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Review Article

Predictors and Risk Factors of  
Treatment-Resistant Depression:
A Systematic Review

Shane J. O’Connor, MSc; Nilay Hewitt, PhD; Joanna Kuc, MSc; and Lucinda S. Orsini, DPM, MPH

Major depressive disorder (MDD) is a debilitating 
disease that is characterized by depressed 
mood, diminished interests, impaired cognitive 

function, and vegetative symptoms, such as disturbed 
sleep or appetite.1 In some cases, repeated attempts to 
treat the disorder fail to help people with depression, 
resulting in persistent and adverse symptoms. Those 
who do respond to treatments have a high risk of relapse 
and further depressive episodes.2 Depression that is not 
helped after multiple adequate antidepressant treatment 
is referred to as treatment-resistant depression (TRD).

Though consensus has not been reached on the 
definition of TRD, the most common definition is 
characterized by the failure of two prior treatments 
of adequate dose and duration. A recent systematic 
literature review illustrated that only 48% of published 
studies used this definition to identify TRD.3 Using 
this common definition, TRD is estimated to account 
for 20%–30% of patients with MDD, affecting 2.8 
million people in the US.4 About half of TRD patients 
cannot perform daily tasks and experience a much 
lower quality of life. In addition, TRD patients have a 
higher comorbidity burden, lower work productivity, 

Abstract

Objective: To systematically review 
the literature to identify and categorize 
the predictors and risk factors for 
treatment-resistant depression (TRD).

Data Sources: Online databases 
(PubMed, MEDLINE, Embase, and APA 
PsycNet) and relevant conference 
sources were searched from inception 
up to January 24, 2022. The following 
keywords were used: treatment-resistant 
depression, depressive disorder, 
predictors, risk, and biomarkers.

Study Selection: All studies that 
included a definition of TRD were 

included. A total of 1,686 abstracts 
were screened, and 57 studies were 
included in the final data synthesis.

Data Extraction: Data were 
extracted using a data extraction 
form developed for this study.

Results: The most frequently reported 
mental predictors/risk factors were 
greater symptom severity (9 studies), 
suicidality (8 studies), and recurrent 
depression (6 studies). Cardiovascular 
disease (4 studies), pain (3 studies), and 
thyroid dysfunction (3 studies) were 
the most common physical predictors/
risk factors, while younger age (7 
studies) and female gender (6 studies) 
were the most common demographic 

predictors/risk factors. Higher levels 
of neuroticism appeared twice in the 
literature. Several articles reported on 
genetic, biological, and imaging variables, 
but results were too heterogenous to 
identify common predictors/risk factors.

Conclusions: TRD is a complex disorder 
with many contributing factors that 
need to be identified and addressed 
earlier in the disease course to prevent 
its development or facilitate better 
treatment outcomes. Future work should 
focus on replicating the key predictors/
risk factors identified in this review.
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and higher rates of unemployment and are more likely 
to receive disability or welfare benefits compared to 
the general population and to those with MDD without 
treatment resistance.5,6 The majority of patients seeking 
pharmacotherapy for MDD are initially started on selective 
serotonin reuptake inhibitors (SSRIs) or serotonin-
norepinephrine reuptake inhibitors (SNRIs) as first and 
second treatments for MDD.7 According to treatment 
guidelines, changing classes of medication or augmenting/
combining SSRIs/SNRIs with a new class of medication 
after non-response to the initial classes of antidepressant 
pharmacotherapy significantly increases response rates.8

Consequently, there is a need for early identification 
of individuals with MDD who are likely to develop 
TRD, which would expedite their access to more 
appropriate treatments, including earlier access to 
combination/augmentation regimens or specialist 
therapies such as interventional psychiatric treatment.

In biomedical research, predictors can be used in 
models to identify individuals at high risk of a particular 
health condition. These predictors are selected based 
on their ability to fit data well and explain variance in 
outcomes, but are not necessarily targets for intervention. 
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On the other hand, risk factors are used in explanatory 
models to assess the causal relationship between a 
factor and the occurrence of a disease. These risk 
factors are potential targets for intervention, as 
their manipulation can change the outcome. It is 
important to note that some factors can serve as 
both predictors and risk factors.9 Predictors/risk 
factors of TRD may be helpful in multiple ways: 
first, to enhance understanding of the etiology of 
the condition; second, to identify patients earlier in 
their disease trajectory so that they can be offered 
effective therapies earlier; and third, to identify at-risk 
individuals for clinical trials of novel interventions 
for depression before they progress to a TRD state. 
Taken together, identification of predictors/risk factors 
of TRD would be a step toward a more predictive, 
personalized approach to treatment. Such an approach 
could mitigate unnecessary suffering and cycling 
through treatments that in some cases do not work 
and in other cases worsen disease symptomatology.

