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Abstract

Background: Inflammation contributes to the pathophysiology of major depressive disorder (MDD), and anti-
inflammatory strategies might therefore have therapeutic potential. This trial aimed to determine whether adjunctive
aspirin or rosuvastatin, compared with placebo, reduced depressive symptoms in young people (15-25 years).

Methods: YoDA-A, Youth Depression Alleviation with Anti-inflammatory Agents, was a 12-week triple-blind, randomised,
controlled trial. Participants were young people (aged 15-25 years) with moderate to severe MDD (MADRS mean at
baseline 325+ 6.0; N = 130; age 20.2 + 2.6; 60% female), recruited between June 2013 and June 2017 across six sites in
Victoria, Australia. In addition to treatment as usual, participants were randomised to receive aspirin (n = 40), rosuvastatin
(n =48), or placebo (n =42), with assessments at baseline and weeks 4, 8, 12, and 26. The primary outcome was change
in the Montgomery-Asberg Depression Rating Scale (MADRS) from baseline to week 12.

Results: At the a priori primary endpoint of MADRS differential change from baseline at week 12, there was no
significant difference between aspirin and placebo (1.9, 95% Cl (- 2.8, 6.6), p = 0.433), or rosuvastatin and placebo (—4.2,
95% Cl (= 9.1, 06), p =0.089). For rosuvastatin, secondary outcomes on self-rated depression and global impression,
quality of life, functioning, and mania were not significantly different from placebo. Aspirin was inferior to placebo on
the Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q-SF) at week 12. Statins were superior to aspirin on
the MADRS, the Clinical Global Impressions Severity Scale (CGI-S), and the Negative Problem Orientation Questionnaire
scale (NPOQ) at week 12.

Conclusions: The addition of either aspirin or rosuvastatin did not to confer any beneficial effect over and above routine
treatment for depression in young people. Exploratory comparisons of secondary outcomes provide limited support for
a potential therapeutic role for adjunctive rosuvastatin, but not for aspirin, in youth depression.

Trial registration: Australian New Zealand Clinical Trials Registry, ACTRN12613000112763. Registered on 30/01/2013.
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Background

Depression is the most prevalent and disabling health
problem in young people, [1] and its prevalence might
be increasing [2]. The peak period for depression onset
is youth and early adulthood. It has deleterious social,
educational, and developmental effects [3, 4], and can
lead to recurrent major illness episodes [5, 6].

It is uncertain if antidepressants are effective in youth de-
pression, with the possible exception of fluoxetine [7, 8].
Notably, a companion study to YoDA-A, Youth Depres-
sion Alleviation-Combined Treatment (YoDA-C), which
compared fluoxetine to placebo in youth receiving cogni-
tive behaviour therapy, failed to detect a significant main
effect of fluoxetine [9]. Also, the monoamine hypothesis
[10] has not resulted in truly novel therapies beyond modi-
fications of established agents [11, 12]. Therefore, there is a
clear need for the development of effective adjunctive
interventions that might be acceptable to young people
experiencing depression [13].

Depression is associated with a complex picture of in-
creased immune activation, impaired immune function,
and inflammation [14-16], including in young people
[17]. Depression not only is associated with depression
in youth, but risk factors for depression themselves, such
as trauma and obesity, are associated with inflammation
[18, 19]. Higher levels of C-reactive protein are associ-
ated with risk for the development of de novo depres-
sion, suggesting that inflammation contributes at least in
part to the genesis and progression of depression [20].
In adolescent depression, inflammation is predictive of
therapeutic response, suggesting a core role of these
pathways [21].

Statins (3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors) such as rosuvastatin lower peripheral in-
flammatory markers in animal [22] and human studies
[23]. Aspirin, a cyclooxygenase inhibitor, also reduces sys-
temic inflammatory markers [22, 23]. Statins additionally
increase tryptophan levels, a serotonin precursor, by block-
ing the enzyme indoleamine-pyrrole 2, 3-dioxygenase
(IDO) [24]. These mechanisms of action of aspirin and sta-
tins overlap with putative pathophysiological pathways in
depression, suggesting therapeutic potential [25].

Epidemiological studies suggest that people taking as-
pirin or statins might be less likely to have concurrent
depression [26-30], although the evidence is inconsist-
ent, with some negative reports [31]. While there are
positive randomised controlled trials of statins for the
treatment of depression [32-34], and meta-analytic
evidence for their effectiveness [35], no studies have in-
vestigated their therapeutic potential among youth. A
pilot study comparing low-dose aspirin added to sertra-
line with sertraline alone found that the former was
superior on the Beck Depression Inventory at the trial
endpoint [36].
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Thus, the aim of this study was to compare adjunctive
aspirin and rosuvastatin with placebo in youth depres-
sion. The primary hypothesis was that after 12 weeks of
treatment, both the rosuvastatin and aspirin treatment
groups would show greater improvement in depressive
symptoms from baseline, compared with the placebo
group, on the Montgomery-Asberg Depression Rating
Scale (MADRS) [37]. Secondary hypotheses were that
the rosuvastatin and aspirin treatment groups would
show greater improvement, compared with the placebo
group, on measures of clinical global status, functioning,
quality of life, and symptomatology, from baseline to
week 12, and that these effects, and the reduction in
MADRS, would also be seen at a medium-term week 26
follow-up.

Methods

Study design

The study was a 12-week, parallel group, triple-blind,
randomised controlled trial (RCT) in participants with
moderate to severe MDD. Participants were allocated to
receive either rosuvastatin, aspirin, or placebo in
statistician-generated sequentially numbered packs in
addition to treatment as usual, which usually included
psychotherapy or antidepressants. Assessments were
completed at baseline and weeks 4, 8, and 12, with a
telephone follow-up assessment at week 26 to determine
post-discontinuation effects. The study was approved by
the Melbourne Health Human Research Ethics Commit-
tee (#HREC/12/MH/148). The full protocol was regis-
tered on the Australian New Zealand Clinical Trials
Registry (ACTRN12613000112763) and is published
elsewhere [38].

Study setting

The study was conducted at six centres in Australia: at
the Youth Mood Clinic at Orygen Youth Health in
Melbourne, at Jigsaw in Geelong, and across four head-
space centres in Geelong and north-west Melbourne
(Sunshine, Glenroy, Werribee). Treatment as usual at
these sites included case management, cognitive behav-
ioural therapy, and pharmacotherapy as per clinician
and patient choice. The study ran between June 2013
and June 2017.

Inclusion and exclusion criteria

The inclusion criteria are as follows: (i) aged between 15
and 25vyears; (ii) diagnosis of current MDD, verified
using the Structured Clinical Interview for DSM-IV Axis
I Disorders, patient version (SCID-I/P) [39]; (iii) MADRS
[37] score of 20 or greater, indicating moderate to severe
depression; (iv) the ability to give informed consent and
to comply with standard procedures; (v) use of effective
contraception if female and sexually active with
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members of the opposite sex; (vi) sufficient fluency in
English; and (vii) stable pharmacological treatment for at
least 2 weeks prior to enrolment (changes to medication
dose or frequency of therapy excepted) if currently being
treated.

