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Background
Pharmacological treatment patterns for bipolar disorder have
changed during recent years, but for better or worse?

Aims
To investigate the comparative real-world effectiveness of anti-
psychotics and mood stabilisers in bipolar disorder.

Method
Register-based cohort study including all Finnish residents aged
16–65 with a diagnosis of bipolar disorder from in-patient care,
specialised out-patient care, sickness absence and disability
pensions registers between 1996 and 2018, with a mean follow-
up of 9.3 years (s.d. = 6.4). Antipsychotic and mood stabiliser use
was modelled using the PRE2DUP method and risk for hospital
admission for psychiatric and non-psychiatric reasons when
using versus not using medications was estimated using within-
individual Cox models.

Results
Among 60 045 individuals (56.4% female; mean age 41.7 years,
s.d. = 15.8), the five medications associated with lowest risk of
psychiatric admissions were olanzapine long-acting injection
(LAI) (aHR = 0.54, 95% CI 0.37–0.80), haloperidol LAI (aHR = 0.62,
0.47–0.81), zuclopenthixol LAI (aHR = 0.66, 95% CI 0.52–0.85),
lithium (aHR = 0.74, 95% CI 0.71–0.76) and clozapine (aHR = 0.75,
95% CI 0.64–0.87). Only ziprasidone (aHR = 1.26, 95% CI

1.07–1.49) was associated with a statistically higher risk. For non-
psychiatric (somatic) admissions, only lithium (aHR = 0.77, 95% CI
0.74–0.81) and carbamazepine (aHR = 0.91, 95% CI 0.85–0.97)
were associated with significantly reduced risk, whereas prega-
balin, gabapentin and several oral antipsychotics, including
quetiapine, were associated with an increased risk. Results for a
subcohort of first-episode patients (26 395 individuals, 54.9%
female; mean age 38.2 years, s.d. = 13.0) were in line with those
of the total cohort.

Conclusions
Lithium and certain LAI antipsychotics were associated with
lowest risks of psychiatric admission. Lithium was the only
treatment associated with decreased risk of both psychiatric and
somatic admissions.
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Bipolar disorder is a serious chronic mental disorder that affects
>1% of the global population, with estimates of up to 4.4% in the
USA.1–3 Bipolar disorder is divided into subtypes, with all subtypes
displaying both depressive and manic symptoms to varying degrees
and durations.4 Bipolar disorder carries a high risk of disability,
need for hospital admission, and suicidality, with 30–50% of
patients making suicide attempts.5,6 Bipolar disorder is also asso-
ciated with markedly reduced life expectancy.7

Treatment

Clinical care guidelines recommend the use of mood stabilisers,
lithium first in line, and antipsychotics for the treatment of
bipolar disorder.8,9 Antidepressants are sometimes recommended
as adjunctive treatment, but results on the effectiveness of antide-
pressants are mixed,10 with concerns over their propensity to
increase the risk of mania.11 Unfortunately, a recent study from
the USA indicated that there is considerable heterogeneity in the
care of bipolar disorder, and many people do not receive evi-
dence-based care.12 As for the evidence base, meta-analyses of ran-
domised controlled trials (RCTs) have shown mood stabilisers and
second-generation antipsychotics to be roughly equal in effective-
ness for bipolar disorder in general,13 although some treatments
have seemed more appropriate in the manic, and others in the
depressive, phase.14–16 However, since as many 90% of people
with bipolar disorder have psychiatric comorbidities,1 conditions
often leading to being excluded from RCTs, the results from

RCTs may not reflect the effectiveness of these treatments in real-
world settings. Indeed, recent observational studies have shown
lithium to be more effective in the treatment of bipolar disorder
than many second-generation antipsychotics or other mood stabili-
sers.17,18 In addition to effectiveness, different antipsychotics and
mood stabilisers also have different propensities to cause side-
effects, sometimes serious enough to lead to discontinuation or
even warrant hospital admission.15,19 However, large-scale observa-
tional studies including a wide variety of different types of patient
that have studied effectiveness and safety outcomes are still lacking.

Present work

Here we present the largest observational cohort study to date not
only exploring the comparative effectiveness and safety of antipsy-
chotics and mood stabilisers in a nationwide cohort of people with
bipolar disorder, but also looking specifically at first-episode
patients.

Method

Study cohorts

The study population comprised all individuals between the ages of
16 and 65 years with a registered diagnosis of bipolar disorder
(ICD-10: F30–F31) during the years 1987–2018 in any of the follow-
ing Finnish national registers: the Care Register for Health Care
(maintained by the National Institute of Health and Welfare,
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containing data on individuals treated in in-patient care and specia-
lised out-patient care; data on in-patient care are available for the
years 1987–2018 and out-patient care for 1998–2018), the sickness
absence and disability pension registers (maintained by the Social
Insurance Institution and the Finnish Centre for Pensions, contain-
ing also individuals without hospital or specialised out-patient care
contact, if they had sick leave of over 14 days during the years 2004–
2018 or were granted a disability pension owing to bipolar disorder
during the years 1996–2018), after excluding all individuals
with a schizophrenia-spectrum diagnosis (F20–F29) or dementia
(F00–F03, G30) before their first bipolar disorder diagnosis. The
main study cohort included 60 045 individuals. The cohort entry
date for each individual was set at time of diagnosis of bipolar dis-
order or start of the observation period in 1996, whichever came
later, and the cohort exit date was set at the end of the observation
period at the end of 2018 or at death, whichever came sooner.

