 1996 and 1 July 2007. Cases were
all patients aged between 16 and 100 with a first ever
record of venous thromboembolism (deep vein throm-
bosis or pulmonary embolism) during the study per-
iod, including postmortem diagnoses, identified from
computer recorded Read codes (diagnostic codes) for
venous thromboembolism recorded within the
patient’s electronic record.

We used incidence density sampling to identify up to
four controls for each case, matched by single year of age,
calendar time, sex, and practice. All controls were alive
and registered with the practice at the date of the first
recorded diagnosis of venous thromboembolism in
their matched case: this was the index date for each
case and their controls. Controls had no diagnosis of
venous thromboembolism in their record up to this date.

Exclusions

Potential participants (cases and controls) were
excluded if they had less than 24 months of data before
the index date or if area census data on socioeconomic
status were missing from their record (usually tempor-
ary residents). Controls were excluded if they had had
any prescriptions for warfarin before the index date, as
this could be treatment for a previous, unrecorded
venous thromboembolism. For cases, prescriptions
for warfarin in the six weeks before diagnosis of venous
thromboembolism did not trigger exclusion as they
could plausibly be treatment for the index event itself.
Cases in which there was any use of warfarin earlier
than this six week period, however, were excluded.

Data

We extracted demographic information including year
of birth, sex, and fifths of Townsend score (a measure
of socioeconomic status), together with the most recent
body mass index (BMI) and smoking status before the
index date. Individuals were coded as having schizo-
phrenia, bipolar disorder, and/or dementia if these
diagnoses were recorded before the index date. We
extracted data recorded before the index date on
comorbid conditions that could increase the risk of
venous thromboembolism (coronary heart disease,

cardiac failure, stroke, cancer, inflammatory bowel dis-
ease, liver disease, varicose veins, gastrointestinal
bleed, Parkinson’s disease, renal disease, asthma, dia-
betes, hypertension, hyperlipidaemia).' '*'° For several
events associated with increased risk in the short term
(hip surgery, hip or lower limb fractures, acute infec-
tions, pregnancy),'*!® we extracted data for the six
months before the index date. We also extracted infor-
mation on whether there was any computer recorded
evidence of a hospital admission in the preceding
31-183 days (admissions in the preceding 30 days
might have been for the thrombosis itself) and included
this in the analysis as a binary variable.

We assessed exposure to drugs on the basis of pre-
scriptions on or before the index date. For the expo-
sures of primary interest (antipsychotics, BNF,
chapters 4.2.1 and 4.2.2), full prescription data were
collected, including drug name, formulation, dose
instructions, and date. For some drugs that increase
risk of venous thromboembolism (oral contraceptives
and hormone replacement therapy,'®!” tamoxifen'®)
and other commonly used drugs (statins, non-steroidal
anti-inflammatory drugs (NSAIDs), aspirin, anti-
manics), we recorded only whether any prescriptions
were issued in the 24 months before the index date.

Statistical methods

The analyses were conducted in Stata version 9.2. Each
individual was classified for exposure to antipsychotics
as a current user (one or more prescriptions within three
months before index date); recent user (four and
12 months before); past user (13 and 24 months before);
or not exposed within the previous 24 months. We sub-
classified current users as new users (prescription for
antipsychotic during the three months before the
index date, after at least 12 months with no prescription
for that antipsychotic) or as continuing users. Exposure
during the past 24 months was also classified according
to type (conventional only, atypical only, both) and
potency (high potency only, low potency only, or
both, with high potency defined as equivalent dose of
more than 100 mg chlorpromazine). When possible, we
calculated the daily dose equivalent of each script and
classified individuals as low dose only (<25% of maxi-
mum recommended in BNF), medium/low dose (under
maximum), or any high dose (maximum and over). The
number of different antipsychotic drugs prescribed to
each individual, and the number of scripts each
received, were ascertained.

Patients with more than one mental health indication
were categorised according to a hierarchy: schizophre-
nia, bipolar disorder without schizophrenia, and
dementia without schizophrenia or bipolar disorder.
BMI values outside the range 15-50 were treated as
missing.

Case-control analyses

We undertook multiple conditional logistic regression
to estimate the odds ratio (with 95% confidence inter-
val) for risk of venous thromboembolism associated
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Table 1|Age-sex incidence rates for venous
thromboembolism in QResearch primary care database

No of Person years Incidence/
Age (years) events at risk 100 000 person years
Women:
16-24 248 767725 32
2534 1381 2663258 52
3544 1642 2733104 60
45-54 1887 2297 636 82
55-64 2651 1948580 136
6574 3523 1522939 231
7584 4155 1176311 353
285 2107 522421 403
Total 17594 13631973 129
Men:
16-24 94 737 655 13
2534 841 2651 541 3
35-44 1354 2879 488 47
4554 1812 2392848 76
55-64 2784 1978988 141
6574 3477 1394184 249
7584 2812 813588 346
285 844 222328 380
Total 14018 13070621 107
Total 31612 267025% 118

with any use of antipsychotics in the 24 months before
the index date. The odds ratios are unbiased estimates
of rate ratios as we used incidence density sampling to
select controls. Odds ratios and 95% confidence inter-
vals were estimated for subgroups based on timing,
type, potency, duration, and dose of antipsychotics
and for individual antipsychotics with a sufficiently
high level of use. We compared the risk for current
antipsychotic users (prescriptions in the previous
three months) between new users and continuing
users.