Several reviews on predictors/risk factors for TRD 
already exist in the literature. However, the systematic 
reviews are dated—the most recent was published in 
2015.10 A considerable body of work has been added 
in the interim, particularly observational studies 
utilizing large databases. The aim of the current study 
is to systematically review the literature to identify 
and categorize the predictors/risk factors for TRD and 
enumerate the most frequently occurring variables.

METHODS

Study Design
A systematic literature review was conducted 

using the Centre for Reviews and Dissemination 
guidelines and reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) framework.11,12 This study 
protocol is registered with the PROSPERO database 
(registration number: CRD42022299417).

Eligibility Criteria
Eligible articles were observational studies (cross-

sectional, case-control, cohort, insurance claims, 
electronic medical records) and randomized controlled 
trials that enrolled adults identified with TRD. 
Interventions could include any pharmacologic, somatic, 
psychological, and/or digital treatment. Articles 
were excluded if they were deemed to be reporting 
on association studies or predictors of treatment 
response instead of resistance* (wrong results), if they 
looked at non-TRD populations (wrong population), 
or if they were review articles. Non–English language 
publications and qualitative studies were also excluded.

Search Strategy
PubMed, MEDLINE, Embase, and APA PsycNet, 

along with relevant conference sources, were searched 
from inception to January 24, 2022. Searches 
were supported by the EVID AI platform, which, 
through the use of artificial intelligence and semantic 
understanding can assist in organizing the articles 
identified.13 The strategy was based on the following 
keywords: treatment-resistant depression, depressive 
disorder, predictors, risk, and biomarkers. The 
full search strategy is available from the authors 
on request. Hand searches were used to search the 
reference lists of any relevant review articles to identify 
novel studies missed during the initial search. An 
additional targeted search was conducted in 2023 to 
identify any new publications from 2022 and 2023.

Study Selection
Following removal of duplicate references, two pairs 

of authors (L.S.O. and N.H., S.J.O and J.K.) performed 
title and abstract screening using the Covidence 
platform. Pilot screening of abstracts was conducted 
to calibrate the screening process and ensure that all 
screeners applied the inclusion criteria consistently 
before the records were split. Full-text articles were 
then screened (again in pairs) to determine if they met 
the selection criteria for final inclusion in the review.

Data Extraction
Two pairs of authors (S.J.O and N.H., L.S.O. and 

J.K.) independently extracted variables of interest 
using a data extraction form designed specifically for 
this review. During data extraction, predictors/risk 
factors were grouped into 8 pre-specified categories: 
mental health, physical health, demographic, 

*Including articles that investigate predictors of response 
to treatment would lead to the inclusion of patients 
that may positively respond to future treatment. That 
patient population is the inverse of patients at risk of 
TRD and was not included in the current review.

Clinical Points
• Identification of predictors/risk factors of treatment-

resistant depression (TRD) could offer opportunities 
toward more predictive, personalized treatment 
approaches.

• Clinicians may find it beneficial to monitor these 
predictors/risk factors and consider early interventions. 
Doing so could potentially influence the onset of TRD 
and therapeutic results. However, understanding the 
individual nuances, such as genetic and biological 
factors, remains complex, and further research may 
help in refining treatment approaches.
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Figure 1: 
PRISMA Flowchart
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personality, imaging, digital, genetic, and other. A 
third author mediated any uncertainty associated 
with extraction. Data extraction was carried out 
on the Covidence platform and exported to Excel 
(Microsoft Corporation) for data synthesis.

Data Synthesis
Due to the heterogeneity of the evidence, ie, 

the inclusion of several study designs, data were 
analyzed using a narrative synthesis approach. 
Individual predictors/risk factors identified in 
the articles were extracted and organized into 
frequency tables. Each predictor/risk factor 
extracted into a category was counted as one 
for that article. Predictors/risk factors that 
appeared similar were categorized together 
into distinct groups. For example, if the article 
reported “musculoskeletal pain” and “back pain” 
as significant predictors/risk factors, then they 
were grouped into the “pain” category. If an article 
reported use of multiple distinct instruments 

addressing a similar outcome, this was counted as 
one predictor (ie, the use of the Montgomery-Åsberg 
Depression Rating Scale [MADRS] and the Hamilton 
Depression Rating Scale [HDRS] would represent 
one predictor/risk factor for “depression severity”).

