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Background: Major depressive disorder (MDD) is a heterogeneous mental disease that 
encompasses different subtypes and specifiers. Clinically targeted treatments have not been 
identified yet, although standardized strategies are recommended by several clinical guide-
lines. The main aim of this study is to respectively identify the precise treatment for three 
different subtypes of MDD (ie, melancholic, atypical, and anxious).
Methods: An 8-to-12-week, multicenter randomized controlled trial (RCT) with a parallel 
group design will be conducted to determine the most effective and appropriate treatment. 
A total of 750 adults diagnosed with MDD will be recruited, categorized into melancholic, 
atypical or anxious type based on the assessment of the Inventory of Depressive 
Symptomatology (IDS30) and the Hamilton Anxiety Scale (HAMA), and 1:1 randomly 
assigned to different intervention groups. Blood draw, EEG test, and MRI scan will be 
performed at baseline and endpoint. Clinical symptom and side-effects will be evaluated at 
critical decision points (CDP) including weeks two, four, six, eight, and 12 after treatment. 
The primary outcome is total score and reduction rate of the 17-Hamilton Depression Rating 
Scale (17-HDRS). The secondary outcomes include the scores of the Quick Inventory of 
Depressive Symptomatology-self-report (QIDS-SR), IDS30, HAMA and the Treatment 
Emergent Symptom Scale (TESS). All the data will be analyzed by SAS software.
Discussion: The study commenced recruitment in August 2017 and is currently ongoing.
Trial Registration: ClinicalTrials.gov Identifier: NCT03219008 (July 17, 2017).
Keywords: major depressive disorder, MDD, subtype, antidepressant, physical therapy, 
computerized cognitive behavioral treatment, cCBT, randomized controlled trial, RCT

Background
Major depressive disorder (MDD) is a highly prevalent, chronic, recurrent disorder 
with a range of adverse personal and societal consequences, affecting approximately 
350 million people worldwide.1 Despite the availability of effective modalities 
including pharmacological treatment, psychotherapy or a combination of both for 
MDD,2,3 there is still a large unmet need for treatment. For instance, only about 50% 
of MDD patients show a response and only about one in three attain remission within 
the initial-phase treatment.4 Again, antidepressant medications are currently chosen 
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using a trial-and-error approach because specific biomar-
kers which might be helpful for predicting antidepressant 
response or cueing one treatment over another have not 
been identified yet.5

The dilemma we acknowledge is that MDD is 
a heterogeneous condition with a variety of pathophysiolo-
gical mechanisms, symptomatic dimensions and treatment 
outcomes. Therefore, this disease is currently considered to 
encompass different subtypes and specifiers that have been 
embodied in the fifth edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5). Actually, various 
subtypes with different clinical features have been proposed 
in the Sequenced Treatment Alternatives to Relieve 
Depression (STAR*D) report, which has demonstrated that 
of 3671 samples the overwhelming majority was the anxious 
subtype (44.6%) and the next was melancholic (19.7%) 
followed by atypical (17.1%), respectively.6 And 
a substantial overlap of the three subtypes was found in 
analysis from the International Study to Predict Optimized 
Treatment in Depression (iSPOT-D) trial.7

It seems to be reasonable that subtyping the different 
features might be beneficial for selecting from different 
treatment options. However, the researches on clinical 
efficacy of different treatment selection yield inconsistent 
conclusions when applied to these subtypes. More specifi-
cally, the STAR*D trial has demonstrated that patients 
with melancholic features responded more poorly com-
pared to those with other subtypes in the initial phase 
with citalopram, but the differences were no longer sig-
nificant once adjustment for baseline differences.8 The 
study by Uher et al9 has shown that the melancholic 
patients have a slightly worse response to antidepressant 
medications than do patients with nonmelancholic depres-
sion, while other studies failed to replicate this finding, eg, 
no differences in the Combining Medications to Enhance 
Depression Outcomes (CO-MED) trial10 or remitting bet-
ter among patients with melancholic depression in the 
Clinical Research Center for Depression (CRESCEND) 
study.11 Interestingly, a similar phenomenon also occurs 
in several studies on the other two subtypes. For example, 
patients with anxious depression had much lower remis-
sion rates in the STAR*D trial,12 but recent findings from 
the large iSPOT-D trial showed no associations between 
multiple characterizations of anxious depression and treat-
ment outcome.13 However, some findings reveal that 
patients with the atypical subtype have lower remission 
rates than those without atypical features,14 while other 
studies have shown inconsistent results.9,15 Furthermore, 

