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Abstract

Background Bipolar disorder is dominated by the depressive phase, and its treatment represents the greatest
unmet need in mood disorders. Converging evidence indicates that bipolar depression is characterized by reduced
mitochondrial function compared to the euthymic phase, with the severity of depressive symptoms correlated
with the extent of mitochondrial dysfunction. Trimetazidine, a medication for angina pectoris, improves efficiency
of mitochondrial energy generation and reduces oxidative stress and inflammation - addressing the three core
biological features of bipolar depression. Thus, the Trimetazidine In bipolar DEpression (TIDE) trial repurposes
trimetazidine to test its efficacy in treating bipolar depression.

Methods The TIDE trial is a randomized, placebo-controlled, double-blinded, with a total recruitment target of 260
participants with bipolar disorder. Eligible participants will complete four visits and receive add-on trimetazidine

or placebo across 8 weeks. Allocation to treatment arms will be randomized in a 1:1 ratio using permuted block
randomization. An independent statistician will generate and retain the random allocation list. The trial biostatistician
and clinicians, participants, their carers and physicians will be blinded to group allocations (i.e., a double-blind
design). The effectiveness analysis will assess group differences (i.e., trimetazidine vs. placebo) in the primary outcome
measure, the Montgomery Asberg Depression Rating Scale total score, over the entire study period. The analysis will
follow modified intention-to-treat principles and use a Generalized Estimating Equations (GEE) approach. Secondary
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outcomes include interviews and self-reports measuring global symptomology, anxiety symptoms, quality of life, day-
to-day functioning, cognition, overall impairment, fatigue, cost effectiveness, and safety and tolerability data.

Discussion Bipolar disorder is characterized by dysregulated energy metabolism, and trimetazidine is the first
mitochondrial regulator identified as a potential drug to treat bipolar depression. Considering its established safety
profile and novel target mechanism, a positive trial outcome may complement or even replace other options and
offer an alternative for treating bipolar depression. If successful, its clinical impact could be global, improving health
outcomes for hundreds of millions of people living with bipolar disorder.

Trial registration ANZCTR ACTRN12622000474752, registered 25th March 2023.
Keywords Energy, Mitochondria, Depression, Metabolism, Bioenergetics, Drug repurposing, Randomized controlled

Background

Bipolar disorder is a significant and growing cause of
disability, with its global disability-adjusted life years
worsening from 6 to 9 million in the last 3 decades [1].
While there are many treatment options for the manic
phase, there are only five Food and Drug Administration-
approved and one European Medicines Agency-approved
single or combined pharmacotherapy options available
to treat bipolar depression [2]. Despite these treatments,
people with bipolar disorder are depressed for > 70% of
their symptomatic periods [3], the depressive phase driv-
ing the greatest burden and the highest risk of suicide
in bipolar disorder [4—6]. People with lived experience,
which include some of the present authors, desire trans-
formative, accessible, and tolerable therapies that address
the complex biological processes underlying bipolar
depression [7, 8]. Existing medications do not meet such
needs and report high levels of side effects leading to dis-
continuation [9-11]. A novel approach is necessary to
break the drug discovery drought in bipolar depression
[12].

Bipolar disorder is a complex disease with inherited
and environmental factors [13—15], which is highly chal-
lenging for the typical drug development paradigms
that focus on targeting single proteins [12, 16, 17]. We
answered such a challenge by adapting a highly inno-
vative in vitro and in silico drug discovery model from
diabetes [18, 19] into psychiatry [8]. This model applies
a “drug-likeness” approach to repurpose known drugs
for new indications. We first administered a cocktail of
mechanistically diverse and commonly used bipolar
depression medications to a pluripotent human embry-
onal carcinoma cell line differentiated into neuron-like
cells [20]. The cocktail comprised lithium, valproate,
lamotrigine, and quetiapine. They represent on- and oft-
label mood stabilizer, anticonvulsant, and antipsychotic
classes of bipolar depression drugs. We rationalized that
a cocktail of mechanistically diverse drugs is more likely
to capture the overall treatment effects on the pathophys-
iology of bipolar depression, rather than the profile of a
single drug. Genome-wide transcriptomics were then

conducted on these cells against vehicle control to pro-
duce a gene expression signature (GES). Such molecular
fingerprints of the common and synergistic effects of the
medication cocktail could predict the cells treated with
the medication cocktail vs. vehicle with > 99% power [20].
This GES was not reproduced by any single drug alone
and was replicated using candidate-gene real-time quan-
titative PCR. We then screened 960 off-patent individual
compounds from the Prestwick library against this GES
to discover drugs that mimic the molecular fingerprint of
the medication cocktail. After screening for proven safety
and accessibility, we identified 1-[(2,3,4-trimethoxy-
phenyl)methyl] piperazine dihydrochloride, known as
trimetazidine, as the lead candidate.