A subcohort of individuals with first-episode bipolar disorder
was formed from the main study cohort. This was done by including
persons having their first diagnosis during 1996–2018 and by
excluding individuals who had used antipsychotic drugs (anatomical
therapeutic chemical (ATC) code N05A excluding lithium) or mood
stabilisers (N03AF01 carbamazepine, N03AG01 valproate, N03AX09
lamotrigine, N05AN01 lithium) within the 12 months before their
first bipolar disorder diagnosis was recorded (26 395 were included
in the incident cohort). This excluded a large number of participants,
but ensured that the incident cohort population was without recent
(1 year) exposure to the medications studied.

Each individual in Finland is assigned a unique personal identi-
fication number, which enabled us to link participants reliably
between registers over the study period.

Outcomes

The study cohorts were followed up for study outcomes during 1996–
2018, the period for which we had information available on both study
outcomes and exposures. Participants were additionally censored at
death (n = 9666 died during follow-up). The main outcome in this
study was psychiatric admission (defined as a hospital admission
with an ICD-10 diagnosis of Fxx.xx). The secondary outcome
measure was non-psychiatric admission (defined as a hospital admis-
sion with an ICD-10 diagnosis of anything other than Fxx.xx).

Exposures

Mood stabilisers were defined as ATC codes N03AF01 carbamaze-
pine, N03AG01 valproic acid, N03AX09 lamotrigine and N05AN01
lithium. Antipsychotics were defined as N05A excluding lithium,
and were further categorised as either oral or long-acting injectable
(LAI) formulations (oral formulation is meant if not specifically
stated as LAI).

Drug use periods, referring to the time between when continu-
ous medication use started and ended, were modelled using the
PRE2DUP (‘from prescription drug purchases to drug use
periods’) method, which is described in detail elsewhere.20 In
short, the method is based on mathematical modelling of the
sliding average of daily dose (in defined daily doses, DDDs). The
modelling utilises prescription register data (obtained from the
Social Insurance Institution and available for 1995–2018) on dis-
pensing dates and amounts dispensed (but not prescribed doses,
which are not stored) and expert-defined, drug package-specific
parameters, which define upper and lower limits for daily dose.
The method also takes into account personal regularity of use,
stockpiling of drugs and days spent in hospital care. The time in
hospital is omitted from the exposure periods, which is necessary
because medications are provided by the caring unit during hospital
admission and do not show up in the registries. The method has

been validated in several ways.21–23 We used the PRE2DUP
method to determine daily patterns of use and non-use for all the
study medications. PRE2DUP tracks every medication individually
and can therefore also be used to recognise periods of polyphar-
macy. The number, mean and median durations of drug use
periods for the cohort are displayed in Supplementary Table 1, avail-
able at https://doi.org/10.1192/bjp.2023.75.

Covariates

The analyses were adjusted for the use of antidepressants (N06A)
and benzodiazepines and related drugs (N05BA, N05CD,
N05CF). The within-individual models were additionally adjusted
for temporal order of treatments, time since diagnosis of bipolar dis-
order and calendar age at the end of each interval. Covariates of
between-individual models are described below, in Secondary
analyses.

Statistical analyses and covariates
Main analyses

Within-individual Cox regression analyses, described in detail in a
previous publication24 and illustrated in Supplementary Fig. 1,
were performed to calculate adjusted hazard ratios (aHR) for asso-
ciations between periods of use/non-use of medications and the
main and secondary outcomes (psychiatric and non-psychiatric
admissions respectively). This was done in two separate sets: mono-
therapies with specific antipsychotics (when not more than one
antipsychotic was used at a time) were compared with non-use of
all antipsychotics (adjusted for concomitant mood stabiliser use)
and monotherapies with specific mood stabilisers (when not more
than one mood stabiliser was used at a time) were compared with
non-use of all mood stabilisers (adjusted for antipsychotic use).
Additionally, pooled variables ‘use of any oral antipsychotic’ and
‘use of any long-acting injectable antipsychotic’ were created by
pooling usage data for oral antipsychotics together and long-
acting injectables together and then comparing with non-use of
antipsychotics. This was done also for mood stabilisers by pooling
‘use of any mood stabiliser’ and comparing it with non-use of
mood stabilisers. Additional analyses comparing the use of anti-
psychotic polypharmacy (concurrent use of ≥2 antipsychotics) or
mood stabiliser polypharmacy (concurrent use of ≥2 mood stabili-
sers) with not using that medication class (antipsychotics or mood
stabilisers respectively) were performed as within-individual ana-
lyses for the whole cohort for the main outcome of psychiatric
admission. The time reset used in the model was performed at the
time of outcome. In addition to aHRs, 95% confidence intervals
(95% CI) are reported. Exposures with fewer than 49 users
and person-years of use are not reported. The within-individual
analysis models were used to eliminate selection bias arising from
permanent or semi-permanent individual characteristics such as
genetics or long-term underlying severity of illness. The analyses
were performed for both the full cohort and the incident cohort.
An additional analysis comparing use of long-acting injectables
with the use of their oral counterparts was performed for both
outcomes. Finally, a head-to-head comparison comparing use of
specific antipsychotic monotherapies with the most widely used
antipsychotic (quetiapine) as well comparing specific mood stabil-
iser monotherapies with the most widely used mood stabiliser
(valproic acid) were conducted for the main outcome of psychiatric
admission for the whole cohort.