previous studies have failed to identify a certain antide-
pressant which might be more effective than another anti-
depressant for specific subtypes, either selective serotonin 
reuptake inhibitors (SSRIs) or tricyclics.9,16

From our point of view, it seems to be plausible that 
the combination with different treatments could be a better 
choice than any monotherapies for different depression 
subtypes. Therefore, we have made bold but sound 
assumptions in the present trial. A single antidepressant 
as basic treatment and combination with another class of 
antidepressant, atypical antipsychotics (AAP) or lithium, 
repetitive transcranial magnetic stimulation (rTMS) or 
modified electroconvulsive therapy (MECT), as well as 
computerized cognitive behavioral therapy (cCBT) are 
designed to specify the three subtypes respectively. In 
practical terms, the considerations in therapeutic medica-
tions are mainly as follows:

1. Fluoxetine/bupropion for melancholic subtype: the 
study by Lin et al17 has suggested that melancholic 
depression showed better improvement in symp-
toms than nonmelancholic depression, which started 
at week two and persisted through weeks three, 
four, and six after fluoxetine treatment.17 

Bupropion, as an atypical antidepressant, shares 
a broad range of biological properties with psychos-
timulants and is thought highly of as a promising 
treatment for fatigue or decreased energy, com-
monly observed in melancholic depression.18,19

2. Fluvoxamine/AAP or lithium for atypical subtype: 
atypical depression is characterized by reversed diur-
nal mood variation, hypersomnia, significant weight 
gain, or increase in appetite which may be reasonable 
to speculate on rhythmic disturbances related to mel-
atonin regulation in this subtype.20 Fluvoxamine, dif-
ferent from other antidepressants, has been found to 
significantly promote the bioavailability of melatonin 
and markedly increase the melatonin blood concen-
trations via a pharmacokinetic inhibitory effect on 
cytochrome P450 enzymes.21 The AAP or lithium is 
augmented, especially in light of the concerns about 
potential risk of manic/hypomanic switch and mood 
instability, since atypical features might increase sus-
picion of bipolarity.22

3. Venlafaxine or duloxetine/mirtazapine for anxious 
subtype: serotonin and norepinephrine reuptake inhi-
bitor (SNRI) including venlafaxine or duloxetine has 
been recommended for the treatment of MDD with 
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significant anxious or somatic symptoms and various 
anxiety disorders. A combined treatment with SNRI 
(venlafaxine in particular) and mirtazapine is referred 
to as “California rocket fuel” in light of its higher than 
average potency and efficacy by pharmacological 
synergistic effect.23 A double-blind randomized 
study by Blier et al has demonstrated that this combi-
nation seemed to perform very well and rapidly in that 
patients receiving this treatment achieved the highest 
remission rate and had no dropouts attributed to lack 
of efficacy.24

The primary aim of the present study is to respectively 
identify the precise treatment for melancholic, atypical and 
anxious subtypes of MDD by comparing efficacy and 
safety between different intervention strategies including 
monotherapy, combination of various class of medication, 
physical treatment and psychotherapy. Furthermore, the 
collection of blood sample, brain electrophysiological 
and neuroimaging data will be included in this study in 
order to identify potential biomarkers useful for diagnostic 
subtyping and efficacy prediction.

Methods/Design
Organizational Structure
This 8 to 12-week, multicenter, parallel group, RCT study 
includes eight clinical sites (see Supplement). The princi-
pal investigator set up a coordination group that comprised 
of clinical trial coordinators (CTC) from each site. CTCs 
assist in the recruitment, evaluation, follow-up of partici-
pants at each site. Clinical data are collected by trained 
evaluators who have passed inter-rater training.