Trimetazidine is novel in psychiatry, has an excellent
safety and tolerability profile, is cheap, widely available,
and crosses the blood-brain barrier [21]. Trimetazidine
is approved for use as an anti-ischemic agent to treat
angina pectoris [22]. It is a selective inhibitor of 3-keto-
acyl-CoA thiolase; hence, trimetazidine inhibits fatty acid
oxidation, enhancing glucose utilization and generating
more adenosine triphosphate (ATP) per second [23-25].
Trimetazidine is essentially a mitochondrial drug [26—
28], optimizing cellular energy processes to ultimately
improve metabolism [29, 30]. It reverses the shift in the
disorder from inefficient glycolytic to more efficient aero-
bic energy generation [21]. Accordingly, trimetazidine
aligns with the prevailing a priori theoretical bipolar dis-
order model that excessive energy underlies mania and
deficient energy underlies depression [31-33], and thus
has face validity to treat bipolar depression [32]. In fact,
each phase may lead to the next phase as an overcompen-
sation, causing an endless cycle of mania and depression
[15, 32-36]. Therefore, we hypothesize that alleviation of
reduced energy during depression by trimetazidine may
also prevent or delay the onset of mania. Trimetazidine is
particularly well-suited to break this cycle, as it increases
mitochondrial function only when cells are stressed, not
when they are healthy [37-39].

There is evidence of reduced mitochondrial function
associated specifically with bipolar depression compared
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to other phases or healthy controls (see [21] for a detailed
review). For example, lymphocytes from people with
bipolar disorder showed reduced mitochondrial electron
transport chain complex II activity and increased mito-
chondrial apoptotic marker cytochrome c release in the
depressive phase relative to the euthymic phase, with a
significant negative correlation between the Hamilton
Depression Rating Scale score and mitochondrial com-
plex II activity [40, 41]. In peripheral blood mononuclear
cells, anti-apoptotic mitochondrial fusion-related pro-
teins Mfn2 and Opal levels were positively correlated
with mitochondrial content markers. They were signifi-
cantly decreased in bipolar disorder patients with par-
ticularly young onset of bipolar depression (15.31 years
of age) compared to healthy controls [42]. Trimetazidine
may reverse such effects. Pre-treatment with trimetazi-
dine prevents seizure-induced apoptosis of hippocampal
neurons in rats [43] and people with myocardial infarc-
tion history improved their mitochondrial metabolism
when taking trimetazidine compared to placebo [44].
Trimetazidine can also mitigate oxidative stress and
inflammation — major biological mechanisms underly-
ing the pathophysiology of bipolar depression (see [21]
for a detailed review). A negative correlation between
complex II activity and oxidative stress measures has
been reported in depressed bipolar disorder patients
[40]. People with bipolar depression showed increased
oxidative protein damage over and above people with
mania or euthymia and controls [45]. Blood serum oxi-
dant thiobarbituric acid reactive substances (TBARS)
level was increased while antioxidant superoxide dis-
mutase (SOD) and Na+-K+-ATPase activity levels were
decreased in people with bipolar depression compared to
controls [46, 47]. Trimetazidine reduced TBARS during
renal dysfunction [48] and prevented a decrease in anti-
oxidants, including SOD and glutathione, in ischemia/
reperfusion heart or forebrain injury in rats [49-51]. In
the rat brain with Alzheimer’s disease, pre-treatment
injection of trimetazidine prevented oxidative stress
measured by SOD, catalase, and malondialdehyde [52].
In people with acute viral myocarditis, chronic oral
trimetazidine increased SOD and glutathione levels and
reduced malondialdehyde levels compared with baseline
[53]. Inflammation findings in bipolar depression include
reduced soluble tumor necrosis factor (TNF) recep-
tor 1 and soluble interleukin (IL) 2 receptor compared
to those in mania and euthymia [54]. Increased soluble
TNF receptor 1 was found to be specific for mania, while
increased pro-inflammatory cytokine TNF-« levels were
found in both mania and depression in a meta-analysis
[55]. Trimetazidine pre-treatment reduced myocardial
damage by inhibiting the pro-inflammatory programmed
cell death/nuclear factor kB/TNF-a pathway in pigs with
micro-embolism [56]. Trimetazidine also reversed and
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strengthened the cultured murine skeletal muscle cells
atrophied by TNF-a [57]. In humans undergoing various
cardiac trauma, oral trimetazidine reduced TNF-a, IL-6
and IL-8 [53, 58, 59].