RESULTS

Study Selection
The literature search yielded 1,686 records (after 

excluding duplicates). Following title and abstract 
screening, 137 full-text articles were assessed for 
eligibility, and 57 were included in the systematic 
review (see Figure 1).

Study Characteristics
Of the 57 articles, all were published between 

2002 and 2023; 11 were case-control, 29 were 
cohort, 10 were cross-sectional, and 7 were non-
randomized experimental studies. A summary of 
these studies is presented in Table 1 (a more in-
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Table 2. 
Frequency of all Predictors/Risk Factors for TRD That Appeared More Than Once in the Literature

Predictor/Risk Factor

No. of Citations  
(Unique Study 
Populations) Citations (First Author and Year)

Clinical (Mental)
Greater depression severity 11 (9) Balestri 2016,15 Gronemann 2018,28 Gronemann 2020,29 Huang 2020,34 Kautzky 2017,37 Kautzky 

2018,38 Kautzky 2019,39 Lähteenvuo 2022,41 López-Solà 2020,42 Li 2019,45 Perlis 201355

Suicidality 10 (8) Balestri 2016,15 Huang 2023,35 Kautzky 2017,37 Kautzky 2018,38 Kautzky 2019,39 Sagud 2013,57 
Sherbourne 2004,61 Souery 2007,62 Sternat 2018,63 Fabbri 202127

Longer duration of TRD/depressive episode 9 (9) Balestri 2016,15 Huang 2023,35 Kautzky 2019,39 Li 2019,45 Sagud 2013,57 de Diego-Adeliño 2014,20 
Guo 2012,30 Guo 2012,31 He 201632

Recurrent depression 8 (6) Gronemann 2018,28 Gronemann 2020,29 Dudek 2010,21 Kautzky 2018,38 Kautzky 2019,39 Perlis 2013,55 
Sagud 2013,57 de Diego-Adeliño 201420

Comorbid anxiety 7 (7) Cepeda 2018,18 Gronemann 2020,29 Huang 2020,34 Kautzky 2019,39 Park 2021,54 Souery 2007,62 
Fabbri 202127

Insomnia 5 (5) Cepeda 2018,18 Gronemann 2020,29 Liberman 2020,46 Park 2021,54 Perlis 201355

Psychotic features 5 (5) Huang 2020,34 Huang 2023,35 Kautzky 2019,39 Perlis 2013,55 Sternat 201863

Family members with depression 4 (4) Balestri 2016,15 Gronemann 2020,29 Kautzky 2017,37 Kautzky 201838

Substance use disorder 4 (4) Brenner 2020,16 Huang 2020,34 Cepeda 2018,18 Gronemann 202029

Bipolarity 3 (3) Huang 2020,34 Sternat 2018,63 Dudek 201021

Panic disorder 3 (3) Cepeda 2018,18 Kautzky 2017,37 Kautzky 201838

Melancholia 3 (2) Kautzky 2017,37 Li 2019,45 Souery 200762

Personality disorder 3 (3) Brenner 2020,16 Huang 2020,34 Fabbri 202127

Use of antipsychotics 3 (3) López-Solà 2020,42 Park 2021,54 de Diego-Adeliño 201420

Use of benzodiazepines 3 (3) Huang 2018,33 Huang 2020,34 Gronemann 202029

Inpatient status 2 (2) Kautzky 2018,38 Gronemann 202029

Higher number of previous antidepressants 2 (2) Kautzky 2019,39 Sternat 201863

Eating disorders 2 (2) Cepeda 2018,18 Fabbri 202127

Use of anticonvulsants 2 (2) Liberman 2020,46 López-Solà 202042

ADHD 2 (2) Cepeda 2018,18 Sternat 201863

Demographic
Younger age 7 (7) Huang 2020,34 Huang 2023,35 Dudek 2010,21 Kautzky 2017,37 Lähteenvuo 2022,41 Li 2019,45 de Diego-

Adeliño 201420

Female gender 6 (6) Döme 2021,19 Gronemann 2020,29 Huang 2020,34 Liu 2021,47 Park 2021,54 Scherrer 201660

Male gender 4 (4) Cepeda 2018,18 Huang 2023,35 Lähteenvuo 2022,41 Perlis 201355

Marital status (single) 3 (3) Gronemann 2020,29 Kautzky 2017,37 Perlis 201355

Unemployment 2 (2) Gronemann 2020,29 Sherbourne 200461

Clinical (Physical)
Cardiovascular disease 4 (4) Döme 2021,19 Gronemann 2020,29 Lauden 2021,43 Liberman 202046

