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Abstract
Background: Treatment Resistant Bipolar Depression (TRBD) is a major contributor to the burden of disease
associated with Bipolar Disorder (BD). Treatment options for people experiencing bipolar depression are limited to
three interventions listed by National Institute for Health and Care: lamotrigine, quetiapine and olanzapine, of which
the latter two are often not well tolerated. The majority of depressed people with BD are therefore prescribed
antidepressants despite limited efficacy. This demonstrates an unmet need for additional interventions. Pramipexole
has been shown to improve mood symptoms in animal models of depression, in people with Parkinson’s Disease
and two proof of principle trials of pramipexole for people with BD who are currently depressed.
Methods: The PAX-BD study, funded by the United Kingdom (UK) National Institute for Health Research, aims to
extend previous findings by assessing the efficacy, safety and health economic impact of pramipexole in addition
to mood stabilisers for patients with TRBD. A randomised, double-blind, placebo controlled design is conducted in
a naturalistic UK National Health Service setting. An internal pilot study to examine feasibility and acceptability of
the study design is included. Participants with TRBD are screened from National Health Service secondary care
services in up to 40 mental health trusts in the UK, with the aim of recruiting approximately 414 participants into a
pre-randomisation phase to achieve a target of 290 randomised participants. Primary safety and efficacy measures
are at 12 weeks following randomisation, with follow up of participants to 52 weeks. The primary outcome is
depressive symptoms as measured by Quick Inventory for Depressive Symptomatology – Self Report. Secondary
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outcomes include changes in anxiety, manic symptoms, tolerability, acceptability, quality of life and costeffectiveness. Outcome measures are collected remotely using self-report tools implemented online, and observerrated assessments conducted via telephone. ANCOVA will be used to examine the difference in rating scale scores
between treatment arms, and dependent on compliance in completion of weekly self-report measures. A mixed
effects linear regression model may also be used to account for repeated measures.
Trial registration: ISRCTN72151939. Registered on 28 August 2019, http://www.isrctn.com/ISRCTN72151939
Protocol Version: 04-FEB-2021, Version 9.0.
Keywords: Bipolar disorder, Treatment resistant bipolar depression, Pramipexole, Mood stabilisers

Background
Bipolar disorder (BD) has a lifetime prevalence of 2.5%
[1] and is associated with an 8–12 year reduction in life
expectancy [2]. People with BD are symptomatic around
50% of the time, the vast majority of which is depression
[3, 4] for which National Institute for Health and Care
(NICE) guidelines list 3 treatments: lamotrigine, quetiapine, & olanzapine (with or without fluoxetine) [5]. Quetiapine and olanzapine are often not well tolerated due
to weight gain and sedation [6, 7]. In part because of the
limited number of medication options, around 70% of
people with bipolar depression in the United Kingdom
(UK) are taking at least one antidepressant [8] despite
evidence that they lack efficacy [5], demonstrating a
need for extra therapeutic options.
There is a lack of a consensus definition of what constitutes Treatment Resistant Bipolar Depression (TRBD)
[9]. However, around 50% of people remain depressed at
six months, and 30% at one year because of nonresponse, intolerance, or non-acceptance of treatment
[10], suggesting that TRBD is the major contributor to
the enormous burden of disease associated with BD,
with an estimated annual UK BD costs of £5.2B, with
direct National Health Service (NHS) costs of £342 M at
2010 prices [11, 12].
The potential role of pramipexole as a treatment for
depressive episodes in BD is supported by
antidepressant-like effects of pramipexole in animal
models such as stress-induced suppression of sucrose
intake in rats [13], the forced swim test [14, 15], social
interaction test [15] and olfactory bulbectomised rats
[16]. It has also been shown to increase hippocampal
neurogenesis [12], an effect believed to be common to
antidepressants [17, 18]. In humans, pramipexole has
extensive evidence for in the treatment of Parkinson’s
disease [19], for which it has a marketing licence. A
meta-analysis of pramipexole in Parkinson’s disease reported an improvement in depressive symptoms on the
Unified Parkinson’s Disease Rating Scale [20]. A subsequent 12-week randomised double-blind placebocontrolled trial of pramipexole in people with Parkinson’s disease and significant depressive symptoms

reported a significant benefit independent of any motor
improvements seen [21]. Such findings, together with
hypothesised roles for a hypo-dopaminergic state
underlying bipolar depression [22] and naturalistic and
open trial data [23–29] led to two small Randomised
Controlled Trials (RCT) in bipolar depression [30, 31].
Goldberg et al studied 22 people with mainly type I BD
[30] who had failed to respond to at least two adequate
trials of standard antidepressants during the current
episode. They were given pramipexole or placebo in
combination with lithium or anticonvulsant mood stabilisers, and mean improvement in mood scores at six
weeks were 48% for pramipexole and 21% for placebo
(p = 0.05). Zarate and colleagues’ RCT included 21
people with BD type II [31]who had failed at least one
trial of a standard antidepressant. 60% of people treated
with pramipexole achieved a treatment response at six
weeks, compared with 9% taking placebo (p = 0.02).
Aims

The PAX-BD study is a randomised, double-blind, placebo controlled trial of pramipexole in addition to mood
stabilisers for patients with treatment resistant bipolar
depression, in a UK NHS population, with the aim of
assessing the efficacy and safety of pramipexole and collecting health economic data. PAX-BD is funded by the
National Institute for Health Research (NIHR) Health
Technology Appraisal (HTA) panel.
Objectives and measures

A key design feature of the PAX-BD study is that outcome measures are mainly collected remotely, mostly
using self-report tools implemented on-line using the
True Colours platform [32]. Three scales, the Quick Inventory for Depressive Symptomatology – Self Report
(QIDS-SR) [33], Altman Self-rating Scale of Mania
(ASRM) [34] scale and Generalised Anxiety Disorder-7
(GAD-7) [35] scale are completed on-line by participants
weekly from recruitment into the pre-randomisation
phase through to the end of follow up. To facilitate comparison of PAX-BD with other studies, the clinicianrated version of the QIDS (QIDS-C) [33], the
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Montgomery-Asberg Depression Rating Scale (MADRS)
[36] and the Young Mania Rating Scale (YMRS) [37] are
completed by phone by the study Research Assistants
(RAs) at two time points. The timings of the administration of assessments is shown in the Schedule of Events
(Table 1).
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 To examine adherence to medication over 48 weeks.

Medication is provided to participants by post from
the Cumbria, Northumberland, Tyne and Wear
(CNTW) pharmacy on seven occasions over the
course of the study. Adherence is assessed through a
pill count of un-used medication returned by participants at the end of each prescription period.

Primary objective
Health economic objectives
 To evaluate the clinical effectiveness of pramipexole

versus placebo alongside standard mood stabilising
medication, over 12 weeks, in the management of
participants with treatment resistant bipolar
depression, assessed using the QIDS-SR [33].
Secondary efficacy objectives
 To examine the impact of pramipexole treatment on

mood and anxiety symptoms over 48 weeks, and
pleasure symptoms over 12 weeks. In addition to the
weekly assessment of depressive and anxiety
symptoms with the QIDS-SR and GAD-7 [33, 35]
respectively, the ability to experience pleasure is
assessed using the Snaith-Hamilton Pleasure Scale
(SHAPS) [38] at randomisation and at weeks 6 and
12 post-randomisation.
 To examine the impact of pramipexole on
psychosocial function over 48 weeks, using the
self-reported Work and Social Adjustment Scale
(WSAS) [39].
Secondary safety and acceptability objectives
 To examine risk of switching to mania and

occurrence of psychosis or impulse control
disorders, which are known possible side-effects of
pramipexole [24], over 48 weeks. Manic symptoms
are assessed weekly using an on-line version of the
ASRM scale [34]. Rates of impulsivity during the
study are monitored using the Questionnaire for
Impulsive-Compulsive Disorders in Parkinson’s disease – Rating Scale (QUIP-RS) [40], administered by
telephone by the study RAs. Psychosis is not formally rated but is specifically screened for during
regular RA phone calls.
 To examine side effects and overall acceptability of
pramipexole treatment over 48 weeks using the
Treatment Satisfaction Questionnaire for
Medication (TSQM) [41] administered by phone by
the study RAs.
 To examine tolerability of pramipexole by reviewing
the rates, severity, seriousness, causality and
expectedness Adverse Events (AEs) and Adverse
Reactions (ARs).