The exclusion criteria are as follows: (i) lifetime or
current SCID-I/P diagnosis of a psychotic disorder; (ii)
lifetime SCID-I/P diagnosis of bipolar I or II disorder or
alcohol dependence; (iii) acute or unstable systemic
medical disorder; (iv) inability to comply with the re-
quirements of informed consent or the study protocol;
(v) history of intolerance or allergy to study medications;
(vi) current pregnancy or breast feeding; (vii) current
regular use of statins, aspirin, non-steroidal anti-
inflammatory drugs, paracetamol, corticosteroids, or any
other immunomodulatory agents; and (viii) current or
recent use of hypolipidemics, vitamin K antagonists and
other anticoagulants, protease inhibitors, ketoconazole,
spironolactone, or cimetidine.

Discontinuation and withdrawal

Discontinuation of a participant could be at the discre-
tion of the participant, researcher, or treating physician.
Automatic discontinuation occurred if a participant de-
veloped a psychotic disorder or bipolar disorder, became
pregnant, or was no longer using effective contraception,
or if they commenced rosuvastatin or aspirin treatment.
Due to the increased risk of myopathy with rosuvastatin
and concurrent heavy alcohol use, a score >20 on the
Alcohol Use Disorders Identification Test (AUDIT) [40]
necessitated review by the participant’s treating phys-
ician, and potential discontinuation. When participants
withdrew their consent from the study, all study involve-
ment was ceased but their data was included in the
study.

Interventions

In addition to treatment as usual, participants received
either 10 mg/day rosuvastatin, 100 mg/day aspirin, or
placebo. At each visit, participants were requested to re-
turn all unused investigational products. Adherence to
medication was assessed by a pill count, completed by
the unblinded study monitor and the clinical trials
pharmacist.

The doses of rosuvastatin and aspirin were derived
from literature describing the doses at which the agents’
targeted actions are effective and safe [25, 41]. The 10-
mg rosuvastatin dose reflects the lowest prescribed
therapeutic dose [42]. The 100-mg dose of aspirin is the
typical dose used to prevent cardiac events and has been
shown to have anti-inflammatory properties [42]. All
tablets were over-encapsulated for blinding purposes, in
order to be identical in appearance and taste.
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Outcome measures

Changes in the following measures were used to assess
efficacy: the interviewer-rated MADRS [37] (primary
outcome measure), the Quick Inventory of Depression
Symptomatology—Self Report (QIDS-SR) [43], the Gen-
eralised Anxiety Disorder seven-item scale (GAD-7)
[44], the Clinical Global Impression-Improvement/Se-
verity scale [45] (CGI-1/S), and the self-rated global
symptoms, assessed using the Patient Global Impression
Improvement (PGI-I) [46]. Quality of life and function-
ing was assessed at baseline and week 12 using the
Quality of Life Enjoyment and Satisfaction Question-
naire—Short Form (Q-LES-Q-SF) [47] and the Social Ad-
justment Scale—Self Report (SAS-SR), respectively [48].
The Social and Occupational Functioning Scale (SOFAS)
[49] was used to measure psychosocial functioning at
baseline and weeks 12 and 26.

Other measures

Potential predictors and moderators of treatment re-
sponse were assessed using the Dimensional Assessment
of Personality Pathology Basic Questionnaire (DAPP-
BQ) [50], the SCID-I/P substance use module [39], the
AUDIT [40], and the Negative Problem Orientation
Questionnaire (NPOQ) [51]. Although participants with
syndromal bipolar disorder (BD) were excluded from the
study, possible treatment emergent or subthreshold bi-
polar symptoms [52] were characterised using the
Bipolar Spectrum Diagnostic Scale (BSDS) [53] and the
Young Mania Rating Scale (YMRS) [54]. At baseline and
week 12, routine blood tests were performed for safety
purposes. Participants were reviewed by a treating doc-
tor at baseline, 1 week after commencing medication,
and at weeks 4, 8, and 12.

Safety and adverse events

Data monitoring was conducted by a Data and Safety
Monitoring Board, the Project Manager, and the
Sponsor (Orygen)-appointed Clinical Research Associate.
Adverse events were collected using open questions
from the time that informed consent was obtained until
the end of the 12-week intervention period. After the
12-week intervention period, adverse events were
followed up until the adverse event was resolved or until
7 days after trial medication was ceased. All serious ad-
verse events were reported to the relevant regulatory
authorities.

Suicidal thinking was assessed with the Suicidal Idea-
tion Questionnaire (SIQ) [55], and suicidality was
assessed with the Columbia Suicide Severity Rating Scale
(C-SSRS) [56]. If a participant scored 5 on intensity of
suicidal ideation in the past month (‘active suicidal idea-
tion with specific plan and intent’), the participant’s con-
tinuation in the study was reviewed. If a participant
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scored 20 or above on the AUDIT at any trial visit, the
treating physician was informed and the participant was
reviewed.

Procedure

Written informed consent was obtained from partici-
pants by the investigator or research assistant. If a par-
ticipant was younger than 18years old, consent was
obtained from both the parent or legal guardian and the
participant. Ethics approval was also given for partici-
pants aged 16 or 17 to provide their own consent if they
were assessed by an independent doctor to be legally
competent (a ‘mature minor’). Once eligibility was con-
firmed, the baseline assessment was conducted (see Fig. 1
for participant flow chart). The participant was then ran-
domly assigned to the rosuvastatin, aspirin, or placebo
group on a 1:1:1 basis. Participants, investigators, clini-
cians, research assistants, and statisticians remained
blind to treatment allocation for both data collection
and analysis phases (triple blind).

Following baseline assessment and randomisation, par-
ticipants were assessed at weeks 4, 8, and 12 on mea-
sures of psychopathology, functioning, adverse events,
and side effects. A follow-up assessment was conducted
over the telephone at week 26 exploring the MADRS
and SOFAS. For engagement and safety purposes, the
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participant was also telephoned at week 2. Formal inter-
rater reliability assessments were completed annually
throughout the study on the primary outcome and key
secondary measures such as the SOFAS.