Participants
The study is ongoing with recruitment having begun in 
August 2017, and aims to recruit 750 participants diagnosed 
with MDD according to the criteria of the DSM-5. The 
inclusion criteria are as follows: (1) aged 18–65 years; (2) 
score of 17-HDRS >20; (3) meeting the criteria for melan-
cholic, atypical or anxious subtype (see Figure 1); (4) first 
episode or recurrent episode with medication, rTMS, or 
MECT treatment ≤4 weeks prior to enrollment. The exclu-
sion criteria are as follows: (1) a history of another DSM-IV 
Axis I disorder (eg, bipolar disorder, schizophrenia, schizoaf-
fective disorder, and autism disorder); (2) obvious suicidal 
ideation, attempt or behavior (eg, score of item 3 of 17- 
HDRS ≥3); (3) hard to define as melancholic, atypical or 

anxious subtype; (4) a history of treatment resistant depres-
sion; (5) serious physical illness (eg, brain tumor or damage) 
or condition (eg, current pregnancy or breastfeeding) that 
may interfere with the study protocol.

Study Design and Procedure
Figure 2 displays standard protocol items according to the 
Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT).25,26

Randomization and Interventions
All participants are categorized into melancholic, atypical, or 
anxious subtypes, with 250 individuals in each group, based 
on our criteria shown in Figure 1. Then the patients in each 
subtype group will be 1:1 randomly assigned to different 
intervention groups by random cipher. The detailed interven-
tion strategies for the different subtypes are seen in Figure 3.

Doses for medications are adjusted by the clinicians 
according to routine clinical practice within the dose 
ranges in directions. The usage of AAP is decided by 
clinicians depending on the clinical guideline and experi-
ence. Physical treatment including rTMS and MECT is 
chosen by patient’s personal preferences to operate follow-
ing routine clinical procedure. cCBT is adopted by the 
patient at home for six weeks according to manual. Treat 
as usual (TAU) is defined as the routine care that subjects 
receive once they are diagnosed with MDD. In practice, 
this means that TAU may include pharmacologic treat-
ment, psychotherapy, physical treatment or a combination 
of them. We will not interfere with TAU, but we will 
assess carefully according to study protocol.

Clinical Visits and Assessments
At screening, the Mini-International Neuropsychiatric 
Interview (MINI) is used to confirm the criteria for MDD. 
Clinical symptoms and side-effects will be evaluated at critical 
decision points (CDP) including weeks two, four, six, eight, 
and 12 after treatment. Depressive symptom severity is 
assessed using 17-Hamilton Depression Rating Scale (17- 
HDRS), the Quick Inventory of Depressive Symptomatology- 
self-report (QIDS-SR) and the Inventory of Depressive 
Symptomatology (IDS30). The Hamilton Anxiety Scale 
(HAMA) is used to evaluate the anxiety symptoms. Adverse 
events are evaluated by the Treatment Emergent Symptom 
Scale (TESS).

In addition, blood draw, EEG test, and MRI scan will be 
performed at week 0 (baseline) and weeks 8 or 12 (endpoint). 
Five milliliters of venous blood will be collected from each 
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subject in anticoagulant-free tubes between 07:00 and 09:00 
am after an overnight fast. The blood will be centrifuged at 
3000× g for 20 min at 4°C within two hours for serum 
separation and stored at −80°C until it is assayed. Repeated 
freeze–thaw cycles are avoided. Serum levels of target pro-
tein will be measured in duplicate by the ELISA method (or, 
ultimately, any other measure of protein detection). All sam-
ples are performed by operators that are blind to the subjects’ 
clinical status.

CTCs remain in contact with participants to enhance 
participation and minimize premature discontinuation. All 
participants are encouraged to continue the same treatment 
used in the 8 to 12-week period after completion of this 
study, if effective and acceptable.

Outcomes
The primary outcome is the reduction rate in 17-HDRS 
total score from baseline to the end of the study. 
Remission is defined as 17-HDRS total score of ≤7 and 
response is defined as ≥50% decrease from 17-HDRS total 
score at baseline. The secondary outcomes include the 
changes in the scores of QIDS-SR, IDS30 and HAMA 
from the baseline to the endpoint. The result of TESS 
will be used to represent the acceptability of intervention.