As proof-of-principle, we tested the antidepressant
potential of trimetazidine in two in vivo rodent models
relevant for depression [20]. In Flinders-sensitive line rats
that are bred to be genetically prone to depression-like
behaviors [60], chronic oral trimetazidine significantly
increased cellular respiration and sucrose preference
compared to tap water [20]. In peripubertal isolated and
sporadically restrained Sprague-Dawley rats, chronic sys-
temic injection of trimetazidine increased swimming and
reduced immobility in the Porsolt swim test compared to
vehicle injections [20]. Together, this rigorous in vitro, in
silico, and in vivo programs of preclinical research high-
lighted trimetazidine as an excellent candidate to treat
bipolar depression.

Given the safety profile of trimetazidine [61], we pro-
pose to definitively test the efficacy of trimetazidine to
treat bipolar depression in the TIDE (Trimetazidine In
bipolar DEpression) trial. The primary aim of this study
is to assess the efficacy of adjunctive trimetazidine (70
mg/day) in an 8-week randomized, double-blind, pla-
cebo-controlled international trial for the treatment of
depression in patients with bipolar disorder. The primary
outcome measure will be the change in severity of mood
symptoms, measured using the Montgomery Asberg
Depression Rating Scale (MADRS) [62]. Secondary out-
comes include global symptomology, anxiety symptoms,
quality of life, functioning, cognition, overall impair-
ment, fatigue, cost-effectiveness, and safety and tolerabil-
ity data. We hypothesize that eight weeks of adjunctive
trimetazidine treatment will be superior to placebo for:

a. Reducing depression symptoms, measured by the
between-group mean difference of change from
baseline to endpoint in the MADRS;

b. Reducing global symptomology (Patient Global
Impression scale (PGI) [63]; Clinical Global
Improvement for Bipolar Disorder (CGI-BP) [64,
65]); mania (Young Mania Rating Scale (YMRS)
[66]); anxiety measured by Hamilton Anxiety
Rating Scale for Anxiety (HAM-A) [67]; and fatigue
measured by Fatigue Severity Scale (ESS) [68];

c. Enhancing participants’ perceived quality of life
measured by Quality of Life in Bipolar Disorder
(QoL-BD) [69]; functioning measured by
Functioning Assessment Short Test (FAST) [70];
and decreasing clinician assessment of overall
impairment measured by the Longitudinal Interval
Follow-up Evaluation-Range of Impaired Functioning
Tool (LIFE-RIFT) [71]; and cognitive test battery
adapted from the MATRICS Consensus Cognitive
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Battery [72] and the Delis-Kaplan Executive Function
System [73];

d. Increasing cost effectiveness measured by the
Resource Use Questionnaire [74]; Work Productivity
and Activity Impairment Questionnaire: General
Health [75]; and the EuroQol-5 dimension (EQ-5D)
[76] used to measure preference-based utility to
calculate Quality Adjusted Life Years (QALYs).

Methods

Study design and integrity

The TIDE trial is a multi-site, double-blind, random-
ized, placebo-controlled 8-week trial of trimetazidine
as an add-on to treatment as usual to be conducted in
India and Korea (South). Deakin University is the pri-
mary sponsor and the coordinating site, and retains the
authority over design, conduct, analysis and reporting.
National Institute of Mental Health and Neuro Sciences
(NIMHANS) and Central Institute of Psychiatry (CIP)
are secondary sponsors. Data Safety and Monitoring
Board (DSMB) comprises independent clinical research-
ers, psychiatrists, and a pharmacist not involved with the
protocol development and conducting of the trial. DSMB
charter is retained by the coordinating site.

The authors declare that all procedures contributing
to this work comply with the ethical standards of the rel-
evant national and institutional committees on human
experimentation and with the Helsinki Declaration of
1975, as revised in 2008. The trial protocol is approved by
the Deakin University Human Research Ethics Commit-
tee (DUHREC approved project ID: JK02900, protocol
version 3.3). Any protocol modification is communicated
to the Principal Investigators at each site (NIMHANS:
MK; CIP: NG; Samsung Medical Centre: JB) to seek local
IRB approval. The trial is conducted in accordance with
Australian Clinical Trial guidelines and the National
Ethical Guidelines for Human Research and local Insti-
tutional Review Boards (IRBs). The trial has commenced
recruitment at NIMHANS (NIMHANS Institute Ethics
Committee approved project ID: NIMHANS/EC (BEH.
SC.DIV.)/2025) and CIP (CIP Institute Ethics Committee
approved project ID: IEC/CIP/2022-23/171). Local IRB
approval is being sought and trial has not yet commenced
at Samsung Medical Centre.

