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Abstract: Depression is one of the leading causes of disability, and, if left unmanaged, it can increase
the risk for suicide. The evidence base on the determinants of depression is fragmented, which makes
the interpretation of the results across studies difficult. The objective of this study is to conduct a
thorough synthesis of the literature assessing the biological, psychological, and social determinants
of depression in order to piece together the puzzle of the key factors that are related to this condition.
Titles and abstracts published between 2017 and 2020 were identified in PubMed, as well as Medline,
Scopus, and PsycInfo. Key words relating to biological, social, and psychological determinants
as well as depression were applied to the databases, and the screening and data charting of the
documents took place. We included 470 documents in this literature review. The findings showed
that there are a plethora of risk and protective factors (relating to biological, psychological, and
social determinants) that are related to depression; these determinants are interlinked and influence
depression outcomes through a web of causation. In this paper, we describe and present the vast,
fragmented, and complex literature related to this topic. This review may be used to guide practice,
public health efforts, policy, and research related to mental health and, specifically, depression.

Keywords: depression; major depressive disorder; risk factor; protective factor; determinant; review

1. Introduction

Depression is one of the most common mental health issues, with an estimated
prevalence of 5% among adults [1,2]. Symptoms may include anhedonia, feelings of
worthlessness, concentration and sleep difficulties, and suicidal ideation. According to
the World Health Organization, depression is a leading cause of disability; research shows
that it is a burdensome condition with a negative impact on educational trajectories, work
performance, and other areas of life [1,3]. Depression can start early in the lifecourse and,
if it remains unmanaged, may increase the risk for substance abuse, chronic conditions,
such as cardiovascular disease, and premature mortality [4–8].

Treatment for depression exists, such as pharmacotherapy, cognitive behavioural
therapy, and other modalities. A meta-analysis of randomized, placebo-controlled trials
of patients shows that 56–60% of people respond well to active treatment with antide-
pressants (selective serotonin reuptake inhibitors, tricyclic antidepressants) [9]. However,
pharmacotherapy may be associated with problems, such as side-effects, relapse issues,
a potential duration of weeks until the medication starts working, and possible limited
efficacy in mild cases [10–14]. Psychotherapy is also available, but access barriers can make
it difficult for a number of people to get the necessary help.

Studies on depression have increased significantly over the past few decades. How-
ever, the literature remains fragmented and the interpretation of heterogeneous findings
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across studies and between fields is difficult. The cross-pollination of ideas between dis-
ciplines, such as genetics, neurology, immunology, and psychology, is limited. Reviews
on the determinants of depression have been conducted, but they either focus exclusively
on a particular set of determinants (ex. genetic risk factors [15]) or population sub-group
(ex. children and adolescents [16]) or focus on characteristics measured predominantly at
the individual level (ex. focus on social support, history of depression [17]) without taking
the wider context (ex. area-level variables) into account. An integrated approach paying
attention to key determinants from the biological, psychological, and social spheres, as
well as key themes, such as the lifecourse perspective, enables clinicians and public health
authorities to develop tailored, person-centred approaches.

The primary aim of this literature review: to address the aforementioned challenges,
we have synthesized recent research on the biological, psychological, and social deter-
minants of depression and we have reviewed research from fields including genetics,
immunology, neurology, psychology, public health, and epidemiology, among others.

The subsidiary aim: we have paid special attention to important themes, including
the lifecourse perspective and interactions between determinants, to guide further efforts
by public health and medical professionals.

This literature review can be used as an evidence base by those in public health and
the clinical setting and can be used to inform targeted interventions.

2. Materials and Methods

We conducted a review of the literature on the biological, psychological, and social
determinants of depression in the last 4 years. We decided to focus on these determinants
after discussions with academics (from the Manchester Metropolitan University, University
of Cardiff, University of Colorado, Boulder, University of Cork, University of Leuven, Uni-
versity of Texas), charity representatives, and people with lived experience at workshops
held by the University of Cambridge in 2020. In several aspects, we attempted to conduct
this review according to PRISMA guidelines [18].

The inclusion and exclusion criteria are the following:

• Inclusion criteria

- We included documents, such as primary studies, literature reviews, system-
atic reviews, meta-analyses, reports, and commentaries on the determinants
of depression. The determinants refer to variables that appear to be linked to
the development of depression, such as physiological factors (e.g., the nervous
system, genetics), but also factors that are further away or more distal to the
condition. Determinants may be risk or protective factors, and individual- or
wider-area-level variables.

- We focused on major depressive disorder, treatment-resistant depression, dys-
thymia, depressive symptoms, poststroke depression, perinatal depression, as
well as depressive-like behaviour (common in animal studies), among others.

- We included papers regardless of the measurement methods of depression.
- We included papers that focused on human and/or rodent research.
- This review focused on articles written in the English language.
- Documents published between 2017–2020 were captured to provide an under-

standing of the latest research on this topic.

• Exclusion criteria

- Studies that assessed depression as a comorbidity or secondary to another disorder.
- Studies that did not focus on rodent and/or human research.
- Studies that focused on the treatment of depression. We made this decision,

because this is an in-depth topic that would warrant a separate stand-alone review.

1. Next, we searched PubMed (2017–2020) using keywords related to depression and
determinants. Appendix A contains the search strategy used. We also conducted
focused searches in Medline, Scopus, and PsycInfo (2017–2020).
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2. Once the documents were identified through the databases, the inclusion and exclu-
sion criteria were applied to the titles and abstracts. Screening of documents was
conducted by O.R., and a subsample was screened by J.M.; any discrepancies were
resolved through a communication process.

3. The full texts of documents were retrieved, and the inclusion and exclusion criteria
were again applied. A subsample of documents underwent double screening by two
authors (O.R., J.M.); again, any discrepancies were resolved through communication.

4. The final list of references that were eligible and met the inclusion criteria was included
in a data charting form.

a. A data charting form was created to capture the data elements of interest,
including the authors, titles, determinants (biological, psychological, social),
and the type of depression assessed by the research (e.g., major depression,
depressive symptoms, depressive behaviour).

b. The data charting form was piloted on a subset of documents, and refinements
to it were made. The data charting form was created with the data elements
described above and tested in 20 studies to determine whether refinements in
the wording or language were needed.

c. Data charting was conducted on the documents.
d. Narrative analysis was conducted on the data charting table to identify key

themes. When a particular finding was noted more than once, it was logged
as a potential theme, with a review of these notes yielding key themes that
appeared on multiple occasions. When key themes were identified, one re-
searcher (O.R.) reviewed each document pertaining to that theme and derived
concepts (key determinants and related outcomes). This process (a subsam-
ple) was verified by a second author (J.M.), and the two authors resolved
any discrepancies through communication. Key themes were also checked
as to whether they were of major significance to public mental health and at
the forefront of public health discourse according to consultations we held
with stakeholders from the Manchester Metropolitan University, University
of Cardiff, University of Colorado, Boulder, University of Cork, University of
Leuven, University of Texas, charity representatives, and people with lived
experience at workshops held by the University of Cambridge in 2020.

We condensed the extensive information gleaned through our review into short
summaries (with key points boxes for ease of understanding and interpretation of the data).

3. Results

Through the searches, 6335 documents, such as primary studies, literature reviews,
systematic reviews, meta-analyses, reports, and commentaries, were identified. After
applying the inclusion and exclusion criteria, 470 papers were included in this review
(Supplementary Table S1). We focused on aspects related to biological, psychological, and
social determinants of depression (examples of determinants and related outcomes are
provided under each of the following sections.

3.1. Biological Factors

The following aspects will be discussed in this section: physical health conditions; then
specific biological factors, including genetics; the microbiome; inflammatory factors; stress
and hypothalamic–pituitary–adrenal (HPA) axis dysfunction, and the kynurenine pathway.
Finally, aspects related to cognition will also be discussed in the context of depression.

3.1.1. Physical Health Conditions

Studies on physical health conditions—key points:

• The presence of a physical health condition can increase the risk for depression
• Psychological evaluation in physically sick populations is needed
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• There is large heterogeneity in study design and measurement; this makes the com-
parison of findings between and across studies difficult

A number of studies examined the links between the outcome of depression and
physical health-related factors, such as bladder outlet obstruction, cerebral atrophy, cataract,
stroke, epilepsy, body mass index and obesity, diabetes, urinary tract infection, forms of
cancer, inflammatory bowel disorder, glaucoma, acne, urea accumulation, cerebral small
vessel disease, traumatic brain injury, and disability in multiple sclerosis [19–71]. For
example, bladder outlet obstruction has been linked to inflammation and depressive
behaviour in rodent research [24]. The presence of head and neck cancer also seemed to
be related to an increased risk for depressive disorder [45]. Gestational diabetes mellitus
has been linked to depressive symptoms in the postpartum period (but no association
has been found with depression in the third pregnancy trimester) [50], and a plethora of
other such examples of relationships between depression and physical conditions exist. As
such, the assessment of psychopathology and the provision of support are necessary in
individuals of ill health [45]. Despite the large evidence base on physical health-related
factors, differences in study methodology and design, the lack of standardization when
it comes to the measurement of various physical health conditions and depression, and
heterogeneity in the study populations makes it difficult to compare studies [50].