 To examine the quality of life, wellbeing, health and

social care and broader societal costs of participants
randomised to either pramipexole or placebo. To
establish the incremental cost-effectiveness of pramipexole in comparison to placebo over 48 weeks. Assessments are conducted via participant completion
of on-line versions of the EuroQoL 5 Dimension 5
Level (EQ-5D-5L) [42] measure of health-related
quality of life, and the ICEpop CAPability measure
for Adults (ICECAP-A) [43] and the Oxford CAPabilities questionnaire-Mental Health (OxCAP-MH)
[44] capturing broader wellbeing, and the Health
Economics Questionnaire (HEQ) [45] for information on health and social services utilisation and
broader societal costs.
Qualitative interviews

Qualitative interviews are undertaken during the internal
pilot to explore variables impacting recruitment, retention rates and discontinuation. The Topic Guide is included in Supplementary file 12. Interviews are
administered by phone to staff in sites open for recruitment for at least 4 weeks, participants who withdraw/are
withdrawn during the pre-randomisation phase or before
week 12 in the randomisation phase, and randomised
participants who remain in the trial until week 12. Interviews will conclude for each group once data saturation
has been reached.
Sample size, power and effect size

The estimated sample size for randomisation is based on
the CEQUEL study [32] that included similar participants in a depressive episode of BD from the UK NHS,
and who had weekly remote monitoring of mood over a
52 week period. Dropout rates in this study were 20% at
12 weeks and 50% at 52 weeks. A power calculation
demonstrates that 290 participants provides a 90%
power of detecting a 3-point difference in QIDS-SR [33]
between pramipexole and placebo (p < 0.05), based on a
two-sample t-test at 12 weeks with a QIDS-SR [33]
standard deviation of 7 and assuming a 20% dropout rate
as seen in the CEQUEL study [32]. This sample size also
provides approximately 80% power of detecting a 3.3
point difference in QIDS-SR scores [33] between the
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treatment arms at week 48 assuming the 50% dropout
rate seen in CEQUEL [32] and the standard deviation
used above. In a study of a similar population, a dropout rate of 30% was experienced during the prerandomisation phase [46]. As a result, it is anticipated
that PAX-BD will need to recruit approximately 414 participants into the pre-randomisation phase trial to
achieve the target of 290 participants randomised.

Methods
Study design

The PAX-BD study is a multicentre parallel group,
double-blind, randomised, placebo-controlled superiority
trial of the addition of pramipexole to ongoing mood
stabiliser (lithium, valproate, carbamazepine or lamotrigine) treatment in patients suffering from a moderate to
severe episode of bipolar depression who are operationally defined as having TRBD on the basis of nonresponse, intolerance, contraindication, clinically felt to
be inappropriate or declined by patient of at least two
NICE recommended treatments for bipolar depression
(lamotrigine, quetiapine, olanzapine with or without fluoxetine), or lurasidone which is included as a recommended treatment in British Association for
Psychopharmacology guidelines [47].
The study was initially funded and approved on the
basis that an exclusion criterion for randomisation was
ongoing treatment with an antipsychotic. Those participants on antipsychotics recruited into stage 1, were required to have these withdrawn. Early feedback during
the study pilot phase indicated that this requirement was
significantly negatively impacting on recruitment. As a
result, this issue was reviewed. Since the original submission of the study design to the funder, increasing evidence has emerged suggesting that pramipexole’s
mechanism of action in depression is via activation of
dopamine D3 receptors. Pharmacologically, pramipexole
appears to preferentially bind to D3 versus D2 receptors
in vivo [48]. D3 receptor knock out mice have been reported to exhibit depressive and anxious features [49].
In addition, a wealth of recent data using highly
selective D3 antagonists in animal models has demonstrated that D3 receptors play a critical role in reward
processes [50, 51]. Further, PET imaging data in
humans suggests D3 receptor expression may be related to motivation for rewards [52]. Recent data also
suggests a positive effect of pramipexole on dendritic
arborization and soma size mediated via increased
brain derived neurotrophic factor (BDNF: 55), and
that pramipexole can prevent inflammation induced
depression-like behaviours in mice [53], both plausible
mechanism of action in depression. On this basis, the
HTA panel and the Medicines and Healthcare
products Regulatory Agency (MHRA) approved an
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alteration to the protocol to allow participants to be
on an antipsychotic at randomisation if the dose was
at or below the level described in Table 2. These
doses were determined based on the individual drug’s
absolute D3 receptor affinity and the relative affinity
for D2 versus D3 receptors.
The study has two phases: a pre-randomisation phase
and a post-randomisation phase. The pre-randomisation
phase is to allow participants to adjust antipsychotic
medication to minimise any possible antagonism of the
effect of pramipexole and commence mood stabilisers, if
needed; these doses must be stable for a minimum of
four weeks prior to randomisation. If no changes to
medication are required, the pre-randomisation phase
lasts for four weeks from consent to randomisation to
allow familiarisation with the data collection tools and
confirm persistent depressive symptoms. The primary
outcome point is 12 weeks after randomisation, with follow up of participants to 48 weeks, plus 4–6 weeks to
allow for continuing or tapering of trial medication.
PAX-BD includes an internal pilot study to examine
feasibility and acceptability of the study design and inform any remedial action to the study design if required.
Qualitative and quantitative data is collected from participants during the pre-randomisation phase and up to
12 weeks post randomisation, along with qualitative interviews of research staff regarding recruitment and
management of participants in the study. The trial
funder stop criteria are, relative to recruitment of the
first participant into the pre-randomisation phase of the
trial, ≤ 50 participants randomised to either arm at 12
months with a ≤ 70% retention of those randomised at
Table 2 List of antipsychotics and maximum daily dose allowed
for randomisation eligibility
Drug

Maximum daily dose

Aripiprazole

15 mg

Aripiprazole depot

400 mg every 4 weeks

Chlorpromazine

200 mg

Flupentixol depot

200 mg every 4 weeks

Haloperidol

2 mg

Haloperidol depot

100 mg every 4 weeks

Lurasidone

111 mg

Olanzapine

10 mg

Olanzapine depot

150 mg every 2 weeks

Paliperidone

3 mg

Paliperidone depot

75 mg every month

Quetiapine

300 mg

Risperidone

1 mg

Risperidone depot

25 mg every 2 weeks

Zuclopenthixol depot

500 mg every 4 weeks
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the primary outcome time point of 12 weeks. At 12
months post-consent to pre-randomisation of the first
participant, the Trial Management Group (TMG) will
review the number of participants randomised and the
percentage retention at 12 weeks. These numbers will be
passed to the Data Monitoring Committee (DMC) and
Trial Steering Committee (TSC), for verification as to
whether they meet the trial stopping criteria or not. The
TSC monitor study progress and conduct, and an independent DMC are the only body with access to unblinded data prior to the final data lock at study conclusion. Recruitment and retention rates will be reviewed
on an ongoing basis by the TMG throughout the trial.
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 A current diagnosis of Bipolar Disorder (type I or





Participants
Recruitment

Patients with TRBD are screened and recruited from
secondary care services using clinician caseloads, databases and/or research registers in up to 40 mental
health trusts across the UK. A list of study sites can
be obtained at https://paxbd.org/about/recruitingsites. Invitation letters and summary leaflets (Supplementary files 1 and 2) are available to advertise to
patients directly by post, or channels such as secondary care clinics, websites, social media platforms
and patient support groups.
Patients identified by clinicians and/or those showing
interest are provided an initial information sheet (Supplementary file 3) in person or via post. Should they wish to
proceed, Principal Investigators (PIs) or delegated clinicians take written informed consent (Supplementary file 4)
and begin the screening process. Prior to randomisation
participants receive a second information sheet (Supplementary file 5) and again are required to provide written
informed consent (Supplementary file 6).
Participants who withdraw from the trial are given a
withdrawal form (Supplementary file 7) and corresponding
end of study information sheet (Supplementary file 8).
Withdrawn participants are not replaced. Where a participant no longer wishes to take trial medication and gives
consent for continued participation in the trial, they are
followed up to 48 weeks. Participants who complete the
trial to 48 weeks with trial medication are given the corresponding end of study information sheet (Supplementary
file 9). See Fig. 1 for the participant pathway.
Inclusion criteria for entry to the pre-randomisation phase
 Currently under the care of secondary care mental

health services at screening with a plan for the
patient to remain in secondary care throughout the
period of the trial.
 A decision made by the patient’s clinical team that a
change in medication is indicated.