Randomisation and masking

Participants were randomised according to the Inter-
national Council for Harmonisation (ICH) Guidelines by
an independent researcher, stratified by gender and age
(<18 vs. > 18years) to the three groups using randomly
permuted blocks (6 x 3) to maintain approximately equal
group sizes over time in a 1:1:1 ratio, enabled by
computer-generated numbers programmed into the elec-
tronic case report form (eCRF). Concealed allocation
alerts were sent to the local research pharmacists with in-
formation regarding participant allocation. The pharma-
cist and trial coordinator then ensured that study
participants received their assigned study treatment. Re-
search coordinators and the clinical team were not aware
of allocation. The study biostatistician and others who
were involved in preparing the trial results were blinded
to intervention allocation. The trial was only unblinded
after finalising the analysis. Online unblinding was avail-
able for clinical emergencies. If unblinded, participants
discontinued treatment in the study but continued to be

N

Enrolment

Assessed for eligibility (n=1263)

Excluded (n=1133)

» + Not meeting inclusion criteria (n=583)
+ Declined to participate (n=550)

Randomized (n=130)

Allocation

A

v

v

Allocated to Rosuvastatin (n=48)

+ Received allocated intervention (n=45)

+ Did not receive allocated intervention (n=3)
e Failed to commence (n=3)

Allocated to Aspirin (n=40)

+ Received allocated intervention (n=40)

«+ Did not receive allocated intervention (n=0)
e Failed to commence (n=0)

Allocated to Placebo (n=42)

+ Received allocated intervention (n=40)

+ Did not receive allocated intervention (n=0)
e Failed to commence (n=0)

Follow-Up l

l

l

Lost to follow-up at 12 weeks (n=4)
Discontinued intervention (n=4)

e No longer interested (n=3)
Lost to follow-up at 26 weeks (n=14)

Lost to follow-up at 12 weeks (n=4)
Discontinued intervention (n=4)

* No longer interested (n=1)
Lost to follow-up at 26 weeks (n=12)

Lost to follow-up at 12 weeks (n=6)
Discontinued intervention (n=3)

e No longer interested (n=2)
Lost to follow-up at 26 weeks: (n=14)

l

Analysed (n=42)

up) (n=6)

+ Excluded from analysis (no baseline/ follow-

Analysed (n=39)
+ Excluded from analysis (no baseline/ follow-
up) (n=1)

l

Analysed (n=37)

+ Excluded from analysis (no baseline/ follow-

up) (n=5)

Fig. 1 CONSORT diagram of participant flow
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assessed at the scheduled times, provided they did not
withdraw consent.

Statistical analyses

Primary and secondary analyses were undertaken on
intent-to-treat basis, including all participants as rando-
mised, regardless of treatment actually received or their
withdrawal from the study, and were reported according
to the ICH E9 Statistical Principles for Clinical Trials
and Consolidated Standards of Reporting Trials (CON-
SORT) recommendations [55, 56]. Data collection and
entry were conducted according to Good Clinical
Practice (GCP) guidelines [57, 58]. No interim analyses
were conducted.

Comparisons of those who did and did not complete
the follow-up assessments were conducted to identify
any bias in missing data; these comparisons were done
using one way analysis of variance (ANOVA) and chi-
square (y°) analyses. All analyses were performed using
Stata 15 [59]. The primary efficacy analyses and all
secondary continuous outcomes were based on baseline-
adjusted mean differences between aspirin and placebo,
and rosuvastatin and placebo at week 12. Population
average models using a generalised estimating equation
(GEE) approach accounting for within-individual re-
peated measures using a non-specified or exchangeable
working correlation matrix were used. The GEE ap-
proach was used rather than linear mixed models as the
latter involve unverifiable assumptions regarding the
data-generating distribution, which can lead to poten-
tially misleading estimates. On the other hand, GEE
models with Sandwich estimator are robust to misspeci-
fication of the covariance structure. These factors are
particularly pertinent given the modest achieved sample
size [60, 61]. GEE models contained the fixed effect of
intervention allocation and nominal measurement time
points as main effects and two-way interaction between
intervention allocation and measurement time. The two-
way interaction of intervention allocation and measure-
ment time was used to estimate differential change in
each intervention compared with placebo.

A priori, planned comparisons of between-group mean
change from baseline to the week 12 endpoint were used
to test the primary hypothesis (i.e. the two-way inter-
action between intervention allocation and measurement
time at week 12 and its 95% confidence interval). In
addition, post hoc between-group comparison of aspirin
vs. placebo and rosuvastatin vs. placebo at all other
follow-up time points including post-discontinuation
assessment at week 26 (estimated from a separate GEE
including all measurement time points, including week
26) used the same methods as previously outlined. The
comparative effectiveness of aspirin and rosuvastatin was
examined on outcome variables as post hoc analyses.
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Effect size (Cohen’s d) was calculated [62]. Remission
and response analyses were conducted by dichotomising
the MADRS score using cut-off scores of 7 or less for re-
mission, and more than 50% improvement compared
with baseline for response, respectively. Logistic regres-
sion was used for remission and response analyses.
Safety data were compared between treatment arms
using Fisher’s exact test.

Additional subgroup analyses for age (<18 vs. >18
years), BMI (< 30 vs. > 30), severity using the QIDS (QIDS
<20 vs. QIDS >20), and number of major depressive epi-
sodes (MDD episodes <2 vs. MDD episodes >2) were
performed. These subgroup analyses were selected based
on the literature suggesting that these are potentially pre-
dictive demographic characteristics [63—-65]. The impact
of baseline treatment characteristics including number of
concomitant medications during the trial, psychotherapy,
or antidepressants was examined from a separate GEE
including all measurement time points (excluding
week 26) using the same methods as previously out-
lined. All tests of treatment effects were conducted
using an alpha level of 0.05.

Determination of sample size

A sample size of 270 was estimated to sufficiently power
the study (80% power) to detect differences in change
from baseline of approximately 0.4 standard deviations
in a priori contrasts of treatment arms conducted within
the framework of omnibus test of condition-by-time re-
peated measures ANOVA, accounting for attrition and
assuming a correlation of 0.5 between pre- and post-test
measurements.

Results

Participant characteristics

Participants were recruited and followed up between July
2013 and August 2017. A total of 1263 potential partici-
pants were considered for eligibility for the trial (includ-
ing pre-screening and formal study screening), of which
130 were randomised to receive aspirin (n =40), rosu-
vastatin (n =48), or placebo (n =42). A total of 109
participants completed the treatment phase and follow-
up assessment at week 12: aspirin (n = 35), rosuvastatin
(n =40), and placebo (n =34), and 81 completed the
post-discontinuation assessment at week 26: aspirin
(n =25), rosuvastatin (n = 30), and placebo (n =26). The
CONSORT flow chart (Fig. 1) illustrates participant
flow. Participants did not differ significantly on any base-
line demographics across the study’s three arms
(Table 1).

