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INTRODUCTION

Disease burden and unmet treatment needs associated 
with depression 

Depression, which is already common, is expected to be the 
leading contributor to the global disease burden by 2030.1 
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Moreover, suicide, a life-threatening potential outcome of 
depression, constitutes a major public health problem. Anti-
depressant medications have made important contributions 
to the treatment of depression, including reducing the mor-
bidity and costs associated with this disorder.2 However, it 
has been estimated that one-third3 to two-thirds4 of patients 
receive insufficient benefits from an ostensibly adequate regi-
men of a first-line antidepressant medication. Moreover, re-
search has also reported that 15–33% of this group do not re-
spond to multiple interventions.5,6 Until now, the most effective 
antidepressant for individual patients has been identified by 
trial and error, leading to delays in recovery and poor out-
comes, including disability and compromised quality of life.7 
Therefore, it has become important to identify reliable treat-
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ment response predictors for use in developing personalized 
treatment strategies for depressive disorders.

Role of biomarkers in predicting and enhancing 
antidepressant response

Decades of research have been devoted to efforts to identi-
fy the biomarkers and underlying biological mechanisms as-
sociated with antidepressant response for use in tailoring 
medication regimens to each patient’s biological profile. Re-
search has been oriented toward identifying biomarkers in-
volving protein levels and genetic variations using candidate 
gene and genome-wide association studies (GWAS). 

Genetic markers
Genetic markers are thought to be reliable biomarkers for 

antidepressant response, given that genetic markers cannot 
be changed during depressive episodes or the treatment pro-
cess.8 Considerable effort has been devoted to determining 
the best genetic markers with which to identify individuals 
who are most likely to benefit from particular antidepres-
sants with the fewest adverse effects. Candidate gene studies 
have reported relatively consistent findings, and a recent me-
ta-analysis suggested that the brain-derived neurotrophic fac-
tor (BDNF) val/met polymorphism and the polymorphism 
related to serotonergic systems that include a variable number 
of tandem repeats within intron 2 (STin2), a serotonin trans-
porter gene promoter polymorphism (5-HTTLPR), and a se-
rotonin receptor (HTR2a) polymorphism, were associated 
with antidepressant response and adverse effects.9 Unfortu-
nately, the effect of individual polymorphisms has been too 
small to affect clinical decisions about antidepressants. 

GWAS 
GWAS have been performed to predict responses to antide-

pressants in an effort to compensate for the disappointing re-
sults of candidate gene studies. Six GWAS have investigated 
antidepressant responses in Western10-12 and Asian popula-
tions.13-15 However, although one study found genome-wide 
significant variations,13 the other studies, including a meta-
analysis of 2,256 individuals from three Western studies,16 
failed to find meaningful genome-wide significance levels. 
Moreover, the results of individual studies did not overlap. 
Based on the inconclusive and unreplicated findings from 
the GWAS, larger sample sizes are needed to detect significant 
associations in GWAS. Additionally, given that a substantial 
part of the genetic vulnerability associated with antidepressant 
response may not be accounted for by the variants usually 
measured in these studies, it seems clear that other genetic data 
using different genetic platforms are needed to determine reli-
able genetic markers. 

Whole-exome sequencing 
The use of human genome sequencing enables identification 

of the genetic variants that affect heritable phenotypes and 
drug sensitivity. Indeed, application of whole-exome sequenc-
ing to investigation of all the exons of the protein-coding genes 
in the genome has made it possible to identify previously un-
characterized polymorphisms that determine antidepressant 
response.17 However, only one such study has been conduct-
ed, and this research had a limited sample size (n=10 depressed 
patients) and evaluated only one antidepressant (escitalo-
pram).18 

Protein markers
Protein markers are useful complements to genetic infor-

mation, given that they are the outputs of gene translation that 
reflect the actual functional status of and effects of the envi-
ronment on the organism. A number of studies have investi-
gated alterations in neurotrophic factors, the hypothalamus-
pituitary-adrenal (HPA) axis, and inflammatory systems.