The next subsections discuss specific biological factors, including genetics; the mi-
crobiome; inflammatory factors; stress and hypothalamic–pituitary–adrenal (HPA) axis
dysfunction, and the kynurenine pathway; and aspects related to cognition.

3.1.2. Genetics

Studies on genetics—key points:
There were associations between genetic factors and depression; for example:

• The brain-derived neurotrophic factor (BDNF) plays an important role in depression
• Links exist between major histocompatibility complex region genes, as well as various

gene polymorphisms and depression
• Single nucleotide polymorphisms (SNPs) of genes involved in the tryptophan catabo-

lites pathway are of interest in relation to depression

A number of genetic-related factors, genomic regions, polymorphisms, and other
related aspects have been examined with respect to depression [61,72–140]. The influence
of BDNF in relation to depression has been amply studied [117,118,141–143]. Research has
shown associations between depression and BDNF (as well as candidate SNPs of the BDNF
gene, polymorphisms of the BDNF gene, and the interaction of these polymorphisms with
other determinants, such as stress) [129,144,145]. Specific findings have been reported: for
example, a study reported a link between the BDNF rs6265 allele (A) and major depressive
disorder [117].

Other research focused on major histocompatibility complex region genes, endo-
cannabinoid receptor gene polymorphisms, as well as tissue-specific genes and gene
co-expression networks and their links to depression [99,110,112]. The SNPs of genes
involved in the tryptophan catabolites pathway have also been of interest when studying
the pathogenesis of depression.

The results from genetics studies are compelling; however, the findings remain
mixed. One study indicated no support for depression candidate gene findings [122].
Another study found no association between specific polymorphisms and major depressive
disorder [132]. As such, further research using larger samples is needed to corroborate the
statistically significant associations reported in the literature.

3.1.3. Microbiome

Studies on the microbiome—key points:

• The gut bacteria and the brain communicate via both direct and indirect pathways
called the gut-microbiota-brain axis (the bidirectional communication networks be-
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tween the central nervous system and the gastrointestinal tract; this axis plays an
important role in maintaining homeostasis).

• A disordered microbiome can lead to inflammation, which can then lead to depression
• There are possible links between the gut microbiome, host liver metabolism, brain

inflammation, and depression

The common themes of this review have focused on the microbiome/microbiota or
gut metabolome [146–161], the microbiota-gut-brain axis, and related factors [152,162–167].
When there is an imbalance in the intestinal bacteria, this can interfere with emotional
regulation and contribute to harmful inflammatory processes and mood disorders [148,
151,153,155,157]. Rodent research has shown that there may be a bidirectional association
between the gut microbiota and depression: a disordered gut microbiota can play a role in
the onset of this mental health problem, but, at the same time, the existence of stress and
depression may also lead to a lower level of richness and diversity in the microbiome [158].

Research has also attempted to disentangle the links between the gut microbiome,
host liver metabolism, brain inflammation, and depression, as well as the role of the ratio
of lactobacillus to clostridium [152]. The literature has also examined the links between
medication, such as antibiotics, and mood and behaviour, with the findings showing that
antibiotics may be related to depression [159,168]. The links between the microbiome and
depression are complex, and further studies are needed to determine the underpinning
causal mechanisms.

3.1.4. Inflammation

Studies on inflammation—key points:

• Pro-inflammatory cytokines are linked to depression
• Pro-inflammatory cytokines, such as the tumour necrosis factor (TNF)-alpha, may

play an important role
• Different methods of measurement are used, making the comparison of findings across

studies difficult

Inflammation has been a theme in this literature review [60,161,164,169–184]. The find-
ings show that raised levels of inflammation (because of factors such as pro-inflammatory
cytokines) have been associated with depression [60,161,174,175,178]. For example, pro-
inflammatory cytokines, such as tumour necrosis factor (TNF)-alpha, have been linked to
depression [185]. Various determinants, such as early life stress, have also been linked to
systemic inflammation, and this can increase the risk for depression [186].

Nevertheless, not everyone with elevated inflammation develops depression; there-
fore, this is just one route out of many linked to pathogenesis. Despite the compelling
evidence reported with respect to inflammation, it is difficult to compare the findings across
studies because of different methods used to assess depression and its risk factors.

3.1.5. Stress and HPA Axis Dysfunction

Studies on stress and HPA axis dysfunction—key points:

• Stress is linked to the release of proinflammatory factors
• The dysregulation of the HPA axis is linked to depression
• Determinants are interlinked in a complex web of causation

Stress was studied in various forms in rodent populations and humans [144,145,155,
174,176,180,185–211].

Although this section has some overlap with others (as is to be expected because all of
these determinants and body systems are interlinked), a number of studies have focused on
the impact of stress on mental health. Stress has been mentioned in the literature as a risk
factor of poor mental health and has emerged as an important determinant of depression.
The effects of this variable are wide-ranging, and a short discussion is warranted.

Stress has been linked to the release of inflammatory factors, as well as the develop-
ment of depression [204]. When the stress is high or lasts for a long period of time, this
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may negatively impact the brain. Chronic stress can impact the dendrites and synapses
of various neurons, and may be implicated in the pathway leading to major depressive
disorder [114]. As a review by Uchida et al. indicates, stress may be associated with the
“dysregulation of neuronal and synaptic plasticity” [114]. Even in rodent studies, stress has
a negative impact: chronic and unpredictable stress (and other forms of tension or stress)
have been linked to unusual behaviour and depression symptoms [114].

The depression process and related brain changes, however, have also been linked to
the hyperactivity or dysregulation of the HPA axis [127,130,131,182,212]. One review indi-
cates that a potential underpinning mechanism of depression relates to “HPA axis abnor-
malities involved in chronic stress” [213]. There is a complex relationship between the HPA
axis, glucocorticoid receptors, epigenetic mechanisms, and psychiatric sequelae [130,212].

In terms of the relationship between the HPA axis and stress and their influence
on depression, the diathesis–stress model offers an explanation: it could be that early
stress plays a role in the hyperactivation of the HPA axis, thus creating a predisposition
“towards a maladaptive reaction to stress”. When this predisposition then meets an acute
stressor, depression may ensue; thus, in line with the diathesis–stress model, a pre-existing
vulnerability and stressor can create fertile ground for a mood disorder [213]. An integrated
review by Dean and Keshavan [213] suggests that HPA axis hyperactivity is, in turn, related
to other determinants, such as early deprivation and insecure early attachment; this again
shows the complex web of causation between the different determinants.

3.1.6. Kynurenine Pathway

Studies on the kynurenine pathway—key points:

• The kynurenine pathway is linked to depression
• Indolamine 2,3-dioxegenase (IDO) polymorphisms are linked to postpartum depression

The kynurenine pathway was another theme that emerged in this review [120,178,
181,184,214–221]. The kynurenine pathway has been implicated not only in general
depressed mood (inflammation-induced depression) [184,214,219] but also postpartum
depression [120]. When the kynurenine metabolism pathway is activated, this results in
metabolites, which are neurotoxic.

A review by Jeon et al. notes a link between the impairment of the kynurenine
pathway and inflammation-induced depression (triggered by treatment for various physical
diseases, such as malignancy). The authors note that this could represent an important
opportunity for immunopharmacology [214]. Another review by Danzer et al. suggests
links between the inflammation-induced activation of indolamine 2,3-dioxegenase (the
enzyme that converts tryptophan to kynurenine), the kynurenine metabolism pathway,
and depression, and also remarks about the “opportunities for treatment of inflammation-
induced depression” [184].

3.1.7. Cognition

Studies on cognition and the brain—key points:

• Cognitive decline and cognitive deficits are linked to increased depression risk
• Cognitive reserve is important in the disability/depression relationship
• Family history of cognitive impairment is linked to depression

A number of studies have focused on the theme of cognition and the brain. The
results show that factors, such as low cognitive ability/function, cognitive vulnerability,
cognitive impairment or deficits, subjective cognitive decline, regression of dendritic
branching and hippocampal atrophy/death of hippocampal cells, impaired neuroplasticity,
and neurogenesis-related aspects, have been linked to depression [131,212,222–239]. The
cognitive reserve appears to act as a moderator and can magnify the impact of certain
determinants on poor mental health. For example, in a study in which participants with
multiple sclerosis also had low cognitive reserve, disability was shown to increase the
risk for depression [63]. Cognitive deficits can be both causal and resultant in depression.
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A study on individuals attending outpatient stroke clinics showed that lower scores in
cognition were related to depression; thus, cognitive impairment appears to be associated
with depressive symptomatology [226]. Further, Halahakoon et al. [222] note a meta-
analysis [240] that shows that a family history of cognitive impairment (in first degree
relatives) is also linked to depression.