Sample Size Estimation
The sample size for this study was calculated with regard to 
the k-proportions comparison between treatment conditions. 
Considering a significance level of 0.05, an 80% statistical 
power, according to the following formulas to compute 
sample size and power, respectively (pA=0.5, pB=0.35, τ=3):

n ¼ ðpAð1 � pAÞ þ pBð1 � pBÞÞ
Z1 � a

2τþ Z1 � β
pA � pB

� �2 

1 � β ¼ Φ z � zð1� α= 2τÞð Þ

� �
þΦ � z � zð1� α=ð2τÞÞ

� �
;

z ¼
pA � pB

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pA 1� pAð Þ

n þ
pB 1� pBð Þ

n

q

A total sample of 222 patients in each subtype group is 
required. Considering drate of 10%, 250 cases will be 
recruited. Cases will then be 1:1 randomly assigned to five 
different intervention groups of which N=50 per treat-
ment arm.

Concomitant Medication
Except for the medications mentioned in Figure 3, other 
psychotropic drugs are prohibited during the study. 
Meanwhile, sedative drugs are not recommended for 
insomnia during this study, with the exception of nonben-
zodiazepines (eg, zopiclone, zolpidem, etc) or benzodiaze-
pines but limited to lorazepam if need be. The use of 
medication for physical diseases is permitted but with fix- 
dose procedure as far as possible. All the concomitant 
medication will be recorded in detail.

Data Monitoring and Safety Reporting
Various aspects of the study including participant recruitment, 
protocol compliance and serious adverse events (SAEs) will 
be monitored and reported by CTCs every two months. All 
SAEs (see Table 1) are recorded in the CRF and on the 
“Serious Adverse Events Report” form. The form is supposed 
to record the detailed information of SAEs, such as the 

Atypical typeMelancholic type Anxious type

1. Score of item 9 or 21 of IDS-30 ≥2

2. At least 3 items in the following items:

A distinct quality of depressed mood 

characterized by profound despondency, 

despair or moroseness or by so-called  

empty mood.

Depression that is regularly worse in the 

morning.

Irritable.

Psychomotor agitation or retardation.

Significant anorexia or weight loss.

1. Score of item 21 of IDS-30 ≥2

2. At least 2 items in the following items:

Hypersomnia.

Increase in appetite or significant weight 

gain.

Sensitive interpersonal relationship.

Leaden paralysis (heavy, leaden 

feelings in arms or legs).

1. Score of Factor 1 (including item 10, 11, 

12, 13, 15 and 17) of 17-HDRS ≥7

2. At least 2 items in the following items:

Feeling keyed up or tense.

Feeling unusually restless.

Difficulty concentrating because of 

worry.

Fear that something awful may happen.

Feeling that the individual might lose 

control of himself or herself.

Figure 1 The criteria for different subtypes of MDD. 
Abbreviations: IDS-30, Inventory of Depressive Symptomatology; 17-HDRS, 17-Hamilton Depression Rating Scale.
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severity, date of onset and duration, whether it is caused by 
exposure to study inventions, what actions have been taken, 
etc. Timely and accurate safety reports must be submitted to 
the principal investigator and the institutional review board. 
The principle investigator should ensure all measures neces-
sary for resolution of the SAE are taken. All medications for 
treatment of the SAE are recorded in the CRF. The SAE 
follow-up will continue through the last day of the study.

Discontinuation
The end of the study is defined as participants finishing 
the evaluation at the end of 12 weeks, or withdrawal 

from the study. Participants are free to withdraw from 
the study at any time for any reason. They can also be 
withdrawn by the investigator, if necessary, to protect 
their safety or integrity of the study data. The principal 
investigator can withdraw a participant from the study 
for any of the following reasons: (1) a protocol disobe-
dience or noncompliance that might compromise the 
study data; (2) a participant’s request to discontinued 
the study; (3) occurrence of SAE or intolerance to the 
intervention; (4) occurrence of severe physical disease 
whether it is related to the study or not; (5) loss of 
follow-up.