On average, the participants had severe depressive symp-
toms, with mean baseline MADRS scores of 32.6 (+ 6.1) in
rosuvastatin, 32.6 (+5.5) in aspirin, and 32.3 (+ 6.5) in the
placebo group. They had high levels of co-morbid anxiety
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Table 1 Baseline demographic characteristics of participants randomized to rosuvastatin, aspirin, or placebo®
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Variable Overall sample Rosuvastatin Aspirin Placebo
(N =130 (n =48) (n =40) (n=42)
Mean (Sp) Mean (Sp) Mean (Sp) Mean (Sp)
Age (years) 202 (2+6) 200 (2:7) 20-7 (2:7) 200 (2-4)
BMI 258 (7:6) 243 (69) 253 (81) 276 (74)
N (%) N (%) N (%) N (%)
Gender
Female 77 (59:2) 28 (583) 25 (62-5) 24 (57.1)
Age (younger than 18) 29 (223) 13 (27-1) 8 (20-0) 8 (19:0)
English first language 119 (91:5) 44 (91.7) 38 (95-0) 37 (881)
Occupaﬁonb
Student 55 (42:3) 22 (458) 16 (40:0) 17 (405)
Full-time employment 8 (6-2) 3(63) 3 (75) 2 (4-8)
Part time/ Casual 36 (277) 14 (29-2) 11 (275 11 (26-2)
unemployed 28 (21-5) 8 (167) 11 (27'5) 9 (21-4)
Living status®
Parents 82 (63-1) 25 (52:1) 26 (65-0) 31 (73:8)
Friends 16 (12:3) 8 (167) 4 (100) 4 (95)
Spouse/ De facto 12 (92) 5(104) 6 (15-0) 1 (24)
Alone 539 3(63) 2 (50) 0 (0:0)
Psychosocial therapy during lifetime (yes) 111 (854) 40 (83-3) 34 (85:0) 37 (881)
Ongoing psychological therapy during study (yes) 90 (69.2) 31 (64.6) 31 (77.5) 28 (66.7)
Antidepressant use (yes) 109 (83-0) 37 (77-1) 35 (87-5) 37 (881)
Ongoing antidepressant use during study (yes) 39 (30:0) 13 (27:1) 14 (35-0) 12 (286)
CSSRS - past month
Suicidal ideation 124 (95-4) 46 (95-8) 38 (950) 40 (95.2)
Suicidal behaviors 10 (77) 3(63) 5(12:5) 2 (4-8)
Suicidal acts 6 (46) 2 (42) 3(7:5) 1 (2+4)
Non-suicidal self-injury 23 (17-7) 10 (20-8) 6 (15-0) 7 (167)
Number of major
Depressive episodes 3(1,6) 33,6 2(1,6) 4(2,8)
Duration, weeks 24 (12,52) 20 (20, 44) 32 (16, 80) 26 (12, 39)
Anxiety disorder 81 (62:3) 31 (64-6) 28 (70-0) 22 (52:4)
Substance use disorder 17 (13:1) 7 (146) 4 (100) 6 (14-3)
Number of concomitant medications (median, IQR) 3(2,5) 3 (2, 4-25) 3(2,5) 45 (2, 6)

*There were no significant differences between groups on any variable
POther occupations include caregiver (n = 1), and volunteer work (n = 1)

“Other living status include other relatives (n = 2) and other arrangements (n = 10)

disorders (present in 62.8%) and past-month suicidal idea-
tion (96.1%), indicative of their help-seeking status and rela-
tively severe presentations, and they had experienced a
median of three major depressive episodes (Table 1).

Primary outcomes

Results of the GEE analysis for the primary outcomes of de-
pression symptoms (MADRS) are summarised in Table 2.

Considering all post-baseline time points during the trial
treatment phase, there were no significant differential
changes in levels of depression symptoms between rosuvas-

tatin and placebo (x5 =3.7, p =0.296), or between aspirin

and placebo (3 = 2.5, p = 0.468—TFig. 2). A priori compari-

son of change from baseline to week 12 showed —4.2
(95% CI [-9.1, 0.6]) additional improvement (i.e. change
from baseline to week 12) in rosuvastatin, compared with
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Table 2 Primary outcome measures comparing rosuvastatin and aspirin to placebo, with 12 weeks follow-up as the primary

comparison
Rosuvastatin -~ Aspirin Placebo  Rosuvastatin vs placebo Aspirin vs placebo Rosuvastatin vs
(n =48 (n=400 (h=42) aspirin
Mean (SD) p value Differential Effect p Differential Effect Differential
changeb (95% Cl) size® value changeb (95% Cl) size® chamgeb (95% Cl)
MADRS (depression)
Overall® - - - 0296 - - 0467 - -
Baseline 326 (6.1) 326 (55) 323 (6.5
4weeks  23.1(10.2) 227 (9.7) 240(9.2) -16(=57,25 -021 0357 —17(-54,20 -024 00 (-43,43)
8 weeks 19.1 (10.7) 220 (11.1) 22.1 (10.6) —-37(-81,06) —043 0854 —-04(-47,39 -007 35(-83,1.2)
12weeks 172 (11.0) 229 (120) 204 (124) 0089 —42(-9.1,06) —-044 0433 19(-28,66) 0.16 -64(-117,12)
26 weeks® 160 (12.3) 157 (104) 132 (104) 0487 19(-34,72) 0.12 0353  25(=27,76) 0.10 03 (=60, 67)

MADRS Montgomery-Asberg Depression Rating Scale
“Intervention by follow-up interaction test

'wo-way interaction of intervention allocation and measurement time (baseline adjusted between group mean difference estimated from GEE model)

“Cohen’s d effect size
9From a GEE model that includes baseline and week 4 to week 26 measures

placebo; however, the difference was not statistically sig-
nificant (p =0.089). There was no significant separ-
ation between aspirin and placebo (p =0.433) on the
MADRS. The rosuvastatin vs. aspirin group comparison
was statistically significant across all post-baseline time
points (y3 = 8.6, p =0.035); post hoc pairwise comparisons
also revealed significant differences at week 12 (p =.017)
in favour of rosuvastatin, compared with aspirin.

Secondary outcomes

Results of the GEE analysis on the secondary outcomes
are summarised in Additional file 1: Table S3. No
significant between-group differences were observed in
QIDS-SR, SAS-SR, CGI-I, PGI, Social and Occupational
Functioning Scale (SOFAS), or Generalised Anxiety Dis-
order Scale (GAD-7) scores over the 12-week trial in
either the rosuvastatin or the aspirin groups compared
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Fig. 2 Margins plot showing change in MADRS score (with whiskers representing 95% Cl) from baseline to 4 week, 8 week, and 12 week follow-
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with placebo. At the week 26 post-discontinuation follow-
up, there were no significant differences between placebo
and either rosuvastatin or aspirin. The rosuvastatin group
had a greater reduction in the NPOQ compared with the
aspirin group at week 12 (p =0.025), but there was no
significant difference between aspirin or rosuvastatin
compared with placebo groups.

The CGI-S was significantly reduced in the rosuvasta-
tin group, compared with the aspirin group at week 12,
but there was no significant improvement in the rosu-
vastatin or aspirin group when compared with placebo.
Quality of life, as measured by the Q-LES-Q-SF, in-
creased significantly less (p =0.04) in the aspirin group,
compared with placebo at week 12. Baseline treatment
characteristics such as number of concomitant medica-
tions during the trial, psychotherapy, or history/ongoing
use of antidepressants did not significantly affect these
results (Additional file 1: Table S5 and S6).

Response and remission

The 12-week MADRS response rates were 45.8%, 25.0%,
and 33.3% in the rosuvastatin, aspirin, and placebo
group, respectively (y3 =4.3, p =0.119), and MADRS
remission rates at week 12 were 15.0%, 15.2%, and
15.2%, in the rosuvastatin, aspirin, and placebo group,
respectively (y2 = 0.0, p >.999).

Safety and adverse events

Suicidal thinking was assessed using SIQ > 41 as the cut-
off. There were no significant differences between the
aspirin and rosuvastatin groups, compared with placebo
(Additional file 1: Table S3). There was a significant re-
duction in the AUDIT (Additional file 1: Table S3) in
both the aspirin and rosuvastatin groups, compared with
placebo, at weeks 4 and 8 (p < 0.05 and Cohen’s d > 0.5),
though not at week 12.