In addition to cognitive deficits, low-level cognitive ability [231] and cognitive
vulnerability [232] have also been linked to depression. While cognitive impairment
may be implicated in the pathogenesis of depressive symptoms [222], negative informa-
tion processing biases are also important; according to the ‘cognitive neuropsychological’
model of depression, negative affective biases play a central part in the development of
depression [222,241]. Nevertheless, the evidence on this topic is mixed and further work is
needed to determine the underpinning mechanisms between these states.

3.2. Psychological Factors

Studies on psychological factors—key points:

• There are many affective risk factors linked to depression
• Determinants of depression include negative self-concept, sensitivity to rejection,

neuroticism, rumination, negative emotionality, and others

A number of studies have been undertaken on the psychological factors linked to
depression (including mastery, self-esteem, optimism, negative self-image, current or
past mental health conditions, and various other aspects, including neuroticism, brood-
ing, conflict, negative thinking, insight, cognitive fusion, emotional clarity, rumination,
dysfunctional attitudes, interpretation bias, and attachment style) [66,128,140,205,210,
228,235,242–290]. Determinants related to this condition include low self-esteem and
shame, among other factors [269,270,275,278]. Several emotional states and traits, such
as neuroticism [235,260,271,278], negative self-concept (with self-perceptions of worthless-
ness and uselessness), and negative interpretation or attention biases have been linked
to depression [261,271,282,283,286]. Moreover, low emotional clarity has been associated
with depression [267]. When it comes to the severity of the disorder, it appears that
meta-emotions (“emotions that occur in response to other emotions (e.g., guilt about
anger)” [268]) have a role to play in depression [268].

A determinant that has received much attention in mental health research concerns
rumination. Rumination has been presented as a mediator but also as a risk factor for
depression [57,210,259]. When studied as a risk factor, it appears that the relationship of
rumination with depression is mediated by variables that include limited problem-solving
ability and insufficient social support [259]. However, rumination also appears to act
as a mediator: for example, this variable (particularly brooding rumination) lies on the
causal pathway between poor attention control and depression [265]. This shows that
determinants may present in several forms: as moderators or mediators, risk factors or
outcomes, and this is why disentangling the relationships between the various factors
linked to depression is a complex task.

The psychological determinants are commonly researched variables in the mental
health literature. A wide range of factors have been linked to depression, such as the
aforementioned determinants, but also: (low) optimism levels, maladaptive coping (such
as avoidance), body image issues, and maladaptive perfectionism, among others [269,270,
272,273,275,276,279,285,286]. Various mechanisms have been proposed to explain the way
these determinants increase the risk for depression. One of the underpinning mechanisms
linking the determinants and depression concerns coping. For example, positive fantasy
engagement, cognitive biases, or personality dispositions may lead to emotion-focused
coping, such as brooding, and subsequently increase the risk for depression [272,284,287].
Knowing the causal mechanisms linking the determinants to outcomes provides insight
for the development of targeted interventions.
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3.3. Social Determinants

Studies on social determinants—key points:

• Social determinants are the conditions in the environments where people are born,
live, learn, work, play, etc.; these influence (mental) health [291]

• There are many social determinants linked to depression, such as sociodemographics,
social support, adverse childhood experiences

• Determinants can be at the individual, social network, community, and societal levels

Studies also focused on the social determinants of (mental) health; these are the con-
ditions in which people are born, live, learn, work, play, and age, and have a significant
influence on wellbeing [291]. Factors such as age, social or socioeconomic status, social
support, financial strain and deprivation, food insecurity, education, employment sta-
tus, living arrangements, marital status, race, childhood conflict and bullying, violent
crime exposure, abuse, discrimination, (self)-stigma, ethnicity and migrant status, working
conditions, adverse or significant life events, illiteracy or health literacy, environmen-
tal events, job strain, and the built environment have been linked to depression, among
others [52,133,235,236,239,252,269,280,292–371]. Social support and cohesion, as well as struc-
tural social capital, have also been identified as determinants [140,228,239,269,293,372–379]. In
a study, part of the findings showed that low levels of education have been shown to be
linked to post-stroke depression (but not severe or clinical depression outcomes) [299]. A
study within a systematic review indicated that having only primary education was associ-
ated with a higher risk of depression compared to having secondary or higher education
(although another study contrasted this finding) [296]. Various studies on socioeconomic
status-related factors have been undertaken [239,297]; the research has shown that a low
level of education is linked to depression [297]. Low income is also related to depressive
disorders [312]. By contrast, high levels of education and income are protective [335].

A group of determinants touched upon by several studies included adverse childhood
or early life experiences: ex. conflict with parents, early exposure to traumatic life events,
bullying and childhood trauma were found to increase the risk of depression (ex. through
pathways, such as inflammation, interaction effects, or cognitive biases) [161,182,258,358,
362,380].

Gender-related factors were also found to play an important role with respect to
mental health [235,381–385]. Gender inequalities can start early on in the lifecourse, and
women were found to be twice as likely to have depression as men. Gender-related factors
were linked to cognitive biases, resilience and vulnerabilities [362,384].

Determinants can impact mental health outcomes through underpinning mechanisms.
For example, harmful determinants can influence the uptake of risk behaviours. Risk
behaviours, such as sedentary behaviour, substance abuse and smoking/nicotine exposure,
have been linked to depression [226,335,355,385–401]. Harmful determinants can also
have an impact on diet. Indeed, dietary aspects and diet components (ex. vitamin D,
folate, selenium intake, iron, vitamin B12, vitamin K, fiber intake, zinc) as well as diet-
related inflammatory potential have been linked to depression outcomes [161,208,236,312,
396,402–428]. A poor diet has been linked to depression through mechanisms such as
inflammation [428].

Again, it is difficult to constrict diet to the ‘social determinants of health’ category as it
also relates to inflammation (biological determinants) and could even stand alone as its
own category. Nevertheless, all of these factors are interlinked and influence one another
in a complex web of causation, as mentioned elsewhere in the paper.

Supplementary Figure S1 contains a representation of key determinants acting at
various levels: the individual, social network, community, and societal levels. The deter-
minants have an influence on risk behaviours, and this, in turn, can affect the mood (i.e.,
depression), body processes (ex. can increase inflammation), and may negatively influence
brain structure and function.
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3.4. Others

Studies on ‘other’ determinants—key points:

• A number of factors are related to depression
• These may not be as easily categorized as the other determinants in this paper

A number of factors arose in this review that were related to depression; it was
difficult to place these under a specific heading above, so this ‘other’ category was created.
A number of these could be sorted under the ‘social determinants of depression’ category.
For example, being exposed to deprivation, hardship, or adversity may increase the risk for
air pollution exposure and nighttime shift work, among others, and the latter determinants
have been found to increase the risk for depression. Air pollution could also be regarded
as an ecologic-level (environmental) determinant of mental health.

Nevertheless, we have decided to leave these factors in a separate category (because
their categorization may not be as immediately clear-cut as others), and these factors
include: low-level light [429], weight cycling [430], water contaminants [431], trade [432],
air pollution [433,434], program-level variables (ex. feedback and learning experience) [435],
TV viewing [436], falls [437], various other biological factors [116,136,141,151,164,182,
363,364,438–469], mobile phone use [470], ultrasound chronic exposure [471], nighttime
shift work [472], work accidents [473], therapy enrollment [226], and exposure to light at
night [474].

4. Cross-Cutting Themes
4.1. Lifecourse Perspective

Studies on the lifecourse perspective—key points:

• Early life has an importance on mental health
• Stress has been linked to depression
• In old age, the decline in social capital is important

Trajectories and life events are important when it comes to the lifecourse perspective.
Research has touched on the influence of prenatal or early life stress on an individual’s
mental health trajectory [164,199,475]. Severe stress that occurs in the form of early-life
trauma has also been associated with depressive symptoms [362,380]. It may be that some
individuals exposed to trauma develop thoughts of personal failure, which then serve as a
catalyst of depression [380].

At the other end of the life trajectory—old age—specific determinants have been
linked to an increased risk for depression. Older people are at a heightened risk of losing
their social networks, and structural social capital has been identified as important in
relation to depression in old age [293].