The analyses were adjusted for socioeconomic sta-
tus, the comorbidity and drug variables listed above,
and the number of complete months of data before the
index date. Adjustment was not initially made for
smoking or BMI, because of missing data, but after
we imputed missing values we repeated the analyses
with these variables added to the models. We tested
for interactions between use of antipsychotics and
age, sex, socioeconomic status, BMI, smoking status,
and category of mental health.

We repeated the main analyses twice. The first ana-
lysis was restricted to idiopathic venous thromboem-
bolism, and cases and controls with major risk factors
for venous thromboembolism (previous cancer, cor-
onary heart disease, stroke, congestive cardiac failure;
hip surgery, hip or lower limb fracture, or pregnancy
within the previous six months) were excluded. We
then excluded individuals with diagnoses of manic
depression or schizophrenia.

We calculated the numbers needed to harm per year
by applying the incidence of first venous thromboem-
bolism and using the adjusted odds ratio from current

use of antipsychotic drugs by type, potency, timing,
quantity, and dose. We calculated this separately for
all patients aged 16 and over and for those aged 65
and over. We also estimated the number of additional
cases of venous thromboembolism expected per
10000 treated patients per year. We calculated
approximate 95% confidence intervals for these esti-
mates.

Multiple imputation

Multiple imputation was carried out with the Stata ICE
programs,'’ with all the main analysis variables
entered in the prediction equation, together with the
matching variables of age, sex, and index year. Five
imputed datasets were created and combined for ana-

lysis.

RESULTS

Study population

A total of 453 QResearch practices met the inclusion
criteria. The study population consisted of 7267 673
patients with 26 702 594 person years of observation.
We identified 31 612 incident cases of venous throm-
boembolism, an overall crude rate of 118 per 100 000
person years (table 1, figure). Incidence rates among
women rose from 32 per 100 000 person years at age
16-24 to 403 at age 85 and over; for men the corre-
sponding numbers were 13 and 380.

Cases and controls

The 31612 cases were matched to 125559 controls.
We excluded 6016 cases (19%) and 17 595 controls
(14%), principally because they had less than
24 months of data before the index date (table 2).
Cases without any matched controls, and controls
without a matched case, were then excluded, leaving
25 532 eligible cases (15 975 with deep vein thrombosis
and 9557 with pulmonary embolism) and 89 491 eligi-
ble controls.

Table 3 shows that cases were more likely than con-
trols to have a high BMI and marginally more likely to
live in an area of socioeconomic deprivation. Overall,
the prevalence of relevant mental health conditions
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Table 2|Eligibility of cases (patients with first ever record of venous thromboembolism) and
matched controls. Figures are numbers (percentages) of individuals

Cases Controls
Extracted from QResearch 31612 125559
Excluded: B N
<24 months of data before index date 3648 (11.5) 11543 (9.2)
Missing socioeconomic status 494 (1.6) N 2590 (2.1)
Previous use of warfarin - 187459 3462 (2.8)
Matched case or controls excluded 64 (0.2) 18 473 (14.7)

Eligible

25532 (80.8) 89491 (71.3)
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was 0.4% for schizophrenia, 0.3% for bipolar disorder,
and 1.0% for dementia; eight cases and 31 controls had
more than one of these. All the suggested risk factors
for venous thromboembolism were more prevalent
among cases than controls. For many conditions the
difference was small, but there was a greater disparity
for cancer and for recent fractures, hip surgery, and
acute infections. The use of drugs that could increase
risk of venous thromboembolism (oral contraceptives,
hormone replacement therapy, tamoxifen) was more
common among cases than controls.

Risk associated with antipsychotics

New users—Table 4 shows that 2126 cases (8.3%) and
4752 controls (5.3%) had received an antipsychotic
drugin the previous 24 months. Overall, antipsychotic
users had a 32% greater risk of venous thromboembo-
lism than non-users (adjusted odds ratio 1.32,95% con-
fidence interval 1.23 to 1.42). Among antipsychotic
users, 38% were classed as current users (a script within
the previous three months): their increase in risk was
56% (1.56, 1.39 to 1.75) compared with 36% for recent
users (1.36, 1.20 to 1.54); for past users the risk was not
significantly increased (1.04, 0.91 to 1.18). Among cur-
rent antipsychotic users, 15% had started a new drug
within the three months before the index date, and this
group of new users showed a greater increase in risk
than continuing users (1.97, 1.66 to 2.33, for new
users; 1.29, 1.11 to 1.51, for continuing users).