The frequency and percentage of adverse events
among participants, along with their severity (severe,
moderate, or mild), are presented in Additional file 1:
Table S1. The rates were similar across the trial arms,
and there were no significant differences in adverse
event rates (Additional file 1: Table S1). A significantly
higher rate of any concomitant medication was used in
the placebo group (71.4% in the placebo group vs. 42.1%
in the rosuvastatin group, and 44.0% in the aspirin
group, p <0.05). Four participants in the aspirin group
withdrew as a result of adverse events (bleeding, muscle
weakness, psychotic episode, and sinusitis), compared
with only one participant in the rosuvastatin group
(hospitalisation due to major depression episode), and
no participant in the placebo group (p < 0.05). The most
frequent adverse events in each of the trial arms are
shown in Additional file 1: Table S2.
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Subgroup analyses

Three subgroup analyses by age (<18years, and >18
years), BMI (BMI < 30, and BMI > 30), severity indexed by
baseline QIDS (< 20, and > 20), and number of MDD epi-
sodes (<2, and >2) were performed on the MADRS. In
the age < 18 years subgroup (Additional file 1: Table S3),
there was a significant reduction in depressive symptoms
in the rosuvastatin group compared with the placebo
group at week 8 (p =0.025; Cohen’s d, 0.9; MADRS im-
provement — 8.7; 95% CI (- 16.3, — 1.1)) and the week 12
endpoint (p = 0.029; Cohen’s d, 1.1; MADRS improvement
-9.8; 95% CI (- 17.7, — 1.0)). While there was no signifi-
cant difference in the aspirin group compared with the
placebo group at week 12, there was greater improvement
in MADRS scores at weeks 4 and 8 in the aspirin group
(Cohen’s d, 1.2 and 1.2, respectively). There were no
significant between-group differences on the MADRS for
participants > 18.

There were no significant differences in MADRS out-
come in the BMI subgroup analyses (Additional file 1:
Table S4). In the baseline severity (QIDS > 20) subgroup
analysis, there was a significant improvement (p = 0.045)
at week 12 on the MADRS in the rosuvastatin group
compared with placebo (Additional file 1: Table S4;
Cohen’s d, 0.8). In the number of MDD episodes
(number of episodes >2) subgroup analysis, there was a
significant improvement (p = 0.045) at week 12 on the
MADRS in the rosuvastatin group compared with
placebo (Cohen’s d, 0.7). There were no significant
between-group differences on the MADRS measure for
people who had < 2 episodes.

Discussion

The primary hypothesis that each of the rosuvastatin
and aspirin treatment groups would show greater im-
provement, compared with placebo, was not supported.
Specifically, no significant between-group differences
were found on the a priori primary outcome (MADRS
score) at the primary endpoint (week 12), although the
difference between rosuvastatin and placebo at week 12
narrowly missed significance (p =0.089). There were no
significant differences on other outcome measures in the
rosuvastatin group compared with placebo. Some posi-
tive pre-specified secondary findings were in favour of
rosuvastatin, principally the difference between rosuvas-
tatin and aspirin on the MADRS. Concordant with this,
rosuvastatin was superior to aspirin on depression
assessed on the MADRS, global clinical severity, and
dysfunctional attitudes toward social problem-solving
using the Negative Problem Orientation Questionnaire
scale (NPOQ). Nevertheless, there were no differences in
remission rates between groups. While remission rates
were similar across treatment groups, response rate
ranged from 25 to 45.8%. In 30 cases (5 cases in aspirin,
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16 cases in rosuvastatin, and 9 cases in placebo), while
there were more than 50% reduction from baseline at
week 12 (MADRS response), the absolute value of
MADRS score at week 12 was more than 7 (i.e. no re-
mission). Baseline MADRS score for these 30 cases was
32.3 (5.6). Together with higher use of concomitant
medication in the placebo group, these findings provide
a tentative suggestion for potential utility of statins, but
indicate a lack of efficacy of low dose aspirin.

Exploratory subgroup analyses showed an effect of age,
with an efficacy signal in younger (age < 18 years) partici-
pants in the rosuvastatin group, but as with all non-primary
findings, this should be interpreted with considerable cau-
tion. If this holds up to replication, it might suggest differ-
ential treatment approaches, contingent on age. Similarly,
there was an effect of greater baseline depression severity
(QIDS > 20) predicting response in the rosuvastatin group,
concordant with antidepressant studies showing greater
efficacy in more unwell participants.

Strengths of the study include its pragmatic and real-
world setting, focus on youth-specific health facilities,
the homogeneity of the cohort, the tolerability of the
study agents, and the high external validity of the trial
design, reflected in the relative lack of exclusion criteria
to reflect add-on to routine care. It is generally more
difficult to demonstrate add-on efficacy than for mono-
therapy: notably, 84.5% of the sample had a prior history
of antidepressant use, while 39% were taking antidepres-
sants while in the trial. The sample size was relatively
small and was lower than planned recruitment based on
the power analyses due to governance delay and oper-
ational issues, which could result in low statistical power
to reliably detect between-group differences. A total of
1133 people who were approached were excluded, prin-
cipally for not meeting inclusion criteria (n=583) and
declining to participate in research (n=550). The pre-
specified secondary outcomes were not corrected for
multiplicity; however, to mitigate the risk of family-wise
multiple comparisons, p values were extracted only for
the a priori comparisons. In addition, in subgroup ana-
lyses, p values were extracted only for a priori compari-
sons at week 12 and week 26 sustainability comparisons.
As such, findings need to be interpreted with caution, as
some exploratory findings might be spurious.

The relatively low dose of aspirin used might also have
been a factor. While most of the epidemiological data
explored the use of similar low dose strategies, some
successful clinical trials, such as one in schizophrenia,
have used a far higher dose [66]—1000 mg daily. Simi-
larly, the choice of statins was guided by their different
pharmacodynamic profiles. Our hypothesis was that sta-
tins, like aspirin [67], would be efficacious by suppress-
ing peripheral inflammation, and rosuvastatin had the
strongest evidence base for suppressing markers of
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inflammation, hence its use in the study, mindful that
both agents have other mechanistic targets [68]. How-
ever, one could argue that based on epidemiological and
preclinical data [69], lipophilicity might be an important
factor, as it determines brain bioavailability, and indeed
rosuvastatin is hydrophilic—this is an equipoise issue.
Lipophilic statin with blood-brain barrier penetration
might be more effective at engaging a central nervous
system target. Some, but not all patients, were taking ad-
junctive antidepressants. The use of severity cut-offs for
inclusion risks regression to the mean and inflation of
placebo effects. Blood sampling for biomarker asso-
ciations of treatment effects has been done, but these
results will be presented separately.

Conclusions

In summary, low-dose aspirin does not appear to be
more effective than placebo in youth depression. Rosu-
vastatin was also found not to be more effective than
placebo on the primary outcome, but there were signals
of efficacy on several secondary measures—which need
to be interpreted with caution. Anti-inflammatory agents
for depression could be used at low-to-moderate doses
when prescribed as augmentation strategies when
monoamine-modulating antidepressants do not lead to
satisfactory responses. This study provides limited sup-
port for the role of rosuvastatin in youth depression, an
age cohort where antidepressants are of uncertain value
[9], and provides possible proof of principle support for
the role of inflammation in this cohort.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512916-019-1475-6.