Given that a previous meta-analysis found that the level of 
BDNF is decreased in patients with depression and increases 
with the clinical improvements associated with the use of an-
tidepressants, it has been suggested that of the neurotrophic 
factors, BDNF, which affects neuronal plasticity, can serve as 
a reliable biomarker for antidepressant response.19,20 Although 
this meta-analysis found that the restoration of BDNF levels 
was more prominent in responders than in non-responders,21 
and although an individual study found that responders had 
higher pre-treatment BDNF levels than non-responders,22 
questions about whether BDNF can serve as a predictive bio-
marker for antidepressant response remain unanswered, ren-
dering these findings of no clinical utility in psychiatric practice. 

Abnormality in the HPA axis, one of the most commonly 
reported biological alterations in depression, may be a candi-
date predictor of treatment response. In general, depressed 
patients exhibit HPA axis hyperactivity23,24 that seems to de-
crease after antidepressant treatment.25 However, some evi-
dence suggests that persistent HPA axis hyperactivity during 
antidepressant treatment is predictive of a relapse of major 
depressive disorder (MDD).26,27 Nevertheless, in the context 
of these inconsistent findings, no consensus has been estab-
lished regarding whether the parameters of the HPA axis 
have predictive value for the treatment response of depressed 
patients.24,28

Recent evidence suggests that major depression is associat-
ed with inflammation, including higher concentrations of in-
flammatory markers [e.g., C-reactive protein, interleukin 
(IL)-1, and IL-6],29,30 and findings indicating that such in-
flammation may be modified with antidepressants has drawn 
research attention to the inflammatory system as a potential 
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biomarker of antidepressant response.31 A recent meta-anal-
ysis found that treatment non-responders tended to have 
higher levels of baseline inflammation,32 but it also reported 
a lack of significant results regarding the necessary compos-
ites of inflammatory markers. 

 
Limitations of previous studies, future directions, 
and the MAKEBETTER study

Despite years of research focused on identifying reliable 
predictors of treatment response, no such predictor has been 
identified thus far. Clinical and sociodemographic character-
istics have revealed weak predictive value, although recent 
challenges combining 48 predictors have increased predic-
tion accuracy up to 77.7%.33 No biomarkers or genetic mark-
ers have been established despite recent trials to determine 
the additive effects of individual single-nucleotide polymor-
phisms (SNPs) and to integrate GWAS data with extant (albeit 
disappointing) findings.34 Previous studies appear to have 
had limited ability to determine whether individual predic-
tors represent clinical or genetic phenomena. Research has 
demonstrated that the heritability of antidepressant response 
can reach 40%,35 which is the same level associated with clin-
ical and environmental markers; thus, genetic markers alone 
are not sufficient to predict treatment responses in cases of 
depression. Moreover, GWAS with inadequate samples have 
been unable to identify the predictors of antidepressant re-
sponse.

Therefore, we designed the MAKE BETTER study to inves-
tigate the integrated markers needed to predict treatment re-
sponse in patients with depressive disorder. This study focused 
on a comprehensive array of clinical data and genetic and 
other protein biomarkers to increase the predictive power of 
our model to a clinically useful level. Our use of a naturalistic 
prospective design allowed for broad inclusion and minimal 
exclusion criteria to reflect real clinical situations. To over-
come the limitations of previous genetic marker studies, we 
adopted a whole-exome sequencing approach to identify the 
genetic factors that influence antidepressant treatment re-
sponse. Based on comprehensive data from the MAKE BET-
TER study, we will be able to determine the most significant 
markers for predicting treatment response. Additionally, by 
applying appropriate bioinformatics techniques, we will de-
velop a treatment response prediction index based on a list 
of biomarkers and their estimated power for predicting treat-
ment response.

 
METHODS

Study design and recruitment
The MAKE BETTER study is an ongoing effort to explore 