II), defined as in Diagnostic and Statistical Manual
of Mental Disorders-5 (DSM-5) [54], which is supported by the use of the Mini-International Neuropsychiatric Interview (MINI) [55].
Currently depressed, i.e. meeting DSM-5 criteria for
a Major Depressive Episode assessed via MINI and
with a current Quick Inventory of Depressive Symptomology – Self Report (QIDS-SR) > 10 [33, 54].
Current episode of depression failed to have
responded to adequate trials, or lack of tolerability
or patient declined/clinically inappropriate, of two
different NICE recommended medications
(quetiapine, olanzapine with or without fluoxetine,
lamotrigine) or lurasidone. Adequacy of treatment
trial defined using a custom designed ‘Bipolar
Demographics and Treatment Questionnaire’
(BDTQ).
Aged 18 or over at the point of consent.
Willing and able to provide written informed
consent prior to any trial procedures taking place.
In the opinion of the investigator, is able to follow
the trial prescription instructions and is able to
manage 8 weeks supply of trial medication without
risk of overdose.
The patient, if female and of child-bearing potential, must have a negative pregnancy test [urine
beta-human chorionic gonadotropin (β-hCG)].
Women of child-bearing potential are required to
use a highly effective contraceptive method during
the pre-randomisation and post-randomisation
phase of the trial. Highly effective methods of
contraception include:
– combined (oestrogen and progestogen
containing) hormonal contraception associated
with inhibition of ovulation (oral, intravaginal,
transdermal)
– progestogen only hormonal contraception
associated with inhibition of ovulation (oral,
injectable, implantable)
– intrauterine device
– intrauterine hormone-releasing system
– vasectomised partner (provided that partner is
the sole sexual partner of the trial participant and
that the vasectomised partner has received
medical assessment of the surgical success)
– bilateral tubal occlusion
– sexual abstinence (defined as refraining from
heterosexual intercourse during the entire period
of risk associated with the study treatments. The
reliability of sexual abstinence needs to be
evaluated in relation to the duration of the
clinical trial and the preferred and usual lifestyle
of the subject)
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Fig. 1 Participant Pathway

Exclusion criteria for the pre-randomisation phase

 Current cardiovascular symptoms or significant

concerns around cardiovascular disease.
 DSM-5 defined severe substance use disorder.
 Current psychotic symptoms as assessed using the

MINI.
 History of retinal disease.

 History of significant renal disease (for example

within the last 6 months estimated Glomerular
Filtration Rate (eGFR) is less than 50 ml/min/1.73
m2 or there is a concern that eGFR is deteriorating
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and may be expected to fall below 50 during the
course of the study).
Any known sensitivity to trial drug including its
excipients.
Current pregnancy or planned pregnancy during the
trial period, or breastfeeding.
Starting specific psychotherapy from four weeks
before randomisation through to Week 12 postrandomisation.
Currently taking part in another clinical trial that
would interfere with the outcomes of PAX-BD.
Confirmed diagnosis with potential confounding
factors such as Parkinson’s disease, restless leg
syndrome (where restless legs syndrome has been
formally diagnosed by a sleep clinic).
Significant clinical concern regarding impulse
control behaviours.

Inclusion for randomisation

All criteria as for the pre-randomisation plus:
 Been in pre-randomisation for a minimum of 23 cal-

endar days.
 Severity of depression still meeting the criteria of

QIDS-SR > 10.
 A minimum of two telephone phone calls with a

trial RA and two on-line weekly symptom ratings
have been completed during the pre-randomisation
phase
 On mood stabilising medication (lithium, valproate,
carbamazepine, lamotrigine)
 If on an antipsychotic this must be one listed, and at
a dose of no more than the maximum stated in
Table 2.
 All regular psychotropic medication, including
antipsychotics and mood stabilisers, at a stable dose
for a minimum of four weeks. Additionally, if a
participant is on lamotrigine, quetiapine, olanzapine
or lurasidone then this must have been at the
current dose or higher for a minimum of three
months.

Exclusion criteria for randomisation

As for the pre-randomisation phase plus:
 Psychotic symptoms over the preceding 4 weeks.
 Any deterioration in physical or mental health since

pre-randomisation that means there is a clinical concern to proceed with the study.
 Any study team’s concern regarding the patient’s
ability to remain engaged in the study collecting
self-ratings of their symptoms.
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Intervention

Participants are randomised on a 1:1 basis to receive either pramipexole or placebo. Dosing of study medication
is based on doses used in the two previous small pilot
studies (n = 22; n = 21) [30, 31] and, in particular, a naturalistic case series [24]. Dosing occurs in three phases:
titration, fixed dose and flexible dose phases. During the
titration phase, participants start on a dose of 0.25 mg/
daily with 0.25 mg increments every three days to reach
the maximum tolerated dose, with a maximum of 2.5
mg/daily, over four weeks. The dose achieved in the titration phase is continued through the fixed-dose phase
between weeks 5 to 12 post randomisation. From week
12 to the end of the study, medication is flexibly dosed
between 0.25 and 2.5 mg/day, based on the participant’s
trajectory of change in mood and tolerability as judged
by self-reported measures and side effects.
At 48 weeks, remaining participants are asked whether
they wish to continue with pramipexole after the trial if
they are found to be taking it; those who do are unblinded to find if they were receiving the drug or placebo. This allows for the immediate withdrawal of
participants on placebo, and the continuation of treatment for those receiving pramipexole beyond the study.
Participants who wish to discontinue study medication
are not unblinded and receive a tapering schedule of a
reduction by 0.25 mg every three days, to safely withdraw from trial medication.
Participant’s clinical teams are free to adjust all other
medication, though encouraged wherever possible to
maintain stability of all medication and doses between
randomisation and the 12 week primary outcome point.
Participants are provided study diaries at the start of
randomisation to guide them through the titration
phase, record the dose of medication taken each day,
record any changes to concomitant medication and record AEs (Supplementary files 10 and 11). Adherence to
the dose schedule is verbally checked with the participant during RA telephone calls.
AEs are recorded by trial RAs for all participants from
the date of consent to the pre-randomisation phase until
the participant’s final trial assessment, or until participant withdraws. AEs are recorded on the trial’s
MACRO™ system by the trial RAs. Line listings of all
AEs for a participant are sent to the site PI or delegated
clinician for assessment of seriousness, severity and
causality. Serious Adverse Events must be reported
within 24-h by all staff members as soon as they become
aware of the event.
Randomisation and blinding