4.2. Gene–Environment Interactions

Studies on gene–environment interactions—key points:

• The environment and genetics interact to increase the risk of depression
• The etiology of depression is multifactorial
• Adolescence is a time of vulnerability

A number of studies have touched on gene–environment interactions [72,77,82,119,
381,476–481]. The interactions between genetic factors and determinants, such as negative
life events (ex. relationship and social difficulties, serious illness, unemployment and
financial crises) and stressors (ex. death of spouse, minor violations of law, neighbourhood
socioeconomic status) have been studied in relation to depression [82,135,298,449,481]. A
study reported an interaction of significant life events with functional variation in the
serotonin-transporter-linked polymorphic region (5-HTTLPR) allele type (in the context of
multiple sclerosis) and linked this to depression [361], while another reported an interaction
between stress and 5-HTTLPR in relation to depression [480]. Other research reported that
the genetic variation of HPA-axis genes has moderating effects on the relationship between
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stressors and depression [198]. Another study showed that early-life stress interacts with
gene variants to increase the risk for depression [77].

Adolescence is a time of vulnerability [111,480]. Perceived parental support has been
found to interact with genes (GABRR1, GABRR2), and this appears to be associated with
depressive symptoms in adolescence [480]. It is important to pay special attention to
critical periods in the lifecourse so that adequate support is provided to those who are
most vulnerable.

The etiology of depression is multifactorial, and it is worthwhile to examine the
interaction between multiple factors, such as epigenetic, genetic, and environmental factors,
in order to truly understand this mental health condition. Finally, taking into account
critical periods of life when assessing gene–environment interactions is important for
developing targeted interventions.

5. Discussion

Depression is one of the most common mental health conditions, and, if left untreated,
it can increase the risk for substance abuse, anxiety disorders, and suicide. In the past
20 years, a large number of studies on the risk and protective factors of depression have
been undertaken in various fields, such as genetics, neurology, immunology, and epi-
demiology. However, there are limitations associated with the extant evidence base. The
previous syntheses on depression are limited in scope and focus exclusively on social or
biological factors, population sub-groups, or examine depression as a comorbidity (rather
than an independent disorder). The research on the determinants and causal pathways
of depression is fragmentated and heterogeneous, and this has not helped to stimulate
progress when it comes to the prevention and intervention of this condition—specifically
unravelling the complexity of the determinants related to this condition and thus refining
the prevention and intervention methods.

The scope of this paper was to bring together the heterogeneous, vast, and fragmented
literature on depression and paint a picture of the key factors that contribute to this
condition. The findings from this review show that there are important themes when it
comes to the determinants of depression, such as: the microbiome, dysregulation of the
HPA axis, inflammatory reactions, the kynurenine pathway, as well as psychological and
social factors. It may be that physical factors are proximal determinants of depression,
which, in turn, are acted on by more distal social factors, such as deprivation, environmental
events, and social capital.

The Marmot Report [291], the World Health Organization [482], and Compton et al. [483]
highlight that the most disadvantaged segments of society are suffering (the socioeconomic
context is important), and this inequality in resources has translated to inequality in mental
health outcomes [483]. To tackle the issue of egalitarianism and restore equality in the
health between the groups, the social determinants need to be addressed [483]. A wide
range of determinants of mental health have been identified in the literature: age, gender,
ethnicity, family upbringing and early attachment patterns, social support, access to food,
water and proper nutrition, and community factors. People spiral downwards because of
individual- and societal-level circumstances; therefore, these circumstances along with the
interactions between the determinants need to be considered.

Another important theme in the mental health literature is the lifecourse perspective.
This shows that the timing of events has significance when it comes to mental health. Early
life is a critical period during the lifespan at which cognitive processes develop. Exposure
to harmful determinants, such as stress, during this period can place an individual on a
trajectory of depression in adulthood or later life. When an individual is exposed to harmful
determinants during critical periods and is also genetically predisposed to depression,
the risk for the disorder can be compounded. This is why aspects such as the lifecourse
perspective and gene–environment interactions need to be taken into account. Insight into
this can also help to refine targeted interventions.
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A number of interventions for depression have been developed or recommended,
addressing, for example, the physical factors described here and lifestyle modifications.
Interventions targeting various factors, such as education and socioeconomic status, are
needed to help prevent and reduce the burden of depression. Further research on the
efficacy of various interventions is needed. Additional studies are also needed on each of
the themes described in this paper, for example: the biological factors related to postpartum
depression [134], and further work is needed on depression outcomes, such as chronic, re-
current depression [452]. Previous literature has shown that chronic stress (associated with
depression) is also linked to glucocorticoid receptor resistance, as well as problems with the
regulation of the inflammatory response [484]. Further work is needed on this and the un-
derpinning mechanisms between the determinants and outcomes. This review highlighted
the myriad ways of measuring depression and its determinants [66,85,281,298,451,485].
Thus, the standardization of the measurements of the outcomes (ex. a gold standard for
measuring depression) and determinants is essential; this can facilitate comparisons of
findings across studies.

5.1. Strengths

This paper has important strengths. It brings together the wide literature on de-
pression and helps to bridge disciplines in relation to one of the most common mental
health problems. We identified, selected, and extracted data from studies, and provided
concise summaries.

5.2. Limitations

The limitations of the review include missing potentially important studies; however,
this is a weakness that cannot be avoided by literature reviews. Nevertheless, the aim of the
review was not to identify each study that has been conducted on the risk and protective
factors of depression (which a single review is unable to capture) but rather to gain insight
into the breadth of literature on this topic, highlight key biological, psychological, and
social determinants, and shed light on important themes, such as the lifecourse perspective
and gene–environment interactions.

6. Conclusions

We have reviewed the determinants of depression and recognize that there are a
multitude of risk and protective factors at the individual and wider ecologic levels. These
determinants are interlinked and influence one another. We have attempted to describe the
wide literature on this topic, and we have brought to light major factors that are of public
mental health significance. This review may be used as an evidence base by those in public
health, clinical practice, and research.

This paper discusses key areas in depression research; however, an exhaustive discus-
sion of all the risk factors and determinants linked to depression and their mechanisms is
not possible in one journal article—which, by its very nature, a single paper cannot do. We
have brought to light overarching factors linked to depression and a workable conceptual
framework that may guide clinical and public health practice; however, we encourage
other researchers to continue to expand on this timely and relevant work—particularly as
depression is a top priority on the policy agenda now.
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Appendix A

Appendix A.1. Search Strategy

PubMed

Search: ((((((((((((((((“Gene-Environment Interaction”[Majr]) OR (“Genetics”[Mesh]))
OR (“Genome-Wide Association Study”[Majr])) OR (“Microbiota”[Mesh] OR “Gastroin-
testinal Microbiome”[Mesh])) OR (“Neurogenic Inflammation”[Mesh])) OR (“genetic de-
terminant”)) OR (“gut-brain-axis”)) OR (“Kynurenine”[Majr])) OR (“Cognition”[Mesh]))
OR (“Neuronal Plasticity”[Majr])) OR (“Neurogenesis”[Mesh])) OR (“Genes”[Mesh]))
OR (“Neurology”[Majr])) OR (“Social Determinants of Health”[Majr])) OR (“Glucocorti-
coids”[Mesh])) OR (“Tryptophan”[Mesh])) AND (“Depression”[Mesh] OR “Depressive
Disorder”[Mesh]) Filters: from 2017—2020.

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other
Non-Indexed Citations, Daily and Versions(R)

1. exp *Depression/
2. exp *Depressive Disorder/
3. 1 or 2
4. exp *”Social Determinants of Health”/
5. exp *Tryptophan/
6. exp *Glucocorticoids/
7. exp *Neurology/
8. exp *Genes/
9. exp *Neurogenesis/
10. exp *Neuronal Plasticity/
11. exp *Kynurenine/
12. exp *Genetics/
13. exp *Neurogenic Inflammation/
14. exp *Gastrointestinal Microbiome/
15. exp *Genome-Wide Association Study/
16. exp *Gene-Environment Interaction/
17. exp *Depression/et [Etiology]
18. exp *Depressive Disorder/et
19. 17 or 18
20. or/4-16 637368
21. 3 and 20
22. 19 or 21
23. limit 22 to yr = “2017–Current”
24. “cause* of depression”.mp.
25. “cause* of depression”.ti.
26. 23 or 25
27. (cause adj3 (depression or depressive)).ti.
28. (caus* adj3 (depression or depressive)).ti.
29. 23 or 28
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Appendix A.2. PsycInfo

# Query Limiters/Expanders Last Run Via

S10
(S3 OR S4 OR S5 OR S6 OR S7) AND (S1 OR

S8)

Limiters-Publication Year:
2017–2021

Expanders-Apply equivalent
subjects

Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S9
(S3 OR S4 OR S5 OR S6 OR S7) AND (S1 OR

S8)