Prior to commencing any trial-related activity, writ-
ten informed consent is obtained from all participants
by named investigators in approved ethics. Participants
attend the research sites for visits for screening, base-
line, and weeks 2, 4, and 8 (Table 1). This protocol was
developed in accordance with the Standard Proto-
col Items: Recommendations for Intervention Trials
(SPIRIT) 2013 guidelines [77] and Good Clinical Prac-
tice guidelines. Safety protocols have been developed at
each site to monitor the welfare of participants whose
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condition may deteriorate throughout the course of the
study, with site Principal Investigators overseeing this
process. The TIDE trial was registered 25th March 2023
(ACTRN12622000474752) and information including
contacts for public and scientific queries can be accessed:
https://www.anzctr.org.au/Trial/Registration/TrialRevie
w.aspx?id=383758%26isReview=true.

Study setting

The trial is conducted across two sites in India and one
site in Korea. The sites in India are NIMHANS in Ben-
galuru and CIP in Ranchi. The site in Korea is Samsung
Medical Center in Seoul. Each research team is com-
posed of Research Assistants and Principal Investigators
who assess participants against inclusion, exclusion, and
withdrawal criteria.

Telehealth appointments may be offered as an alterna-
tive to face-to-face visits for participants who may not
be able to attend the clinic due to public health restric-
tions (e.g., respiratory or other illnesses) or distance from
the clinic (e.g., rurally located participants). Telehealth
appointments primarily use a secure video call between
the participant and the Research Assistant. A combi-
nation of online and face-to-face appointments is also
possible.

Participant eligibility
Inclusion criteria

+ Aged 18-65 years;

+ Have the capacity to consent to the study and to
follow its instructions and procedures;

+ Have a DSM-5 diagnosis of bipolar disorder I or II,
or bipolar disorder not elsewhere classified;

+ Currently in a major depressive episode on
Structured Clinical Interview for DSM-5 Disorders
Research Version (SCID-5-RV) and score at =20 on
the MADRS (If there is a delay of >7 days between
screening and baseline assessments, or baseline
assessment and medication commencement,
MADRS is administered again to ensure the
participant still meets eligibility criteria);

«+ Able to speak, read, write, and understand their
national language;

+ Have been on stable pre-existing pharmacotherapy
or psychotherapy regimens for 4 weeks before study
entry;

+ Using effective contraception if a sexually active
woman of childbearing age; and.

+ Able to nominate a current treating physician prior
to randomization.
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Table 1 Instruments / procedures to be implemented at each study visit

Week 0 2 4 8

Visit 1 2 3 4
Baseline/ Interim assessment Interim assessment Primary
screening* endpoint

Screening and consent

Informed consent X

Inclusion/exclusion criteria X

Demographics X

Medical history X

Psychiatric and family history X

Concomitant medication including contraception X X X X

Previous medication X

Pregnancy test (females only)** X

SCID-5-RV X

Safety

Adverse events X X X X

Simpson angus scale X X X X

Effectiveness

Montgomery Asberg depression rating scale X X X X

Patient global impression X X X

Clinical global improvement for BD X X X X

Young mania rating scale X X X X

Hamilton anxiety rating scale X X X X

Fatigue severity scale X X X X

Functioning and quality of life

Quality of life in BD X X X X

Functioning assessment short test X X X X

LIFE-RIFT X X X X

Cognitive test battery X X X X

Health economics

Resource use questionnaire X X

Work productivity and activity impairment questionnaire: X X

General health

EuroQol-5 dimension X X

Assessment of predictors and moderators

SAPAS X

Other

Drug dispensation X X X

BD=bipolar disorder; LIFE-RIFT = Longitudinal Interval Follow-up Evaluation-Range of Impaired Functioning Tool; SAPAS =Standardized Assessment of Personality
— Abbreviated Scale; SCID-5-RV =Structured Clinical Interview for DSM-5 Disorders Research Version (SCID-5-RV)

* Baseline and screening study visits may be split to accommodate participant time and preference
**|f participant is not sexually active or the treating clinician feels it is not warranted, this is not compulsory

Exclusion criteria + Be undergoing electroconvulsive or transcranial
magnetic stimulation therapy;
+ Have a known or suspected active systemic medical + Have contraindications (e.g., have current or any
disorder; history of renal disease/impairment, Parkinson’s

disease, parkinsonian symptoms, tremors, restless leg
psychotic disorder and/or current substance use syndrome, and other related movement disorders) or
disorder (excluding nicotine dependence disorder), intolerance or allergy to trimetazidine;

assessed using the SCID-5-RV; + Have a concurrent enrolment in another psychiatric

