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AIMS
Some antipsychotics increase prolactin levels, which might increase the risk of breast cancer. Existing evidence is conflicting
and based on sparse data, especially for the increasingly used second-generation antipsychotics. We conducted a nationwide
case–control study of the association between antipsychotic use and incident breast cancer.

METHODS
From the Danish Cancer Registry, we identified women with a first-time diagnosis of breast cancer 2000–2015 (n = 60 360). For
each case, we age-matched 10 female population controls. Using conditional logistic regression, we calculated odds ratios (ORs)
for breast cancer associated with use of antipsychotics. We stratified antipsychotics by first- and second-generation status and by
ability to induce elevation of prolactin.

RESULTS
In total, 4951 cases (8.1%) and 47 643 controls (7.9%) had ever used antipsychotics. Long-term use (≥10 000 mg olanzapine
equivalents) was associated with breast cancer, with an adjusted OR of 1.18 [95% confidence interval (CI), 1.06, 1.32]. A weak
dose–response pattern was seen, with ORs increasing to 1.27 (95% CI 1.01, 1.59) for ≥50 000 mg olanzapine equivalents. As-
sociations were similar for first- and second-generation antipsychotics (ORs 1.17 vs. 1.11), but also for nonprolactin inducing-
antipsychotics (OR 1.17). Stratifying by oestrogen receptor status, positive associations were seen for oestrogen receptor-positive
cancers (long-term use: OR 1.29; 95% CI 1.13, 1.47) while no associations were observed for oestrogen receptor-negative
cancers.

CONCLUSIONS
Overall, our results do not suggest a clinically important association between antipsychotic use and risk of breast cancer. The
importance of drug-induced prolactin elevation is unclear but may lead to a slightly increased risk of oestrogen receptor-positive
breast cancer.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Some antipsychotics possess prolactin-inducing properties, and their use might thereby infer an increased risk of breast
cancer.

• Existing evidence is conflicting and generally based on small studies.
• Use of second-generation antipsychotics are poorly studied in this context.

WHAT THIS STUDY ADDS
• Use of antipsychotics does not seem to be associated with a meaningful increase in risk of breast cancer, although long-
term use may confer a slightly increased risk.

• This risk pertains specifically to oestrogen receptor positive breast cancers.
• For the prolactin-inducing second-generation antipsychotics risperidone and olanzapine, a slightly increased risk was
observed.

Introduction
Breast cancer is one of the most commonly diagnosed malig-
nant diseases worldwide [1]. The aetiology of breast cancer is
complicated with many contributing aspects, including a
number of endocrine factors [2]. Prolactin, a hormone es-
sential to growth and differentiation of mammary gland
cells [3–7], is likely to play a role in the aetiology of breast
cancer, although this is somewhat controversial and incom-
pletely understood [3, 7–10]. Upon binding of the ligand,
the prolactin receptor initiates various downstream path-
ways that improve differentiation, proliferation and survival
of epithelial cells of mammary glands [11, 12]. Prolactin re-
ceptors are typically overexpressed in breast cancers, and
their activation induces mammary carcinoma in animal
models [13, 14].

By their antidopaminergic mode of action, antipsychotic
drugs can increase serum prolactin levels to varying degrees.
Most first-generation antipsychotics (FGA) appear to induce
substantial increases in prolactin levels, while the picture
for second-generation antipsychotics (SGA) is less clear.
The most commonly prescribed SGAs, risperidone and
olanzapine, are associated with increased levels of prolactin,
while quetiapine and aripiprazole have little or no effect on
prolactin levels [5, 15].

Longitudinal observational studies suggest that prolactin
levels to some extent predict development of breast cancer
[16, 17]. Epidemiological association studies between expo-
sure to antipsychotic drugs and risk of breast cancer have pro-
vided contradictory evidence, with most data suggesting a
null-association [7, 18–20]. While some data suggest that
the risk be greater among postmenopausal women, epidemi-
ological data do not consistently demonstrate a risk differen-
tiation be present with respect to menopausal status of the
women [7, 16, 21]. Further, some studies found a positive as-
sociation between prolactin levels and tumours expressing
oestrogen and progesterone receptors, and for tumours only
expressing oestrogen receptors, with a null-association for tu-
mours not expressing oestrogen receptors [16, 22].