Dose and type of antipsychotic—Table 4 also shows that
87% of controls (4156/4752) of those prescribed anti-
psychotics had received only conventional drugs, 90%
(4293/4752) had received only high potency drugs,
and 51% (2404/4752) had received only a single pre-
scription in the past 24 months; 6% (256) of those tak-
ing antipsychotics had changed to a different
antipsychotic drug, and 1% (44) had received the max-
imum daily dose (or greater) of any antipsychotic.

Atypicalv conventional—The risk was greater for indi-
viduals prescribed atypical drugs rather than conven-
tional drugs (adjusted odds ratios 1.73, 1.37 to 2.17, for
atypical; 1.28, 1.18 to 1.38, for conventional). It was
also greater for patients prescribed low rather than
high potency drugs (1.99, 1.52 to 2.62, for low potency;
1.28, 1.18 to 1.38, for high potency).

Number of prescriptions—The risk was marginally
higher for individuals receiving more than 12 scripts
in the past 24 months (adjusted odds ratio 1.44, 1.18

to 1.75), but those receiving only one had a signifi-
cantly higher risk than those receiving none (1.32,
1.17 to 1.49).

Multiple drugs—Individuals prescribed two or more
different antipsychotics had a greater risk than those
receiving one (adjusted odds ratio 1.99, 1.49 to 2.65,
for two or more drugs; 1.29, 1.20 to 1.39, for one drug).

Dose response and route of delivery—There was an
apparent dose-response gradient, but individuals
receiving medium or high dose scripts were also
more likely to have received two or more different
drugs and to have received atypical drugs rather than
conventional drugs. When we added the number of
drugs or the types of antipsychotics to the models
there was no significant relation between dose and
risk. Individuals receiving any scripts for injections
(short acting or depot) showed a substantially higher
risk (adjusted odds ratio 3.24, 2.04 to 5.17) than indivi-
duals receiving only oral drugs or suppositories (1.30,
1.20 to 1.40), but the numbers receiving injections
were small.

Individual drugs—The most commonly prescribed
drug was prochlorperazine, a high potency phenothia-
zine, which, in addition to treating psychosis, is com-
monly prescribed for nausea, vomiting, and vertigo.
Prochlorperazine was prescribed for 5133 individuals,
75% of the total number who had taken antipsychotics,
and for 3243 of these only a single script had been
given (not tabulated). The other most commonly pre-
scribed drugs were (in order) risperidone, haloperidol,
olanzapine, chlorpromazine, trifluoperazine, and que-
tiapine (table4). Separate odds ratios were estimated
for exposure to these drugs, and the highest risks
were found among individuals prescribed quetiapine,
chlorpromazine, and haloperidol (adjusted odds ratio
2.81(1.75 to 4.50), 1.77 (1.27 t0 2.48),and 2.17 (1.55 to
3.02), respectively).

Sensitivity analyses—All the results were similar when
we carried out analyses on individuals having
excluded those with either schizophrenia or manic
depression and having excluded those with major
risk factors for venous thromboembolism (see appen-
dix on bmj.com for full results).

Missing data—Data on smoking or BMI, or both,
were missing for 6534 cases (25.6%) and 25 720 con-
trols (28.7%): they were marginally more likely to be
men and to live in an area of social deprivation than
those with complete data. Odds ratios based on the
imputed datasets, with smoking and BMI added to
the adjustment variables, were close to the ones
reported in table 4. For example, the overall odds
ratios after imputation were 1.32 (1.24 to 1.40) for
any antipsychotic use in the previous 24 months, 1.57
(1.43 to 1.72) for current use, 1.31 (1.19 to 1.46) for
recent use, and 1.06 (0.95 to 1.18) for past use.

Confounding variables—Table 5 shows associations
between risk of venous thromboembolism and the
variables treated as potential confounders, adjusted
for each other and for any use of antipsychotics in the
previous 24 months. We used the imputed datasets so
that smoking and BMI could be included, and the table
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Table 3|Characteristics of cases (patients with first ever record of venous thromboembolism)
and matched controls at index date. Figures are numbers (percentages) unless stated otherwise

Characteristic

Cases (n=25 532)

Controls (n=89 491)

Men 11318 (44.3) 39521 (44.2)
Women 14214 (55.7) N 49970 (55.8)
Median (IQR) age (years) 67 (53-77) 67 (53-77)
Smoking status:
Current smoker 4701 (18.4) 14901 (16.7)
Not current smoker N 17531 (68.7) N 59130 (66.1)
Smoking status not recorded N 3300 (12.9) N 15460 (17.3)
Body mass index (BMI): N N
Not overweight (15.0-24.9) 6454 (25.3) 28108 (31.4)
Overweight (25.0-29.9) 7390 (28.9) 24869 (27.8)
Obese (30-50) - 5629 (22.0) N 12527 (14.0)
No valid BMI recorded 6059 (23.7) 23987 (26.8)
Fifth of socioeconomic status: N N
1 (least deprived) 5798 (22.7) 21898 (24.5)
2 N 5110 (20.0) N 19205 (21.5)
3 o 5233 (20.5) o 18592 (20.8)
4 5178 (20.3) 16 868 (18.8)
5 (most deprived) 4213 (16.5) 12928 (14.4)