Pain 3 (3) Cepeda 2018,18 Scherrer 2016,60 Gronemann 202029

Thyroid dysfunction 3 (3) Huang 2020,34 Kautzky 2017,37 Döme 202119

Diabetes 2 (2) Fabbri 2021,27 Huang 202034

Autoimmune disorder 2 (2) Döme 2021,19 Lauden 202143

Personality Trait
Higher levels of neuroticism 2 (2) Fabbri 2021,27 Takahashi 201365

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, GSRD = European Group for the Study of Resistant Depression, STAR*D = Sequenced Treatment 
Alternatives to Relieve Depression, TRD = treatment-resistant depression.

depth summary table of included articles is available 
from the authors on request). Fifteen studies 
were conducted in large observational datasets/
registries, with 2 studies including between 100 
and 1,000 TRD patients,36,43 6 including between 
1,000 and 10,000 TRD patients,19,27,45,46,54,60 and 7 
including 10,000-plus TRD patients.16,18,28,29,34,41,47 Of 

these large observational studies, 4 were conducted 
in Scandinavian registries,16,28,29,41 6 were conducted 
in administrative claims,18,19,34,36,47,54 and 2 were 
conducted using electronic medical records (EMRs)43,60 
in linked claims/EMRs.46 Two studies were also 
conducted using data from the commercial genomics 
and biotechnology company 23 and me.27,45
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Twelve articles reported on findings from the European 
Group for the Study of Resistant Depression (GSRD)** 
(see Table 2 for specific GSRD articles). Of the GSRD 
articles, 4 reported on the TRD-I cohort,22,25,37,62 7 reported 
on the TRD-III cohort15,23,26,38–40,49 and 1 article reported 
on both TRD-I and TRD-III.24 Eight studies analyzed data 
from the Sequenced Treatment Alternatives to Relieve 
Depression (STAR*D) study† (see Table 2 for specific 
STAR*D studies). The proportion of studies included in the 
review from GSRD and STAR*D is illustrated in Figure 2.

In 11 studies, progression to TRD was evaluated 
prospectively in a clinical setting (labeled “prospective” 
studies in Table 1), while 8 articles evaluated progression 
to TRD in a prospective/retrospective manner in 
large observational databases (labeled “prospective/
retrospective” in Table 1). In both the “prospective” and 

**Since 1999, the GSRD has initiated and coordinated collaborative 
research programs in eight European countries (Austria, Belgium, 
France, Germany, Greece, Israel, Italy, and Switzerland), in which 
three consecutive research projects (TRD I, TRD II, and TRD III) 
were carried out. The GSRD has aimed to establish appropriate 
methodological and operational criteria for the definition of 
antidepressant treatment response and TRD. For a more in-depth 
overview of the GSRD project, please see Bartova et al (2019).

†The STAR*D trial is the largest and most consequential 
antidepressant study ever conducted. The overall goal of the 
STAR*D trial was to assess the effectiveness of depression 
treatments in patients diagnosed with major depressive disorder 
in both primary and specialty care settings. Please see Rush et 
al (2006)84 for a more detailed overview of the STAR*D study.

“prospective/retrospective” studies, patients were labeled 
at baseline as MDD (without TRD) and followed until 
they either progressed to TRD or remained in a non-TRD 
MDD state. The study groups then identified risk factors 
around the time of first-observed MDD diagnosis for those 
individuals that progressed to a TRD state. The remaining 
38 articles were categorized as retrospective and examined 
the variables that predict the point prevalence of TRD.

Predictors/Risk Factors of TRD
Thirty-two articles reported on mental health–related 

predictors/risk factors, 13 reported on physical health–
related predictors/risk factors, 19 reported on demographic 
predictors/risk factors, 14 reported on genetic predictors/
risk factors, 4 reported on imaging predictors/risk factors, 
3 reported on predictors/risk factors related to personality, 
5 reported on biological predictors/risk factors, and 7 
reported on predictors/risk factors that did not fit into the 
above categories—which were labeled as “other.” No articles 
reporting on digital predictors/risk factors were identified. 
Not all articles reported the predictive performance 
(area under the receiver operator characteristic curve 
[aROC], sensitivity, specificity) of the reviewed models. 
Those that did reported a relatively wide range of area 
under the curve (AUC) values from 0.68 to 0.89.

Table 2 presents the frequency of all predictors/risk 
factors that appeared more than once in the literature. 
The table reflects both the total number of citations in 
which specific predictors/risk factors were observed 
and the unique study populations in which they were 
observed. This distinction is made to avoid double 
counting predictors from GSRD and STAR*D. Figure 
3 presents a graphic representation of predictors/risk 
factors as they appear in unique study populations.