Additional file 1: Table S1. Adverse event data: comparing
Rosuvastatin and Aspirin to placebo. Table S2. Most frequent adverse
events. Table S3. Secondary outcome measures comparing Rosuvastatin
and Aspirin to placebo; with 12 weeks follow-up as the primary comparison.
Table S4. Subgroup analyses: comparing Rosuvastatin and Aspirin to
placebo; with 12 weeks follow-up as the primary comparison. Table S5.
History and ongoing psychological therapy: comparing Rosuvastatin and
Aspirin to placebo. Table S6. History and ongoing antidepressants therapy:
comparing Rosuvastatin and Aspirin to placebo.

Abbreviations

AUDIT: Alcohol Use Disorders Identification Test; BSDS: Bipolar Spectrum
Diagnostic Scale; CGI-I/S: Clinical Global Impression-Improvement/Severity
scale; CONSORT: Consolidated Standards of Reporting Trials; C-

SSRS: Columbia Suicide Severity Rating Scale; DAPP-BQ: Dimensional
Assessment of Personality Pathology Basic Questionnaire; eCRF: Electronic
case report form; GAD-7: Generalised Anxiety Disorder seven-item scale;
GCP: Good Clinical Practice; GEE: Generalised estimating equation;

ICH: International Council for Harmonisation; IDO: Indoleamine-pyrrole 2, 3-
dioxygenase; LFT: Liver function tests; MADRS: Montgomery-Asberg
Depression Rating Scale; MDD: Major depressive disorder; NPOQ: Negative
Problem Orientation Questionnaire Scale; PGI-I: Patient Global Impression
Improvement; QIDS-SR: Quick Inventory of Depression Symptomatology-Self
Report; Q-LES-Q-SF: Quality of Life Enjoyment and Satisfaction
Questionnaire-Short Form; RCT: Randomised controlled trial; SAS-SR: Social


https://doi.org/10.1186/s12916-019-1475-6
https://doi.org/10.1186/s12916-019-1475-6

Berk et al. BMC Medicine (2020) 18:16

Adjustment Scale-Self Report; SCID-I/P: Structured Clinical Interview for DSM-
IV Axis | Disorders; SIQ: Suicidal Ideation Questionnaire; SOFAS: Social and
Occupational Functioning Scale; UE: Urea and electrolytes; YMRS: Young
Mania Rating Scale; YoDA-A: Youth Depression Alleviation with Anti-
inflammatory Agents; YoDA-C: Youth Depression Alleviation-Combined
Treatment

Acknowledgements
Not applicable.

Authors’ contributions

MB, OMD, PM, CGD, AMC, SD, and SMH developed the original grant
proposal, obtained the funding, and drafted the protocol. MB and CGD
oversaw the implementation of the study across all sites. CGD, AR, GP, MP,
AM, FG, EM, SH, SR, SMC, and MRS oversaw the clinical management of all
participants. OMD oversaw the collection of biomarkers. AW, MK, ALQ, SB, LI,
REB, and NOF managed and implemented the project at the study sites. MM
developed the statistical plan and performed the analyses, assisted by SMH.
MB drafted the initial manuscript. CM contributed to the drafting of the
manuscript. All authors revised and approved the final manuscript.

Funding

The study was funded by the National Health and Medical Research Council
of Australia (APP1027315) and sponsored by Orygen, the National Centre of
Excellence in Youth Mental Health, without limitations on publication.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was approved by the Melbourne Health Human Research Ethics
Committee (#HREC/12/MH/148). The study protocol is available to view
online.

Consent for publication
Not applicable.

Competing interests

MB is supported by a National Health and Medical Research Council
(NHMRC) Senior Principal Research Fellowship (APP1059660 and
APP1156072). OMD is a R.D. Wright Biomedical NHMRC Career Development
Fellow (APP 1145634) and has received grant support from the Brain and
Behavior Foundation, Simons Autism Foundation, Stanley Medical Research
Institute, Deakin University, Lilly, NHMRC, and ASBDD/Servier. She has also
received in kind support from BioMedica Nutracuticals, NutritionCare, and
Bioceuticals. SC is supported by an NHMRC Senior Research Fellowship
(APP1136344). This project was supported by a NHMRC Project Grant
(APP1027315). PM is supported by a Senior Principal Research Fellowship
from NHMRC Australia (ID: 1060996) and currently receives research support
from the Colonial Foundation, National Institute of Mental Health, Stanley
Medical Research Institute, and BROAD Institute. CGD was supported by an
NHMRC Career Development Fellowship (1061757/1141738). SMR was
supported by the Mary Elizabeth Watson Early Career Fellowship in Allied
Health from Royal Melbourne Hospital (MEW012017). SH was supported by
an NHMRC Early Career Fellowship (567062). The other authors declare that
they have no competing interests.

Author details

1Orygen, the National Centre of Excellence in Youth Mental Health,
Melbourne, Australia. “Centre for Youth Mental Health, University of
Melbourne, Parkville, Australia. *The Institute for Mental and Physical Health
and Clinical Translation, Deakin University, Geelong, Australia. “Florey Institute
for Neuroscience and Mental Health, University of Melbourne, Parkville,
Australia. >Department of Psychiatry, University of Melbourne, Parkville,
Australia. °Barwon Health, PO Box 281, Geelong, Victoria 3220, Australia.
’Biostatistics Unit, Faculty of Health, Deakin University, Geelong, Australia.
8Orygen Youth Health, Northwestern Mental Health, Melbourne, Australia.
“Black Dog Institute, University of New South Wales, Sydney, Australia.
"%Melbourne School of Population and Global Health, University of
Melbourne, Melbourne, Australia. ''Department of Psychological Medicine,

Page 10 of 12

University of Auckland, Auckland, New Zealand. "?Department of Social Work,
Monash University, Melbourne, Australia.

Received: 4 September 2019 Accepted: 27 November 2019
Published online: 17 January 2020

References

1. Lewinsohn PM, Rohde P, Seeley JR. Major depressive disorder in older
adolescents: prevalence, risk factors, and clinical implications. Clin Psychol
Rev. 1998;18(7):765-94.

2. Twenge JM, Gentile B, DeWall CN, Ma D, Lacefield K, Schurtz DR. Birth
cohort increases in psychopathology among young Americans, 1938-2007:
a cross-temporal meta-analysis of the MMPI. Clin Psychol Rev. 2010;30(2):
145-54.

3. Weissman MM, Wolk S, Goldstein RB, et al. Depressed adolescents grown
up. JAMA. 1999;281(18):1707-13.

4. Fergusson DM, Woodward LJ. Mental health, educational, and social role
outcomes of adolescents with depression. Arch Gen Psychiatry. 2002;59(3):
225-31.