Median (IQR) months of previous data
Mental health conditions*:

164 (91-297)

167 (94-303)

Schizophrenia
Bipolar disorder
Dementia

None of the above

Comorbidities:

121 (0.5)

73(0.3)

327 (1.3)
25011 (98.0)

325 (0.4)

198(0.2)

826 (0.9)
88142 (98.5)

Coronary heart disease 3502 (13.7) 8982 (10.0)
Congestive cardiac failure 1553 (6.1) 2546 (2.8)
Stroke or transient ischaemic attack N 1861 (7.3) N 4235 (4.7)
Any cancer 3613 (14.2) 4119 (4.6)
Inflammatory bowel disease N 349 (1.4) N 715 (0.8)
Chronic liver disease 134 (0.5) 279 (0.3)
Varicose veins N 1096 (4.3) N 2380 (2.7)
Peptic ulcer with complications 586 (2.3) 1330 (1.5)
Parkinson’s disease - 241 (0.9) N 563 (0.6)
Chronic renal disease 300 (1.2) 421 (0.5)
Asthma 3225 (12.6) 7869 (8.8)
Diabetes B 1951 (7.6) B 5774 (6.5)
Hypertension N 7671 (30.0) N 24291 (27.1)
Hyperlipidaemia N 1458 (5.7) 4696 (5.2)
Events in previous six months:
Hip operation 802 (3.1) 228(0.3)
Leg or hip fracture 806 (3.2) 224 (0.3)
Acute infection 4201 (16.5) 7022 (7.8)
Pregnancy - 390 (1.5) N 427 (0.5)
Hospital admission in past 31-183 days N 965 (3.7) N 1238 (1.38)
Use of medications in previous 24 months:
Statins 3279 (12.8) 10760 (12.0)
NSAIDs (traditional or COX 2) 13574 (53.2) 34343 (38.4)
Aspirin - 5659 (22.2) N 15829 (17.7)
Oral contraceptive (combined or progestogen only) 1088 (4.3) 2930 (3.3)
Hormone replacement therapy 1402 (5.5) N 4015 (4.5)
Tamoxifen 651 (2.5) 738(0.8)
Antimanics N 322(1.3) N 574 (0.6)

IQR=interquartile range; BMI=body mass index; NSAIDs=non-steroidal anti-inflammatory drugs; COX 2=cyclo-

oxygenase-2 selective.

*Patients with more than one mental health diagnosis shown in one group only according to hierarchy of

schizophrenia, bipolar disorder, dementia.
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shows significant associations with risk for both these
variables and socioeconomic status. Individuals with a
diagnosis of dementia were at higher risk than those
with schizophrenia, bipolar disorder, or none of these
conditions. Most of the comorbidities and health
events considered as potential risk factors were asso-
ciated with a relatively small increase in risk, but
there was a more than threefold increase associated
with cancer and about a 13-fold increase associated
with recent surgery or fractures. Individuals prescribed
statins or aspirin in the past 24 months had a lower risk
of venous thromboembolism, and those prescribed
NSAIDS, oral contraceptives, hormone replacement
therapy, tamoxifen, or anti-manics had a higher risk.

Interactions—Inclusion of interaction terms showed
that the risk associated with antipsychotic use did not
differ significantly between subgroups based on age,
sex, socioeconomic status, BMI, or mental health cate-
gory. Smokers had a higher risk related to anti-
psychotics than non-smokers: the adjusted odds ratio
for antipsychotic use was 1.68 (1.45 to 1.93) among
smokers and 1.27 (1.18 to 1.36) among non-smokers.

Numbers needed to harm—Table 6 shows the numbers
needed to treat to harm (NNH) for each category of
antipsychotic use and the number of excess cases per
10000 patients treated over a year for all patients aged
over 16 and for those aged 65 years and older. For
example, the NNH for any antipsychotic use in the past
24 months for patients aged 65 year and older was 1044
(795 to 1452); for new users in the past three months it
was 344 (251 to 506); and for continuing users it was
1152 (655 to 3037). The corresponding numbers of
excess cases of venous thromboembolism per 10 000
treated patients were 10 (7 to 13), 29 (20 to 40), and 9 (3
to 15), respectively.

DISCUSSION

Summary of main findings

This nested case-control study, based on the primary
care clinical records of 115000 people in the UK,
found a 32% increased risk of venous thromboembo-
lism for individuals prescribed antipsychotic drugs in
the past 24 months. The increase in risk was 56% for
individuals with any antipsychotic use in the past three
months, and 97% for those who had newly started on
an antipsychotic in the past three months. The absolute
risks, however, were low, with an excess of four extra
cases of venous thromboembolism per 10 000 patients
treated over one year in patients of all ages, and 10 for
patients aged 65 and over.