Themost abundant data are for FGA, while studies on SGA
are sparse, even in the last decade, during which SGAs have
essentially replaced FGAs in clinical practice [7, 23–25]. The
largest study on the association between SGA and breast can-
cer is a case–control study including only 96 SGA-exposed
breast cancer cases, reporting no excess risk of SGA compared
with FGA [26]. The lack of data on SGA and risk of breast can-
cer has resulted in clinical ambiguity on how to counsel

patients with indications for antipsychotic treatment about
their risk for development of breast cancer [5, 18].

To investigate this association further, we used the
nationwide Danish health registries to perform a
population-based case–control study on the risk of breast
cancer following long-term exposure to antipsychotic drugs.

Methods
We compared the use of antipsychotics among women diag-
nosed with breast cancer (cases) to that of cancer-free women
(controls) to obtain the odds ratio (OR) as an estimate of the
incidence rate ratio associating antipsychotics use with breast
cancer incidence.

Data sources
We used six Danish nationwide registries: the Danish Cancer
Registry [27, 28], the National Prescription Registry [29], the
National Patient Register [30], the Danish Pathology Register
[31], the Danish Psychiatric Central Register [32], the Danish
registers in Statistics Denmark on educational level and in-
come [33, 34], and the Civil Registration System [35]. The
data sources are described in detail in Appendix S1, while
codes for cancer diagnoses, drug exposures and covariates
are provided in Appendix S2.

Data were linked by the personal identification number, a
unique identifier assigned to all Danish residents since 1968
[36]. All linkages were performed within Statistics Denmark,
a government institution that collects and processes informa-
tion for a variety of statistical and scientific purposes. Virtu-
ally all medical care in Denmark is furnished by the
national health authorities, allowing population-based regis-
ter linkage studies covering all legal residents of Denmark.

Selection of breast cancer cases and population
controls
From the Danish Cancer Registry, we identified cases as all
women in Denmark with a first-time diagnosis of invasive
breast cancer between 2000 and 2015, defining the date of
cancer diagnosis as the index date. To maximize validity of
our case definition, we included only histologically verified
breast cancer diagnoses. Exclusion criteria were age outside
the range 18–85 years at index date and any residency outside
Denmark within 10 years prior to index date, thus ensuring at
least 10 years of follow-up for all study subjects and a
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minimum of 5 years of prescription data (the prescription
registry opened in 1995). We further excluded individuals
with previous cancers (except nonmelanoma skin cancer) or
previous mastectomy.

Controls were selected by risk set sampling. For each case,
we sampled 10 controls from all eligible Danish women who
were born in the same year. Controls were assigned the same
index date as the case to whom they were matched. Cases
were eligible for sampling as controls before their diagnosis
date. Thereby, the calculated ORs are unbiased estimates of
the incidence rate ratios that would have emerged from a co-
hort study in the same source population [37].

Main exposure variables and covariates
Exposure to different antipsychotics was standardized using
olanzapine equivalents [38]. For drugs not assigned a conver-
sion factor, one defined daily dose (DDD), per WHO defini-
tions, was considered equivalent to 10 mg olanzapine [39].
We applied a pre-specified main exposure measure corre-
sponding to a cumulative exposure of 10 000 mg olanzapine,
while restricting to antipsychotics with prolactin inducing
properties (Appendix S2). We included all exposure from
1995 (the opening of the Prescription Registry) until 1 year
before an individual’s index date. The largely arbitrary cut-
off of 10 000 mg olanzapine equivalents was selected based
on pharmacological consideration that if antipsychotic use
inferred a risk of breast cancer, a substantial use was likely
to be necessary to detect an increased risk. For dose–
response analyses, we used the following prespecified cate-
gories: 0–4999 mg, 5000–9999 mg, 10 000–19 999 mg,
20 000–49 999 mg and ≥50 000 mg. These strata were se-
lected to ensure that we did not overlook risk associated
with either very short or very high use of antipsychotics.
In all exposure calculations, we disregarded prescriptions
redeemed within 1 year before the index date to reduce
the possibility of reverse causation [40], and because such
recent exposure is unlikely to affect cancer development.