Enrolment Allocation Follow-ups Close-out

TIMEPOINT -t1 0 Week 
2

Week 
4

Week 
6

Week 
8

Week 
12 tx

ENROLMENT:

Eligibility screen X

Informed consent X

Stratification (Symptom-based) X

ASSESSMENTS:

Demographic data
X

Clinical data
X X X X X X X

Blood draw, EEG test, MRI
X X X X X X X

Treatment data
X X X X X X X

Side-effects
X X X X X X

Data monitoring and Safety reporting X X X X X X X X

RANDOMIZATION INTERVENTIONS/COLLECTION MOMENTS:

Pharmacologic treatment X

Pharmacologic plus Psychotherapy X

Pharmacologic plus Physical treatment X

Control (TAU) X

Figure 2 Standard protocol items— recommendations for interventional trials (SPIRIT).
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Quality Control
Quality control mainly involves two issues: rater training 
and clinical data acquisition. (a) All clinical staff should 
finish standardized rater training and be certificated by 
each site CTC. Take the 17-HDRS for example, at least 
three training sessions (videotaped interviews) with 
depressed patients were organized, and raters need to 
reach the agreement of ratings with reference to expert 
standards. Moreover, CTCs at each site are trained and 
certified in protocol implementation and data collection 
methods for accreditation. To minimize cross-site differ-
ences, the central coordinator supervises the procedural 
quality control of clinical data procedures based on the 
guidelines of ICH-GCP, including Source Document 
Verification, Data Integrity Checks, etc. Entry of data 
into a portable android device (PAD) using a clinical trial 
data management system that performs simple range and 
missing data item checks. Data will be synchronized in 
real time and transferred to the central coordinating team, 

assuring capacity to assess the ongoing trial. (b) As quality 
control for EEG and fMRI, every platform used standar-
dized instructions and recording. The data preprocessing 
step will carry a specific series of artifact correction and 
rejection procedures.

Standardized EEG and MRI Data Collection and 
Preprocessing
The functional magnetic resonance imaging (fMRI) data is 
measured while participants are performing an auditory 
attentional task (standard P300). To determine which 
brain regions are correlated with each other, and to what 
degree, we employ a SAS macro to calculate the max-
imum activation in each brain region and to generate 
a summary graphic of the correlations among brain 
regions. It computes correlation matrix of all possible 
brain regions pairwise and output with different line 
widths reflecting magnitude of the Pearson or Spearman 
correlation coefficient (all lines representing correlations 
with a P<0.05).27

Figure 3 Flow of participants through the study. 
Abbreviations: MINI, Mini-International Neuropsychiatric Interview; DSM-5, Diagnostic and Statistical Manual of Mental Disorders-fifth edition; Fluo, fluoxetine; Bupr, 
bupropion; Fluv, fluvoxamine; Mirt, mirtazapine; Dulo, duloxetine; Venl, venlafaxine; Li, lithium; AAP, atypical antipsychotics; PT, physical treatment; TAU, treatment as usual; 
cCBT, computerized cognitive behavioral therapy.
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At all experimental sites, resting EEG (eyes-open and 
eyes-closed conditions) is recorded and LDAEP measured 
using binaural tones (1000 Hz, 40 ms) at five intensities 
(60–100 dB SPL). EEG data will be interpolated to 
a common 72-channel montage (CU) and sample rate (256 
Hz) to minimize cross-site differences, and a preprocessing 
pipeline for continuous EEG to extract epochs for source 
localization analyses (ie rACC theta activity).28