Secondary analyses

As secondary analyses, aHRs for the main outcome (psychiatric
admission) were calculated using the traditional between-individuals
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Cox proportional hazards models, in which every individual in the
study cohort contributed to the results. This analysis was adjusted
for the following variables: gender, age at cohort entry, polyphar-
macy, order of dispensed medication, time since diagnosis of
bipolar disorder, year of cohort entry and hospital admissions due
to the following comorbidities: cancer, cardiovascular diseases, sub-
stance misuse, chronic obstructive pulmonary disease, diabetes,
liver disease, renal disease, prior suicide attempt. The analysis was
also stratified by the number of prior admissions for psychiatric
reasons. To correct for protopathic bias an analysis omitting the
30 days of medication use from the beginning of each use period
was carried out for both full cohort and incident cohort within-
individual analyses. This was done to correct for bias arising from
situations in which medication was initiated after worsening of
symptoms, but did not take effect quickly enough to prevent an
outcome. To account for the effect of mortality on the outcomes,
analyses combining both main outcomes with deaths (psychiatric
admission or death/non-psychiatric admission or death) were also
conducted for the whole cohort.

The statistical analyses were performed between February 2022
and April 2023. Nominal P-values are shown throughout this paper.
The main and secondary outcome analyses were corrected for mul-
tiple comparisons using the Benjamini–Hochberg false discovery
rate method on a per graph basis. A corrected P-value of <0.05
was considered statistically significant.

Ethical permissions

The research project was approved by the appropriate institutional
authorities at the Finnish National Institute for Health and Welfare
(permission 635/5.05.00/2019), the Social Insurance Institution of
Finland (31/522/2019), Finnish Centre for Pensions (19023) and
Statistics Finland (TK-53-569-19). Consent was not obtained
from participants, as this is not required by Finnish law in registry
studies where the privacy of the participants can be guaranteed.

Results

Cohort description

The full cohort included 60 045 individuals (56.4% female; mean
age 41.7 years, s.d. = 15.8), with a mean follow-up time of 9.3 years
(s.d. = 6.4). The incident cohort of newly diagnosed patients
included 26 395 individuals (54.9% female; mean age 38.2 years,
s.d. = 13.0), with a mean follow-up time of 9.2 years (s.d. = 5.6).
The cohorts were quite similar regarding other recorded clinical
characteristics. Characteristics for both cohorts are shown in
Supplementary Table 2. The most commonly used antipsychotic
was quetiapine (31 267 users), followed by olanzapine and risperi-
done, whereas the most common mood stabiliser was valproic
acid (18 915 users), followed by lamotrigine and lithium (Fig. 1).

Risk of psychiatric admission for the total cohort

A total of 104 093 psychiatric admission events were recorded
during the follow-up, divided between 26 159 individuals. The
results of within-individual analysis of the risk associations
between using mood stabilisers or antipsychotics and being admit-
ted to hospital for psychiatric reasons are presented in Fig. 1. The
medications associated with a lower risk of psychiatric admissions
were olanzapine LAI (aHR = 0.54, 95% CI 0.37–0.80), haloperidol
LAI (aHR = 0.62, 95% CI 0.47–0.81), zuclopenthixol LAI (aHR =
0.66, 95% CI 0.52–0.85), lithium (aHR = 0.74, 95% CI 0.71–0.76),
clozapine (aHR = 0.75, 95% CI 0.64–0.87), carbamazepine (aHR =
0.81, 95% CI 0.75–0.87), levomepromazine (aHR = 0.88, 95% CI
0.83–0.93), lamotrigine (aHR = 0.88, 95% CI 0.85–0.92), valproic

acid (aHR = 0.89, 95% CI 0.87–0.92) and pregabalin (aHR = 0.92,
95% CI 0.86–0.98). Out of all the medications, only ziprasidone
(aHR = 1.26, 95% CI 1.07–1.49) was associated with an increased
risk of psychiatric admission. In general, use of long-acting inject-
ables was associated with a 28% lower risk of psychiatric admission
than non-use of antipsychotics (aHR = 0.72, 95% CI 0.64–0.80). The
results for the long-acting injectable medications were very similar
also when comparing use of the LAI and oral formulations (aHR =
0.72, 95% CI 0.64–0.81, data not displayed). Concurrent use of two
or more antipsychotics (antipsychotic polypharmacy) was not asso-
ciated with altered risk (aHR = 1.04, 95% CI 1.00–1.07) compared
with non-use of antipsychotics. Concurrent use of two or more
mood stabilisers (mood stabiliser polypharmacy) was associated
with reduced risk of psychiatric admission (aHR = 0.86, 95% CI
0.83–0.89) compared with non-use of mood stabilisers. The data
for polypharmacy as well as the most used polypharmacy combina-
tions are shown in more detail in Supplementary Table 3. The
results of head-to-head comparisons comparing the risk of psychi-
atric admission when using specific antipsychotic and mood stabil-
iser treatments with the most widely used counterpart (quetiapine
for antipsychotics and valproic acid for mood stabilisers) are
shown in Supplementary Table 4. The secondary analysis combin-
ing as an outcome psychiatric admission and death is shown in
Supplementary Table 5. The results of this analysis were very
similar to the main analysis.