+ Have a primary clinical diagnosis of another

+ Have a personality disorder such as borderline

personality disorder, assessed using the Standardized
Assessment of Personality — Abbreviated Scale
(SAPAS) and clinical evaluation;

clinical trial;

Are pregnant or lactating (participants will be
requested to conduct a urine pregnancy test if
sexually active and of child-bearing age);
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+ Unable to comply with either the requirements of
informed consent or the treatment protocol;

+ Currently presenting clinically significant
extrapyramidal motor symptoms, assessed by the
Simpson Angus Scale [78].

Withdrawal criteria

All participants have the right to withdraw consent from
the study at any time for any reason, which will be clearly
stipulated at the time of consent. Participants will be
withdrawn from the study if they withdraw consent or if
the investigators deem it necessary. In case of withdrawal
of consent, participants will have the drug discontinued
and will be withdrawn from the trial. Participants will
also discontinue under the following conditions: (I) preg-
nancy; (II) cessation of effective contraception; (III) at the
request of their treating physician; (IV) if the participant
ceases taking the trial medication for over seven consec-
utive days; (V) if the participant commences new electro-
convulsive or transcranial magnetic stimulation therapy;
or (VI) at the discretion of the investigator. Notably, dis-
continuation of the trial medication, but not of the trial,
could be requested by the participant or at the discretion
of the treating physician and/or our investigators, due to
side effects or missed medications (see IV above). Dis-
continuation of the trial medication due to suicidal ide-
ation will be at the discretion of the participant and/or
our investigators, and/or at the request of the treating
physician. Participants will be allowed to continue on the
trial if there are any switches or dose changes to existing
medications, and the changes will be documented. Data
from withdrawn participants will be included in all analy-
ses, as the analyses will follow intention-to-treat (ITT)
principles, unless participants have requested otherwise.

Safety measures

Participants are asked open-ended questions about how
they have been feeling in general and if they have any
concerns regarding their health or the study medication.
An adverse event is defined as the development of an
undesirable medical condition or the deterioration of a
pre-existing medical condition following or during expo-
sure to a pharmaceutical product, whether or not consid-
ered causally related to the product. All adverse events
will be recorded, intervened according to medical assess-
ment, and monitored by a trial clinician. Adverse events
will be reported to an independent and external Data
Safety and Monitoring Board, local IRBs, and DUHREC.
The Data Safety and Monitoring Board will comprise
a pharmacist, a psychiatrist, and a researcher/statisti-
cian, and will review study reports and address any safety
issues that arise. Serious adverse events will be reported
in accordance with Good Clinical Practice guidelines.
The Simpson Angus Scale [78] will be used to score the
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severity of extrapyramidal symptoms and review tremors
for screening participant eligibility and monitoring par-
ticipant safety. Because the TIDE trial is an adjunctive
trial of participants who are already stably medicated for
bipolar disorder, extrapyramidal symptoms are common
and important to screen and monitor.

Sample recruitment

We will recruit from the community and outpatient
clinics. Community advertisements may include public
flyers, advertisements in print, online, radio, or public
lectures. Trial research assistants will visit the outpatient
clinics daily to weekly and request the consultants (i.e.,
non-TIDE clinicians at outpatient clinics) to tell patients
with bipolar depression they may be eligible for potential
participation in the study using a flyer. TIDE flyer and
plain language and consent form will clearly state that
participation or non-participation in the study will not
affect their relationship with their treating mental health
professional (e.g., “Your decision whether to take part or
not to take part, or to take part and then withdraw, will
not affect your routine treatment and your relationship
with those treating you for bipolar disorder or any other
mental health condition”). TIDE investigators at each
trial site are part of a large group of psychiatrists collec-
tively treating thousands of patients with various psychi-
atric conditions per week. Participants contact the trials
team directly via each site-specific email or by calling the
site Principal Investigator directly (details on all promo-
tional materials). To aid retention, trial research assis-
tants will utilize appointment reminders via email, phone
calls, or text messages from a study-only mobile phone.
Participant recruitment/retention strategy includes offer-
ing regular uninterrupted access to the study personnel
and providing free bipolar-related care and free medi-
cines (that are co-administered) depending upon their
socioeconomic status. During the study period, patients
and upto one of their carers who accompany them will
be reimbursed for travel and food if attending the site in
person.