Mental Health Predictors/Risk Factors
Greater depressive severity ranked as the most frequent 

mental-health-related predictor/risk factor of TRD and 
the most frequent overall predictor/risk factor, with 11 
appearances in the literature, 9 of which were identified in 
unique study populations. Four were in GSRD studies, with 
2 derived from the TRD-I cohort15,37 and 2 from the TRD-
III cohort.38,39 Results from the GSRD demonstrate that 
patients with severe depression had 2.18-fold higher odds 
(P = .001) of having TRD than those with mild depression.39 
Varied approaches to measuring severity were implemented 
in the studies. Five studies measured severity using 
physician-rated instruments, namely, the HDRS.15,37–39,42 
Two studies used patient-reported measures such as the 
Patient Health Questionnaire-9 (PHQ-9) and the Quick 
Inventory of Depressive Symptomatology (QIDS).45,55 
Finally, several studies conducted in large administrative 
claims databases used International Classification of 
Disease (ICD) codes to determine severity.28,29,34,41

Suicidality was the second most common predictor/risk 
factor, with 10 instances in the literature, 8 of which were 

Figure 2: 
Proportion of Articles Derived From GSRD and 
STAR*D

Abbreviations: GSRD = European Group for the Study of Resistant Depression, 
STAR*D = Sequenced Treatment Alternatives to Relieve Depression.
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identified in unique study populations, that positively 
correlate suicidality with TRD. Several of the studies 
were GSRD studies and used the Mini-International 
Neuropsychiatric Interview (MINI), a structured interview 
conducted by the clinician, to assess suicidality.15,37–39,62,63 
This predictor/risk factor is heterogeneous as it contains 
sources that report on suicide risk, suicidal ideation, 
and suicide attempts. Suicidal risk assessed by the MINI 
was associated with a 2.6-fold increased odds (P = .04) 
of resistance.62 Surprisingly, 1 article reported that 
patients presenting with suicidal ideation or attempts 
were at lower risk of developing treatment resistance.46

Longer duration of illness/episodes was the 
third most prevalent predictor/risk factor with 9 
instances, 2 of which were from GSRD studies.15,39 
Results from the GSRD demonstrated that an MDD 
episode lasting more than 3 months confers a 1.85-
fold elevated odds (P < .001) of TRD compared to an 
episode lasting fewer than 3 months.39 This predictor/
risk factor is also heterogenous, as it groups total 
illness and episode duration into one category.

Recurrent depression also appeared 8 times in the 
literature, 6 of which were identified in unique study 
populations. Recurrence was measured using ICD-
10 codes in 2 studies28,29 and by patient interview in 

the remaining studies. The risk of progression to TRD 
is higher for patients with more prior MDD episodes: 
patients with 4–10 previous episodes have a 1.52-fold 
elevated odds (P = .031) for TRD, whereas patients with 
11+ episodes have a 2.95-fold elevated odds (P = .038) 
for TRD compared to patients with non-TRD MDD.21

Anxiety disorder was the most frequently observed 
mental health comorbidity, with 7 instances in the 
literature. Comorbid anxiety disorder was found to be 
associated with up to a 4.2-fold increased odds (P < .001) of 
resistance.62 This finding was contradicted in a study that 
demonstrated comorbid anxiety lowered the risk of TRD.28 
Other mental health comorbidities include insomnia with 
5 instances and substance use disorder with 4 instances 
(1 of which demonstrated lower risk for TRD). Anxiety, 
insomnia, and substance abuse disorder were largely 
measured using ICD codes from administrative databases. 
The following predictors/risk factors appeared 3 times in 
the literature: panic disorder, melancholia (2 instances 
of which were identified in unique study populations), 
bipolarity, personality disorder, use of antipsychotics, and 
use of benzodiazepines; inpatient status appeared 2 times.

Higher number of previous antidepressants, eating 
disorders, use of anticonvulsants, and ADHD18,63 appear 
at the bottom of Table 2 with 2 instances each.

Figure 3: 
Frequency of Predictors/Risk Factors as They Appear in Unique Study 
Populations

Abbreviations: ADHD = attention-deficit/hyperactivity disorder, TRD = treatment-resistant depression.