The results of a secondary analysis correcting for protopathic
bias by omitting the first 30 days of every new treatment showed
similar results, although in that analysis paliperidone LAI (aHR =
0.32, 95% CI 0.15–0.67) was associated with decreased risk and
topiramate (aHR = 1.22, 95% CI 1.04–1.43) with increased risk
of psychiatric admission (Supplementary Figure 2). The between-
individual analysis showed similar general trends as the within-
individual analysis, although hazard ratios were markedly higher
in the between-individuals analysis (Supplementary Table 6).
Lamotrigine was the only treatment associated with a statistically
significant reduced risk of psychiatric admission in the between-
individual analysis (aHR = 0.86, 95% CI 0.83–0.89).

Risk of psychiatric admission for the incident cohort

A total of 35 598 psychiatric admission events were recorded for
the incident cohort during the follow-up, divided between 10 222
individuals. In the within-individual analysis of the incident
cohort, olanzapine LAI (aHR = 0.32, 95% CI 0.15–0.72), clozapine
(aHR = 0.40, 95% CI 0.27–0.58), lithium (aHR = 0.77, 95% CI
0.72–0.82), lamotrigine (aHR = 0.79, 95% CI 0.74–0.85), valproic
acid (aHR = 0.86, 95% CI 0.81–0.91), risperidone (aHR = 0.87,
95% CI 0.79–0.96) and olanzapine (aHR = 0.91, 95% CI 0.84–
0.97) were associated with decreased risk, and ziprasidone (aHR
= 1.48, 95% CI 1.11–1.98) with increased risk of psychiatric admis-
sion (Fig. 2). Use of long-acting injectables in general was associated
with a 40% reduced risk of psychiatric admission (aHR = 0.60, 95%
CI 0.48–0.76) compared with non-use of antipsychotics in this
cohort. The results of a secondary analysis correcting for proto-
pathic bias by omitting the first 30 days of every new treatment in
this cohort showed similar results, although in that analysis
results for risperidone and oral olanzapine were not statistically sig-
nificant, and topiramate and haloperidol were associated with an
increased risk of psychiatric admission (Supplementary Figure 3).

Risk of non-psychiatric admission for the total cohort

A total of 144 434 non-psychiatric (somatic) admission events were
recorded during the follow-up, divided between 33 380 individuals.
The results of the within-individual analysis of the risk associations
between using individual mood stabilisers or antipsychotics and
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being admitted to hospital for non-psychiatric reasons are presented
in Fig. 3. Of the studied medications, only lithium (aHR = 0.77, 95%
CI 0.74–0.81) and carbamazepine (aHR = 0.91, 95% CI 0.85–0.97)
were associated with significantly reduced risk of non-psychiatric
admissions, whereas risperidone (aHR = 1.07, 95% CI 1.02–1.13),
olanzapine (aHR = 1.10, 95% CI 1.05–1.15), quetiapine (aHR = 1.10,
95% CI 1.07–1.13), haloperidol (aHR = 1.12, 95% CI 1.03–1.22),
melperone (aHR = 1.19, 95% CI 1.04–1.35), pregabalin (aHR =
1.25, 95% CI 1.19–1.31), gabapentin (aHR = 1.28, 95% CI 1.20–
1.38), clozapine (aHR = 1.29, 95% CI 1.07–1.55) and ziprasidone
(aHR = 1.36, 95% CI 1.06–1.75) were associated with significantly
increased risk of non-psychiatric admission. In general, use of
long-acting injectables was not associated with an altered risk for
non-psychiatric admission compared with either using their oral
counterparts (aHR = 0.91, 95% CI 0.78–1.06, data not displayed
in figure) or non-use of antipsychotics (aHR = 0.98, 95% CI

0.84–1.14). The secondary analysis combining as an outcome
non-psychiatric admission and death is shown in Supplementary
Table 5. The results of this analysis were very similar to the main
analysis. The results for a secondary analysis correcting for proto-
pathic bias by omitting the first 30 days of every new treatment
showed similar results, although carbamazepine was not associated
with reduced risk and risperidone, haloperidol and clozapine,
melperone and ziprasidone were not associated with increased
risk (Supplementary Figure 4).

Risk of non-psychiatric admission for the incident
cohort

A total of 48 131 non-psychiatric (somatic) admission events were
recorded for the incident cohort during the follow-up, divided
between 13 506 individuals. In the within-individual analysis for

Medications Users Events Person-years HR (95% CI) P-value Decreased risk

95 32 134
376 349 1159

63 12 49
229 133 429
653 224 932 0.0832

0.1604
0.0002*
0.7414
0.1515

3888 2417 7018 <0.0001*
193 36 108 0.6909
328 222 593 0.3777

2855 1714 5994 0.0359
626 218 704 0.4409

Antipsychotics
Sertindole
Clozapine
Prochlorperazine
Periciazine
Sulpiride
Levomepromazine
Asenapine
Zuclopenthixol
Chlorprothixene
Flupentixol
Haloperidol
Risperidone
Chlorpromazine
Olanzapine
Aripiprazole
Quetiapine
Perphenazine
Melperone
Ziprasidone
Lurasidone
Any oral antipsychotic