The following potential confounders were identified and
incorporated in the analyses: (i) use of drugs known or
suspected to modify breast cancer risk, including low-dose
aspirin, nonaspirin nonsteroidal anti-inflammatory drugs, di-
goxin, statins, spironolactone, oral steroids, metoclopramide,
domperidone, loop diuretics, β-blockers, vascular calcium-
channel blockers, oral contraceptives (gestagen, combination
therapy and intravaginal handled separately), hormone re-
placement therapy (oestrogen, progesterone/gestagen and
combination therapy; modelled to include both cumulative
use and recency of use), and selective serotonin reuptake in-
hibitors; (ii) prior diagnoses of diabetes, chronic obstructive
pulmonary disease, and alcohol-related disease; (iii) prior
psychiatric diagnoses of schizophrenia, schizotypical and
delusional disorders, manic episode, bipolar affective disor-
der, mood (affective) disorders, phobic anxiety disorders,
other anxiety disorders, and neurotic, stress-related and
somatoform disorders; (iv) Charlson comorbidity index
scores (0, low; 1–2, medium; or ≥ 3, high) [41, 42]; and (v)
highest achieved education (as a crude measure of socioeco-
nomic status). As in the assessment of drug exposure, we
disregarded the period 1 year prior to the index date in the
classification of confounder status.

Main analysis
The analysis followed a conventional matched case–control
approach. We computed the frequency and proportion of
cases and controls within categories of exposure and
covariates. Using conditional logistic regression and
adjusting for potential confounders, we estimated ORs for
breast cancer associated with antipsychotics with either
prolactin-elevating or nonprolactin elevating effects. A for-
mal dose–response analysis was performed by restricting
to ever users and estimating the incremental OR for each
10 000 mg olanzapine equivalent, using ordinary logistic
regression with adjustment for age as a continuous vari-
able. Analyses were also carried out for specific exposure
to FGA, SGA and to single antipsychotic drug products
(risperidone/paliperidone, olanzapine, quetiapine and
aripiprazole). In all analyses, use of antipsychotics was
compared with nonuse.

Sensitivity and supplementary analyses
We performed several preplanned subanalyses and sensitivity
analyses.

First, we assessed the risk of confounding by indication,
i.e. that the clinical indication for antipsychotic therapy
somehow affected breast cancer risk, either as a direct effect
or mediated through, for example, higher or lower health
care surveillance. To this end, we performed an analysis
restricting exposure to antipsychotics with no or little
prolactin-inducing effect. An increased risk for these drugs
would suggest an association confounded by psychiatric co-
morbidity and related risk factors, assuming that elevated
prolactin is the sole biological mechanism by which exposure
affects breast cancer risk.

Second, we examined the association between long-term
use of antipsychotics and breast cancer within subgroups
defined by age, type of breast cancer, oestrogen receptor
status and by clinical stage, i.e. localized or nonlocalized
disease.

Third, to estimate the proportion of breast cancer cases
that, during our study period, could be attributed to use of
antipsychotics, we calculated the ‘population-level attribut-
able proportion’ (APpop) using the following equation:
APpop = propcases × (OR – 1) / OR. Here, propcases denotes the
proportion of all breast cancer cases classified as exposed to
long-term use of antipsychotics and the ORwas that obtained
for the main analysis.

Fourth, as two sensitivity analyses, we first removed the
1-year lag-time applied in the main analysis and then in-
creased it to 2 years, respectively.

Last, we performed a quantitative bias assessment to eval-
uate the potential for unmeasured confounding to have influ-
enced our results. In our models, we were unable to adjust for
potential confounding by obesity, smoking, alcohol use or
nulliparity. While there is no evidence that these factors are
strongly related to use of antipsychotics, such a relation is
reasonable to consider. We therefore conducted a probabilis-
tic bias analysis [43] to evaluate whether confounding by
these breast cancer risk factors may account for all or part of
the observed association. A full account of the bias analysis
methods and our chosen bias parameters is provided in
Appendix S3.

Antipsychotic use and risk of breast cancer
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Other
All analyses were performed using Stata Release 14.2
(StataCorp, College Station, TX, USA). The study was ap-
proved by the Danish Data Protection Agency. According to
Danish law, studies based solely on register data do not re-
quire approval from an ethics review board [44].