7
7

6
6

5
5

4
4
4
4

3
3
3
3
3
3
3
3

2
2
2
2
2
2
2
2
2
2

0 1 2 3 4 5 6 7

Greater depression severity
Longer duration of TRD episode

Suicidality
Comorbid anxiety disorder

Younger age
Recurrent depression

Female gender
Insomnia

Psychotic features
Cardiovascular disease

Male gender
Substance use disorder

Family members with depression
Bipolarity

Pain
Marital status (single)

Panic disorder
Personality disorder
Thyroid dysfunction

Use of antipsychotics
Use of benzodiazepines

Melancholia
Inpatient status
Unemployment

Diabetes
Autoimmune disorder

Higher number of previous antidepressants
Use of anticonvuslants

Eating disorders
Higher levels of neuroticism

ADHD

Clinical (mental) Clinical (physical) Demographic Personality trait

8
9
9

8 9 10

mailto:permissions%40psychiatrist.com?subject=


Posting of this PDF is not permitted. | For reprints or permissions, contact  
permissions@psychiatrist.com. | © 2023 Physicians Postgraduate Press, Inc.

J Clin Psychiatry 85:1, March 2024  |  Psychiatrist.come10 

O’Connor et al

Physical Health Predictors/Risk Factors
Five physical health–related predictors/risk factors 

were identified. The most frequently reported physical 
predictor/risk factor of TRD was cardiovascular 
disease, with 4 instances. Pain appeared in 3 articles. 
Pain was defined as a broad category including head, 
neck, abdominal, musculoskeletal, and back pain 
along with headache, neuropathy, arthritis, and 
migraine. Pain increased the risk of resistance in the 
range of 1.06–1.35 times. Thyroid dysfunction was 
also present in 3 articles. Diabetes and autoimmune 
disorders both appeared twice in the literature.

Demographic Predictors/Risk Factors
Five demographic predictors/risk factors were 

identified. The most frequently reported demographic 
predictor/risk factor was younger age, which appeared in 
7 articles. In the reviewed articles, this predictor reflected 
either younger age during the non-TRD prediction 
period or early lifetime onset of depression. Additionally, 
inconsistent definitions were used for age categories, 
with 1 study defining young age as less than 30 years 
and another as less than 20 years. Female gender was 
the second most prevalent predictor/risk factor, with 6 
instances in the literature. Contradictory to this finding, 
male gender appeared in 4 studies as predictive of TRD. 
Marital status appeared 3 times in the literature. Single 
status was a predictor of TRD,, whereas marriage was 
negatively correlated with TRD.55 Finally, unemployment 
appeared twice as a predictor/risk factor of TRD.

Genetic Predictors/Risk Factors
Fifteen articles reported on genetic predictors/risk 

factors. Four of these were secondary analyses conducted 
on both STAR*D and GSRD data. The genetic findings 
were heterogenous with no predictor/risk factors 
appearing more than once in the literature. While findings 
for individual genes seem to be weak and frequently 
contradictory, pathways of genes linked to biological 
functions such as neuroplasticity and cell adhesion are 
much more feasible as predictors of treatment outcome 
phenotypes and were demonstrated by the GSRD to 
be reproducible in additional independent data sets.

Biological Predictors/Risk Factors
Five articles reported on biological predictors/risk 

factors, and as with the genetic articles, no biological 
predictor/risk factor appeared more than once in the 
literature. Two articles reported on inflammatory 
markers. Specifically, higher serum levels of soluble 
interleukin-6 receptor (sIL-6R) were shown to 
discriminate treatment-resistant from remitted 
patients, with sensitivity and specificity of 0.68 and 
0.71, respectively. Similarly, high-sensitivity C-reactive 
protein (hs-CRP) was found to have high accuracy 
in the diagnosis of TRD. The level of hs-CRP of 10.5 

mg/L was the best critical value for the diagnosis of 
TRD, with sensitivity of 0.92 and specificity of 0.72.

Personality Predictors/Risk Factors
High neuroticism was the only personality-related 

predictor/risk factor identified, appearing twice. One 
article noted that low reward dependence and, to a lesser 
extent, low cooperativeness might be risk factors for 
TRD.65 In the same population, the presence of high scores 
for neuroticism and low scores for conscientiousness, 
openness, and extraversion without shifts in agreeableness 
on the Revised NEO Personality Inventory (NEO PI-
R) was also correlated with poorer prognosis.64