Methodological considerations and strengths

The study was based on the primary care records of a
large and representative population cohort, avoiding
bias from selection, non-response, or poor recall. Gen-
eral practices in the UK have good levels of accuracy
and completeness in recording clinical diagnoses and
prescribed drugs,”® and practices that contribute to pri-
mary care databases such as QResearch are thought to
perform even better.* The recorded clinical diagnoses
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Table 4|Complete case analysis for exposure to antipsychotic medication in past 24 months, and odds ratios for venous
thromboembolism associated with antipsychotic use in all patients

No (%) of cases No (%) of controls  Unadjusted odds ratio  Adjusted* odds ratio

Antipsychotic exposure (n=25 532) (n=89 491) and 95% Cl (95% CI)
Any antipsychotic use:

No§ 23 406 (91.7) 84739 (94.7) 1.00 1.00

Yes 212683 4752(53)  1.62(1.52t0173)  132(1.23to1.42)
Timing of antipsychotic use:

Current (within past 3 months) 910 (3.6) 1719 (1.9) 1.95(1.76 t0 2.16) 1.56 (1.39t0 1.75)

New user B 440 (1.7) N 585 (0.7) B 2.55(2.19t0 2.97) B 1.97 (1.66 t0 2.33)

Continuing user 47018 1134(13)  1.59(139t01.82)  1.29(1.11t01.51)

Recent (4-12 months before) N 677 2.7) N 1481 (1.7) N 1.68 (1.50 t0 1.88) N 1.36 (1.20to 1.54)

Past (13-24 months before) 53921 1552(17)  123(1.09t01.38)  1.04(911t01.18)
Types of antipsychotic received:

Conventional only 1817 (7.1) 4156 (4.6) 1.58 (1.48 t0 1.70) 1.28 (1.18t0 1.38)

Atypical only 221 (0.9) 462 (0.5) 1.74 (1.42t0 2.14) 1.73 (1.37t0 2.17)

Conventional and atypical 88(0.3) 134 (0.1) 2.47 (1.71t0 3.57) 1.77 (1.16 to 2.69)
Potency of antipsychotics received:

Low potency only 162 (0.6) 316 (0.4) 2.51 (1.96 to 3.20) 1.99 (1.52t0 2.62)

High potency only - 1875(7.3)  4293(4.8  155(1.45t0o1.66)  1.28 (1.18t01.38)

Low and high potency 8903 14302  231(1.65t03.24)  1.67 (1.14102.45)
No of antipsychotic scripts received: N N N N

1 1092 (4.3) 2404 (2.7) 1.59 (1.46 t0 1.74) 1.30(1.18 to 1.43)

2-12 729 (2.9) 1639 (1.8) 1.63 (1.46t0 1.82) 1.32(1.17 to 1.49)

213 30512 70908  170(1.43t02.01) 144 (1.18t01.75)
No of different antipsychotic drugs received: B N B B

1 o 1952 (7.6) o 4496 (5.0) o 1.57 (1.46 to 1.68) o 1.29 (1.20to 1.39)

22 174 (0.7) 256 (0.3) 2.73(2.11t03.52) 1.99 (1.49 10 2.65)
Dose of received: B B B B

Low dose scripts only (£25% maximum) 1832(7.2) 4237 (4.7) 1.56 (1.46 to 1.67) 1.26 (1.17 t0 1.36)

Medium dose scriptst 15206  270(03)  193(151t02.48)  1.68(1.27t02.23)

High dose scripts (@maximum)t 27 (0.1) 44(0.0) 2.63 (1.41 to 4.90) 2.59 (1.27 t0 5.29)

No scripts with calculable daily dose 11505 201002  235(1.75t03.15  2.15(1.56t0 2.98)
Mode of delivery:

Non-injection modes only 2057 (8.1) 4690 (5.2) 1.58 (1.48 t0 1.69) 1.30 (1.20 to 1.40)

Any by injection 69 (0.3) 62(0.1) 4.56 (2.98 10 6.98) 3.24 (2.04t05.17)

Prochlorperazine (conventional, high potency) N 1525 (6.0) N 3608 (4.0) N 1.50 (1.40 t0 1.62) N 1.22(1.13t01.33)

Risperidone (atypical, high potency) 148006  293(03)  141(1.07t01.85  1.24(916t01.68)

Haloperidol (conventional, high potency) 149 (0.6) 203(0.2) 3.36 (2.50 to 4.50) 2.17 (1.55t0 3.02)

Olanzapine (atypical, high potency) 102 (0.4) 223(0.2) 1.63 (1.21 t0 2.20) 1.49 (1.07 t0 2.08)

Chlorpromazine (conventional, low potency) 113 (0.4) o 184 (0.2) B 2.25(1.67 t0 3.02) 177 (1.27 t0 2.48)