Results
The final study population included 60 360 histologically ver-
ified breast cancer cases (Figure 1) matched with 603 600

controls. The median age was 62 years (interquartile range,
53–70); most cases were ductal adenocarcinomas (76%),
followed by lobular adenocarcinomas (13%; Table 1). Differ-
ences in baseline characteristics between cases and controls

Figure 1
Flow-chart of the selection of cases

Table 1
Characteristics of breast cancer cases and their matched controls

Cases Controls
(n = 60 360) (n = 603 600)

Age

Median (IQR, years) 62 (53–70) 62 (53–70)

< 50 years 10 386 (17%) 103 860 (17%)

50–69 years 34 259 (57%) 342 590 (57%)

70+ years 15 715 (26%) 157 150 (26%)

Cancer diagnosis

Ductal adenocarcinoma 45 662 (76%) NA

Lobular adenocarcinoma 7546 (13%) NA

Adenocarcinoma, not
otherwise specified

3631 (6.0%) NA

Carcinoma, not otherwise
specified

3280 (5.4%) NA

Other cancers 241 (0.4%) NA

Use of antipscyhotics

Never use (any
antipsychotic)

55 409 (92%) 555 957 (92%)

Ever use (any
antipsychotic)

4951 (8.2%) 47 643 (7.9%)

Ever use (prolactin-
inducing)

4798 (7.9%) 46 156 (7.6%)

Long-term use* 693 (1.1%) 6323 (1.0%)

Charlson comorbidity index score

0 45 917 (76%) 463 552 (77%)

1 8462 (14%) 86 255 (14%)

2 3543 (5.9%) 31 675 (5.2%)

≥3 2438 (4.0%) 22 118 (3.7%)

Drugs

Low-dose aspirin 8067 (13%) 80 180 (13%)

Nonaspirin NSAID 32 801 (54%) 318 551 (52%)

Digoxin 1211 (2.0%) 9377 (1.6%)

Statins 8487 (14%) 86 559 (14%)

Spironolactone 1104 (1.8%) 9778 (1.6%)

Oral steroids 7742 (13%) 76 471 (13%)

Metoclopramide 3418 (5.7%) 32 636 (5.4%)

Domperidone 158 (0.3%) 1588 (0.3%)

Loop diuretics 5115 (8.5%) 46 913 (7.8%)

Beta-blockers 2794 (4.6%) 24 573 (4.1%)

Vascular calcium-channel
blockers

7374 (12%) 71 488 (12%)

(continues)
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were generally minor, except for a slightly higher use of hor-
mone replacement therapy and slightly longer education
among cases compared to controls (Table 1).

Ever use of prolactin-elevating antipsychotics was seen
among 7.9% of cases and 7.6% of controls, while long-term
use, i.e. ≥10 000 mg olanzapine equivalents, was found

among 1.1% and 1.0%, respectively. This corresponded to
an adjusted OR associating ever use of prolactin-elevating an-
tipsychotics with risk of breast cancer of 1.00 [95% confi-
dence interval (CI), 0.97, 1.04]. The corresponding OR for
long-term use was 1.18 (95%CI, 1.06, 1.32). Adjustment for
measured potential confounders had limited influence on
the magnitude of the estimates.

The dose–response analysis (Table 2) revealed no excess
for short-term/sporadic use (<5000 mg olanzapine equiva-
lents), with an adjusted OR of 0.97 (95%CI, 0.94, 1.01). Four
in five antipsychotic users fell within this exposure category.
For the remaining exposure levels, a dose response pattern
was seen (P < 0.001), with slightly stronger associations with
higher cumulative exposure, increasing from an OR of 1.19
(95%CI 1.05, 1.34) for limited use (5000–9999 mg) to an OR
of 1.27 (95%CI, 1.01, 1.59) for use of more than 50 000 mg
olanzapine equivalents (Table 2). Similar patterns of associa-
tions to that of the main analysis were seen when separating
exposure into use of first- and second-generation prolactin-
inducing antipsychotics (Table 3). Use of nonprolactin-
inducing antipsychotics also showed an association with
breast cancer incidence (Table 3), although with a less
apparent dose–response pattern (P = 0.58). In analyses of sin-
gle antipsychotic drugs, more pronounced dose–response
patterns were seen specifically for use of risperidone/
paliperidone and olanzapine (Table S1).