Expanders-Apply equivalent
subjects

Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S8 S3 OR S4 OR S5 OR S6 OR S7
Expanders-Apply equivalent

subjects
Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S7 TI (Social Determinants of Health)
Expanders-Apply equivalent

subjects
Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S6 TI (Neurogenic Inflammation)
Expanders-Apply equivalent

subjects
Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S5 TI (Genome-Wide Association Study)
Expanders-Apply equivalent

subjects
Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S4 TI (Gene-Environment Interaction)
Expanders-Apply equivalent

subjects
Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S3

(((((MM “Etiology” OR MM “Causality”) OR
(MM “Tryptophan” OR MM

“Hydroxytryptophan (5-)”)) OR (MM
“Glucocorticoids” OR MM

“Dexamethasone”)) OR (MM “Neurology”))
AND (MM “Genes” OR MM “Alleles” OR
MM “CLOCK Gene” OR MM “Immediate
Early Genes” OR MM “Quantitative Trait

Loci” OR MM “Genetics” OR MM
“Behavioral Genetics” OR MM “Epigenetics”

OR MM “Eugenics” OR MM “Genetic
Engineering” OR MM “Genetic Processes”

OR MM “Genomics” OR MM “Optogenetics”
OR MM “Pharmacogenetics” OR MM

“Population Genetics”)) OR (MM
“Gastrointestinal Microbiota”)

Expanders-Apply equivalent
subjects

Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S2

MM “Major Depression” OR MM “Anaclitic
Depression” OR MM “Dysthymic Disorder”
OR MM “Endogenous Depression” OR MM

“Late Life Depression” OR MM “Postpartum
Depression” OR MM “Reactive Depression”

OR MM “Recurrent Depression” OR MM
“Treatment Resistant Depression”

Expanders-Apply equivalent
subjects

Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo

S1 TI caus* n3 (depression or depressive)
Expanders-Apply equivalent

subjects
Search modes-Boolean/Phrase

Interface-EBSCOhost Research
Databases

Search Screen-Advanced Search
Database-APA PsycInfo
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Scopus

(TITLE (depression OR “Depressive Disorder”) AND TITLE (“Social Determinants of
Health” OR tryptophan OR glucocorticoids OR neurology OR genes OR neurogenesis OR “Neu-
ronal Plasticity” OR kynurenine OR genetics OR “Neurogenic Inflammation” OR “Gastrointesti-
nal Microbiome” OR “Genome-Wide Association Study” OR “Gene-Environment Interaction” OR
aetiology OR etiology)) OR TITLE (cause* W/3 (depression OR depressive)).
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relationship between early exposure to traumatic life events and depressive symptoms in young adults. J. Affect. Disord. 2019,
254, 26–33. [CrossRef]

363. Swartz, J.R.; Hariri, A.R.; Williamson, D.E. An epigenetic mechanism links socioeconomic status to changes in depression-related
brain function in high-risk adolescents. Mol. Psychiatry 2017, 22, 209–214. [CrossRef]

364. Strasser, B.; Sperner-Unterweger, B.; Fuchs, D.; Gostner, J.M. Mechanisms of Inflammation-Associated Depression: Immune
Influences on Tryptophan and Phenylalanine Metabolisms. Curr. Top. Behav. Neurosci. 2016, 31, 95–115. [CrossRef]

365. Shi, M.; Sun, H.; Xu, Y.; Wang, Z.; Cui, H.; Wang, C.; Liu, W.; An, G.; Hu, J. Methylation Status of the Serotonin Transporter
Promoter CpG Island Is Associated with Major Depressive Disorder in Chinese Han Population: A Case-Control Study. J. Nerv.
Ment. Dis. 2017, 205, 641–646. [CrossRef]

366. Santero, M.; Daray, F.M.; Prado, C.; Hernández-Vásquez, A.; Irazola, V. Association between religiosity and depression varies
with age and sex among adults in South America: Evidence from the CESCAS I study. PLoS ONE 2019, 14, e0226622. [CrossRef]

367. Lac, A.; Austin, N.; Lemke, R.; Poojary, S.; Hunter, P. Association between religious practice and risk of depression in older people
in the subacute setting. Australas. J. Ageing 2017, 36, E31–E34. [CrossRef]

368. Raudsepp, L. Brief report: Problematic social media use and sleep disturbances are longitudinally associated with depressive
symptoms in adolescents. J. Adolesc. 2019, 76, 197–201. [CrossRef]

369. Virtanen, M.; Jokela, M.; Madsen, I.E.; Hanson, L.L.M.; Lallukka, T.; Nyberg, S.T.; Alfredsson, L.; Batty, G.D.; Bjorner, J.B.;
Borritz, M.; et al. Long working hours and depressive symptoms: Systematic review and meta-analysis of published studies and
unpublished individual participant data. Scand. J. Work. Environ. Health 2018, 44, 239–250. [CrossRef]

370. Dahlqvist, H.Z.; Gådin, K.G. Online sexual victimization in youth: Predictors and cross-sectional associations with depressive
symptoms. Eur. J. Public Health 2018, 28, 1018–1023. [CrossRef]

371. Williams, N.; Jamal, S.; Guthrie, D.M. The relationship between caregiver burden and depressive symptoms in Ontario home care
clients. Home Heal. Care Serv. Q. 2018, 37, 60–76. [CrossRef]

372. Didoné, L.S.; De Jesus, I.T.M.; Santos-Orlandi, A.A.; Pavarini, S.C.I.; Orlandi, F.D.S.; Costa-Guarisco, L.P.; Gratão, A.C.M.;
Gramany-Say, K.; Cominetti, M.R.; Gomes, G.A.D.O.; et al. Factors associated with depressive symptoms in older adults in
context of social vulnerability. Rev. Bras. Enferm. 2020, 73 (Suppl. S1), e20190107. [CrossRef]

373. Wen, S.; Xiao, H.; Yang, Y. The risk factors for depression in cancer patients undergoing chemotherapy: A systematic review.
Support. Care Cancer 2018, 27, 57–67. [CrossRef]

374. Ruiz, M.; Malyutina, S.; Pajak, A.; Kozela, M.; Kubinova, R.; Bobak, M. Congruent relations between perceived neighbourhood
social cohesion and depressive symptoms among older European adults: An East-West analysis. Soc. Sci. Med. 2019, 237, 112454.
[CrossRef]

375. Hymas, R.; Girard, L.-C. Predicting postpartum depression among adolescent mothers: A systematic review of risk. J. Affect.
Disord. 2018, 246, 873–885. [CrossRef] [PubMed]

376. Ren, P.; Qin, X.; Zhang, Y.; Zhang, R. Is Social Support a Cause or Consequence of Depression? A Longitudinal Study of
Adolescents. Front. Psychol. 2018, 9, 1634. [CrossRef]

377. Cross-Denny, B. and M.A. Robinson, Using the Social Determinants of Health as a Framework to Examine and Address Predictors
of Depression in Later Life. Ageing Int. 2017, 42, 393–412. [CrossRef]

http://doi.org/10.5009/gnl16347
http://doi.org/10.1016/j.socscimed.2016.11.021
http://doi.org/10.1007/s40615-016-0312-2
http://doi.org/10.1080/13607863.2018.1506740
http://doi.org/10.1097/GME.0000000000001016
http://doi.org/10.1371/journal.pmed.1003031
http://doi.org/10.1037/cdp0000210
http://www.ncbi.nlm.nih.gov/pubmed/30714769
http://doi.org/10.1007/s10865-018-9996-6
http://doi.org/10.1177/1352458518770021
http://doi.org/10.1016/j.jad.2019.05.008
http://doi.org/10.1038/mp.2016.82
http://doi.org/10.1007/7854_2016_23
http://doi.org/10.1097/NMD.0000000000000600
http://doi.org/10.1371/journal.pone.0226622
http://doi.org/10.1111/ajag.12384
http://doi.org/10.1016/j.adolescence.2019.09.005
http://doi.org/10.5271/sjweh.3712
http://doi.org/10.1093/eurpub/cky102
http://doi.org/10.1080/01621424.2018.1425647
http://doi.org/10.1590/0034-7167-2019-0107
http://doi.org/10.1007/s00520-018-4466-9
http://doi.org/10.1016/j.socscimed.2019.112454
http://doi.org/10.1016/j.jad.2018.12.041
http://www.ncbi.nlm.nih.gov/pubmed/30795494
http://doi.org/10.3389/fpsyg.2018.01634
http://doi.org/10.1007/s12126-017-9278-6


Brain Sci. 2021, 11, 1633 29 of 33

378. Almquist, Y.B.; Landstedt, E.; Hammarstrom, A. Associations between social support and depressive symptoms: Social causation
or social selection-or both? Eur. J. Public Health 2017, 27, 84–89. [CrossRef]