Study procedure

Screening assessment

Participants will be seen face-to-face or interviewed
using site-specific local language/s by phone by trained
trial research assistants to ascertain initial eligibility.
Detailed clinical and demographic information will be
collected at baseline including age, gender, marital status,
years of formal education, onset of symptoms, duration
of current episode and of illness, presence of comorbid
disorders, number and adequacy of failed treatments for
the current episode, number of previous episodes, age at
first episode, previous suicide attempts, anthropometric
data, medical history, family psychiatric history, number
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of hospital admissions and precipitating factors. If the
individual meets the preliminary eligibility criteria, they
are invited to attend a face-to-face screening session to
determine full eligibility. SCID-5-RV [79], which is a
semi-structured questionnaire for Diagnostic and Statis-
tical Manual of Mental Disorders, fifth edition (DSM-5)
diagnoses, will be used to assess eligibility. SCID-5-RV is
the most comprehensive version of the SCID-5, contain-
ing more disorders, subtypes, severity, and course speci-
fiers. The Simpson Angus Scale [78] will also be used
to score the severity of extrapyramidal symptoms and
review tremors for screening participant eligibility and
monitoring participant safety. Because the TIDE trial is
an adjunctive trial of participants who are already stably
medicated for bipolar disorder, extrapyramidal symp-
toms are common and important to screen and monitor.
The SAPAS [80] will be used to identify those with sus-
pected personality disorders and to assess their potential
as predictors/moderators of treatment response.

During the initial face-to-face screening interview, we
will confirm participant identity (e.g., citizenship card),
and written consent will be obtained by a qualified inves-
tigator. The capacity to consent will be assessed for each
participant by a qualified investigator in accordance with
Australian, Indian, or Korean legislation. Trial clinicians
and research assistants will use the relevant SCID-5-RV
items to assess potential participants’ capacity to con-
sent. Individuals accepted into the trial will be randomly
allocated to receive either trimetazidine or placebo, in
addition to any established treatments.

Trial allocation, sequence generation, allocation
concealment, and blinding
Allocation to treatment arms will be randomized in a
1:1 ratio using permuted block randomization. An inde-
pendent statistician will generate and retain the random
allocation list. Trial clinicians will allocate trial medica-
tion packs sequentially. Bottles and study medication
tablets will look identical to conceal treatment allocation.
The trial biostatistician and clinicians, participants, their
carers and physicians, will be blinded to group alloca-
tions. Blindness will be maintained by ensuring that the
packaging, appearance, color, and taste of trimetazidine
and placebo capsules are identical. Blindness will also be
maintained using an anonymous Participant-ID.
Treatment unblinding can only occur in a medical
emergency where the appropriate management of the
participant necessitates knowledge of the treatment allo-
cation. All cases of emergency unblinding will be thor-
oughly documented and reported to the DSMB. Once
all participants have completed the study, they will be
informed of the study arm that they were assigned.
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Intervention: investigational product

Participants will be randomized to receive trimetazidine
(active ingredient: trimetazidine dihydrochloride) at a
total daily dose of 70 mg (35 mg modified-release tablets
taken twice daily) or placebo (twice daily), in addition
to treatment as usual. The trimetazidine dose is chosen
based on a previous successful randomized, double-
blind, placebo-controlled clinical trial that showed an
excellent safety profile of trimetazidine [61]. Placebo
tablets (starch) matched in appearance and taste will be
manufactured as we previously reported [81, 82] accord-
ing to Good Manufacturing Practice guidelines. Trial
medication will be dispensed at baseline, week 2, and
week 4 (Table 1). The investigational product and placebo
will be bottled to provide 2 tablets/day with extra tablets
to avoid unmasking. Concordant with SPIRIT guidelines,
adherence will be assessed by pill counts of returned
medication bottles [77].

As trimetazidine is approved for use in India and Korea
(South), participants may discuss post-trial, off- label use
with their regular treating physician, at their own cost.
Any post-trial use will not be under any guidance by the
researchers, the participants must contact their regular
treating physician.

Outcome measures

At baseline, week 2, week 4, and week 8, participants will
be interviewed by a trial clinician and/or research assis-
tants and fill out self-reports using standardized ques-
tionnaires (Table 1). These measurements are chosen due
to their established validity and reliability. The primary
outcome measure is the MADRS [62, 83], which is a ten-
item diagnostic questionnaire with a psychological rating
scale that measures the severity of depressive symptoms
in patients with mood disorders.