5. Birmaher B, Williamson DE, Dahl RE, et al. Clinical presentation and course
of depression in youth: does onset in childhood differ from onset in
adolescence? J Am Acad Child Adolesc Psychiatry. 2004;43(1):63-70.

6. Fombonne E, Wostear G, Cooper V, Harrington R, Rutter M. The Maudsley
long-term follow-up of child and adolescent depression. 1. Psychiatric
outcomes in adulthood. Br J Psychiatry. 2001;179:210-7.

7. Cipriani A, Zhou X, Del Giovane C, et al. Comparative efficacy and
tolerability of antidepressants for major depressive disorder in children and
adolescents: a network meta-analysis. Lancet. 2016;388(10047):881-90.

8. Hetrick SE, McKenzie JE, Cox GR, Simmons MB, Merry SN. Newer generation
antidepressants for depressive disorders in children and adolescents.
Cochrane Database Syst Rev. 2012;12:1-133.

9. Davey CG, Chanen AM, Hetrick SE, et al. The addition of fluoxetine to
cognitive behavioural therapy for youth depression (YoDA-C): a randomised,
double-blind, placebo-controlled, multicentre clinical trial. Lancet Psychiatry.
2019;6(9):735-44.

10.  Hirschfeld RM. History and evolution of the monoamine hypothesis of
depression. J Clin Psychiatry. 2000,61(Suppl 6):4-6.

11. Haase J, Brown E. Integrating the monoamine, neurotrophin and cytokine
hypotheses of depression—a central role for the serotonin transporter?
Pharmacol Ther. 2015;147:1-11.

12. Trivedi MH, Rush AJ, Wisniewski SR, et al. Evaluation of outcomes with
citalopram for depression using measurement-based care in STAR* D:
implications for clinical practice. Am J Psychiatry. 2006;163(1):28-40.

13. Berk M, Nierenberg AA. Three paths to drug discovery in psychiatry. Am J
Psychiatry. 2015;172(5):412-4.

14. Berk M, Kapczinski F, Andreazza A, et al. Pathways underlying
neuroprogression in bipolar disorder: focus on inflammation, oxidative
stress and neurotrophic factors. Neurosci Biobehav Rev. 2011;35(3):
804-17.

15. Breese CR, Freedman R, Leonard SS. Glutamate receptor subtype expression
in human postmortem brain tissue from schizophrenics and alcohol
abusers. Brain Res. 1995,674(1):82-90.

16. Valkanova V, Ebmeier KP, Allan CL. CRP, IL-6 and depression: a systematic
review and meta-analysis of longitudinal studies. J Affect Disord. 2013;
150(3):736-44.

17. Gabbay V, Klein RG, Guttman LE, et al. A preliminary study of cytokines in
suicidal and nonsuicidal adolescents with major depression. J Child Adolesc
Psychopharmacol. 2009;19(4):423-30.

18.  Flouri E, Francesconi M, Midouhas E, Lewis G. Prenatal and childhood
adverse life events, inflammation and depressive symptoms across
adolescence. J Affect Disord. 2019,260:577-82.

19.  Reid BM, Doom JR, Argote RB, et al. Pathways to inflammation in
adolescence through early adversity, childhood depressive symptoms, and
body mass index: a prospective longitudinal study of Chilean infants. Brain
Behav Immun. 2019. https://doi.org/10.1016/j.bbi.2019.06.003.

20. Pasco JA, Nicholson GC, Williams L, et al. Association of high-sensitivity C-reactive
protein with de novo major depression. Br J Psychiatry. 2010;197(5):372-7.

21, Moriarity DP, Giollabhui NM, Ellman LM, et al. Inflammatory proteins predict
change in depressive symptoms in male and female adolescents. Clin
Psychol Sci. 2019;7(4):754-67.


https://doi.org/10.1016/j.bbi.2019.06.003

Berk et al. BMC Medicine

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2020) 18:16

Sicard P, Delemasure S, Korandji C, et al. Anti-hypertensive effects of
rosuvastatin are associated with decreased inflammation and oxidative
stress markers in hypertensive rats. Free Radic Res. 2008,42(3):226-36.
Gomez-Garcia A, Martinez Torres G, Ortega-Pierres LE, Rodriguez-Ayala E,
Alvarez-Aguilar C. Rosuvastatin and metformin decrease inflammation and
oxidative stress in patients with hypertension and dyslipidemia. Rev Esp
Cardiol. 2007;60(12):1242-9.

Kilic FS, Ozatik Y, Kaygisiz B, Baydemir C, Erol K. Acute antidepressant and
anxiolytic effects of simvastatin and its mechanisms in rats. Neurosciences
(Riyadh). 2012;17(1):39-43.

Berk M, Dean O, Drexhage H, et al. Aspirin: a review of its
neurobiological properties and therapeutic potential for mental illness.
BMC Med. 2013;11:74.

Williams LJ, Pasco JA, Mohebbi M, et al. Statin and aspirin use and the risk
of mood disorders among men. Int J Neuropsychopharmacol. 2016;19(6):1-4.
Almeida OP, Flicker L, Yeap BB, Alfonso H, McCaul K, Hankey GJ. Aspirin
decreases the risk of depression in older men with high plasma
homocysteine. Transl Psychiatry. 2012;2:¢151.

Glaus J, Vandeleur CL, Lasserre AM, et al. Aspirin and statin use and the
subsequent development of depression in men and women: results from a
longitudinal population-based study. J Affect Disord. 2015;182:126-31.
Wium-Andersen IK, Wium-Andersen MK, Jargensen MB, Osler M. Anti-
inflammatory treatment and risk of depression in 91,842 patients with acute
coronary syndrome and 91,860 individuals without acute coronary
syndrome in Denmark. Int J Cardiol. 2017,246:1-6.

Kessing LV, Rytgaard HC, Gerds TA, Berk M, Ekstrom CT, Andersen PK. New
drug candidates for depression - a nationwide population-based study. Acta
Psychiatr Scand. 2018;139(1):68-77.

Veronese N, Koyanagi A, Stubbs B, et al. Aspirin and incident depressive
symptoms: a longitudinal cohort study over 8 years. Int J Geriatr Psychiatry.
2018;33(2):e193-€8.

Ghanizadeh A, Hedayati A. Augmentation of fluoxetine with lovastatin for
treating major depressive disorder, a randomized double-blind placebo
controlled-clinical trial. Depress Anxiety. 2013;30(11):1084-8.

Haghighi M, Khodakarami S, Jahangard L, et al. In a randomized, double-
blind clinical trial, adjuvant atorvastatin improved symptoms of depression
and blood lipid values in patients suffering from severe major depressive
disorder. J Psychiatr Res. 2014;58:109-14.

Kim'S, Bae K, Kim J, et al. The use of statins for the treatment of depression
in patients with acute coronary syndrome. Transl Psychiatry. 2015;5(8):€620.
Salagre E, Fernandes BS, Dodd S, Brownstein DJ, Berk M. Statins for the
treatment of depression: a meta-analysis of randomized, double-blind,
placebo-controlled trials. J Affect Disord. 2016,200:235-42.