379. Alhasanat, D.; Fry-McComish, J.; Yarandi, H.N. Risk for Postpartum Depression Among Immigrant Arabic Women in the United
States: A Feasibility Study. J. Midwifery Women’s Health 2017, 62, 470–476. [CrossRef]

380. Park, S.; Lee, Y.; Jun, J.Y. Trauma and Depression among North Korean Refugees: The Mediating Effect of Negative Cognition.
Int. J. Env. Res. Public Health 2018, 15, 591. [CrossRef]

381. Petkus, A.J.; Beam, C.R.; Johnson, W.; Kaprio, J.; Korhonen, T.; McGue, M.; Neiderhiser, J.M.; Pedersen, N.L.; Reynolds, C.A.;
Gatz, M.; et al. Gene-environment interplay in depressive symptoms: Moderation by age, sex, and physical illness. Psychol. Med.
2017, 47, 1836–1847. [CrossRef]

382. Ho, P.H.; Leung, W.C.-Y.; Leung, I.Y.; Chang, R.S. Factors associated with depression in people with epilepsy: A retrospective
case-control analysis. Hong Kong Med. J. 2020. [CrossRef]

383. Poole, D.N.; Hedt-Gauthier, B.; Liao, S.; Raymond, N.A.; Bärnighausen, T. Major depressive disorder prevalence and risk factors
among Syrian asylum seekers in Greece. BMC Public Health 2018, 18, 908. [CrossRef]

384. Bone, J.K.; Lewis, G.; Lewis, G. The role of gender inequalities in adolescent depression. Lancet Psychiatry 2020, 7, 471–472.
[CrossRef]

385. Rantanen, A.T.; Korkeila, J.J.A.; Löyttyniemi, A.T.; Saxen, U.K.M.; Korhonen, P.E. Awareness of hypertension and depressive
symptoms: A cross-sectional study in a primary care population. Scand J. Prim. Health Care 2018, 36, 323–328. [CrossRef]
[PubMed]

386. Wellman, R.J.; Wilson, K.M.; O’Loughlin, E.K.; Dugas, E.N.; Montreuil, A.; O’Loughlin, J. Secondhand Smoke Exposure and
Depressive Symptoms in Children: A Longitudinal Study. Nicotine Tob. Res. 2018, 22, 32–39. [CrossRef]

387. Zhang, C.; Fan, S.J.; Sun, A.B.; Liu, Z.Z.; Liu, L. Prenatal nicotine exposure induces depression-like behavior in adolescent female
rats via modulating neurosteroid in the hippocampus. Mol. Med. Rep. 2019, 19, 4185–4194. [CrossRef] [PubMed]

388. Ye, X.; Huang, J.; Xia, L.; Xu, X.; Gong, X.; Xu, Y. Setting-Specific and Symptom-Specific Association between Secondhand Smoke
Exposure and Depressive Symptoms. Int. J. Environ. Res. Public Health 2019, 16, 1249. [CrossRef] [PubMed]

389. Ranjit, A.; Buchwald, J.; Latvala, A.; Heikkilä, K.; Tuulio-Henriksson, A.; Rose, R.J.; Kaprio, J.; Korhonen, T. Predictive Association
of Smoking with Depressive Symptoms: A Longitudinal Study of Adolescent Twins. Prev. Sci. 2019, 20, 1021–1030. [CrossRef]

390. Raffetti, E.; Donato, F.; Forsell, Y.; Galanti, M.R. Longitudinal association between tobacco use and the onset of depressive
symptoms among Swedish adolescents: The Kupol cohort study. Eur. Child Adolesc. Psychiatry 2019, 28, 695–704. [CrossRef]
[PubMed]

391. Pramod, B.R.; Mehdi, S.; Undela, K.; Kishor, M.; Rao, P.V.; Krishna, K.L. Lifestyle and substance use-an important cause for
treatment-resistant depression and major depressive disorders. Drug Invent. Today 2019, 11, 284–290.

392. Huang, J.; Xu, B.; Guo, D.; Jiang, T.; Huang, W.; Liu, G.; Ye, X. Dose–Response Relationships between Second-Hand Smoke
Exposure and Depressive Symptoms among Adolescents in Guangzhou, China. Int. J. Environ. Res. Public Health 2018, 15, 985.
[CrossRef]

393. Wirth, M.D.; Shivappa, N.; Burch, J.B.; Hurley, T.G.; Hébert, J.R. The Dietary Inflammatory Index, shift work, and depression:
Results from NHANES. Health Psychol. 2017, 36, 760–769. [CrossRef] [PubMed]

394. Li, Y.; Lv, M.-R.; Wei, Y.-J.; Sun, L.; Zhang, J.-X.; Zhang, H.-G.; Li, B. Dietary patterns and depression risk: A meta-analysis.
Psychiatry Res. 2017, 253, 373–382. [CrossRef]

395. Cabello, M.; Miret, M.; Caballero, F.F.; Chatterji, S.; Naidoo, N.; Kowal, P.; D’Este, C.; Ayuso-Mateos, J.L. The role of unhealthy
lifestyles in the incidence and persistence of depression: A longitudinal general population study in four emerging countries.
Glob. Health 2017, 13, 18. [CrossRef]

396. Adjibade, M.; Andreeva, V.A.; Lemogne, C.; Touvier, M.; Shivappa, N.; Hebert, J.R.; Wirth, M.D.; Hercberg, P.G.; Galan, P.; Julia,
C.; et al. The Inflammatory Potential of the Diet Is Associated with Depressive Symptoms in Different Subgroups of the General
Population. J. Nutr. 2017, 147, 879–887. [CrossRef]

397. Sainz, M.T.; Nagy, G.; Mohedano, G.R.; Vélez, N.M.; García, S.C.; Cisneros, D.P.; Rey, G.N. The association between substance
use and depressive symptomatology in nursing university students in Mexico. Nurse Educ. Pract. 2019, 36, 114–120. [CrossRef]
[PubMed]

398. García-Esquinas, E.; Ortolá, R.; Galán, I.; Soler-Vila, H.; Laclaustra, M.; Rodríguez-Artalejo, F. Moderate alcohol drinking is not
associated with risk of depression in older adults. Sci. Rep. 2018, 8, 11512. [CrossRef]

399. Wang, X.; Li, Y.; Fan, H. The associations between screen time-based sedentary behavior and depression: A systematic review
and meta-analysis. BMC Public Health 2019, 19, 1524. [CrossRef]

400. Vancampfort, D.; Stubbs, B.; Firth, J.; Damme, T.V.; Koyanagi, A. Sedentary behavior and depressive symptoms among
67,077 adolescents aged 12–15 years from 30 low- and middle-income countries. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 73.
[CrossRef] [PubMed]

401. Hallgren, M.; Owen, N.; Stubbs, B.; Zeebari, Z.; Vancampfort, D.; Schuch, F.; Bellocco, R.; Dunstan, D.; Lagerros, Y.T. Passive and
mentally-active sedentary behaviors and incident major depressive disorder: A 13-year cohort study. J. Affect. Disord. 2018, 241,
579–585. [CrossRef] [PubMed]

402. Zhang, M.; Li, Z.; Yang, S.; Sun, Y.; Jin, M.; Chen, X.; Yu, Q. The Association between Dietary Patterns and Depressive Symptoms
in Chinese Adults. BioMed Res. Int. 2020, 2020, 8380151. [CrossRef]

http://doi.org/10.1093/eurpub/ckw120
http://doi.org/10.1111/jmwh.12617
http://doi.org/10.3390/ijerph15040591
http://doi.org/10.1017/S0033291717000290
http://doi.org/10.12809/hkmj198310
http://doi.org/10.1186/s12889-018-5822-x
http://doi.org/10.1016/S2215-0366(20)30081-X
http://doi.org/10.1080/02813432.2018.1499588
http://www.ncbi.nlm.nih.gov/pubmed/30139283
http://doi.org/10.1093/ntr/nty224
http://doi.org/10.3892/mmr.2019.10105
http://www.ncbi.nlm.nih.gov/pubmed/30942466
http://doi.org/10.3390/ijerph16071249
http://www.ncbi.nlm.nih.gov/pubmed/30965596
http://doi.org/10.1007/s11121-019-01020-6
http://doi.org/10.1007/s00787-018-1237-6
http://www.ncbi.nlm.nih.gov/pubmed/30315361
http://doi.org/10.3390/ijerph15050985
http://doi.org/10.1037/hea0000514
http://www.ncbi.nlm.nih.gov/pubmed/28557499
http://doi.org/10.1016/j.psychres.2017.04.020
http://doi.org/10.1186/s12992-017-0237-5
http://doi.org/10.3945/jn.116.245167
http://doi.org/10.1016/j.nepr.2019.03.005
http://www.ncbi.nlm.nih.gov/pubmed/30921619
http://doi.org/10.1038/s41598-018-29985-4
http://doi.org/10.1186/s12889-019-7904-9
http://doi.org/10.1186/s12966-018-0708-y
http://www.ncbi.nlm.nih.gov/pubmed/30089487
http://doi.org/10.1016/j.jad.2018.08.020
http://www.ncbi.nlm.nih.gov/pubmed/30170310
http://doi.org/10.1155/2020/8380151