1822 873 2178

Increased risk

0.69 (0.40–1.16)
0.75 (0.64–0.87)
0.83 (0.28–2.50)
0.84 (0.65–1.07)
0.84 (0.69–1.02)
0.88 (0.83–0.93)
0.91 (0.58–1.43)
0.92 (0.76–1.11)
0.93 (0.86–0.99)
0.93 (0.77–1.12)
0.95 (0.87–1.05)
0.98 (0.92–1.03)
0.99 (0.87–1.12)
0.99 (0.95–1.03)
1.00 (0.92–1.08)
1.03 (1.00–1.06)
1.04 (0.95–1.13)
1.07 (0.92–1.24)
1.26 (1.07–1.49)
1.28 (0.49–3.34)
0.97 (0.95–1.00)

0.3134
7866 3142 12 402 0.3727

955 580 1696 0.8343
11 973 6796 23 673 0.6507

5259 1375 5756 0.9508
31 267 18837 90 705 0.0344

2530 1253 4837 0.3785
705 371 831
750 296 795

0.3846
0.0047*
0.6205120 9 42

45 044 40 252 164 275 0.0325

171
Long-acting injections

Olanzapine
Haloperidol
Zuclopenthixol
Paliperidone
Aripiprazole
Risperidone
Perphenazine
Any long-acting injection

Mood stabilisers
Lithium
Carbamazepine
Lamotrigine
Valproic acid
Pregabalin
Topiramate
Gabapentin
Any mood stabiliser

41 176 0.0018*
100 89 196 0.0006*
142
120
249 58 195 0.0846
282 134 419 0.0606

77 92 170 0.8039
1065 575 1609 <0.0001*

10 880 9356 43 713
2521 2154 7934

16 247

<0.0001*
<0.0001*
<0.0001*
<0.0001*

0.0160*
18 915 58 715

6170 2114 8465
939 379 1341 0.6754

2624 621
37 176 167 610 <0.0001*

0.2 0.5

Hazard ratio (95% CI)

1 2

2805 0.6259
39 891

15 292
7260 44 638

23 93

0.54 (0.37–0.80)
0.62 (0.47–0.81)
0.66 (0.52–0.85)
0.68 (0.41–1.12)
0.74 (0.53–1.04)
0.80 (0.64–1.01)
0.96 (0.69–1.33)
0.72 (0.64–0.80)

0.74 (0.71–0.76)
0.81 (0.75–0.87)
0.88 (0.85–0.92)
0.89 (0.87–0.92)
0.92 (0.86–0.98)
1.03 (0.89–1.20)
1.03 (0.91–1.17)
0.85 (0.83–0.87)

0.1312
128 336 0.0009*

Fig. 1 Risk of hospital admission for psychiatric reasons among individuals with bipolar disorder when using a medication versus not using a
medication of the same medication class.

Within-individual model based on 104 093 hospital admissions divided between 26 159 individuals. HR, adjusted hazard ratio. Nominal P-values are displayed. Results significant
after correction for multiple comparisons using the Benjamini–Hochberg false discovery rate method at a 0.05 threshold are marked with an asterisk.
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the incident cohort, only lithium (aHR = 0.81, 95% CI 0.74–0.89)
was associated with a reduced risk and quetiapine (1.13, 1.07–
1.19), pregabalin (aHR = 1.40, 95% CI 1.29–1.51) and gabapentin
(aHR = 1.47, 95% CI 1.32–1.65) were associated with increased
risk of non-psychiatric admission (Fig. 4). The results of a secondary
analysis correcting for protopathic bias by omitting the first 30 days
of every new treatment in this cohort were the same as in the
primary analysis (Supplementary Figure 5).

Discussion

In this real-world observational national cohort study from Finland,
we investigated for the first time the effectiveness of antipsychotics
and mood stabilisers in preventing hospital admissions in bipolar
disorder, both for in- and out-patients, but also looking specifically
at first-episode patients. Our results are generally in line with other
observational and randomised studies, as we also observed that
using lithium, clozapine and long-acting injectable antipsychotics
is associated with decreased risk of admission for psychiatric
reasons in bipolar disorder.19,25–29 In this study, we present com-
parative real-world effectiveness with the largest cohort to date

(more than three times larger than, for example, in our previous
study19), the longest follow-up period andmore representative sam-
pling from nationwide registers covering also patients from non-
specialised healthcare, which gave greater statistical power to look
at incident patients and also allowed us to include in the analyses
patients with less severe illness without hospital admissions. A
striking finding in our study was that quetiapine, the most often
used treatment in our study, was not associated with reduced risk
of psychiatric admission, unlike several other treatments, but was
associated with increased risk of non-psychiatric admission in
both the total and incident cohorts, thus faring worse than several
other treatments.

Changes in treatment trends

Lithium has been the cornerstone of the treatment of bipolar dis-
order until recent years, but alarmingly there have been several
reports that its use in bipolar disorder is declining.30 This is some-
what understandable, as modern second-generation antipsychotics
such as quetiapine, which seem to have replaced lithium to a large
extent, carry a lesser need for laboratory monitoring and dose titra-
tion.30 However, this trend of lithium use being replaced by use of

Medications Users Events Person-years HR (95% CI) P-value  Increased risk

83 67 212 <0.0001*
73 25 83 0.0267

222 90 283 0.2131
0.4721187 29 162

2711 850 3455
0.84 (0.52–1.35)

0.0076*
0.1341
0.5246
0.0067*
0.3024 0.93 (0.81–1.07)2106 451

0.40 (0.27–0.58)
0.55 (0.33–0.93)
0.83 (0.62–1.11)

0.87 (0.79–0.96)

0.91 (0.84–0.97)
0.90 (0.64–1.25)