Subgroup analyses (Table 4) revealed limited variation ac-
cording to age. There was a tendency towards a stronger asso-
ciation with nonlocalized cancer (OR 1.37; 95%CI, 1.15,
1.65) compared to localized cancer (OR 1.01; 95%CI 0.85,
1.20). Associations were positive for oestrogen receptor-
positive cancers and null (with wider CIs) for oestrogen
receptor-negative cancers (OR for long-term use of 1.29 vs.
0.92) and also showed a statistically significant dose–
response pattern (P < 0.001), while no pattern was observed
for oestrogen receptor negative cancers (Table S2). Further,
an increased risk was seen specifically for cancers classified
as carcinoma, not otherwise specified, with an OR of 1.90
(95%CI, 1.31, 2.76) compared to point estimates ranging
from 1.03 to 1.20 for other histologies. A posthoc analysis con-
firmed that this histological designation was more common
among the 693 cancer cases classified as long-term users com-
pared to the 55 409 never users (10.7% vs. 5.2%). Subgroup
analyses specified by use of first- and second-generation
prolactin-inducing and nonprolactin-inducing antipsy-
chotics generally showed patterns similar to the overall anal-
yses, including an increased risk specific to nonspecified
carcinomas (Table S3).

Changing the lag-time to 2 or 0 years had no discernible
effects on the estimates (data not shown) compared with
the original 1-year lag.

We applied the probabilistic bias adjustment to the
main result associating antipsychotic use with breast cancer
(OR 1.18; 95%CI 1.06, 1.32). The bias adjustment taking into
account smoking, obesity, alcohol use and nulliparity had
little effect on the result (OR 1.17; 95% simulation interval,
1.04, 1.31).

In a posthoc analysis, we restricted exposure to that ob-
tained within the five years before sampling, while still
employing a 1-year lag period, which did not lead to materi-
ally different results (Table S4). When incorporating recency

Table 1
(Continued)

Cases Controls
(n = 60 360) (n = 603 600)

Oral contraceptives

Gestagen 9548 (16%) 89 324 (15%)

Combination therapy 1080 (1.8%) 9642 (1.6%)

Intravaginal 104 (0.2%) 1036 (0.2%)

Hormone replacement therapy

Short term – distant 2984 (4.9%) 32 656 (5.4%)

Short term – recent 1148 (1.9%) 13 064 (2.2%)

Long term – distant 6113 (10%) 62 812 (10%)

Long term – recent 13 204 (22%) 100 683 (17%)

Selective serotonin
reuptake inhibitors

9541 (16%) 90 837 (15%)

Diagnoses

Diabetes 3325 (5.5%) 32 387 (5.4%)

Chronic obstructive
pulmonary disease

2611 (4.3%) 24 168 (4.0%)

Alcohol-related disease 1408 (2.3%) 12 170 (2.0%)

Psychiatric diagnoses

Schizophrenia 327 (0.5%) 2671 (0.4%)

Schizotypical and
delusional disorders

491 (0.8%) 4459 (0.7%)

Manic episode 51 (0.1%) 533 (0.1%)

Bipolar affective disorder 336 (0.6%) 2954 (0.5%)

Mood disorders 1706 (2.8%) 16 735 (2.8%)

Phobic anxiety disorders 133 (0.2%) 1360 (0.2%)

Other anxiety disorders 518 (0.9%) 5082 (0.8%)

Neurotic, stress-related
and somatoform
disorders

1509 (2.5%) 14 329 (2.4%)

Highest achieved education

Short; Elementary school
(7–10 years)

21 421 (35%) 230 371 (38%)

Medium; High school
(11–13 years)

21 370 (35%) 204 124 (34%)

Long; College (>13 years) 14 998 (25%) 136 320 (23%)

Unknown 2571 (4.3%) 32 785 (5.4%)

IQR = interquartile range; NSAID = nonsteroidal anti-inflammatory
drug
*Exposure to different antipsychotics was standardized using
olanzapine equivalents [38]. Long-term use was defined as a cu-
mulative exposure of 10 000 mg olanzapine.
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into the exposure criteria, positive associations were seen
with recent long-term use (requiring both long-term use
and that the most recent antipsychotic prescription to be
filled <2 years from index date), which yielded an OR of
1.20 (95% CI 1.07, 1.34) while distant long-term use
(long-term use and last prescription filled >2 years before
index date) yielded neutral associations (OR 0.94, 95% CI
0.70, 1.27).