Sealed Envelope, a secure web-based system managed
centrally is used to randomise participants with concealed allocation. The first 10 participants are allocated
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randomly. Subsequently, a non-deterministic minimisation algorithm is used with an 80% bias in favour of allocations that minimise an imbalance on variables
hypothesised to be related to prognosis at baseline: bipolar I or bipolar II based on DSM-5 criteria; severity of
depression at randomisation (moderate, severe or very
severe); age (18–50 or > 50); biological sex (male or
female); UK site region (North, Midlands and East,
London, South East, South West, Scotland, Wales or
Northern Ireland); concurrent mood stabiliser (lithium,
valproate, lamotrigine, carbamazepine or multiple mood
stabilisers); concurrent antidepressant (yes or no); on an
antipsychotic at randomisation (yes or no); number of
mood episodes in the past year (< 4 or ≥ 4).
Pramipexole and matching placebo are manufactured
by Wasdell then packaged and labelled by Modepharma.
Trial medication is then delivered blinded to the CNTW
pharmacy for storage and dispensing. The TMG is blind
to treatment allocations. An unblinded Data Manager
will provide the DMC the key to unblind treatment arms
for closed reports. To prepare these reports, a trial statistician is partially blinded and provided data by the unblinded Data Manager where treatment arms are coded
as A and B. Participants and staff at recruitment sites remain blinded for the duration of the study, though
unblinding can occur in the event of a clinical
emergency.
Data handling

Data is handled, computerised and stored in accordance
with the Data Protection Act 2018. Paper copies of trial
related documentation are annotated, signed and dated,
and filed in the medical notes. The overall quality and
retention of trial data is the responsibility of the Chief
Investigator (CI). All trial data is retained in accordance
with the latest Directive on GCP (2005/28/EC) and local
policy.
Clinical and safety data for trial participants is collected
by site staff and trial RAs, and recorded in the electronic
case report form (eCRF) of the clinical data management
system MACRO™ and password protected trial spreadsheets. Unique trial identifier numbers are used for participant identification on the eCRFs and trial spreadsheets.
Primary outcome data, in the form of answers to all trial
questionnaires (Health Economic and otherwise) are entered directly by the trial participants into the University
of Oxford True Colours online platform. Participants receive login details in the form of a username and password
at the start of the trial, and change their password to
something only they know.
Statistical analysis

Full details of all statistical analyses will be specified in a
pre-defined Statistical Analysis Plan. Initial descriptive
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analysis will present the profile of the participants and
investigate differences in demographic and outcome
measures between the two treatment arms at baseline. If
significant differences are found, the variable may be
added to the models testing the relevant study hypothesis. A two-sided significance level of p < 0.05 will be
used throughout.
Analysis of the primary outcome measure of QIDS-SR
[33] at week 12 will use Analysis of Covariance
(ANCOVA) to examine the difference between the treatment arms with adjustment for baseline covariates including initial QIDS-SR score, other minimisation
factors and anxiety (GAD-7) score [35]. Other baseline
covariates will be examined for potential inclusion during the modelling process.
Weekly repeated measures scores for QIDS-SR [33]
will be examined to ascertain participant compliance in
completion. Should this be judged sufficient, a mixed effects linear regression model will be used to account for
the repeated measures over time in comparing this outcome between the treatment groups. Other secondary
outcome measures include: the proportion of participants in remission at 12 and 48 weeks (QIDS-SR score ≤
5), the proportion of participants who have achieved a
response at 12 and 48 weeks (QIDS-SR score reduction
of ≥50% from baseline), proportion of time over 48
weeks that participants are free of depressive symptoms
(QIDS-SR score ≤ 5), proportion of time over 48 weeks
that participants are free of manic symptoms (ASRM
score ≤ 5) and changes in psychosocial function determined by the WSAS (35;37;42).
Secondary outcomes, other than those collected specifically for the health economic analysis, will be analysed
in a similar manner to the primary outcome as described
above. The ASRM and GAD-7 scores will also be examined on a weekly basis as described for the QIDS-SR
[33–35]. MADRS, YMRS, SHAPS and QIDS-C between
0 and 12 weeks will be examined in a manner analogous
to the primary analysis of the primary outcome [33, 36–
38]. Safety and tolerability assessments will include
ANCOVA of TSQM and QUIP-RS scores [40, 41], covarying for baseline score and GAD-7 anxiety scores
[35] given the impact of anxiety on tolerability and reported side effects with medication.
Levels of missing data will be described and baseline
values tabulated for those for whom the primary end
point can and cannot be calculated in order to summarise any characteristics related to missingness. Data with
missing observations due to participant withdrawal or
loss to follow-up will be examined to determine both its
extent and whether it is missing at random. It is likely
that missingness will be related to the outcome itself
with depressed participants less likely to complete assessments. However, it has been suggested that even
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when non-random, a valid approach is to assume randomness since results tend to remain stable when randomness is violated. The primary analysis will utilise
complete case analysis with covariate adjustment. This
yields similar results to multiple imputation in data that
are missing randomly, as long as predictors of missingness are included. If data are missing to a sufficient extent (e.g. between approximately 10 and 20%), the use of
appropriate multiple imputation techniques will be considered. The QIDS-SR [33] is assessed weekly. For the
primary analysis, the assessment closest to 12 weeks in
the range 10–14 weeks will be employed. Missing items
from a partially completed TQSM questionnaire [41]
will be handled as described in the scoring manual.

Health economic analysis

The main health economic analysis will include a detailed patient-level cost analysis of health, social care
and other broader societal costs for both the pramipexole and placebo arms of the study, and an incremental
within-trial economic evaluation comparing the pramipexole and placebo arms of the trial in terms of their
costs and outcomes over the 48 weeks trial follow-up
period.
The cost analysis will be based on resource use data
collected as part of a bespoke HEQ [45]; collected data
will include all hospital and community health and social
services, medication, productivity losses, informal care
and patient’s travel expenses. Costing will be conducted
using national-level unit costs from the UK for a common year, e.g. Personal Social Services Research Unit
Costs Database [56] and British National Formulary [57].
Lost productivity costs due to absenteeism or presenteeism will be estimated using the human capital approach
where time off work is multiplied by the average daily
national salary for participants who are employed or
self-employed [58, 59].
The primary health economic analysis will be a costutility analysis from a health and social care perspective
where quality-adjusted life years will be calculated using
utility values from the EQ-5D-5L [42] health-related
quality of life questionnaire as recommended by most
health technology assessment agencies [60–62]. Health
states will be valued by using the latest valid tariff set
from the UK and results will be expressed in an incremental cost-effectiveness ratio (ICER).
Secondary economic analyses using the ICECAP-A
(46) and the OxCAP-MH [44] capability indices as outcome measures will be also carried out. The capability
states measured by the ICECAP-A will be valued by the
tariff set for the UK [63]. A similar tariff weighting score
concept will be developed for the OxCAP-MH [44]
alongside this trial and will subsequently be applied in
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the valuation of the dataset. Further analyses will estimate cost-effectiveness from a societal perspective.
Multiple imputation will be used to deal with missing
data. Results from both the full imputed dataset and
from the complete case analysis will be compared and
reported as means with standard deviations or as mean
differences with 95% confidence intervals. Differences in
mean costs and effects will be compared in a regression
framework with a p-value less than 5% considered as statistically significant. Non-parametric bootstrapping [64]
from the cost and effectiveness data will be used to generate a joint distribution of the mean incremental costs
and effects for the options under comparison and to calculate the 95% confidence intervals of the ICERs. Uncertainty around the main cost-effectiveness estimates will
be represented by cost-effectiveness acceptability curves
(CEACs) using the net benefit approach [65, 66]. CEACs
show the probability that each option is cost-effective to
a range of maximum values (ceiling ratio) that a decision
maker might be willing to pay for an additional unit of
improvement in outcomes.
Qualitative analysis

The qualitative analysis will be based on interviews with
participants and medical personnel at sites. Analysis of
barriers and facilitators will specifically draw on a metaanalysis of studies in depression, providing a framework
for the qualitative interview. Interviews will be transcribed and analysed according to the framework as data
is collected; collection will conclude once the data is
saturated.
Status of the study

In light of the COVID-19 UK lockdown, recruitment to
the study was paused and two participants in the prerandomisation phase were withdrawn. One participant
had progressed to the randomisation phase and
remained in the study. Substantial Amendment 7 was
initiated to accommodate necessary changes and allow
greater flexibility for face to face study activities in response to the COVID-19 pandemic – the amendments
are detailed in Supplementary file 13. The PAX-BD
study re-opened for recruitment on 15th September
2020. A key further amendment to the study protocol
was Substantial Amendment 11, which altered the eligibility criteria at the randomisation stage to allow for participants to be included who are on antipsychotics as
listed in Table 2. This amendment was enacted on 9th
April 2021. At this point, five participants had entered
stage 2 of the study prior to the amendment.