0.96 (0.84–1.09)
0.99 (0.49–1.98)
1.00 (0.62–1.60)
1.00 (0.95–1.06)
1.03 (0.85–1.25)
1.26 (1.04–1.53)
1.48 (1.11–1.98)
0.95 (0.91–1.00)

2226
1100 478 1419 0.5366

81 16 38 0.9676
179 44 179 0.9923

12 581 6206 32 634 0.9393
618 229 782 0.7685
488 190 389 0.0187

0.0071*271 95 266
16 854 11 564 52 513 0.0300

80 
91

13 82 0.0054*
108 0.0815

Long-acting injections
Olanzapine
Risperidone
Paliperidone
Aripiprazole
Any long-acting injection

 107
 362

49 12 31

0.32 (0.15–0.72)
0.65 (0.40–1.05)
0.70 (0.34–1.45)
0.89 (0.53–1.48)
0.60 (0.48–0.76)

0.3337
25 87 0.6437

131 444 <0.0001*

Mood stabilisers
Lithium 3686 2211 11 206

6363 2258 16 255
628 378 1416

7495

<0.0001*
<0.0001*

0.0406
<0.0001*

0.67250.97 (0.86–1.10)
1.22 (0.99–1.50)
1.27 (1.00–1.61)
0.85 (0.81–0.88)

2672 626 3444
1205 215 1283 0.0631
386 141 555 0.0470

<0.0001*15 342 10 564 55 272

0.2 0.5 21

Hazard ratio (95% CI)

4735

Lamotrigine
Carbamazepine
Valproic acid
Pregabalin
Gabapentin
Topiramate
Any mood stabiliser

21 113

0.77 (0.72–0.82)
0.79 (0.74–0.85)
0.85 (0.72–0.99)
0.86 (0.81–0.91)

31

0.89 (0.77–1.04)754 327 1029
145 57 142

4917 2112 8432

Antipsychotics
Clozapine
Zuclopenthixol
Chlorpromazine
Sulpiride
Risperidone
Chlorprothixene
Melperone
Olanzapine
Aripiprazole
Levomepromazine
Asenapine
Flupentixol
Quetiapine
Perphenazine
Haloperidol
Ziprasidone
Any oral antipsychotic

Decreased risk

Fig. 2 Risk of hospital admission for psychiatric reasons among individuals with incident bipolar disorder when using a medication versus not
using a medication of the same medication class.

Within-individual model based on 35 598 hospital admissions divided between 10 222 individuals. HR, adjusted hazard ratio. Nominal P-values are displayed. Results significant after
correction for multiple comparisons using the Benjamini–Hochberg false discovery rate method at a 0.05 threshold are marked with an asterisk.
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quetiapine is alarming, as our results indicate that there are great
differences in the risks of outcomes associated with the use of
these two medications. Lithium was clearly associated with a
lower risk of both psychiatric and non-psychiatric admissions,
whereas quetiapine was not associated with reduced risk of psychi-
atric admission and was actually associated with an increased risk of
non-psychiatric admission. Some studies, especially RCTs, have
found lithium and quetiapine to have similar effectiveness in the
general treatment of bipolar disorder,31,32 quetiapine in some
studies outperforming lithium in the treatment of depression, but
lithium having clear superiority in preventing self-harm. This dis-
crepancy between RCTs and real-world studies may be because
the RCTs exclude patients with comorbidities, and comorbidities
are very prevalent in people with bipolar disorder and are likely
to increase risks for negative outcomes, even fatal ones such as
suicide. Clinicians also often have fears about the side-effect

profile of lithium over other medications used to treat bipolar dis-
order, even though recent studies have shown that lithium has a
lower side-effect burden than many other treatments.31 Thus,
side-effects need to be balanced against the clinical benefit afforded
by medications and the risks related to ineffective medications
should be clearly communicated to patients.

Ineffectiveness due to non-adherence

One primary reason for ineffectiveness is non-adherence.27 Non-
adherence may also, to a certain extent, explain the better results
seen for lithium than for quetiapine in our setting compared with
RCTs, since RCTs measure symptoms during short-term follow-
up in highly selected adherent patients. In real-life settings, patients
may take their medications more irregularly unless they are
monitored constantly, as happens during lithium treatment.17 In

Medications Users Events Person-years HR (95% CI) P-value Decreased risk Increased risk

331 148 596 0.0911
63 31 49 0.7144

954 552 1708 0.2453
2862 1747 6000 0.0851

0.14843895 2800 7042  0.96 (0.90–1.02)
626 229 703 0.7470
230 198 428 0.8853

5261 1099 5759 0.9330
2530 1120 4834 0.6645
7864 3964 12 356 0.0089*

Antipsychotics
Zuclopenthixol
Prochlorperazine
Chlorpromazine
Chlorprothixene
Levomepromazine
Flupentixol
Periciazine
Aripiprazole
Perphenazine
Risperidone
Olanzapine
Quetiapine
Sulpiride
Haloperidol
Asenapine
Lurasidone
Melperone
Clozapine
Ziprasidone
Sertindole
Any oral antipsychotic

11 997 6548 23 737

0.81 (0.63–1.03)
0.91 (0.53–1.54)
0.92 (0.80–1.06)
0.93 (0.86–1.01)