Discussion
In this large study of >50 000 breast cancer cases, we found
evidence of a weak association between use of prolactin-
inducing antipsychotics and the risk of breast cancer,
oestrogen receptor positive cancers in particular. Four in five
antipsychotic users fell in the lowest exposure category, and
for such exposure no increased risk was observed. Among
the more highly exposed users, the association displayed a
weak dose-dependent pattern. Similar results were found for
FGA and SGA as well as nonprolactin-inducing antipsy-
chotics. The subgroup analyses had, however, lower precision
than the overall estimates, and are therefore more susceptible
to chance variations.

The primary strength of our study is its nationwide ap-
proach, with complete coverage of an entire nation and their
use of antipsychotics for up to 20 years, with limited risk of
selection bias. Further, the size of our study—4951 events
among antipsychotic ever users and 693 events among
long-term users—is much larger than previous studies, and
allowed meaningful assessment of the risks associated with
a wide range of exposure levels, including very long-term
use of up to 100 000 mg olanzapine equivalents. Last, the da-
tabases used, mainly the Prescription Registry and the Cancer
Registry, are of high validity [28, 29].

Some limitations of our study need to be acknowledged,
mainly the concern that our findings could be at least partly
explained by confounding from unmeasured patient charac-
teristics. The a priori defined supplementary analysis of
nonprolactin-inducing antipsychotics returned estimates
comparable to that of the main analysis, which goes against
our biological hypothesis. Whether the diagnosis of schizo-
phrenia itself confers an increased risk of breast cancer is un-
clear [45]. Further, we had no data on some specific risk
factors for breast cancer, including obesity, smoking, alcohol
consumption and parity. As these are not only risk factors
for breast cancer, but might also be associated with use of
antipsychotics (either positively or inversely), uncontrolled
confounding from these factors might bias our findings.
However, the results of the probabilistic bias analysis showed
that these were unlikely to account for the observed associa-
tion, conditional on the accuracy of the bias model. This lack
of substantial bias is a function of the relatively low preva-
lence of these confounders and the relatively low strength
of association between these risk factors and breast cancer
risk, both of which diminish the potential for these factors
to confound the association.

Despite these limitations, our results suggest a small ex-
cess risk with long-term use of prolactin-inducing antipsy-
chotics. While dose–response patterns were generally weak,
they did suggest a dose–response effect, especially for risperi-
done and olanzapine. Such a dose–response pattern is less
likely to be explained by unmeasured confounding than is
the overall result. These two drugs are known to elevate pro-
lactin levels, so an increased breast cancer risk associated with
their long-term use is biologically plausible. The positive
overall association to long-term use is substantiated by our
posthoc analysis stratifying long-term use by recent and
nonrecent use, which confirmed a positive association for
the former but not the latter group. Importantly, however,
the increased risk seems to achieve a clinically relevant

Table 2
Association between exposure to prolactin-inducing antipsychotics and risk of breast cancer, specified by exposure pattern within the entire
follow-up-period, excluding the last year prior to the index date

Exposure group Cases Controls Adjusted ORa Adjusted ORb

Nonuse 55 409 555 957 1.0 (ref.) 1.0 (ref.)

Ever use 4798 46 156 1.04 (1.01–1.08) 1.00 (0.97–1.04)

Long-term usec 693 5659 1.23 (1.14–1.33) 1.18 (1.06–1.32)

Cumulative usec

0–4999 mg 3756 37 619 1.00 (0.97–1.04) 0.97 (0.94–1.01)

5000–9999 mg 349 2878 1.21 (1.09–1.36) 1.19 (1.05–1.34)

10 000–19 999 mg 243 2131 1.15 (1.01–1.32) 1.11 (0.95–1.29)

20 000–49 999 mg 246 1993 1.24 (1.09–1.42) 1.27 (1.07–1.50)

≥50 000 mg 204 1535 1.33 (1.15–1.54) 1.27 (1.01–1.59)

OR, odds ratio
aAdjusted for age and calendar-time (by design; risk-set matching).
bFully adjusted model, see section ‘Analytical variables’.
cExposure to different antipsychotics was standardized using olanzapine equivalents [38]. Long-term use was defined as a cumulative exposure of
10 000 mg olanzapine.
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magnitude only with long-term use, which was only ob-
served in about 1% of the population. As illustrated by the es-
timated population-level attributable proportion of 0.2%, the
increased risks, even if assuming causality, does not consti-
tute a public health issue. Also, this is the first study to pro-
vide meaningful risk estimates of very long-term exposure
(up to 100 000 mg olanzapine equivalents); it is reassuring
that we did not identify substantially increased risks

associated with such exposure. All the same, it is worth not-
ing that our reported association is of approximately the
same magnitude as some other established—but much more
prevalent—breast cancer risk factors.