the biomarkers for antidepressant treatment response among 
individuals with depressive disorders. This study has been sup-
ported by the Korean Ministry of Health and Welfare since 
2012 and by the Basic Science Research Program through 
the National Research Foundation of Korea (NRF), funded 
by the Ministry of Science, ICT and Future Planning, since 
2016. To identify the biomarkers for predicting treatment re-
sponses in real-world settings, we employed a naturalistic 
prospective study design rather than randomized controlled 
trials, as the latter assessed treatment responses under ideal 
conditions including rigorous controls. Therefore, treatment 
decisions would not be influenced by the study protocol, 
rendering the results reflective of actual clinical practice. 
Moreover, no prohibited drugs were existed, and the kind, 
dose, and maintenance duration of antidepressants were 
based on the clinician’s judgment. Participants were consecu-
tively recruited from patients with depressive disorder who 
had recently visited the Psychiatry Department of Chonnam 
National University Hospital, Gwangju, Korea. Patients with 
depressive symptoms were clinically evaluated for depressive 
symptoms by study psychiatrists using the Mini-Internation-
al Neuropsychiatric Interview (MINI), a structured diagnos-
tic psychiatric interview based on DSM-IV criteria.36 Eligible 
patients with depressive disorders who agreed to participate 
in the MAKE BETTER study were approached for follow-up 
assessments at 1, 2, 3, and 6 weeks; 3 months; and every 3 
months thereafter up to 2 years to determine the short- and 
long-term treatment outcomes and clinical course of their de-
pressive disorder. We approached those depressed patients 
who participated in the MAKE BETTER study who were free 
from psychotropic medication for at least 1 month to partici-
pate in an additional study, the Cortisol study, which was de-
signed to determine the role of endocrinological biomarkers 
in treatment response prediction; to that end, we collected sali-
vary samples from those who agreed to participate. Written 
informed consent forms were obtained for both studies, and 
both studies were approved by the Chonnam National Uni-
versity Hospital Institutional Review Board (CNUH 2012-014). 

Study subjects
Both inpatients and outpatients who met the appropriate 

inclusion and exclusion criteria were asked to participate in 
the MAKE BETTER and cortisol studies (Table 1). Figure 1 
presents the size of each sample. We hypothesized that pa-
tients with a partial or absent response to antidepressant 
medication would require a minimum of four stages of treat-
ment based on our determination that this approach would 
yield an 80% power to detect a 0.45 effect size for the primary 
outcome [treatment response as defined as a Hamilton Rating 
Scale for Depression (HAMD) score reduction of >50% over 
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the treatment period] using chi-square tests with statistical 
significance set at 0.05. Given a previously reported follow-
up loss rate of 45% in a Korean naturalistic study of antide-
pressant trials, a minimum of 39 subjects per group and 1,136 
subjects in total were needed.

 
Treatment

Depressed patients were managed by the study psychia-
trists according to the practice guidelines for the treatment of 
patients with major depressive disorder (MDD).37,38 Specifi-
cally, monotherapy with first-line antidepressants was applied 
for 2–4 weeks. Patients with a partial or absent response were 
either switched to another antidepressant, or adjunctive medi-
cations, including antipsychotics, lithium, thyroid hormones, 
or other antidepressants, were prescribed according to the 
treatment guidelines. Patients who experienced improve-
ment were provided with maintenance treatment for 6–24 
months based on the individual risk for recurrence.

Assessment 
All patients who participated in the MAKE BETTER and 

cortisol studies completed a baseline assessment as well as 12 
follow-up assessments performed over a period of 2 years. To 
compensate for the limitations of previous studies in which 
limited numbers of candidate markers for antidepressant re-

sponse were investigated, this study tried to evaluate a com-
prehensive array of clinical data and genetic and other pro-
tein biomarkers. During the baseline evaluation, we collected 
data on a variety of factors that potentially affect responses to 
antidepressants, including sociodemographic, clinical, and 
biological characteristics; characteristics subject to change 
were also assessed during the follow-up period. Table 2 sum-
marizes the detailed evaluation schedules.

Clinical assessment
All patients underwent a diagnostic evaluation, including 

assessments of medical and psychiatric histories, conducted 
by study psychiatrists. Lifetime and current DSM-IV diagno-
ses of axis I disorders were determined using a structured di-
agnostic psychiatric interview, the MINI, and the severity of 
depression was determined using the 17-item HAMD to con-
firm eligibility for study participation.39 Additional assess-
ments were performed by two research nurses who were 
blind to the HAMD and MINI findings. 