Trifluoperazine (conventional, high potency) 82(0.3) 156 (0.2) 1.61 (1.13t0 2.29) 1.27 (0.86 t0 1.87)

Quetiapine (atypical, low potency) 58 (0.2) N 90 (0.1) N 3.64 (2.38 t0 5.56) N 2.81 (1.75 to 4.50)

*Adjusted for socioeconomic status, mental health indication, months of data, coronary heart disease, congestive heart failure, stroke or transient
ischaemic attack, cancer, inflammatory bowel disease, liver disease, varicose veins, peptic ulcer with complications, Parkinson’s disease, chronic
renal disease, asthma, diabetes, hypertension, hyperlipidaemia, hip operation, fracture, pregnancy, acute infection, hospital admission in past

31-183 days, statins, NSAIDs, aspirin, oral contraceptives, hormone replacement therapy, tamoxifen, antimanic drug.
FIncludes individuals with both medium and low dose scripts.

FIndividuals in high dose category might also have received medium or low dose scripts, or both.

§Reference category for all odds ratios.

of venous thromboembolism were not independently
verified for the study, but in other studies the inclusion
of “possible” venous thromboembolism cases did not
alter the estimates based on confirmed cases.!*?> The
observed incidence rate in our population was close to
the 117 per 100 000 reported elsewhere.”

We adjusted for many potential confounding factors,
including comorbidities, health events, and drugs. We
carried out an alternative analysis restricted to

individuals with no major risk factors for venous throm-
boembolism because inclusion of non-idiopathic cases
can bias an estimate towards the null.** We found little
difference between the estimates based on all indivi-
duals (with adjustment for risk factors) and those based
on individuals without major risk factors. Clinicians
prescribing antipsychotics might have no current per-
ception of thrombotic risk and therefore do not take
an individual’s other thrombotic risk factors into
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Table 5|0dds ratios for venous thromboembolism associated with potential confounding
variables based on multiply imputed data

Exposure/confounder Adjusted odds ratio* (95% ClI) P value
Socioeconomic status (fifth of Townsend score):
1 (least deprived) 1.0
2 © 098(0.93101.03) 0365
3 N 1.03 (0.98 to 1.08) N 0.204
4 © 110(1.05t01.16)  <0.001
5 (most deprived) 1.19 (1.12t0 1.27) <0.001
Smoking:
Not current smoker 1.0
Current smoker N 1.31(1.24t0 1.39) N <0.001
Body mass index (BMI): N N
15-24.9 1.0
25-29.9 (overweight) N 1.31 (1.25t0 1.36) N <0.001
30-50 (obese) 1.92 (1.83t0 2.01) <0.001
Mental health conditions:
None o 1.0 -
Schizophrenia 1.34(1.15t0 1.55) <0.001
Bipolar disorder N 1.22(0.91 to0 1.65) N 0.186
Dementia 1.20 (0.95t0 1.51) 0.126
Comorbidities and health events:
Coronary heart disease 1.34 (1.15t0 1.55) <0.001
Congestive cardiac failure N 1.22(0.91t0 1.65) N <0.001
Stroke or transient ischaemic attack N 1.20(0.95 to 1.51) N <0.001
Any cancer 1341150155  <0.001
Inflammatory bowel disease 1.22(0.91 to0 1.65) <0.001
Chronic liver disease 1.20(0.95t0 1.51) 0.002
Varicose veins 1.34 (1.15t0 1.55) <0.001
Peptic ulcer with complications N 1.22(0.91t0 1.65) N <0.001
Parkinson’s disease N 1.20 (0.95to 1.51) N <0.001
Chronic renal disease 1.34 (1.15t0 1.55) <0.001
Asthma 1.22 (0.91 to 1.65) <0.001
Diabetes  1200095t0151)  0.274
Hypertension © 134(115t0155  0.154
Hyperlipidaemia N 1.22(0.91 to 1.65) N 0.354
Hip operation in past 6 months 1.20 (0.95to 1.51) <0.001
Leg or hip fracture in past 6 months N 1.34 (1.15to 1.55) N <0.001
Pregnancy in past 6 months N 1.22 (0.91t0 1.65) N <0.001
Acute infection in past 6 months N 1.20(0.95to0 1.51) N <0.001
Hospital admission in past 31-183 days B 1.34 (1.15to 1.55) B <0.001
Use of other medications in past 24 months: B N
Statins 0.78 (0.73 t0 0.83) <0.001
NSAIDs (traditional or COX 2) 1.78 (1.71t0 1.84) <0.001
Aspirin 0.76(0.72 t0 0.80) <0.001
Oral contraceptive (combined or progestogen only) B 1.33(1.21t0 1.47) B <0.001
Hormone replacement therapy 1.33 (1.23 to 1.44) <0.001
Tamoxifen 1.48 (1.311t01.68) <0.001
Antimanics 1.62 (1.39t0 1.89) <0.001

NSAIDs=non-steroidal anti-inflammatory drugs; COX 2=cyclo-oxygenase-2 selective.
*Adjusted for all other variables in table, plus number of months of data and any use of antipsychotics in

previous 24 months.
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account in the decision. We also carried out an analysis
excluding patients with a recorded diagnosis of schizo-
phrenia or manic depression and again found little dif-
ference compared with the estimates based on all
individuals.