Analysis stratified by oestrogen receptor status showed
that the observed associations were specific to oestrogen re-
ceptor positive breast cancers. This finding in accordance
with results from studies on prolactin levels and risk of breast

Table 3
Association between exposure to first-generation and second-generation prolactin-inducing antipsychotics and nonprolactin-inducing antipsy-
chotics and risk of breast cancer, specified by exposure pattern within the entire follow-up-period, excluding the last year prior to the index date

Exposure group Cases Controls Adjusted ORa Adjusted ORb

First-generation prolactin-inducing antipsychotics

Nonuse 55 409 555 957 1.0 (ref.) 1.0 (ref.)

Ever use 4538 43 132 1.06 (1.02–1.09) 1.01 (0.97–1.05)

Long-term usec 516 4249 1.22 (1.11–1.34) 1.17 (1.04–1.32)

Cumulative usec

0–4999 mg 3704 36 434 1.02 (0.99–1.06) 0.99 (0.95–1.02)

5000–9999 mg 318 2449 1.30 (1.16–1.46) 1.25 (1.10–1.42)

10 000–19 999 mg 213 1778 1.22 (1.05–1.40) 1.14 (0.97–1.34)

20 000–49 999 mg 171 1522 1.12 (0.96–1.31) 1.15 (0.94–1.40)

≥50 000 mg 132 949 1.39 (1.15–1.66) 1.35 (1.05–1.75)

Second-generation prolactin-inducing antipsychotics

Nonuse 55 409 555 957 1.0 (ref.) 1.0 (ref.)

Ever use 934 8888 1.06 (0.99–1.13) 0.98 (0.90–1.07)

Long-term usec 257 2086 1.24 (1.09–1.41) 1.11 (0.92–1.35)

Cumulative usec

0–4999 mg 562 5852 0.97 (0.89–1.06) 0.93 (0.84–1.03)

5000–9999 mg 115 950 1.21 (0.99–1.47) 1.27 (1.01–1.59)

10 000–19 999 mg 84 832 1.01 (0.80–1.26) 0.86 (0.65–1.13)

20 000–49 999 mg 113 860 1.34 (1.10–1.63) 1.39 (1.06–1.83)

≥50 000 mg 60 394 1.52 (1.16–2.00) 1.42 (0.96–2.10)

Nonprolactin-inducing antipsychotics

Nonuse 55 409 555 957 1.0 (ref.) 1.0 (ref.)

Ever use 517 4810 1.08 (0.98–1.18) 1.04 (0.93–1.17)

Long-term usec 111 894 1.23 (1.01–1.50) 1.17 (0.88–1.55)

Cumulative usec

0–4999 mg 364 3548 1.03 (0.93–1.15) 1.01 (0.89–1.14)

5000–9999 mg 42 368 1.16 (0.84–1.60) 1.17 (0.82–1.67)

10 000–19 999 mg 51 361 1.37 (1.02–1.83) 1.22 (0.85–1.75)

20 000–49 999 mg 37 339 1.10 (0.78–1.54) 1.02 (0.67–1.55)

≥50 000 mg 23 194 1.20 (0.78–1.86) 0.98 (0.56–1.72)

OR = odds ratio
aAdjusted for age and calendar-time (by design; risk-set matching).
bFully adjusted model, see section ‘Analytical variables’.
cExposure to different antipsychotics was standardized using olanzapine equivalents [38]. Long-term use was defined as a cumulative exposure of
10 000 mg olanzapine.
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cancer [16, 20]. The possible underlying mechanisms are
not well substantiated. It has been demonstrated that activa-
tion of nuclear prolactin receptor induces the expression
of oestrogen receptors in breast cancer cells [46, 47]. While
contradictory results exist, some studies also suggest that
oestrogen receptor and prolactin receptor may be co-
expressed in breast cancer cells and it has been suggested that
prolactin may act as a local growth promoter [10, 48]. While
stratified analyses consistently showed null-associations for
oestrogen receptor negative cancers, the accompanying CIs
reflect the significantly lower number of cases.