The following are the secondary outcome measures.
The PGI [63] asks the patient to rate the perceived
change in their condition at the end of a study visit. The
CGI-BP [64, 65] scores the improvement specifically for
bipolar disorder. CGI-BP has three sub-scales including
mania, depression, and an overall scale, which is rated
separately on cross-sectional global severity, change from
baseline, and change from the worst phase of the cur-
rent episode. The YMRS [66] rates the severity of mania-
related abnormalities in people with bipolar disorder.
The HAM-A [67] measures both psychological anxiety
(mental agitation and psychological distress) and somatic
anxiety (physical complaints related to anxiety) and
can detect antidepressant as well as anxiolytic effects.
Considering that the primary mechanism of action of
trimetazidine is efficient energy generation, the FSS [68]
that rates the severity of fatigue symptoms will allow
assessment of any association between fatigue levels and
changes in bipolar depression severity. The QoL-BD
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[69] has basic (physical, sleep, mood, cognition, leisure,
social, spirituality, finances, household, self-esteem, inde-
pendence and identity) and optional domains (Work and
Education) to assess QoL experienced in bipolar disorder.
The FAST [70] provides clinical evaluation of functional
impairment presented by participants with mental health
disorders, including bipolar disorder. The LIFE-RIFT
[71] assesses functioning with work, interpersonal life,
satisfaction with life, and recreation. Cognitive function
will be assessed by a test battery adapted from the MAT-
RICS Consensus Cognitive Battery [72] and the Delis-
Kaplan Executive Function System [73]. The digit span
forward and backward assesses verbal memory span
and verbal working memory. Trail-making tests A and
B assess visual attention, focus, and switching. The sym-
bol digit modality Test assesses visual attention, speed
of information processing, and memory. The Stroop test
assesses selective attention, processing speed, and inhibi-
tory control. We will use number version of these tests
(as opposed to words) that are culture-neutral, not lim-
ited by a participant’s level of education, and designed
for repeated administration, making them ideal for use
in clinical trials. These are gold-standard validated mea-
sures for distinct cognitive functions [84], and are sensi-
tive to detect changes in people with depression [85].
Health economy measures will focus on baseline to
trial completion (week 8) changes (Table 1). To measure
the healthcare services used by participants during the
trial but outside the study assessments, the Resource Use
Questionnaire [74] will be used. It asks participants to
provide information on lost paid and unpaid productivity,
hospitalizations, consultations with health care provid-
ers, and other related health services utilized. The Work
Productivity and Activity Impairment Questionnaire:
General Health [75] measures the participant’s health
problems (any physical or emotional problems or symp-
toms) that affect the ability to work and perform regular
activities. To undertake a cost-utility analysis, EQ-5D
[76] will be used to calculate quality-adjusted life years
(QALYs), which has pre-determined “weights” assigned
to the health states included within the measure and is
widely used. To undertake a cost-utility analysis, a QALY
will be calculated by multiplying the period spent in a
particular health state by the “utility” or preference value
assigned to that health state measured on a scale from 0
(denoting death) to 1 (denoting full health) from EQ-5D
at Baseline and Week 8. Scoring will be completed with
the algorithm provided by the developers of the instru-
ment obtained from: https://euroqol.org/publications
/user-guides/. The technique of ‘bootstrapping’ will be
used to obtain confidence intervals for cost effectiveness
ratios, since parametric techniques are inappropriate for
use on skewed variables and ratios. The sensitivity of the
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results will also be tested against the variation in the util-
ity weights and unit cost prices.

Data collection and management

Electronic data will be directly input into the de-iden-
tified electronic case report form held on a password-
protected trial-specific REDCap database [86], hosted
by Deakin University. Any hard copy data will be de-
identified and also entered into a password-protected
trial-specific REDCap project hosted by Deakin Univer-
sity. Any non-identifiable hard copy data will be scanned
and electronically stored in a password-protected folder,
with hard copy retained in a locked filing cabinet at each
study site as required by Deakin University policies. Data
cleaning and management are ongoing throughout the
trial by the Clinical Trial Coordinator, in conjunction
with Research Assistants. Confidentiality will be main-
tained by using participant randomization IDs for label-
ling and storage of all clinical trial data. The trial will be
periodically monitored using a risk-based approach. An
independent, blinded trial monitor will review essential
documents and trial procedure adherence.