Another strength of our study was that we had access
to full prescription details for all antipsychotics, includ-
ing drug name and formulation, dose instructions, and
dates. This enabled us to look in detail at characteristics
of the drug exposure in relation to risk. It also allowed
for a comparison of risk between new users and those
who had taken antipsychotic drugs for longer. Inclu-
sion of all prevalent users can underestimate risks,
which occur soon after the start of treatment,?® and
we found that the risk was highest in the early months,
in common with some previous studies.””

Study limitations

As with all observational studies, our study has limita-
tions. About a quarter of the records had missing data
on smoking status or BMI, or both. By imputing values
for these variables we were able to ascertain that
including them in the models had almost no effect on
the estimates. There might have been some confound-
ing by indication as in most patients we were unable to
ascertain the reason for prescription of antipsychotics.
This makes it difficult to distinguish the effects of the
drugs from any effect of the condition for which the
drug was prescribed. When we excluded people with
schizophrenia or manic depression from the analyses,
however, the results were largely unchanged. There
could still be residual confounding and the true effect
of this group of drugs is probably less than has been
estimated in this study.

Our study was based on patients who have access to
primary care and excluded any individuals not regis-
tered with a general practitioner—for example, those
in prisons. In the overall database the most deprived
socioeconomic group is marginally under-repre-
sented. Even in a dataset of this size, the number of
cases and controls exposed to individual drugs was
often too small to estimate separate odds ratios. The
possibility of residual confounding by indication can-
not be ruled out and is a further barrier to making defi-
nitive risk comparisons between different drugs.
Furthermore, our study wasn’t designed to and is not
able to offer hypotheses on individual mechanisms in
the genesis of thromboembolism for each drug. In
terms of the overall findings, however, the fact that
past users of antipsychotics showed no significantly
increased risk argues that the drugs, rather than any
fixed characteristics of those prescribed them, are
responsible for the increased risk in current users.

We have presented numbers needed to harm and
number of estimated excess cases per 10 000 patients,
which provides useful information at a population
level. With this study design we were unable to derive
individualised measures of absolute risk, which would
take account of the patient’s characteristics.

Study in context of previous studies

Previous studies on antipsychotics and venous throm-
boembolism had substantial differences in sample and
design and produced highly disparate findings. Our
case-control study found smaller estimated effects
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Table 6|Numbers needed to harm and excess additional cases of each outcome per 10 000 patients prescribed

antipsychotics over one year

Numbers needed to harm

Extra cases per 10 000 treated

(95% CI) (95% CI)
Antipsychotic exposure All ages Age 265 All ages Age 265
Any antipsychotic use in past 24 months 2640 (2011 to 3673) 1044 (795 to 1452) 4(3to5) 10 (7to 13)

Timing of antipsychotic use:

Current (within last 3 months) 1508 (1126 to 2166) 597 (445 to 857) 7(5t09) 17 (12t022)

New user of antipsychotics within past 3 months 871 (635 to 1280) 344 (251 to 506) 11 (8to 16) 29 (20 to 40)

Continuing user of antipsychotics within past B 2913 (1656 to 7679) 1152 (655 to 3037) - 3(1to6) B 9 (3to 15)
3 months

Recent (4-12 months before) 2346 (1564t04223)  928(619t01670)  4(2to6)  11(6t016)

Past (13-24 months before) B NS B NS - NS B NS
Types of antipsychotic received in past 24 months:

Conventional only 3017 (2223 to 4693) 1193 (879 to 1856) 3(2tod) 8(5t011)

Atypical only 1157 (722 to 2283) 458 (286 to 903) 9 (4to 14) 22 (11to35)

Conventional and atypical N 1097 (500 to 5279) N 434 (198 to 2088) - 9 (2to0 20) N 23 (5t051)

Potency of antipsychotics received in past 24 months:

Low potency only

High potency only

853 (521 to 1624)
3017 (2223 to 4693) 1193 (879 to 1856) 3(2to4) 8 (5to11)

337 (206 to 642) 12 (6to 19)

30 (16 to 48)

Low and high potency 1261 (583 to 6034) 499 (230 to 2386) 8(2t017) 20 (4t0 43)
No of antipsychotic scripts received in past 24 months:

1 o 2816 (1964 to 4693) o 1114 (777 to 1856) - 4(2t05) o 9(5t013)

2-12 2640 (1724 to 4969) 1044 (682 to 1965) 4(2t06) 10 (5to 15)

213 1920 (1126t04693) 759 (445t01856)  5(t09) 13 (5t022)
No of different antipsychotic drugs received in past 24 rrI)nths: B -