0.97 (0.80–1.17)
0.98 (0.78–1.24)
1.00 (0.91–1.11)
1.02 (0.93–1.12)
1.07 (1.02–1.13)
1.10 (1.05–1.15)
1.10 (1.07–1.13)
1.12 (0.94–1.33)
1.12 (1.03–1.22)
1.13 (0.59–2.13)
1.15 (0.35–3.80)
1.19 (1.04–1.35)
1.29 (1.07–1.55)
1.36 (1.06–1.75)
1.44 (0.88–2.37)
1.06 (1.04–1.09)

<0.0001*
<0.0001* 31 262 22 822 90 756

652 327 931 0.1923
1830 1145 2191 0.0101* 
193 23 108 0.7147

568 828
0.8132
0.0089* 
0.0074*
0.0156*

383 349 1189
751 183 795
96 44 134 0.1455

45 033 45 138 164 459 <0.0001*

78 177 0.3187
143 105 336

48
0.1917

121
251

9516
52
92
29
74

422

180

0.8409

Long-acting injections
Perphenazine
Zuclopenthixol
Paliperidone
Aripiprazole
Risperidone
Olanzapine
Haloperidol
Any long-acting injection

194 0.7765

0.77 (0.46–1.28)
0.80 (0.58–1.12)
0.93 (0.47–1.84)
0.94 (0.62–1.43)
0.98 (0.73–1.31)
1.10 (0.58–2.09)
1.43 (1.01–2.03)
0.98 (0.84–1.14)

283
177

433 0.8906
0.7712

100 191 0.0431
1073 1631 0.7663

10 886 8742 43 819 <0.0001*
941 341 1356 0.1255

2520 2812 7923 0.0064*

Mood stabilisers
Lithium
Topiramate
Carbamazepine
Lamotrigine
Valproic acid
Pregabalin
Gabapentin
Any mood stabiliser

16 243 8421 44 642 0.2057

0.77 (0.74–0.81)
0.88 (0.74–1.04)
0.91 (0.85–0.97)
0.97 (0.93–1.02)
0.99 (0.96–1.02)
1.25 (1.19–1.31)
1.28 (1.20–1.38)
0.99 (0.96–1.01)

18 928 16 592 58 902 0.5393
6165 4622 8393
2608 1918 2774

<0.0001*
<0.0001*

0.224139 887 43 448 167 809

0.2 0.5 21

Hazard ratio (95% CI)

123 11 44
705

Fig. 3 Risk of hospital admission for non-psychiatric reasons among individuals with bipolar disorder when using amedication versus not using
a medication of the same medication class.

Within-individual model based on 144 434 hospital admissions divided between 33 380 individuals. HR, adjusted hazard ratio. Nominal P-values are displayed. Results significant
after correction for multiple comparisons using the Benjamini–Hochberg false discovery rate method at a 0.05 threshold are marked with an asterisk.
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addition, long-acting injectables have also been offered as a solution
to adherence problems.27 Long-acting injectables, of which for
example olanzapine LAI was associated with the lowest risk of psy-
chiatric admission in our study, could offer a strong alternative for
patients not willing to try or with contraindications for lithium.
Indeed, long-acting injectables in general were associated with a
28% lower risk of psychiatric admission in our study than their
oral counterparts (i.e. the same pharmacological substance in differ-
ent administration form), despite not being associated with an
increased risk of non-psychiatric admission. However, the use of
long-acting injectables remains low in healthcare settings despite
the mounting evidence for their benefits in patients with bipolar
disorder.19,27,33 Of note, the superiority of long-acting injectables
was also evident in first-episode patients in our study.

Strengths and weaknesses

As any other study, our study is not without limitations. The study
population is inclusive and diverse on a national level, but being
restricted to one country, may not be generalisable to populations
of markedly different ethnicities or different healthcare systems.

Also, all the results are based on data and end-points stored in
national registries and do not come close to covering all of the clin-
ical aspects and outcomes related to bipolar disorder or non-
pharmacological treatments such as psychotherapy. We did not
have data on the severity of symptoms or the quality of life of the
patients included, and therefore cannot make inferences on the
effects of medications on these important outcomes. Further,
since suicidality in general is a frequent reason for admission to hos-
pital, the results may be favouring compounds with more anti-
suicidal properties. On the other hand, medications considered
‘more potent’ or with more side-effects might be reserved for
more serious episodes and medications considered ‘less potent’ or
with fewer side-effects used for milder episodes. Thus, the risk asso-
ciations presented for medications considered clinically ‘more
potent’, such as lithium, may underestimate the effectiveness of
these medications. However, non-pharmacological treatments,
such as psychotherapy or neuromodulation, may also be more fre-
quently used for patients with more severe illness, which may inflate
the effectiveness of the medications used for these individuals. The
within-individual analyses used eliminate selection bias and bias
arising from other long-term individual factors, but cannot

Medications Users Events Person-years HR (95% CI) P-value Decreased risk Increased risk

73 7 83 0.0275
Antipsychotics

Long-acting injections

Mood stabilisers

Zuclopenthixol 0.34 (0.13–0.89)
187 26 162 0.5195Sulpiride 0.83 (0.46–1.47)
618 140 783 0.2244Perphenazine 0.85 (0.66–1.10)
145 73 142 0.7618Melperone 0.95 (0.69–1.31)
271 45 266 0.8558Ziprasidone 0.95 (0.57–1.60)
757 264 1030 0.6953Chlorprothixene 0.96 (0.80–1.16)