Discussion
PAX-BD will be the first large adequately powered RCT
in a well-defined population of patients with TRBD. The
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study not only examines the efficacy, tolerability and
safety of pramipexole, but also its cost effectiveness over
a prolonged follow up period of one year. If pramipexole
is shown to be safe and (cost) effective, then it could be
made available to patients rapidly given that it is a currently licenced mediation, albeit for other indications.
The PAX-BD study will provide significant information
to help guide clinicians in the use of the drug. A “clinician manual” has been prepared for clinicians managing
participants in the study. This will be iteratively updated
during the course of the study and made available on
completion of the study.
The design of the study is an evolution from two previous
large RCTs in BD run in the UK NHS – BALANCE [46]
and CEQUEL [32]. PAX-BD extends the extent to which
data is self-reported by participants and collected remotely.
This has many advantages including the ability to run the
study from a central base with minimal need for direct input
from clinical teams in participating sites. This is an important consideration given the difficulty of hard-pressed clinicians actively engaging in research. In addition, just as
recruitment was commencing, the COVID-19 pandemic occurred. The design of PAX-BD enables minimal face to face
contact and hence reduced infection risks for participants
and study staff. The qualitative data collected during the
study will help inform if the PAX-BD design is effective and
how study and clinical staff view it. This will help inform the
design of future studies.
Dissemination policy

Dissemination to the academic community will include a
final report for the funders, as well as findings presented
at international scientific meetings and submitted for
publication in high-impact open-access peer-reviewed
journals. Dissemination to clinicians will include webbased information on the Northern Centre for Mood
Disorders (NCMD) [67] and PAX-BD study [68] websites, with links to this from all Universities and Trusts
involved in the trial and verbal presentations at meetings
such as those organised by the British Association of
Psychopharmacology (BAP) and the Royal College of
Psychiatrists. The research findings will be disseminated
to Clinical Commissioning Groups via the CI and PI
links as clinicians within regionally facing specialist
mood disorders services. The findings will be supplied to
the two main pharmacological treatment guidelines used
by clinicians in the UK: those produced by NICE and
the BAP.
The trial results will be disseminated to patients and carers
in partnership with the trial patient advisory group. A leaflet
explaining the findings of the trial and their implications will
be produced alongside two-monthly public engagement
meetings advertised via the NCMD website to promote and
disseminate materials. Dissemination will also be via the
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patient organisation Bipolar UK and Bipolar Scotland and to
the general public e.g. via the Science Media Centre. The results will also be disseminated to the Drug and Therapeutics
(or equivalent) Committee of each participating Trust via the
local PIs.
Abbreviations
AE: Adverse Event; ANCOVA: Analysis of Covariance; AR: Adverse Reaction;
ASRM: Altman Self Rating Scale of Mania; BAP: British Association of
Psychopharmacology; BD: Bipolar Disorder; BDNF: Brain derived neurotropic
factor; BDTQ: Bipolar Demographics and Treatment Questionnaire;; CI: Chief
Investigator; CNTW: Cumbria, Northumberland, Tyne and Wear; DMC: Data
Monitoring Committee; DSM-5: Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition; eCRF: Electronic Case Report Form;; eGFR: Estimated
glomerular filtration rate; EQ-5D-5L: EuroQoL 5 Dimension 5 Level;
HEQ: Health Economics Questionnaire; HTA: Heath Technology Assessment;
ICER: Incremental Cost-Effectiveness Ratios; MADRS: Montgomery Asberg
Depression Rating Scale; MHRA: Medicines and Healthcare products
Regulatory Agency; MINI: Mini-International Neuropsychiatric Interview;
NCMD: Northern Centre for Mood Disorders; NHS: National Health Service;
NICE: National Institute for Health and Care Excellence; NIHR: National
Institute of Health Research; OxCAP-MH: Oxford CAPabilities Questionnaire –
Mental Health; PI: Principal Investigator; QIDS-C: Quick Inventory of
Depressive Symptomatology – Clinician Rated; QIDS-SR: Quick Inventory of
Depressive Symptomatology – Self Report; QUIP-RS: Questionnaire for
Impulsive-Compulsive Disorders in Parkinson’s Disease – Rating Scale;
RA: Research Assistant; RCT: Randomised Control Trial; SHAPS: SnaithHamilton Pleasure Scale; TMG: Trial Management Group; TSC: Trial Steering
Committee; TSQM: Treatment Satisfaction Questionnaire for Medication;
TRBD: Treatment Resistant Bipolar Depression; UK: United Kingdom;
WSAS: Work and Social Adjustment Scale; YMRS: Young Mania Rating Scale

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12888-021-03322-y.
Additional file 1.
Additional file 2.
Additional file 3.
Additional file 4.
Additional file 5.
Additional file 6.
Additional file 7.
Additional file 8.
Additional file 9.
Additional file 10.
Additional file 11.
Additional file 12.
Additional file 13.

Acknowledgements
We would like to thank the TSC and DMC committees, and their respective
chairs Dr. Jill Rasmussen and Prof Carl Clark, for their support and guidance
in the conduct of this study.
Funding and sponsor
The study is funded by the NIHR HTA Panel (HTA ref.: [16]/154/01).
Study sponsor
The study is sponsored by CNTW NHS Foundation Trust (RES-17-031).
Lyndsey Dixon is the trial sponsor representative, and correspondence details
are: Cumbria, Northumberland, Tyne and Wear NHS Foundation Trust, St.
Nicholas Hospital, Jubilee Road, Gosforth, Newcastle Upon Tyne NE3 3XT.

Azim et al. BMC Psychiatry

(2021) 21:334

Availability of data and materials
In accordance with CNTW Trust, UK Government and NIHR policies, nonidentifiable research data may be shared with researchers in other Universities and organisations (including those in other countries), for research in
health and social care. If there is a need to share identifiable information, explicit consent will be sought from participants. Appropriate safeguards will
be in place where any identifiable information is transferred to other countries, in particular those countries with different data protection laws to the
UK. The research team will consider proposals from researchers as long as
there is no constraint due to: ethical approval and informed consent, the
NIHR contract, the request does not require the data prior to publication of
the main trial findings and/or the request for data does not extend beyond
that which is needed to answer the specific research question.
Authors’ contributions
The study is being conducted in response to a call for a trial of pramipexole
in treatment resistant bipolar depression from the NIHR. The study is
sponsored by CNTW NHS Trust and LD is the Research and Development
Manager. The design of the study was done jointly by RHMW, SW, PC, JG,
DM, RM, JS, TC, PS and AHY who were the applicants for the funding for the
study. RHMW is the Chief Investigator for the study with responsibility for its
overall conduct and supervision of the study RAs. LA and PH are the study
RAs conducting assessments and monitoring of the participants. TH is an RA
undertaking the health economic analysis supervised by JS. The statistical
plan has been led by TC and TF. GM helped design and conduct the
qualitative elements of the study supervised by SW and RM. GB, NG, JM and
FW are trial managers, JW is a senior trial manager, EMH is a trial
administrator and CW is the study database manager, all from the Newcastle
Clinical Trials Unit. Together with PM the project manager, ND the trial
pharmacist, EC the Clinical Studies Officer and SH the Public and Patient
Involvement lead, they have all contributed to the refinement of the study
design and conduct. LA, PH, SW and RHMW led the drafting of the
manuscript. All authors reviewed and approved the final manuscript.