General sociodemographic (i.e., gender, age, educational 
level, marital status, occupation, socioeconomic status, per-
sonal and family history of psychiatric and physical illnesses, 
and gynecological history) and psychological (personality 
type, social support, and stress) information was collected. 
Personality was evaluated using the 10-item short version of 

Table 1. Selection criteria

MAKE BETTER study Cortisol study
Inclusion criteria

Aged older than 7 years
DSM IV diagnoses of major depressive disorder, dysthymic disorder, and depressive 

disorder not otherwise specified (NOS) as ascertained by the MINI 
Score ≥14 on the Hamilton Depression Rating Scale 
Female patients with child-bearing potential who did not plan to become pregnant 

during the study period and agreed to use an appropriate contraceptive method
Able to complete the questionnaires
Able to understand the objective of the study and sign informed consent form

Same as the MAKE BETTER study but
Aged older than 20 years
Free of psychotropic medications for at least 

1 month

Exclusion criteria
Unstable or uncontrolled medical condition
Unable to complete the psychiatric assessment or comply with the medication regimen 

due to a severe physical illness
Current or lifetime DSM-IV diagnosis of bipolar disorder, schizophrenia, 

schizoaffective disorder, schizophreniform disorder, psychotic disorder NOS, 
or other psychotic disorders

History of organic psychosis, epilepsy, or seizure disorder
History of anticonvulsant treatment 
Hospitalization for any psychiatric diagnosis except depressive disorder (e.g., alcohol/

drug dependence)
Electroconvulsive therapy for the current depressive episode
Pregnant or breastfeeding

Same as the MAKE BETTER study 

MAKE BETTER: MAKE Biomarker discovery for Enhancing anTidepressants Treatment Effect and Response, DSM-IV: Diagnostic and Sta-
tistical Manual 4th edition, MINI: Mini-International Neuropsychiatric Interview
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the Big Five Inventory.40 Social support deficits were measured 
with the Multidimensional Scale of Perceived Social Sup-
port.41 The assessment of stress included the number of stress-
ful life events (SLEs), subjective perceptions of stress, and level 
of resilience. The number of SLEs was determined using the 
modified Korean version of the Life Experiences Survey, which 
includes 37 items on stressful events within the previous 3 
months.42 Adverse experiences before the age of 16 years were 
assessed with four items assessing physical, psychological, 
and sexual abuse. Perceptions of stress were evaluated with 
the Perceived Stress Scale,43 and the ability to cope with stress-
ful events was measured using the Conner-Davidson Resil-
ience Scale.44 

To evaluate the severity of depressive symptoms, we ad-
ministered additional measures, including the Hospital Anx-
iety and Depression Scales (HADS)45 and the Clinical Global 
Impression Scale-severity (CGI-s).46 Thus, three depression 
scales were used to measure depression severity: the HAMD, 
which is the observer-rated scale most widely used in clinical 
trials on depression treatment outcomes; the HADS, which 

is a self-reported measure with fewer items addressing the 
somatic manifestations of depression; and the CGI-s, which 
is a brief assessment of general symptomatology.47 

To assess other psychiatric symptoms included in our mul-
tidimensional conceptualization of depression and treatment 
outcomes, we assessed psychological wellbeing and function-
ing, functional disability, suicidality, and quality of life. Func-
tional disability was measured with the Social and Occupa-
tional Functioning Assessment Scale (SOFAS)48 and the 
Sheehan Disability Scale (SDS).49 Suicidality was evaluated with 
the suicide-related items on the Brief Psychiatric Rating Scale 
(BPRS),50 and the Schedule for Affective Disorders and Schizo-
phrenia (SADS).51 Health-related quality of life was assessed 
with the EuroQol-5 Dimension (EQ-5D).52 

Biological assessment
Blood samples were collected from participants at both base-

line and the 1-year follow-up visit to identify the biological 
markers for predicting antidepressant response as well as to 
analyze changes during the treatment period as a function of 

Figure 1. Sample size according to treatment process.

First antidepressant monotherapy trial
N=624        1,136 patients needed considering

follow-up loss rate of 45%

Patients with good response 
N=312

Patients with good response 
N=156

Patients with good response 
N=78

Patients with good response 
N=39

Patients withpartial/poor response 
N=39

Other treatment maintenance treatment

Follow-up for two years

Patients with partial/poor response
→Second antidepressants treatment

N=312 (switch or add adjunctive)

Patients with partial/poor response
→Third antidepressants treatment 
N=156 (switch or add adjunctive)