The only other study [26] that specifically addressed the
use of FGA nested their analysis within antipsychotic ever
users and found no increased risk when comparing SGA to
FGA, which is in line with our findings of a comparable risk
between the two. Further, they found no evidence of a
dose–response pattern. Here, however, comparison with our
study is less straight forward, as the small number of events
and limited follow-up precluded detailed dose–response
analyses, and their highest exposure level (≥3000 mg) over-
laps the lowest exposure level in our analysis (<5000 mg,
Table 2). Other studies hold no or indiscriminate informa-
tion on exposure to SGA. Wang et al. studied the relation-
ship of breast cancer and dopamine antagonists including
FGA and, specifically, aripiprazole among 52 819 exposed
and 55 289 nonexposed women from psychiatric wards,
nursing homes, and general medical patients [49]. A weak
dose-dependent association was found for any dopamine

antagonist with a specific hazard ratio of 1.19 (95% CI 1.08,
1.32) for the SGA group of phenothiazines comprising 508 ex-
posed cases. Results were internally inconsistent with the un-
derlying biological rationale though, as no association was
found for butyphenones (comprising 240 exposed cases),
which include the prolactin-elevating FGA haloperidol. From
the paper, it is not possible to identify cases exposed specifi-
cally to risperidone. A previous regional Danish study did not
find an association between FGA and breast cancer in a cohort
of 25 264 users of FGA (neuroleptics, ATC N05A) [50], with 258
women developing breast cancer corresponding to an adjusted
incidence rate-ratio of 1.06 (95% CI 0.93, 1.21). Last, a case–
control study of 5814 women diagnosed with primary invasive
breast cancer within the preceding year found no association
with prior phenothiazine use (174 exposed) [51].

The increased risk specifically for cancers, classified as un-
classified carcinoma, was a surprising finding for which we have
no plausible explanation.One could considerwhether diagnos-
tic workup might be different in the face of severe psychiatric
disorders. However, as we only included histologically verified
cancers, this would require that the pathological evaluation dif-
fered according to psychiatric comorbidity, which is unlikely.

In conclusion, our results, from what is the most exten-
sive set of data reported to date, do not suggest an overall clin-
ically important association between exposure to SGA – or
any antipsychotic drugs – and risk of breast cancer. Long-term
use of antipsychotic drugs may confer a slightly increased risk
of oestrogen receptor-positive breast cancer.

Table 4
Associations between long-term exposure to antipsychotics with prolactin-inducing properties (equivalent to ≥10 000 mg of olanzapine) and risk
of breast cancer, specified by patient subgroups or cancer subtype or stage

Subgroup Cases Exposed/unexposed Controls Exposed/unexposed Adjusted ORa Adjusted ORb

Age

<50 years 66/9845 648/97 906 1.02 (0.79–1.31) 1.02 (0.68–1.54)

50–69 years 441/31 424 3474/316 605 1.28 (1.16–1.42) 1.20 (1.04–1.38)

70+ years 186/14 140 1537/141 446 1.21 (1.03–1.41) 1.16 (0.96–1.41)

Subtype

Ductal adenocarcinoma 496/41 958 4259/421 053 1.17 (1.07–1.29) 1.14 (1.01–1.30)

Lobular adenocarcinoma 80/6984 728/69 373 1.09 (0.86–1.38) 1.03 (0.75–1.43)

Adenocarcinoma NOS 40/3342 324/33 402 1.23 (0.89–1.72) 1.20 (0.77–1.87)

Carcinoma NOS 74/2906 329/29 914 2.32 (1.79–3.00) 1.90 (1.31–2.76)

Estrogen receptor status

Positive 483/34 712 3699/348 626 1.31 (1.19–1.45) 1.29 (1.13–1.47)

Negative 64/7540 742/75 453 0.87 (0.67–1.12) 0.92 (0.65–1.29)

Unknown 146/13 157 1218/131 878 1.20 (1.01–1.43) 1.01 (0.80–1.28)

Stage

Localized 270/22 464 2471/224 821 1.09 (0.96–1.24) 1.01 (0.85–1.20)

Nonlocalized 263/18 798 2077/188 181 1.28 (1.13–1.46) 1.37 (1.15–1.65)

Unknown 160/14 147 1111/142 955 1.45 (1.23–1.72) 1.24 (0.99–1.55)

OR = odds ratio; NOS = tot otherwise specified
aAdjusted for age and calendar-time (by design).
bFully adjusted model, see section ‘Analytical variables’.
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