Declarations
Ethical approval and study governance
The trial is conducted in accordance with the Medicines for Human Use
(Clinical Trials) Regulations 2004 and in accordance with the principles of the
Declaration of Helsinki. A Clinical Trial Authorisation from the MHRA (Eudract
Ref: 2018–002869-18). Approval from the Health Research Authority and a
favourable opinion from the NHS Research Ethics Committee (REC: 19/NE/
0233) was obtained prior to the start of the study. Investigators, RECs, trial
participants and trial registries are notified of protocol amendments as
appropriate.
The study is run in accordance with the General Data Protection Regulation
(May 2018) to safeguard the confidentiality of participants. The trial may be
subject to audit by Sponsor representatives or inspection by the MHRA or
NIHR HTA. Each investigator site will permit trial-related monitoring, audits
and regulatory inspection including access to all essential and source data
relating to the trial.
Written informed consent is obtained from all participants prior to any study
related activities. Staff and participants have the option of opting in or out of
qualitative interviews, and participants have the right to withdraw from the
study at any time.
Consent for publication
Not applicable.
Competing interests
LA, GB, EC, LD, ND, TF, NG, SH, TH, PH, EMH, GM, PM, JM, JS, DS, JW, CW and
FW have no competing interests.
TC: Thomas Chadwick reports grants from NIHR (HTA) during the conduct of
the study and outside the submitted work.
PC: In last 5 years, Paul Courtney has received speaker fees from Lundbeck.
Paul Courtney is a shareholder in GlaxoSmithKline.
JRG: JRG in past 5 years has received research funding from MRC, NIHR,
Wellcome. JRG is Director of NIHR Oxford Health Biomedical Research Centre
and an Emeritus NIHR senior investigator; the views expressed are those of
the author and not necessarily those of the NHS, the NIHR or the
Department of Health.

Page 12 of 14

RHMW: In the last 5 years, R. Hamish McAllister-Williams has received fees
from American Center for Psychiatry & Neurology United Arab Emirates, British Association for Psychopharmacology, European College of Neuropsychophamracology, International Society for Affective Disorders, Janssen-Cilag ltd,
LivaNova, Lundbeck, My Tomorrows, OCM Comunicaziona s.n.c., Pfizer, Qatar
International Mental Health Conference, Sunovion, Syntropharma, UK Medical
Research Council and Wiley; grant support from NIHR Efficacy and Mechanism Evaluation Panel and HTA Panel; and non-financial support from COMPASS Pathways.
RM: Richard Morriss is supported by Nottingham NIHR Biomedical Centre,
NIHR MindTech Medical Technology and In Vitro Collaboration and NIHR
Applied Research Collaboration East Midlands.
PS: Paul Stokes reports grant funding from NIHR HTA, during the conduct of
the study. Paul Stokes reports non-financial support from Janssen Research
and Development LLC, personal fees from Frontiers in Psychiatry, personal
fees from Allergan, grants from H Lundbeck, grants and non-financial support from Corcept Therapeutics, outside the submitted work.
SW: Stuart Watson has received speaker fees from Lundbeck, the British
Association of Psychopharmacology and NIHR grant support.
AY: In the past five years Allan Young has given paid lectures and advisory
boards for the following companies with drugs used in affective and related
disorders: Astrazenaca, Eli Lilly, Lundbeck, Sunovion, Servier, Livanova,
Janssen, Allegan, Bionomics, Sumitomo Dainippon Pharma and COMPASS.
AY is Principal Investigator on ESKETINTRD3004: “An Open-label, Long-term,
Safety and Efficacy Study of Intranasal Esketamine in Treatment-resistant Depression”, “The Effects of Psilocybin on Cognitive Function in Healthy Participants” and “The Safety and Efficacy of Psilocybin in Participants with
Treatment-Resistant Depression (P-TRD)”.
Author details
Cumbria, Northumberland, Tyne and Wear NHS Foundation Trust,
Newcastle, UK. 2Northern Centre for Mood Disorders, Newcastle University
Translational and Clinical Research Institute, Newcastle, UK. 3Newcastle
Clinical Trials Unit, Newcastle University, Newcastle, UK. 4Biostatistics Research
Group, Population Health Sciences Institute, Faculty of Medical Sciences,
Newcastle University, Newcastle, UK. 5Department of Psychiatry, University of
Oxford, Oxford, UK. 6Oxford Health NHS Foundation Trust, Oxford, UK. 7NIHR
Oxford Health Biomedical Research Centre, Oxford, UK. 8Patient, Carer and
Public Involvement, The Newcastle upon Tyne Hospitals NHS Foundation
Trust, Newcastle upon Tyne, UK. 9Clinical Research Network in North East
and North Cumbria, Newcastle upon Tyne, UK. 10Department of Health
Economics, Center for Public Health, Medical University of Vienna, Vienna,
Austria. 11Division of Psychiatry and Applied Psychology, University of
Nottingham, Nottingham, UK. 12Institute of Health and Wellbeing, University
of Glasgow, Glasgow, UK. 13Department of Psychological Medicine, Institute
of Psychiatry, Psychology and Neuroscience, King’s College London & South
London and Maudsley NHS Foundation Trust, Bethlem Royal Hospital,
London, UK. 14Northern Centre for Mood Disorders, Wolfson Research Centre,
Campus for Ageing and Vitality, Newcastle upon Tyne NE4 5LP, UK.
1

Received: 9 November 2020 Accepted: 10 June 2021

References
1. Clemente AS, Diniz BS, Nicolato R, Kapczinski FP, Soares JC, Firmo JO, et al.
Bipolar disorder prevalence: a systematic review and meta-analysis of the
literature. Rev Bras Psiquiatr. 2015;37(2):155–61. https://doi.org/10.1590/151
6-4446-2012-1693.
2. Kessing LV, Vradi E, Andersen PK. Life expectancy in bipolar disorder. Bipolar
Disord. 2015;17(5):543–8. https://doi.org/10.1111/bdi.12296.
3. Judd LL, Akiskal HS, Schettler PJ, Endicott J, Maser J, Solomon DA, et al. The
long-term natural history of the weekly symptomatic status of bipolar I
disorder. Arch Gen Psychiatry. 2002;59(6):530–7. https://doi.org/10.1001/a
rchpsyc.59.6.530.
4. Judd LL, Akiskal HS, Schettler PJ, Coryell W, Endicott J, Maser JD, et al. A
prospective investigation of the natural history of the long-term weekly
symptomatic status of bipolar II disorder. Arch Gen Psychiatry. 2003;60(3):
261–9. https://doi.org/10.1001/archpsyc.60.3.261.
5. National Institute for Health and Care Excellence. Bipolar disorder:
Assessment and management. NICE; 2014.

Azim et al. BMC Psychiatry

6.

7.

8.