Imaging Predictors/Risk Factors
Four articles reported on imaging predictors/risk 

factors. The results of these studies were heterogenous due 
to the use of varying brain imaging techniques, with no 
predictor appearing more than once. One study reported 
a structural change, specifically disruptions of white 
matter microstructure in the fronto-limbic networks, 
to be linked with treatment resistance.20 Another study 
focused on functional changes and used the amplitude 
of low-frequency fluctuations (ALFF) to measure the 
differences in blood oxygen level–dependent signal 
detected in functional magnetic resonance imaging 
(BOLD-fMRI) between TRD, non-TRD, and healthy 
subjects. Low-frequency fluctuations are thought to 
be closely related to spontaneous neural activities and 
physiologically meaningful. That study demonstrated 
widespread differences in ALFF values among TRD, 
non-TRD MDD, and healthy subjects throughout the 
visual recognition circuit (middle temporal gyrus, middle/
inferior occipital gyrus, and fusiform), the cerebellum, 
the “hate circuit” (putamen), the default circuit (anterior 
cingulate cortex [ACC] and medial frontal gyrus), and 
the risk/action circuit (inferior frontal gyrus).30,32

DISCUSSION

This study aimed to systematically review the current 
literature on predictors and risk factors for TRD. A wide 
range of potential predictors/risk factors were assessed by 
a relatively small number of studies (57 articles) and can be 
classified into mental health, physical health, demographic, 
genetic, biological, personality, imaging, and other. 
The most frequently occurring predictors/risk factors 
were recurrent depression, longer duration of illness/
episode, insomnia, suicidality, and comorbid anxiety. 
Repeatedly reported physical health predictors/risk factors 
included but were not limited to cardiovascular disease, 
pain, and thyroid dysfunction. Younger age and female 
gender were the most frequently reported demographic 
predictors/risk factors. While the review captured several 
genetic, imaging, and biological predictors/risk factors, 
the results were heterogenous, and no predictor/risk 
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factor appeared in more than 1 article. No articles on 
digital predictors/risk factors of TRD were identified.

Of the articles included in the current review, the results 
from GSRD studies provide the most comprehensive 
and rigorous insights into TRD predictor/risk factor 
identification. The GSRD research group identified 
sets of clinical predictors of TRD common across two 
large cohorts.34 Symptom severity, suicidal risk, higher 
number of lifetime depressive episodes, and comorbid 
anxiety disorder were replicated as the most prominent 
risk factors for TRD across the two cohorts—with an 
AUC of 0.86. Indeed, these 4 predictors are within 
the 5 most frequently reported predictors/risk factors 
identified in the current review, with further supporting 
evidence in the literature outside of GSRD studies.

Although anxiety was the most frequently reported 
comorbidity identified, this review found evidence for 
several other mental and physical comorbidities assessed 
by multiple studies. This highlights the importance 
of thorough evaluation of comorbid psychiatric or 
general medical disorders in depressed patients. Of 
note, insomnia was reported by 5 studies and had not 
been previously identified by the most recent review 
of TRD predictors.10 Sleep disturbance is common in 
MDD and has been shown to affect long-term outcomes, 
including poorer response to antidepressants.70,71 
Concomitant treatment of sleep disturbance and 
depression can enhance outcomes compared with 
treatment of the depressive disorder alone.72,73

Pain was one of the most frequently reported physical 
predictors/risk factors. Like sleep disturbance, pain 
is also common in depression and has been shown to 
negatively affect adherence to medication, leading to 
adverse treatment outcomes.74,75 Specifically, results 
from the STAR*D study demonstrated that MDD 
patients with physical pain symptoms were less likely 
to remit and took longer to reach remission when 
treated with SSRIs.76 Additionally, findings indicate 
that patients with greater pain severity lived with more 
severe depression.74 Ketamine, a novel, rapid-acting 
antidepressant, has been reported to have therapeutic 
effects in both pain and depressive symptoms.74 
However, this treatment is usually reserved for later 
lines in the depression treatment pathway. Patients 
experiencing comorbid pain and depression may 
be suitable candidates for a novel treatment such 
as ketamine earlier in their treatment journey.

Relatively few articles reporting on biological 
predictors/risk factors were identified in the current 
review. The paucity of articles reporting on biological 
predictors of TRD is in line with findings from a recent 
review which concluded that although various potential 
markers for MDD have been identified, the development 
of biomarkers to predict antidepressant treatment 
response is still in its infancy.77 Two of the identified 
articles focused on elevated inflammatory markers that 

have been well documented in depression. Given the 
large number of inflammatory and other markers of 
potential interest, future studies should consider the 
inclusion of panels of biomarkers in order to improve 
the predictive power of these factors using an aggregate 
score.78 Similarly, despite the known links between 
loneliness, social isolation, and depression,79–81 no articles 
reported on these societal and interpersonal factors in the 
context of TRD, highlighting a potential research gap.