1 2913 (2166 to 4223) 1152 (857 to 1670) 3(2to5) 9(6t012)

=  853(512t01724)  337(202t0682)  12(6t020)  30(15to49)
Dose of antipsychotics received in past 24 months: N N N

Low dose scripts only (25% maximum) 3249 (2346 to 4969) 1285 (928 to 1965) 3(to4) 8(5t011)

Medium dose scripts 1242 (687 to 3129) 491 (272 t0 1237) 8(3to15) 20 (8t037)

High dose scripts (zmaximum)  531(197t03129)  210(78t01237)  19(3to51)  48(8t0128)

No scripts with calculable daily dose 735 (427 to 1508) 290 (169 to 597) Y (7 to 23) B 34 (17 to 59)
Mode of delivery of antipsychotics received in past 24 mznths: - -

Non-injection modes only 2816 (2112 to 4223) 1114 (835 to 1670) 4(2t05) 9(6t012)

Any by injection

Individual antipsychotics received in past 24 months:

377 (203 to 812)

149 (80 to 321) 27 (12t0 49) : 67 (31to0 125)

Prochlorperazine (conventional, high potency) 3840 (2560 to 6498) 1518 (1012 to 2570) 3(2tod) 7 (4t010)
Risperidone (atypical, high potency) NS NS NS NS
Haloperidol (conventional, high potency) 722 (4180 1536) 286 (165 to 607) 14 (7 to 24) 35 (16 to 60)
Olanzapine (atypical, high potency) 1724 (782 to 12067) 682 (30910 4772) 6 (1to13) 15(2t032)
Chlorpromazine (conventional, low potency) N 1097 (571 t0 3129) N 434 (226 t0 1237) - 9 (3to 18) N 23 (8to 44)
Trifluoperazine (conventional, high potency) NS NS NS NS

Quetiapine (atypical, low potency)

NS=non-significant.

than previous case-control studies,”” but our sample
was much larger and more representative of the gen-
eral population. Previous cohort studies were based on
more restricted samples (such as older people,® resi-
dents of nursing homes,’ and current or past users of
clozapine'®). The two studies based on older people
produced conflicting findings, one finding a significant
association only for a subgroup using conventional
drugs,® and the other an association for atypical drugs
but not conventional drugs (though the latter were
being prescribed at lower doses than previously
found to increase risk).” In our study, the risk was

467 (241 t0 1126)

185 (95 to 445) 21 (9to41) 54 (22 to 105)

higher for individuals taking atypical drugs than for
those taking conventional drugs. Our findings of a
greater risk for individuals prescribed low rather than
high potency drugs, and of no dose-response relation
that could not be explained by other characteristics of
the drug exposure, agree with the limited previous
evidence.”®

What this study adds
Our study adds to the accumulating evidence of
adverse health events associated with antipsychotic
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RESEARCH

WHAT IS ALREADY KNOWN ON THIS TOPIC

Antipsychotic drugs, some of which are also prescribed for nausea, vomiting, and vertigo,
have been associated with an increased risk of venous thromboembolism

Previous studies have been small, restricted to certain population groups, or have not
covered newer atypical antipsychotic drugs

WHAT THIS STUDY ADDS

antipsychotic drugs

In a large primary care population there was an association between use of antipsychotic
drugs and risk of venous thromboembolism

The increased risk was more marked among new users and those prescribed atypical

Though these findings add to the accumulating evidence of adverse health events associated
with antipsychotic drugs, they should be confirmed with other data sources

BMJ | ONLINE FIRST | bmj.com

drugs. Recent studies have confirmed the significantly
increased risks of serious events and mortality among
people with dementia who are treated for behavioural
problems with these drugs.?*?” Nearly all use of anti-
psychotics in the primary care population we studied
was for conditions such as nausea, vomiting, and ver-
tigo, implying that the message on potential risk could
have important implications for general practice. An
increased risk of stroke associated with antipsychotics
hasrecently been confirmed in primary care patients.*®
Our findings would need to be replicated on another
database before changes in clinical practice can be
recommended, and larger numbers would be required
to estimate the risks associated with individual anti-
psychotics. A study such as a self controlled case series
analysis, which controls for all known and unknown
confounders provided they are constant over time,”
would strengthen the evidence we found.”

If other studies replicate these findings, anti-
psychotic drugs should be used more cautiously for
nausea and agitation, etc, especially among patients at
high risk of thromboembolism. Patients need informa-
tion on the balance of risks and benefits of these drugs
before they start treatment. To achieve this, we need
new algorithms designed to estimate a patient’s abso-
lute risk of thromboembolism that take account of indi-
vidual level factors such as age, sex, deprivation,
smoking, comorbidities, and concurrent drugs. These
can then be used to explain the likely risk-benefit ratio
to patients considering antipsychotic treatment as well
astoidentify those at highest risk who are likely to need
closer monitoring or interventions to reduce their level
of risk.
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