9.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

(2021) 21:334

Calabrese JR, Keck PE, Macfadden W, Minkwitz M, Ketter TA, Weisler RH,
et al. A randomized, double-blind, placebo-controlled trial of quetiapine in
the treatment of bipolar I or II depression. Am J Psychiatry. 2005;162(7):
1351–60. https://doi.org/10.1176/appi.ajp.162.7.1351.
Tohen M, Vieta E, Calabrese J, Ketter TA, Sachs G, Bowden C, et al. Efficacy
of olanzapine and olanzapine-fluoxetine combination in the treatment of
bipolar I depression. Arch Gen Psychiatry. 2003;60(11):1079–88. https://doi.
org/10.1001/archpsyc.60.11.1079.
Prescribing Observatory for Mental Health. Prescribing valproate for bipolar
disorder. Topic 15a baseline audit report. Royal College of Psychiatrists;
2016.
Hidalgo-Mazzei D, Berk M, Cipriani A, Cleare AJ, Florio AD, Dietch D, et al.
Treatment-resistant and multi-therapy-resistant criteria for bipolar
depression: consensus definition. Br J Psychiatry J Ment Sci. 2019;214(1):27–
35. https://doi.org/10.1192/bjp.2018.257.
Kupfer DJ, Frank E, Grochocinski VJ, Luther JF, Houck PR, Swartz HA, et al.
Stabilization in the treatment of mania, depression and mixed states. Acta
Neuropsychiatr. 2000;12(3):110–4. https://doi.org/10.1017/S092427080003554
7.
McCrone P. Paying the price : the cost of mental health care in England to
2026. London: The King’s Fund; 2008.
Young AH, Rigney U, Shaw S, Emmas C, Thompson JM. Annual cost of
managing bipolar disorder to the UK healthcare system. J Affect Disord.
2011;133(3):450–6. https://doi.org/10.1016/j.jad.2011.06.016.
Willner P, Lappas S, Cheeta S, Muscat R. Reversal of stress-induced
anhedonia by the dopamine receptor agonist, pramipexole.
Psychopharmacology (Berl). 1994;115:454–62.
Kitagawa K, Kitamura Y, Miyazaki T, Miyaoka J, Kawasaki H, Asanuma M, et al.
Effects of pramipexole on the duration of immobility during the forced
swim test in normal and ACTH-treated rats. Naunyn Schmiedeberg's Arch
Pharmacol. 2009;380(1):59–66. https://doi.org/10.1007/s00210-009-0405-0.
Chiu W-H, Depboylu C, Hermanns G, Maurer L, Windolph A, Oertel WH,
et al. Long-term treatment with L-DOPA or pramipexole affects adult
neurogenesis and corresponding non-motor behavior in a mouse model of
Parkinson’s disease. Neuropharmacology. 2015;95:367–76. https://doi.org/1
0.1016/j.neuropharm.2015.03.020.
Breuer ME, Groenink L, Oosting RS, Buerger E, Korte M, Ferger B, et al.
Antidepressant effects of pramipexole, a dopamine D3/D2 receptor agonist,
and 7-OH-DPAT, a dopamine D3 receptor agonist, in olfactory
bulbectomized rats. Eur J Pharmacol. 2009;616(1-3):134–40. https://doi.org/1
0.1016/j.ejphar.2009.06.029.
Duman RS, Nakagawa S, Malberg J. Regulation of adult neurogenesis by
antidepressant treatment. Neuropsychopharmacol Off Publ Am Coll
Neuropsychopharmacol. 2001;25(6):836–44. https://doi.org/10.1016/
S0893-133X(01)00358-X.
Serafini G, Hayley S, Pompili M, Dwivedi Y, Brahmachari G, Girardi P, et al.
Hippocampal neurogenesis, neurotrophic factors and depression: possible
therapeutic targets? CNS Neurol Disord Drug Targets. 2014;13(10):1708–21.
https://doi.org/10.2174/1871527313666141130223723.
Shen T, Ye R, Zhang B. Efficacy and safety of pramipexole extended-release
in Parkinson’s disease: a review based on meta-analysis of randomized
controlled trials. Eur J Neurol. 2017;24(6):835–43. https://doi.org/10.1111/
ene.13303.
Leentjens AFG, Koester J, Fruh B, Shephard DTS, Barone P, Houben JJG. The
effect of pramipexole on mood and motivational symptoms in Parkinson’s
disease: a meta-analysis of placebo-controlled studies. Clin Ther. 2009;31(1):
89–98. https://doi.org/10.1016/j.clinthera.2009.01.012.
Barone P, Poewe W, Albrecht S, Debieuvre C, Massey D, Rascol O, et al.
Pramipexole for the treatment of depressive symptoms in patients with
Parkinson’s disease: a randomised, double-blind, placebo-controlled trial.
Lancet Neurol. 2010;9(6):573–80. https://doi.org/10.1016/S1474-4422(10)701
06-X.
Ashok AH, Marques TR, Jauhar S, Nour MM, Goodwin GM, Young AH, et al.
The dopamine hypothesis of bipolar affective disorder: the state of the art
and implications for treatment. Mol Psychiatry. 2017;22(5):666–79. https://
doi.org/10.1038/mp.2017.16.
Sporn J, Ghaemi SN, Sambur MR, Rankin MA, Recht J, Sachs GS, et al.
Pramipexole augmentation in the treatment of unipolar and bipolar
depression: a retrospective chart review. Ann Clin Psychiatry Off J Am Acad
Clin Psychiatr. 2000;12(3):137–40. https://doi.org/10.3109/10401230009147102.

Page 13 of 14

24. Fawcett J, Rush AJ, Vukelich J, Diaz SH, Dunklee L, Romo P, et al. Clinical
experience with high-dosage Pramipexole in patients with treatmentresistant depressive episodes in unipolar and bipolar depression. Am J
Psychiatry. 2016;173(2):107–11. https://doi.org/10.1176/appi.ajp.2015.1
5060788.
25. Perugi G, Toni C, Ruffolo G, Frare F, Akiskal H. Adjunctive dopamine agonists
in treatment-resistant bipolar II depression: an open case series.
Pharmacopsychiatry. 2001;34(4):137–41. https://doi.org/10.1055/s-2001-1
5872.
26. Lattanzi L, Dell’Osso L, Cassano P, Pini S, Rucci P, Houck PR, et al.
Pramipexole in treatment-resistant depression: a 16-week naturalistic study.
Bipolar Disord. 2002;4(5):307–14. https://doi.org/10.1034/j.1399-5618.2002.
01171.x.
27. El-Mallakh RS, Penagaluri P, Kantamneni A, Gao Y, Roberts RJ. Long-term use
of pramipexole in bipolar depression: a naturalistic retrospective chart
review. Psychiatr Q. 2010;81(3):207–13. https://doi.org/10.1007/s11126-0109130-6.
28. Hori H, Kunugi H. The efficacy of pramipexole, a dopamine receptor agonist,
as an adjunctive treatment in treatment-resistant depression: an open-label
trial. ScientificWorldJournal. 2012;2012:372474.
29. Dell’osso B, Timtim S, Hooshmand F, Miller S, Wang PW, Hill SJ, et al.
Superior chronic tolerability of adjunctive modafinil compared to
pramipexole in treatment-resistant bipolar disorder. J Affect Disord. 2013;
150(1):130–5. https://doi.org/10.1016/j.jad.2012.11.030.
30. Goldberg JF, Burdick KE, Endick CJ. Preliminary randomized, double-blind,
placebo-controlled trial of pramipexole added to mood stabilizers for
treatment-resistant bipolar depression. Am J Psychiatry. 2004;161(3):564–6.
https://doi.org/10.1176/appi.ajp.161.3.564.
31. Zarate CA, Payne JL, Singh J, Quiroz JA, Luckenbaugh DA, Denicoff KD, et al.
Pramipexole for bipolar II depression: a placebo-controlled proof of concept
study. Biol Psychiatry. 2004;56(1):54–60. https://doi.org/10.1016/j.biopsych.2
004.03.013.
32. Geddes JR, Gardiner A, Rendell J, Voysey M, Tunbridge E, Hinds C, et al.
Comparative evaluation of quetiapine plus lamotrigine combination versus
quetiapine monotherapy (and folic acid versus placebo) in bipolar
depression (CEQUEL): a 2 × 2 factorial randomised trial. Lancet Psychiatry.
2016;3(1):31–9. https://doi.org/10.1016/S2215-0366(15)00450-2.
33. Rush AJ, Trivedi MH, Ibrahim HM, Carmody TJ, Arnow B, Klein DN, et al. The
16-item quick inventory of depressive symptomatology (QIDS), clinician
rating (QIDS-C), and self-report (QIDS-SR): a psychometric evaluation in
patients with chronic major depression. Biol Psychiatry. 2003;54(5):573–83.
https://doi.org/10.1016/S0006-3223(02)01866-8.
34. Altman EG, Hedeker D, Peterson JL, Davis JM. The Altman self-rating mania
scale. Biol Psychiatry. 1997;42(10):948–55. https://doi.org/10.1016/S0006-3223
(96)00548-3.
35. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):
1092–7. https://doi.org/10.1001/archinte.166.10.1092.
36. Montgomery SA, Asberg M. A new depression scale designed to be
sensitive to change. Br J Psychiatry J Ment Sci. 1979;134(4):382–9. https://
doi.org/10.1192/bjp.134.4.382.
37. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania:
reliability, validity and sensitivity. Br J Psychiatry J Ment Sci. 1978;133(5):429–
35. https://doi.org/10.1192/bjp.133.5.429.
38. Snaith RP, Hamilton M, Morley S, Humayan A, Hargreaves D, Trigwell P. A
scale for the assessment of hedonic tone the Snaith-Hamilton pleasure
scale. Br J Psychiatry J Ment Sci. 1995;167(1):99–103. https://doi.org/10.1192/
bjp.167.1.99.
39. Mundt JC, Marks IM, Shear MK, Greist JH. The work and social adjustment
scale: a simple measure of impairment in functioning. Br J Psychiatry J Ment
Sci. 2002;180(5):461–4. https://doi.org/10.1192/bjp.180.5.461.
40. Weintraub D, Mamikonyan E, Papay K, Shea JA, Xie SX, Siderowf A.
Questionnaire for impulsive-compulsive disorders in Parkinson’s diseaserating scale. Mov Disord Off J Mov Disord Soc. 2012;27(2):242–7. https://doi.
org/10.1002/mds.24023.
41. Atkinson MJ, Sinha A, Hass SL, Colman SS, Kumar RN, Brod M, et al.
Validation of a general measure of treatment satisfaction, the treatment
satisfaction questionnaire for medication (TSQM), using a national panel
study of chronic disease. Health Qual Life Outcomes. 2004;2(1):12. https://
doi.org/10.1186/1477-7525-2-12.