Patients with partial/poor response
→Fourth antidepressants treatment 

N=78 (switch or add adjunctive)
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treatment course. Considering the unsatisfactory results of 
previous genetic marker studies using the genome-wide as-
sociation approach, we adopted a new approach to identify 
the genetic factors that influence antidepressant treatment 
responses. We investigated genetic markers via whole-exome 
sequencing; blood biomarkers, including those for neuronal 
plasticity; neuroendocrine markers associated with the HPA 
axis; immunological markers, including cytokine levels; and 
biomarkers of one-carbon metabolism. Additionally, we eval-
uated data on vital signs, body mass index, and electrocardi-
ography (ECG) variables. Saliva samples were collected from 
those who participated in the cortisol study to assess the cor-
tisol awakening response at baseline, 2, 6, 12, and 24 weeks. 
Participants in the cortisol study were instructed to collect sa-
liva samples at home using Salivettes (Sarstedt AG and Co, 
Nümbrecht, Germany) at three time points (at awakening, at 
30 minutes after awakening, and at 10 PM) during the day be-
fore the assessment schedule. 

Treatment-related assessment
The HAMD was used as the primary outcome measure for 

assessing antidepressant response, and other depression mea-
sures, including the HADS and CGI-s, were used as second-

ary outcome measures. Other psychiatric outcome measures 
included the SOFAS, SDS, EQ-5D, and BPRS/SADS. All scales 
were administered at baseline and at every follow-up visit. In 
terms of general safety, adverse events during the study peri-
od were recorded at all visits. Serious clinical and laboratory 
adverse events were assessed using blood samples and ECG 
at both baseline and the 1-year follow-up visit. Resting blood 
pressure (BP) was measured at baseline and at 2 weeks, 6 weeks, 
and every 3 months for 2 years during follow-up visits. Discon-
tinuation of participation in the study due to adverse events 
was recorded. 

Development of a treatment response prediction index 
After the last enrolled subject has been followed for 2 years, 

we will integrate the comprehensive data obtained via the 
MAKE BETTER study. The most significant markers for pre-
dicting treatment response will be identified using statistical 
methods. Furthermore, by applying appropriate bioinformat-
ics techniques, we will develop a treatment response predic-
tion index based on a list of biomarkers; we will then calcu-
late the estimated predictive power of the index with regard 
to treatment response. Following the validation of our treat-
ment prediction index, we hope to use it to prescribe antide-

Table 2. Schedule of assessment for MAKE BETTER study

 Assessments Base-line
1

weeks
2

weeks
3

weeks
6

weeks
3

Month
6

Month
12

Month
15

Month
18

Month
21

Month
24

Month
Clinical assessment

Socio-demographic characteristics √
Psychological characteristics

Personality √ √ √
Social support √ √ √ √
Stress-related status √ √ √ √

Outcomes of depression
Depressive symptom √ √ √ √ √ √ √ √ √ √ √ √
Functional disability √ √ √ √ √ √ √ √ √ √ √ √
Suicidality √ √ √ √ √ √ √ √ √ √ √ √
Quality of life √ √ √ √ √ √ √ √ √ √ √ √

Biological assessment
Blood biomarker √ √
Salivary cortisol (cortisol study only) √ √ √ √ √
Electrocardiography √ √
Resting BP, body mass index √ √ √ √ √ √ √ √ √ √

Treatment related assessment
Antidepressants, dosage, duration √ √ √ √ √ √ √ √ √ √ √ √
Adverse events √ √ √ √ √ √ √ √ √ √ √ √
Withdrawal √ √ √ √ √ √ √ √ √ √ √ √

MAKE BETTER: MAKE Biomarker discovery for Enhancing anTidepressants Treatment Effect and Response, BP: blood pressure
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pressants in clinical practice; this should result in increasing 
treatment response and decreasing adverse effects, leading to 
improvements in recovery and better outcomes for depressed 
patients. 

 
CONCLUSION

The MAKE BETTER study will make a meaningful and 
significant contribution to research on the prediction of anti-
depressant response. Compared to previous studies, the pro-
spective naturalistic study design of our research will yield 
data that reflect actual clinical practice and, in turn, the find-
ings of our study will enhance our understanding of relevant 
issues. Our use of a novel genetic testing technology, whole ge-
nome sequencing, will enable us to identify the genetic vari-
ants related to treatment response and thereby contribute to 
the development of an innovative antidepressant response 
prediction index. Moreover, our data on predictors of antide-
pressant response according to individual characteristics, 
such as genetic vulnerabilities, blood level status, and related 
interactions, should provide guidance for decision-making 
about choice of antidepressant, serving as a cornerstone of 
precision medicine in psychiatry. 
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