107 11 83 0.3094Aripiprazole 0.64 (0.27–1.51)
91 19 108 0.2592Risperidone 0.68 (0.35–1.32)
28 9 61 0.9369Zuclopenthixol 0.96 (0.35–2.66)
81 7 83 0.9672Olanzapine 1.04 (0.17–6.23)
50 4 33 0.3891Paliperidone 1.85 (0.46–7.46)

365 59 447 0.2095Any long-acting injection 0.78 (0.52–1.15)

2711 749 3453 0.7030Risperidone 1.02 (0.91–1.15)
1101 490 1416 0.5519Levomepromazine 1.04 (0.91–1.19)

389 124 569 0.0861Topiramate 0.79 (0.60–1.03)
3688 1535 11 223 <0.0001*Lithium 0.81(0.74–0.89)
6360 2620 16 263 0.1247Lamotrigine 0.94 (0.87–1.02)
7496 4269 21 142 0.0947Valproic acid 0.95 (0.90–1.01)
629 427 1414 0.1968Carbamazepine 1.11 (0.95–1.31)

2670 1723 3407 <0.0001*Pregabalin 1.40 (0.29–1.51)
1203 828 1271 <0.0001*Gabapentin 1.47 (1.32–1.65)

15 339 11 526 55 288 0.0285

0.2 0.5 1 2

Any mood stabiliser 1.05 (1.00–1.09)

84 52 214 0.8050Clozapine 1.06 (0.66–1.72)
4921 1646 8444 0.0144Olanzapine 1.12 (1.02–1.22)

12 579 6759 32 641 <0.0001*Quetiapine 1.13 (1.07–1.19)
2107 369 2230 0.1079Aripiprazole 1.15 (0.97–1.37)

179 41 179 0.4342Flupentixol 1.23 (0.73–2.07)
222 83 283 0.1831Chlorpromazine 1.24 (0.90–1.72)
490 207 387 0.0296Haloperidol 1.25 (1.02–1.52)
81 8 38 0.3179Asenapine 1.64 (0.62–4.34)

16 849 11 141 52 535 <0.0001*Any oral antipsychotic 1.10 (1.05–1.15)

Hazard ratio (95% CI)

Fig. 4 Risk of hospital admission for non-psychiatric reasons among individuals with incident bipolar disorder when using a medication versus
not using a medication of the same medication class.

Within-individual model based on 48 131 hospital admissions divided between 13 506 individuals. HR, adjusted hazard ratio. Nominal P-values are displayed. Results significant after
correction for multiple comparisons using the Benjamini–Hochberg false discovery rate method at a 0.05 threshold are marked with an asterisk.
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correct for all sources of bias, such as protopathic bias, for which
additional analyses were performed and were mostly in line with
the primary results. Within-individual analyses also only include
individuals with variation in both exposure (have changes in their
medication) and outcome (be admitted to hospital), and are there-
fore somewhat exclusive. To correct for this, a between-individual
analysis was performed for the main outcome in the total cohort,
showing similar rank order as within-individual analysis. In
general, hazard ratios were higher for all medications in the
between-individual analysis. This was apparently related to low
intrinsic risk among the most mildly ill patients with long periods
of non-use of medications. There may also remain some skewing
due to the effect of initial/previous outcome events on the risk of
recurrence and to the effect of the length of previous hospital admis-
sions on future treatment selection or course of disorder, for which
the sensitivity analyses may not have been able to fully account.

Implications

Our results challenge the widespread use of quetiapine in the treat-
ment of bipolar disorder, since quetiapine was not associated with a
reduced risk of psychiatric admission and was associated with an
increased risk of non-psychiatric admission, and call for further
research on the effectiveness and safety of quetiapine in the long-
term and in real-world settings.
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Manzoni and agoraphobia

Luca Cambioli and Michele Augusto Riva

Alessandro Manzoni (1785–1873) is acknowledged as one of the greatest Italian writers of all times, having contributed to the
codification and stabilisation of the modern Italian language with the historical novel The Betrothed (I Promessi Sposi).
Manzoni died at 88 on 22 May 1873, exactly 150 years ago, likely in consequence of a chronic subdural haematoma devel-
oped after a fall while exiting church.

During his long life, Manzoni had agoraphobia – the fear of being in situations where escapemight be difficult or where help is
not readily available. At least two agoraphobic attacks are well documented by Manzoni himself, playing a significant role in
his life. On 2 April 1810, at 25 years of age, Manzoni had his first panic attack when his beloved wife, Henriette Blondel (1791–
1833), fainted in his arms, following the banging of some firecrackers and a disturbance created in the crowd during the wed-
ding parade of Napoleon andMarie Louise of Austria in Paris. The ensuing commotion resulted in the writer getting separated
from his wife, a precipitous flight to a church and ultimately in his lifelong conversion to Catholicism. Five years later Manzoni
reported having another panic attack in a bookseller’s store owing to the news of Napoleon’s defeat at Waterloo, whichmade
him fear for the fate of his country. Despite living in the centre of Milan and taking frequent walks within the city walls, after
1810 Manzoni’s anxiety, and avoidance of crowds, accompanied him until his death. His wife Henriette stated: ‘the nervous
anguish he experiences does not allow him to be alone for a moment’. According to the Italian philosopher Paolo D’Angelo,
Manzoni’s agoraphobia – his fear of being in a free space without a solid physical support –may explain his criticism against
the free poetic imagination and the literature of invention and his fondness for the historical novel genre, introduced by
Walter Scott (1771–1832) in Europe in those years.
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