Azim et al. BMC Psychiatry

(2021) 21:334

42. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al.
Development and preliminary testing of the new five-level version of EQ-5D
(EQ-5D-5L). Qual Life Res Int J Qual Life Asp Treat Care Rehabil. 2011;20(10):
1727–36. https://doi.org/10.1007/s11136-011-9903-x.
43. Mitchell PM, Al-Janabi H, Byford S, Kuyken W, Richardson J, Iezzi A, et al.
Assessing the validity of the ICECAP-A capability measure for adults with
depression. BMC Psychiatry. 2017;17(1):46. https://doi.org/10.1186/s12888-01
7-1211-8.
44. Vergunst F, Jenkinson C, Burns T, Anand P, Gray A, Rugkåsa J, et al.
Psychometric validation of a multi-dimensional capability instrument for
outcome measurement in mental health research (OxCAP-MH). Health
Qual Life Outcomes. 2017;15(1):250. https://doi.org/10.1186/s12955-0170825-3.
45. Simon J, Mayer S. HEQ (Health Economics Questionnaire) Version v5.0 (08–
09-2016); 2016. https://doi.org/10.5281/zenodo.4559790.
46. BALANCE investigators and collaborators, Geddes JR, Goodwin GM, Rendell
J, Azorin J-M, Cipriani A, et al. Lithium plus valproate combination therapy
versus monotherapy for relapse prevention in bipolar I disorder (BALANCE):
a randomised open-label trial. Lancet Lond Engl. 2010;375:385–95.
47. Goodwin GM, Haddad PM, Ferrier IN, Aronson JK, Barnes T, Cipriani A, et al.
Evidence-based guidelines for treating bipolar disorder: revised third edition
recommendations from the British Association for Psychopharmacology. J
Psychopharmacol Oxf Engl. 2016;30(6):495–553. https://doi.org/10.1177/02
69881116636545.
48. Deutschländer A, la Fougère C, Boetzel K, Albert NL, Gildehaus F-J,
Bartenstein P, et al. Occupancy of pramipexole (Sifrol) at cerebral dopamine
D2/3 receptors in Parkinson’s disease patients. NeuroImage Clin. 2016;12:41–
6. https://doi.org/10.1016/j.nicl.2016.06.007.
49. Moraga-Amaro R, Gonzalez H, Pacheco R, Stehberg J. Dopamine receptor
D3 deficiency results in chronic depression and anxiety. Behav Brain Res.
2014;274:186–93. https://doi.org/10.1016/j.bbr.2014.07.055.
50. Jordan CJ, Humburg B, Rice M, Bi G-H, You Z-B, Shaik AB, et al. The highly
selective dopamine D3R antagonist, R-VK4-40 attenuates oxycodone reward
and augments analgesia in rodents. Neuropharmacology. 2019;158:107597.
https://doi.org/10.1016/j.neuropharm.2019.04.003.
51. Groman SM, Hillmer AT, Liu H, Fowles K, Holden D, Morris ED, et al.
Midbrain D3 receptor availability predicts escalation in cocaine selfadministration. Biol Psychiatry. 2020;88(10):767–76. https://doi.org/10.1016/j.
biopsych.2020.02.017.
52. Caravaggio F, Fervaha G, Browne CJ, Gerretsen P, Remington G, GraffGuerrero A. Reward motivation in humans and its relationship to dopamine
D2/3 receptor availability: a pilot study with dual [11C]-raclopride and [11C](+)-PHNO imaging. J Psychopharmacol Oxf Engl. 2018;32(3):357–66. https://
doi.org/10.1177/0269881118756059.
53. Wang J, Jia Y, Li G, Wang B, Zhou T, Zhu L, et al. The dopamine receptor D3
regulates lipopolysaccharide-induced depressive-like behavior in mice. Int J
Neuropsychopharmacol. 2018;21(5):448–60. https://doi.org/10.1093/ijnp/
pyy005.
54. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders (DSM-5®). Arlington: American Psychiatric Association;
2013. https://doi.org/10.1176/appi.books.9780890425596.
55. Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E,
et al. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the
development and validation of a structured diagnostic psychiatric
interview for DSM-IV and ICD-10. J Clin Psychiatry. 1998;59(Suppl 20):
22–33 quiz 34–57.
56. Curtis L, Burns A. Unit costs of health and social care 2017. Canterbury:
University of Kent; 2017.
57. Joint Formulary Committee. British National Formulary. 76th ed. London:
BMJ Group and Pharmaceutical Press; 2018.
58. Tarricone R. Cost-of-illness analysis. What room in health economics? Health
Policy Amst Neth. 2006;77(1):51–63. https://doi.org/10.1016/j.healthpol.2005.
07.016.
59. Drummond M, O’Brien B, Stoddard G, Torrance G. Methods for the
economic evaluation of health care programmes. 2nd ed. Oxford: Oxford
Medical Publications; 1997.
60. NICE. Developing NICE guidelines: the manual 2014 (April 2017 update) incorporating economic evaluation. National Institute for Health and Clinical
Excellence; 2017.
61. EuroQol Group. EuroQol--a new facility for the measurement of healthrelated quality of life. Health Policy Amst Neth. 1990;16:199–208.

Page 14 of 14

62. Nederland Z. Guideline for economic evaluations in healthcare. 2016.
https://english.zorginstituutnederland.nl/publications/reports/2016/06/16/
guideline-for-economic-evaluations-in-healthcare.
63. Flynn TN, Huynh E, Peters TJ, Al-Janabi H, Clemens S, Moody A, et al.
Scoring the Icecap-a capability instrument. Estimation of a UK general
population tariff. Health Econ. 2015;24(3):258–69. https://doi.org/10.1002/
hec.3014.
64. Efron B, Tibshirani R. An introduction to the bootstrap. New York: CRC press;
1994.
65. Fenwick E, Byford S. A guide to cost-effectiveness acceptability curves. Br J
Psychiatry J Ment Sci. 2005;187(2):106–8. https://doi.org/10.1192/bjp.187.2.1
06.
66. Stinnett AA, Mullahy J. Net health benefits: a new framework for the
analysis of uncertainty in cost-effectiveness analysis. Med Decis Mak Int J
Soc Med Decis Mak. 1998;18(2 Suppl):S68–80. https://doi.org/10.1177/0272
989X98018002S09.
67. Northern Centre for Mood Disorders. 2019. Available from: http://www.
mood-disorders.co.uk/. Accessed 22 May 2021.
68. PAX-BD study. 2021. Available from: https://paxbd.org/. Accessed 22 May
2021.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