Statistical Analysis
All the data will be managed by CTCs in each site and 
converge into the principal investigator. Primary analyses 
will be conducted based on an intent-to-treat principle, 
including all participants as randomized, regardless of treat-
ment received or withdrawal from the study. Per protocol 
analysis including only participants who have completed the 
primary outcome will be analyzed. Missing data will be 
handled by multiple imputations with 100 iterative estima-
tions per value, which is currently viewed as the gold stan-
dard with regard to missing data.29 We will use hierarchical 
linear modeling, with mixed-effects repeated-measures mod-
els implemented in SAS software, version 9.4 PROC 
MIXED (SAS Institute Inc.), with the cutoff P-value set at 
0.05 (two-sided). Random effects are fitted to the model 
accounting for additional sources of variation. Multiple 
logistic regression models will be used to give maximum 
sensitivity and specificity as well as further analysis.30

Discussion
This is an 8 to 12-week, multicenter RCT study with 
a parallel group design which aims to determine the best 
and acceptable treatment for melancholic, atypical, and 
anxious subtypes of MDD in adults. In addition, clinically 
useful biomarker tools integrating peripheral blood test, 
electrophysiological and neuroimaging data that can be 
applied to for objectively diagnosing and subtyping as 

well as precisely predicting treatment response are 
expected to develop in this study. Participants are being 
recruited from eight clinical sites in China to assemble 
a broadly inclusive and representative population. Thus, 
study results should be widely generalizable.

Trial Status
Protocol version 3.0 (July 2017). The study commenced 
recruitment in August 2017 and is currently ongoing. 
Estimated study completion date is December 2020.

Abbreviations
MDD, major depressive disorder; DSM-5, Diagnostic and 
Statistical Manual of Mental Disorders; STAR*D, 
Sequenced Treatment Alternatives to Relieve Depression; 
iSPOT-D, International Study to Predict Optimized 
Treatment in Depression; CO-MED, Combining Medications 
to Enhance Depression Outcomes; CRESCEND, Clinical 
Research Center for Depression; SSRIs: selective serotonin 
reuptake inhibitors; AAP, antidepressant, atypical antipsycho-
tics; rTMS, repetitive transcranial magnetic stimulation; 
MECT, modified electroconvulsive therapy; cCBT, computer-
ized cognitive behavioral therapy; SNRI, serotonin and nor-
epinephrine reuptake inhibitor; CTC, clinical trial 
coordinators; TAU, treat as usual; MINI, Mini-International 
Neuropsychiatric Interview; CDP, critical decision points; 17- 
HDRS, 17-Hamilton Depression Rating Scale; QIDS-SR, 
Quick Inventory of Depressive Symptomatology-self-report; 
IDS30, Inventory of Depressive Symptomatology; HAMA, 
Hamilton Anxiety Scale; TESS, Treatment Emergent 
Symptom Scale; SAEs, serious adverse events; ICF, informed 
consent form; ICH-GCP, International Conference on 
Harmonization Good Clinical Practice; CONSORT, 
Consolidated Standards of Reporting Trials.

Data Sharing Statement
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 Ethical Review Board of Shanghai Mental Health 
Center, Shanghai Jiao Tong University School of 
Medicine approved the study protocol (2017-07R). Any 
significant modifications to the protocol will be forwarded 
to the committee for approval. During the informed 

Table 1 Serious Adverse Event

Any Adverse Event Occurring at Any Dose of Medication or After 

Physical Treatment That Results in Any of the Following Outcomes:

Death

Life-threatening situation (participant is at immediate risk of death)

Inpatient hospitalization or prolongation of existing hospitalization)

Persistent or significant disability

Congenital anomaly/birth defect in the offspring of a participant who 

received intervention
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consent process, the nature, purpose, potential benefits and 
risks, and requirements of the study will be explained to 
all candidates by researchers, with sufficient time for them 
to resolve concerns about the study. Those who are willing 
to participate will be asked to sign and date the informed 
consent form (ICF). A copy of the signed ICF will be 
given to every participant. All participants will be asked 
for their permission to share their anonymized data across 
all collaborating study sites and to publish the results 
which will not contain identifiable information. This 
study is conducted in accordance with the Declaration of 
Helsinki of the World Medical Association.31 All research-
ers will follow the guidelines for the International 
Conference on Harmonization Good Clinical Practice 
(ICH-GCP)32 and the trial outcomes will be reported in 
line with the Consolidated Standards of Reporting Trials 
(CONSORT) guidelines.33
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