The vast majority of included articles were retrospective 
case-control and cohort studies, many of which report 
characteristics that are associated with an established TRD 
state, ie, the patients are already living with the condition. 
In complex health conditions like TRD, determining the 
directionality of predictors can be particularly challenging 
due to the potential for bidirectionality. This bidirectional 
relationship complicates the interpretation of predictors 
and requires careful study design and consideration of 
potential confounding factors. Nineteen articles were 
categorized as either “prospective” or “prospective/
retrospective,” which sought to identify patients with 
MDD who are at elevated risk for developing TRD in the 
future, highlighting potential “early warning” signals 
for TRD. Articles labeled “prospective” were conducted 
in a clinical setting, while those labeled “prospective/
retrospective” represent large observational studies, ie, 
electronic medical records, administrative claims, and 
registries. Studies conducted in large administrative 
databases were included in the review as they provide 
valuable insights into real-world patterns and associations, 
which can be informative for hypothesis generation 
and further research. These studies are often used to 
identify associations between variables, rather than 
establishing causality, and may be subject to data entry 
errors, inconsistencies, and other biases. However, 
they can still provide valuable information on potential 
predictors/risk factors of TRD such as comorbidities 
and demography in large, diverse populations.

Identification of “early warning” signals will aid 
in establishing more targeted, rapid, and efficacious 
treatment algorithms for MDD. Such treatments could 
include those reserved for later lines of treatment, 
ie, augmentation or brain stimulation therapies. No 
prospective study allocating patients at risk to respective 
treatment arms, either based on the predictors/risk 
factors highlighted here or by other advanced statistical 
algorithms, has been performed so far. This represents 
a current evidence gap, and further prospective studies 
are clearly needed to validate any predictors/risk factors 
of treatment resistance identified in the literature. 
Longitudinal studies, in which data are collected over 
time, can be particularly useful in determining the 
directionality of predictors in complex health conditions.

The current review allowed for broad patient 
population capture by including “Adults identified with 
treatment-resistant depression.” In contrast, a previous 
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systematic review by Bennabi et al10 described population 
inclusion as “inclusion of a unipolar depressed group 
with operationally defined resistance to treatments as a 
failure of two subsequent antidepressant therapies”(p138) 
and captured far fewer (8) articles in their review. Given 
the diverse nature of the studies identified in the current 
review, treatment resistance was determined in several 
ways. Of note, only ~50% of articles in the current review 
met the FDA definition of TRD: “Failure to respond to 
two or more antidepressant regimens despite adequate 
dose and duration and adherence to treatment within 
the current MDD episode.”85 This is in keeping with 
previous evidence that no consensus definition exists for 
TRD, with only 48% of interventional studies meeting the 
most frequently specified criteria for TRD.3 Furthermore, 
many of the studies in the current review did not specify 
that the two antidepressant courses of adequate/
duration were administered within the same episode. 
When a stricter approach was implemented, requiring 
explicit mention of within the same episode, just ~14% 
of articles aligned with this definition. These varying 
distinctions and definitions are an inherent limitation 
of the field of depression treatment resistance research 
but are essential to consider when interpreting results 
and drawing conclusions from the literature. A limitation 
inherent in the evidence presented in the current review 
is the heterogeneity of data collection (self-report versus 
clinician-rated) and analytic methods used, and of the 
effect sizes reported, which impedes efforts to aggregate 
findings across studies. Additionally, not all studies 
reported the performance (aROC, sensitivity, specificity) of 
the predictive models. Those that did, reported a relatively 
wide range of AUC values from 0.68 to 0.89. The AUC 
has relevance for the clinical utility of predictive models 
and should be considered when interpreting the findings 
of the current review. Without quantitative synthesis of 
standard effect sizes via methods such as meta-analysis, 
it is difficult to establish how important any predictor/
risk factor identified may be in the clinical setting.

Finally, systematic reviews commonly include an 
assessment of the risk of bias. The heterogeneity of the 
studies and the observational qualities of most study 
designs meant that an assessment of bias was not 
appropriate. Therefore, this systematic review was not able 
to adhere to some of the PRISMA guidelines and protocols.

In conclusion, this review has identified a variety of 
different predictors/risk factors of TRD from multiple 
areas, including mental health, physical health, 
demographic, genetic, biological, personality, and imaging 
predictors. These findings highlight that TRD is a complex 
disorder with many contributing factors that may need 
to be identified and addressed earlier in the disease 
course to prevent the development of TRD or facilitate 
better treatment outcomes. In line with the limitations 
discussed, future work should focus on replicating the 
key predictors identified here using uniform definitions 

of TRD, focusing on resistance rather than response, and 
with data appropriate for synthesis. Furthermore, the 
absence of digital predictors despite significant advances 
in digital health highlights the importance of leveraging 
existing technologies and fostering their development.
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