Sample size

Sample size is calculated to detect a between-group dif-
ferential change of MADRS score > 3 from baseline to
week 8 between the trimetazidine and placebo groups.
A design with 3 post-baseline repeated measurements,
using a compound symmetry covariance structure to
account for within-participant autocorrelation, has been
considered for sample size calculation. Based on previ-
ous studies, the MADRS standard deviation was set at
8, with a correlation between observations on the same
subject of 0.5 [87, 88]. A sample size of 180 (90 allocated
to trimetazidine, 90 to placebo) achieves 90% power to
detect the above difference. For a two-tailed ITT analysis
with a significance level of a = 0.05 (Za = 1.96) and with
a type 2 error rate of p = 0.1 (Zp = 0.9), total N = 180
participants (aiming for 130 per arm) will provide 90%
power to detect a true difference in MADRS scale score
between the trimetazidine and placebo groups, assuming
an effect size of Cohen’s d > 0.362. Based on our previous
trials [89-92], an attrition rate of 30% is expected over
the 8 weeks. Therefore, a total of 260 participants will be
recruited.

Data analyses

All analyses will be conducted in accordance with the
International Conference on Harmonization statisti-
cal principles [93] and will be based on all randomized
participants with at least one post-baseline observation
(modified ITT). The statistician responsible for analyz-
ing outcome data will be blinded to group allocation. The
primary effectiveness analysis will assess post baseline
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between-group differential change for the primary out-
come measure, MADRS total score, over the study
follow-up period, and between-group differences from
baseline at week 2, week 4, and week 8 will be reported.
A Generalized Estimating Equations (GEE) approach
for a continuous Gaussian distribution for the MADRS
outcome with an identity link will be used to evaluate
the overall between-group difference and to estimate
the differential changes at follow-ups. An unstructured
covariance structure will be employed to account for
within-individual autocorrelation, and a robust sand-
wich estimator will provide consistent, unbiased stan-
dard errors for GEE model estimates. The GEE model
includes the fixed nominal effects of intervention (i.e.,
trimetazidine vs. placebo), and (i.e. baseline, and weeks
2, 4, and 8), and intervention-by-visit two-way inter-
action. The two-way interaction in this model setting
estimates between-group differential changes at the fol-
low-ups. Marginal intervention effects will be estimated
and reported for each time point as adjusted mean differ-
ences in scores between the groups with 95% confidence
intervals and 2-sided p-values. Planned comparisons will
be conducted to determine between-between-group dif-
ferences in change of symptom measures from baseline
to week 8. In additional analysis, intervention effects on
the primary outcome will be estimated using a linear
mixed model that includes intervention, visit and their
two-way interaction. Participant and site will be included
as random intercepts.

Missing data on individual measures will be pro-rated
if more than 80-90% of the items (depending on the
questionnaire) are completed; otherwise, the measure
will be considered missing. We will check for differential
predictors of missing outcomes by comparing responders
to non-responders on key baseline variables. Any signifi-
cant predictors will be included in multiple imputation as
auxiliary predictors. This accounts for missing outcome
data under a missing at random assumption, conditional
on the covariates included in the model. Similar approach
will be adopted for all secondary outcomes.

Effect sizes will be calculated using Cohen’s guidelines.
Subgroups, including sites, will be evaluated by adding
an interaction term between randomization and the sub-
group variable, along with a main effect for the subgroup
if it is not already included in the model. Interim analyses
are not planned.

Data sharing

All deidentified clinical trial data will be available after
publication of the primary data and a priori second-
ary data. The data and materials will be available upon
request to researchers with their local IRB approval for
both individual-level analyses as well as meta-analyses.
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Data can be directly requested from the investigators and
will be approved on a case-by-case arrangement.

Dissemination

At completion of the whole trial, participants will receive
notification of which arm of the study they took part in
and a summary of the group results. Participants will be
notified of this via the informed consent process. The
Participant Information and Consent From reads: “Once
the study has been completed by all recruited partici-
pants, a notification letter will be sent to you indicating
which group of the study (either the trimetazidine or pla-
cebo group) you took part in. Additionally, once the data
is analyzed you will be sent a letter including the sum-
mary of the results of the study. The summary of results
will be based on pooled data from all participants. Indi-
vidual data will not be provided” The primary outcomes
will be published in an open access journal.

Discussion

Evidence highlighting bipolar disorder as a disorder of
dysregulated metabolism is stronger than ever. However,
there have never been any pharmacotherapy trials to
date that directly target affected mitochondria in people
with bipolar disorder. For the first time, a mitochondrial
regulator has been identified as a potential drug to treat
bipolar depression, leading to the present trial to assess
the efficacy of trimetazidine. Trimetazidine not only can
increase mitochondrial efficiency but it also reduces oxi-
dative stress and inflammation, tackling the three core
biological features of bipolar depression. Given that
trimetazidine has an established safety profile, the results
of this trial may displace less effective or poorly toler-
ated medications in bipolar depression. If successful, the
immediate impact would be global, improving health
outcomes for hundreds of millions of people living with
bipolar disorder.
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