Brain Sci. 2021, 11, 1633 30 of 33

403. Yu, Y.; Xu, D.; Cheng, S.; Zhang, L.; Shi, Z.; Qin, J.; Zhang, Z.; Wang, H. Prenatal ethanol exposure enhances the susceptibility to
depressive behavior of adult offspring rats fed a high-fat diet by affecting BDNF-associated pathway. Int. J. Mol. Med. 2019, 45,
365–374. [CrossRef] [PubMed]

404. Sahasrabudhe, N.; Lee, J.S.; Scott, T.M.; Punnett, L.; Tucker, K.L.; Palacios, N. Serum Vitamin D and Depressive Symptomatology
among Boston-Area Puerto Ricans. J. Nutr. 2020, 150, 3231–3240. [CrossRef] [PubMed]

405. Nishida, S.; Araki, R.; Baba, A.; Asari, S.; Tachibana, S.; Nakajima, Y.; Iwakumo, A.; Yabe, T. Post-weaning folate deficiency
induces a depression-like state via neuronal immaturity of the dentate gyrus in mice. J. Pharmacol. Sci. 2020, 143, 97–105.
[CrossRef]

406. Mulugeta, A.; Lumsden, A.; Hyppönen, E. Relationship between Serum 25(OH)D and Depression: Causal Evidence from a
Bi-Directional Mendelian Randomization Study. Nutrients 2020, 13, 109. [CrossRef]

407. Li, Y.; Zhang, C.; Li, S.; Zhang, D. Association between dietary protein intake and the risk of depressive symptoms in adults. Br. J.
Nutr. 2020, 123, 1290–1301. [CrossRef] [PubMed]

408. Li, C.; Liu, Y.; Xu, P.; Fan, Q.; Gong, P.; Ding, C.; Sheng, L.; Zhang, X. Association between obstructive sleep apnea and risk of
post-stroke depression: A hospital-based study in ischemic stroke patients. J. Stroke Cerebrovasc. Dis. 2020, 29, 104876. [CrossRef]
[PubMed]

409. Klimova, B.; Novotny, M.; Valis, M. The Impact of Nutrition and Intestinal Microbiome on Elderly Depression—A Systematic
Review. Nutrients 2020, 12, 710. [CrossRef]

410. Hayashi, A.; Oguchi, H.; Kozawa, Y.; Ban, Y.; Shinoda, J.; Suganuma, N. Factors associated with symptoms of depression among
pregnant women with gestational diabetes mellitus in Japan. Drug Discov. Ther. 2020, 14, 232–238. [CrossRef]

411. Boulkrane, M.S.; Fedotova, J.; Kolodyaznaya, V.; Micale, V.; Drago, F.; Tol, A.J.M.V.D.; Baranenko, D. Vitamin D and Depression
in Women: A Mini-review. Curr. Neuropharmacol. 2020, 18, 288–300. [CrossRef]

412. Wassef, A.; Nguyen, Q.D.; St-André, M. Anaemia and depletion of iron stores as risk factors for postpartum depression: A
literature review. J. Psychosom. Obstet. Gynecol. 2017, 40, 19–28. [CrossRef] [PubMed]

413. Peppard, L.; Oh, K.M.; Gallo, S.; Milligan, R. Risk of depression in pregnant women with low-normal serum Vitamin B12. Res.
Nurs. Health 2019, 42, 264–272. [CrossRef] [PubMed]

414. Libuda, L.; Laabs, B.-H.; Ludwig, C.; Bühlmeier, J.; Antel, J.; Hinney, A.; Naaresh, R.; Föcker, M.; Hebebrand, J.; König, I.R.; et al.
Vitamin D and the Risk of Depression: A Causal Relationship? Findings from a Mendelian Randomization Study. Nutrients 2019,
11, 1085. [CrossRef]

415. Li, X.-D.; Cao, H.-J.; Xie, S.-Y.; Li, K.-C.; Tao, F.-B.; Yang, L.-S.; Zhang, J.-Q.; Bao, Y.-S. Adhering to a vegetarian diet may create a
greater risk of depressive symptoms in the elderly male Chinese population. J. Affect. Disord. 2018, 243, 182–187. [CrossRef]

416. Kheirouri, S.; Alizadeh, M. Dietary Inflammatory Potential and the Risk of Incident Depression in Adults: A Systematic Review.
Adv. Nutr. 2019, 10, 9–18. [CrossRef]

417. Hu, D.; Cheng, L.; Jiang, W. Sugar-sweetened beverages consumption and the risk of depression: A meta-analysis of observational
studies. J. Affect. Disord. 2019, 25, 348–355. [CrossRef]

418. Grases, G.; Colom, M.A.; Sanchis, P.; Grases, F. Possible relation between consumption of different food groups and depression.
BMC Psychol. 2019, 7, 14. [CrossRef]

419. Bolzetta, F.; Veronese, N.; Stubbs, B.; Noale, M.; Vaona, A.; Demurtas, J.; Celotto, S.; Cacco, C.; Cester, A.; Caruso, M.G.; et al. The
Relationship between Dietary Vitamin K and Depressive Symptoms in Late Adulthood: A Cross-Sectional Analysis from a Large
Cohort Study. Nutrients 2019, 11, 787. [CrossRef]

420. Boldarine, V.T.; Pedroso, A.; Neto, N.I.P.; Dornellas, A.P.S.; Nascimento, C.M.O.; Oyama, L.M.; Ribeiro, E.B. High-fat diet intake
induces depressive-like behavior in ovariectomized rats. Sci. Rep. 2019, 9, 10551. [CrossRef]

421. Xu, H.; Li, S.; Song, X.; Li, Z.; Zhang, D. Exploration of the association between dietary fiber intake and depressive symptoms in
adults. Nutrition 2018, 54, 48–53. [CrossRef]

422. Sainsbury, K.; Marques, M.M. The relationship between gluten free diet adherence and depressive symptoms in adults with
coeliac disease: A systematic review with meta-analysis. Appetite 2018, 120, 578–588. [CrossRef] [PubMed]

423. Pittampalli, S.; Mekala, H.M.; Upadhyayula, S.; Lippman, S. Does Vitamin D Deficiency Cause Depression? Prim. Care Companion
CNS Disord. 2018, 20, 18. [CrossRef]

424. Nathanson, R.; Hill, B.; Skouteris, H.; Bailey, C. Antenatal diet and postpartum depressive symptoms: A prospective study.
Midwifery 2018, 62, 69–76. [CrossRef]

425. Miki, T.; Eguchi, M.; Akter, S.; Kochi, T.; Kuwahara, K.; Kashino, I.; Hu, H.; Kabe, I.; Kawakami, N.; Nanri, A.; et al. Longitudinal
adherence to a dietary pattern and risk of depressive symptoms: The Furukawa Nutrition and Health Study. Nutrition 2018, 48,
48–54. [CrossRef]

426. Jorgensen, D.; White, G.E.; Sekikawa, A.; Gianaros, P. Higher dietary inflammation is associated with increased odds of depression
independent of Framingham Risk Score in the National Health and Nutrition Examination Survey. Nutr. Res. 2018, 54, 23–32.
[CrossRef]

427. LLi, Z.; Li, B.; Song, X.; Zhang, D. Dietary zinc and iron intake and risk of depression: A meta-analysis. Psychiatry Res. 2017, 251,
41–47. [CrossRef]