Sepehrmanesh Z, Fahimi H, Akasheh G, Davoudi M, Gilasi H, Ghaderi A. The
effects of combined sertraline and aspirin therapy on depression severity
among patients with major depressive disorder: a randomized clinical trial.
Electron Physician. 2017;9(11):5770.

Montgomery SA, Asberg M. A new depression scale designed to be
sensitive to change. Br J Psychiatry. 1979;134(4):382-9.

Quinn AL, Dean OM, Davey CG, et al. Youth Depression Alleviation-
Augmentation with an anti-inflammatory agent (YoDA-A): protocol and
rationale for a placebo-controlled randomized trial of rosuvastatin and
aspirin. Early Interv Psychiatry. 2018;12(1):45-54.

First MB, Spitzer RL, Gibbon M, Williams JB. Structured clinical interview for
DSM-IV axis | disorders. New York: New York State Psychiatric Institute; 1995.
Babor TF, Higgins-Biddle J, Saunders J, Monteiro M. The alcohol use
disorders identification test (AUDIT): guidelines for use in primary care.
Geneva: World Health Organization, Department of Mental Health and
Substance Abuse; 2001.

Bhatt S, Shukla P, Raval J, Goswami S. Role of aspirin and dexamethasone
against experimentally induced depression in rats. Basic Clin Pharmacol
Toxicol. 2016;119(1):10-8.

Handbook AM. Australian medicines handbook 2018. Adelaide: Australians
Medicines Handbook Pty Ltd; 2018.

Rush AJ, Trivedi MH, Tbrahim HM, 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.

Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. 2006;166(10):
1092-7.

45.

46.

47.

48.

49.

50.

51.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

Page 11 of 12

Guy W. ECDEU assessment manual for psychopharmacology. Rockville
Maryland: US Department of Health, and Welfare; 1976. p. 534-7.

Mohebbi M, Dodd S, Dean O, Berk M. Patient centric measures for a patient
centric era: agreement and convergent between ratings on the Patient
Global Impression of Improvement (PGI-l) scale and the Clinical Global
Impressions—Improvement (CGI-S) scale in bipolar and major depressive
disorder. Eur Psychiatry. 2018;53:17-22.

Endicott J, Nee J, Harrison W, Blumenthal R. Quality of Life Enjoyment and
Satisfaction Questionnaire: a new measure. Psychopharmacol Bull. 1993;
29(2):321-6.

Weissman MM, Prusoff BA, Thompson WD, Harding PS, Myers JK. Social
adjustment by self-report in a community sample and in psychiatric
outpatients. J Nerv Ment Dis. 1978;166(5):317-26.

Morosini PL, Magliano L, Brambilla L, Ugolini S, Pioli R. Development,
reliability and acceptability of a new version of the DSM-IV Social and
Occupational Functioning Assessment Scale (SOFAS) to assess routine social
functioning. Acta Psychiatr Scand. 2000;101(4):323-9.

Livesley W, Jackson D. Manual for the dimensional assessment of
personality pathology—basic questionnaire. Port Huron: Sigma; 2009.
Robichaud M, Dugas MJ. Negative problem orientation (part I):
psychometric properties of a new measure. Behav Res Ther.
2005;43(3):391-401.

Ratheesh A, Davey C, Hetrick S, et al. A systematic review and meta-analysis
of prospective transition from major depression to bipolar disorder. Acta
Psychiatr Scand. 2017;135(4):273-84.

Nassir Ghaemi S, Miller CJ, Berv DA, Klugman J, Rosenquist KJ, Pies RW.
Sensitivity and specificity of a new bipolar spectrum diagnostic scale. J
Affect Disord. 2005;84(2-3):273-7.

Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for mania:
reliability, validity and sensitivity. Br J Psychiatry. 1978;133:429-35.
Hopewell S, Clarke M, Moher D, et al. CONSORT for reporting randomised
trials in journal and conference abstracts. Lancet. 2008;371(9609):281-3.
Moher D, Schulz KF, Altman DG, Group C. The CONSORT statement: revised
recommendations for improving the quality of reports of parallel-group
randomised trials. Clin Oral Investig. 2003;7(1):2-7.

Therapeutic Goods Administration. Note for guidance on good clinical
practice (CPMP/ICH/135/95-annotated with TGA comments). 2000.
Government A. National statement on ethical conduct in human research
(2007)—updated May 2015. In: Council NHaMR, editor 2015.

Corp S. Stata statistical software: release 15. College Station: StataCorp LLC;
2017.

Hubbard AE, Ahern J, Fleischer NL, et al. To GEE or not to GEE: comparing
population average and mixed models for estimating the associations
between neighborhood risk factors and health. Epidemiology. 2010;21:467-74.
Pan W. On the robust variance estimator in generalised estimating
equations. Biometrika. 2001;88(3):901-6.

Cohen J. Statistical power analysis for the behavioral sciences 2nd edn.
Hillsdale: Erlbaum Associates, Hillsdale; 1988.

Dodd S, Berk M, Kelin K; et al. Application of the gradient boosted method
in randomised clinical trials: participant variables that contribute to
depression treatment efficacy of duloxetine, SSRIs or placebo. J Affect
Disord. 2014;168:284-93.

Dodd S, Berk M, Kelin K, Mancini M, Schacht A. Treatment response for
acute depression is not associated with number of previous episodes: lack
of evidence for a clinical staging model for major depressive disorder. J
Affect Disord. 2013;150(2):344-9.

Dreimuller N, Lieb K, Tadic A, Engelmann J, Wollschlager D, Wagner S. Body
mass index (BMI) in major depressive disorder and its effects on depressive
symptomatology and antidepressant response. J Affect Disord. 2019,256:524-31.
Laan W, Grobbee DE, Selten JP, Heijnen CJ, Kahn RS, Burger H. Adjuvant
aspirin therapy reduces symptoms of schizophrenia spectrum disorders:
results from a randomized, double-blind, placebo-controlled trial. J Clin
Psychiatry. 2010;71(5):520-7.

lkonomidis |, Andreotti F, Economou E, Stefanadis C, Toutouzas P,
Nihoyannopoulos P. Increased proinflammatory cytokines in patients with
chronic stable angina and their reduction by aspirin. Circulation. 1999;
100(8):793-8.

Ridker PM, Danielson E, Fonseca FA, et al. Reduction in C-reactive
protein and LDL cholesterol and cardiovascular event rates after
initiation of rosuvastatin: a prospective study of the JUPITER trial.
Lancet. 2009;373(9670):1175-82.



Berk et al. BMC Medicine (2020) 18:16

69. Redlich C, Berk M, Williams LJ, Sundquist J, Sundquist K, Li X. Statin use and
risk of depression: a Swedish national cohort study. BMC Psychiatry. 2014;
14(1):348.

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

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design
	Study setting
	Inclusion and exclusion criteria
	Discontinuation and withdrawal
	Interventions
	Outcome measures
	Other measures
	Safety and adverse events
	Procedure
	Randomisation and masking
	Statistical analyses
	Determination of sample size

	Results
	Participant characteristics
	Primary outcomes
	Secondary outcomes
	Response and remission
	Safety and adverse events
	Subgroup analyses

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