428. Firth, J.; Gangwisch, J.E.; Borsini, A.; Wootton, R.E.; Mayer, E.A. Food and mood: How do diet and nutrition affect mental
wellbeing? Bmj 2020, 369, m2382. [CrossRef]

http://doi.org/10.3892/ijmm.2019.4436
http://www.ncbi.nlm.nih.gov/pubmed/31894308
http://doi.org/10.1093/jn/nxaa253
http://www.ncbi.nlm.nih.gov/pubmed/33025014
http://doi.org/10.1016/j.jphs.2020.02.007
http://doi.org/10.3390/nu13010109
http://doi.org/10.1017/S0007114520000562
http://www.ncbi.nlm.nih.gov/pubmed/32077385
http://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104876
http://www.ncbi.nlm.nih.gov/pubmed/32417236
http://doi.org/10.3390/nu12030710
http://doi.org/10.5582/ddt.2020.03078
http://doi.org/10.2174/1570159X17666191108111120
http://doi.org/10.1080/0167482X.2018.1427725
http://www.ncbi.nlm.nih.gov/pubmed/29363366
http://doi.org/10.1002/nur.21951
http://www.ncbi.nlm.nih.gov/pubmed/31119757
http://doi.org/10.3390/nu11051085
http://doi.org/10.1016/j.jad.2018.09.033
http://doi.org/10.1093/advances/nmy100
http://doi.org/10.1016/j.jad.2018.11.015
http://doi.org/10.1186/s40359-019-0292-1
http://doi.org/10.3390/nu11040787
http://doi.org/10.1038/s41598-019-47152-1
http://doi.org/10.1016/j.nut.2018.03.009
http://doi.org/10.1016/j.appet.2017.10.017
http://www.ncbi.nlm.nih.gov/pubmed/29050807
http://doi.org/10.4088/PCC.17l02263
http://doi.org/10.1016/j.midw.2018.03.015
http://doi.org/10.1016/j.nut.2017.10.023
http://doi.org/10.1016/j.nutres.2018.03.004
http://doi.org/10.1016/j.psychres.2017.02.006
http://doi.org/10.1136/bmj.m2382


Brain Sci. 2021, 11, 1633 31 of 33

429. Walker, W.H., 2nd; Borniger, J.C.; Gaudier-Diaz, M.M.; Melendez-Gernandez, O.H.; Pascoe, J.L.; DeVries, A.C.; Nelson, R.J. Acute
exposure to low-level light at night is sufficient to induce neurological changes and depressive-like behavior. Mol. Psychiatry
2020, 25, 1080–1093. [CrossRef]

430. Quinn, D.M.; Puhl, R.M.; Reinka, M.A. Trying again (and again): Weight cycling and depressive symptoms in U.S. adults. PLoS
ONE 2020, 15, e0239004. [CrossRef]

431. Manczak, E.M.; Miller, J.G.; Gotlib, I.H. Water contaminant levels interact with parenting environment to predict development of
depressive symptoms in adolescents. Dev. Sci. 2020, 23, e12838. [CrossRef] [PubMed]

432. Lin, Y.-C.; Chang, Y.-H.; Yan, H.-T. Is trade a blessing or a curse? A panel data analysis of the determinants of depressive disorders.
Int. J. Public Health 2020, 65, 1113–1121. [CrossRef]

433. Wang, R.; Liu, Y.; Xue, D.; Yao, Y.; Liu, P.; Helbich, M. Cross-sectional associations between long-term exposure to particulate
matter and depression in China: The mediating effects of sunlight, physical activity, and neighborly reciprocity. J. Affect. Disord.
2019, 249, 8–14. [CrossRef] [PubMed]

434. Wang, R.; Xue, D.; Liu, Y.; Liu, P.; Chen, H. The Relationship between Air Pollution and Depression in China: Is Neighbourhood
Social Capital Protective? Int. J. Environ. Res. Public Health 2018, 15, 1160. [CrossRef] [PubMed]

435. Pereira-Lima, K.; Gupta, R.R.; Guille, C.; Sen, S. Residency program factors associated with depressive symptoms in internal
medicine interns: A prospective cohort study. Acad. Med. 2019, 94, 869–875. [CrossRef] [PubMed]

436. Werneck, A.O.; Oyeyemi, A.L.; Szwarcwald, C.L.; Vancampfort, D.; Silva, D. Associations between TV viewing and depressive
symptoms among 60,202 Brazilian adults: The Brazilian national health survey. J. Affect. Disord. 2018, 236, 23–30. [CrossRef]
[PubMed]

437. Hajek, A.; Brettschneider, C.; Bussche, H.V.D.; Lühmann, D.; Oey, A.; Wiese, B.; Weyerer, S.; Werle, J.; Fuchs, A.; Pentzek, M.; et al.
Impact of falls on depressive symptoms among the oldest old: Results from the AgeQualiDe study. Int. J. Geriatr. Psychiatry 2018,
33, 1383–1388. [CrossRef]

438. Meng, G.; Ma, X.; Li, L.; Tan, Y.; Liu, X.; Liu, X.; Zhao, Y. Predictors of early-onset post-ischemic stroke depression: A cross-sectional
study. BMC Neurol. 2017, 17, 199. [CrossRef]

439. Weissman, M.M.; Talati, A.; Hao, X.; Posner, J. Risks for major depression: Searching for stable traits. Biol. Psychiatry 2018, 83, 7–8.
[CrossRef] [PubMed]

440. Milenkovic, V.M.; Stanton, E.H.; Nothdurfter, C.; Rupprecht, R.; Wetzel, C.H. The role of chemokines in the pathophysiology of
major depressive disorder. Int. J. Mol. Sci. 2019, 20, 2283. [CrossRef] [PubMed]

441. Jia, C.; Brown, R.W.; Malone, H.M.; Burgess, K.C.; Gill, W.D.; Keasey, M.P.; Hagg, T. Ciliary neurotrophic factor is a key sex-specific
regulator of depressive-like behavior in mice. Psychoneuroendocrinology 2018, 100, 96–105. [CrossRef] [PubMed]

442. Jacobson, L. Glucocorticoid receptor deletion from locus coeruleus norepinephrine neurons promotes depression-like social
withdrawal in female but not male mice. Brain Res. 2018, 1710, 82–91. [CrossRef]

443. Innes, S.; Pariante, C.M.; Borsini, A. Microglial-driven changes in synaptic plasticity: A possible role in major depressive disorder.
Psychoneuroendocrinology 2018, 102, 236–247. [CrossRef]

444. Hu, Y.; Hong, X.Y.; Yang, X.F.; Ma, R.H.; Wang, X.; Zhang, J.F.; Feng, Q.; Li, X.G.; Sun, D.S.; Li, X.; et al. Inflammation-dependent
ISG15 upregulation mediates MIA-induced dendrite damages and depression by disrupting NEDD4/Rap2A signaling. Biochim.
Biophys. Acta Mol. Basis Dis. 2019, 1865, 1477–1489. [CrossRef] [PubMed]

445. Chen, F.; Yu, X.; Meng, G.; Mei, Z.; Du, Y.; Sun, H.; Reed, M.N.; Kong, L.; Suppiramaniam, V.; Hong, H.; et al. Hippocampal
genetic knockdown of PPARδ causes depression-like behaviors and neurogenesis suppression. Int. J. Neuropsychopharmacol. 2019,
22, 372–382. [CrossRef]

446. Zhang, Z.; Zhang, P.; Qi, G.-J.; Jiao, F.-J.; Wang, Q.-Z.; Yan, J.-G.; He, F.; Zhang, Q.; Lv, Z.-X.; Peng, X.; et al. CDK5-mediated
phosphorylation of Sirt2 contributes to depressive-like behavior induced by social defeat stress. Biochim. Biophys. Acta Mol. Basis
Dis. 2018, 1864, 533–541. [CrossRef] [PubMed]

447. Wigner, P.; Czarny, P.; Galecki, P.; Su, K.-P.; Sliwinski, T. The molecular aspects of oxidative & nitrosative stress and the tryptophan
catabolites pathway (TRYCATs) as potential causes of depression. Psychiatry Res. 2018, 262, 566–574. [CrossRef] [PubMed]

448. Perin, S.; Harrington, K.D.; Lim, Y.Y.; Ellis, K.; Ames, D.; Pietrzak, R.H.; Schembri, A.; Rainey-Smith, S.; Salvado, O.; Laws, S.M.;
et al. Amyloid burden and incident depressive symptoms in preclinical Alzheimer’s disease. J. Affect. Disord. 2018, 229, 269–274.
[CrossRef]

449. Zhang, J.; Chen, L.; Ma, J.; Qiao, Z.; Zhao, M.; Qi, D.; Zhao, Y.; Ban, B.; Zhu, X.; He, J.; et al. Interaction of estrogen receptor β and
negative life events in susceptibility to major depressive disorder in a Chinese Han female population. J. Affect. Disord. 2016, 208,
628–633. [CrossRef]

450. Yohn, C.N.; Gergues, M.M.; Samuels, B.A. The role of 5-HT receptors in depression. Mol. Brain 2017, 10, 1–12. [CrossRef]
451. Stange, J.P.; Hamilton, J.L.; Fresco, D.M.; Alloy, L.B. Perseverate or decenter? Differential effects of metacognition on the

relationship between parasympathetic inflexibility and symptoms of depression in a multi-wave study. Behav. Res. Ther. 2017, 97,
123–133. [CrossRef]

452. Rudzki, L.; Pawlak, D.; Pawlak, K.; Waszkiewicz, N.; Małus, A.; Konarzewska, B.; Gałęcka, M.; Bartnicka, A.; Ostrowska, L.; Szulc,
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